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HanyoHanbHbIi, peLieH31pyeMblii JKypHaJI ITOCBSILEeH OCHOBHBIM
rnpo6iemMaM HayKy O MUILEBOI MPOMbBIIIIEHHOCT. OCHOBHO
MICCHell SIBIsieTCs: CO3/laHMe, arperanys, MoAepykKa 1 pacrpo-
CTpaHeHMe HayYHOTO KOHTEHTA B 00/1aCTH MUIIEBOI IIPOMBIILIIEH-
HOCTU, 00beAVIHEeHVe YCUIINIL MCCIIeoBaTe el HayuHbIX [IeHTPOB,
YHUBEPCUTETOB, ITPeOioIeHe Pa3pbIBa MeXKIY M3IaHUSIMM PETu-
OHAJILHOTO, HALIMOHAIBLHOTO U (eiepasbHOTO YPOBHEN. JKypHas
MPU3BaH OCBELATh aKTyaabHbIe TPOOIEeMbI B MMIILEBOI U CMEX-
HBIX OTPACJISIX, IPOJBUTATh HOBBIE MT€PCIIEKTVBHbIE TEXHOIOTUY
B IIMPOKYIO ayAUTOPUIO HAYYHBIX U MPAKTUUECKUX PAOOTHUKOB,
TperojaBaresieii, aCMPaHTOB, CTYIEHTOB, IIPeIIPUHIMATeel .
HayuHast KOHIIETIIVsI M3AaHWsI TIPeJTioaaraeT myoaImMKarmio HOBbIX
3HAHMIT B 06/IACTY MUIIEBBIX CMCTEM M HAYYHBIX OCHOB pecyp-
cocHeperarmx TeXHOIOTMIi Ty6OKO epepaboTKy CebCKO-
XO0351/ICTBEHHOT'O ChIPBSI, TPOPbIBHBIX TEXHUUECKMX PEIIeHMI ISt
MIPOM3BOJCTBA MUIEBBIX TPOAYKTOB OOIIET0 U CIIeMaTU3MPOBaH-
HOTO Ha3HaueHusI. B JKypHase my6nmnKyOTCs HaydHble 1 0030pHbIE
CTaThU, AOK/IAAbI, COOBIIEHMS, pelleH3MM, KpaTKiie HaydHbIe
coob6IeHust (IMchbMa B peiakiuio), MHGopManoHHbIe my6Iim-
Kalyy 10 HallpaBJIeHMSIM : TEXHOIOTMSI TUIIEBBIX TPOU3BO/ICTB;
poleccsl, 060pynOBaHMe ¥ annapaThl MUIEBbIX TPOU3BOICTB;
TUTMEeHA MUTaHWsT; GMOTEXHOIOTHS; CTaHAAPTU3AIMs, cepTUdu-
Kalusi, KauecTBOo ¥ 6e30MacHOCTh; IKOHOMMKA ; aBTOMATU3ALIMsI
¥ MHGOPMAaTHU3aIMsI TEXHOIOTUYECKIX MPoLieccoB. [Togpo6Hast
uHbOopManus jis aBTOPOB M YMTaTE/Iel IpeicTaBlIeHa Ha caiiTe:
www.fsjour.com.
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ALLEVIATION OF DOXORUBICIN-INDUCED NEPHROTOXICITY
IN BREAST CANCER MICE BY USING COMBINATION OF GREEN TEA
AND MORINGA: FOCUS ON ANTIOXIDANT, APOPTOSIS,
INFLAMMATION, AND HISTOPATHOLOGICAL INSIGHTS
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KEY WORDS: ABSTRACT

doxorubicin, kidney Doxorubicin (DXR)-induced nephrotoxicity remains a major concern in cancer treatment and calls for potential prevention of
toxicity, breast kidney injury. This study aims to evaluating the nephroprotective potentials of green tea and moringa used as 1% and 2% water
cancer, green tea, extracts in DXR-induced kidney damage in female Balb/C mice with breast cancer. Thirty six female Balb/C mice were divided
moringa, apoptosis, into six groups as follows: healthy control; 4T1 cells cancer-induced; healthy mice with DXR treatment; cancer-induced with
inflammation, DXR treatment; cancer-induced under DOX and treated with 1% green tea and moringa combination; cancer-induced under
antioxidant, DOX and treated with 2% green tea and moringa combination. The variables of the experiment were body weight, tumor volume,
histopathological antioxidant enzyme activities (CAT, GPx, SOD), oxidative stress markers (TOS, TAC, OSI), pro-inflammatory cytokines (IL-1,

TNF-a), and apoptosis and inflammation-related genes (BAX, BCL2, NLRP3, NFKB). Histological analysis of the kidneys was also
done to check for cellular changes. DXR treatment led to a decrease in the body weight and an increase in kidney enzymes, which
is an indication of kidney damage. The levels of these enzymes were significantly lowered by the combination of herbal extracts,
especially at 2%, indicating nephroprotective properties. The herbal extracts brought back the antioxidant enzyme activities to
normal and reduced the oxidative stress markers in the kidney through raising the CAT, GPx, and SOD and decreasing the TOS
and OSI levels. Furthermore, the herbal treatment also decreased the levels of pro-inflammatory cytokines and affected the
apoptosis related gene expressions; the BAX was down-regulated and BCL2 was up-regulated, which helped in increasing the cell
survival and decreasing inflammation. The extracts also reduced the NLRP3/NFKB in the kidneys of DXR-treated mice in a dose
dependent manner. Based on these results, 1% and 2% mixture of green tea and moringa leaf aqueous extracts (1:1 ratio) can be
considered an appropriate combination to reduce DOX-induced nephrotoxicity and kidney injury in cancer patients.
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K/IFOYEBBIE C/IOBA: AHHOTALI A
00KCOpYOUYUH, paK Wupyumpyemas nokcopyouiaom (DXR) HepOTOKCUMYHOCTD MPOJOIKAET BbI3bIBATH GOMBIIYI0 06€CTIOKOEHHOCTD MY Jieye-
MOOUHOTI H#cenesbl, HMM paka u TpebyeT 3¢ dHeKTUBHOTO MpeJoTBpalieHys] TOBpekIeHNs movek. Llenbio JaHHOTO UCCIeL0BaHNS SIBISIETCS OlleHKa
3eJ1eHblll uail, MOpuHaa, HedPONPOTEKTUBHOTO MOTEHIMAIA 3€JIEHOTO Yasi M MOPUHIU B 1% U 2% BOIHBIX 9KCTPAKTAX MMPYU MHAYIMPOBAHHOM JOK-
anonmos, socnajeHue, CcOpyoMLIMHOM MOBPEXAEHUM MOYeK y caMoK Mbiuieit Balb/C ¢ pakomM MOJIOUHOI skene3bl. TpyALATh LIeCTh CAMOK MbIIIet
aHmMuoKcuodaHm, Balb/C 6butM pasgeneHsl Ha MIeCTh TPYIIT CIeAYIONMM 06pa3oM: 30POBbIii KOHTPOJIb; MBIIIN C PAKOM MOJIOUHOI SKeJie3bl,
2UCMONAamono2utecKull MHAYIMPOBaHHBIM KiaeTkamu 4T1; 3M0poBbie MbIIH, moaydaBie DXR; MbIIIM ¢ MHAYIIMPOBAHHBIM PAKOM MOJIOYHOI Ke-
Jsie3sl, nmomyyasine DXR; MbIM ¢ MHAYIMPOBAHHBIM PaKOM MOJIOUHOJ skese3bl, ronydasiire DXR u 1%-10 KoMOGMHALINIO
3€JIeHOr0 Yasl ¥ MOPMHIY; MBILIN C MHAYIVPOBAHHBIM PAKOM MOJIOYHO¥ JKese3bl, moaydasiine DXR 1 2%-10 KOMOGMHAIIUIO
3eJIeHOro 4ast ¥ MOpuHIry. [lepeMeHHbIMM dKCIIepUMeHTa ObLIM Macca Tesna, 06beM OIyX0/In, AaKTUBHOCTh aHTUOKCUIAHTHBIX
depmenToB (CAT, GPx, SOD), mapkepbl okucnTeIbHOTO cTpecca (TOS, TAC, OSI), mpoBocmannTenbHble TUTOKUHBI (IL-1,
TNF-q), ¥ TeHBI aTIONITO3a U CBsI3aHHbIe ¢ BocnaneHneM redbl (BAX, BCL2, NLRP3, NFKB). Takske ObUT IPOBEIEH TUCTOIOTHYE-
CKMI1 aHA/IN3 ITOYEK JIJIS1 aHaJIM3a MoBpekaeHni1 KineTok. O6paborka DXR mpuBoamia K CHUKEHUIO MACChl Tela U YBETMUEHUIO
(hepMeHTOB 1ouek, UTo yKas3bIBaJIO HA MIOBPEKAEHNME MToYeK. YPOBHY 3TUX (epPMEHTOB GbIIIY 3HAUMMO CHIDKEHBI B PE3Y/IbTATe
MpUMeHEeHUsT KOMOVHAIUU TPAaBSIHBIX 9KCTPAKTOB, 0COGEHHO MPU KOHIEHTpaluu 2%, UTO TOBOPUT OT HE(DPOTIPOTEKTUBHBIX
CBOJCTBaX. DKCTPAKTHI TPaB BO3BPaILa/IM aKTMBHOCTY aHTUMOKCHUIAHTHBIX (hepMEeHTOB K HOPMaJIbHOMY YPOBHIO U CHIKAJIN
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MapKepbl OKUCIUTEIbHOTO CTpecca B IOYKaxX B pe3ynbrare MoBbieHus ypoBHeil CAT, GPx, u SOD, u cHmskeHus ypoBHeit TOS
u OSI. Kpome Toro, 06paboTKka TpaBamMy TaKKe CHsKasia YPOBHM IMPOBOCIIAIUTENbHBIX IIMTOKMHOB M BJIMSIIA HA 9KCITPECCUIO
T€HOB, CBSI3aHHBIX C artonTo30M; BAX Obl1 HeraTMBHO perynupoBaH, BCL2 6bUT TO3UTUBHO PETYIMPOBaH, UTO CIIOCOGCTBOBA-
JIO YBEIMUYEHWIO BHDKMBAEMOCTY KJIETOK M CHMKEHUIO BOCTIA/IEHMS. DKCTPAKThI Takke cHpkanu NLRP3/NFKB B roukax 06-
paboranHbix DXR MbIleit 70303aBUCUMbIM 00pa3oM. Ha ocHOBaHMM 3TUX Pe3y/IbTaTOB CAeIaH BbIBOM, UTO 1% 1 2% BOIHbBIE
9KCTPAKTBI CMeCH JIMCTheB 3eJIeHOr0 Yasi M MOPMHIY (COOTHOLIeHMe 1:1) MOTYT CUMTAThCS MPUTOLHOM KOMOMHAIMel s
cHIDKeHMs MHAynypyemoii DOX HehOpOTOKCUMYHOCTM Y MOBPEXAEHMS TIOUEK Y NMalMeHTOB C PAKOM.
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1. Introduction

Doxorubicin is an anthracycline class of chemicals with the therapeu-
tic role in chemotherapy used widely for treating the breast cancer and
many other types of cancer. Although doxorubicin is effective in elimi-
nating cancer cells in the body, its administration poses serious threats
that include damaging the renal system. The fact has been clarified in
several investigations showing that doxorubicin nephrotoxicity results
in renal damage involving features such as glomerulosclerosis, inter-
stitial fibrosis, albuminuria, a change in serum creatinine level, reduced
glomerular filtration rate, and histological changes in the kidney [1].
Doxorubicin-induced nephrotoxicity is directly associated with oxida-
tive stress and mitochondrial dysfunction, and these are crucial factors
in renal toxicity [2]. The nephrotoxicity of doxorubicin is evidenced to be
causing inflammatory changes that result in an increase in permeability
of capillary walls and the shrinkage of the glomerulus [3]. Also, doxo-
rubicin induces podocyte injury in the kidneys that leads to proteinuria
and nephropathy, which shows that it has a toxic effect on the kidneys
[4]. One of the processes affecting doxorubicin toxicity is the oxidation
of cellular components due to the formation of reactive oxygen species,
which is considered to be the main mechanism in the development of
nephrotoxic effects. There is evidence that doxorubicin, causing kidney
injury, activates oxidative stress, and mitochondrial dysfunction, along
with inflammation [5]. The effect of the drug on the chain of mitochon-
drial electron transport stimulates the formation of reactive oxygen spe-
cies and enhances the stress of renal cells in oxidation [1,6]. When doxo-
rubicin is given repeatedly, this drug causes renal toxicity mainly due to
its toxic effects on DNA and mitochondria [7].

Due to the presence of a number of bioactive compounds and plant-
based nutrients, functional foods have emerged as the probable comple-
mentary therapies in cancer patients. Chemotherapy can be beneficial for
cancer treatment, but it also has adverse side effects on the patient’s body,
and functional foods offer protective mechanisms that form a repertoire
of defensive actions against those side effects. These compounds con-
tain a wide range of health-enhancing attributes, primarily phytochemi-
cals that are present in fruits, vegetables, legumes, seeds, whole grains,
herbs, and spices including flaxseeds. These compounds have several
advantages such as anti-cancer, antioxidant, and anti-inflammatory ac-
tivities. Herbs and spices are vital ingredients that are incorporated into
cooking meals in most parts of the world. Besides improving the taste of
foods, they also possess some therapeutic properties and thus, cannot be
overemphasized in functional foods [8,9,10]. Research has demonstrated
that nephrotoxicity due to doxorubicin can be prevented by using natural
compounds like crocin and luteolin, which possess antioxidant and anti-
inflammatory effects [11,12]. The damage to the kidney by doxorubicin
has been checked to occur through the formation of free radicals which
causes oxidative stress, according to [1].

Camellia sinensis green tea contains polyphenols and other antioxi-
dants that are known to have the nephroprotective property. Research
has revealed that green tea polyphenols are effective in the protection of
the kidney against toxins including heavy metals, through their action of
fighting free radicals and inflammation [13]. Green tea extracts have been
found to prevent tissue damage and inflammation caused by pollutants
and toxins, which implies a potential in preventing organ damage [14].
It has been observed that green tea lowers oxidative stress and mitigates
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renal toxicity in animal models, which makes it useful in the manage-
ment of kidney diseases [15]. Previous studies have also indicated that
the seed extract of moringa is protective for the liver and kidney tissues
against toxic substances such as dichlorvos in rats [16]. Several antioxi-
dant compounds were identified in the moringa extract. These antioxi-
dant compounds have the potential to boost the activity of SOD, CAT,
and GSH, reduce the levels of inflammatory cytokines, and thus, play a
protective role for the kidneys [17].

Also, the effect of moringa water extract has been investigated for the
prevention of gentamicin-induced hepatorenal toxicity in animal models.
In the study done by Lukiswanto et al. [18], the oral administration of the
moringa leaf extract has been established to alleviate the hepatotoxicity
and nephrotoxicity effect of gentamicin, hence playing a protective role
against drug-induced organ injury. The flavonoids and phenolic products
present in the extract of Moringa oleifera seed inhibit the destruction of
the renal tissue through cytoprotection and antioxidant activity [19].

Synergism can be defined as the situation where the total effect of
chemicals is more than the effect of each of the chemicals taken inde-
pendently [20]. The active substances used in the preparation of herbal
medicines are not simple and come in many forms that make the medi-
cation diverse in its effects. Furthermore, all the active ingredients of all
used herbs can interact and increase the therapeutic effect to treat various
diseases. The coaction of two or more herbs during treatment has a better
outcome because it affects multiple pathways of the disease development.
This way, the probability of attaining better treatment results is higher
compared to the probability of merely utilizing a single herb, particularly
for ailments that have several causes [21]. The use of several herbs may
reduce the side effects that are associated with high doses of a single herb
[21,22,23]. A promising approach to the application of herbal medicines
is their use with nanoscale drug delivery systems, which showed the po-
tential of enhancing the antioxidant and anti-inflammatory activities and
improving the protective mechanism in various diseases [24].

The 4T1 breast cancer model is well understood when it comes to the
progression of breast cancer and the identification of potential treatment
regimens. Thus, it would be most appropriate to use it in the assessment
of hepatotoxicity resulting from chemotherapy drugs. From this animal
model of breast cancer, it is possible to get many insights into how herbal
therapies operate and the extent of their efficacy [25,26,27].

This paper aimed to assess whether combined green tea and moringa
have the nephroprotective potential when used in doxorubicin-treated
mice with breast cancer. In particular, this study aims at assessing the ef-
ficacy of green tea and moringa combination on apoptotic, inflammatory
and oxidative pathways in the kidney with the purpose of widening the
knowledge concerning the molecular mechanisms of the prevention of
doxorubicin-induced nephrotoxicity.

2. Materials and methods

2.1. Collection, authentication and preparation of plants

The herbs were obtained from local vendors in Basra Governorate, sit-
uated in the southern area of Iraq. A specialist in medicinal plants from
the Department of Horticulture at the University of Basra confirmed the

authenticity of the plants. The samples exhibited no apparent contami-
nation and were selected from dried leaves. The items received a compre-
hensive inspection to identify any contaminants and foreign objects. The
herbs were ground into a fine powder using a manual grinder (DAMFOX,
No: MK-Y599, Germany) and all samples were kept at room temperature
until they were analyzed.

2.2. Preparation of water extracts of herbs

To make water extracts, 60 g of herb powder was mixed with 300 mL
of boiling distilled water and stirred with a magnetic stirrer (Heidolph,
Germany) for half an hour. The next step was to filter the samples under
vacuum using a Whatman No. 1 filter paper and a Buchner funnel. After
that, the solvent was removed and the extracts were dried using a rotary
evaporator RE300 DB (Stuart, UK) set to 40 °C to concentrate the filtrate.
Afterward, a freeze drier (CHRIST, Germany) was used to dry the samples.
The resulting dry samples were then stored in amber glass tubes at a tem-
perature of —18 °C until they were needed. A 1:1 ratio of green tea aque-
ous extract to moringa leaf aqueous extract was used.

2.3. HPLC Analysis

Following the methods described in the research by Mradu et al. [28],
HPLC analysis was carried out. In brief, SYKAM S500 HPLC system series
from Germany was used for the HPLC analysis, together with a PDA detec-
tor and a C18-0DS column from Zorbax Eclipse Plus with a particle size of
25 ¢cm % 4.6 mm. The mobile phase consisted of DW (25%) with methanol
(70%) and formic acid (5%). Using a constant flow rate of 1.0 mL/min,
HPLC profiling was carried out at a temperature of 30°C. For analysis,
a wavelength of 280 nm was used, and 10 pL quantities were introduced
into the system for each sample. The following acids and their standards
were bought from Sigma-Aldrich in Germany: kaempferol, quercetin, cat-
echin, ellagic acid, syringic acid, and hydrobenzoic acid (Figure 1).

2.4. Determination of total phenolic content (TPC)

The method for the assessment of TPC with the use of the Folin-Ciocal-
teu reagent, which was supplied by Avonchem of the United Kingdom, was
applied as described by Kumar et al. [29] with slight modifications. There-
fore, 100 pL of Folin-Ciocalteu reagent was diluted to 1/10 before adding it
to 500 pL of each extract. The mixture was mixed thoroughly with 4.5 mL
of distilled water and 0.5 mL of the 7.5% (w/v) sodium carbonate solution.
After 5 minutes at room temperature, the samples were incubated. The
mixture was mixed by vortexing and then was left at room temperature for
120 minutes in the dark. The optical density at 760 nm was recorded with
a blank and a Metstar MUV-61PCS spectrophotometer from the Optima,
England. A calibration curve for gallic acid, sourced from BHD in England,
was used to determine the total phenolic content (TPC) at varying concen-
trations of 0, 100, 200, and 300 mg/g. Data obtained were presented in mg
of gallic acid equivalent (GAE) per gram of dry weight.

2.5. Determination of total flavonoid content (TFC)

The AICI; colorimetric assay was employed in the determination of
TFC as indicated by Pandey et al. [30]. According to this method, 4 mL of
double-distilled water and 0.3 ml of sodium nitrite (5% w/v) purchased
from BHD England and 1 ml of the aqueous extract containing 1 mg/ml
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Figure 1. Chromatogram of chemical compounds standards. Hydrobenzoic acid (3.08 min), kaempferol (3.98 min),
isorhamnetin (4.50 min), syringic acid (5.02 min), quercetin (6.32 min), silybinin (7.59 min), epicatechin (8.20 min),
caffeine (9.35 min), catechin (10.85 min), ellagic acid (12.36 min), under wavelenth of 280 nm
PucyHok 1. XpomaTorpaMma CTaHZapTOB XMMMYECKUX coeayHeHuii. T'uapokrcn6ensoiiHas kuciora (3,08 muH), kemidepon (3,98 muH),
usopamueTH (4,50 MuH), cupeHeBas kuciora (5,02 MuH), KBepueTut (6,32 MuH), cIMOMHUH (7,59 MuH), snMKaTexuH (8,20 MuH),
kodeuH (9,35 mun), karexus (10,85 mun), a/utaroBas Kuciaora (12,36 MuH), npu ajiHe BOJIHbI 280 HM
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of the sample were added to a test tube. It was allowed to sit at room
temperature for 5 minutes once solution was added. It was then supple-
mented with 10% (v/w) BHD AlICl; from England. Then, 2 mL of 1 M NaOH
solution (VWR Chemicals, USA) was added to 10 mL of double distilled
water until the volume was reached. The absorbance at 510 nm was de-
termined using a double-beam UV-VIS spectrophotometer (model Opti-
ma-England) after the mixture had been well stirred. The concentrations
of quercetin were prepared in the range of 0 to 1000 mg/mL to estimate
the amount of flavonoids. The results were expressed in mg of quercetin
equivalent per gram of dry weight.

2.6. Evaluation of the antioxidant potential

2.6.1. DPPH free radical scavenging assay

The antioxidant potential of the extracts was determined using the
2, 2’-diphenyl-1-picrylhydrazyl (DPPH) (Sigma-Aldrich, Germany) free
radical scavenging activity method following the method described by
Phuyal et al. [31]. An amount of 0.5 ml of the extracts (200 and 400 mg/g)
was mixed with 1.0 ml DPPH solution and allowed to react at room
temperature for 30 min in the dark. A control was prepared using 1 mL
methanol and 1 mL DPPH solution. Lastly, the absorbance of the solu-
tions was taken at 517 nm using a spectrophotometer made by England’s
company Optima. BHT from Samchun, Korea was used as a standard at
concentrations of 200 and 400 mg/mL. Radical scavenging potential was
determined by applying the following relationship formula:

A
DPPH% = 1— — %% 100%. (1)

control

where A o, is a control sample absorbance; Ay is the extract absorbance.

2.6.2. Ferric reducing antioxidant power (FRAP) activity

FRAP activity was assessed according to the methodology described
by Védékoi et al. [32]. Three milliliters of 1% potassium ferricyanide and
one milliliter of a sodium phosphate buffer (0.2 M, pH 6.6) from Ino Lab
pH7110 WTW, UK were combined in a test tube with one milliliter of the
sample, which concentrations varied from 200 to 400 mg/g. The compo-
nents were separated by centrifugation of the combination for 10 minutes
at 3000 rpm in a Taiwanese-made Harmonic Series centrifuge (GEMMY,
Taiwan). Prior to centrifugation, the mixture was heated in a water bath at
50°C for 20 min. Two milliliters of 10% trichloroacetic acid were then add-
ed to the mixture. The mixture consisted of 2 milliliters of distilled water
(DW), 0.5 milliliters of a recently prepared 1% ferric chloride (FeCls) solu-
tion from England (BHD), and 2 milliliters of the upper layer of the solu-
tion. Absorbance of the mixture was determined at 700 nm using a UV-VIS
spectrophotometer (Optima England). The capacity of the reaction mixture
to reduce ferric ions is strongly correlated with its absorbance. The total
antioxidant content was determined and represented as absorbance values.
Tocopherol served as a positive reference for comparative purposes.

2.6.3. Metal chelating ability

Chelation of ferrous ions was measured following the procedure de-
scribed by Gulcin et al. [33]. In brief, several quantities (ranging from 200
to 400 mg/g) of the solution were made by mixing 0.25 mL of the extract
with 0.05 mL of FeCl, (2mM). Sigma-Aldrich of Germany supplied ferrozine
(2 mM), which was introduced to the mixture in an amount of 0.2 mL. After
being mixed, the mixture was let to sit at 25 °C for 10 minutes. A wavelength
of 562 nm was then used to measure the absorbance values of the solution.
We utilized the component EDTA as a control and expressed the results of
the total antioxidant content as a percentage. A percentage (%) represent-
ing the chelating effect was calculated using the following formula:

Abs
sample o
control ~ pAhe % 100%. )
Abscontrol
where Abs ;o is @ control sample absorbance; Absggpe is the extract
absorbance.

2.7. Animals

The Stemgene Biohealth laboratory in Ahvaz, Iran, supplied us with
36 female BALB/c wild-type mice that were 8 weeks old and weighed 20—
22 g. The animals had free access to water and food (Parsfeed Co Iran) and
were kept in a typical laboratory setting with a 12-hour light/dark cycle,
standard laboratory condition of humidity, and temperature (22+2 °C).
The treatment that the animals received was strictly adhered to the pro-
tocols laid forth in the “Guide for the Care and Use of Laboratory Ani-
mals” (Washington, DC, USA).

Metal chelating effect % = Abs,

2.7.1. 4T1 breast cancer mouse model

To create the 4T1 breast cancer mouse model, a group of twenty-four
female BALB/c mice were used. The StemGene BioHealth laboratory in
Ahvaz, Iran, provided the 4T1 cell line. A 10% fetal bovine serum (FBS)

supplemented with 100 unit/ml of penicillin/streptomycin and a DMEM-
HG medium (Bioidea, Iran) were added to the cell culture media. The se-
rum came from Biosera in France. In a controlled environment of 37 °C, 5%
CO,, and 95% humidity, the cells were left to incubate for 36 hours. Iso-
lated 4T1 cells (1 x 10%) were injected subcutaneously in the 3rd mammary
fat pad of BALB/c mice using 100 uL, following the previous description.
The control groups of mice were given 100 uL of PBS at the same location
[34]. Once weekly, we evaluated the weight of the mice, the size of the
tumors, and the appearance. According to Sauter et al. [35], the width and
length of the tumors were measured using calipers, and the volume was
then determined using the following formula: 0.52 X width2 xdiameter.
Mouse behavior, food intake, and water intake were monitored every day.

2.8. Experimental design

At the point at which tumors became palpable and measured 100 mm
in diameter, healthy and tumor-bearing mice were divided into six groups,
with six mice in each group:

Control group (H): For five weeks, healthy mice were gavage-treated
with 0.1 ml of normal saline once daily and received a single intraperito-
neal injection of the same volume once per week.

Tumor group (BC): For four weeks, mice with tumors were gavage-
treated with 0.1 ml of normal saline once daily and received a single in-
traperitoneal injection of the same volume once per week.

Healthy+DXR group (HD): Doxorubicin (5 mg/kg) (DOX-Cell, Ger-
many) was administered intraperitoneally to healthy mice once weekly
for five weeks.

Tumor + DXR (BCD) group: Mice with tumors were administered
a single intraperitoneal dose of doxorubicin (5 mg/kg) once every week
for a duration of five weeks.

Tumor +DXR+Formula 1 (BCDLH): Mice with tumors were given a sin-
gle injection of doxorubicin (5 mg/kg) intraperitoneally once a week for five
weeks, followed by a 1% dosage of green tea and moringa combination.

Tumor + DXR+Formula 2 (BCDHH): Mice with tumors were given
a single injection of doxorubicin (5 mg/kg) intraperitoneally once a week for
five weeks, followed by a 2% dosage of green tea and moringa combination.

2.9. Sampling

The rodents were anaesthetized with ketamine hydrochloride
(50 mg/kg) and xylazine (5 mg/kg) and decapitated at the end of the ex-
periment. The kidney tissue was removed prior to histological examina-
tion and fixed in 10% formalin buffer. After being collected and kept at
-70°C, the kidney was used to analyze antioxidant indices and gene ex-
pression. For serum biochemical analysis, serum samples were extracted
from the blood of each mouse via centrifugation at 2,700 g (GEMMY, Tai-
wan) for 15 minutes and stored at —20 °C.

2.10. Tissue preparation

Following the methods previously detailed by Amiri et al. [37], the tis-
sues were homogenized prior to the measurement of inflammatory and
antioxidant/oxidant components. In brief, the kidney sample was ground
up in a 1:5 ratio using a homogenizer (Heidolph, Germany), in 1000 pl
of RIPA lysis buffer (which contains 150 mM of sodium chloride, 0.1%
SDS, 25 mM of tris, pH 7.4, 1 mM of NaF, 1 mM of phenylmethylsulpho-
nyl fluoride, 50 mM of sodium fluoride, and a protease inhibitor cocktail;
Sigma-USA). Homogenate tissues were centrifuged at 10,000 X RPM for
15 minutes at 4 °C. The clear supernatants were carefully collected, di-
vided, and promptly frozen at —-70°C until use for analysis. A Bradford
protein assay kit (made by KiaZist Co., Iran) was used to measure the con-
centration of proteins.

2.11. Antioxidant enzymes assay

Following the manufacturer's instructions, we used commercial kits
to measure the activity of antioxidant enzymes such as catalase (CAT),
glutathione peroxidase (GPX), and superoxide dismutase (SOD) (KiaZist
Co, Iran). The antioxidant enzyme activities were measured in units per
milligram of tissue protein.

2.12. Tissue cytokine measurement

The concentrations of IL1-B and TNF-« in the tissues were quantified
using ELISA kits designed for mice (Sunlong Biotech, China) and reported
as pg/mg of tissue protein.

2.13. Analysis of oxidative stress index

The oxidative stress index (OSI) was calculated by dividing the total
oxidant status (TOS) by the total antioxidant capacity (TAC). A semi-au-
tomated microplate colorimetric technique was used to calculate the to-
tal oxidative status (TOS) using hydrogen peroxide (H,0,) as the standard
of measurement. The test was conducted according to the method given
by Erel in 2005 [38]. The ultimate outcomes were measured as millimoles
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of hydrogen peroxide equivalent per milligram of protein. The measure-
ment of total antioxidant capacity was conducted using the technique
developed by Benzie and Strain [39]. In summary, a functional FRAP (fer-
ric reducing antioxidant power) solution was prepared via mixing acetate
buffer with TPTZ solution in HCI. Following the addition and mixing of
FeCls, a mixture of 10 uL of tissue homogenate and 290 uL of the specified
working solution was added and incubated for 10 minutes at room tem-
perature. The samples were analyzed for optical density at a wavelength
of 532 nm. Vitamin C was utilized as a standard. The expression of TAC
was measured in micromoles of vitamin C equivalents per milligram of
protein.
The OSI was determined using the following formula:

TOS in umol H,0, Eq/mg protein
TAS in umol Trolox Eq/mg protein

0SI :[ }x 100%. (3)

2.14. RNA isolation and cDNA synthesis

The RNA from kidney tissues was isolated using the Tissue RNA iso-
lation kit (ParsTous, Iran) according to the manufacturer's instructions.
The RNA purity at the 260/280 OD ratio and the integrity of the RNA were
assessed with an Eppendorf uCuvette G1.0 microvolume measurement
cell (Eppendorf, Germany). The cDNA synthesis process used RNA of high
purity, with an optical density ratio of 260/280 above 1.8. The cDNA was
generated using 1 pg of RNA using the Easy™ c¢DNA Synthesis Kit (Par-
sTous, Iran) and random hexamer, following the instructions provided by
the manufacturer.

2.14.1. Real-time quantitative polymerase chain reaction (QRT-PCR)

The gRT-PCR primers were generated using Primer3 software ver-
sion 4.1.1 (Table 1), using the sequences of NLRP3, NF«f, bax, bcl-2, and
GAPDH genes obtained from the NCBI Gene bank (Table 1). The GAPDH
gene was used for a reference gene in data analysis during this research.
The SYBR® Green Real Time PCR Master mix from ParsTous in [ran was
used for qRT-PCR analysis using the StepOnePlusTM Real-Time PCR de-
tection System manufactured by Applied Biosystems in the United States.
The PCR procedure included an initial denaturation step at 94°C for 5
minutes, followed by 45 cycles of denaturation at 94 °C for 15 seconds and
at 60°C for 30 seconds. Two control reactions were taken into account,
one being a negative control lacking cDNA and the other using RNA in-
stead of DNA. The analysis included comparing the relative expression
of the genes to the calibrator gene using the comparative 2-AACt tech-
nique. The amplification efficiency of the target genes relative to the ref-
erence gene (GAPDH) was assessed by creating several dilutions of cDNA
and constructing an efficiency graph, using the methodology outlined in
a recent study by Tabandeh et al. [40].

Table 1. Primers characteristics used for real-time quantitative
polymerase chain reaction
Ta6nuua 1. XapakTepucTUKA IIpaiMepoB, UCIIOIb30BAHHBIX JJIsSt
KO/IMYECTBEHHO NOIMMepa3Hoi IEeIHOM peakiuu B peaJibHOM BpeMeH

. GENE
Gene Bank SEQUENCE Size bp NAME
F: AGTTCAACGGCACAGTCAAG
XM_017593963.1 119 GAPDH
R: TACTCAGCACCAGCATCACC
F: AGGATGCGTCCACCAAGAAGCT
NM _007527.4 102 BAX
- R: TCCGTGTCCACGTCAGCAATCA
F: CCTGTGGATGACTGAGTACCTG
NM_009741.5 122 BCL2
R: GCCAGGAGAAATCAAACAGAGG
F: TCACAACTCGCCCAAGGAGGAA
NM_145827.4 146 NLRP3
R: AAGAGACCACGGCAGAAGCTAG
F: GCTGCCAAAGAAGGACACGACA
NM_008689.3 130  NFKB-p65

R: GGCAGGCTATTGCTCATCACAG

2.15. Histopathological analysis

A 10% formalin buffer was used to fix the fresh kidney samples. Us-
ing the traditional approach, tissue microscopic slices were produced.
Using a Histokinette machine (Leica, Germany), the necessary steps of
tissue processing were carried out after fixation. These included dehydra-
tion with ethanol of progressively higher concentrations, clearing with
xylene, and impregnation with paraffin. Slices with a thickness of 5-6 pym
were made using a rotary hand microtome (Leica RM 2125, Leica Micro-
systems Nussloch GmbH, Germany) after the samples were removed from
the Histokinette device. Hematoxylin and eosin staining (H&E) was used
on the sections. A digital camera (Microbin5, Microteb, Iran) attached to
an optical microscope (Olympus Optical Co., Japan) was used to examine
the slides. The stained sections of tissues from control and treated rats

were scanned for the changes in the respective architectural pattern, por-
tal triads, hepatocytes, sinusoids and the histopathological alterations in
general.

2.16. Ethics statement

All animal procedures were approved by the University of Basrah —
College of Veterinary Medicine Research Ethics Committee (Approval
Number: 19/37/2024). The study complied with CIOMS and WHO guide-
lines, as well as OIE principles on animal ethics. Consent to participate is
not applicable as this study did not involve human subjects.

2.17. Statistical analysis

Data analyses were conducted using Graph Pad Prism version 10 soft-
ware (GraphPad software, San Diego, CA, USA). Statistical distinctions
were ascertained by one-way analysis of variance (ANOVA). The Tukey
test was used to assess the statistical significance of the findings. The
data is shown as the mean value plus or minus a standard deviation of the
mean (SD), and a P-value less than 0.05 was determined to be statistically
significant.

3. Results and discussion

3.1. Charachteristics of herbal extracts

In the present study, we evaluated the ability of green tea and mor-
inga extracts, individually and in combination, to mitigate DXR-induced
nephrotoxicity in a murine model of breast cancer. It is shown that both
green tea and moringa extracts can prevent kidney damage induced by
DXR through the action of antioxidants and anti-inflammatory agents.
Moringa and green tea extracts have high total phenolic and flavonoid
contents related to their antioxidant activity. The total phenolic content
in green tea, moringa, and their combination was 152 mg/g, 99.7 mg/g,
and 89.4 mg/g, while the content of flavonoids was 302 mg/g, 140 mg/g
and 190 mg/g, respectively (Table 2).

Table 2. Total phenolic and flavonoid content in green tea,
moringa and their mixture

Ta6muiia 2. O61ee copepskauue GeHOMbHbIX COeIVHEeHUI
¥ ¢1aBOHOMIOB B 3€JIeHOM Yae, MOPUHTIe ¥ UX CMecH

Formulations Total phenolic content Total flavonoid content

(TPC) mg/g (TFC) mg/g
Green tea + moringa 89.4 190
Green tea 152 302
Moringa 99.7 140

The antioxidant activities of the extracts were determined by several
methods, such as DPPH radical scavenging assay, reducing power, and
iron chelating assay. As can be seen from Table 3, green tea had better
DPPH radical scavenging activity compared to moringa at the concentra-
tion of 200 mg/g and 400 mg/g with inhibition rates of 82.2% and 83%,
while moringa revealed inhibition rates of 80.2% and 81.5%. This was five
percent lower than the control at the same concentrations. The combi-
nation of both extracts enhanced the activity where inhibition rates of
84.45% were recorded at 200 mg/g and 84.7% at 400 mg/g.

The activity of iron chelation is useful in the prevention of oxidative
stress since it inhibits iron-dependent generation of reactive oxygen spe-
cies. Green tea was found to have a modest capacity to chelate iron (42%
and 43% at 200 and 400 mg/g, respectively). Moringa showed reduced
chelating ability at levels of 30% and 36%, while the combination had
even lower efficacy of 22% and 41% at 200 and 400 mg/g when compared
to EDTA, a very effective chelator with efficiencies of 97.4% and 98% at
the same concentrations. This finding implies that although the herb ex-
tracts used in this study have high antioxidant activities, their iron che-
lating abilities are much lower than synthetic chelators, such as EDTA.

The reducing power of the extracts was determined. Green tea had val-
ues of 0.7 nm at 200 mg/g and 1.2 nm at 400 mg/g, and moringa showed
values of 0.5 nm and 0.8 nm at the same concentration. The combina-
tion presented a lower level of reducing power with values of 0.3 nm at
200 mg/g and 0.42 nm at 400 mg/g compared to tocopherol, which re-
corded a higher reducing ability of 0.8 nm and 1.3 nm.

The HPLC analysis pointed out the presence of various bioactive phy-
tochemicals in each extract including gallic acid, chlorogenic acid, and
caffeic acid. Those compounds are known for their antioxidant and anti-
inflammatory effects, which also support the focused protecting effects
of the extracts.

These outcomes are in agreement with previous studies that have re-
vealed the high levels of antioxidants in green tea and moringa plants
Senanayake [41], Musial et al. [42], Pekal et al. [43], Lorenzo and Munekata
[44], Penalver et al. [45], Ntshambiwa et al. [46], Sreelatha et al. [47].
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Table 3. Free radical scavenging by DPPH assay, reducing power
by FRAP assay and metal chelating ability for green tea, moringa
and their mixture
Tabnmuia 3. ViaBauBaHue CBOGOIHBIX PAgVKaIOB, OpeeleHHoe
metogom DPPH, BoccTaHaB/IMBAIOMIAs CIIOCOOHOCTbD, ONpee/IeHHAs
meTonoM FRAP, 1 criocOGHOCTD Xe/IMPOBaHUS METAJIJIOB Y 3€JIEHOTO
4yasi, MOPMHIU U UX CMeCn

DPPH, %

G +MO G MO
200 mg/g 84.45 82.2 80.2
400 mg/g 84.7 83.8 81.5

Iron chelation, %

G+ MO G MO
200 mg/g 22 42 30
400 mg/g 41 43.6 36

Reducing power WA

G+ MO G MO
200 mg/g 0.508 0.893 0.359
400 mg/g 0.779 1.378 0.621

G: green tea; M: moringa; G + MO: green tea+tmoringa.

3.2. HPLC analysis

HPLC chromatograms of green tea, moringa, and their combination
are presented in Figure 2, Figure 3 and Figure 4.

Concentrations of the active compounds in green tea, moringa, and
their combination are shown in Figure 4. The combination of green tea and
moringa had a higher content of kaempferol (38.9+0.9 mg/kg; p<0.0001)

compared to green tea (20.1+0.1 mg/kg) and moringa (24.4%0.4 mg/kg),
respectively, followed by quercetin with a significantly higher con-
tent in the combination (34.5%+0.3 mg/kg; p<0.0001) compared with
green tea (18.7+0.4 mg/kg) and moringa (20.6+0.5 mg/kg). Moreover,
the catechin content in the combination also showed a significant
increase (18+0. mg/kg; p<0.0001) compared with green tea and mo-
ringa (13.6%*0.4 mg/kg and 9.8+0.3 mg/kg, respectively). Ellagic acid
and syringic acid were detected at concentrations of 12.6*0.4 mg/kg
and 13.6+1 mg/kg, respectively, in moringa and 11.6+0.4 mg/kg and
12.4+0.3 mg/kg, respectively, in the combination, whereas in green
tea they were absent. The concentration of hydrobenzoic acid was
16.9+0.1 mg/kg in green tea and 16*0.2 mg/kg in the combination,
while in moringa it was not found.

3.3. The impact of herbal extracts on the body weight and tumor growth
in mice given DXR

The results demonstrated that DXR-treated healthy mice had a
significantly reduced body weight compared to untreated animals
(P < 0.001). Malignant mice in the BCD group had the same result as
untreated malignant animals in the BC group after receiving DXR treat-
ment (P<0.01). No difference in body weight change was seen between
the untreated and treated groups of mice when DXR was administered
at 1% or 2% herb combinations (BCDLH and BCDHH) compared to the
control group (Figure 5 (A)).

The results regarding tumor size are shown in Figure 5 (B). A signifi-
cantly smaller tumor size was seen in the BCD group, which was treated
with DXR, as compared to the untreated mice (BC) group (P<0.001).
Statistically significant changes in tumor size were not seen in the BCD
group or in the groups treated with 1% (BCDLH) or 2% (BCDHH) herb
extract.
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Figure 2. Chromatogram of chemical compounds of green tea. Hydrobenzoic acid (3.08 min), kaempferol (3.98 min),
syringic acid (5.02 min), quercetin (6.32 min), and catechin (10.85 min) under wavelength of 280 nm
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cupeHeBast kKuciora (5,02 MuH), KBepueTuH (6,32 muH) 1 KarexuH (10,85 MmuH) nipu ajimHe BOIHbI 280 HM
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Figure 3. Chromatogram of chemical compounds of moringa. Kaempferol (3.98 min), quercetin (6.32 min), catechin (10.85 min), and
ellagic acid (12.36 min) under wavelenth of 280 nm
PuicyHOK 3. XpoMaTorpaMma XMMUUECKUX coeivHeHnit MmopuHru. Kemmdepoit (3,98 muH), KBepieTuH (6,32 muH), kKatexud (10,85 muH) u aarosas kuciora (12,36
MMH) TIpU IJIMHe BOJHBI 280 HM
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Figure 4. Chromatogram of chemical compounds of green tea and moringa combination. Hydrobenzoic acid (3.08 min),
kaempferol (3.98 min), syringic acid (5.02 min), quercetin (6.32 min), catechin (10.85 min), and ellagic acid (12.36 min)
under wavelength of 280 nm
PiicyHOK 4. XpoMaTorpaMma XMMHUYECKUX COeIMHEeHUII KOMOMHALMHU 3e/IeHOro Yyast U MopuHru. I'mapokcnbeHsoitnas kuciaora (3,08 muu), kemmdepoit
(3,98 MmuH), cupeHeBas Kuciaora (5,02 MuH), KBepueTuH (6,32 MmuH), KatexuH (10,85 muH) u a/marosas kuciora (12,36 MuH) npu ajavHe BoaHBI 280 nm
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Figure 5. The body weight and tumor size of different animal
experimental groups. Results are means*SD. *, ** and
*** represent the significant difference between different
experimental groups at p<0.05, p<0.01 and p<0.001,
respectively. H: healthy group, HD: healthy group treated with
DXR, BC: mice with breast cancer, BCD: DXR-treated mice with
cancer, BCDLH: cancer mice treated with DXR and 1% herbal
extract, BCDHH: cancer mice treated with DXR and 2% herbal
extract
PucyHoK 5. Macca Tejia ¥ pa3mep OIyX0/IM B PasIMYHbIX IPYIIax
SKCIIEPMMEHTA/IbHBIX JKUBOTHBIX. Pe3yJII)TaTI)I SABIAKTCA CPeTHUMMU
3HAYEeHUSIMU * CTaHAAPTHBIE OTKIIOHEHM. *, ** y *** npecTaBisioT
3HAYMMBbI€ pas/jinuusi MeXAy pasHbIMMU IKCIIEPUMMEHTa/IbHBIMMU I'pynmnaMmu
npu p<0,05, p<0,01 u p<0,001, coorBeTcTBeHHO. H: 3m0pOBas rpynmna,
HD: 3nopoBas rpynmna, noxy4yasuasi DXR, BC: MbIly ¢ pakKoM MOJIOYHO
xene3bl, BCD: MbIIIM ¢ pakKOM MOJIOYHOJ JKene3bl nmomyyasmme DXR,
BCDLH: MbIlyM ¢ pakKOM MOJIOYHOV1 JXeje3bl moryyasmme DXR u 1%
TpaBsIHOTO 3KcTpakTa, BCDHH: MbIlmmM ¢ pakoM MOJIOYHOJ JKeJie3bl
noayuyasmyie DXR 1 2% TpaBsIHOTO 3KCTpaKTa

The reduction in tumor size seen in mice given DXR is consistent with
the shown anti-tumor efficacy of DXR. Conversely, the herbal extracts did
not significantly impact the growth of tumors in mice treated with DXR.
This implies that the extracts mitigate the toxic effects induced by DXR,
without interfering with the therapeutic effects of doxorubicin. This re-
sult is crucial as it suggests that those herbal extracts can be utilized in
combination with chemotherapy to reduce adverse effects without ad-
versely affecting the anti-cancer properties of DXR.

3.4. Impact of herbal extracts with the nephroprotective activities on the
oxidative stress index and antioxidant enzymes in mice given DXR
The TOS, TAC, and OSI values in the healthy mice (group H) were
1.139%+0.203, 2.69+0.54, and 0.43* 0.08, respectively, according to our
findings. There was no apparent change in the levels of TOS and OSI in
cancerous mice (group BC) compared to healthy mice, while there was a

10

drop in TAC. In comparison to untreated mice, healthy mice administered
chemotherapy showed a substantial rise in TOS and OSI levels (6.47 +0.48
and 16.33+6.93, respectively), and a significant drop in TAC levels
(0.42%0.08). When compared to cancer mice that were not treated with
chemotherapy, mice with cancer plus chemotherapy (BCD) had signifi-
cantly higher levels of TOS and OSI (TOS: 7.81+0.51; OSI: 26.72+7.248),
as well as a significantly lower level of TAC (0.307 +0.08). Groups BCDHH
and BCDLH showed a significant increase in TAC levels with p-values of
less than 0.01, compared to group BCD, while mice with cancer under
DXR with 1% herbal treatment (BCDLH) showed a significant decrease in
TOS and OS], respectively, with p-values of less than 0.01, 0.05 and 0.01
and 0.001 for BCDHH group. The ability of the herb mixture to reduce oxi-
dative stress in the kidneys of cancer mice treated with DXR showed no
significant difference between the 1% and 2% doses (Figures 6 (A, B, C)).

The effects of the herbal extracts on kidney oxidant/antioxidant in-
dicators in breast cancer mice treated with DXR were studied. DXR was
administered to the breast cancer mice. Figures 7 (A, B, C) displays the
glutathione peroxidase (GPX), superoxide dismutase (SOD), and cata-
lase (CAT) levels, which are antioxidant enzymes. The levels of the CAT,
GPX, and SOD enzymes in the healthy mice in group H were 68.93+7.196,
64.14+10.73, and 86.99%10.26, respectively. The SOD activity of can-
cer mice (group BC) was shown to be significantly lower (56.69+8.045,
p<0.01) in our investigation. Nevertheless, the development of cancer
did not substantially impact the activities of CAT (60.09%+7.264) and
GPX (59.12%£7.907) in comparison to healthy mice. The activities of
CAT (25.11%7.531, p<0.0001), GPX (19.17+2.366, p<0.0001), and SOD
(24.27+6.042, p<0.0001) were noticeably reduced in healthy mice (group
HD) that were treated with DXR compared to animals that were not treat-
ed. DXR and 1% herb combination treatment (group BCDLH) of mice that
had cancer did not seem to have any effect on GPX, SOD, and CAT func-
tions. The administration of 2% herbal extracts (group HBDHH) caused
a very significant increase in CAT (p<0.01) and SOD (p<0.05); however,
there was no change in GPX when compared to the BCD group.

The oxidative stress produced in this study by DXR is evidenced by in-
creased OSI and decreased activity of catalase, glutathione peroxidase and
superoxide dismutase of kidney. The 2% herbal combinations significantly
improved the activities of these enzymes. This implies that the extracts
can improve the kidney’s antioxidant capacity and protect it from dam-
age due to DXR. The administration of the extract, particularly at 2%,
lowered TOS and OSI levels while raising TAC. This can be regarded as
evidence that the extracts can prevent oxidative stress by enhancing the
kidneys’ antioxidant capacity and, thus, decreasing the harm from ROS.
The extracts possess several antioxidant compounds such as flavonoids
(catechins and quercetin) and polyphenols (gallic, chlorogenic and caffeic
acids) as was shown by the HPLC analysis. These substances are capable of
directly scavenging ROS and have been found to have strong free radical
scavenging ability. For instance, gallic acid and tannic acid can provide
hydrogen atoms to the free radicals, thereby preventing the further chain
reactions, which lead to the generation of free radicals. Moreover, chlo-
rogenic and caffeic acids may raise the levels and activity of endogenous
antioxidants, including catalase and superoxide dismutase. This improves
the ability of breaking down hydrogen peroxide and superoxide anions
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3.5. Impact of nephroprotective herbal extracts on the proinflammatory
cytokine production in DXR- treated mice

Our findings showed that in healthy mice (group H), the levels of renal
IL-1 and TNF-a were 30.93+3.77 pg/mg proteins and 26.16+8.42 pg/mg
proteins, respectively. When compared to healthy mice, cancer animals
(group BC) showed no significant changes in the levels of IL-1 and TNF-a,
with levels of 51.13£9.106 pg/mg proteins and 46.46+10.42 pg/mg pro-
teins, respectively. After healthy mice were given DXR (group HD), lev-
els of IL1B and TNF-o were considerably higher than in the untreated
animals (179.1%£33.02 pg/mg protein; p<0.0001, 155.2+29.45 pg/mg
protein; p<0.0001, respectively). Compared to the BC group, breast can-
cer mice in group BCD, who were administered DXR, displayed signifi-
cantly higher levels of IL1f (209.2%17.04 pg/mg protein; p<0.0001) and
TNF-a (168.4+10.99 pg/mg protein; p<0.0001). Our findings showed
that compared to the BCD group, mice with cancer and DXR who also
received the 1% herbal mixture (group BCDLH) showed a significant re-
duction in both IL1B (142.6+17.31 pg/mg protein; P<0.01) and TNF-a
(116.9£19.67 pg/mg protein; P<0.05) levels. Moreover, in comparison to
the BCD group, mice given the 2% herbal extract (group BCDHH) dem-
onstrated a significant decrease in IL1f (105.6*13.31 pg/mg protein,
P<0.001) and TNF-a (80.83+16.03 pg/mg protein, P<0.001) levels, as
shown in Figures 8 (A, B).

In our study, we were able to see that an increase in such factors as
TNF-a and IL-1 in kidneys occurred in direct connection with the ad-
ministration of DXR. All these inflammatory cytokines participate in the
promotion of DXR-induced nephrotoxicity. The results predicate that
these herbal extracts can be used as anti-inflammatory drugs as they ef-
fectively reduced the cytokines at 1% and 2% concentrations. Being an
effective pro-inflammatory cytokine, IL-1f plays a role in inflammation
and kidney damage. In response to this, signaling pathways are stimulat-
ed, leading to the synthesis of various inflammatory agents and enzymes,
such as cyclooxygenase and nitric oxide synthase, which may further
aggravate tissue damage [51,52]. Interleukin-1 (IL-1) induces apoptosis
in kidney cells, raises production of pro-inflammatory cytokines and re-
cruits inflammatory cells into renal tissue. This cytokine stimulates renal
fibroblast cells to synthesize the extracellular matrix that enhances the
scarring process and impairs renal function; it is also a factor in the pro-
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Figure 6. Effect of the green tea and moringa mixture on renal
levels of total oxidative status (TOS) (A), total antioxidant
capacity (TAC) (B) and oxidative stress index (OSI) (C) in the
kidney of the doxorubicin (DXR)-treated mice with cancer.
Results are means *SD. *, **  *** agnd **** represent the
significant difference between different experimental groups at
p<0.05, p<0.01, p<0.001 and p<0.0001, respectively. H: healthy
group, HD: healthy group treated with DXR, BC: mice with breast
cancer, BCD: DXR-treated mice with cancer, BCDLH: cancer mice
treated with DXR and 1% herbal extract, BCDHH: cancer mice
treated with DXR and 2% herbal extract
PMCYHOK 6. BiusiHue cvecu 3eJIeHOro yast U MOPVHI'Y Ha peHaJIbHbI€ YPOBHU
o61ero okucanTeabHoro craryca (TOS) (A), 061eit aHTMOKCUIAHTHOM
crioco6HocTH (TAC) (B) 1 MHIEeKca okucauTeabHoro crpecca (OSI) (C)

B IOYKaX MOIy4aBIINX JOKCOpyouumH (DXR) Mblieit ¢ pakoMm. PesyanaTm

HBHSI]OTCH cpem—mmn 3HAYEHUSIMU CTaHJAPTHBIE€ OTK/IOHEHWMS.

* Rl 7 Sk r[pe,umaBnmoT 3HaAYMMBbI€ pa3inuusi MeXIy paBHbIMM
3KCIIePMMEeHTAIBHbIMY rpymnmamu upu p<0,05, p<0,01, p<0,001 1 p<0,0001,
cooTBeTcTBeHHO. H: 3m0poBas rpynmna, HD: 3mopoBas rpymnmna, nosyJyasuiast
DXR, BC: MmbI1u ¢ pakoM MOJIOYHOJ JXejie3bl, BCD: MbIm ¢ pakom
MOJIOYHOJ¥i Kesie3bl nosmydasmye DXR, BCDLH: MbIuy ¢ pakoM MOJIOYHO
xene3sl nmoxyyasiye DXR u 1% TpassiHoro akcrpakra, BCDHH: Mbrimm
C paKOM MOJIOYHOV¥] KeJie3bl nomydyasmme DXR u 2% TpaBsIHOrO 3KCTpaKTa
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p<0.001 and p<0.0001, respectively. H: healthy group, HD:

healthy group treated with DXR, BC: mice with breast cancer,
BCD: DXR-treated mice with cancer, BCDLH: cancer mice treated
with DXR and 1% herbal extract, BCDHH: cancer mice treated
with DXR and 2% herbal extract
PucyHok 7. Bausinue cMmecu 3eJIeHOro 4asi ¥ MOPMHIYM Ha aKTUBHOCTU
peHanbHbIX KaTanassl (A), GPX (B) 1 SOD (C) B mo4ykax noayJyaBmImx
nokcopyounyH (DXR) Mbiiieii ¢ pakoM. Pe3y/ibTaTsl SIBISIIOTCS CPESHUMM
3HAYEHMSIMU £ CTAaHJAPTHbBIE OTKIOHEHMSI. ¥, **  *¥¥* yp *¥¥* phencraBasioT
3HAUMMbIe PasaInuMsi MeKAY PasHbIMU 3KCIIEPMMEHTAIbHBIMMY IPYIIIIaMU
mpu p<0,05, p<0,01, p<0,001 u p<0,0001, coorBercTBeHHO. H: 3M0pOBas
rpynna, HD: 3gopoBasi rpynna, noinydasmasi DXR, BC: MbIm ¢ pakom
MOJIOYHOV¥A 3Kkeie3bl, BCD: MbIlIy ¢ paKOM MOJIOYHOJ1 JKeJie3bl o TyyaBuie
DXR, BCDLH: MbIIuy ¢ paKOM MOJIOYHOJA KeJie3bl noyyasmue DXR
u 1% TpaBsiHOrO 3KcTpakTa, BCDHH: MBIIIM C pAKOM MOJIOYHOJ JKeJie3bl
nonydyasmye DXR 1 2% TpaBsIHOTO 3KCTpaKTa

into less toxic products, thus decreasing oxidative stress [47,48,49,50].
Therefore, it can be deduced from the findings of this study that these
bioactive compounds in combination with herbs aid in the restoration of
the antioxidant defense system in the kidney through a dose-dependent
manner to counter the effects of DOX-induced oxidative stress.

Figure 8. Effect of the green tea and moringa mixture on renal
levels of IL1B (A) and TNF-a (B) in the kidney of doxorubicin
(DXR)-treated mice with cancer. Results are means*SD. *, **_ ***
and **** represent the significant difference between different
experimental groups at p<0.05, p<0.01, p<0.001 and p<0.0001,
respectively. H: healthy group, HD: healthy group treated with
DXR, BC: mice with breast cancer, BCD: DXR-treated mice with
cancer, BCDLH: cancer mice treated with DXR and 1% herbal
extract, BCDHH: cancer mice treated with DXR and 2% herbal
extract
PMCYHOK 8. BiustHMe cMmecy 3eJIeHOTro 4asi U MOPMHI'M HAa peHa/IbHbIe
ypoBHU IL1§ (A) 1 TNF-a (B) B moUKax Ioy4aBIIMX JOKCOPYOULIVH
(DXR) mbllesi ¢ pakoM. Pe3yIbTaThl ABJISIIOTCS CpeHUMU

3HAYEHMSIMU £ CTaHJAPTHbIE OTKIOHEHMS. ¥, *¥  *¥¥ yp *¥%% phencraBiasoT
3HAYMMbIe PasINuMsi MeKAY PasHbIMU IKCIIEPUMMEHTATBHBIMM IPYIIIIAMU
npu p<0,05, p<0,01, p<0,001 u p<0,0001, coorBeTcTBeHHO. H: 3m10pOBas
rpynmna, HD: 3gopoBas rpynna, nonyyasmas DXR, BC: mbIm ¢ pakom
MOJIOUHO¥ kene3bl, BCD: MbIlIN ¢ paKOM MOJIOYHOJ JKeJie3bl IoJIyyaBuie
DXR, BCDLH: mbIy ¢ paKOM MOJIOYHOJA JKeJie3bl nosyyasmue DXR
u 1% TpaBsiHOrO 3KCcTpaKkTa, BCDHH: MBILIM C pAKOM MOJIOYHO JKeJie3bl

nonyuyasmye DXR 1 2% TpaBsIHOTO 3KCTpaKTa
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cells, starting a cascade of internal reactions that might result in necro-
sis or apoptosis, two possible forms of cell death. TNF-a stimulates the
production of ROS, leading to oxidative stress and cell damage. Accord-
ing to Kastl et al. [54], it also leads to fibrosis and cirrhosis by disrupting
the amounts of cytokines that are normally anti-inflammatory and pro-
inflammatory. Combining the moringa extract with green tea is thought
to provide anti-inflammatory properties since both plants contain bio-
active chemicals including antioxidants and flavonoids. Pro-inflamma-
tory cytokine expression and activity have been shown to be inhibited
by these substances [55]. Park et al. [56] and Wang et al. [57] stated that
compounds found in green tea, such as quercetin and catechins, inhibit
the pro-inflammatory gene activity (such as NF-kB) by obstructing cru-
cial signaling pathways.

This is consistent with the hypothesis that green tea possesses an-
ti-inflammatory properties. In addition, studies by Hamza [58] and
Abd-Elnaby et al. [59] indicate that bioactive components of moringa,
including moringin and other polyphenols, might reduce inflammation
by preventing the generation of TNF-a and IL-1. These bioactive com-
pounds do this by lowering the production of inflammatory cytokines and
chemokines by preventing the activation of inflammatory cells such as
macrophages. These findings highlight the preventative role of our herbal
combination in minimizing kidney damage induced by DXR by lowering
the production of inflammatory cytokines.

3.6. Impact of herbal extracts on the expression levels of BAX
and BCL2 genes and of NLRP3 and NFK genes

Bax and Bcl2 gene expression levels in various experimental groups
are shown in Figure 9 (A, B). While we found no statistically significant
variations in BAX expression levels between healthy and malignant ani-
mals, we did find a statistically significant rise in BCL2 expression levels
in the kidneys of both groups. In comparison to the untreated mice, there
was a significant increase in Bax expression (P<0.0001 for the HD group;
P<0.001 for the BCD group) and a significant decrease in BCL2 expres-
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Figure 9. Effect of the green tea and moringa mixture on
expression levels of BAX (A) and BCL2 (B) genes in the kidney of
doxorubicin (DXR)-treated mice with cancer. GAPDH was used
as a housekeeping gene. Relative quantification was performed
according to the comparative 2-24Ct method. Each reaction was run
in triplicate. Results are means*SD. *, ** *** gnd **** represent
the significant difference between different experimental groups
at p<0.05, p<0.01, p<0.001 and p<0.0001, respectively. H: healthy
group, HD: healthy group treated with DXR, BC: mice with breast
cancer, BCD: DXR-treated mice with cancer, BCDLH: cancer mice
treated with DXR and 1% herbal extract, BCDHH: cancer mice
treated with DXR and 2% herbal extract
PI/ICyHOK 9. BiusiHue cMecH 3eJIeHOTO Yasi U MOPVHI'Y Ha YPOBHM 3KCIIpeccumn
renoB BAX (A) u BCL2 (B) B moukax mosrydyaBmmx gokcopyounns (DXR)
mbIei ¢ pakom. GAPDH 6bU1 MCIIO/IB30BaH B KaYeCcTBe reHa J0MAaIlHero
X035CTBa. OHPE,ZLEJIEHMG OTHOCUTE/ILHOI'O KOJIMYeCTBa ObLIIO IIpoBeJeHo
B COOTBETCTBMM CO CPaBHUTeIbHBIM 222Ct meTomom. Kaskmas peakius 6bi1a
nposeneHa B TpexxpaTHou TIIOBTOPHOCTN. Pesyan 'ThI ABJITIOTCS CPeTHUMU
3HaAYeHUsIMU CTaHJAPTHbIE OTK/IOHEHWM . * npeacraBsiioT
3HaAYMMBbI€e pa3in4usa MeXay pasHbIMU 3KCH€DMM9HTaHbeIMM rpynmnamMm
npu p<0,05, p<0,01, p<0,001 u p<0,0001, coorBeTcTBeHHO. H: 3m10pOBas
rpynna, HD: 3gopoBas rpymnmna, noiaydasmas DXR, BC: Mbimm ¢ pakom
MOJIOYHOV1 3KeJie3bl, BCD: MbIIM ¢ pakOM MOJIOYHOV JKeJIe3bl oryvyaBiiye
DXR, BCDLH: MbIly ¢ pakoM MOJIOYHOV¥ JXejie3bl noxydyasmme DXR
¥ 1% TpaBsiHOro 3KCcTpakTa, BCOHH: MBIV C pAaKOM MOJIOYHOJ JKejie3bl
nonyuyasmye DXR u 2% TpaBsIHOTO 3KCTpaKTa

sion (P<0.0001 for the HD group; P<0.01 for BCD group) after the DXR
administration to both healthy (group HD) and cancerous (group BCD)
mice. A significant decrease in Bax expression (P<0.01) and a significant
increase in Bcl2 gene expression (P<0.05) were seen in malignant mice
treated with DXR and 1% herb extract (group BCDLH) compared to the
BCD group, which did not receive herb therapy. The expression of the
BAX (p<0.01) and BCL2 (p<0.001) genes in the kidney of the BCDHH
group was found to be similar to that of the BCDLH group compared to
the group that did not receive herb extract therapy.

Figure 10 (A, B) displays the renal expression of NLRP3 and NFKp in
different experimental groups. In the breast cancer groups of mice, there
was a significant rise in NLRP3 (P<0.05), but in comparison with the
healthy control group, there was no apparent effect on NFKB expression.
The levels of NLRP3 expression were not affected by the administration
of DXR to either the healthy (group HD) or cancer (group BCD) mice, al-
though they were shown to be higher in the BCD group (P<0.001) when
compared to the untreated group. Obviously, in contrast to the control
group, both the HD group and the BCD group exhibited elevated NFKp
gene levels (P<0.01 for the HD group and P<0.0001 for the BCD group).
In comparison to the BCD group, malignant mice given 1% herb extract
exhibited significantly reduced amounts of NLRP3 and NFKf (P<0.05
and P<0.0001, respectively). Furthermore, group BCDHH, which received
2% herbal extract, showed a significant decrease in NLRP3 (P<0.01) and
NFKB (P<0.0001) in comparison to BCD. Regardless of the dose, there
was no significant difference in the NLRP3 and NFKB expression levels
between the BCDLH and BCDHH groups.

The activities of BAX and BCL2 were noticeably changed by DXR treat-
ment. DXR increased apoptosis by lowering BCL2 levels and upregulating
BAX, two genes that normally work together to prevent cell death. The
expressions of the genes were altered by the herbal extracts; an upregu-
lation of BCL2 and a downregulation of BAX were seen, indicating that
the extracts help prevent cell death. Further, the extracts significantly
reduced the expression of the inflammatory response-related genes that
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Figure 10. Effect of the green tea and moringa mixture on
expression levels of NLRP3 (A) and NFkp (B) genes in the kidney
of doxorubicin (DXR)-treated mice with cancer. GAPDH was used
as a housekeeping gene. Relative quantification was performed
according to the comparative 2-24Ct method. Each reaction was run
in triplicate. Results are means=SD. *, ** *** gnd **** represent
the significant difference between different experimental groups
at p<0.05, p<0.01, p<0.001 and p<0.0001, respectively. H: healthy
group, HD: healthy group treated with DXR, BC: mice with breast
cancer, BCD: DXR-treated mice with cancer, BCDLH: cancer mice
treated with DXR and 1% herbal extract, BCDHH: cancer mice
treated with DXR and 2% herbal extract
Pucynok 10. Bimsinue cvecy 3eJIeHOTO 4asi i MOPMHIY Ha YPOBHM
akcrnpeccuy reHoB NLRP3 (A) u NFkp (B) B moukax mo/ryyaBmmnx
nmokcopyouuyH (DXR) mbiireii ¢ pakom. GAPDH 6bUT MCIIO/Ib30BaH
B KayecTBe reHa JOMaIIHero xo3syicrsa. OnpeneseHye OTHOCUTETbLHOTO
KOJIMYECTBA GbI/IO IPOBEAEHO B COOTBETCTBUM CO CPABHUTEIBHBIM 2 2ACt
meTtogom. Kakpast peakuysi 6bu1a NpoBeJieHa B TPEXKPATHO IIOBTOPHOCTH.
PeayanaTm ﬂBJl}I]OTCﬂ CpeIHUMY 3HAYEeHUSIMM * CTAaHJAPTHBIE OTKIOHEHUSI.
**¥ [IpemCTaB/ISIIOT 3HAYMMbIE PasIngyisi MeXIy PasHbIMU
3KCl‘IepMMeHTaJ‘lebIMM rpynnamu npu p<0,05, p<0,01, p<0,001 u p<0,0001,
cooTBeTCTBeHHO. H: 3mopoBas rpynma, HD: 3g0poBasi rpymmna, mosyJyasuias
DXR, BC: MbI1IM ¢ paKOM MOJIOYHOJ1 Jkesne3bl, BCD: MbIlm ¢ pakom
MOJIOYHO¥1 Kes1e3bl nomydyasumie DXR, BCDLH: MbIm ¢ pakKoM MOJIOYHOM
Kkene3pl noxydasiye DXR u 1% TpaBsaHoro skcrpakra, BCDHH: Mbim
C paKOM MOJIOYHOVA JKeJie3bl nomyuyasne DXR u 2% TpaBsiHOTo 3KCTpaKTa
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promote inflammation NLRP3 and NFKB. This shows that the extracts’
inflammatory and apoptotic control contributes to their nephroprotec-
tive effects. Research studies have clarified various types of useful com-
pounds in green tea, including polyphenols, like epicatechin, kaempferol,
epicatechin gallate (ECG), and epicatechin (EC).

Research indicates that epigallocatechin gallate (EGCG) and kaemp-
ferol may prevent NF-xB from activating and the NLRP3 inflammasome
from developing. Consequently, they may decrease the production of
pro-inflammatory cytokines and relieve inflammation [59,60]. Further-
more, EGCG has the ability to control the activity of BAX and BCL2, re-
sulting in improved cell survival and decreased apoptosis [61,62]. In ad-
dition, moringa contains a substantial quantity of bioactive compounds
such as flavonoids, phenolic acids, and glucosinolates. Abdel Fattah et
al. [64] reported that these substances have potent antioxidant and an-
ti-inflammatory properties. Quercetin, a flavonoid abundant in morin-
ga, has shown the ability to inhibit the activation of pro-inflammatory
genes by decreasing the NF-«xB signalling pathway. Moreover, research
has shown that quercetin may regulate the mechanism of cellular apop-

tosis by modulating the expression of BAX and BCL2, hence preventing
cell death [65].

3.7. Histopathological findings

The histopathological changes in the renal cortex of mice receiving dif-
ferent treatments were examined in this study (Figure 11 (A, B)). Morpho-
logically, the kidneys of group A, the healthy control mice, had intact struc-
tures of the distal convoluted tubules, proximal convoluted tubules, and
glomeruli. Group B with breast cancer mice did not differ significantly from
the healthy control group, which indicates that the breast cancer condi-
tion did not affect kidney histology at this stage. On the other hand, group
C, which was the healthy mice treated with doxorubicin, had renal dam-
age evidence. This was evidenced by mild cell swelling, glomerular atrophy
and degeneration, and extensive necrosis, suggesting doxorubicin neph-
rotoxicity. The same observation was made in group D consisted of mice
treated with doxorubicin and having breast cancer, which indicates that
the presence of breast cancer did not decrease the nephrotoxicity of doxo-
rubicin (Figure 11 (C, D)). The treatment groups E and F (Figure 11 (E, F)),

Figure 11. Histopathological examination of mouse kidney (H&E staining, magnification 10X) in different experimental groups.
Control group (H) and BC group (A, B): kidney cells show normal structure of distal convoluted (arrow A), the proximal convoluted
tubule (arrow B), and the glomerulus (star sign) in the control group. HD (C) and BCD (D) groups: mild cell swelling (yellow arrows),
glomerular atrophy and degeneration (red arrow), and extensive necrosis (black arrow). BCDLH group (E): mild cell swelling (yellow
arrows), glomerular atrophy and degeneration (red arrow), and extensive necrosis (black arrow). BCDHH group (F): shows necrosis
(black arrow). Control group (H); tumor group (BC); control + DXR group (HD); tumor + DXR group (BCD); tumor + DXR+ low dose of
herb mixture (BCDLH); tumor + DXR + high dose of herb mixture (BCDHH)

Pucynoxk 11. I'mcronaTosorndecoe uccjieqoBaHye o4YeK Mblilieii (OKpacka reMaTOKCMJIMHOM M 303MHOM, yBejdeHue 10X) B pasinmyHbIX
3KCIepUMeHTaIbHbIX rpynmnax. Kourponpnas rpynna (H) u rpynna BC (A, B): KJIeTKM IOYKY [T0OKa3a/1¥ HOPMAJIBHYIO CTPYKTYPY AVICTATbHOTO M3BUTOIO
(cTpenka A), MPOKCHMAIBHOTO M3BUTOr0 KaHAIbIA (CTpenKa B), v Ki1y6ouKa (3Be3m04Ka) B KOHTpoibHOI rpymme. I'pynmsr HD (C) u BCD (D): ymepeHHOe

HaGyxaHye KJIeTOK (3Ke/ITbIe CTPeJIKM), aTpodus 1 JereHepanysi KIy6OUKOB (KPacHasi CTPeJIKa) ¥ OGLIMPHBI HEKPO3 (uepHas crpeika). [pynna BCDLH (E):

yMepeHHOe HaGyxaHye KJIETOK (JKeJITbIe CTPeJIKM), aTpodust U AereHepanus KIIyGOUKOB (KpacHasi CTPeJIKa) ¥ OGLIMPHBIN HEeKPo3 (YepHas cTpenka). [pymnmna

BCDHH (F): noka3biBaeT HeKpo3 (4epHas crpeska). KourponbHas rpymma (H); rpynmna c ormyxosnsio (BC); rpynna KoHTposb + DXR (HD); rpynmna ¢ onmyxosbio +
DXR (BCD); rpymnmna c omyxonsio + DXR + Hu3Kas no3a TpaBsiHoii cmecu (BCDLH); rpynna ¢ onyxosbio + DXR + Beicokast Jo3a TpaBstHovi cvmecu (BCDHH)
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administered doxorubicin in combination with the herb extract at concen-
trations of 1% and 2%, respectively, showed some protection against doxo-
rubicin-induced renal damage. Group E had mild cell swelling, glomerular
atrophy, and necrosis, suggesting some protection. Group F showed only
necrosis, which may indicate that the 2% concentration of the herbs extract
was more effective in the prevention of renal damage than the 1% concen-
tration. Based on the findings of this study, it can be concluded that while
doxorubicin results in severe renal toxicity, the addition of the herb extract
may help in minimizing the degree of nephrotoxicity.
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Conclusion
In conclusion, the green tea and moringa combination extracts

show a significant protective effect against doxorubicin-induced renal
toxicity due to their antioxidant, anti-inflammatory, and anti-apop-
totic properties through the coordinated suppression of multiple mo-
lecular pathways involved in the nephrotoxicity. The combination of
green tea and moringa can therefore be recommended as an adjuvant
for the management of hepatotoxicity resulting from chemotherapy
drugs.
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KEY WORDS: ABSTRACT

gluten-related Gluten-related disorders (GRD), including celiac disease, are managed through a strict gluten-free diet (GFD), the only estab-
disorders, dietary lished treatment. However, widespread awareness and understanding of GFD remains limited, particularly in countries like the
adherence, nutritional ~Republic of Moldova, where celiac disease prevalence is under-researched. The primary objective of this study is to assess the
awareness, food knowledge, perceptions, and challenges associated with the adoption of a gluten-free diet (GFD) among the Moldovan popula-
accessibility, public tion. A stratified sampling method was employed to collect 778 responses via an online questionnaire distributed across social
health strategies media and educational platforms. The questionnaire assessed respondents’ knowledge of gluten and GFD, perceptions of wheat

and gluten, and purchasing behavior regarding GF products. Data were analyzed using descriptive statistics and ANOVA to ex-
plore differences across education levels and professional domains. Of the respondents, 77.3% could correctly define gluten, yet
only 16.1% achieved a knowledge score above 50% regarding gluten-containing products and hidden gluten sources. Education
level significantly influenced GFD knowledge (p<0.05), with respondents holding postgraduate degrees demonstrating higher
knowledge scores. Perceptions of gluten and wheat were predominantly neutral among GFD followers and non-followers. How-
ever, 21.1% of GFD followers perceived maintaining the diet as highly difficult, primarily due to limited availability and high costs
of GF products.The study revealed a significant gap in knowledge of gluten and GFD in the Moldovan population, despite general
awareness. Education level and profession were critical determinants of understanding. There is a clear need for targeted edu-
cational programs and improved access to GF products to enhance GFD adherence and management of GRD in Moldova. Public
health interventions must prioritize raising awareness and addressing the economic barriers associated with GFD.
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K/IIOYEBBIE CIOBA: AHHOTALIUA

besenomeHosas 3aboseBaHNs, BbI3biBaeMble TI0TeHOM (3BI), BK/IIOUast 1eJIMaKuIo, JIeuaTcsl C IOMOIIBIO CTPOTO¥ 6e3rioTeHoBo ayets (BIT),
duema (BI']I), e[HCTBEHHOTO YCTAHOBJIEHHOTO MeToza jeueHusi. OqHaKo 001asi 0CBeIOM/IEHHOCTDb U MoHMMaHme ¢yt BIJ] 1o cux mop He
UH(OPMUPOSBAHHOCMb  TIOIYUMIIM IIMPOKOTO PACIIPOCTPAHEHMsI, 0COOEHHO B TAKMX CTPAHaX, Kak Pecry6imika Mosgosa, rie 60/bIIMHCTBO CIyJaeB 3a-
u eocnpusimue, GosieBaHMI LIeMMaKMei M3y4eHo B HeIOCTATOUHOM crereHn. OCHOBHASI 1eJTb 3TOTO UCCIeNOBaHVSI — OLIEHUTh MH(GOPMMPOBaH-
npob6nemsl NUMAHUsL, ~ HOCTb, BOCIIPUSITIE U TPYAHOCTU, CBSI3aHHBIE C TIEPEXOOM Ha 6e3rioTeHoByio auety (BIUI) cpeny HaceneHust MoimoBbl. Bbi
0c6€00MIeHHOCMb MPUMEHEH MeTO[, CTPaTUGUIIMPOBAHHOI BBIOOPKHM, B PE3y/IbTaTe KOTOPOTO Yepe3 OHIaiiH-aHKeTy, OIyOIMKOBAHHYIO B COIIM-
0 numauu, aJIbHBIX CETSIX M Ha 06pa30oBaTeIbHBIX OHJIANH TIaThopMax, 6bIIM TOMyYeHbl 778 OTBETOB. AHKeTa OlleHuBaia MHPOPMIPO-
nepekpecmHo- BAHHOCTb PECIIOHIEHTOB O ImoTeHe 1 BI']; oreHMBaa ux BOCIPUSTHE MIIEHNUIIBI U IIIOTeHa, M3yJasia MOKyIaTeTbCKOoe MoBee-
cmamucmuueckoe HMe B OTHOIIeHM 6e3mTioTeHOBbIX (BI') MpoayKTOB. JJaHHbIE aHATM3MPOBAINCH C UCITOb30BAHMEM OIMCATENBbHON CTATUCTUKYI
uccnedosaxue M IUCIIEPCUOHHOrO aHam3a BapuaHToB ANOVA 117151 BbIge/ieHMsl pa3inumii B OTBETaX B 3aBUCUMOCTY OT YPOBHS 06pa30BaHMsI

u obmacTeit podecCcroHaNIbHOM 3aHATOCTH. M3 001Iero umcia pecroHIeHToB 77,3% CMOIIN MPaBMIbHO ONPEeNeINThb [ITIOTEH,
HO TONBKO 16,1% mocTurim ypoBHSI OCBeIOMIEHHOCTH BbIlle 50% B OTHOLIEHUY MPOAYKTOB, COAEPKALIMX [IIOTEH Y CKPBITHIX
MCTOYHMKOB IJIIOT€HA. YPOBeHb 06pa30BaHysI 3HAUMTENIbHO MTOBIMSUT Ha 3HaHMst 0 BT (p<0,05), Tpy 9TOM PeCIIOHIEeHTbI, Me-
OlIIJie YUeHbIe CTEIeHN, TPOIEMOHCTPMPOBaM 6ojiee BbICOKIE Galibl 3HaHMIA. BoCIIpusTIe II0TeHA U MIIEeHNUIIbI ObIIO MTpen-
MYIIECTBEHHO HEMTPaIbHbIM KaK Cpeau jinil, cobmoparouyx BI7I, Tak u juil, He MPUAEPKUBAIOIMXCS TakoBoii. OpHako 21,1%
npuBepxkeHueB BITl cuntany nongepskaHue OyeTsl KpaliHe CJIOKHBIM, B IIEPBYIO Ouepelb M3-3a OrPaHNYEeHHO JOCTYITHOCTU
¥ BbICOKOJ croumocTy BI' pomyKToB. MccienoBaHme BbISIBMIO 3HAUUTENbHBIN Mpo6esT B 3HaHMSX O rtoTeHe u BITl cpeny Ha-
cesieHst MoJIJOBbI, HECMOTPSI Ha OOIIYI0 OCBEIOM/IEHHOCTb O HEM. YPOBEeHb 06pa30BaHust 1 mpodeccyst 6bUI KPUTUIECKUMU
eTepMUHaHTaMy TIOHUMaHMs CyTi. iMeeTcst oueBy/IHasI TIOTPEGHOCTD B 1I€7IEBbIX 06pa30BaTEIbHbIX TPOrpaMMaXx M YTy UIlleH-
HOM goctyrie K BI' mpogyKTam fi/ist TIOBBIIIEHNS] YPOBHST PaclpoCTpaHeHHOCTH cobiofenust BT v MIaHMPOBaHMUIO U BO3MOXK-
HocTH ripuaepskuBathest BT B MosmoBe. Mepbl BMeIIaTebCTBa B 00/1aCTH 06IECTBEHHOTO 3PaBOOXPAHEHNS TOJIKHBI GbITh
HaIpaBJ/IeHbl Ha MOBBILIEHNE YPOBHSI MHPOPMUPOBAHHOCTY U Ha YCTPAHEHME SKOHOMUUECKUX 6apbepoB, CBSI3aHHbIX ¢ BII.

FOR CITATION: Turcanu, D., Siminiuc, R. (2025). Knowledge, perception, and  IJII HUTUPOBAHUM: Lypkany, [. H., Cumunmox, P. . (2025). Uudpopmu-
challenges of adopting a gluten-free diet in the Republic of Moldova: A cross-  pOBaHHOCTb, BOCIIPUSITME U TPYJHOCTY IIPU MEpexofe Ha OGe3ITIOTEHOBYIO JUeTy
sectional study. Food Systems, 8(1), 16-21. https://doi.org/10.21323/2618-9771- B Pecniy6imuke MongoBa: mepeKpecTHO-CTaTUCTUUECKOe McciefnoBanme. [Tuwesosie
2025-8-1-16-21 cucmemol, 8(1), 16-21. https://doi.org/10.21323/2618-9771-2025-8-1-16-21
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1. Introduction

Food insecurity is a growing concern, contributing to negative health
outcomes and an increased risk of chronic diseases [1]. This is particu-
larly true for individuals with gluten-related disorders (GRD), where food
insecurity amplifies nutritional deficiencies, further complicating their
required gluten-free diet (GFD) [2,3].

Globally, various strategies and interventions have been imple-
mented to ensure food security and proper nutrition for individuals with
GRD [4-T]. These include nutritional education policies and front-of-
package labeling using color codes to indicate the nutritional properties
of food, helping consumers, especially those with gluten intolerance,
make informed choices. Medical and celiac associations advocate for the
protection and expansion of federal programs to ensure that individuals
with GRD are shielded during food crises [6,8,9].

In the Republic of Moldova, research on the prevalence of celiac dis-
ease is limited, and the information regarding its incidence, as well as
other GRDs, is decentralized and often contradictory, being stored in
various medical institutions [10-12]. Between 2010 and 2016, the inci-
dence of celiac disease in children showed a continuous increase, ranging
from 3 to 19 cases annually [10,13-15]. Currently, the national registry
for celiac patients includes 67 individuals (adults and children) with a
confirmed diagnosis and a disability status, but it is estimated that the
actual number is significantly higher [10]. The GFD remains the sole
therapeutic strategy for diseases related to gluten consumption [16,17].
However, adherence to a GFD can be challenging, as gluten is a common
ingredient in most foods [18,19]. The risk of accidental exposure to gluten
is substantial, as gluten or traces of it are present in approximately 80%
of food products.

In the Republic of Moldova, there is no local production or certifica-
tion for GF products, and public or private catering services for individu-
als with GRD are nonexistent [20]. The involvement of nutritionists and
dietitians in creating balanced menus is limited or absent in public food
services. Imported GF products are available only in limited quantities
and at high prices, while the availability of social and nutritional sup-
port services is still in its early stages. National-level studies focusing on
interventions to improve these aspects and, consequently, enhance the
autonomy of individuals following a GFD are needed [16]. A crucial aspect
of managing nutritional therapy for individuals with GRD is increasing
public awareness [21].

This research stems from the need to improve public health, ensure
food security, and optimize the management of gluten-related disor-
ders. The aim of this study is to assess the knowledge and awareness of
consumers in the Republic of Moldova regarding the GFD and to iden-
tify influencing factors, thus enabling the implementation of assertive
interventions.

2. Objects and methods

2.1. Questionnaire

The questionnaire was designed to assess the level of knowledge,
perceptions, and behaviors related to the GFD among the population
of the Republic of Moldova. The instrument was developed based on
the validated model from the Syracuse University Institutional Review
Board (IRB) and adapted to the local context. The questionnaire was
distributed online through social media and the official platforms of
educational institutions. Data collection took place between April and
June 2022.

The questionnaire included 15 questions structured into four cate-
gories: demographic characteristics, knowledge about gluten and GFD,
perceptions, and behaviors related GF food consumption. Demographic
characteristics included five questions concerning gender, age, place of
residence, education level, and professional domain. The level of knowl-
edge was assessed through four questions about what gluten is, products
and ingredients containing gluten, and sources of information about
the GFD. The questions were formulated with dichotomous (correct/in-
correct) and multiple-choice answers. Perception was assessed through
three questions using a five-point Likert scale to measure the level of
agreement or disagreement with statements related to wheat, gluten,
and the difficulty of adhering to a GFD. The questionnaire also included
three questions, with multiple-choice options: two questions regarding
adherence to GFD and the main reasons for following it, the behavior of
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purchasing GF products, and one question to identify sources of informa-
tion about the GFD.

2.2. Sampling and data collection

Stratified sampling was used to ensure the representativeness of
various demographic groups, including geographic areas (urban/rural),
education levels, and age categories. The sample size was estimated at
384 respondents, applying the formula of Krejcie and Morgan, 1970 [22]:

Np(a*f (1- f))
Npxe*a® x f(1-f)
e X*NP(1-P)
~d}(N-1)+x?P(1-P)’
3.84 x 2604 000 x 0.5(1 - 0.5)
n=
0.52(2604 000 — 1) + 3.84 x 0.5(1 - 0.5)

= 383.94 = 384.

n — the number of individuals required for the survey; N — the population
number in the Republic of Moldova as of 01.01.2022 (N = 2.604.000);
P — the population proportion used to obtain the maximum sample size
(assumed to be 0.5); X? — the value of chi-square for 1 degree of freedom
at the desired confidence level (for a.=0.05 for a 95% confidence level, it is
1.96%2=13.84); d — the degree of precision expressed as a proportion (0.05).

A total of 778 questionnaires were validated.

Nmin =

M

2.3. Data Processing

All response options (except for demographic characteristics) were
coded into numerical values to facilitate the calculation of aggregate
scores for the level of knowledge. The maximum score for respondents’
knowledge was set at 22 points. The questions for this criterion were
scored as follows: correct answer= 1, incorrect answer=-1. The collected
data were processed using descriptive analysis and the ANOVA test (Sin-
gle Factor).

2.4. Limitations

Voluntary participation and the online distribution of the ques-
tionnaire may introduce selection bias, excluding certain demographic
groups, such as individuals without internet access. There is also the risk
of self-reporting bias, where respondents might overestimate or under-
estimate their knowledge level or dietary behaviors. Due to the sampling
methods and the aforementioned limitations, the results may not be fully
generalizable to the entire population of the Republic of Moldova. The
questionnaire captured a single moment in time, without assessing long-
term changes in knowledge or behaviors.

3. Results

3.1. Demographic characteristics of respondents

Of the total 778 respondents, 40% (n=308) follow a GFD for various
reasons. The majority of respondents (70.3%) were women, while men
accounted for 29.7%. The age distribution showed that 49.6% of par-
ticipants (n=386) were between 18-34 years old, and respondents aged
35-44 represented 19.3%. Regarding the place of residence, 91% of par-
ticipants were from urban areas (Table 1).

The respondents’ education level showed that 37.4% (n=291) had a
university degree, 20.7% (n=161) had a master’s degree, 18.2% (n=141)
had completed high school, followed by respondents with a PhD (9%,
n=70) and secondary school graduates (8.6%, n=67). According to the
field of activity, about 16.7% (n=130) of participants were employed in
education, 13% (n=101) in information technology, 10.1% (n=79) in
medicine, and only 4.9% (n=38) in the food industry. Of the total re-
spondents, 27.3% (n=213) were not employed in any specific field of
activity, and 12.8% (n=100) worked in fields that were not listed in the
questionnaire.

3.2. Level of knowledge about gluten and the gluten-free diet

On average, the respondents’ knowledge scores were modest. Approx-
imately 77.3% of respondents (n=602) were able to correctly define what
gluten is, but only 16.1% (n=128) scored above 50% on questions about
gluten-containing products and sources of gluten in foods. Education lev-
el influenced knowledge about gluten. Those with a master’s degree had



Turcanu D. et al. | FOOD SYSTEMS | Volume 8 No 1 | 2025 | pp. 16-21

Table 1. Demographic characteristics of the respondents
Tabmuua 1. Jemorpaduueckue XxapakKTepUCTUKY PECIIOHAEHTOB

the highest average scores (8.23+3.69), followed by university graduates
(8.03+4.48) and PhD holders (7.67 £4.81). Respondents working in medi-
cine achieved an average score of 9.59+4.02, followed by those in the food

R dent: - -
S L espondents industry (7.31+3.67) and education (7.14+3.97) (Table 2).
S Criteria Total Non GFD GFD The F-values are relatively high, indicating that there are significant
z n % n % n % differences between the mean scores across the three education levels
Total respondents 778 100 470 60 308 40 and fields of activity, compared to the variation within the groups. The
Gender p-values (much lower than the standard significance threshold of 0.05)
0 suggest that there are significant differences between the mean scores
1. Male 230 29.7 155 20 5 10 obtained based on education level and field of activity. Both education
2. Female 548 703 315 40 233 30 level and field of activity significantly influence the scores obtained in
Age categories the questionnaire.
Up to 17 years 150 19.3 108 14 42 5 An attempt was made to determine whether there is a difference in
the level of knowledge between respondents who follow a GFD and those
1. 18-34 1d 386 49.6 219 28 166 21
years who do not. The results showed that the scores of the respondents were
2. 35-44yearsold 141 194 87 11 64 nearly identical: the score for those following a GFD was 7.3%4.02, while
3. 45-54 years old 64 8.2 41 23 the score for those not following a GFD was 7.401+4.58. Only 7.9% (n=61)
4. Over 55 years 28 3.6 15 13 of respondents following a GFD and 8.7% (n=67) of those not following
Residence a GFD showed a knowledge level above 50% (score greater than 11). Most
respondents (n=59 for GFD and n=107 for non gluten free diet (NGFD)
L. Urban 709 L0 427 5 281 36 had scores between 5.1 and 7.0 (Table 3).
2. Rural 70 9.0 43 6 27 3
Training level Table 3. Level of knowledge of respondents who follow a GFD
1. Middle school 67 8.6 a1 5 % 3 and thoseuwho do not follow a GFD
E Ta6nuua 3. YpoBeHb 3HAHMIT PECIIOHIEHTOB, IpuaepkuBatouuxcsa BT,
2. High school 142 18.2 88 11 54 7 ¥ PECIIOH/ICHTOB, He coGmoaaromux BI7]
3. Col}legeh 22 2.8 15 2 7 Knowledge Intervals Number of respondents by score range
451. ;mvermty izi igj 18786 ?? 171: 15 Total GFD NGED
- Masters : Mean +St. Dev 7,3+4,02 7,40134,58
6. PhD 70 9 49 6 21 K . 0.112 0.419
7. Other 26 33 13 2 13 urtosis ’ >
The field of activity Skewness -0,173 0,224
1. Education 130 167 79 10 51 7 F =1,36289796; p-value=0,25826854
2. Researcher 12 1.5 11 1 1 0 % n % n % n
3. Housewife 10 1.3 4 1 6 1 -27.3...0 -6...0 2.1 16 2.4 19
4. Construction 20 2.6 11 1 9 1 0.5...13.6 0.1...3.0 6.3 49 8.6 67
5. Acquisitions 6 0.8 3 0 3 0 14.1..22.7  3.1...5.0 5.8 45 6.7 52
6. Administrative 46 5.9 19 2 27 3 23.2...31.8 5.1...7.0 7.6 59 13.8 107
7. Logistic 10 13 4 1 6 1 32.3..40.9  7.1..9.0 5.7 44 10.7 83
8. Car transport 6 0.8 4 1 2 0 41.4..50.0 9.1..11.0 44 34 9.6 75
9. Agriculture 8 1 4 1 4 1 505..59.1 11.1..13.0 3.1 24 5.7 44
Information
10. technologies 101 13 58 7 43 6 59.5...68.2 13.1...15.0 3.0 23 1.9 15
11. Food industry 38 49 27 3 1 1 68.6...77.3  15.1...17.0 1.0 8 0.8
12. Medicine 79 10.1 45 6 33 4 77.7...86.4 17.1...19.0 0.8 6 0.3
13. Iamnot employed 213 27.3 146 19 67 9 86.8...100  19.1...22 0.0 0 0.0
14. Other 100 12.8 55 7 45 6 Total 39.6 308 60.4 470
Table 2. The level of knowledge of respondents by level of training and field of activity
Tab6nuiia 2. VpoBeHb 3HAHUIT PECIIOHIEHTOB B 3aBUCHMMOCTH OT YPOBHSI 00Pa30BaTe/IbHOM MOATOTOBKY U chepbl AesITe/IbHOCTHA
Number of respondents by score range
3 Education level Field of activity (employment)
Knowledge intervals . N . . . .
Total University degree Master’s degree PhD degree Food industry Medicine Education
F=14.65289; p-value =0.000049 F=11.8849; p-value=0.00039678
Mean = St. Dev. 7.34+4.24 8.03+4.48 8.23+3.69 7.67+£4.81 7.31+3.67 9.59+4.02 7.14%£3.97
Kurtosis -0.11 -0.40 0.34 -0.39 -0.04 -0.78 0.76
Skewness 0.03 0.08 -0.14 -0.24 0.10 -0.14 -0.16
% N (22 max) n % n % n % n % n % n % n %
1. -273...0 -6...0 35 4.5 8 1 1 0 8 1 1 0 1 0 7 1
2. 0.5...13.6 0.1...3.0 116 14.9 8 1 18 2 6 1 4 1 4 1 13 2
3. 14.1...22.7 3.1..5.0 97 12.5 32 4 15 2 7 1 6 1 9 1 21 3
4.  23.2..31.8 5.1...7.0 166 21.3 58 7 32 4 14 2 9 1 14 2 32 4
5. 32.3..40.9 7.1..9.0 127 16.3 38 5 37 5 9 1 8 1 6 1 23 3
6. 41.4..50.0 9.1...11.0 109 14.0 44 6 26 3 11 1 6 1 15 2 17 2
7. 50.5...59.1 11.1...13.0 68 8.7 34 4 18 2 6 1 2 0 15 2 10 1
8. 59.5.68.2 13.1...15.0 38 4.9 19 3 10 1 6 1 1 0 11 1 4 1
9. 68.6..77.3 15.1...17.0 14 1.8 1 0 1 0 1 0 0 0 0 0 0 0
10. 77.7..864 17.1..19.0 8 1.0
7 1 1 0 0 0 0 0 0 0 1 0
11.  86,8...100 19,1...22 0 0
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3.3. Perception and difficulty in adopting a GFD

15.3% (n=119) of respondents following a GFD and 23.1% (n=180) of
those not following a GFD had a neutral perception of both wheat and
gluten. Only 8.2% (n=64) of GFD followers disagreed (including strongly
disagreed) with the statement "Wheat is good for me," and 17.1% (n=133)
disagreed with the statement "Gluten is good for me" (Table 4).

Table 4. Perception of gluten and wheat by respondents following
a GFD and those not following a GFD
Tab6muiia 4. BocmpusaTHe IIIOTE€HA M MII€HNIbI PeCIIOHIEHTaAMM,
co6moparomymu BITI, u pecmongenTammu, He coGmoparomymu BITT

GFD NGFD
Mean#St. Dev 0.33+1.21 0.77 £1.13
Kurtosis -0.700 -0.406
Skewness -0.206 -0.499
n % n %
p e‘rlgel;?iton Strongly disagree 29 3.7 23 3.0
Disagree 35 4.5 16 2.1
Neutral 119 15.3 180 23.1
Agree 55 7.1 79 10.2
Strongly agree 70 9.0 172 22.1
Mean = St. Dev -0.25£1.21 0.45+1.08
Kurtosis -0.877 -0.435
Skewness 0.164 -0.221
Gluten Strongly disagree 57 7.3 23 3.0
perception pigaeree 76 9.8 49 6.3
Neutral 90 11.6 187 24.0
Agree 58 7.5 114 14.7
Strongly agree 27 3.5 97 12.5
Correlation coefficient 0.52 0.53

Only 21.1% of those following a GFD considered its adoption to be very
difficult, while 28.9% remained neutral regarding the difficulty (Figure 1).

Number (r) and share (%) of respondents

. 0,
36; 12% 65:21%

75;24%
89;29%
= Very difficult

= Sometimes difficult = Not difficult at all

Figure 1. Respondents’ perception towards the adoption of a GFD
PucyHok 1. MHeHMe peclIOH/IeHTOB OTHOCUTE/IbHO nepexona Ha BI'T

= A little difficult

Neutral/I'm not sure

3.4. Sources of information

The primary sources of information about the GFD were the internet
and social media (61.7%), followed by consultations with doctors (16.1%)
and nutritionists (14.8%). These results highlight the importance of reli-
able and rigorous sources of information, given the prevalence of unveri-
fied information online (Table 5).

Table 5. Respondents’ sources of information on gluten and GFD
Ta6muua 5. UcTtouHuky mHGOpManyuy pecIioHIEeHTOB O ImoTeHe u BI7]

Source of information I;o(l;l]:("g folllj)owting Total
a GFD
n % n % n %
From the doctor 62 797 63 8.1 125 16.1
From the dietician/nutritionist 62 7.97 53 6.8 115 14.8

Research (academic journals.

thesis/research project) 36 463 48 6.2 84

10.8

4.11 37 4.8 69 8.9
26.35 275 353 480 61.7

Family and friends 32

Internet/TV/News/social media 205
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3.5. Purchasing behavior of GF products

Among those following a GFD, 73.4% (n=226) purchase their products
from supermarkets and local stores, while 45.1% (n=142) prefer to pre-
pare GF foods at home due to the high costs and limited variety of avail-
able products. Additionally, 39.9% (n=123) buy products from specialized
stores, while 7.1% (n=22) receive food from abroad (Figure 2).

Where do you buy GF products? (multiple answer choices)
Other . 54 ;17.2%

Natural/health food stores I— 65;21.1%

Specialized store for GF products

Market

I 58; 18.8%
. 37; 12%
226; 73.4%
|
. 22:7.1%
I 142;45.1%

Number () and share (%) of respondents

Supermarket + shop nearby
They are sent to me from abroad

I cook at home

Figure 2. The purchase behavior of GF products of the
respondents who follow a GFD
PI/ICYHOK 2. r[OKYl'[aTeJ'IbCKOE IoBeaeHue Mpyu NMIPUHSATUN pellIeHUsT
0 nokynke BI' NpoayKToOB cpeay pecriOHAeHTOB, Npuaep>xuBarowuxcs B

4. Discussions

The survey results regarding the demographic characteristics of the
respondents provide a clear picture of the socio-demographic groups in-
volved in the study. A significant proportion of respondents were women
(70.3%), which may reflect a general trend where women are more likely to
participate in studies related to diet and health. These results are consis-
tent with other studies (both cross-sectional and longitudinal panel stud-
ies) where systematic gender differences in survey participation are com-
monly observed [23,24]. Gender differences in participation in diet-related
studies can influence both the interpretation and applicability of the re-
sults, suggesting that it is important to analyze gender-specific eating be-
haviors in more detail [25,26]. The age distribution shows that nearly half
of the respondents (49.6%) were between 18 and 34 years old. This trend
suggests that young adults are more receptive to online surveys and topics
related to diet and health, possibly due to a greater interest in preventing
chronic conditions and adopting restrictive diets such as the GFD [27,28].
Respondents over the age of 45 were less represented in the survey, which
may indicate either a lack of interest in the GFD among this age group
or barriers to accessing online platforms [29,30]. Another important as-
pect is the distribution of respondents based on their place of residence.
The overwhelming majority of participants came from urban areas (91%),
highlighting a possible unequal dissemination of information about ce-
liac disease and the GFD between urban and rural environments. Access to
nutrition information and resources is often limited in rural areas, which
could affect awareness and the adoption of specific diets [29,30].

Although the GFD is recognized as a treatment for celiac disease,
widespread awareness of the specific requirements of this diet remains
insufficient among the general public and in certain professional sec-
tors. The survey results indicate a significant variation in knowledge
levels about gluten and the GFD among participants. While 77.3% of re-
spondents were able to provide a correct definition of gluten, only 16.1%
scored above 50% on the knowledge test. This highlights important gaps
in understanding which foods contain gluten and identifying appropri-
ate products for a GFD. This discrepancy suggests that, although there is
a general awareness of the term "gluten", essential details about hidden
sources of gluten and GF products remain unclear to a significant portion
of the population. These findings are consistent with previous research,
which has shown that consumers worldwide have varying levels of knowl-
edge about gluten and GF products [28]. Studies have demonstrated that,
particularly in countries where celiac disease is not frequently diagnosed
or publicly discussed, education about the GFD is limited. As a result,
even individuals following the diet may apply it incorrectly [25].

Another significant finding is the clear relationship between educa-
tion level and knowledge about gluten. A large proportion of respondents
have higher education (37.4% with a university degree and 20.7% with
a master’s degree), suggesting that education level directly influences
awareness and understanding of the GFD. These findings are supported
by existing research, which shows that individuals with higher educa-
tional attainment are more likely to adopt specific diets, such as the GFD,
either for health reasons or due to increased awareness of food-related
issues [3]. The results obtained from the ANOVA test showed significant
differences between the mean scores for the three education levels (Uni-
versity, Master’s, PhD), confirming the hypothesis that education level
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plays a crucial role in the ability to correctly identify gluten-containing
foods [3,30]. Individuals working in fields such as the food industry, medi-
cine, and education showed varying performance, although the overall
knowledge level remained relatively low. The differences may reflect
varying levels of knowledge or professional experience, as well as differ-
ent access to educational resources and specialized training in each field.
These results highlight the need for greater involvement of professionals
in educating the public about the GFD, both for patients diagnosed with
celiac disease and for those following this diet for other reasons [4]. The
survey results regarding respondents’ perception of gluten, wheat, and
the difficulty of adopting a GFD provide important insights into general
attitudes toward these topics. Most respondents had a neutral perception
of both wheat and gluten, among those following a GFD and those who
are not.

The perception of wheat and gluten was analyzed using a five-point
Likert scale. Only 8.2% of those following a GFD and 17.1% of those
not following such a diet expressed strong or total disagreement with
the statement "Wheat is good for me". This result suggests that a neg-
ative perception of wheat and gluten is more prevalent among those
following a GFD, though still at a relatively low level. These findings
are consistent with previous studies, which have shown that negative
perceptions of gluten and wheat are largely influenced by diagnosis and
personal experiences related to symptoms caused by gluten consump-
tion [25]. For respondents not following a GFD, the neutral perception
of gluten and wheat suggests a lack of understanding of the potential
impact gluten can have on sensitive individuals. Conversely, this group
may view gluten and wheat as natural parts of their regular diet, with-
out being aware of the dietary implications of these foods for people
with gluten sensitivity [30].

An important aspect of this study was the respondents’ perceptions
regarding the difficulty of adopting and maintaining a gluten-free diet
(GFD). Approximately 21.1% of respondents who follow a GFD reported
that maintaining this diet is "very difficult," while 28.9% had a neutral
perception. These findings highlight the significant challenges faced by
individuals on a GFD, particularly regarding access to gluten-free prod-
ucts and their high costs [16]. According to other studies, adhering to a
GFD is often associated with feelings of frustration and difficulties in
meal management, especially due to the widespread presence of gluten
in most processed foods [28].

Furthermore, the perception of difficulty may be linked to the in-
sufficient variety of GF products available in local markets, a problem
exacerbated in countries where demand for GF products is limited and
support infrastructure for those with GRD is underdeveloped [4]. In Mol-
dova, these obstacles are amplified by the lack of supportive policies for

individuals who require a gluten-free diet, as highlighted in other studies
that examined the challenges of accessing gluten-free products in low-
and middle-income countries [12,31].

A significant finding of the survey is that 61.7% of respondents re-
ported the internet and social media as their main sources of informa-
tion about GFD. Although these sources are accessible and fast, they are
not always reliable, and the information can be incomplete or inaccurate.
Previous studies have shown that consumers relying on online sources
may adopt inappropriate diets, being unaware of the correct nutritional
needs [32,33]. This suggests the need to provide consumers with access
to scientifically validated information, as well as to increase the role of
healthcare professionals in educating the public about TACG and GFD [3].
Furthermore, only 16.1% of respondents mentioned doctors as their pri-
mary sources of information, indicating an insufficient level of involve-
ment from medical staff in educating patients about celiac disease and
the GFD. This highlights an opportunity for healthcare systems to im-
prove education about GFD and provide clear, practical information to
patients [16].

5. Conclusions

This study has provided important insights into the knowledge
gaps, perceptions, and challenges related to the gluten-free diet (GFD)
among the Moldovan population. Despite a general awareness of the
term "gluten", critical details such as identifying hidden sources of glu-
ten and understanding the correct implementation of a GFD remain
unclear for a majority of the population. The findings demonstrated
that education level significantly influences the degree of knowledge,
with individuals holding higher education degrees displaying a better
understanding of GFD.

The challenges in adopting a GFD, including the high costs and lim-
ited availability of gluten-free products, were also highlighted, particu-
larly in a context where public support and national infrastructure for
individuals with gluten-related disorders (GRD) are lacking. Given the
growing awareness of celiac disease and the need for a GFD among spe-
cific population groups, this study underscores the importance of imple-
menting educational programs and establishing policies to ensure better
access to gluten-free products in Moldova.

The significance of this research for Moldova lies in its potential to
shape future public health strategies and policies. It reveals the need for
more accessible educational resources regarding GFD, improved public
awareness, and economic measures that ensure access to gluten-free
products. By addressing these gaps, Moldova can improve the quality of
life for individuals with celiac disease and other gluten-related disorders,
thus enhancing food security and nutritional health across the country.
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K/IIOYEBBIE CIOBA: AHHOTAL A

pacmumenvHsle B CBSI31 € ITOCTOSIHHBIM YBEJIMUYEHMEM HaceJeHMsT ¥ PacTyLIMM CIIPOCOM Ha MPOAYKThI MUTAHMS C MOBBIIIEHHBIM COIEp-
6enku, pepmeHmol, SKaHMeM GMOJIOTMUECKM IIEHHOTO 6e/ika BO3pacTaeT MHTEPEeC K MOTYYeHUIO TaKMX MPOAYKTOB M3 VCTOUHMKOB, aJbTepHa-
MUKDOOP2aHU3MbL, TUBHBIX XKMBOTHOMY ChIpbIO. [IpOM3BOACTBO MPOTEMHOB M3 PACTUTEIHLHOTO ChIPbS C BHICOKON GMOIOTMYECKO 1[eHHOCThIO
Moduukayus, SIBJISIETCS] TIePCIIeKTUBHBIM HAIpaBJIeHMeM /ISl MCCaeoBaHuil. PacTuTenbHble 6elKM 06/1aJal0T CPAaBHUTEIbHO HU3KOM
benkosble YCBOSIEMOCTBIO ¥ MMEIOT (PYHKI[MOHATbHO-TEXHOMIOTMYECKEe CBOCTBA, OTPAaHMYMBAIOIIME UX MIPMMEHEHMe B MPOAYKTaxX
2udponusamel, nuTaHus. [JIs1 TIOBBIIIEHNUST YCBOSIEMOCTM U M3MeHeHMsI QYHKIVOHATbHO-TEXHOIOTMYECKUX CBOVICTB pacTUTENbHbIe Ger-
6uoakmueHole KM MOAVUIVPYIOT XUMUYECKUMM, (PUBUKO-XUMUYECKUMU U OGUOTEXHOIOTUUECKUMU criocobamu. Haubosee skomormy-
nenmudst HOI U 5KOHOMMYECKM BBITOJHO SIBISIETCSI 6MOTEXHOMOTMYecKast 06paboTKa ChIPbsi KaK MCXOMHBIMU MUKPOOPraHU3MaMu

(MonouHOKMCIble G6akTepuu pomoB Lactobacillus, Staphylococcus, Pediococcus, Enterococcus, Staphylococcus, Micrococcus
u Leuconostoc, 6aktepuu pona Bacillus, rpu6bl ponoB Aspergillus, Rhizopus, Saccharomyces u Candida spp.), Tak ¥ Ioxydae-
MbIMM U3 HUX (DepMEHTHBIMU MpernapaTamMmy IPOTEOIUTUUECKOTO AeiicTBYsI. DepMeHTaTUBHAS MOAU(UKALIMS TTO3BOJISIET
peLnTh Mpo6iIeMy HIU3KOI YCBOSIEMOCTY PAaCTUTENbHBIX GEIKOB, YAYUIINTh X QYHKIVOHAIbHO-TEXHOMIOTMYECKIE CBO-
CTBa, CHU3UTD a/UIEPTeHHOCTh M HejiTpann3oBaTsh crennuduyecknii BKyc. Kpome Toro, 610TeXHOIOIMYECKMIT METOL, MO~
dbukanmumu MuKpoopranusmamu 1 GepMeHTHBIMM [TpernapaTamMy UCIOMb3YeTCs U IJI TUAPO/3a 6elKOB 10 OGMOaKTUBHBIX
MeNTUIO0B, IPeAHa3HAUYEHHBIX I QYHKUIMOHATBHOTO MUTAHMSI: C BBICOKOJ aHTVOKCUIAHTOH, TPOTUBOOITYXOIEBO, IIPO-
TUOMAOEeTUUECKOI M MMHEPATOCBSI3bIBAIOIIE aKTMBHOCTBIO. B mpoiiecce MoauduKauum cyiefyeT yIUTbIBATh TUIT UCTIONb-
3yeMoro (GepMeHTa WM MMKPOOPraHKM3Ma, ero KOHIIEHTPALMIO, CTeNeHb I'MIPOIN3a, TUIl ChIPbs, MOJIEKYISPHYI0 Maccy
ero 6enKkoB M gpyrue GaxkToOphl, BAVSIONMME Ha Ka4eCTBO MOTyYaeMbIX IVIPONM3aTOB U MEeNTHIO0B. B IPOTUBHOM ciIyyae
dbepmenTaTuBHas MOAMGbUKALIUS BHI3bIBAET HEXeNATeTbHbIe U3MEHEHUS: CHIDKEHE BQYHKIVOHATbHO-TEXHOTOTUUECKUX
CBOJICTB M ITUTATETbHO IIEHHOCTH, a TaKKe yXyAlLIeH)e OPraHONIeNTHIeCKUX [IoKa3aTeseli, B YaCTHOCTY YCUIeHe Tope-
Yy TUAPOIU3ATOB. B JaHHOM 0630pe Mpe[CTaB/leH aHaIN3 MMPOKOTO CIIEKTPa pe3yabTaTOB UCCIeNOBaHMI POCCUIICKIX
¥ 3apy6eKHBIX YUEHBIX 3a ITOC/TIeHIe TOAbI B 061acTy hepMeHTATUBHOI MOAUGbUKALMY PACTUTETbHBIX 6el1K0B. OCHOBHOE
BHYMAaHME yIeJIeHO MOTyUYeHMIO GeJTKOBBIX TUIPONM3ATOB M 6MIOAKTUBHBIX MEIITUI0B BBICOKOTO KaYeCcTBa, CTIOCOGHBIX KOH-
KypUPOBATh C GEIKAMU KUBOTHOTO IIPOUCXOKAEHMUS.
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plant proteins, Due to the constant increase in population and the growing demand for food products with a high content of biologically
enzymes, valuable protein, there is a growing interest in obtaining such products from sources alternative to animal raw materials.
microorganisms, The production of proteins from plant raw materials with high biological value is a promising area for research. Plant pro-

modification, protein  teins have relatively low digestibility and have functional and technological properties that limit their use in food products.
hydrolysates, bioactive To increase digestibility and change the functional and technological properties, plant proteins are modified by chemical,
peptides physicochemical and biotechnological methods. The most environmentally friendly and cost-effective is biotechnological
processing of raw materials with both the original microorganisms (lactic acid bacteria of the genera Lactobacillus, Staphy-
lococcus, Pediococcus, Enterococcus, Staphylococcus, Micrococcus and Leuconostoc, bacteria of the genus Bacillus, fungi of the
genera Aspergillus, Rhizopus, Saccharomyces and Candida spp.) and proteolytic enzyme preparations obtained from them.
Enzymatic modification makes it possible to solve the problem of low digestibility of plant proteins, improve their func-
tional and technological properties, reduce allergenicity and neutralize specific taste. Enzymatic modification allows us to
solve the problem of low digestibility of plant proteins, their functional and technological properties, reduce allergenicity
and neutralize specific taste. In addition, the biotechnological method of modification with microorganisms and enzyme
preparations is also used for hydrolysis of proteins to bioactive peptides intended for functional nutrition: with high an-
tioxidant, antitumor, antidiabetic and mineral-binding activity. In the process of modification, it is necessary to take into
account the type of enzyme or microorganism used, its concentration, degree of hydrolysis, type of raw material, molecular
weight of its proteins and other factors affecting the quality of the obtained hydrolysates and peptides. Otherwise, en-
zymatic modification causes undesirable changes: a decrease in functional and technological properties and nutritional
value, as well as deterioration in organoleptic indicators, in particular an increase in the bitterness of hydrolysates. This
review presents an analysis of a wide range of research results of Russian and foreign scientists in recent years in the field
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of enzymatic modification of plant proteins. The main focus is on obtaining protein hydrolysates and high-quality bioactive
peptides that can compete with proteins of animal origin.

FUNDING: The article was prepared as part of the research under the state assignment No. FGUS-2024-0006 of the V. M. Gorbatov Federal Scientific

Center for Food Systems of the Russian Academy of Sciences.

1. BBengeHue

MupoBoe MPOM3BOACTBO OETKOB M3 PACTUTETLHOTO ChIPbsI B TTOCTIE -
HMe rofpl cTpemutenbHo pacrer [1,2]. I[To mporHosam, K 2027 romy peIHOK
PacTUTETbHBIX GEJIKOB COCTaBUT 17,4 MJIp[ NO/ITIAPOB, YBEIUYUBIINCD 32
ITh J1eT Ha 42,6% [2]. [IpoLecc MX MpOMU3BOACTBA 9KOHOMUYECKN BBITO-
JleH U 9KoJIornvecky 6esomnaceH [1,3,4]. Hampumep, BeipaboTka 1 Kr pa-
CTUTENIbHBIX KYJIBTYP (COSI, TOPOX, HYT, UeUeBUIIA U JIp.) TpeOyeT MeHblIe
BOIbI B 2,2—11,0 pa3s, yem nNpou3BOACTBO aHAJIOTUUHOTO KOJIMUYECTBA KY-
psiTUHBL, U B 8,6—-43,0 pasa MeHblIe 1 KT TOBSAMHBI [3]. CHVDKEHBI TakKe
BBIGPOCHI YIVIEKMCJIOTO Ta3a Py MPOU3BOJACTBE PACTUTETbHBIX KYJIbTYP
(xkr COz Ha 1 kr): cost — 3,2 KT; oBeC — 2,5 Kr; MIleHnIa 1 pPokb — 1,6 KT;
ropox — 0,98 «r. [l;1s1 cpaBHeHMSI IPU POMU3BOACTBE MTUIIbI, CBUHMHBI,
GapaHMHbI 1 TOBSIIVHBI 9TY [TOKA3aTeJM COCTABIISIOT B cpemHem 9,9; 12,0;
40,0 1 99,0 kr rasa, COOTBETCTBEHHO [4]. HecMOTps Ha TO, UTO pacTUTeNb-
Hble GeJIKM, KaK MPaBuIo, UMEIOT AeUINUT OOHOI MY HECKOIbKMX He3a-
MEHMMBIX aMUHOKUCIOT, UX MIMPOKO MPUMEHSIIOT B KauecTBe MUIEeBbIX
U KOPMOBBIX T06aBOK, a TaKKe B IIPOM3BOJCTBE MPOAYKTOB (YHKIIVO-
HaJIbHOTO MuTaHus [5]. Vicronb30BaHue pacTUTENbHBIX GEKOB B IMIIe-
BOJI TTPOMBIIIZIEHHOCTY OTPAaHUUMBAETCSI UX BBICOKON ajjiepreHHOCThIO
(B 0COGEHHOCTM COM) a TaKke HUBKUMU (PYHKIMOHATbHO-TEXHOIOTH-
YeCcKMMM CBOICTBAMMU U YCBOSIEMOCTbIO, TI0 CPAaBHEHMIO C KMBOTHBIMU
6enxamu [6]. [I1st peLiieHMsI JaHHOV ITPO6/IeMBI ITPOBOIST MOAVGBIMKALIMIO
6enka myTeM KoHbopMaluyu (pa3BopauyyBaHue, arperauyus, CUIMBaHNe)
wiu (GparMeHTalMM TONUIENTUIHON LEeNU XUMUUECKUMU, (PU3NKO-
XUMUYECKUMU U OGUOTEXHOTOTMUECKMMM MeTomamu [7,8]. Xumuueckue
MeTOJbl SIBJISIIOTCS Hanbosee paclpoCTPaHEHHbIMY B YaCTy HeTepMuye-
CKOM MoaudUKAIMM PACTUTETbHBIX 0eKOB. OIHAKO IPOIECC XMMUYe-
CKOJI MoaM(UKAIMY CBSI3aH C 3arPsI3HEHMEM OKPYsKalolleil Cpeibl 1 €O
CJIOKHOCTSIMM B OUMCTKe TOTOBOTO MPOAYKTA OT OCTATOUHOTO KOIMYeCT-
Ba peareHToB [1,9,10]. ®u3myeckue MeToAbl MoaMbUKaLMH, TPpeTHA3HA-
YeHHble ISl TIPOMBIIIEHHOTO MPOM3BOJCTBA U IpefycMaTpuBaolye
OTCYTCTBME TEPMUUYECKO 06pabOTKY GeNKOB (YIbTPa3BYK, MMITYIbCHOE
37IeKTpUUecKoe IoJie, PaAMOBOJIHBI, XOJIOAHAS I7Ia3Ma U Ap.) MaJlOpeH-
TabeIbHbI 13-3a BBICOKOH CTOMMOCTY 060PYIOBAHUS U KeCTKUX YCIOBUI
BBIPAGOTKY KaueCTBEHHbIX IIPOAYKTOB [1,7,9].

BuorexHomornyeckast MOIMUGUKAIMS PACTUTENIbHBIX OEIKOB C UCTIONb-
30BaHMeM Pa3IMYHbIX IITAMMOB MUKPOOPTaHU3MOB MU/ ITOTyUYEeHHBIX U3
HUX (HepMEHTOB OTIMYAETCST BBICOKON CrenudUYHOCTbIO, BOCIIPOU3BO-
JIMMOCTbI0, 5KOHOMMYHOCTBIO M SKOJIOTMYHOCTBIO B CPAaBHEHUM C XMMU-
YecKMMM U QU3MKO-XxMMMUUYecKMMM MeTtonamu [7,9,11]. laHHBIN NOAXOL,
O3BOJIAJI PACIIMPUTD ACCOPTUMEHT PACTUTEbHBIX GETKOB C YyUIlIeHHbI-
MM (DYHKLIMOHATBHO-TEXHOMIOTMUECKUMM CBOMICTBAMM U YCBOSIEMOCTbIO.
BuotexHonornyeckast MogubuKanysi MCIIONb3YeTCsI U AJIsT TPOU3BOACTBA
MenTUO0B C aHTUOKCUIAHTHBIMY, aHTUTUIIEPTEH3UBHBIMM, TIPOTUBOPA-
KOBBIMM, aHTUMUKPOOHBIMM, TUIIOXOJIECTEPUHOBBIMU U MMMYHOMOIY-
Jupyronymu cBoiicrBamu [9,12]. Llenb gaHHOTO 0630pa — IMPOAHATU3U-
pOBaTh MyOGIUKALIY POCCUMCKUX U 3aPYOEKHBIX YUEHBIX, TOCBSIIIIEHHbIE
MMKPOOPTaHM3MaM ¥ YCIOBUSIM MOAMMUKALNM PACTUTETbHBIX GETKOB.
B pabore paccMOTpPEHO BIMSIHME TAKMX METOJ0B Ha YCBOSIEMOCTb, aJliep-
IeHHOCTb, QYHKIMOHAIbHO-TEXHOIOTMYECKIEe 1 6MOaKTUBHbBIE CBOMCTBA
6eJIKOB 1 TEINTUIOB.

2. O6'beKTHI M METOABI

B kauecTBe 06BbEKTOB MCC/IEAOBAHMS BhIOPAHbI IMyOIMKAIY, TIOCBSI-
leHHble hepMeHTaTUBHOM MommudMKaLMM PacTUTENbHbIX 6eKOB. B 06-
30pe aHaIM3UPYETCs BAUSIHME 3TOTO METOa Ha (GYHKIIVOHAIbHbIE CBOJi-
CTBA ¥ KaYeCTBO MOyYaeMbIX GJTKOBbIX TMIPOIN3ATOB U GMOaKTUBHBIX
MenTuAoB. MeTomgamu st IPOBEIEHMST MCCIeA0BAHUIN CITYSKWITU TTOVUCK,
0630p U aHa/IM3 HAYYHBIX MTyOGAMKALINIA 10 TaHHOI TeMaTHKe, 6OJTbIINH-
CTBO M3 KOTOPBIX OMyG/aMKOBaHbI B Teuenue 2017-2024 romos. IIpo-
aHaIM3MPOBaHHbIE PAGOThl OTIMYAINCH JOCTOBEPHBIMM PE3yIbTaTaMuU
¥ BBICOKOJ IIUTUPYEMOCTbIO.

TToMCK HAYYHBIX MyOIMKALINIA OCYIIECTBISIICS B GMGIorpadmnieckmx
6a3ax eLIBRARY.RU, Researchgate.net, RSCI, Scopus, Web of Science,
Elsevier, PubMed 1o cnemyouyM KIIOYeBBIM CJI0BaM: PaCTUTEbHbIE
6enku, GhepMeHTbI, MUKPOOPraHU3Mbl, MoAMduUKaIMs, GeTKOBbIE TM-
IPONM3aThl, 6MOAKTUBHbIE MeNnTHIbl. OMy6IMKOBaHHbBIE M OTOOPAHHBIE
pe3y/ibTaThl MCCIEAOBAHMI ObUIM TTPOAHAIM3MPOBAHBI, CUCTEMATU3N-
poBaHbI, 0600IIEHBI, TTOC/IE Yero GbIIM COeTaHbl BBIBOIBI [0 Pasfenam
u oblee 3aK/II0YeHe.

3. Ucnonb3yeMble MUKpOGHoIornyeckyue moauduraTopsl

depmeHTaTMBHAS MOAMMUKALVSI PACTUTETBHOIO ChIPbSI 3aK/II04YaeT-
Cs1 B paclieryIeHMUy o[ IefiCTBYeM MUKPOOPraHM3MOB Wiy HepMeHT-
HBIX TperapaToB IOJMCAXAPUAOB U IOJIUIENTHUIOB Ha Gosee Mekue
bparmeHTHI, KOTOpBIE JIerye ycBauBaroTcsi opraHmusmom [9,13]. st mo-
IuduKauuy 6eNKoB UCIONb3YIOTCSI MUKPOOPraHM3MbI (GaKTepuu, APOXK-
KM WIM TUIeCeHM), BBIpabaThIBAIOIIME IIPOTEONUTHYECKMEe (DepMeHTHI
(TIpoTeMHas3bl U NeNTHAA3bI), KOTOPbIE CIIOCOOHBI PACIIEIISIT MONIEKYIIbI
6eJIKOB Ha IMEeINTUAbI C PA3JIMUYHOI MOIEKY/ISIPHOM Maccoit U B AajabHei-
11eM BbICBOOOXKAATb AMUHOKMC/IOTHI [14].

MonouHokucibsie 6akrepun (MKB), Brmtouast Lactobacillus, Staphylo-
coccus, Pediococcus, Enterococcus, Staphylococcus, Micrococcus v Leuconos-
toc, B OCHOBHOM MUCIIONB3YIOTCS 17151 hepMeHTan Iy 6elKOB ¥ BTOPUYUHBIX
MPOAYKTOB I1epepaboTKy pacTUTEeNbHBIX KyabTyp [10,15-19]. Tlommumo
9TUX MMKPOOPTaHU3MOB, 6akTepuy poza Bacillus, HeKOTOpbIe TPUOBI PO-
noB Aspergillus, Rhizopus, Saccharomyces n Candida Spp. v ToyuyeHHbIe
13 HUX (pepMeHTHbIE MperapaThl TaKke UCIONb3YIOTCS AJ1st hepmeHTa-
MM GeJIKOB PACTUTETBHOTO ITPOMCXOXKIEHNSI, PACIeIUISIS OMMUITeIITUIbI
" BBICBOOOK/Iasl GOMbIIOe KOMMYECTBO aMMHOKUCIOT [8,20,21]. ITonyya-
eMble TaKMM 00pa3oM I'MIPOIM3aThl XapaKTePU3YIOTCS YITyUIIeHHBIMM
OpraHoNeNTUYECKMMY TI0Ka3aTeqsIMU, (QYHKIMOHAIBHO-TEXHOIOTMYe-
CKMMM CBOJMCTBaMU, YCBOSEMOCTBIO ¥ TUIIOa/JIePreHHOCThIO [13,14].

4. CBolicTBa MUKPOOMOIOTMYECKUX MOAUPUKATOPOB

4.1. YnyuweHue opzaHosienmuueckux nokazameset

OpHOJ M3 MIAaBHBIX IPO6IeM NPy IPOU3BOJACTBE PACTUTENbHBIX
6€eJIKOB, B 0COGEHHOCTM GOGOBBIX, SIBJISIETCSI IPUCYTCTBUE B ITOTYYEH-
HBIX ITPOIYKTaxX ropeuy, a Takke XapaKTepHOro 6060BOro IMpuBKyca
u 3amnaxa. depMeHTaUMs C MPUMEHEHMEM MUKPOOPraHU3MOB CIIO-
coOHa HeNTpanu3oBaTh JaHHbIe HeJocTaTKu. Hampumep, cHMsKeHUE
ropeuy rOpoXOBOTO M30JISITA YCTAHOBJIEHO ITOCAe 24 4acoB (epMeH-
Talyy C LIeCTHI0 PA3NIMYHBIMM IITAMMaMy a3pOGHBIX ¥ aHa3POOHBIX
MKB: Lactobacillus plantarum DSM-20174, L. perolens DSM-12744, L.
fermentum DSM-20391, L. casei DSM-20011, Leuconostoc mesenteroides
subsp. cremoris DSM-20200 u Pediococcus pentosaceus DSM-20336 [22].
Opnako QgepmMeHTaLVsI B TeUeHMe JBYX CYTOK yCWIMBaIa y I'UIPONIN-
3aTa «ChIPHBIN» 3aIax U KUCA0BATbhIN MPUBKYC, npucymmnii MKB. l'opo-
XOBbIN 6e0K, pepMeHTHPOBaHHBI ¢ L. plantarum, obnaman nyvuiei
OPraHOJMIeNTMUKON C HeiTpanbHBIM 3alaXOM M BKYCOM I10 CPaBHEHUIO
C IpyrMMy LITaMMaMM, MCIIONb30BAaHHBIMM B McciemoBaHuy. CHMU-
SKeHYe WM HeiTpanusaums MpuBKyca 60GOBBIX OGETKOB JTOCTUTHYTO
U C TIOMOIIBIO TPOTEONUTUYECKUX (PepMEeHTHBIX MTpernapaToB MUKPOOK-
0JIOTMUYECKOT0 MpoucXoxaeHus [23,24]. [Ipu saToM cTeneHb poTeonmn3a
6enkoB epmMeHTaMM, KaK MPaBUJIO, TOKHA ObITh He Gosee 10%, mpu
€& MpeBBIIIeHNY BKYC ropeduy, Ha060pOT, yCUIMBAETCs 3a CUeT M3MeHe-
HUS CTPYKTYPHOI 1[@JIOCTHOCTM GeKOB U BO3JAeicTBMs ruapodo6HbIX
aMMHOKMCIOTHBIX OCTaTKOB M30JIEMLMHA, TUPO3UHA, (GeHuIasaHuHa
n Tpuntocdana [23,25-27]. Ha ropeuyb ruiponan3aTos, IOMMUMO CTelle-
HU TUAPOIN3a U IAPoGdOGHOCTH, BIMSIOT TAK)Ke MOJIEKy/ISIpHasl Macca
6€eJIKOB, ITOJIOKEHME OCTATKOB ITPOJIMHA, TUIT MCITOb3yeMbIX (DepMEHTOB
¥ AMMHOKMC/IOTHAS TI0C/IeI0BaTeNbHOCTb. TeM He MeHee hepMeHTaLIMSI
MMKPOOPraHM3MaMy YCIIEIIHO CHUKAET TOPbKMiL U 6G06OBbII BKYyC pa-
CTUTeNBHBIX GeskoB. Hampumep, rpymnmna yyeHbIX JOKa3aua CHIDKeHMe
6060BOTO TIPMBKYCA COEBOr0 M30JsITa rmocie 24 u 48 yacoB pepmeHTa-
uuu 6akrepusamu Bacillus subtilis DSM 10, miecenbio Rhizopus oryzae
DSM 2200, nposxskamu Saccharomyces cerevisiae TMW 3.210 n 1akTo6aK-
tepusmu L. helveticus DSM 20075 [28]. O6pa60oTKa JIIOIIMHOBOI'O U30JISITa
mrTaMMaMu Jlakrob6akrepuit L. reuteri DSM 20016, L. brevis TMW 1.1326,
L. amylolyticus TL 5, L. parabuchneri DSM 5987, L. sakei subsp. carnosus
DSM 15831, Staphylococcus xylosus DSM 20266, L. helveticus DSM 20075
u L. delbrueckii DSM 20081 Takske CHMXaja YPOBEHb ropeyu MpoayK-
Ta Ha 15-57% 1o cpaBHEHMIO C KOHTPOJbHBIM 06pasiom. JIyumiie pe-
3YJIbTATHI POJIEMOHCTPUPOBAJ ITPOAYKT, pepMeHTUPOBaHHbI L. brevis
TMW 1.1326, cHM3UB TaKkke TOPOXOBBII apoMar m3ossTa B 4,5 pasa [29].
[Tpyu 3TOM (bepMeHTMPOBaHHbIE IIPOLYKTHI 00718111 BBICOKOI CII0CO6-
HOCTBIO K IIEHOOOPA30BaHUIO M SMYJIBIMPOBAHMIO, UYTO TOBOPUT U 00
yaydIeHny uxX QyHKIMOHAIBHO-TEXHOIOTMYECKNX CBOMCTB, ONpere-
JISTIOIIMX KayecTBO GeJika.
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4.2. VayuweHrue QpyHKYUOHAILHO-MEXHON02UHECKUX CBOLICME
OyHKIMOHATbHO-TexHomornueckue csoiictea (PTC), Takme Kak pac-
TBOPMMOCTb, Trejieo0pa3oBaHyue, 3My/IbIMPOBaHMe, MEeHOO6pa3oBaHMe,
BOJIOYAEPKMBAIOIAsl CIIOCOGHOCTb U APYTHMe, 3aBUCAT, KaK MPaBUIo, OT
CTPYKTYDBI ¥ 3apsiia Oenka, ero MOJIEKYISPHOI MacChl ¥ aMUHOKMCIIOT-
HOTO cocrasa [6,7,30]. ®epMeHTAIVSI UCIIONb3YeTCsI Kak Hambosnee 3¢-
dexTuBHBI MeTon Momubukaiuu OTC pacTUTeNbHBIX 6enkoB [7,31].
Harnpumep, depmeHTanusi yaydimaer pacTBOPMMOCTb COEBOro 6ernka,
BopocBss3biBatoInyo (BCC) u sxkupocsssbiBawomyo (XKCC) criocobHOCTH,
a Takke neHoo6pasyionye ceoiictsa (ITIOC) [28]. B To ke BpeMst pacTBo-
pUMOCTb 6eJTIKa U SKUPOIMYJIbTUpYyIolast crioco6HocTh (PKOC) ropoxoBoro
u30/s1Ta CHU3MUINCh mocste depmenrtannyu MKB, a [TOC 1 cTabuIbHOCTH
neHb! (CIT) ocranach MOCTOSIHHOM IO CPAaBHEHUIO ¢ HEOOPabOTaHHBIM
o6pasiom [22]. YBesnmueHHast pactBopuMocTb, JKIC u [TOC Habmomanuch
rocie TBepaodasHoii hepmeHTanuy 6eKa JIOMMHA C UCIIOTb30BaHMEM
Pediococcus pentosaceus KTUO5-9 B Teuenne 24, 48 u 72 yacos [32]. IIpu
n06GaBleHNM B MIIEHWYHYI0O MYKY ITOJYYEHHBIX (epMeHTUPOBAHHBIX
u3onsaToB JitonuHa (3 /100 r) yBennunBaaach KUCIOTHOCTb, MUHTEHCUB-
HOCTb IIBETa 1 BKYCA, a TAK)Ke CHMKAIAaCh TBEPIOCTh BHIIIEKAEMOTO0 X1eba.
IMosbimenne pactBopmumocty, JKCC, JKIC u ITOC ycTaHOBIEHO Y COEBBIX
U30JIATOB, MOAM(DUIIMPOBAHHBIX MUKPOOPraHu3Mamu Actinomucor elegans
DSM 1174, Rhizopus oryzae DSM 2200 u L. perolens DSM 12744 u Kom-
iekcom ¢depMeHTHbIX nperapatoB (Alcalase m3 Bacillus licheniformis,
Flavourzyme u3 Aspergillus oryzae v manausa) [33]. IIpu aTOM, Kak Ipa-
BUJIO, Gukcupyetcs: cHyskeHre BCC rupponn3aToB m3-3a BICBOOOXKIe-
HUS TUAPOGOGHBIX aMUHOKUCIOT, B3aMMOMENCTBYIOMINX C JIMITUAAMU
amynbenit. O6paboTKa M30MSITOB MIIeHNYHBIX 0Tpy6eit MKB depmen-
TaMy, TUOPOIMU3YIOMIVMU KIETOUYHYI0 CTeHKY, ¥ (GuTa3oil mo3Bommia
YBEJIMYNUTh PACTBOPUMOCTb Oeka. DMY/IbIMPYIOLIe CBOWCTBA He M3-
MEHMJINCh, & CTAOMIbHOCTD IIeHO0Opa30BaHMs yBeIMUMIach BaBoe [34].
TuAponn3 MUKPOOGHBIMM SHIOIIPOTEA3aMy PUCOBBIX GETKOB YBEINUMBAI
MX PacTBOPMMOCTD, TEHOO6pa3oBaHue 1 aMynbruposanue [9)]. Vicromb-

HcTouyHMK Genka

BenkoBbie
MIPOIYKTHI 13
ropoxa: M30JIsT,
KOHIIEHTPAT,
6eKoBast MyKa

TopoxoBbliit
6eTKOBBIN 30T

T'opoxoBbIit
6eTKOBbI
KOHILIEHTPAT

HyToBbIi1 6eKOBBbI
U3OJSIT

PucoBblIit 6eJIKOBbI
MU30JIAT

JIIonMHOBBI
6eTKOBbII U30JIAT,
CoeBblit 6eTKOBBIi
U3OJISAT

BenkoBblii 130714T
TIIeHNIHBIX
oTpyb6eit

CeMeHa KOHOTUIN

LIpoT ceMsIH THIKBBI,
IlIpoT cemsiH
TOCOMTHEYHNKA

30BaHMe OTEUeCTBEHHbIX MUKPOOHBIX (DePMEHTHBIX MperapaToB MpoTe-
OJIUTUYECKOTO JeJCTBMS TaKXKe CIIOCOOCTBOBAIO YBEIMUEHUIO PACTBOPU-
moctH, [T0C, JKCC, XK3C u crabunbHOCTH aMynnbeyny (CD) pacTUTeTbHbBIX
6enkoB [21,35]. Hekoropble mpumepbl (GepMeHTATMBHOTO TUIPOIM3A
PaCTUTEIBbHOTO ChIphst U ero BiusHue Ha OTC GeaKOB MpenCcTaB/IeHbI
B Tabnuie 1.

CrieruIHOCTD feiicTBUSI GepMEHTOB MMUKPOOPTaHM3MOB OKa3bl-
BaeT pa3/JMyYHoOe BAVMSIHYE Ha AJMHY NeNTUAHO] 1len, lMeKTpocTaTuye-
CKUIA 3apsi M BTOPUYHYIO CTPYKTYPY PACTUTETbHbBIX 6€1KOB [9,24]. Takue
MonvuKaLuy MOTYT OGHOBPEMEHHO BIMSTh Ha CTAGMIIBHOCTb, IIOBEPX-
HOCTHYIO I'Ipod0oGHOCTD 1 6M0aKTUBHOCTD GETKOBBIX MOJIEKYJI, YBEM-
4yyBasl UX YCBOSIEMOCTb B OPraHu3Me.

4.3. TlosbluieHue yceosiemocmu

Crpoc Ha pacTuUTeNbHbIe GeNKM pacTeT, HECMOTPSI Ha HEKOTOpbIe
aHTUIINMTATe/NbHbIe CBOVICTBA, CHIDKAIOIIMe MX yCBOSIEMOCTb. Bosbinoe
KOJIMYECTBO MCCIeNOBAHNIT POCCUICKUX Y 3apyOeKHBIX YIeHBIX HaIlpaB-
JIEHO Ha MOBBIIIEHVE UX YCBOSIEMOCTH, CPABHMMOI C KMBOTHBIMM Gerl-
KaMu [24,36,37]. OTHOCUTEIbHO HM3Kasl YCBOSIEMOCTb PaCTUTEIbHBIX
6e/IKOB CBSI3aHA C MX BBICOKOJ MOJEKY/SIPHOJ Maccoii, 6osee CI0XKHOM
M0C/IeI0BaTeNbHOCTbI0 aMMHOKMUCIOT M HalMuMeM aHTUIIUTATeIbHBIX
BemlecTB. MoayuduKalus MUKpoOOpranu3MaMi 1 MUKpo6ManibHbIMK dep-
MEHTHbIMM IIperapaTaMy CIIOCOGCTBYET YBeTMYEHUI0 GMOLOCTYITHOCTH
He3aMeHMMbIX aMMHOKUCIIOT, CHIDKaeT MOJIEKY/ISIPHYIO MacCy IenTua0B
U NOJaBJIsieT aKTMBHOCTb aHTUIMUTATE/NbHbIX BellleCcTB, TeM CaMbIM IIO-
BBIIIASI YCBOSIEMOCTb PacTUTeNbHbIX 6eKkoB [38]. Tak, JoKa3aHO 3HAYM-
TeJIbHOE TIOBBILIEHME YCBOSIEMOCTM U COaJaHCUPOBAHHOCTM aMUHOKMC-
JIOTHOTO COCTaBa apaxmcoBoil Myku nocie depmenTauuu B. licheniformis
CGMCCO0635 B Teuenue 21 yaca rpu temmeparype 37 °C [39]. CHuKeHMe
COZlepsKaHMsI o.-TlaKTO3UI0B, (GUTMHOBOV KMUCJIOTBI M TPYAHOYCBOSsIe-
MbIX YIJIEBOZOB (padMHO3bI M CTAaXMO3bI) B IPOAYKTAX IIepepaboTKM HyTa
ycTaHOB/IeHO Ttoce epmeHTanyy mrammamu Pediococcus pentosaceus

Ta6nuua 1. Yemosust epMeHTaTUBHON MOAUMUKALIMN PACTUTEIBHBIX GE/IKOB M ee BIUsHNe
Ha GYHKUIMOHAIBHO-TEXHOJIOTMYECKIEe CBOJICTBa
Table 1. Conditions of enzymatic modification of plant proteins and its influence on functional and technological properties

®depmeHTHBIE
npenaparsil/
MMKPOOPTraHU3MbI

Ammonioke-A,
Arnnnmomnmioke-HIT,
Alcalase, Neutrase,
Flavourzyme

Bauunnonusu,
Arporpor, [IpoTo3um,
ITpoto3um C

Protamesx,
Flavourzyme

Alcalase

Alcalase, Neutrase,
Tpuncun

Alcalase,
Corolase 7089,
Corolase 2TS,
Corolase N,
Flavourzyme,
Neutrase, PTN,
ITanaus, [Tericux,
Protamesx,
ITpoteasa N-01

L. brevis,

L. plantarum,

S. cerevisiae,
Viscoferm, Bel’ase,
®durasza

Kcunanasa, ITpoteasa

L. rhamnosus,
L. casei

VoioBus epmenTanum (KoHeHTpanys, pH, remneparypa,
IPOAOIKUTE/IbHOCTD)

Anmponioke-A: 0,5%/t 6enka, pH 4,0, 50 °C, 180 MuH.
Anmpomoke-HIT: 0,2%/r 6enka, pH 7,0, 50 °C, 120 MuH.
Alcalase: 0,2%/t 6enka, pH 7,0, 50 °C, 90 MuH.
Neutrase: 0,2%/r 6enka, pH 7,0, 50 °C, 150 MmuH.
Flavourzyme: 1,5%/r 6enka, pH 7,0, 50 °C, 90 muu

Baummnonusuu: 8,9 en./mi, 50 °C,

Arponpor: 1,5 en./mi, 50 °C, pH 5,0, ot 15 5o 120 muH.

Iporosum: 1,5 ex./mi, 50 °C, pH 8

UcTou-

JIOCTUTHYThIE PE3YIbTATHI
HUK

Yeenuuenue [10C, JKCC
u pacTBopuMOCTHU. CHIKEHME
BCC. IIpu mogubukanm
Aumpomnioke-A — pacchimyuaTast
KOHCUCTEHIIMS Y CBETJIBIiA I[BET
TUIPOIN3aTOB

Yeenuuenue XK3C, C3, I10C, CIT
u pacTBopumocTi. CHIKeHe
6060BOT0O BKyCa I'MIPOJIM3aTOB

(21]

pH 7,0, ot 15 o 120 MuH. [35]

,0, 0T 15 1o 120 MuH.

Tporosum C: 1,5 ex./mi, 50 °C, pH 8,0, ot 15 g0 120 Muu

1,5 E/r 6enka, 50 °C, pH 6,0, 210 Mmuu

5% x cyocrpary, pH 8,0, 50 °C, 24 vaca

Alcalase: 6,67% & cy6erparty pH 8,

Neutrase: 6,67% k cy6erpary, pH 7,0, 50 °C, 240 MuH.

Yeennuenue I10C, CII, )KCC
¥ PaCTBOPUMOCTH

(24]

Yeenuuenue [10C, XK3C
u pacTBopuMOCTU. CHIUKEHME
COu CII

Yeenuuenue [10C, XK3C, C3
¥ PaCTBOPUMOCTH

[

0, 50°C, 240 MuH. [9]

TpuncuH: 6,67% Kk cy6erpaty, pH 8,0, 50 °C, 240 My

Alcalase: 0,5 E k cy6erpary, 50 °C,

Corolase 7089: 0,5 E k cy6erpary, 55 °C, pH 7,0, ot 10 go 120 mMuH.
Corolase 2TS: 0,5 E x cy6erpary, 70 °C, pH 7,0, ot 10 mo 120 MmuH.
Corolase N: 0,5 E k cy6erparty, 50 °C, pH 7,0, ot 10 1o 120 muH.
Flavourzyme: 0,5 E k cy6erpaty, 50 °C, pH 6,0, ot 10 1o 120 MuH.

pH 8,0, ot 10 go 120 muH. VYBennuenue XXCC, )K3C u ITOC
¥ PaCTBOPMMOCTIH.

Ipu mopudukanmm Flavourzyme
¥ TIalauHOM — CHIDKEeHMe

ropeym r’maposin3aToB

[31,33]

Neutrase: 0,5 E k cy6erpary, 50 °C, pH 6,5, ot 10 mo 120 MmuH.

PTN: 0,5 E k cy6erpary, 50 °C, pH 9,0, ot 10 o 120 MuH.

Mamans: 0,2 E x cy6eTpaty, 80 °C, pH 7,0, ot 10 mo 120 MmuH.
Tencun: 0,5 E x cy6eTpary, 50 °C, pH 2,0, ot 10 mo 120 muH.
Protamex: 0,5 E / x cyberpary, 60 °C, pH 8,0, ot 10 go 120 MmuH.
Iporeasa N-01: 0,5 E k cy6eTpaty, 55 °C, pH 7,2, ot 10 mo 120 muH.

L. brevis, L. plantarum, S. cerevisiae: COOTHOIIEHME K OTPyOSIM

1:1000, 35°C pH 5, 6, 8 uacos.

VBenyeHne cTabMIbHOCTU
II€HbI M PaCTBOPUMOCTIU

[34]

Viscoferm, Bel’ase: 500 Hkat/r oTpy6eii, 35 °C pH 5,6, 8 uacos.
®urasza: 250 HKaT/T OTpYO6eit, 35 °C pH 5,6, 8 uacos

Kcunanasa: 1,0%/r knetuatku, 30 °C, 24 yaca.

Tporeasa: 2,5%/r 6enka, 30 °C, 24

3-5% k cy6erpary, 37 °C, 10 yacoB

24

VBenueHue pacTBOPMMOCTHI
¥ BBICBOOOKIE€HI e OM0aKTUBHBIX
MeNTUI0B

[

vaca

YBenuueHue pacTBOPUMOCTU [18,19]



Kynukos . C. v ap. | MALLEBBIE CUCTEMbI | Tom 8 No 1 | 2025 | C. 22-28

u Pediococcus acidilactici [40]. ®epmeHnTHpoBaHHblii MKB ropoxoBblit
M30JIAT 110Ka3aJl NOBbILIEHHYIO YCBOSIEMOCTD, CHIDKEHVE MOJIEeKY/ISIPHOM
Macchl U M3MEHEHMe BTOPUYHOM CTPYKTYPbI GEIKOB, YTO YKAa3bIBaeT
Ha ero YJIy4IleHHYI GMOLOCTYIHOCTb MO CPAaBHEHMIO C KOHTPOJIBHBIM
o6pasiom [41].

Jloka3aHo y/aydllleHre YCBOsIeMOCTY (hePMEHTUPOBAHHBIX PACTUTEIb-
HBIX GEJIKOB 3@ CUeT CHVDKEHVSI aHTUIIUTATeNbHBIX GakTopoB. Hampumep,
cozepskaHye KOHJI@HCHPOBAHHbBIX TAHMHOB B 19 copTax 6060BbIX Ky/b-
Typ (ropox, HyT, (acosb, yeueBulla, YMHA) CHIDKEHO IyTeM (epmeHTa-
uvm L. plantarum C48 u L. brevis AM7 ipu Temniepatype 30°C B TeueH1ne
cyToK [42]. Kpome Toro, depmeHTaiusi KOHCKUX 6060B ¢ L. plantarum
VTT E-133328 crioco6CTBOBa/Ia CHVKEHMIO CONEPsKaHMs aKaJouI0B
(BMLIMHA M KOHBMIMHA), aKTUBHOCTY MHTMOUTOPA TPUIICUHA U KOHIEH-
CMPOBAHHBIX TAHMHOB, a TaK)Ke yBeIMUYEHNI0 CofepKaHNsI HeHacChIIlleH-
HBIX )KUPHBIX KMCJIOT, He3aMe@HUMBIX aMUHOKWCJIOT U y-aMUHOMAC/ISTHOM
KMUCIOTHI [43]. CXOXMM 06pa3oM JOCTUTHYTA ITOBBILIEHHAS YCBOSIEMOCTh
Genka IJIST CeMSIH KOHOIUIM, (epMEeHTMPOBAHHBIX C MCIIOIb30BaHVEM
L. plantarum 18S9 u Leuconostoc mesenteroides 12MM1 [44]. ComepskaHue
(GUTHMHOBOI KMUCTOTHI M MHTMOUPYIOIEH aKTUBHOCTM TPUIICHHA CHYKEHbI
1 B TOPOXOBOI MyKe, 06pabotanHoii L. plantarum DSM 20174 [9]. B opyroit
pabore ¢depmMeHTaLMsI IPOPOLIEHHbIX 3epeH IIIEeHUIIbI, SUMeHs, HyTa,
YyeyeBUIIbI M KMHOA C TOMO1IbI0 L. sanfranciscensis DE9, L. plantarum 1A7
u L. rossiae LB5 cHuskana copepykaHue paduHO3bI, PUTUHOBOI KUCIOTHI,
MHIMOUTOPOB TPUIICMHA ¥ KOHAEHCUPOBAHHBIX TaHMHOB [45]. C momo-
mbio hepmenTaium 6akrepusmu L. rhamnosus u L. casei mpoTa ceMstH
TBIKBBI U IOACOJMHEYHMKA B TeueHMe 10 yacoB npu Ttemmneparype 37°C
YIOAIOCh TIOMYYUTD JIAKTODEepPMEeHTUPOBAHHbIE MPOLAYKTHI C MOBBIILIEH-
HBIM COZlep>kKaHVeM HeHaChIIeHHBIX JKUPHBIX KUCIOT (B 2,3 pa3a), 6enka
(B 1,7 pasa) u 6e3 1aKTO3bI. Pe3ynbTaThl CPABHUBAIN C KUCTOMOIOUHBIM
MIPOAIYKTOM, ITOJTYYeHHBIM CKBAIIMBaHMEM MOJIOKA B aHAIOTMYHBIX YCIIO-
Busx [18,19]. [JokaszaHa yBeJMYEHHasl YCBOSIEMOCTh GeJIKa MIIeHUYHbIX
oTpy6ei, MOABEPrHYThIX KOMOWHMPOBAHHOV 06paboTKe 3aKBaCKaMu
(L. brevis E-95612 u Candida humilis E-96250) u Mukpo6HbiMU hepmeHTa-
MM, pa3pymaniMn KieTouHylo creHKky (Depol 761P u Viscoferm) [20].
[MosTanHast ob6paboTka (epMeHTaMM MUKPOOMOIOTMYECKOTO ITPOMC-
xoxkgeHus amunonutudeckoro (Fungamyl 800 L), 1e/utiononmMTuyeckoro
(Viscoferm L), kemnanasHoro (Shearzym 500 L), miokoamunasuoro (AMG
300 L 2500) n mporeonutnueckoro (Alcalase 2,4 L FG) meiicTBusI Takke
Croco6CTBOBAA YBEIMYEHMIO TIepPeBapuBaeMOCTH il Vitro TOPOXOBOTO
Y HyTOBOTO 6eJIKa Bblllle SMYHOTO anbOyMuHa [24].

4.4. CHuxceHue annepzeHHoCmu

AnnepreHsl pacCTUTENbHBIX G€IKOB, KOTOPbIe 3a4acTyIo 60iee ONacHbl
II7IS1 3[I0POBbsI UesioBeKa, 4eM JIpyrue BUJIbI MUILEBbIX aljepreHoOB, SIB-
JISIIOTCSL OJHO M3 IIAaBHBIX MPO6G/IeM, OrpaHUYMBAIOIINX TPUMEHeHMe
pacTuTenbHbIX 6ENKOB B IMUILEBOI U dhapMaleBTUYeCKOi MPOMBIIIIeH-
HoCTH [9]. PU3MKO-XMMMUECKMe TepMuYecKye (KUMsueHne, MUKPOBOJI-
HOBOJI I OMMYECKMIi HarpeB) 1 HeTepMmuueckue (06paboTKa XONOLHOI
I/1a3MOJ1, BBICOKMM JaBJIeH}EM, YIbTPA3BYKOM M OGTyUeHMEeM) MeTObI
MonMdUKaLMM TO3BOMSIOT CHU3UTh MIM HETpann3oBaTh aKTUBHOCTh
aJlJIepreHoB, HO MPUBOASIT K Upe3MepHOMY pa3pylleHUI0 MOJeKy/1 6e-
KoB. ®epmeHTATMBHASS MOAMGUKALMS OrPaHMYEHHBIM IIPOTEOIN30M
crocobHa MHAKTMBMPOBATH a/UIePreHbl PACTUTENbHBIX OGEIKOB IyTeM
HaIpaBJIeHHOJI Jerpafalyi ajulepreHHbIX SMUTOIHBIX MOCIeloBaTeb-
HOCTeVi B MX IePBUYHOI ¥ BTOPUUYHOJ CTPYKTypax [13].

KomeKkTuB y4yeHBIX COOGIIVJI O CHYDKEHHON MMMYHOPeaKTMBHO-
CTM M30/IATa CoeBOro Genka mociae (GepMeHTAIUM C UCIOIb30BaHUEM
B. subtilis, Rh. oryzae, Sacch. cerevisiae v L. helveticus [28]. Cpenyu oLieHM-
BaeMbIX LITAMMOB MUKpoopranmamos L. helveticus DSM 20075 okasaicst
Hambosee 3bbexTMBHbIM, CHU3MB 10 100% MMMYHOPEAKTUBHOCTh COe-
Boro Genka. @epmMeHTaTHBHAsI 06paboTKa 8 1WTaMMaMy JIAKTOGAKTepuii
L. plantarum Tax>ke CHypKajIa peakKTUBHOCTD ajlepreHa MMMYHOIIOOYIN -
Ha E coeBoro 6eska Ha 83,8-94,8% [46]. ABTODBI CBSI3BIBAIOT JAHHOE CHM-
JKeHMe aJUIePreHHOCTM C TOSIBJIeHMeM HU3KOMOIeKyIsipHbIX (<10 k/a)
MEeNTUIO0B, C yBeluueHnem B 1,6—3,3 pasa moBepxXHOCTHOI ruApodo6HO-
CTHU, & TAKKE C [TOSIBIEHMEM BO BTOPUUHOI CTPYKType GeIKOB B-1iery BO
Bcex (epMeHTMPOBaHHbIX 06pa3uax. B Apyrom mcciemoBaHUM COeBBIi
mpoT epmeHTHpPOBaIM KOHcopumymMoMm B. subtilis CICC20641, L. casei
CGMCC1. 539 u mposxokeit B cooTHomrenuu 2:1:1 ¢ ucronb3oBaHMeM
tBeprodasHoit pepmenTarnyy npu 30°C B TeueHue 72 yacos [47]. Vcra-
HOBJIEHO 3HaulTe/lbHOEe CHIDKeHMe COIepskKaHMs ajijiepreHa B COEBOM
upore nociie pepMeHTaLuu, YTo 6bUIO CBSI3aHO C pacliernieHreM auiep-
IeHHBIX 3TUTOIHBIX [10C/Ie0BATEIbHOCTE B-KOHIMIHMHA (7S) U I/K-
uyHuHA (11S) Ha noAUIenTUAbI U MeNTHUIbI C MeHbILe) MOJIEeKYISIPHOM
maccovi. CHMKeHMe MMMYHOPeaKTMBHOCTY 3-KOHIIMLIIVHMHA U IIMLIVHA
3aUKCUPOBAHO U B COEBOM MOJIOKe 1ocie dbepmeHTauuu Enterococcus
faecalis VB43 nipu 37 °C B Teuenue 24 yacos [15]. lpyras rpyrmrma y4eHbIx

CHU3MUJIA aJUIePTreHHOCTh COeBOro MosioKa (epMeHTalMell 1akTobaKkTe-
pusimu L. brevis CICC23.474 u L. brevis CICC23.470 [17]. Benku mieHu-
LBl ¥ PXXU, cofepsKalye MMMYHOrIo6yauH E (ab6yMMHBI, TIOGYIMHbI
M DIMaAVHbI), Pa3pyllalnch Ha MENTUAbI 1mocie GepmMeHTaUMM C He-
ckonmbkuMM Bumamu MKB, Britouast L. brevis 14G, L. sanfranciscensis TA,
L. alimentarius 15M wu L. hilgardii 51. 3ddeKkTrBHO rMaponm30Ba aniep-
reH IIIeHNIbI (VIMaaNH) ¥ BbIIeTeHHbIT 13 hepMeHTUPOBAHHOM IIIiIe-
unupsl E. faecalis [9]. Kpome Toro, conepskaHue MagMHOB U ITIOTEHNHOB
B MIIeHuIe CHU3WIOCh mocte depmentauyu 9 mrammamu E. faecalis
u L. lactis ¢ HanGosblIeli gerpagaiyei OCHOBHBIX ajl/IepreHHbIX GeJIKOB
rmoTeHa npu o6paboTke mrammom L. lactis LLGKC18 mipu 37 °C B Teve-
Hue 24 yacos [16]. Pe3ynbraThl aneKkTpodopesa ropoxoBoro n3onsira, 06-
paboTaHHOTO MIeCThI0 pa3anuHbiMu mtamMmamu MKB, mokasanu cHuske-
HMe aJlJIepreHHbIX 6eKOBBIX (QpaKiuii, B CpaBHEHUM C KOHTponeM [22].

4.5. IosvluieHue aHmuokcudaHmHol akmugHocmu

KnyHyudeckye ucciemoBaHusl JoKasany B3aMMOCBSI3b OKMUCIUTENb-
HOTO CTpecca B OpraHyu3Me, BbI3BAaHHOTO aKTMBHBIMM (doOpMaMu KuC-
JI0pOJa, ¥ Pa3sBUTUSI XPOHMUECKMUX 3a00JeBaHMil, BKIIOUAsT CaXapHbIi
nuabet, peBMaTOMAHbIA apTpUT U pak [48]. B HacTosee BpeMs nuie-
Basl MPOMBILIEHHOCTb 3aMHTePeCcOBaHa B IIPOM3BOJCTBE HATYPaTbHbBIX
MPOJYKTOB C BBICOKMMM aHTMOKCHUIAHTHBIMM CBOJICTBaMM M3-3a UX CIIO-
COOHOCTY MHTMOMPOBATh OKUCIUTENBHYIO JereHepauio MaKpOMOJIeKy/I
SKVUPOB, YBEJIMUMBATH CPOK FOLHOCTY U Ka4eCTBO IOTOBOIO IPOAYKTa [49].
BuoakTyBHbIE TENTUIbI JEMOHCTPUPYIOT pa3ayHble aHTUMOKCUIAHTHbIE
CBOJICTBA, KOTOPBIE 3aBUCSIT OT X KOH(GOPMAILMOHHO CTPYKTYPbI, aMM1-
HOKJMCJIIOTHOTO COCTaBa ¥ MOBEPXHOCTHON ruapodo6HocT. Hampumep,
cpenyt u3ydeHHbIX 20 aMMHOKMCIOT TYICTUIVH, TpUITOhaH, METVOHNH,
JIVI3UH, apIVHMH, LMUCTeVH Y TUPO3UH MPOSIBWIN Gosiee CUIBbHYIO aHTU-
OKCUIAHTHYIO akTUBHOCTH [50]. [Toka3zaHo, uTo hepmeHTaTUBHbBIE TUIPO-
JIV3aThl TOPOXOBOTO GesKa IPOSIBISIOT aHTHMOKCUIAHTHYIO aKTMBHOCTH
B OTHOILIEHUY ITePEKVCHOTO OKVCIeHNSI IMHOIeHOBOM K1CIoThI [51]. Tak-
3kKe coobIaeTcs, uTo pepMeHTHMpOBaHHbIe B. licheniformis 6enku apaxu-
COBOI MyKM 0671a[ja/ii TOBBILIEHHO aHTMOKCUIAHTHOM aKTMBHOCTBIO,
a Takke aKTMBHOCTBIO 3axBaTa pamgyukanoB 1,1-mydeHn-2-nuKpuiru-
Jpaswia U TMAPOKCUMIbHBIX panyukanos [39]. HecMoTps Ha 3TO, pacTu-
TeJIbHOEe ChIpbe, B 3aBUCUMOCTY OT KYJIbTYPbI U COPTa, MOXKET 06/1a1aTh
BBICOKOJ aHTMOKCUJAHTHOJ aKTMBHOCTbIO. [IpM M3ydyeHUM WU30ISTOB
6enkoB (haconu, Maliia, JKeIToi 1 YepHoit cou y daconu 6blia BbISIBIeHA
caMasi BbICOKasi aHTMOKCUIAHTHAsI aKTUBHOCTD (yajaeHue IMAPOKCUIIb-
HBIX PaJVKaIOB) M HaMbObIIask PACTBOPUMOCTD. Bellok Maria xapakTe-
PU30BAJICSI BHICOKUM COZIepsKaHMeM He3aMeHMMbIX aMMHOKHUCIIOT, a Ge-
JIOK YepHOH COM — HU3KMM yPOBHEM I'MIPOGOOHBIX aMUHOKMCIOT, YTO
06YCIOB/IMBAET €r0 BLICOKYIO BOJOCBSI3bIBAIOIIYIO CIIOCOGHOCTb. AHTMOK-
CHUIAHTHAS aKTMBHOCTD BCeX 06pa3IioB BO3pacTaa C yBelnuyeHyeM KOH-
neHTpauuu 6e1ka B pactsope ot 0,2 o 1,0 mr/mi. Vicxomublie u mogmdm-
LMPOBaHHbIE MUKPOOPraHM3MaMM PACTUTeNbHbIe GeNIKY C YBeTVYeHHOI!
QHTMOKCUIAHTHOM aKTMBHOCTBIO MPOSBISIIOT MHIMOUPYIOIee feiicTBIe
ITPOTUB PAKOBbIX KJIETOK Oprauusma [52].

4.6. ITogvlweHue npomueoonyxone6oli akmueHocmu

BroakTVBHbIE NENTHABI CIIOCOGHB! QYHKUIMOHMPOBATH KaK HOCUTENN
LUTOTOKCUYECKVX areHTOB, MIHIMOUPYS crienyduyecKye MOIeKyIsIpHbIe
CUTHAJIbHBIE TTYTY PaKOBbBIX KJIETOK, CBSI3aHHbIE C MEeXaHM3MOM OHKOre-
He3a, MOJaB/sITh CaMOBOCCTaHOBIeHNe U OuddepeHIMalNI0 PAKOBbIX
CTBOJIOBBIX KJIeTOK [50]. Takum 06pa3om, OHY MOTYT MPYMEHSIThCS B Ka-
YyecTBe ITPOTUBOOITYXO0JIeBBIX ITpernapaToB. Tak, ycTaHOB/IeHA MHTMOUTOP-
Hasl aKTMBHOCTb 6eskoB (acosy, Mala, KeJaToil U YepHoi cou Ha Kie-
TOUHYIO JIMHMIO paka sinyHMKOB SKOV3 1 KIeTKM rernaToLeIospHOi
KapuuHOMbI TeyeHU SMMC-7721 npu KOHIeHTpaluy 6e1KOB B pacTBOpe
ot 200 mo 800 MKr/M1. Belok uepHOit cou IeMOHCTPUPOBA HauOOIbliiee
MHTMOMPOBaHME PAKOBBIX KIETOK Cpeiy ApPyruMx o6pasiioB — 10 69% Ha
SKOV3 npu koHueHTpauum 600 MKr/mia u 1o 7% — Ha SMMC-7721 nipu
koHueHTpauuyu 800 MKr/Mj. IlosyueHHbIE pe3ylbTaTbl aBTOPHI OOBSIC-
HIUIY Hal4yeM GOMbIIOro KOMUecTBa B YepPHOI coe GeNKOB C MOJIEeKY-
JIIPHO# Maccoii 36 kJa, KOTOpbIe UAeHTUGUIMPYIOTCS KaK YIJIeBOAOCBSI-
3pIBAIOIIME (JIEKTMHBI) M CIIOCOGHBIE VHIMOMPOBATh aKTUBHOCTD JIMHUIA
pakoBbix kinetok HONE1, HepG2 n MCF7 [52]. B npyrom mcciemoBannm
YCTaHOBJIEHbI TIPOTMBOOITYX0JIeBble CBOJMCTBA IMENTHUIOB KMHOA Ha JIM-
HMM KJIETOK KOJIOPEKTaJbHOTO paKa TOICTOM KUKy [53]. T'naponmsaTsl
amapaHTa, IToJlyYeHHbIe in Vitro MoJenupoBaHMeM NulleBapeHus B xe-
JIYOYHO-KUIIEYHOM TpPAaKTe, MPOSIBJISIN YIy4lIeHHYI0 aHTMOKCULAHT-
HYI0 aKTMBHOCTb ¥ NIOJABJIS/IM POCT KJIETOK paka MOJIOYHOI >kesle3bl Ha
50% mipu KOHIIeHTpaluu 48,3 MKT/MJI, BbI3bIBAsI X allOINTO3 U CHIDKEHME
MUTPALIMOHHOM aKTUBHOCTY [54]. YCTaHOB/IEHO, UTO I'MIPONIU30BaHHbIE
Y3 OJIMBBI MENTHUIBI C MOJIEKY/ISIPHO Maccoit MeHee 3 K/la IIpOSIBIISIIOT
AHTUTUIIEPTEH3VMBHbIE CBOICTBA MPM KOHUEHTpaun 29,6 + 0,5 MKr/Mi
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B Mogzenu in vitro. Ilpu 9ToM GpakMOHMPOBAHHBIN U3 JAHHOTO TUAPO-
nmusara nentun (LLPSY) o6inaman antunponndepaTuBHON aKTUBHOCTHIO
B OTHOIIEeHUM KJIeTOK paka rpyau MDAMB-468 u paka npocratsl PC-3,
CHIKAST MUX MMUIPALMOHHYIO CIIOCOOHOCTh M OCTAHABJIMBASI KJIETOYHBIN
umki B pase S mpu cunTede JHK [55].

4.7. ITogvluieHue npomugoduabemuueckoli akmusHocmu

BroaKkTBHbBIE TENTHUIBl PACTUTENbHBIX GEIKOB, TONyYeHHbIe (ep-
MEHTATVBHBIM I'MIPOIM30M, OKa3bIBAIOT IIPOTUBOAMAGETUECKOE JeiicT-
BMe Ha OPTraHM3M UYeJIOBeKa, UTO JIe/IaeT UX MePCIeKTUBHOI albTepHATU-
BOJ CMHTETMYECKMM MPOTUBOAMAGeTUeCKUM pernapatam. Harpumep,
YCTAHOBJIEHO MHTMOMPOBaHME OUMENTUAWINENTHAa3bl IV mentumamu,
MTOJTyYEHHBIMY TUAPOJIU30M PACTUTENbHBIX OEJIKOB (COsI, TIOMUH U AP.),
YTO TIPUBOIMIIO K CHMKEHUIO YPOBHSI TIIOKO3bI B KPOBM U CIIOCOGCTBO-
BaJI0 HOPMAaJIM3ALUMM YPOBHS BbIPAabaThiBa€MOTO OPraHM3MOM MHCYIIN-
Ha [51,56]. Kpome 3TOr0, BakKHOJI YaCThI0 KOHTPOJS AMabeTa SIBIsSeTcs
rorpebieHne MUIIEeBbIX MHTPEAMEHTOB, MHTMOUPYIOMIMX AeiicTBue dep-
MEHTOB (.-aMMJIa3bl U O-[TIOKO3MJA3bI, KOTOPbIe GBICTPO PACIIEIISIIOT
MOJIEKYJIbI TIOCTYIAIOIIMX YIJIEBOAOB C BBICBOOOKAEHMEM GOJIbIIOTO
KOJIMYECTBA TIIOKO3bl. O6paboTKOI OGEIKOB TOpoxXa MPOTEOTUTUUECKIM
dbepmeHTOM TepMOa3o0it, momydyeHHoro u3 B. stearothermophilus, ynanocsb
MOJYYUTH TENTUABI C YBEIMYEHHON MPOTUBOAMAGETUIECKO aKTUBHO-
cThIO [57]. YCTaHOB/IEHO, YTO MENTHU/IbI C Pa3IMYHO MOIEKY/ISIPHOM Mac-
coii (<1, 1-3, 3-5, 5-10, >10 k/la) mMOJAB/SIN aKTUBHOCTb OL-AMMUIa3bI
M o.-TTIOKO3MAA3bl METOZOM in Vitro, cpei KOTOPBIX HauGOMbIIyIO 3¢-
(heKTMBHOCTD JeMOHCTPUPOBAJIY MENTUABI Maccoii 3-5 u > 10 ka.

4.8. YeenuueHue MuHepaiocss3vléaruwjeti akmusHocmu

MuHepanbHble BellleCTBa, BKIOYasl skene30, Melb, IIMHK, MapraHer
U KaJIbIUiA, SIBJISTIOTCS] BAXKHBIMM HEOPTAaHUUYECKUMY MUKPO3JIeMeHTaMu,
HeOO6XOAMMBIMU AJISI TOAEPKAHNS 30POBbs YenoBeka [58]. MuHepai-
CBSI3bIBAIOIIME TENMTUIbI TUIPONN3ATOB PACTUTENbHBIX OGEIKOB MOTYT
MCIIONIb30BaThCSI B KaueCTBe MUHEPAIbHbIX A00ABOK MJiS IPeJoTBpa-
meHus ux gedbunura B oprauusme [59]. B HacTosiee Bpems MmoimyyeH
U UAEHTUGUIMPOBAH MMPOKUI CIIEKTP MENTUI0B, XeIaTUPYIOIINX Me-
tansl [9,52,60-63]. Tak, nokaszaHo, uyto nexnranentus FVDVT (®euni-
anmaHnH-Banuu-Acraparnd-BanuH-TpeoHuH) M3 ruaponansata 6enka
MIIEeHUIbI TTPOSIBUJT YIYUIIEHHYIO KaJbLIMIACBI3BIBAIONIYI0 aKTUBHOCTD
Ha 86,37% 10 CpaBHeHMIO C KOHTposeMm, coctaBuB 89,94%0,75% [61].
Kanpuuii sBsIeTCS CTPOUTENBbHBIM MaTepuaaoM Jjisi 3y6OB M KOCTeid,
y4acTBYeT B MPOBeIEeHNM HEePBHBIX MMIIYJIbCOB, PETy/IsLVU IaBAeHMUs,
TPAHCIIOPTE VOHOB, CBEPThIBAHMM KPOBU. I[lomyueHHbIe De3yIbTaThl
0Ka3ajy, YTO aTOMbI KUCTOPOJa KapOOKCUIbHBIX IPYIII ¥ aTOMBI a30-

Ta aMMIHBIX TPYII aMMHOKUCIOT 00ecrneuyMBaay OCHOBHYIO CBSI3KY
¢ kanpuyeM. Kpome Toro, cpeayt aMMHOKUCIOT JTYYIIYIO CBSI3KY C Kajlb-
LyeM IeMOHCTPUPOBaIN acraparmHoBasi KUCIOTa U TPeOHUH. B apyroit
pabore moMyuyeHbl Keie3ocBsi3biBatouie mentuasl VEDELVAVV (11S
nerymuH) u LAGNPDDEFRPQ 13 BTOPMYHOIO IpPOAYKTa MepepaboT-
KM TPEIKOTO opexa — 06e3KUPeHHOI CTPYXKM [62]. JKee30 siBisieTcst
YacThl0 IreMOIIO6MHA 3PUTPOLUTOB, MUOITOOMHA MBI, (HeppuTuHa
rneyeHn ¥ QyHKUMOHMUPYET KaK KOGaAKTOp AJI Pa3IMYHbIX (hepMeHTOB.
IMenranentuasl PAIDL u LLGIL, Bbige/neHHble U3 Iuaponmsata Oeka
Mala, MpoJeMOHCTPUPOBaIX 6Gojiee BBHICOKYIO aHTMOKCUIAHTHYIO aK-
TUBHOCTb ¥ CITOCOOHOCTD XeJIaTUPOBATDb JKeJIe30 MO CPaBHEHMIO C Terl-
Ta- ¥ OKTAleNnTuIaMu. B CBSI3M C 3TUM IpefIonaraeTcsi, YTo KOPOTKMeE
MenTUAHbIe eny (HanpuMmep, neHTanentuasl) adhdexkrrBHee 06pa3yoT
XeJlaTHbIe KOMIITIEKCHI C 3ke/le30M, ueM 6osiee AMHHbBIe [63]. IIpu uccie-
IIOBaHMM GETKOB YeThIpeX PaCTUTETbHBIX KY/IbTYD YCTAHOBJIEHA BBICOKAS
CIOCOGHOCTh K XeMaTUPOBAHUIO kee3a y Gacoiay Mpy KOHIIeHTpaIn
156 MKr/Mia c pacripemeneHneM MUHEPAJOCBI3bIBAIOIIE aKTUBHOCTHU
6eKOB TI0 y6bIBaHMIO: (aconb > yepHas cosl > Mall > kenrast cost [52].

5. BeIBOABI

VIy4IeHn0 KOHKYPEHTOCIIOCOGHOCTH SKMBOTHBIX MCTOUHUKOB Geli-
KOB M YOOBJIETBOPEHMIO CITPOCA HA PACTUTENIbHbIE GEITKOBbIE MTPOMYKThI
C BBICOKOJ GMOIOTMYECKOI LEHHOCThIO CIIOCOOCTBYIOT GMOTEXHOIOIM-
yeckue mMeTonbl (hepmeHTaLMsI MUKpoopraHmusmamu, obpaborka dep-
MEHTHbIMM TIpernapatamu) mogubukauuu. OHM U3MEHSIIOT CTPYKTYDY,
[MOBEPXHOCTHO-aKTUBHbIE ¥ OMO(PU3MUYECKMe CBOMCTBA PaCTUTETbHBIX
6eJIKOB [IJIS1 YBEJIMUEHUST UX YCBOSIeMOCTHM, (PYHKIIMOHAIBHOCTH, Opra-
HOJIENITUYECKMX TTOKa3aTeNeil U C 1ebl0 CHMKEHUST alIepreHHOCTU.
Kpome Toro, depmeHTaTtuBHasi MoAuMdUKAIMSI PACTUTETbHBIX OETKOB
MCTIONB3YeTCs it pa3paboTKy QYHKIMOHATbHBIX MHIPEIMEHTOB C I10-
JIE3HBIMU [l 30POBbSI OMOAKTUBHBIMM MEMTUIAMMY, TPOSBISIOMIUMMI
aHTUMOKCUAAHTHbIE, aHTUTIPOI(epaTUBHbIE, aHTUAMAGETUUECKIE Y M-
HepaJIoCBsI3bIBAIOIIME CBOJCTBA. BbicoKast criennuduyHOCTb, BOCIIPOU3-
BOJIMMOCTb, HM3Kast Ce6eCTOMMOCTD ¥ 9KOJIOTMYHOCTh PepMEHTATUBHOTO
IUIPONN3A SIBJISIIOTCST TPEUMYIIeCTBAMU GMOTEXHOTOTMYECKOTO METOAA,
II0 CpaBHEHUIO C XMMMWYECKMMU U d)MBMKO-XMMquCKMMM CHOC06aMI/I
mopudbukanyu. Takue dakTopbl MoaubUKaLK, Kak TUIT pepMeHTa, ero
KOHIIEHTpAIusl, CTelleHb TUMAPOIN3a M MCTOUYHUK 6GeJiKa, MO/DKHBI yUu-
TBIBATbCS [JIs1 TIONyYeHMsI MTPOYKTa BHICOKOTO KauecTBa. B MpoTMBHOM
cydae hepMeHTaTMBHAS MOAUMUKALVS CITOCOOCTBYET HesKeIaTeTbHbIM
M3MEHEHVSIM — CHYDKeHMIO QYHKIMOHATbHO-TEXHOIOTMYECKIX CBOVICTB
M YXYOIIEHUIO0 OPTaHOMENTUIECKUX [TOKa3aTeel TMapoaM3aTos.
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XNUMNYECKHNE KOHTAMWHAHTBI, ITIONTAJAIOIINE
B IIMIIEBYIO TIPOAYKIHNIO 13 ITOJIMMEPHOMU YIIAKOBKHU. OB30P

VrbsHoB 1. A.*, Boctpukosa H. JI., BacuneBckas E. P., Kynmkosckuii A. B., Kapa6anos C. IO.
@enepaabHbIil HAYYHBIN LEHTD NUIIEBbIX cucTeM uM. B. M. Top6aToBa, MockBa, Poccust

00630pHas cTaThg
Open access

KJIFOYEBDIE CJIOBA: AHHOTALLUA

nuwesas npooykyus,, B craTbe MpuUBeLeH 0630p HayYHOI JMTEpaTypbl, IOCBSLIEHHO Po6aeMe KOHTaMUHALMM MUIIEBOM IPOLYKIMUA Pas/ind-

nuwesas ynakoska, HOTO POJia BeIecTBaMy M3 yITaKOBOUYHBIX MaTepuasoB. PaccmarpuBaemas mpobsiemMa maciitabHa — CYIIecTByeT 60IbIIoe

Xumuueckue KOJIMYECTBO BUIOB COEIMHEHNMI, KOTOPbIE MOTYT ITONACTh B MMIIEBYIO MPOIYKIMIO 13 YIIaKOBKM. KOHTaMuHALMS TUIEBOI

KOHMAMUHAHMbL, MPOIYKIIVM MOKET MPOUCXOAMTH 38 CUET MUTPALIMIA BEIIECTB, MCITOMb3YEMBbIX [I/Is TPOMU3BOACTBA YITAKOBOUHOTO MaTepuaia.

noaumepHas ynakoska HamGoNbIIMI PUCK 3aTPsS3HEHMs] TIMIIEBOrO MPOAYKTA MPEACTAB/ISIOT TIACTUKOBbIE MOMMMEpPHbBIE YIIAKOBKM. HTepec Ha-
YUYHOTO COOBIIECTBA ¥ HEOGXOMMMOCTD M3YUEHMST OMMChIBAEMON TEeMbI 0GYCIOBIEHBI TEM, UTO TPEBATMPYIOIIAS TOJS BCEX
COeIMHEHMIT, KOTOPbIe MUTPUPYIOT B MUILEBOI MPOAYKT U3 YIIAaKOBKM, 00/1aJal0T TOKCMUECKOI MJIM KaHIIePOTeHHO aKTUB-
HOCTBIO, TI09TOMY TPEICTAaBJISIOT TIOTEHIVAIbHBIN PYUCK ISl 3M0POBbs YeloBeKa. VI3 Bcex OMMCAHHBIX B HACTOSIIEN CTaThe
KOHTaMMHAHTOB Han6onee VI3YUYE€HHBIMMU SBJISIIOTCA 6]/[CCI)€HO}'II)I. Bonpiioe Ko1M4yecTBo I/ICCI[e,ILOBaHI/[ﬁ 10 X MUTPpALIUU B TN~
IIeBbIe MTPOOYKTHI MTOKA3a/IM, UYTO 61ChEeHObI 6bUIM 06HAPYKEHbBI TIPAKTUYECKM BO BCEX BUAAX MUIIEBON MTPOMYKINA: MsIC-
Hasi, MOJIOUHasl, ppiOHast, GPYKTOBAsI, OBOIIHAS. 3HAUMTEIbHAS MUTPALVs 61cHEeHOIIOB HAGTIONAETCS B COKOBOI MPOIYKIMN
” B GyTUIMPOBAHHOM Bozie. BBy He6IaronpusiTHOro Bo3aeiicTBus 6ucdeHosa A Ha opraHu3M YeJI0BeKa ero UCIob30BaHue
B [TPOM3BOJICTBE YIIAKOBOYHBIX MaTePUAaIOB sl MUIIEBON MPOAYKIMy 3arperneHo. OMHAKO 9TOT 3aIpeT MPUBEN K PacIpo-
CTpaHEeHUIO aHaJIOTOB, a MMeHHO OucheHonoB b, C, ®, A® 1 1p., KOTOpPbIe OOHAPYKUBAIOTCS B MUIIEBBIX MPoayKTax. [IpoBe-
IIeHHBI 0630p IMOKa3aI, uTo MpobiemMa 3arps3HeHNst MAIIEBOI MPOAYKIMY KOHTAMUHAHTAMM 13 YIIAKOBOUHBIX MaTepUaIoB
TpebyeT cepbe3sHOro BHMMAHMS CO CTOPOHBI HAYUHOTO COOBIECTRA.
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ABSTRACT

The paper presents a review of scientific literature devoted to the problem of food product contamination with various types
of substances from packaging materials. The problem under consideration is large-scale — there are many types of compounds
that can enter food products from packaging. Food product contamination can occur due to migration of substances used for
production of packaging materials. Plastic polymer packages represent the highest risk of food product contamination. The
interest of the scientific community and the need for studying the described theme are determined by the fact that the pre-
vailing proportion of all compounds that migrate into a food product from packaging possesses toxic or carcinogenic activity,
and thus, presents the potential risk for human health. Bisphenols are most studied among all contaminants described in this
paper. Many studies on their migration into food products have shown that bisphenols were found practically in all types of
food products: meat, dairy, fish, fruit and vegetable. The significant migration of bisphenols has been observed in juice prod-
ucts and bottled water. Due to the adverse effect of bisphenol A on the human body, its use in the production of packaging
materials for food products is forbidden. However, this ban has led to distribution of analogs, namely, bisphenols B, C, F, AF
and others, which are found in food products. The performed review has shown that the problem of food product contamina-
tion with contaminants from packaging materials requires serious attention of the scientific community.

FUNDING: The article was published as part of the research topic No. FGUS-2024-0002 of the state assignment of the V. M. Gorbatov Federal Research
Center for Food Systems of RAS.

1. BBegenue

TeMmIIbI pocTa MPOM3BOACTBA MUIEBOI MPOAYKIMM AUKTYIOT HEO0OXO0-
IMMOCTb YBeIMUEHsI TPOMU3BO/ICTBA Mepudepun, CBI3aHHOI C MUILEBOI
MPOIYKIIVIeN, Cpeay KOTOPOJi YIIAaKOBOYHbIe MaTepuaibl ¥ MaTepuasibl
i aTukeTupoBaHus. Illupokoe MpuMeHeHMe MMeeT YIakoBKa, M3ro-
TOBJIEHHAS U3 TUIACTUYECKMX MacC Ha OCHOBE TOJIVIMEPHBIX MaTepPUaIoB.
[TpermymiecTBaMM JAaHHOM YIIAKOBKY SIBJISIIOTCST HM3Kasl IPOHMUIIAEMOCTh
(B cpaBHeHMU, HaIpuMep, C 1[eJUII0030i1), OTHOCUTEIbHAsI MHEPTHOCTh

OIS UUTUPOBAHWS: YresiHOB, [. A., Boctpukosa, H. JI., BacuneBckas, E. P.,
Kynnkosckuii, A. B., Kapa6anos, C. 10. (2025). XuMuueckmne KOHTaMUHAHTBI,
[OTajalolIye B IMMIIEBYIO MPOAYKIMIO 13 MOMMMepHOi yrakoBku. 0630p. ITuwe-
8vle cucmemol, 8(1), 29-35. https://doi.org/10.21323/2618-9771-2025-8-1-29-35

KIIMIIEBbIM ITPOAYKTAM U BBICOKAA yCTOVI‘{I/IBOCTb K pa3spyuieHunIo. bnaro-
Japs 3TUM CBOJICTBAM CHUKAETCS PUCK MUTpalM HeXKeJlaTe/JIbHbIX Ccoe-
IVHEHU B TIPOAYKT. BToxe BpeMs pUCK KOHTaMMWHalIN MUIIEBOro Mpo-
AYKTa M3-3a KOHTAaKTa C YIIAKOBOUYHbBIM MaTepraioM BCe JKe CYILIeCTBYEeT.
3aI‘p9[3HEHI/Ie MUIEBOro MPOAYKTA IIPOMUCXOAUT B OCHOBHOM OBYMS CITO-
cobamu: TornagaHueM B Hero OCTaTKOB ITOJIMMEPOB U peareHToB, 06p8.3y-
IOMIMXCA M MICTIOJIb3YEMBIX ITPU IIPOM3BOACTBE YIIAKOBOUYHOT'O MaTepuaia,
unnomnagaHeM B Hero IMOGOYHBIX XMMUYECKIX IIPOAYKTOB ITPOU3BOACTBA

FOR CITATION: Utyanov, D. A., Vostrikova, N. L., Kulikovskii, A. V., Vasi-
levskaya, E. R., Karabanov, S. Yu. (2025). Chemical contaminants entering food
products from polymer packaging. Review. Food Systems, 8(1), 29-35. https://doi.
org/10.21323/2618-9771-2025-8-1-29-35
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YIIaKOBOYHOrO MaTrepuana. 3akoHogartenbcTBo EAJC cTporo pernameH-
TUpPYeT JOIYCTUMBIii YPOBEeHb Takux BemecTts. B TP TC 005/2011! mpu-
BeneH LHMpOKMV[ TrepeyeHb HOPMMPYEMBIX B ITOJIMMEPHBIX YITAKOBOUYHbBIX
MaTepuasax, KOHTAaKTUPYIOIIUX C MUILEBbIM IIPOAYKTOM, BEINEeCTB —
NIPeMMYILeCTBeHHO CIMPTOB, albJernJ0B U ankaHoB. [IpakTndeckn Bce
npusepenHsie B TP TC 005/2011! coepyuenns obecrieueHbl METOLMKAMM
MX ONpefeNeHys], OGHAKO JaHHble METOAVKM NPUMEeHMMbl B OCHOBHOM
IUISI VICCTIe0BaHMsI caMoii yrakoBKu. C Ipyroit CTOPOHBI, ecy 6e3omac-
HOCTb yIIaKOBOYHOTO MaTepuasa AoKa3aHa, a ero Npou3BOACTBO CEPTHU-
buLMpOBaHO, KOHTPOJIb YPOBHS ATUX COAMHEHMII B IIUIEBOM IIPOSYKTE
HelenecoobpaseH: JOMOTHUTEIbHbIE MCCIeA0BAHMS TPUBEN ObI K YI0-
PO’KaHMIO NMUILEeBOJ IIPOAYKIVN.

KoHTamyHaILusl NNIIEBOJ NPOLYKLMYM COeNMHEHMSIMM, 06pasyro-
IIVIMMUCSL TIPU NPOM3BOACTBE YIAaKOBOYHBIX MaTepuasoB, MPefCTaBIIs-
eT co6oii 6onee CIOKHYI0 MPo6aeMy. YUeHbIM M3BECTHBI JAJIEKO He BCe
MPOAYKTbI BO3MOXKHBIX peaKlyii Ipy NMPOU3BOACTBE YIIaKOBOYHBIX Ma-
TepuasoB, YTO 3aTPYAHSET BbISIBJIEHME Y KOHTPOIb 00Pa3yOIIMXCS Be-
11ecTB. [l M3BeCTHBIX WM ITPeATIoNaraeMbIX IPOAYKTOB TaKMX peaKLyii
CHavasa pa3pabaThiBalOT METOOMKM OTIPe/IeIeHMs B YIIAKOBKe, 8 3aTeM —
B [IMILeBOM IIPOAYKTE, C ITOC/IeYIOLIeli OLIeHKO CTelleHy 3arpsi3HeHusI.

ITnacTyvecKyie Macchl CTaIY HEOThEM/IEMOII YaCThI0 MHOTUX cdep ue-
JIOBEUECKOM IesATeNbHOCTU. BeCKOHTpOmbHOe NMpUMEeHEeHVe IMOMTHOCTHIO
CMHTeTMYEeCKMX TUIaCTMacC (Ha OCHOBe MOJMBUHWIXIOPUAA, TIONUITH-
JIeHa U T. I1.) TIPUBEJIO K IBYM II0GaIbHBIM NPpo6ieMaM: K HaKOIIEHUIO
MJIaCTUKOBBIX OTXO/IOB U K 3aTrpsI3HEHMI0 MMM OKpY>Kaloleli cpefbl. B mo-
c/eHee BpeMsl aKTMBHO pacTeT KOIMYeCTBO Iy6uKaluii, MoATBepKaa-
1o1Mx $HakT 06HapyKeHMs YaCTUL, MUKPOIUIACTMKA B TKAHSX KMBOTHbIX
1 4JejioBeKa. Hp]/meM HaKOIUIEHMEe YaCTUL MUKPOIIJIACTUKA ITPOUCXOOUT
B CaMbIX Pa3HbIX TKaHAX OpraHu3Ma: B TOJICTOM KulleuHuke [1], B amu-
Kax [2], B sHmOMeTpuUM [3], B I1aneHTe [4], B Jerkux [5] u faxke B pa3HbIX
TKaHSX CKeneTa (KOCTY, MEXIIO3BOHOUHbIE IVCKM U Xpsily) [6]. B Han-
GobLIell CTeleHy IMOoMaiaHye YacTUI] IIaCTMKA B OPTaHM3M UeloBeKa
MIPOMCXOIUT Uepe3 IOJI0CTY HOCa U PTa, T. €. Yepe3 IbIXaHye 1 IToTpebie-
HMe MX C HAallMTKaMU ¥ NUIIe.

B cBSI31 € 9TUM 11e71bI0 HACTOSIILEro 0630pa ObIIIO MTPOBEIeHNe JIUTe-
paTypHOro aHanu3a paboT, MOCBSILEHHBIX BOIPOCY 3arpsi3HeHMs Mulle-
BOI1 NpoAYKUIMY KOHTAMMHAHTAMMU M3 YIIAKOBOYHBIX MaTePMaIOB.

2. Marepuajsbl M METOAbI

Inst cocTaBiaeHusi 0630pa B COOTBETCTBUM C IOCTABJIEHHON II€bIO
ObUT MPOBEMIEH TMOMCK HayuyHO-MCCIeNOBaTeNbCKMX PaboT HAa aHIJINA-
CKOM $I13bIKE, pelieH3MpyeMbIX B 6a3ax JaHHbIX Scopus u Web Of Science.
[TepBoHavaabHBIMM KiTIOUeBbIMM cioBamu 66in «food package», «food
package pollutants», «bisphenols», «bisphenol A», «plastic polymer food
packaging», «determination of contaminants from food packaging»,
«plasticizers», «plasticizers determination in foods», «food package addi-
tives». B mepByio ouepenp 6bUTM OTOOPAaHBI PAGOTHI HE CTApIIIe TISITH JIET
¢ MOMeHTa nmybimKauuu. PaboTel cTapiie msITy JIET UCIONIb30BaINCh IPU
HEeoOXOOMMOCTH.

3. XuMnyeckye KOHTAMWHAHTHI, IONaAaloNIe B MMIIEeBYI0
MPOAYKIIUIO U3 MOJIMMEPHOI YIIaKOBKY
KoHTaMMHAHTBI, [TOTIaJAI0NIVe B IUIIEBYIO IIPOSYKIMIO U3 YIIAKOBKY,
MOKHO Pa3fesnTb Ha TPU TPYIIIIbI: YACTUIbI YITAKOBOUHOTO MaTepuana;
BelllecTBa, 06pa30BaBIINecs IPY ero MPOM3BOJCTBE; BellecTBa, J06aB-
JIeHHbIe IJIS IPUIAHMS YIIaKOBKe OIpeJie/IeHHbIX CBOJICTB.

3.1. [luokcud mumawa

OmHUM 13 TIPUMEPOB BEIEeCTB, KOTOPbIe BHECIM WM KOTOPBIMU 06-
paboTau yIIakKoOBKY ISl IPUIAHUS €if KaKUX-TM00 CBOMCTB WIM Xapak-
TePUCTUK, sBsieTcs nyokceyp TutaHa (TiO,). IMokeua TMTaHa MMPOKO
MMPUMEHSIETCST B IUILEBOI IMPOMBIIIJIEHHOCTM B TOM 4YMCIe B KauecT-
Be muieBoit mobasku (MHAekc E171). Biaaromapsi 61M0COBMECTUMOCTY
U aHTMOAKTepUaTbHBIM CBOMCTBAM, JMOKCHI, TUTAHA MCIIONb3YeTCsT Kak
(YHKUMOHATBHBI HAHOHATIOMHUTENb TPU TPOU3BOACTBE 6Guopasia-
raeMbIX MMUIIEBbIX IJIEHOK. DTO BEIeCTBO B COCTaBe IMMINEBO IIJIEHKU
CIOCOGCTBYET YMEHBIIEHNIO €€ TOJIIMHBI, YIyUIlIeHUIO 1IBETa, a TaKKe
MpUOAET eif aHTubaKTepuaabHble, 6apbepHbIe, CBETO3AIINTHBIE U MeXa-
HMYeckye CBoicTBa [7].

Kak ormeuanoch paHee, OMOKCHUJA TUTAHA IIMPOKO MCITONb3yeTCsI
B IMIIEBOM MPOMBIIUIEHHOCTY B KayecTBe IMINEeBOil mOOGaBKM U pas-
pellleH BO MHOTMX CTpaHax Mupa, B ToM uucie B Poccun. Ho HaumHast
¢ 2020 roga avioKCK TUTaHa OB 3aITpelleH K UCIIOIb30BaHN0 Bo PpaH-

1 TP TC 005/2011 Texuuueckuii pernmamenT TaMOKEHHOTo coi03a. O Gesomac-
HOCTM YIIaKOBKU. YTBepxeH Pemennem Komuccny TaMokeHHOro coro3a oT 16 aB-
rycra 2011 rozma N2 769.

unn, a B 2021 rogy EBporieiickoe areHTCTBO 110 6€30TIaCHOCTY TTPOAYKTOB
rmutanust (EFSA) Hauamo paspabaTbiBaTh IJIaH I10 3aIIPETY ero UCI0Ib30-
BaHus Ha Tepputopun EC B KauecTBe nuieBoii no6asku [8]. Takoe pas-
HOOGpasye B 3aKOHOZAATEIbCTBE Pa3HbIX CTPAH OTHOCUTETBHO UCIIONb-
30BaHMsI AMOKCKUJA TUTAHA CBSI3aHO C MPOTUBOPEYAIMMU APYT APYTY
MCC/IeOBAaHMSIMU: C OIHOM CTOPOHBI, pacTeT KOIMYeCTBO MyOnmMKaumii,
KOTOpBIe MOJTBEPXKNAIOT ero KaHIleporeHHble, MyTareHHbIe 1 TeHOTOK-
cuyHble cBolicTBa [9,10]. BamsgHue HaHOuUacTUL, AMOKCKUIA TUTAaHa Ha
17107, B TOM 4MC/Ie TIpeHaTalbHOe, TaKKe BbI3bIBAaeT OIaceHusl, Halpu-
Mep, BO3MOXXHOe 3amMe/ieHne pa3Butus [11]. C Apyroit CTOpOHBI, cyllle-
CTBYIOT UCCJIEIOBAHYSI, TIOATBEPIKAAIONIME ero 6e301acHoCTb [12].

Pacryiiee uycio paboT, LOKa3bIBAIOIIMX BPeHOe BO3[ENCTBYE OV-
OKCHJA TUTaHAa Ha OPraHM3M Yel0BeKa, MO3BOJSIeT MPOTHO3MPOBATh
CKODBIJi 3ampeT Ha ero IpuMeHeHMe B MMUIEBOJ MPOMBIIUIEHHOCTU
B KauecTBe MMUIIeBoii [06aBKku. OTHAKO Bpes OT OTpeGIeHNs IVIOKCHUTA
TUTAHA He JI0/DKeH ObITh TOBOOM OTKAa3bIBAThCSI OT €r0 UCIIOIb30BAHMS
B KauyeCTBe HaIOMHUTENS AJIS1 TIONYMEPHBIX YIIaKOBOYHBIX MaTepuanos,
YUMUTBIBAsI, KaK CYJIbHO OH MOKET YIyUIIUTb XapaKTepPUCTUKM YIIaKOBKM.
[l71s1 o1leHKM 6e30I1acHOCTY HeO6XOAMMO OIPeNIeNIUTb COLlePyKaHe IVIOK-
cyufa TUTaHa B MUILEBBIX MPOAYKTaX M OILIEHUTD CTelleHb ero MUrpalymn
M3 YIAaKOBKM. DTO MO3BOMUT YOEOUTHCS, YUTO MUrpanyst 1160 OTCYTCT-
BYeT, MO0 HAXOOUTCS Ha 6e30MacHOM ypOBHE. PaGOThI 10 BBISIBJIEHUIO
CTereHM MUTpaluM AVMOKCHUIA TUTaHa B MMUILEBOJ MPOAYKT U3 YIIAKOBKM
y3Ke BeIyTCsl, OHAKO [TOKa ero OIpeJe/siioT He B KOHKPETHOM ITUII[eBOM
MIPOLYKTE, & B MOZEIbHBIX cucTeMax [13,14]. B pesyabraTe ObIIO YCTAHOB-
JIEHO, YTO KOMMYeCTBa IIPEXOJSIIero B MPOLYKT AMOKCHUA TUTAHA GbUIN
Ha ypoBHe ~ 0,65 HI/MJI. DTOT II0Ka3aTeb, KaK 3asIBJSIIOT aBTOPBI, IIPef-
cTaBisieT co60i TOBOIBHO HY3KME KOHLIEHTPAUMM — Aake HIDKe HOPM,
MpesyCMOTPeHHBIX 3akoHozaTenbcTBOM EC [8]. Tem He MeHee HE06XO-
IuMa pa3paboTKa MeTOOVK JJISI OIpeneseHMs] COmepsKaHusl OVIOKCHUIA
TUTaHa B pa3/JIMYHBIX NMUIEBbIX IPOAYKTAX, @ He B Mlea/bHbIX YCIOBUSIX
MOZe/IbHBIX CUCTeM. Bo-TepBbIX, 3TO MO3BOINUT YCTaHABIMBATh HaIu4ne
JIMOKCUAA TUTaHa B MUILEBbIX IPOAYKTAxX B Cyyae ero 3ampera B Kaye-
CTBe NMUIIEBOI HOGaBKM. BO-BTOPBIX, 3TO MO3BOIUT IPOBOOUTH Golee
06bEKTMBHbIE MCCIEAOBAHMS M0 BOIIPOCY MUIPALVY JUOKCUIA TUTAHA
B IMILEBbIe IPOAYKTHI PA3IMYHBIX BULOB 13 000I0UKM.

3.2. 2-6eH30mua3zonumuo Memuj muoyuaHam

IIpyroii ;o6aBKOi B MPOM3BOACTBE YIIAKOBOUHBIX MAaTE€PUAJIOB SIBJISI-
ercs 2-6eHsoruaszonutro Mmetwi tnonuanat (TCMTB). TCMTB — dyHru-
LM, KOTOPBIiA UCTIONB3YeTCs ist 06pabOTKM B TOM UMCIIe YITAaKOBOYHbBIX
MaTepuasoB Ha GyMakHOI OCHOBe Jjisi 60pbOBI ¢ TieceHblo. Kak u jro-
6011 apyroii yurnuma, TMCTB He6IaronpusiTeH [jist SKUBOTO OPTraHu3-
Ma, a 13-3a CBOeil HeCTabMIIbHOCTY OH JIeTKO pa3JiaraeTcs 10 2-MepKar-
TO6EH30TIAa30/1a, KOTOPbI/ OKA3bIBAET BIMSIHME HA KOXY U CIU3UCTYIO
060JI0UKY, BbI3bIBASI TEM CAMBIM JIEPMATUT, SI3BBI KOXKU U a/UIepruveckue
peakuuu [15,16].

B pa6ore [17] aBTOphI co3nmanu Metonuky omnpenenenus TCMTB
C TMOMOUIBI0 MMMYyHO(pEpPMeHTHOro aHanu3a. McciemoBarenyu oTkasa-
Juch oT ucnonbzoBauusl I'’X-MC u BXKX-MC/MC mMeToIOB, KOTOpbIE
LIMPOKO MUCITONb3YIOTCS JJIs1 OTIpesiesieHyst GYHTULIUIOB B CTOPOHY MM-
MyHO(hEpMEeHTHOTO aHa/INn3a, TaK Kak OH JelleBse, ObicTpee 1 ynobHee,
yeM yrnomsinyTble MeTonbsl. TCMTB Takum crioco6oM ompenensitoT He-
II0CPENCTBEHHO B CaMOJi yrlakoBKe. MeTOAVKY BbISIBJIEHMSI €ro B IUIe-
BOM B IMPOJYKTE B HACTOsIIEe BPeMsl OTCYTCTBYIOT. OMHAKO B HUX HET
ocTpoii HeobxogumMocTu. Kak 1 B ciyyae C MOKas3aTeNs MU, Peryimpy-
embiMu TP TC 005/2011, cobnioneHne HOPM KOHLIEHTpAlMM BEIIEeCTB
B YIIAKOBKE TI03BOJISIET ITPEATIOIOKUTH UX 6€30MacHOCTh ¥ B CAMOM IIK-
11eBOM IIPOJYKTe.

3.3. I[TonupmopankunuposamHole geujecmsda

ITepexonst K BelleCcTBaM, KOTOpPble MCIONb3YIOTCSI IIPU MPOU3BOICT-
Be YIIaKOBOK, B IEPBYIO OUepe/b, CTOUT CKa3aTh 00 OXHMX U3 Hamboee
pacrpocTpaHeHHbIX BellecTB — Iep- U MoaubTOpaaKuIMpoBaHHbIe Be-
mectBa (PFAS). PFAS — xumuueckue coefuHeHMs, B KOTOPbIX aTOMbI
BOJIOPOJIA YaCTMYHO MM TIONHOCTBIO 3aMelleHbl ¢Gropom. Braromapst
TOMY, YTO CBSI3b yIiepof-(Top — ogHa 13 Hambosee CUIIbHBIX CBSI3eii,
M3BeCTHBIX OpraHnnyveckoit xummuu, PFAS He paspyiiaioTcst pu BbICOKUX
TeMIlepaTypax, TPyAHOPaCTBOPUMBI U B BOZE, U B >kupax. OHM UCIIONb3Y-
I0TCSI He TObKO NPY MPOU3BOACTBe MUILeBOoli yakoBku [18,19], Ho 1 ipu
MPOM3BOACTBE IMAPABINUECKIX SKUAKOCTE, KPAaCOK, YePHIJI, OTHEeTYIIIa-
LIUX TeH, TeCTULM0B, TONMPOoIIeil 4151 TOBePXHOCTel, aH TUIIPUTapHBIX
roBepxHocTeit u mp. [20,21]. PFAS o61agaioT MMMYHOTOKCMYHBIMY KaH-
LIePOTeHHBIMM CBOVCTBaMMU [22,23] ¥ MOTYT ObITb IPUYMHON Pa3BUTHS
paka IMoyveK U siiyek. YIUTIBas MHOroo6pasiue VICTOUHMKOB TI0IaJaHMs
PFAS B okpy»karollylo cpefly ¥ OpraHu3M UeloBeKa, a TakoKe MX IOTeHIIU-
aJIbHYI0 OIIACHOCTD JJISI 370POBbSI HAaceIeHMs, KOHTPOJIIO 9TUX BellecTB
(0COOGEHHO B MUILEBOI YIAaKOBKE) CJIEAyeT YAensTh 0c060e BHUMAaHMe
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13-3a pUCKa 3HAYMTENbHOI MUIPAaLIUM B IPOAYKTHI. TaKkoit BHIBOJ, MOXKHO
crenaTh Ha OCHOBAHUY Pe3yIbTAaTOB PabOThI [24], B KOTOPOIt aBTOPbI MC-
C1eloBaJIM YIIAKOBKY JIJIST PECTOPAHOB ObICTPOro MuUTaHMst BO OpaHINM.
CorIacHO TMOMyYeHHbIM AaHHBIM, PFAS B ymakoBke ObUTM OOHapysKeHbI
B KOHIIeHTpauusx no 287 Hr/r. VicciemoBaHys OTPaHMYMINCH aHATM30M
YIIaKOBKM, CaMy MUIIEBbIe TIPOLYKTHI He U3yJyalnch. BoicoKoe comepska-
Hne PFAS 1 MxX KaHIIepOTe€HHbIE CBOICTBA, OOHAPY>KEHHbIE B YIIaKOBKE,
00yC/I1aBIMBAIOT HEOOXOOVMMOCTb CO3/IaHMSI METOAVIKYU OTIPeIeIeHUS 9TUX
BeIlleCcTB B ULIeBbIX TpoaykTax. Mcaienosanust murpauuy PFAS u3 yma-
KOBKM B IIPOIYKTHI MO3BOJSIT OLEHUTDh PealbHblii PUCK Pa3BUTUSI paka
MIPY YIIOTPeGIeHNY TaKUX ITPOAYKTOB.

3.4. KonmamuHayus nuujesozo npodykma uacmuyamu

YNakoeoyHozo mamepuana

ToBopst 06 MCCIen0BaHMSIX MO BOIIPOCAM MUTPALIMU B MUIEBYIO IIPO-
IYKIVIO YaCTMI, CaMOT0 YIIAKOBOYHOI'O MaTepuaa Wiy BelecTs, oopa-
3YIOLIMXCSI B pe3y/bTaTe IIPOM3BOJCTBA YIIAKOBOUHOIO MaTepuaa, T. e.
HeIpeJHAMePeHHO N00aBIeHHbIX BEleCTB, MOKHO CKa3aTh, UTO TaKue
MCC/IeOBaHMS GbUIM TIEPBBIMYM B 00671ACTY KOHTAMMHAIIVM BeIleCTBaMU
13 U3JeNnii, KOHTaKTUPYIOIIMX C IUIIeBO poaykiyeii. [loaTromy 6071b-
Imast 4acThb paboT OmmyGIMKOBaHA MUMEHHO B 3TOM HallpaBJeHUH, & CaMU
MCC/IeIOBAHMST BEYTCS yyke OTHOCUTENBHO AaBHO. OCOGeHHbIN MHTepec
Y HayYyHOTO COOGIIeCcTBa MOSBMIICS C HAYaJIOM IIMPOKOTO IPYMEHEHNs]
TaK HA3bIBAEMOJi «yJOOHOI» IMIACTUKOBOM YIaKOBKM, MM OYyMaskKHOM
YIaKOBKM, IIOKPBITON MOMMMepHbIMM MaTepuanaMu. CBSI3aHO 3TO € TeM,
YTO JIIOAM B «yIOOHOI» yIIaKOBKe I'PeIOT ey B MUKPOBOJIIHOBBIX I€Yax,
a MMKPOBOJIHOBOE M3/TyyeHe TaK WM MHaye IPOBOLMpYyeT pa3byxaHue
M0JIVIMEePOB, OKa3bIBaeT BIMSHMEe Ha 1[eIOCTHOCTD IUIacTuKa [25] 1 jaxke
MOJKET ITPUBOIYUTH K 06pa30BaHMIO COeNVHEHMIA, BCTYMAIIMX BO B3au-
MOJeJiCTBYE C HAaTypaJbHbIMY KOMIIOHEHTaMM ITUIIN [26].

PsoM paboT JoKa3aHO, YTO YACTMIII TUIACTMKA U3 YIIAKOBKYU B M-
11eBOJ MPOAYKT MepexoisT He TOJMbKO M3-3a MMUKPOBOJHOBOTO M3ITY-
YyeHusI, HO U IIpU APYyrux ycaoBusx. Tak, B pabore [27] u3ydany BOIpPoC
MUIpalyy KOHTAMMHAHTOB U3 IIACTMKOBOM YIIAKOBKM B IPOIYKLMIO
LISl BeTCKOTo MUTaHMs. B pesynbrarte 6GbUI ycTaHOB/IEH (aKT MUTPALIUU
B IIPOAYKT 42 KOHTAMMHAHTOB 13 YIIaKOBKM. VI3 KOTOPBIX 34 KOMIIOHEHTA
caMoJ1 yITakoBKY 1 8 BeleCTB, KOTOPbIe M3HAYaIbHO He MCIT0Ib30BaNCh
MpY NPOM3BOACTBE yIIakKoBKU. KOTOpbIe, KaK yTBEPKIAIOT aBTOPbI, ObLIU
o6HapykeHbl BOOO!1Ie BriepBble. Cpeiy 06HAPYKEHHBIX KOHTAMMHAHTOB
ObUIM aIMIIMHOBASI KUCIOTA, MOHOITWIEHIIMKOIb, IUITUIEHIIVKOIb,
¢draneBas KMCIOTA, HEOTIEHTW/IIIVIKO/b, CeGalHOBAsT KUC/IOTa, OyTaH-
IV0JT, Cy6epMHOBAsI KUCIOTa, FTeKCaHAMOI, TPOIaHIVION 110 OTAEIbHOCTHI
WX UX KOMOMHaUMM. Bce OHM ObUTM OOGHAPYKEHBI B IIPOAYKTAX Kaye-
CTBEHHO 3@ UCK/IIOUEHMEeM BYX OJMTOMEPOB, KOHIIEHTPALNI0 KOTOPBIX
YIOAIOCh PACCYMTATD 32 CYET HAIMYMSI CTAHAAPTHBIX 06pa31oB. VX KOH-
LeHTpauus 6pi1a Beiiie 10 MKI/KT, YTO ITPEBBIIIAET HOPMBI, YCTAHOBJIEH-
HbIe J/ISI TPOAYKUMM IeTCKOTO MUTaHMSI. BasKHO OTMETUTB, UTO UCCIeN0-
BaHHAasl MPOLYKLMS He I10/1Bepranach JONOIHUTEIbHOMY TePMUUECKOMY
BO3JeJICTBUIO (HAIlpMMep, HarpeBy B MMKPOBOIHOBOJ eun). Kontamu-
HaHTbl MUTPUPOBAIM B MPOLYKT MO0 B MpOIecce MPOU3BOACTBA (TIPU
HaJIMYUY TePMUYECKOi 06paboTKM), 16O BO Bpemst xpaHeHusI [27].

T'oBops 0 MIACTMKOBOI Tape, BaKHO MOHMMATh, UTO PUCK MUTPALN
YacTUL, WIK NTPOU3BOAHBIX IUIACTMKA CYIECTBYeT He TOMbKO U3 IJIaCTH-
KOBOJ1 YIIaKOBKM, B KOTOPYIO YIIaKOBBIBAIOT NNILE€BbIe IIPOLYKTHI Ha IIPO-
M3BOJCTBE, HO U M3 IVIACTUKOBBIX KOHTEIHEPOB /115 JoMallHelt efbl. YTo
u 6bUIO IOKa3aHo B pabore [28]. B Heit aBTOPBI M3y4yasin BOIIPOC MUTPa-
umm gu(2-stvrekcwn)dranara (I3TP) u nu-H-6ytnndranara (IBD) mu3
TTOJIMIIPOTIVIEHOBBIX MUIIEBbIX KOHTEIHEepOB IJ1S1 XpaHeHMs MUIIeBOi
MPOAYKIVM, TPUOOPETEeHHBIX B MECTHBIX MarasmHax, ¢ MapKMPOBKOM
0 JOMYCTMMOCTY TPeTh B HUX e[y B MMKPOBOJHOBOJI IT€UM U MBITh UX
B IIOCYLOMOEeYHBbIX MalinHaxX. Camy aHanmuTsl, I3T® u [IBD, ABASIOTCS
¢dranatHpIMM IUIACTM(MKATOPAMM, KOTOPBIE IIVPOKO MCIIONb3YIOTCS
B TPOM3BOJCTBE IUIACTMKOBBIX MaTepMaoB, M MX HaauM4ue BbISBIIS-
10T B IMIIEBBIX MPOAYKTAX yKe OTHOCUTENbHO NaBHO [29]. Camu dra-
JIATHBIE IACTU(GUKATOPBI HEe BCTPAMBAIOTCS B IOJMMEPHYI0 MAaTPULLY
YIIaKOBOYHOT'O MaTepyuasa U3-3a CBOMX XMMUYECKUX CBOMCTB, TO3TOMY
0CTaIOTCSI B CBOGOIHO (OpMe M JIeTKO BBIIEIAUNBAIOTCS, MCIAPSIIOTCS
Y MUT'DUPYIOT B ITMIIEBOJ TPOYKT, TEM CaMbIM C€Pbe3HO MOBBIIIAsST PUCK
MX IIOTIaJJaHysl B OPraHM3M IIepopaibHO, yepes AbIXaTe/abHble ITyTY WU
yepe3 KOKy. Pe3ynbTaThl TOKCMKOIOTMYECKUX UCCIeI0OBaHMI Ha JKUBOT-
HBIX ¥ JIIOJSIX TTOKa3a/ay, 4yTo (rasaTHble IIacTUGUKATOPBI MOTYT GBITh
MIPUYMHOM Cepbe3HbIX HApPYIIeHNMI PasBUTHUSI U PEIIPOAYKTUBHOM QyHK-
umn [30,31]. B akcniepumMeHTax Ha IpbI3yHax Mo60uHbIe 3G deKTs! OT HUX
GBIV 110 GOJIBILE} YaCTH BbISIBJIEHBI IJIS1 TAKMX OPTaHOB-MUILIEHel, KaK
Ie4YeHb, IIOYKY, MTHOTJA AJIS IUTOBUAHO KeJle3bl U audek. VX Bo3aericT-
BJe CMJIBHO 3aBMCHUT OT 103l U IT0J1a UCIIBITYeMoro [32,33]. HecmoTrps Ha
YCTaHOBJIEHHBIE TOKCHMKOIOTMYecKue 3¢ddeKrTs! hranaTos [33], 60MbILINH-
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CTBO U3 HUX 00/1a/Ial0T JOBOJIbHO HU3KOI OCTPOIi TOKCMYHOCTHIO C LDsq
Ha ypoBHe 30r/Kr Beca [34].

BosBpamasice Kk pesyapTatam ucciaenoBaHus wmurpanum 9D
v IB® [28]: B X0[e BBITIONHEHMST PAGOTHI aBTOPBI CHIMUTUPOBAJIH TIHIIIE-
BYIO Cpefly ITyTeM MCII0/Ib30BaHMsI XXAKOCTel ¢ pH B iuanasoHe oT 3 10 9,
KOTOpBIe [TOMellaM B KOHTeTHePbI ¥ HarpeBaly B MUKPOBOJIHOBBIX ITe-
yax B TeueHue 1-5 munyt. Hauspiciume ypoBuy murpayu J3T® u IBD
6bUTM IIPM HaMMeHbIleM 3HaueHuy pH = 3, Ipy 9TOM MX KOHLIEHTPaLVsI
6bLIa TPSIMO MPOIIOPIIVIOHAIbHA MTPOIO/DKUTETHHOCTY HarpeBa B MUKPO-
BOJIHOBOJ1 ieuyt. HauBbICIIME KOHIIEHTPALVN, 0OHapy>KeHHbIe aBTOPaMM,
cocrasysui 159,8 m 104,9 mkr/n gyst IT® u [IB® cOOTBETCTBEHHO.

AHanornyHble 1CcaeqoBaHMs IpUBeneHbl B pabore [35]. B Heit aBTO-
PbI IPMOOpENN B MECTHbIX MarasuHax 200 eIyHUIL TUIIEBO MPOAYKIINNA
B MOMMepHOIi yriakoBke: 80 equHuI] B 6yMaskHO yITaKOBKe, TOKPLITOM
MoAU3TUIAEHOM, 80 — B yIIaKOBKe 13 MOMUIIponuieHa, u 40 — B monucre-
pene. [lasee u3 yIakOBKM GblIa yaajeHa MUIIEBas MPOAYKIMs, a cama
YIIaKOBKa MPOMBITa IUCTU/IZIMPOBAHHOM BOLOJ. 3aTeM B yIIaKOBKY Ha-
ymuBaau 20% pacTBOp STaHOMA M ITOABEprajy pasHbIM CII0CO6aM BO3-
NIeViCTBMS: 3a7MBaIM KUISITOK ISl MMMTALMM TIpoliecca 3aBapMBaHUS
Jlarnmm 6bICTpOI‘O TNIPUTOTOBJIEHUS WU T'pein B MMKpOBOHHOBOﬁ neun
B TeueHMe JBYX MUHYT IJI1 MMUTaLMM Ipoliecca pa3orpesa nuuu. [Toa-
BEPTHYB PacTBOPbI OMMCAHHBIM YCJIOBUSIM, OIIPeLesisiv B HUX cofepyka-
HMe QeHona, anetopeHoHa, 4-TTponuiabeH3anbIernaa, 2-3Tmi-1-rekca-
Hona, 2,4-nu-TpeT-6yTuadeHona, 6yTUIMpOBaHHOTO TUAPOKCUTONYONA,
2,2,4-TpumeTi- 1,3-neHTaHAMONAMN300yTUpaTa U 2,6-IU-TPeT-GyTHII-
P-6eH30xMHOHA. B pe3ynbraTe MCCaeI0BaHMii YCTAHOBIEHO, YTO COZEep-
>KaHUe OTpefieisieMblX aHaIMTOB BapbMPOBAJIOCh B JManasoHe oT 4,2 10
39,3 MK/, HO 6bUTM U 06Pas31ibl, B KOTOPBIX OHU HAXOAMINCh HA YPOBHE
HIDKe Tpefiesia 0OHapyKeHMsI VICTIONIb30BaHHOM MeTonuKku. Hamnbosnbime
KOHIIeHTpaIMy MOTyYeHbl B 06pasiax, yIlakoBKa KOTOPbIX MOfiBepraaach
MHOTOKPaTHOMY BO3[eJiCTBUIO MUKPOBOTHOBOIO M3JIy4eHMs, YTO IIPU-
BOIMIIO K Gosiee BbIpasKeHHOMY HaOyXaHMIO MOIMMepa 1, COOTBETCTBEH-
HO, K ero 6osee cepbe3HOMY paspyuieHnio. Ho B TO ke BpeMsi aBTOPbI
3asIBJISIIOT, YTO TaKye KOHLeHTpalLMM He Mpe/CTaB/sIoT PUCKa A 370-
pOBbsI yesoBexa [35].

Bomnpoc Murpanum yacTul, IacTuKa M3 MoAMMepHOi YITaKOBKY B -
LIeBYIO NMPOAYKLUMIO B Pe3y/bTaTe BO34eJiCTBMSI MUKPOBOTHOBOTO U3My-
YyeHMsI ICCTIeJOBAH AOBOIbHO THIATeNbHO. Tak, B ouepenHoii pabore [36]
aBTOPBI MCCIENOBaIY MUTPALMIO TOMUITUIEH Tepedranara B pasimy-
Hble MMMTATOPbl NMUIEBbIX MPOAYKTOB. ®akT MUTpaLMy McciefoBaTe-
JIIMU GbIT yCTaHOBJIEH. Takke B CTaThe MOKa3aHO, UTO MPU HarpeBaHUU
Tapbl B MUKPOBOJTHOBOJI IIeUM MUTPALVSI HAXOAUTCS Ha 3HAUUTETbHO 60-
Jiee BLICOKOM YPOBHeE, UeM IPY HarpeBaHMM KOHBEKLMOHHBIM CITOCOO0M
MpU Tex Xe Temmeparypax. Ho aHasormuHo ¢ pa6oroii [35] aBTOphI 3a-
SIBJISIIOT, YTO KOJIMUECTBA MUTPUPYIOMIMX B IMUIIEBOI MPOAYKT BTAIATOB
He OITACHBI OJIs YeJIOBEeKa, T. K. HaXOOsATCA HMXKe IIPpeaeJbHOI0 YCTaHOB-
neHHoro yposHsi EBporneiickoii Kommccueii (10 mr ¢ 1am? yIIaKOBOYHOTO
marepuasa).

AHanornyHble McCIenoBaHKs ObUTY MPOBeNeHbI B pabore [37]. B Heit
aBTOPBI MCWIELOBAIM MUTPALMI0O KOMIIOHEHTOB M3 PYKaBOB JJIs 3alie-
KaHMSI B pasayyHble MMUTATODPBI MUILEeBON MPOLYKLMM M B MSICO IITULIBI
B pe3yabTaTe BO3/Ie/CTBMSI Ha HUX HarpeBaHMEM MMKPOBOJIHOBBIM 13-
JIy4eHMEeM U KOHBEKI[MOHHBIM cI1oco6oM. Cpeiy MMUTAaTOPOB MUIIEBOI
npopykuyy 66utn 10% pacTBop araHonia, 95% pacTBOp STaHOIA U PACTH-
TesibHbIe Macia. Cpeny MMUTATOPOB IMUINEBOM MPOAYKIMMU ObUT yCTa-
HOBJIeH (aKT MuUrpauuy Toabko B 10% pacTBop araHosia. Uto KacaeTcst
Msica MITHUIBI, TO B He¥i 6611 06HAPYsKeHbI 27 BEIECTB, MATPUPYIOIINX U3
pyKaBa fjis1 3areKaHusi, 60JIbIIas YaCTh KOTOPBIX — 3TO alIbAErU/Ibl U Ke-
TOHBI, KOTOPbIE B TOM UlC/Ie OKa3bIBalOT Cepbe3HOe BAMSIHME Ha apoMaT
M BKYC IPOAYKT. ABTOPBI IIOAUYEPKMUBAIOT, YTO GOJIblIee UX KOIMUECTBO
o6pasyeTcst IpyU TepMUUeCcKoii 06paboTKe KOHBEKLMOHHBIM CIIOCO6OM,
HeXXely Mpy HarpeBaHUM B MMKDPOBOMHOBOI meun. Ciyyail MUrpauum
B MSICO MITHUIIBI COEUHEHNI, 06pa3yIoLIMXCsl B PyKaBax JJis TOTOBKU U3-
3a BBICOKMX TE€MIIepaTyp, AOCTUIaeMbIX B JYXOBKe, TOBOPUT O HEOOXO-
IMMOCTY KOHTDPOJISI MaTepuasioB, U3 KOTOPBIX IIPOM3BOISIT pyKaBa st
3amekanus [37].

3.5. @omounuyuamopwl

[lpyrue BemlecTBa, KOTOPble MOTYT IONACTh B MMUIIEBOJ MPOLYKT U3
YIaKOBKM — (POTOMHUIMATOPBI. B OT/IMUMe OT GOJbILelt YacTu coeuHe-
HMIA, OMMCAHHBIX paHee, GOTOMHULIMATOPHI UCIIONb3YIOTCS HE IS TIPO-
M3BOJICTBA MOIMMEPHOI TIACTUKOBOI YITAKOBKY, & AOOABIISIIOTCS B Uep-
HWIA, KOTOPble IPUMEHSIIOTCS 1751 HAHeCeHMsI MapKMPOBKM Ha YIIaKOBKY,
IUISI X OTBEPsKAEHMs 1of, BosaeiicTBuem YO-u3snyyenns. Kasanoch Obl,
B TAKOM C/Ty4ae OHM He MOTYT IIONacCTh B IUIIEBOV IPOAYKT, T. K. UCIIONb-
3YIOTCSI C HAPY)KHOJ CTOPOHBI yITakoBKM. OpHako B 2009 rogy yuyeHbIMU
TepmaHuu 6bLIO IOJIOKEHO B EBpOMENCKYI0 KOMMCCHIO, YTO B MIOCIH,
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rpou3BeeHHbIX B Benbruu, 6611 06HApYyReH 4-MeTun 6eH30(eHOH, KO-
TOPBIi sIBJIsIeTCsT GOTOMHMULIMATOPOM, B KOHLIEHTpauuu 789 MKr/Kr. [lajb-
HeJilVe MCCIeN0BaHysl B 9TOM HalpaBaeHUy MoKa3ain, UYTO B 3/1TaKOBbIX
XJIOIBSIX, IIPOM3BEIeHHBIX TaKKe B Benbruu, ObIIv 06HAPYsKeHbI 4-MeTI
6eH30BEeHOH 11 6eH30()eHOH B KOHIIEHTpauusax 3729 MKr/Kr 1 4210 MKr/Kr
COOTBETCTBEHHO [38,39]. ViccmenoBaHys, NOATBEPAMBIINE TOKCUKOIOTY-
yeckye, KaHIePOTeHHbIe U YHJOKPMHHBIE 3 (deKTbl HOTOMHULIMATOPOB,
a taxke nanHble 2009 rona 06 UX IPUCYTCTBUU B TIUIEBBIX IPOSYKTAX
CTUMY/IMPOBAIY MHOTOYMCIEHHbIE MCCIeNOBAHMSI MUIPALMU ITUX Be-
mectB B muy. Tak, B my6nukanyy [40] mokasaHo, 4TO M30MPOIMITHOK-
CaHTOH — OJMH U3 (POTOUIMHMATOPOB — B3aMMOJEMCTBYeT C IMIUAAMMU.
B [41] mokasaHoO in vitro, YT0 M30TPOMMUITHOKCAHTOH MPOSIB/ISIET aHTHI-
CTpPOreHHble M aHTMAHJpPOTeHHble CBOJicTBAa. KaHlleporeHHble CBOJICTBA
6eH30(deHOHa O6bUTM MPOAEMOHCTPMPOBAHBI HA CAMKax M CaMIlaxX KPbIC
B XO[ie NpoBefeHmst paboTsl [42]. [ToMMMO KaHILIepOTeHHBIX CBOJCTB OeH-
30(eHOHa, 10Ka3aHO, YTO OH MOKET GbITh MPUUMHOI rurocnanuu [43].
Pa6oToii [44] moKa3aHo, YTO GOTOMHUIIMATOPHI 06/IaJAI0T BBICOKOI CTe-
IeHbI0 a6COPOIVY B JKENYIOYHO-KVIIEYHOM TPaKTe C JalbHejInM I10-
rajlaHyeM B IJIa3My KPOBM.

B pa6ore [45] muccnemoBanyu MUTPALUIO YeThIpeX (GOTOMHUIIMATOPOB
(6ensodenon, 4-metnn 6eH3odeHOH, 2-MeTUI-4'-(MEeTUITHO)-2-MOp-
donmuHonponodeHoH ¥ 2-3TMIreKCUI-4-(AMMeTUIaMIHO)6eH30aT)
B MONKOPH U nuuieBoji umuratop Tenax®. Kak 10 GbiBaeT B paborax
10 U3Y4YEeHMI0 MUTPALMM B MUIIEBOM IPOLYKT BELeCTB U3 IOMMMEePHON
YIIaKOBKY, B IaHHOJ paboTe CpaBHMBAIM HarpeBaHMe IPOAYKTA B MU-
KpOBOMHOBOI meun (MowHOCTh 100, 440 1 600 BT) 1 KOHBEKI[MOHHBIM
crioco6om (20, 40 u 60°C). CortacHO pesy/ibTaTaM, BCe U3 OIMpeesie-
MbIX YeTbIpeX (OTOMHMLIMATOPOB ObLIM OOHApYKeHbI KaK B MUILEBOM
MMUTATOPe, TaK M B HONKOpHe. Hambomblias fois BO Bcex o6pasiax
MpUXoAUIach Ha GeH30(eHOH, CIeAyNM 110 KOJIMYeCTBY ObLT 4-Me-
T 6GeH30(eHOH, 3aTeM 2-3TUITeKCUI-4-(IMMeTUIaMIUHO)0eH30aT
¥ HaMMeHblllee KOMMYEeCTBO BO Bcex 06pasiiax MpUILIIOCh Ha 2-MeTuiI-4'-
(MeTUITHO)-2-MOPPOIMHOIPOITNOPEHOH.

VuuThIBasl CrioCOGHOCTb (POTOMHUIMATOPOB MUTPUPOBATH B MUIIe-
BYIO IPOILYKLMIO, 8 TAKKe MX TOKCUKOJOTMYECKUe ¥ KaHIlepOreHHbIe
CBOJICTBA, B NEPBYI0 ouepelb HEOOXOIMMO HAYYMTHCSI ONPEeeNsTh UX
B CaMoJi yIIakoBKe, UTO ¥ ObUIO CHeIaHO aBTopaMu paboThl [46]. B Heit
aBTOPBI pa3paboTaay METOIVIKY OIIpefieleHysI BOCeMHAALATY GOTOVHM-
uMaTopoB ¢ momoisio I'X—-MC meToza. Bbuto paspaboTaHo ABa criocoba
MOJTOTOBKY MTPOG: C UCIIOMB30BAHMEM CITeLIMATbHOTO 060PYIOBAHMSI LTSI
oAarotToBKy 1pob FastPrep-24 u sKkeTpakumsi ¢ IOMOIIBIO YIbTPa3ByKa.
CaMa MeTOIMKa IMO3BOJSIET OGHAPYKUTh (GOTOMHULIMATOPBI B YIIAKOB-
Kax C KaueCTBEHHbIMM ¥ KOJIMUYECTBEHHBIMU IIpefesiamMy 0OHapyKeHMs
ot 0,060 mo 0,614 mkr/kr u ot 0,197 mo 2,027 MKI/KI COOTBETCTBEHHO.
Pa3paboTaHHYI0 METOAVKY aBTOPBI IPUMEHWIN K PeanbHbIM 06pa3iam
6GyMa)kKHO} YITaKOBKM ¥ YCTAHOBU/IM, UTO HEKOTOPbIE aHAIUThI OTCYTCT-
BOBAIN B OTZETbHBIX BUJAX, @ KOHIIEHTPALVsI 0OHAPYKeHHBIX COCTABIIS -
na ot 1,29 mo 194,75 MKI/KT.

3.6. BucgeHonbt

BucdeHonbr — ofHM 13 Hanbosee U3yYeHHbIX KOHTAMIMHAHTOB, KOTO-
pble MOTYT MUTPMPOBATh B MulIeBble MPOLYKTHI U3 IJIACTUKOBOI yIia-
KOBKU. VccnemoBaHMSIMY, TTOCBSIIIEHHBIMM OTIpefiesieHNi0 61cheHom0B
B MNILEBOI MPOAYKLINM, 3aHMMAIOTCSI YIeHbIe CO BCero Mmupa. B maHHOM
HaIpaBJIeHVY MOXKHO HaiTy paGoThl KUTACKMX, €BPOIMECKIX, aMepu-
KaHCKMX YUEHBIX, a TaKKe paboThl YUeHbIX U3 CTpaH BimkHero Bocroka.
Kpome TOro, GONBIIMHCTBO 3TMX PabOT HaIlpaB/JIeHbI Ha OIpe[ereHue
61cheH0I0B HEeTIOCPeICTBEHHO B IMUIILEBOI MPOLYKLIMM, a He B YIIAKOBKe,
B OT/IMUMeE OT IPYTUX KOHTAMUHAHTOB, PACCMOTPEHHBIX paHee.

V3yueHne BOIpoca KOHTAaMMHAIMM TUILEBOI MpomyKuuu 6ucde-
HoJIaMM Havyauch ¢ 6uchenona A (BOA). BOA mmpoKo 1Cronb30Baacs
TIPY MPOVU3BO/ICTBE MONMKAPOOHATHBIX MATEPUATIOB, STTOKCUIHBIX CMOJ
u Tepmobymaru. M3-3a 60nbuiMx 06beMOB MPOM3BOACTB MaTepUaioB
¢ puMeHeHreM BDA, a Takke COOTBETCTBYIOUIMX 06bEMOB HajabHeli-
et yrunmusaumum 9TUx Matepuanos, BOA 1OBONIbHO CUIbHO 3arpsi3HUT
OKpYXawllylo cpeny [47]. 3arpsa3HeHMe oKpyXatwoueii cpeabl BOA mog-
TBEPKAAIOT MCCIeL0BAHMUS, COITACHO KOTOPbIM BDA 6bu1 06HapykeH
B CBIBOPOTKE KPOBU UeIOBeKa, MoYe, MyIIOBMHHOW KPOBY, aMHMOTHU-
YeCKOii XMUAKOCTU M TUIalleHTapHo# TKauu [48]. B pa6ore [49] aBTO-
pbI CB3bIBAIOT BDA 13-3a ero sHAOKPMHHO-pa3pyllaolleli Mpupobl
¢ TakuMM 3ab60NeBaHMSIMMU, Kak nuabeT, OXKMpeHue, PerpoayKTUBHbIE
paccTpoiicTBa, CepaeyHO-COCYAUCTbIe 3a60/IeBaHMsI, BPOXKIEHHbIE [e-
(eKThI 1 paKk MOJIOUHOI JKeyie3bl. B CBsI3M ¢ HEGIAroNpUSTHBIM BO3/1ei-
CTBMEM Ha OpraHusM 4deyioBeka, B Kanaze, CIIIA, Kutae u EC BOA 6511
3arpenieH JJis VCIIONb30BaHMS IIPU MPOM3BOLCTBE MaTepuaaoB, KO-
TOpble MOTYT B JajJbHeilIeM KaKMM-JIM60 CIIocO60M KOHTaKTMPOBATh
¢ MJIaJleHIJaMM.

Ilns coGmofeHus 3ampera o npuMeHeHuu BMA B MpPOM3BOACTBE
Hauau MPUMEHSITh pasJnyHble ero aHajaoru. Hambonee yacto npume-
Hsiemble 13 Hux: 6uchenon b (BOB), 6uchenon C (BDC), 6uchenon @
(BOD) n 6uchenon A® (BOAD). llnpokoe nmpumMeHeHne 6MCHeHOTOB
MPUBEJIO K 3arps3HeHMI0 UMM OKpysKaloleit cpeabl. B 0630pHOI pa-
6ore [50] mpuBeneHa nHdopmaIys, UTO repeurcieHHble aHanoru BOA
6bLTM OOHAPYXKEHBI B IPOAYKTAX MUTAHUS U KUAKOCTSIX YeIOBEUeCKO-
ro opranmsma. Takke 6blJIa OTMEUEHA UX ICTPOreHONOJ06HAasT aKTUB-
HOCTb aHaIOrM4HO ¢ BOA. BOB, BOC, BOD 1 BOAD 66111 00HAPYIKEHBI,
B YaCTHOCTH, B peuHoii [51] u Mopckoit Bozax [52], a Takke B OTIOXKe-
HMSIX B HUX [53], B IpyJHOM MOJIOKe KeHIIWH [54], B CBIBOPOTKE KPOBU
M B MOYe JTI0Jieit pa3HbIX BO3pacToB [55,56]. U3BecTHO, uTO 6ucheHOmbI
00HAPY>XMBAIYM B MBIIIEYHO! TKAHU U TTe€YeHM OKeaHNYeCKNX KOCTHBIX
pbI6G, TEM CAMBIM OHM MOTEHIVATbHO MPEICTABISIIOT PUCK JJIST Yesio-
BEUECKOTO 3/I0POBbsl. YUUTHIBASI 3TO, 6MCc(HEHOIbI MOKHO Ha3BaThb He
TOJIBKO KOHTaMMHAHTaMM MUIIEBO MTPOAYKIMM, & CUIBHBIMU 3arpsi3-
HUTEeJISIMM OKpYsKalolleil cpefibl.

B 11esioM Bce 61cdeHosbl 06/1aat0T aHATOTMYHOM TOKCMYHOCTbIO, KaK
u BOA [50,57]: BOC 1 BOD oka3bpIBalOT BO3AEICTBIE HA TUPOUIHBIE TOP-
MOHBI [49], BOAD miposiBui faxke 6osee BHICOKYIO MOTEHIVAIBHYIO TOK-
CUYHOCTB, yeM BDA, B kjieTkax KpoBM yenoBeka [58].

Kak panee 6bUIO OTMeUeHO, 6uceHoIbl — OfmHM 13 Hauboee 13-
YUEHHbIX KOHTAMMHAHTOB IMUINEBOM MPOAYKUMM U3 YIAKOBOYHBIX
MaTepuanos. IlogTBepkaaeT 3T0 GOMbIIOe KOAMYECTBO paboT, MOCBS-
LIeHHBIX pa3paboTkaM MeToJa UX OIpeseeHNs] B pa3HOOOPa3HbIX K-
LIEBbIX MPOJYKTAaX, YIIAKOBOUHBIX MaTepuanax u T. M., ¥ IPOBeJeHUI0
MOHMTOPVMHTOBBIX VICCIEJOBaHNI TI0 BOIIPOCY MX COZlepyKaHMS B MMIIe-
BOJ IIPOLYKLIUU.

Yro KacaeTcsi METOAUK UX OIpe[eleHMs], TMPAKTUUYECKU BCe OHU
ocHOBaHbl Ha MeTtoze BO)KX-MC/MC (4yTh pexke MCIIONb3yeTCsl MeTOf,
I'’X-MC), KaKk 1 Bce METOIMUKM J1JisI OTipefeieHss KOHTAMUHAHTOB MUIe-
BOJ MPOAYKUMM 3K30T€HHOTO M 3HJOTEHHOTO MpoucxoxaeHus. [loaro-
TOBKA IPOO BO BCeX PabOTaxX MPeIOYTUTENbHO UCTIONb3yeTcst ¢ TP, HO
pasIMuYHBIX BUAOB, Cpeiy KOTOPBIX TBeppodasHas MMUKPOIKCTPAKLIMS,
MAarHMUTHas TBeprodasHas SKCTPaKIus, AVCIIepCMOHHAsT TBepaodasHast
9KCTPAKLMSI, COPOLIMOHHAS HSKCTPAKIIVS C MEIIAIKOM M MeMOpaHHasI 9KC-
Tpakuyst [59-61].

ST TIOHMMaHMsT MaciTaboB MPOGIeMbl KOHTAMMHALMY TUILEBO
MpOAYKIVY 6McheHoIaMy MOKHO IIPUBECTHU ClIeAyIolIye paboThl:

[62] — nccnenoBanusa 168 HauMeHOBaHMIi NILEBOJ nponykuuyu Ka-
Hazpl 1 KOkHO AQpuKM, cpey KOTOPBIX phIOHOE (usie, KypuHasi TPy -
Ka, KOHCepPBUPOBAHHBIN TYHell, OBOLIN, X/1e6 1 CIMBOYHOe Macio. B xone
BBITIOJIHEHYST PAGOTHI B MCC/IEJOBAHHOM MUIIEBOIi MPOAYKLMM ObUTU 00-
HapyseHbI 11 61cdeHonoB, cyMMapHasi KOHLIEHTPALMsI KOTOPBIX B PbiGe
cocTaBuia Jo 23,3 MKI/KT, B oBolax — 0 0,17 MKI/KT, B KypUHOJ Ipy/-
Ke — 1o 18,7 mkr/kr. OqHaKo B xy1e6e, CIMBOUHOM Maciie M KOHCepPBUPO-
BaHHOM TYHIIe 6McheHO0 bl 0OGHAPYKEHbI HE ObUIN;

[63] — uccnemoBamu 93 obpasiia COKOB, peanu3yeMbix B Puane, Cay-
nmoBckast ApaBust. BucdeHonbl 6buUTM 06HApYKeHbI B 77 U3 93 mccieno-
BaHHBIX 00pas3I[0B B Auarna3oHe KoHIeHTpauuit ot 0,14 mo 28,97 MKr/i;

[64] — uccnenoBany KOHCepBUPOBAaHHBIE (DPYKTHI 11 OBOLIN, CPeAM KO-
TOPBIX aHAHACBI, TEPCUKY, TNYM, TPYIIN, MAHTO, amalis, MapaKkyis, Ky-
Kypy3a, 3eseHast Gpacosnb, ropouiex, rpubsl, Cosl, TOMAThI, IMMHAT M MOP-
KOBb. ABTOPbBI 00HapYsKuIu 61cdeHOobI B 87 % 1CCIenoBaHHbIX 06pa3lioB
B IMana3oHe KoHIieHTpatuit ot 0,3 1o 265,6 MKI/KT;

[65] — 6bpLIM IpOBeneHbI MCCIeNOBaHNSI 06Pa3LOB 6e3aJIKOTONIbHBIX
HAaIlUTKOB B JKECTSHbIX OGaHKax ¥ OyTMJIMPOBAHHOW BOAbBI, peannsye-
MbIX B MHaum. BucheHomb! 6b11M 06GHAPYKEHbI BO BCEX MCCIEJOBAHHbBIX
obpasiax B AManas’oHax KoHIeHTpauuit 8,2—14,01 Hr/n mist 6e3ayiko-
TOJIbHBIX HAITUTKOB B XKECTSIHBIX 6aHKax 1 60—90 Hr/1 B Gy TMAMPOBAHHOMN
Boze. CpaBHeHMe pe3y/IbTaTOB MCCIeloBaHmit [65] 1 [63], TOCBSILEHHBIX
HaMMTKaM, BBISIBJISIET ThICSTUEKPATHOE PACXOXKIeHMe B JAHHBIX.

[66] — pabora moOCBsILIeHA CO3AHUIO CIOCO0A IKCTpaKkIuyu Guc-
deHonoB, ogHAaKO pa3pabOTaHHBIN CIIOCOO MCIBITANM HA HAMUTKAX
«Koxka-kona» u «CrpaiiT», peannsyeMmbix B Kutae. Pe3ynbpTaThl moxa-
3a7M cofepikaHue 0ucHeHOSOB B ITUX HAMUTKAX B KOHIEHTPAIMIX
92-94 MKr/n;

[67] — ouepenHasi paboTa KUTANCKUX YYEHBIX (AHATOTUYHO C [66])
ObUTa HampapjaeHa Ha pa3paboTKy MeTOAMKM ompeneneHus: 6ucheHo-
JI0B. B X0ze mccienoBaHms U3yv4aanch peaabHble 00pa3ibl. By mpo-
BeJleHbI UCIIbITaHuS 6imrof;: Kypulbl KyHr ITao, Mano Tody u py6rieHoit
cBuHuHbI H0-1lanb 1o 4 obpasua Kaxaoro HaumMeHoBaHusl. Pe3yibra-
ThI MTOKa3anu Hanmuume 6ucheHonoB A u C B KaKIOM MCCIeIOBAaHHOM
o6pasiie ¢ koHieHTpauusimu 0,72-19,37 mkr/kr u 0,10-26,99 MKr/Kr
COOTBEeTCTBEHHO. BOAD 6b11 06GHAPYIKEH TONBKO B 3 06pa3Lax Kypuiibl
Kyur [Tao, BO® — B mosioBuHe 06pasioB, a BOB He 6bUT HalieH HMA B OfI-
HOM 13 06pa3sIioB.
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4. 3akjIueHue

PesynbraThl aHalM3a HAyYHOM JIMTEPATYPhl MPOAEMOHCTPUPOBAIU
Cepbe3HyIo Mpo6aeMy KOHTaMUHALIMM TUILEBOI TPOAYKIMMA KOMITOHEH-
TaMM YIIaKOBOYHBIX MaTepUaioB. Bce paccMoTpeHHbIe paboThI MOKA3bI-
BAIOT, YTO HET MPAKTUUYECKM HUKAKOTO YITaKOBOYHOTO MaTepuasa, KOTo-
pbIit GbI He «3arpsi3HSUI» MULIEBYIO MPOAYKIMIO. Bonbinas yacTh pabor
MOCBSIIEHa COeNVHEHVSIM, KOTOPbIE MTePEXOIST B MUIIEBYIO YITAKOBKY 13
[TACTUKOBBIX YIIAKOBOUHBIX MaTepuasoB. OTHAKO €CTh CYIIeCTBEHHOe
KOJIMYECTBO [JOKa3aTeJbCTB TOTO, UTO U U3 APYTMX BUIOB YIIAKOBKM (Ha-
npumep, U3 6yMaskHOI) B MUILEBO MPOAYKT MOTYT MUTPUPOBATH KOM-
TTOHEHTBI, OKa3bIBAIOIIe HeGIAroNPUsITHOE BO3/IE/CTBYE HAa OPTaHU3M
yesioBeka. Jlaske COCTaBIISIONIME YePHWI IJIS1 MapKMPOBKM, KOTOPBIE Te-
OpeTnYeCKM HMKAK He MOTYT KOHTAKTMPOBATh C MUILEBbIM IIPOAYKTOM,
[TOCKOJIbKY HAXOMSTCS Ha BHEIIHE CTOPOHEe YITaKOBKM, MOTYT ITOIa1aTh
B IIUILEBOI IIPOIYKT.

[Ty6nuKaIMOHHAsI aKTMBHOCTD B 9TOM HaIlpaBJI€HUY [TOKA3bIBAET, YTO
Hay4HOe COOOIIeCTBO 3aMHTEpPEeCcoBaJOCh JAHHBIM BOIIPOCOM OTHOCK-
TeJIbHO HeJJaBHO — paboT 3a mocienHne 3—4 roga 6osplie, ueM 3a Ipe-
IBIAYIIME OBA NeCATUIeTHs. DTO B OYePeIHOM pa3 IoKa3bIBaeT MaCIlTa-

6bI M3yyaeMoii MPo6IeMbl U TOAUEePKUBAET HEOOXOAVMOCTb TPOBEIEHMSI
UCCIeIOBaHMIA B 9TOI 06macT. MHOTOUYMCIEHHbIE MCC/IeAOBaHUS TOKa-
3bIBAIOT, UTO MUTPALVsI KOHTAMMUHAHTOB U3 YIIaKOBKY B MTPOLYKTHI TUTA-
HMSI, KaK IPaBUJIO, HeBEIMKA M YacTO 3HAUMTEIbHO HIKe YCTaHOBJIEH-
HBIX [TpeieIbHO AOMYCTUMBIX KOHLeHTpauuii (ITJK). DTo roBOpUT O TOM,
YTO BO3JeJICTBIME TAaKMX BellecTB Ha OPraHM3M yYeoBeka, Kak IpaBuiIo,
He3HauYMTe/JbHO. O,[LHaKO Ba>XHO IIOMHMUTbD, UTO INIIEBbI€ ITIPOAYKTBI — HE
eIMHCTBEHHbIV MCTOUYHUK BEILIeCTB, MPUCYTCTBYIOMIUX B YIAKOBOYHBIX
(u Ipyrux) MaTepuasax, o0co6eHHO B IUIACTUKOBBIX. Kpome TOro, BaskHO
MOHMMATh, YTO GONBIIMHCTBO COEIMHEHN, 00/IaJaloNX KaHIleporeH-
HBIMM CBOJCTBaMM, 3a4aCTYIO 00/1aJal0T CMHepreTnyeckum adexrrom —
OIVIH KaHILepOreH, IOIajasi B OpraHM3M, yCUIMBAET KaHLlepOreHHbIe
CBOJICTBA OPYIUX.

Heo6xopyMoCTb MCCIen0BaHMsT KOHTAMMHALMY [TUIIEBOTO TTPOLYK-
Ta BellleCTBAaMM M3 YIMaKOBOYHBIX MaTepHUaloB MOKa3blBaeT U MpuUMep
C OVIOKCUIOM TUTaHa — elie 15 JieT Hasa/ ero cunTaay 6e30MmacHbIM ISt
4yesi0BeKa ¥ IMPOKO MCIOAb30BajN, a B HACTOsIILee BPeMsI OH 3allpelieH
K NMPUMEHEHMIO B MUILEBOJ NMPOMBIIUIEHHOCTY B HEKOTOPBIX CTPaHax
13-3a ero KaHIlepPOTeHHbIX ¥ TeHOTOKCUYHBIX CBOJICTB.
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OPTIMIZATION OF AEROBIC FERMENTATION
FOR ORGANIC WASTE: KEY FACTORS AND THEIR IMPACT
ON THE QUALITY OF THE FINAL PRODUCT
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waste, composting, In modern economic conditions, waste management and food security are important areas of sustainable development. Cur-
factors of aerobic rently, there are many technologies for organic waste recycling. One common method of processing is aerobic fermentation.
fermentation, rational ~ Food waste is difficult to process due to its physicochemical and organoleptic characteristics, unstable composition, high
regimes moisture, and various pH values. This significantly limits the choice of processing technologies. One way to improve efficiency

is by combining different types of waste. This article analyzes the process of aerobic fermentation of mixed organic waste, and
determines the parameters influencing the fermentation process (optimal temperature, presence of oxygen, and microorgan-
isms). The key factors (moisture, acidity, carbon, and nitrogen ratio) influencing the production of a high-quality secondary
product with high added value are defined, and the optimal ranges of these factors and methods for improving the conditions
for starting the fermentation process of food waste in combination with other organic waste are determined. The scientific
research has been conducted since the 1996 study to the present, with particular emphasis on the period 2012-2024. The main
results of the study are confirmation that the optimal values of the initial criteria for food waste differ from the acceptable
values of other organic waste. The key task in the preparation of organic mass is to determine the optimal ranges of factors
and the content of various types of waste depending on the final goal and the choice of secondary product. The key task in
preparing organic matter is to determine the optimal ranges of factors and the content of various types of waste depending on
the final goal and the choice of secondary product. Information on the optimal indicators of the resulting product is provided.
In addition, fermentation patterns and quality requirements for the final product, as well as six basic principles of this process,
are found based on the analysis of factors.
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KJIIOYEBBIE CJIOBA: AHHOTALI A

nuwessie 0mxoobl, B coBpeMeHHBIX SKOHOMUUYECKUX YCIOBUSX BasKHBIM HAlpaBJIeHVEM YCTOMUMBOTO Pa3BUTHUS SIBJIIETCS YIIPaBIEHME OTXO-
KOMNOCMUpoBaHue, nmaMu 1 obecriedeHne MpomoBOIbCTBEHHOM 6e30MmacHOCTH. B HacTosIIee BpeMsi CyIeCTBYeT MHOKECTBO TEXHOJIOT U repe-
akmopst aspobHoli PaboTKM OpraHMYecKmx 0TX0m0B. OJHMM M3 pacIIpOCTPAaHEHHBIX METOIOB MepepaboTKY IBIsIeTcs aspobHas hepmeHTAaIMs.
epmenmayuu, [nieBbie OTXOMbI SIBJSIIOTCST CJIOXKHBIM [JIsI TepepaboTKy MaTepyuasoM 13-3a CBOMX (HU3UKO-XMMUYECKUX U OPTaHOJeNTH-
payuoHanvHole YeCKUX XapaKTePUCTUK, HECTAOMIBHOTIO COCTaBa, BHICOKO BIAYKHOCTH M Pa3IMYHbIX 3HaYeHut pH. DTo cylecTBeHHO orpa-
pexcuMmbl HUUYMBAET BBIGOP TEXHOIOTU IepepaboTku. OMHUM 13 CITIOCO60B MOBbIIIeHNS 3((HEKTUBHOCTH SIB/ISETCSI KOMOVHUPOBaHME

pasIMYHbIX BUJOB OTXOLOB. B aHHOII cTaThe MPOaHAIM3MPOBAH IMpoliecc a3po6HOI pepMeHTaLMy CMENIaHHbIX OpraHu-
YeCKMX OTXOJOB M OIpe[eseHbl MapaMeTphbl, BAKUSIONINE Ha Tpoliecc depMeHTaluu (ONTUMalbHasl TeMIepaTypa, Haau-
Yyye KUCI0POJa ¥ MUKPOOPTaHN3MOB). BbIsIBIIeHbI K/lloUeBble (PaKTOPBI (BIaKHOCTh, KUCJIIOTHOCTD, COOTHOILIEHME YT/Iepoa
¥ a30Ta), BIAMSIOINME Ha MOyueH)e BbICOKOKAaUeCTBEHHOTO BTOPUMYHOTO MPOAYKTa C BHICOKOI 106aBI€HHOI CTOMMOCTbIO,
YCTaHOBJIEHBI ONTUMAaJ/IbHbIE AMATIA30HbI 3TUX (DAKTOPOB U METOAbI YIYUIIeHUs YCJIOBUIL 3aITycKa rpoiiecca hpepMeHTaUK
MMIIEBbIX OTXO0B B COUETAHMM C IPYTMMM OpTaHM4YeCKMMM oTxogaMmu. HayuyHoe ucciemoBaHyue poBoaunoch ¢ 1996 roga
10 HaCTOsIee BpeMs, C 0CO6bIM aKiieHTOM Ha mepuog, 2012-2024 rr. OCHOBHBIMM Pe3y/IbTaTaMU UCCIeIOBAHMS SIBJISTIOTCS
TOATBEPKIeHME TOTO, YTO ONTMMAalIbHble 3HaUEeHMs] VICXOLHBIX KPUTepUeB IJIs1 MUILEBbIX OTXOLOB OTIMYAIOTCS OT AOMY-
CTUMBIX 3HAUEeHUJ NPYrUMX OpPraHM4ecKyux OTXOAO0B. KitoueBoii 3aaueil Ipy MOATOTOBKE OPraHMYeCKOl MacChl SIBJISIETCSI
orpeiesieHe ONTYMAa/IbHBIX JUAIa30HOB (DaKTOPOB U COAEPKaHMUS Pa3IMUHbBIX BUOB OTXOJOB B 3aBUCUMOCTHU OT KOHEUHO
1LIeIM ¥ BbIGOpa BTOPMYHOTO MpoaykTa. KimroueBoii 3amaveii Mpy MOArOTOBKE OPraHMUeCKOrO BEleCcTBa SIBJISETCS OTpefie-
JIEHMEe ONITUMAaJIbHBIX I1AaTNa30HOB (DAKTOPOB U COMEPXKAHMS PA3IMUHBIX BUIOB OTXO/IOB B 3aBUCUMOCTY OT KOHEUHOI! 11e/n
¥ BbIGOpA BTOPMYHOTO npoaykTa. [IpuBeneHa nudopmanusi 06 ONTUMAIbHBIX TOKA3aTesIX [T0Jy4aeMoro mpoaykra. Kpome
TOTO, Ha OCHOBE aHa/M3a (pakKTOPOB BbISIBJIEHbI 3aKOHOMEPHOCTHU (hepMEHTAIM U TPeGOBaHUS K KAUECTBY KOHEUHOTO MPO-
IIYKTa, a TaKKe eCTb OCHOBHBIX IPUMHLIUIIOB 3TOTO IpolLiecca.
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1. Introduction

The concept of sustainable development is a model of economic prog-
ress that focuses on reducing, reusing, and recycling resources to mini-
mize waste generation. In the context of global environmental challenges
such as climate change and depletion of natural resources, this concept is
of particular importance for the food industry.

Recycling organic waste, including food waste, helps reduce green-
house gas emissions resulting from the decomposition of organic ma-
terials in the landfills. In addition, recycling can become an additional
source of raw materials to produce biogas, compost, and other valuable
products, which helps reduce dependence on fossil resources and sup-
ports economic sustainability [1,2].

According to the World Health Organization (WHO), improper waste
management can lead to serious environmental and health problems,
including soil and water pollution, as well as the spread of infectious
diseases. In the context of global warming and climate change, effective
waste management becomes even more relevant [3]. A key aspect of sus-
tainable development is the transformation of waste into new products or
goods with increased added value, as well as their use as raw materials for
other processes. Recycling food and organic waste is an important step
in this direction. This leads to a reduction in waste disposal volumes and
contributes to the formation of new business models based on the prin-
ciples of closed production cycles [4].

The circular economy involves a transition from a linear model of con-
sumption to a more sustainable system in which resources are reused and
recycled. If we draw an analogy with the life cycle assessment of food
products, then most often we observe a linear cycle called “Cradle-to-
Grave” (C2G). In this case, organic products end up in landfills, and this
approach is an ineffective concept in today's sustainable development
realities [5,6]. The correct solution is the “Cradle-to-Cradle” approach
(C20), in this case, the waste is returned to the production cycle which
includes the recycling process, which allows the waste to be reused [7,8].

With the increasing volume of organic waste generated by human ac-
tivities, especially in urban and rural areas, there is a need for effective
methods of recycling it. In this context, aerobic fermentation is a key ele-
ment to ensure the circularity of production processes and maximize re-
source efficiency. In recent years, there has been a growing interest in de-
veloping new technologies and methods for intensifying the processes of
aerobic decomposition of organic waste. Research shows that the use of
modern approaches to managing the processes of organic waste utiliza-
tion can significantly improve their efficiency. Numerous researches have
established that in conditions of a complex natural climate, characterized
by a long winter period, relatively low ambient temperatures, and high
humidity, one of the most effective technologies for the bioconversion
of organic waste is aerobic fermentation, carried out in closed installa-
tions [9—-12]. Aerobic fermentation is a complex process characterized by
dynamic changes caused by the interaction of various factors. The advan-
tages of this technology are low energy intensity of the process, low capi-
tal and operating costs, the relative simplicity of the technology, higher
quality characteristics of the final product, and relatively short process-
ing times [13]. The resulting product (compost) has high added value and
can be used as feed additives and bedding for animals or as the fertilizers
for crop production, which provides a beneficial effect on the develop-
ment of agriculture and reduces the load onto the environment [14].

The physicochemical and organoleptic characteristics of food waste
significantly limit the choice of technologies for their processing. One
option for increasing efficiency is the combinatorial selection of various
types of waste. The combination of more than one raw material can pro-
vide a good opportunity to extract the benefits of each component and
optimize the entire procedure. This method is applicable in terms of re-
ducing the burden on the environment and economic efficiency [15]. The
purpose of this article is to summarize the available data on the physical
and chemical processes occurring in organic material, to analyze the fac-
tors of aerobic solid-phase fermentation of food waste, to determine their
rational values and combinations allowing them to reduce processing
time and the emission of nutrients into the environment while retaining
or improving the quality of the final product.

2. Materials and methods

The object of research is the industry of processing organic waste by
the method of aerobic fermentation, narrowing to food waste. Theoreti-
cal, fundamental, and applied research on specialized and related topics,
which became the basis for systematized (generalized) data, were ana-
lyzed as research materials.

The search for sources was carried out using scientific databases Web
of Science, Scopus, and Google Scholar and scientific electronic libraries
CyberLeninka, eLIBRARY, as well as open Internet sources.

Data collection was carried out in Russian and English using the key-
words: «KOMIIOCTHpOoBaHue» (“‘composting”), «mepepaboTka MUIEBBIX
orxozmoB» (“food waste processing”), «aapo6Hast hepmeHTauus» (“aero-
bic fermentation”), «mpomoBosnbcTBeHHas 6e3omacHocTh» (“food safety”).

Theoretical methods such as analysis, synthesis, induction, deduc-
tion, comparative analysis, and systematization were used as research
methods.

3. Main factors influencing the process of aerobic fermentation

In food systems, including agriculture, aerobic fermentation is a bio-
chemical process of decomposing complex organic substances into sim-
pler components using microorganisms and protein catalysts (enzymes)
with a change in the physicochemical composition of the final product,
which has certain humic properties and which is free from pathogenic
microflora. The selected technology requires oxygen to start [16,17]. Op-
timization of this process allows to increase its efficiency, reduce process-
ing time, and improve the quality of the final product (compost).

Although aerobic fermentation is a process that can occur naturally,
it requires monitoring and control of several factors to ensure efficient
processing. The ability to vary controllable factors distinguishes aerobic
fermentation from long-term holding and active/passive composting.
The advantage of this technology is that it imitates the natural habitat
of most microorganisms, requires less energy for disinfection, and is less
susceptible to bacterial contamination, which allows the use of solid
agro-industrial waste as secondary material resources without increasing
the moisture content of the final product. All these features lead to lower
capital and operating costs, as well as reduced waste processing time and
increased efficiency.

Depending on the purpose of the study, aerobic fermentation factors
can be divided into process factors (temperature, O, content, etc.) and
material factors (moisture, pH, C/N ratio, etc.), and they can also be con-
sidered as controlled, manageable, and optimizable factors.

3.1. Temperature

The temperature reached by the fermented material during the pro-
cess of self-heating due to the activity of mesophilic and thermophilic
microflora is the main indicator of the successful progress of the process.
With an optimal ratio of factors, it is possible to increase the reaction rate
and reduce the loss of nutrients in the final mixture. The main condition
for the process of aerobic fermentation of organic waste is the passage
through several main temperature phases, in which different communi-
ties of microorganisms predominate (Figure 1).

During the “active” stage of decomposition, two main phases occur —
mesophilic and thermophilic ones, where microorganisms decompose
available organic material and their population increases, thus releasing
heat that accumulates inside the mass. The mesophilic phase begins al-
most immediately, and the temperature in the mass gradually increases
to the mesophilic range (from 40 °C to 55 °C). This period is marked by ac-
celerated metabolism in microorganisms, with intensive decomposition
of organic matter, the release of carbon dioxide and heat, and an increase
in the level of available nitrogen, all of which promote the growth of the
microbial population [19].

Next, the thermophilic phase comes. It is characterized by an increase
of temperature up to 70 °C with duration of 5 to 25 days or more. Under
such temperature and time conditions, complex organic compounds (for
example, cellulose and lignin) undergo intensive decomposition, patho-
genic microorganisms are destroyed at high temperatures, and the vol-
ume of the initial raw material is significantly reduced [20,21].

After completion of the active stage, the cooling process begins. The
decomposition of the remaining organic matter continues, and the diver-
sity of the microbial population increases, which contributes to a more
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Figure 1. Dynamics of the aerobic fermentation process [18]

PucyHok 1. IluHaMuKa npouecca a3pooHoii pepmenTtarum [18]
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complete decomposition of the remains; humic substances are formed,

which improves the quality of the final product. Mesophilic microorgan-

isms begin to dominate again at a comfortable temperature for them

(from 40°C to 55 °C) [22,23].

The final stage is maturation and stabilization with relatively low mi-
crobial activity and temperature, compared to the previous stages. This
indicates the completion of biochemical processes, stable organic com-
pounds are also formed, and the characteristic smell of finished compost
appears [24]. The entire process of decomposition of organic matter oc-
curs with the emission of carbon (in the form of CO,) and nitrogen (in the
form of NH;) into the atmosphere in varying volumes [25].

The process of recycling food waste by aerobic fermentation may be-
come less efficient due to the long-term prevalence of the same tempera-
ture regime:

0 at temperatures below 30°C, microbial metabolism slows down,
resulting in longer fermentation times and a decrease in the
overall efficiency of the process. The development of pathogenic
microorganisms and weed seeds is also possible, which can negatively
affect the quality of the compost;

O if temperatures above 60°C persist for a long time, the activity of
most mesophilic microorganisms decreases and protein denaturation
begins, which can also slow down the decomposition process.
Although thermophilic bacteria continue to function, too high a
temperature can negatively affect their activity and lead to a decrease
in the biodiversity of the microbial population.

The ability to control and manage temperature is a prerequisite for
controlled aerobic fermentation:

O installation of thermometers or temperature sensors allows for real-
time temperature monitoring;

O regulation of air flow helps to maintain the optimum temperature
through heat exchange and prevention of overheating, in addition,
in the biooxidation phase it is necessary to provide microorganisms
with a sufficient amount of oxygen, and in the maturation phase it is
necessary to remove excessive heat by evaporating moisture from the
processed material;

0 regular mixing of the processed mass using specialized equipment
promotes uniform heat distribution and prevents the formation of
“anaerobic loci”;

0 to protect from the external environment and changing weather
conditions, insulating materials or special structures are used for the
aerobic fermentation process.

3.2. Microorganisms

The entire process of aerobic fermentation is regulated by microbial
activity aimed at ensuring the decomposition of complex organic com-
pounds and their transformation into simpler substances. Microorgan-
isms actively synthesize specific enzymes that decompose organic sub-
strates into water and carbon dioxide. This leads to a decrease in the
volume of waste and the formation of humus — an important component
of finished high-quality compost. Aerobic microorganisms help destroy
pathogenic bacteria and helminth eggs due to the heat released during
the fermentation process. The temperature can reach 60-70°C, which
ensures sterilization of the material and increases the safety of the fi-
nal product (finished compost). As a result of the activity of microorgan-
isms, compost is enriched with macro- and microelements (N, P, K), which
makes it a valuable fertilizer for agriculture.

To speed up and regulate the process, it is important to control micro-
organisms at various stages. The microbial community structure is criti-
cal for determining the maturity of the organic matter as it will change
and evolve during the fermentation process. Chemical and biological
changes during composting of various organic wastes indicate a change
in the microbial population depending on the temperature reached dur-
ing composting [26—-28].

During the mesophilic phase (at temperatures of 40-55 °C) fungi pre-
dominate (Penicillium citrinum, Rhizopus nigricans, Aspergillus flavus, As-
pergillus niger) [20] and acid-forming bacteria (Lactobacillus spp. and Ace-
tobacter spp.), and also Amycolicicoccus subflavus, Bacillus subtilis, Bacillus
polymyxa, Mycobacterium xenopi, Mycobacterium thermoresistibil [20].

At the active stage of the thermophilic phase (up to a temperature
of 70°C), Talaromyces thermophilus, Talaromyces sp., Thermomyces sp.
(fungi), Kyrpidia tusciae, Mahella australiensis, Solibacillus silvestris, Ther-
momonospora curvata (bacteria) are of great importance [21]. When the
temperature decreases, the microorganisms are again replaced by meso-
philic ones and completely disappear at the final stage of maturation and
stabilization.

Aerobic bacteria are the main participants in the process of aerobic
fermentation. They use oxygen for respiration and decomposition of or-

ganic matter. Microorganisms feed on dead organic matter and promote
its decomposition, secreting enzymes that break down complex mol-
ecules into simpler ones, which facilitates further absorption of products
by other microorganisms (for example, saprophytic bacteria). Another
part of microorganisms (for example, azotobacters) plays an important
role in the nitrogen cycle, fixing atmospheric nitrogen and converting it
into forms accessible to plants and thus helping improve the structure of
compost, increasing its nutritional value.

Fungi are also involved in the process of decomposition of organic
matter. They are able to decompose cellulose and lignin, which makes
them indispensable for the processing of organic residues. Fungal myce-
lia form a network that promotes the aggregation of compost particles,
improving its structure and aeration.

Finally, after the aerobic fermentation is over due to the action of the
above specified microorganisms, organic waste is converted into mature
organic mass, which can then be used as a fertilizer or as a substrate for
feed additives or as animal bedding — a useful secondary organic product.

3.3. Moisture
Paying attention to the substrate moisture as one of the factors of

the fermentation process, it was found that with an optimal ratio of fac-

tors the moisture decreases during the thermophilic phase when the
temperature begins to increase during the fermentation of organic waste

[29]. This factor directly determines the activity of microorganisms, the

rate of decomposition of organic materials, and the quality of the finished

compost.

When there is a lack of moisture (below 50%), the metabolic activity
of microorganisms slows down. This leads to a decrease in the rate of de-
composition of organic materials, an increase in fermentation time, and
a deterioration in the quality of the compost. In conditions of insufficient
moisture, the risk of developing anaerobic processes also increases, which
can cause the accumulation of unpleasant odors and toxic substances.

When the moisture level, on the contrary, is excessive (more than 65%),
negative consequences are possible, such as “flooding” of the fermented
mass and lack of oxygen. This leads to the transition of the process to
the anaerobic mode, which reduces the efficiency of decomposition and
worsens the sanitary characteristics of the final product. Anaerobic con-
ditions contribute to the formation of methane and other volatile organic
compounds, which negatively impact the environment.

Various methods can be used to ensure optimal moisture levels during
aerobic fermentation:

O adjusting the composition of the source material by mixing
components with different moisture contents (e. g. sawdust, coal,
green-cut fodder, kitchen waste, etc.) allows achieving the optimal
moisture level;

O watering the fermented mass to maintain the required level of
moisture. However, excessive watering should be avoided, as this can
lead to overwatering;

0 Regular mixing of the compost mass to ensure even distribution of
moisture and prevent the formation of ”dry” or wet” zones.

When measuring the parameters, authors most often determine only
the initial moisture content in organic waste [30,31]. At the initial stage,
some authors measure the moisture content of each type of waste in the
organic mass of the waste. For example, in [32] mixed organic waste was
processed in a reactor with a fan and a grinder using aerobic fermentation
technology. The initial moisture content of certain types of mixed waste
was in the ranges from 7-15% (garden waste) and 8-11% (rice husks) to
70-80% (food waste). Measuring the moisture content of individual types
of mixed waste makes it difficult to analyze the fermentation process and
identify new patterns in the influence of moisture on the production of
new products with high added value.

However, several recent research [33,34] note the importance of the
total initial moisture content of organic waste and the final moisture con-
tent of the resulting product. The initial moisture content varies from
7-15% for certain types (e. g. rice husks and sawdust). On average, the
overall values are 50-55%. The highest moisture content is 83.6%, which
is reduced by adding coal to food waste, the share of coal in the total mass
is 10-15%) [35].

Effective moisture management through monitoring and regulation of
fermentation conditions can significantly improve the recycling results of
organic waste and ensure sustainable production of high-quality compost.

3.4 Acidity/pH level

For most aerobic microorganisms, the optimal pH level is in the range
of 5.5-8.0. Within this interval, the maximum activity of bacteria and
fungi is achieved, which contributes to the effective decomposition of or-
ganic matter.
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When the acidity value does not reach the optimal range (pH below
5.5), the activity of many beneficial microorganisms is suppressed. This
leads to a slowdown in the decomposition process and a decrease in the
overall efficiency of fermentation. Low acidity promotes the development
of pathogenic bacteria, which negatively affects the sanitary characteris-
tics of the final product.

Under circumstances where acidity values are higher than permissible
level (pH is more than 8.0), a decrease in the activity of aerobic bacteria
and fungi is observed. High alkalinity leads to protein denaturation and
inhibition of metabolic processes, which negatively affects the decompo-
sition of organic matter.

In aerobic fermentation of food waste, aerobic microorganisms devel-
op differently depending on the pH level. For example, mesophilic bacte-
ria generally grow better under neutral conditions (pH around 7), while
some thermophilic species may be more tolerant to pH fluctuations.

Unlike the moisture factor, the pH level is mainly determined at the
beginning and end of the fermentation process [36]. For example, in
2019, food waste (vegetables, fruit peels, coffee grounds, eggshells, and
tea leaves) with fillers to increase porosity and reduce moisture (chopped
wheat straw, sawdust, rice bran, corn stalks) was analyzed. The technol-
ogy chosen was aerobic fermentation with a rotating container. In the
research. the pH level was shown to increase from 1.1 to 8.5 [37]. How-
ever, in some cases, the initial determination of the indicator is made for
individual types of waste, which are then combined. For example, when
processed by aerobic fermentation with a stirrer and a fan, food waste
(rice, noodles, vegetables, meat, and seafood) had an acidity pH of 3.8-
6.5; garden waste (raked leaves and mown grass) — had 5.8-6.6; and rice
husks with an acidity of 7.1 — had 7.3. After maturing the mixed waste,
the acidity of the product was pH 3.8-8.9 [38].

To optimize the process of aerobic fermentation and stabilize the level
of porosity and pH acidity, fillers are added to food waste. For example,
dry sawdust and MgO and K,HPO, are added to food waste (bread, rice,
cabbage, and boiled pork) [29], in another study, the same author adds
lime to the above-mentioned mass [30].

Thus, the initial pH level varies from 2 to 7, generally the lowest value
being for food waste (as a separate type during subsequent mixing) and
the highest being for food waste with fillers (for example, lime, sawdust,
biochar, etc.) [34]. The average value is for mixed waste (e. g. food to-
gether with garden waste) [39,40]. At the end of the fermentation process,
the pH value is fixed at 4-9.

In addition to stirring the fermentation mixture and monitoring the
pH level, other methods are possible to regulate this factor:

O in case of deviation from the optimal pH level, “correctors” are used
(sulfuric or citric acid is added to increase acidity, and lime or dolomite
flour is added to decrease it);

O to adjust the acidity of the mass, various components with different
pH values are mixed (for example, adding green plant residues reduces
the pH level due to the release of organic acids).

3.5. C/N ratio

It is impossible to identify any single factor characterizing the effi-
ciency of biothermal processes, but many researchers agree that one of
the key parameters is the carbon-to-nitrogen ratio (C/N). This factor
plays an important role in creating a high-quality secondary product
with high added value since the basis of the aerobic fermentation process
is biological decomposition, and with the correct ratio, microorganisms
actively decompose organic matter and synthesize humus [26-28,41,42].
When analyzing scientific sources, it was revealed that the authors pay
the greatest attention to this factor [44]. Of particular importance are the
proportions of C and N in materials assigned for aerobic fermentation. C
is the main source of energy and an elemental component for microor-
ganisms, and N is necessary for the growth of microbes, and the synthesis
of amino acids, proteins, and nucleic acids. The C/N ratio during com-
posting affects the rate of decomposition. Higher values slow down the
rate of decomposition, while lower values increase N losses.

When the carbon to nitrogen (C/N) ratio is too high (e. g. above 35),
microorganisms are starved of available nitrogen, which can lead to a
condition known as “nitrogen starvation”. Under these conditions, the
decomposition of organic matter slows down and some nitrogen is lost
as gases such as ammonia (NHz) and nitrous oxide (N2O). This negatively
affects the efficiency of waste disposal and degrades the sanitary proper-
ties of the finished compost.

On the other hand, if the ratio is too low (e. g. below 15), there is exces-
sive loss of nitrogen into the atmosphere, which reduces the nutritional
properties of the final product and increases the emission of unwanted
gases into the environment. Also, high ammonia content causes unpleas-
ant odors [45].

In the case of the C/N ratio factor, the authors measure this indicator
less frequently for individual components of organic waste. An example
is research on the processing of organic waste by the method of aerobic
fermentation with a mixer and a fan of food waste (C/N — 8.85) together
with garden waste (C/N — 52.4) and a filler in the form of rice husk (C/N —
34.2). The final product has a C/N ratio of 14.5-19.6 which is confirmed
by several experimental studies [32].

To achieve the desired C/N ratio, it is recommended to mix materials
with a high carbon content (such as straw, sawdust, or wood chips) with ni-
trogen-containing components (manure or sewage sludge). If the C/N ratio
is higher than the acceptable one, urea or superphosphate is added to in-
crease the content of available nitrogen. This method helps to prevent "ni-
trogen starvation" of microorganisms and accelerates the decomposition
process. Atmospheric nitrogen fixation is possible by adding an inoculum
(a specific microbial population) to prevent a lack of available nitrogen.

3.6. Initial characteristics of aerobic fermentation factors

Each of the identified factors plays a critical role in determining the
rate of decomposition of organic materials and the quality of the final
product.

Maintaining optimal conditions for certain parameters accelerates the
decomposition process and improves the nutritional properties of the
compost. For example, the correct C/N ratio ensures active reproduction
of microorganisms, and control over the pH and moisture levels prevents
the development of pathogenic organisms and improves the sanitary
characteristics of compost.

The method of solid-phase aerobic fermentation is one of the most
promising approaches to processing food waste, especially in the condi-
tions of the northwestern region. The main task in the preparation of
organic matter is to determine the optimal ranges of factors and compo-
sition of waste types, depending on the final goal (Table 1). This allows
obtaining a secondary product with high added value, which makes the
process more economically advantageous.

It has been found that the processing of food waste by aerobic fermen-
tation cannot be carried out without mixing with other organic waste or
without adding a filler. These manipulations play an important role in op-
timizing the value of the main factors of the fermentation process — the
C/N ratio, moisture, and pH. In addition, food waste types also has different
values of the factors among themselves. This shows the main difference
between food waste and other organic matter, which must be considered
when approving the optimal ranges for each type of initial mass.

Table 1. Initial characteristics of aerobic fermentation factors
of mixed organic waste
Ta6nuua 1. HauanbHele xapakTepucTuky pakTopoB aspo6Hoit hepmeHTAIMN
CMEUIaHHBIX OPraHNM4YeCcKux OTX040B

Desiona- Measu- Acceptable Optimal
Factor t g: rement value of organic value of Source
units waste [27] food waste
Moisture AW % 40-75 50-55 [29-35]
Acidity pH — 5,5-9 4,5-6 [36-40]
C/N ratio C/N — 20-40 25-35 [44,45]

It was found that when the moisture content of organic waste is
high, it is necessary to add biochar, rice husks, or sawdust. In addition
to improving moisture content, it also increases the porosity of the
organic matter, which has a positive effect on the fermentation pro-
cess. The porous structure improves aeration, providing the necessary
oxygen access for microorganisms, which is critical for maintaining the
aerobic process.

At low pH values, it is recommended to add lime, potassium phos-
phate (K2HPO4), or sodium acetate (NaAc). These additives help neutral-
ize acidity and create more favorable conditions for the life of beneficial
microorganisms. Carbon to nitrogen (C/N) ratios can be adjusted by add-
ing organic waste of a different composition, which simultaneously helps
control the moisture content of the mass.

3.7. Assessment of the quality of the resulting product

Assessing the quality of the resulting compost substrate is an impor-
tant stage in the process of its production, as it determines its suitabil-
ity for use in the agro-industrial sector and agriculture. The quality of
compost affects its nutritional properties, environmental safety, and the
health of the fertilized plants.

The main requirement for the safe use of the resulting product is a
high degree of stability and maturity. This is manifested in a relative-
ly constant content of organic matter, the absence of phytotoxic com-
pounds, and pathogenic microflora. Substrate maturity is assessed by its
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potential for plant growth, whereas stability is related to the level of mi-
crobial activity. These two terms are often used interchangeably because
phytotoxic compounds are produced by microorganisms under unstable
substrate conditions [46,47].

Substrate maturity indicators are based on various properties: physi-
cal, chemical, and biological, including microbial activity (Table 2). Phys-
ical characteristics such as color, odor, and temperature provide a gen-
eral idea of the stage of decomposition achieved but provide insufficient
information on the degree of maturation [48]. Mature compost should
have a uniform, loose texture, dark color (brown to black), and an earthy
odor. The presence of large particles or foreign materials may indicate
insufficient decomposition. A dense or lumpy structure may indicate in-
sufficient aeration during the fermentation process. Unpleasant odors
(ammonia or rot) indicate problems with aerobic activity or the presence
of pathogens.

Table 2. Indicators of mature compost
Tab6nuiia 2. [IokasaTesu 3peIoro KOMIIOCTa

Unit

Indicator of measurement Value Source
Organic matter content % >30 [31-34]
C/N ratio - 10-15:1 [37,38]
pH — 6-8 [44,45]
Pathogenic microflora pes/cm’ <1 [20,21]
Availability of plant seeds — are missed [46,47]
Ammonia smell - are missed [48]

Compost should contain essential microelements such as iron, copper,
and zinc in concentrations that are safe for plants. Heavy metals and toxic
substances should be kept to a minimum to avoid negative impacts on plants
and the ecosystem. The study of the chemical composition, in particular
the C/N ratio in the solid fraction and liquid extract, the content of water-
soluble carbon, the ratio of water-soluble carbon to water-soluble nitrogen,
the presence of volatile organic acids, and the determination of the stage
of nitrification and denitrification processes is possible only in analytical
laboratories [26-28,41]. The finished secondary product must be free of
pathogenic microorganisms and weed seeds. For this purpose, it is impor-
tant to control the temperature regime during the composting process, as

high temperatures contribute to the destruction of pathogens. The main
indicator of the biological maturity of a substrate is its microbiological sta-
bility: the amount of microbial biomass and its metabolic activity, as well
as the concentration of easily biodegradable compounds [26-28,41-43].

To check the quality of the final product (compost), laboratory tests
are carried out to determine the content of essential nutrients (nitrogen,
phosphorus, potassium) and microelements (iron, copper, zinc). This
chemical analysis allows establishing the benefits of application of the
product into the soil. The presence of heavy metals (lead, cadmium, mer-
cury) and toxic compounds (e. g. pesticides) is determined using toxico-
logical analysis to assess the safety of the compost mixture and its impact
on the environment.

Microbiological analysis is carried out to detect the presence of patho-
genic microorganisms (e. g. E. coli, Salmonella) and weed seeds to confirm
the sanitary safety of the compost.

4. Conclusions
Optimization of aerobic fermentation of organic waste is an important

task that has high significance for sustainable waste management. This

article reviewed key factors affecting the aerobic fermentation process,
such as temperature, humidity, pH, carbon-nitrogen ratio (C/N), and the
role of microorganisms.

This process is an important step towards efficient resource manage-
ment and reduced environmental impact. Using high-quality compost
helps increase agricultural productivity and improve soil health.

In addition, based on the analysis of the factors and patterns of fer-
mentation and the requirements for the quality of the final product, six
basic principles of this process are defined:

1. Determining the purpose of the product with a clear understanding of
what the final product will be used for.

2. Selection of technology considering the natural, climatic, and sanitary
conditions of the region.

3. Optimization of the initial raw materials through the selection of their
physicochemical characteristics, such as the adjusting its carbon-to-
nitrogen ratio, pH level, moisture, and porosity.

4. Monitoring fermentation processes such as regular checking up of
temperature, humidity, oxygen content, and gas emissions.

5. Control of the fermentation process by stimulating the processes with
aeration and stirring.

6. Quality control by analyzing the final product for nutrient content and
the absence of pathogenic microflora.
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KEY WORDS: ABSTRACT
cocoa by-product, Obtaining market cocoa beans generated by-products considered as waste discarded in the plantations. Among these, there
fermentation, is the placenta on which the beans are attached. This study aimed to identify and quantify by HPLC some metabolites (phe-

bioactive compounds,  nolic compounds, organics acids,, methylxanthines and soluble sugars) in powders from unfermented and fermented cocoa

theobromine, caffeine, placenta. Profile of phenolic compounds showed a number of 14 and 11, respectively for the unfermented and fermented ex-

food ingredient tracts. These were essentially the major classes of phenolic compounds, namely, phenolic acids, flavonoids and tannins, with
the addition of coumarin and hydroquinone. Catechin displayed the highest level of 0.6346+0.0004 mg/kg in unfermented
placenta whereas condensed tannins scored highest concentration of 0.0736+0.0005 mg/kg in fermented placenta. Regarding
organic acids, the HPLC-profile allowed the detection of fumaric, lactic, oxalic, citric, acetic and tartaric acids. Quantitatively,
lactic and acetic acids were the major organic acids in both cocoa placenta with respective contents of 5.5179%0.0001 and
1.2036*0.0004 mg/kg in the unfermented placenta; 5.6519+0.0004 and 1.3830*0.0003 mg/kg in the fermented placenta.
HPLC analysis of methylxanthines, showed the presence of theobromine and caffeine in unfermented and fermented pla-
centa. Theobromine was the predominant methylxanthine with 0.0975+0.0013 and 0.0464 +0.0004 mg/kg for unfermented
and fermented placenta, respectively. Respect to soluble sugars, the HPLC analysis showed the presence of glucose, fructose
and sucrose in both cocoa placenta. In fermented placenta, fructose exhibited the highest due to its low fermentability, well
below that of glucose. The presence of these metabolites found in cocoa beans could suggest the use of cocoa placenta powders
as ingredients in the development of new cocoa-based food derivatives.
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K/IIOYEBBIE C/IOBA: AHHOTALIUA

niayeHma kaxkao, PaccmaTpuBaeTcs BOIPOC TOMYUYEHMsT PHIHOUHBIX KaKao-6060B M3 MOGOYHBIX MPOAYKTOB, CUMTAIOIIMKCS OTXOLAMM, KO-
depmenmayus, TOpBIE TOAJTeXaT yTUIM3AUUY Ha IVIAHTAUMSX. B UMC/IO TaKMX OTXOLOB BK/IIOUEHA PACTUTENbHAs IUIALEeHTa, K KOTOPOi
(eHonvHbIE KpernsTcst 606bI Kakao. Llesblo JaHHOTO MCCIeN0BaHMsI ObLIO BBISIBIEHME M KOMMYECTBEHHOE OllpesiesieHye C IOMOIIbI0
coeduHeHus, BIJKX aHanmm3a HEKOTOPHIX MeTaGoMUTOB (DEHONbHBIX COeAMHEHMUH, OPraHNYeCKUX KUCIOT, METUIKCAHTHHOB U PacTBO-
Op2aHuUyecKas KUcJi0ma, pyMbIX caxapoB) B MOPOLIKAxX 13 HeepPMEeHTUPOBAHHOM U (hepMeHTHPOBAHHOI TUIALIEHTHI Kakao. IIpoduib GpeHombHbIX
MeMUIKCAHMUH, COeIMHEHUI MOoKa3aa UX Haimuuue B KomuuectBe 14 u 11 B HedbepMeHTHMPOBAHHBIX U (hepMEHTHPOBAHHBIX HKCTPAKTAX,

pacmeopumplili caxap  COOTBETCTBEHHO. [Ipe/icTaBIeHbl OCHOBHbIE KJIACChl ()EHONbHBIX COEIMHEHU, a MUMEeHHO, (eHONIbHbIEe KUCIOThI, (IaBo-
HOM[IbI ¥ TAHUHBI, C 06aBJIeHNEM KyMapuHa U I'MAPOXMHOHA. KaTexuH 1moKkasas caMblii BBICOKUIT YPOBEHb COIEPKaHUST —
0,6346+0,0004 mr/kr — B HeepMEHTMPOBAHHOI TUIAlleHTe, TOTAA KaK B (hepMEeHTMPOBAHHOI IJIalleHTe CaMyI0 BICOKYIO
KOHIIEHTpalMI0 MOoKa3auu KOHJOeHCupoBaHHble TaHuHbl — 0,0736%0,0005 mr/kr. UTo KacaeTcs OpraHMYECKUX KUCIIOT,
aHanm3 npoduist mocpencTsoM BIKX mo3Bonnia 06HAPYKUTh HyMapoByI0, MOJIOUHYIO, I[aBeJIeBYIO, TMMOHHYIO, YKCYCHYIO
Y BUHHYIO KUCIOThI. KosuecTBeHHO MOJIOYHAST M YKCYCHAST KMCTOTHI GBIV OCHOBHBIMM OPTaHMYECKMMM KUCTOTAMMU B 060-
ux 06pasiiax IUIaleHThl KaKao C COOTBETCTBYIOIUM comepkanneM 5,5179%0,0001 u 1,2036+0,0004 mr/kr B HeepmeH-
TUPOBaHHO IIalenTe; u 5,6519+0,0004 u 1,3830+0,0003 mr/Kr B pepMEeHTUPOBAHHO IIalleHTe. AHAIN3 COMepPsKaHmsT
METUIKCAaHTUHOB mocpeacTBoM BAXKX mokasan Hanuuue Teo6poMuHa 1 KodenHa B HepepMeHTUPOBAHHO U pepMeHTH-
POBaHHOI I1arieHTe. Teo6poMIMH ObUT MPe0bIaaAIINM MEeTUIKCAHTUHOM ¢ gojeit cogepskanus 0,0975+0,0013 B Hedep-
MeHTUpOoBaHHOI, 1 0,0464 +0,0004 Mr/Kkr B pepMeHTUPOBAHHO TUIalleHTe, COOTBETCTBEHHO. UTO KacaeTcss paCTBOPUMBIX
caxapoB, BO)KX aHanm3 mokasasn HajMuue TIIOKO3bI, GPYKTO3BI U CaXapo3bl B 00eux IialeHTax Kakao. B pepmentuposan-
HOJI Tu1anieHTe GPyKTO3a MOKa3aaa HaMBBICIIYI0 KOHI[EHTPAIVMIO TI0 IPUYMHE CBOe ¢/1a60it hepMeHTUPyeMOCTH, 3HAUM-
TebHO 60Jiee HU3KOI, HEXXeU YeM y II0K0o3bl. Hamnune aTux MeTaboinToB, 06HAPYKEHHbIX B Kakao-6006ax, aeT OCHO-
BaHMS TPEAIONaraTh UCI0Ab30BaHMe MMOPOIIKA M3 TUIALEHThI KAKa0 B KAUeCTBe MHTPEJUEHTOB MPU pa3paboTKe HOBBIX
TIPOU3BOAHBIX MTPOAYKTOB MUTAHMSI HA OCHOBE KakKao.
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9771-2025-8-1-42-48 cucmemol, 8(1), 42-48. https://doi.org/10.21323/2618-9771-2025-8-1-42-48

42



lyoe K. A v gp. | MULLEBBIE CUCTEMbI | Tom 8 No 1 | 2025 | C. 42-48

BJIATOOAPHOCTU: ABTOpPBI BbIpaskaloT 61aroJapHOCTb MeCTHOMY HaceneHmio LleHTpanbHO-3amagHoro pernoHa Kor-m'ViByapa, 1 TeXHUYECKUM
crienmanicram YHuBepcutera Hanryu A6porya 3a c60p 06pasiioB 1 OKa3aHye TeXHUYEeCKON MOAePKKM P IPOBeIeHNM aHaI3a MEeTOLOM BbICO-

K03(hHeKTUBHOI KUAKOCTHOI XpoMaTorpadum COOTBETCTBEHHO.

1. Introduction

The cocoa tree (Theobroma cacao L.) is the only plant whose com-
mercial use of its beans from fruits, called, pods allows the production of
chocolate [1]. It belongs to the Malvaceae family and is native to South
and Central America [2] where it was cultivated by the Mayans and the
Aztecs who called it “the food of God” [1]. Currently, cocoa is of inesti-
mable economic importance in some developing countries because of its
high contribution to the Gross Domestic Product (GDP) [3]. Cote d’Ivoire,
Ghana and Indonesia are, respectively, the first, second and third pro-
ducer. These three countries supply approximately 67% of the production
of market cocoa beans [2]. Obtaining market cocoa beans generates enor-
mous quantities of by-products considered as wastes, generally utilized in
plantations, thus contributing to environmental pollution [4]. This waste
is made up of three fractions, namely the pod husk, the placenta and the
mucilage juice. Manufacturing of market cocoa beans into chocolate and
derived products generates wastes called bean shells which constitute
12-20% of the cocoa seed [5]. Today, it well known that the valorisation
of agricultural by-products wastes has become essential due to their sig-
nificant volume generated by industrial processing and their richness in
beneficial natural components [6,7]. Mendoza-Meneses et al. [8] indicat-
ed that the cocoa industrial wastes represent a source of usable biomass
for the development of new products such as food, livestock feed, cosmet-
ics, and chemical products, and they can even be used for the generation
of biofuels. Thus, cocoa by-products were widely. Regarding to pod husk
and bean shell, several reports showed that these cocoa by-products rep-
resent valuable bioactive compounds such as pectin, dietary fibers and
phenolic compounds [5,9,10]. As for mucilage juice, studies conducted by
Anvoh et al. [11] allowed it transformation into marmalade comparable
to commercial products such as apricot marmalade. With respect to co-
coa placenta which represents 2.58+0.22% of the total fruit weight [12],
investigations carried out on samples obtained from Coéte d’Ivoire in-
dicated that it could be good sources of macronutrients, minerals and
antioxidant components [13]. In Cote d’Ivoire, the placenta is the waste
resulting from extracting the market beans, which placenta is discarded
on cocoa tree plantations. This waste can be obtained after the removal of
the beans which subsequently undergo the fermentation stage. But also,
the placenta can be fermented concomitantly with the beans which will
subsequently be removed. Furthermore, it is well established that soluble
fermentable sugars, phenolic compounds, alkaloids, notably methylxan-
tines and organic acids, are strongly involved in obtaining tastes; aroma
flavours, antioxidant and neurostimulator properties of products derived
from cocoa beans, such as chocolate and cocoa powder [14-16].

This study aims to identify and quantify by chromatographic analysis
using high-performance liquid chromatography coupled with a UV-visi-
ble Diode Array Detector or Refractive Index Detector (RID), the differ-
ent phenolic compounds, organic acids, methylxanthines (theobromine,
caffeine and theophylline) and soluble sugars (glucose, fructose and su-
crose) contained in powders of this by-product in the fermented or un-
fermented condition. This can guide the food industry towards a possible
using of these powders in the development of new cocoa-based products.

2. Materials and methods

2.1. Materials

Cocoa material. The cocoa material subject to this study was the pla-
centa from ripe pods harvested from the Forastero variety in a plantation
in the Goh region, in the center-west of Cote d'Ivoire.

Chemicals. Standards of organic acids were provided by Sigma-Aldrich
(Steinheim, Germany). On the other hand, the standards of phenolic
compounds and the acetonitrile HPLC grade, standards of caffeine (99%
purity), theobromine (98% purity) and theophylline (99% purity) were
obtained from Merck (Darmstadt, Germany). Analytical grade powder of
D-(-)-Fructose (> 99%), D-(+)-Glucose (> 99.5%) and sucrose (> 99.5%)
standards were purchased from Sigma-Aldrich (St. Louis, MO, USA).

2.2. Methods

2.2.1. Cocoa placenta powder preparation

The cocoa placenta powders were obtained according to the method pre-
viously described by Goudé et al. [13]. The first batch containing all the
placentas fermented concomitantly with the beans for 3 days, accord-
ing to traditional fermentation methods, underwent separation with
the beans. For fermentation, approximately 50 kg of placenta with their

beans from the previously broken cocoa pods were poured onto plantain
leaves laid on the ground. Then, the pile was covered with banana leaves
and fermentation lasted three days. This placenta batch was dried in
oven UFB400 (Memmert, Germany) at temperature 45 °C for 3 to 5 days.
Subsequently, the dried placenta batch was ground and sieved (sieve of
mesh 250 yum) to obtain the fermented cocoa placenta powder. The sec-
ond batch containing all the unfermented placentas underwent the same
treatments to obtain the unfermented placenta powder.

2.2.2. Phenolic compounds extract preparation

A volume of 50 mL of 80% (V/V) methanol was added to 10 g of each
of the two previously prepared placenta powders. Then by stirring, the
phenolic compounds were extracted at 35 °C for 24 hours, and then fil-
tered through Whatman N°4 paper. This operation was repeated twice
on the residue obtained. The three methanolic extracts thus obtained
were combined to undergo evaporation at 35 °C using a rotary evapora-
tor (HEILDOLPH Laborata 4003 Control rotary evaporator, Schwabach,
Germany) down to 25 mL These 25 mL of each of the unfermented and
fermented placenta extracts were diluted in 50 mL of distilled water and
stored at —18 °C for the HPLC analysis.

2.2.3. Organic acid extract preparation

The organic acids of cocoa placenta powders were obtained according
to Hasib et al. [17]. Briefly, 2 g of cocoa placenta powder was introduced
into a centrifuge tube containing 20 mL of distilled water. This mixture
was centrifuged (Biocen 22 R, Ortoalresa, Spain) at 4000 rpm for 30 min.
The supernatant obtained was filtered through Whatman N°. 4 paper and
then through a 0.45 um Millipore filter (Millipore; Sartorius AG, Goettin-
gen, Germany) and stored at —18 °C for further use in the HPLC analysis.

2.2.4. Methylxantine extract preparation

Amassof 2gofplacenta powder was mixed with 10 mLof 10% (V/V) metha-
nol. This mixture was sonicated in an ultrasonic bath ULTR-2L0-001(Labbox,
France) during 30 min acceding to Junior et al. [18]. Subsequently, the
blend was centrifuged (Biocen 22 R, Ortoalresa, Spain) for 10 min at 3000
rpm, filtered through an Agilent 0.2um syringe filter, and the supernatant
transferred to a vial and maintained at a temperature of -18 °C.

2.2.5. Soluble sugar extracts preparation

Soluble sugars from cocoa placenta powders (fermented or unfermented)
were extracted using the method of Rolland [19]. Briefly, a lump of 20 mg
of cocoa placenta powder was added to 200 uL of 80% (V/V) ethanol in
a test tube. The mixture was vigorously shaken for 10 min, followed by
centrifugation (Biocen 22 R, Ortoalresa, Spain) at 13,000 rpm at room
temperature during 3 min. The supernatant obtained which contains glu-
cose, fructose and sucrose was kept. This operation was repeated 3 times.
The extracts were then evaporated in an evaporator (rotary evaporator
HEILDOLPH Laborata 4003 Control, Schwabach, Germany) and diluted in
600 pL of ultra-pure water.

2.3. HPLC procedures

2.3.1. Phenolic compound analysis

The 50 mL of phenolic extracts prepared — were added in 100 ml of
distilled water and 20 pl of each extract was injected in an HPLC unit
(HPLC (Shimadzu Corporation, Japan) endowed with a binary pump
(LC-6A) coupled to a UV-VIS detector (SPD-6A). Phenolic separation
was performed on an Agilent Zorbax SB-C18 column (5um particle size,
4.6x 150 m, CA, USA) at 38 °C. The mobile phase was formic acid/distilled
water (95/5; v/v) (eluent A) and acetonitrile/distilled water (98/2; v/v).
The operation carried out with a flow rate of 1 mL/min lasted 25 min.
Standard solution injection under the same conditions allowed to iden-
tify the different phenolic compounds by comparing retention times and
UV-visible spectra. Peak areas of each phenolic and external calibration
with standards were used for quantification.

2.3.2. Organic acid analysis

Organic acid analysis consisted of injecting 20 pL of organic acid
extract from placenta powder into an analytical HPLC unit (Shimadzu
Corporation, Japan) connected to a heating column device maintained
at 35°C via an oven (Meta Therm TM, Interchrom, France). The sepa-
ration column used was an ICSep ICE ORH-801 ion exclusion column
(40 cmx 5 pm, Interchrom, France). The system also included a pump
(Shimadzu LC-6A Liquid Chromatograph) to circulate the mobile phase, a
UV detector (Shimadzu SPD-6A UV Spectrophotometric Detector) and an
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integrator (Shimadzu Chromatopac CR6A). Organic acids were detected
at 210 nm and identified by comparing the retention times and spectral
data obtained from standards under the same conditions. Quantification
to obtain the different organic acid contents was carried out by compar-
ing the peak areas with those of the external standards.

The main methylxanthines (theobromine, caffeine and theophylline)
found in cocoa beans were explored chromatographically in placenta
powders using an analytical HPLC unit (Shimadzu Corporation, Japan).
The device also included a binary pump (LC-6A) associated with a UV-Vis
detector (SPD-6A). Each of these methylxanthines was isolated using a
reversed phase Hypersil™ ODS C18 Column with 10um as particle size
(Oslo, Norway). Analysis were carried out with isocratic elution at room
temperature, injecting 10 pL of solution of cocoa placenta powder, us-
ing methanol — water — acetic acid (80:19:1) (v/v) as the mobile phase
at a flow rate of 0.7 ml/min. UV-vis spectrophotometric detection was
done at 273 nm. Theobromine solutions of concentrations 0.05; 0.100
and 0.250 mg/mL, caffeine and theophylline of concentrations 0.016,
0.040 and 0.250 mg/mL were prepared and injected under the same chro-
matographic conditions. Retention times and spectral data of standards
collected under identical conditions were used for the identification of
methylxanthines in cocoa placenta powders. Concentration of each com-
pound was obtained through its peak area projected to the mean of its
external standard.

2.3.3. Soluble sugar analysis

The analyses of soluble sugars (glucose, fructose and sucrose) of the
cocoa placenta powders were carried out according to methods described
by Jayawardhane et al. [20] and Md Saad et al. [21] with few modifications.
The liquid chromatography performed involved the same device used for
methylxanthines, but this time connected to refractive index detector
(RID). Glucose, fructose and sucrose were separated with a reversed phase
column ZORBAX (Agilent) NH, column, 5um (4.5x250mm) in isocratic
mode at temperature of 33°C. The mobile phase used was a mixture of
acetonitrile and water (75:25) at flow rate of 1 mL/min. A standard solu-
tion of each soluble sugar was previously prepared by dissolving 10 mg
(glucose, fructose and sucrose) in the acetonitrile/water mixture (2/1),
and then filtered through 0.45um nylon filters. Concentrations of 0.3:1.5
and 5.00 mg/mL of each standard were prepared by diluting each stock
solution. The separation of the different soluble sugars was obtained by

38 A
PRI
004 i
2 /U
3 $1 9 ¥oyou
AL R T
ob” " Tabo" " Tab” T Tebo” T Tsb” " oo’ il T W’ T Tidw’ T a0 " Tdoo
Movton
2 s B
31
aooo- lﬁ }‘:‘1
12
= j{jW\ B 1 f BN
0003~ — L e
obo” " Tabo” " Tabo” " Tebo’ T Tabd C Twdoo’ T W T W’ T w0’ o’ T xm
Madon
18 C

“sho’ " e e Two’ T T T T T
Figure 1. Phenolic compounds HPLC-profiles of of methanolic
extracts from cocoa placenta powders; A: standards of phenolic
compound, B: unfermented placenta, C: fermented placenta;
detection at 280 nm: (1) tannin-H20; (2) tannin-ol; (3) gallic
acid; (4) cinnamic acid; (5) catechin; (6) flavone; (7) caffeic
acid; (8) pyrocatechol; (9) coumarine; (10) quercetine; (11)
hydroquinone; (12) Figure ferulic acid; (13) veratric acid; (14) rutin
Pucynok 1. BOJKX-npodmim ¢heHOIbHBIX COeTMHEHIT MEeTaHOIbHBIX
3KCTPAKTOB M3 MOPOLIKOB IUVIALIEHTHI KAKa0; A: cTaHAaPThI (HEeHOIbHBIX
coenuHeHuit, B: HedepMeHTHpOBaHHas IUIaleHTa, C: pepmMeHTMpOBaHHAS
IUIAeHTa; IOopor oGHapykeHust — ripu 280 um: (1) Taunu-H20;

(2) TaHMH-011; (3) ra/yIOBast KUCIOTA; (4) KOpUYHAS KMCIOTa; (5) KaTeXyH;
(6) dnasoH; (7) kKodeitHas KucioTa; (8) mupokaTexuH; (9) KyMapuH;
(10) kBepuetuH (11) rugpoxunon; (12) dbepynoBas Kucaora;

(13) BepaTpoBas Kuciaora; (14) pyrua

injecting 10 pL of the standards and samples of cocoa placenta powder
were injected into an NH, column according to the following procedure.
First, the different standard solutions at 5 mg/mL were injected sepa-
rately to estimate their retention time. Then, the mixture at the same
concentration and equal volume was injected for comparative analysis.
Finally, each of the cocoa placenta powder samples was injected to detect
and identify soluble sugars by comparison of retention times. The quan-
tification of the concentration of each sugar expressed in concentration
(mg/kg) was achieved by relating the area of the peak to that of its stand-
ard at a given concentration. Subsequently, the concentration of glucose,
fructose and sucrose in the placenta powder was obtained by calculating
the average of the values found previously.

2.4. Statistical analysis

All data were derived from the average of three analyses. Values ob-
tained were as means*standard deviation (SD). Analysis of variance
(ANOVA) and Tukey’s test were used to test for differences between
means by Statistica 7.1 software. Significant differences were considered
at the 5% level (p < 0.05).

3. Results and discussion

3.1. Phenolic compounds in cocoa placenta powders

HPLC analysis allowed to separate and identify, on the one hand,
14 phenolic compounds in the unfermented placenta powder and, on
the other hand, 11 in the fermented one (Figurel). These phenolic com-
pounds detected in unfermented placenta powder belonged to several
classes, namely tannins (tannins ol, i. e. condensed tannins; tannins H,0O,
i. e. hydrolysable tannins), phenolic acids (gallic acid, cinnamic acid, caf-
feic, ferulic acid, veratric acid), flavonoids (catechin, flavone, pyrocate-
chol quercetine, rutin), coumarin and hydroquinone. On the other hand,
the fermentation process caused the disappearance of ferulic acid, ve-
ratric acid and rutin in fermented placenta powder. It is well established
that cocoa beans and derived products such as chocolate have always
been good sources of phenolic compounds, particularly phenolic acids,
flavonoids and proanthocyanidines which are in fact condensed tannins
also called catechic tannins [14,22—-24]. The same was true for some by-
products such as pod husk [25,26] and cocoa beans shells [5,27,28]. The
disappearance of some phenolic compounds noted during fermenta-
tion in this study seems to be a common occurrence in cocoa. Indeed,
previous reports have indicated similar results during fermentation of
cocoa beans [23,29,30]. In terms of contents, Table 1 showed that cat-
echin displayed the highest value of 0.6346+0.0004 g/100 g in extract
of unfermented cocoa placenta powder, followed by hydroquinone
(0.1339+0.0003 g/100 g) and condensed tannins (0.1039+0.0004 mg/kg).
On the other hand, in the fermented powder extract, it was the condensed
tannins that scored the highest concentration (0.0736+0.0005 mg/kg),
followed by pyrocatechol (0.0564*0.0005 mg/kg) and hydrolysable tan-
nins (0.0328+0.0003 mg/kg). Upon examination of these contents of the

Table 1. Individual phenolic compounds contents (mg/kg)
in unfermented and fermented cocoa placenta powders

Ta6nuiia 1. Cogepskanue OTAeIbHbIX (PeHOTbHBIX COEIVUHEeHUI (MI/Kr)
B He(pepMEeHTUPOBAHHBIX U (hepMEeHTUPOBAHHBIX IMTOPOIIKAX IUIAL€HTHI

KaKao
Phenolic Peak RT Cocoa placenta powder, mg/kg
compound (min) Unfermented Fermented
Tannin-H,0 1 1.566 0.0354+0.0005° 0.0328+0.0003"
Tannin-ol 2 1.779 0.1039+0,0004*  0.0736+0,0005°
Gallic acid 3 1.820 0.0147+0,0004*  0.0136+0.0004*
Cinnamic acid 4 2.284 0.0040%0.0003°  0.0029+0.0004°
Catechin 5 2.474 0.6346+0.0004*  0.1360+0.0004°
Hydroquinone 6 2.862 0.1339+0.0003* 0.0025+0.0004°
Caffeic acid 7 3.247 0.0640+0,00032 0.0069+0.0003°
Pyrocatechol 8 3.869 0,0185+0.0003*  0.0564+0.0005°
Coumarine 9 4.409 0.0050+0.0001# 0.0170%+0.0003"
Quercetine 10 5.012 0.0021+0.00012 0.0021+0.0001?
Flavone 11 6.073 0.0048+0.0002¢  0.0553+0.0005°
Rutin 12 7.488 0.0031+0.00022 nd
Ferulic acid 13 8.624 0.0816+0.0004* nd
Veratric acid 14 9.602 0.0019+0.0003? nd

RT: Retention Time, nd: non-detect.

Each value is from an average of three trials. Values are the mean#*standard
deviation. In each row, mean values not bearing the same letter are significantly
different at p < 0.05 according to Tukey's test).
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different phenolic compounds in the powder of unfermented and fer-
mented placenta, the trend which emerged overall was that a decrease in
them was observed during fermentation. According to some reports, this
loss of phenolic compounds could be attributed to their leaching with the
fermentation exudate and also to their oxidation by polyphenol oxidases
as clearly shown by the brown colour of the fermented placenta [31,32].
Obviously, this could have a negative impact on the antioxidant capacity
of the fermented cocoa placenta powder which will decrease considerably
compared to that which is not fermented as reported by Fang et al. [33]
and Melo et al. [34] for cocoa beans.

3.2. Organic acids in cocoa placenta powders

The unfermented and fermented cocoa placenta powder extracts ex-
hibited an organic acid profile consisting of six identified organic acids
which were fumaric acid, lactic acid, oxalic acid, citric acid, acetic acid and
tartaric acid (Figure 2). In general, these organic acids have previously
been detected in cocoa beans [35-37] and in some by-products [11,38].
High levels of acetic acid and lactic acid are reported to be responsible for
the acid flavor of cocoa products from certain regions [36].

In terms of quantity, as shown in Table 2, lactic and acetic acids were
the major organic acids in both cocoa placenta powders with respective
contents of 5.5179%0.0001 and 1.2036+0.0004 mg/kg in the unferment-
ed powder; 5.6519+0.0004 and 1.3830%0.0003 mg/kg in the fermented
powder. These two acids originated from the fermentative activity of lac-
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Figure 2. Organic acid HPLC-profiles of extracts from cocoa
placenta powders; A: standards of organic acid, B: unfermented
placenta, C: fermented placenta; detection was made at 210
nm: the numbers (1), (2), (3), (4), (5), (6), (7) and (8) designate
respectively fumaric, lactic, oxalic, citric, acetic, tartaric, succinic
and tannic acids
Pucynok 1. IlIpodunau BIJKX opraHnMueckux KMC/IOT IKCTPAKTOB U3
IIOPOUIKOB IVIAII€HTbI KaKao; A: CTaHJAPThI OPraHNn4YeCKux Kmucjiaor,

B: HebepMeHTHMpPOBaHHAs IUIaeHTa, C: hepMeHTMPOBaHHAS IVIALEHTA;
nopor o6Hapyxenuss — 210 am: nudpsi (1), (2), (3), 4), (5), (6), (7) n (8)
0003HAYaI0T COOTBETCTBEHHO beMapOBYlO, MOJIOYHYIO, lIIaBeJ/IeBYIO,
JIMMOHHYI0, YKCYCHYI0, BUHHYIO, SHTAPHYIO ¥ TAHHMHOBYIO (ZyOM/IBHYIO)
KHUCJIOTbBI

Table 2. Individual organic acid contents (mg/kg) in unfermented
and fermented cocoa placenta powders
Tabmua 2. ComepskaHue OTAEIbHBIX OPTaHNYECKUX KUCIOT B IIOPOLIKe
HedepMeHTHPOBaHHO U (epMeHTHPOBAHHO IUIAIleHThI

. . RT Cocoa placenta powder, mg/kg
Organic acid Peak .
(min) Unfermented Fermented

Fumaric acid 1 1.401 nd 1.1055+0.0004?
Lactic acid 2 1.671 5.5179+0.0001% 5.6519+0.0004°
Oxalic acid 3 1.990 0.4388+0.0005? 0.4641+0.0004°
Citric acid 4 2.404 0.2756+0.0004? 0.2421%0.0004°
Acetic acid 5 2.611 1.2036+0.00042 2 1.3830%0.0003"
Tartaric acid 6 3.102 0.0932+0.00042 0.0996%0,0005P
Succinic acid 7 3,944 nd Nd
Tannic acid 8 4,082 nd Nd

RT: Retention Time, nd: non-detected.

Each value is from an average of three trials. Values are the mean*standard
deviation. In each row, mean values not bearing the same letter are significantly
different at p < 0.05 according to Tukey's test.

tic acid bacteria on the one hand and acetic acid bacteria on the other
hand [39-41]. Organic acids such as citric and oxalic acids, generally pres-
ent in fermented cocoa beans [42], were also present in both powders with
respective significant levels of 0.4388+0.0005 and 0.2756+0.0004 mg/kg
in the unfermented powder; 0.4641+0.0004 and — 0.2421%0.0004 mg/kg
in the fermented powder. Fumaric acid was detected in fermented powder
with a relatively considerable content of 1.1055+0.0004 mg/kg. Overall,
contents of different organic acids in cocoa placenta were significantly
higher in the fermented powder than in the unfermented one, with the
exception of citric acid. In fact, organic acids are produced during the fer-
mentation process by acetic acid bacteria, lactic acid bacteria and yeasts
and this must require increasing the pH of the fermentation medium
through the reduction of the citric acid content [43,44]. Some studies
have even reported that raw unfermented cocoa bean did not contain
lactic and acetic acids [45,46]. In the case of this present study, it would
be very likely that the fermentation of the placenta began early inside
the pod. Moreover, despite the appearance of organic acids such as lactic,
acetic and oxalic acids throughout fermentation, the difference in various
acids content between fermented and unfermented placenta, although
statistically significant, was not sufficiently considerable. This could be
attributed to the fact that these acids could be carried away into the fer-
mentation exudate due to the low stiffness of the cocoa placenta. In fact,
the fermentation exudate corresponded to the juice of the fermenting
mucilage. The finding of Anvoh et al. [11] previously confirmed a pres-
ence of considerable quantity of organic acids in cocoa fermented juice.

3.3. Methylxanthines in cocoa placenta powders

Caffeine (1,3,7-trimethylxanthine, theobromine (3,7-dimethylxan-
thine) and theophylline (1,3- dimethylxantine) are alkaloids of methyl-
xanthines class naturally present in cocoa bean [47,48]. The latter have
very close chemical structures and have been the subject of numerous
researches. They are well known for their stimulant effects on the cen-
tral nervous and cardiovascular systems [47,49]. The existence of theo-
bromine and caffeine has been highlighted in some by-products such as
cocoa bean shell [3,50] and cocoa mucilage [3]. In the present study, theo-
bromine, caffeine and theophylline were successfully analyzed in fer-
mented and unfermented cocoa placenta powders. The results presented
on the chromatographic profile (Figure 3) showed that the unfermented
cocoa placenta presented peaks of theobromine, caffeine and theoph-
ylline. On the other hand, for the placenta fermented in cocoa powder,
although exhibiting peaks of theobromine and caffeine, theophylline is
completely absent.

Regarding concentrations of these different methylxanrhines pre-
sented in Table 3, unfermented cocoa placenta powder showed values
of 0.0975+0.0013; 0.0607+0.0004 and 0.0193+0.0002 mg/kg for theo-
bromine, caffeine and theophylline, respectively. As for fermented co-
coa placenta powder, respective concentrations of 0.0464+0.0004 and
0.0295+0.0004 mg/kg were recorded for theobromine and caffeine while
theophylline was absent. These data from the analysis of methylxanthines
showed overall that cocoa placenta contains significant levels of theobro-
mine, caffeine and traces of theophylline like cocoa beans. In addition,
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Figure 3. Methylxanthine HPLC-profiles of extracts from cocoa
placenta powders; A: standards of methyxanthine,
B: unfermented placenta, C: fermented placenta; detection
at 273 nm: (1) theophylline; (2) theobromine; (3) caffeine

Pucynok 3. BOXKX mpodmiv METUIKCAHTUHA IKCTPAKTOB U3 MIOPOILIKOB
IUTAIeHTHI KaKao; A: cTaHAapThl METMKCAHTUHA, B: HepepmeHTHMpPOBaHHAS
wianeHTa, C: ¢pepMeHTMpPOBaHHasI IUIAEHTA; IOPOT OOHApYyKeHus npu 273

HM: (1) Teodmumn; (2) TeodpomuH; (3) KobenHn
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Table 3. Methylxanthine contents (mg/kg) in unfermented
and fermented cocoa placenta powders
Ta6nuua 3. ComepskaHue METHMIKCAHTUHA (MI/Kr) B IOPOLIKAX
He(l)epMeHTI/IpOBaHHO]‘/i n (l)epMeHTMpOBaHHO]‘;I IVIAEeHTHhI KaKao

Methylxanthine Peak R'.T Cocoa placenta powder, mg/kg
(min) Unfermented Fermented
Théophylline 1 2.659 0.0193+ 0.0002 nd
Théobromine 2 3.116 0.0975+0.00132 0.0464+0.0004°
Caffeine 3 3.413 0.0607 = 0.00042 0.0295+0.0004°

RT: Retention Time, nd: non-detect.

Each value is from an average of three trials. Values are the mean#*standard
deviation. In each row, mean values not bearing the same letter are significantly
different at p < 0.05 according to Tukey's test.

fermentation induced a considerable drop in methylxanthine content as
has been noted for cocoa beans in the literature [18,51-53]. This decrease
in methylxanthine levels could be explained by the fact that during fer-
mentation, the pulp, that is to say the mucilage attached to the bean and
the placenta which contains theobromine and caffeine [51], is extracted
with the aid from the increase in temperature and leached into the fer-
mentation exudate as has been reported for the cocoa bean [54].

3.4. Soluble sugars in cocoa placenta powders

According to some authors, the profile of soluble sugars in cocoa raw
products constitutes a quality index; these sugars are found to be one of
the main precursors of flavor and taste for which the newly formed com-
pounds from these sugars are responsible [55,56], all of which justifies the
analysis of fructose, glucose and sucrose in this study. Figure 4 showed
the chromatographic profiles of these soluble sugars in fermented and
unfermented cocoa placenta powders. It was observed that these three
soluble sugars were detected in both cocoa placenta powders. It is well
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Figure 4. Soluble sugars HPLC-profiles of extracts from cocoa
placenta powders; A: standards of soluble sugars, B: unfermented
placenta, C: fermented placenta; detection with Refractive Index

Detector (RID: (1) Fructose; (2) Glucose (3) Sucrose
PucyHok 4. PactBopumble caxapa. B3JKX npoduan skcTpakToB
U3 IIOPOUIKOB IVIAll€HThI KaKao; A: CTaHJApPThI pPaCTBOPMMBIX CaxaposB,
B: HebepMeHTUpPOBaHHAs IUIaNeHTa, C: epMeHTHMpPOBaHHAs IUIALEHTA;
oGHapykeHMe C oMol pedpakromerpuueckoro gerekropa (RID):
(1) dpykTo3a; (2) riaoko3a (3) caxaposa

Table 4. Sucrose, glucose and sucrose contents (mg/kg)
in sugar extracts from cocoa placenta powders
Ta6nuua 4. CogepskaHue caxapo3bl, INTIOKO3bI M CaxXapo3bl (MI/Kr)
B 3KCTPAKTax caxapa, U3BJIEYEHHbIX V3 IMOPOIIKOB IVIAll€HThI KaKao

Sugar extract from cocoa placenta

owder, m;
Soluble sugars Peak RT pow g/kg
(min) Unfermented batch Fermented
batch
Fructose 1.709 0.2558+0.00022  0.2075%0.0004"
Glucose 2 2.870 0.1681+0.0002¢  0.1299+0.0004"
Sucrose 3 3.801 0.0145+0.0003*  0.0076+0.0006"

RT: Retention Time.

Each value is from an average of three trials. Values are the mean*standard
deviation. In each row, mean values not bearing the same letter are significantly
different at p < 0.05 according to Tukey's test.

known that sucrose, glucose and fructose are the predominant sugars
in fresh cocoa beans [57,58]. These soluble sugars were also detected in
some cocoa by-products such as mucilage [59].

In terms of quantification, Table 4 shows concentration of each sol-
uble analyzed sugar. Fructose exhibited the higher concentration in un-
fermented placenta powder estimated to 0.2558+0.0002 mg/kg, followed
by glucose with a value of 0.1681+0.0002 mg/kg. As for sucrose, its con-
centration in unfermented placenta powder was the lowest with an esti-
mated value of 0.0145+0.0003 mg/kg. The presence of these three soluble
sugars has already been reported in unfermented cocoa beans [60,61].
Sucrose, glucose and fructose are mainly found in the pulp which cov-
ers the beans and the placenta, and during fermentation these sugars are
metabolized by yeasts [57]. Furthermore, previous reports have indicated
that sucrose is the predominant soluble sugar in fresh pulp before the
fermentation [61,62].

On the other hand, in the present study, sucrose had the lowest con-
centration in the unfermented cocoa placenta. This might be attrib-
uted to premature fermentation in the placenta. Regarding fermented
cocoa placenta powder, it was overall observed that the concentrations
of the different sugars decreased to reach values of 0.2075%0.0004;
0.1299#0.0004 and 0.0076+0.0006 mg/kg at the end of fermentation for
fructose, glucose and sucrose respectively. This observation is in agree-
ment with several others during the fermentation of cocoa beans [57,61].
As reported earlier in this study, this could be justified by the fact that
these sugars are fermented by microorganisms to produce various metab-
olites such as ethanol, organic acids and others [63]. In addition, during
fermentation, sucrose was almost hydrolyzed to glucose and fructose by
endogenous invertase [55,64]. Furthermore, the concentration of fructose
is the highest in fermented cocoa placenta powder; this could be ascribed
to the preferential metabolism of glucose during fermentation [65].

4. Conclusion

The results reported in this study clearly indicated that in terms of
phenolic compounds, organic acids, methylxanthines and soluble sugars,
the compositions of the fermented cocoa placenta powder were approxi-
mately similar to cocoa powder from the fermented beans. This could be
a good quality indicator that could allow this by-product of obtaining
market cocoa beans to be considered as an ingredient for the develop-
ment of cocoa-based food derivatives instead of fermented cocoa beans
powder. This would constitute an added value in the valorization of the
by-products of cocoa processing, as the placenta is generally discarded in
the cocoa plantations.
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IMMPOBJIEMbBI OBIIECTBEHHOTO 310POBbS 1 CAHUTAPUMN,
CBS3AHHBIE C BAKTEPUEN PSEUDOMONAS AERUGINOSA

Kummnosa C. A*. Poxkkosa U. B., ®omenxo O. 10.
Bcepoccuiickuii Hay4HO-MCCIeA0BATeNIbCKMI MHCTUTYT MOJIOYHOV IPOMBILIZIEHHOCTY, MockBa, Poccus

Open access

K/IIOYEBBIE CJIOBA: AHHOTAL A

Pseudomonas K HeXenaTebHbIM MUKPOOPraHM3MaM, 4acTO BbIAE/ISIeMbIM B IMUIEBOM, B TOM YMC/Ie MOJIOYHO MPOMBILIIEHHOCTM, MOKHO
aeruginosa, OTHEeCTM TIpeCTaBUTeel ceMeiicTBa nceBmoMoHaz. Ocoboe 3HaUeHue MMeeT YCIOBHO-TaToreHHast 6akrepust Pseudomonas
namozeHHOCMb, aeruginosa, pojib KOTOPOJ B KOHTAMMHALMM MTPOMBILIJIEHHOTO 060PYIOBaHNUS Y BTOPMYHOTO MHGUIMPOBAHMS TOTOBOI MO-
MeXaHu3Mbl JIOYHOM TIPOAYKIMY HEYKJIOHHO HapacTaer. DTa IpaMoTpuiiaTebHas 6akTepusi IOBCEMECTHO PaCIpoCTpaHeHa B IPUPOIe
ycmotiuugocmu, M XapaKTepU3yeTcsl MHOrO(GAKTOPHOI PE3UCTEHTHOCTBIO K IIMPOKOMY CIIEKTPY aHTUMMKPOOHBIX MPENapaToB M CIIOCO6HO-
adanmugHsie CThIO OBICTPO aJAIITMPOBATHCS K MEHSIOLIMMCS YCIOBUSIM 00MTaHMsI. SIBIISISICh Upe3BbIUaifHO aKTUBHBIM O61OIIEHKOO6Pa3oBa-
cnocoGHocmu, TeneM, P. aeruginosa moxkeT 3¢ deKTUBHO KOJOHM3UPOBATh pas3/MuHble TOBePXHOCTH. CIIOCOGHOCTD K POCTY B IIMPOKOM TeM-
cmpamezuu repaTypHOM [yarna3oHe MO3BOJsIeT GaKTepyy PasMHOKAThCS HEITOCPEICTBEHHO B MOJIOKE, TPV XPAHEHWUM B XOIOAVIbHUKE.
npomusodeticmaus TpoHukHOBeHMe P. aeruginosa Ha NPeANPUSTHS TIUILEBOI OTPaC/IM MPUBOAUT K SKOHOMUYECKUM [TOTE€PSIM, BbI3bIBast TIOPUY

MIPOAYKTOB MUTaHUSL. SIBJISISICH IPUUVHOI IIMPOKOTO CIIEKTPa OCTPBIX U XPOHUUECKMX 3aboneBaHuit, P. aeruginosa MoxeT He-
CTM TIPSIMYIO YTPO3Yy 3[J0POBBIO UeoBeKa Mpy MOMaJaHuy B MMIIEBbIe [enouky. HacTosmmii 0630p MOCBSIIEH MpodieMam,
CBSI3aHHBIM C KOHTaMMHauuei P. aeruginosa Ha MUIEBBIX MPEANPUITHSX, & TAKKEe METOAAM UAEHTUDUKALUU U KOHTPOJIS
IAHHOJ 6akTepyn. [ToATBeP)KAaeTCsl aKTyaIbHOCTD M HEOOXOAVMMOCTD aKTMBHOTO MOMCKA ¥ pa3pabOTKU CPEACTB AJISI IPOTHU-
BoJelicTBuUs 6akTepuu P. aeruginosa, UCIonb3yiolieii MHOTOrpaHHbIe MeXaHU3Mbl YCTONYMBOCTY K CTPECCOPHBIM BO3ZeiCTBI-
M. Cucrema poGUIaKTUIECKMX Mep Ha MPeITIPYUSITUSIX MUIEeBO OTPac/iv LO/KHA PelyCMaTPUBATh BO3MOKHOCTD GbICTPO
KOPPEKTMPOBATH KOMIUIEKC Ie3MHOUIMPYIOLINX MEPOTIPUSITHIA. [IJIs YCITEIIHOI SMMMMUHAIMY TAKOTO CJIOKHOTO MAaTOreHa, Kak
P. aeruginosa, skenaTenbHbl KOMOMHALIMYU CTPATETNIL, pa3paboTaHHbIe C yIaCTUEM CIIELMATUCTOB PAa3HOTO MPOGWIIs.
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Pseudomonas Representatives of pseudomonads can be assigned to undesirable microorganisms frequently isolated in the food industry, in-
aeruginosa, cluding the dairy industry. Opportunistic pathogenic bacterium Pseudomonas aeruginosa is of particular importance and its
pathogenicity, role in contamination of industrial equipment and secondary contamination of finished dairy products is growing steadily. This
resistance Gram-negative bacterium is ubiquitous in the nature and is characterized by multifactor resistance to a broad spectrum of anti-

mechanisms, adaptive
abilities, counteraction
strategies

microbials and the ability of quickly adapt to changing conditions of the habitat. Being quite an active biofilm former, P. aerugi-
nosa can effectively colonize various surfaces. The ability to grow in a wide temperature range allows the bacterium to multiply
directly in milk upon storage in a refrigerator. Entry of P. aeruginosa into enterprises of the food industry leads to economic losses
due to food spoilage. Being a cause of a broad spectrum of acute and chronic diseases, P. aeruginosa can present a direct threat to
human health when entering the food chains. The present review is devoted to the problems linked to P. aeruginosa contamina-
tion in food enterprises as well as methods of identification and control of this bacterium. The authors confirmed the topicality
and necessity of the active search for and development of means to counteract P. aeruginosa, which uses multiple mechanisms of
stress resistance. The system of prophylactic actions in food industry enterprises should contemplate a possibility of rapid cor-
rection of a complex of disinfection measures. To eliminate successfully such a difficult pathogen as P. aeruginosa, combinations
of strategies developed with participation of specialists of different areas of expertise are desirable.

1. BBegeHue

Ipo6iema 6€30MaCHOCTH MUIIEBOI POAYKI[MI COXPaHSIET CBOIO aK-
TYaJbHOCTb, HECMOTPSI HA COBPEMEHHbBIE OCTIVDKEHMSI B 00/IaCTU CaHM-
Tapuy M YCOBEPLIEHCTBOBaHME MeTOLOB KOHTpousl. OHa ycyryomsercs
B CBSI3M C PacTylleil BO BCeM MMpe paclpoCTPaHeHHOCTbI0 MMUKpPOOpra-
HM3MOB C MHOXXeCTBEHHOJ1 JIeKapCTBeHHOJ ycToiiumBocTbio (MJTY). Oto
HeXeJlaTeJIbHOe IJIs1 YeloBeKa siBjieHVie 0COOEHHO YCUIWIIOCh B TIePUOT,
MaHAeMUY KOpOHABMPYCa B CBSI3Y C MHOTOKPATHO YBEIMUMBIIMMCS U 3a-
YacTylo 6eCKOHTPONBHBIM JICIIONb30BaHMEM GaKTepPUIMIHBIX IIperapa-
TOB [1]. MccienoBanyue paclpoCTPaHEHHOCTM B IUILEBBIX IPOAYKTAX
MMKPOOPTaHM3MOB C MHOKECTBEHHOH yCTOWYMBOCTBIO K aHTVIMMKPOO-
HBIM IIperaparam Ioka3asuo, YTo UX Jojs coctasisieT oT 10% mo 50%,
MpUYeM CeJeKIVsl YCTOMUMBBIX (GOPM MOKET GbITh BbI3BaHA HE TOJIBKO

oI UUTUPOBAHNMA: Kummnnosa, C. A., Poxxkosa, 1. B., ®omeHko, O. 0.
(2025). TIpo6nembl OOLIECTBEHHOTO 3I0POBbSI M CaHUTAPUM, CBSI3AHHbIE C OaK-
Tepueit Pseudomonas aeruginosa. IMuwegsie cucmemst, 8(1), 49-57. https://doi.
org/10.21323/2618-9771-2025-8-1-49-57

aHTMOMOTMKaMU, HO U Ae3uHbuImpyomyumu cpencrsamu [2]. K mykpo-
OopraHMsMam, 4acTo BblIeIsieMbIM Ha MUILEBBIX NIPOM3BOACTBAX, OTHO-
CUTCSl YCIOBHO-TIATOreHHast Gakrepust Pseudomonas aeruginosa. OHa
061ajaeT MCKIIOYNTENBbHO BBICOKMMY MHOTO(QAKTOPHBIMM alallTUBHBI-
MM MexaHM3MaMM, BKIIOYasl CIOCOOHOCTh K ObICTPOMY (DOPMUPOBAHUIO
YCTOUMBOCTY K aHTMMMUKPOOGHBIM BellecTBaM. B COBpeMEeHHBIX YC/IO-
BMSIX 9TO IPEACTAB/sIET Cepbe3HyI0 MPo6eMy Kak AJIsI 001eCTBEeHHOTO
31paBOOXPaHeHNs], TaK U JJIsl MUILeBoi oTpacin. Ponb JaHHOrO BO306Y-
IUTeNs B KOHTaMMHALIMY IPOMBIIUIEHHOTO 060pYA0BaHMS ¥ BTOPUYHO-
ro MHOUIMPOBAHMS TOTOBOM MOJIOUHOJ NMPOAYKIMYU Bo3pacTaer [3-6].
IToMMMO CIIOCOGHOCTY GBICTPO PA3MHOXKATHCSI B OXJIAKIEHHOM MOJIOKe,
P. aeruginosa BbIpabaThIBaeT BbI3bIBAOIIME TIOPYY MOJIOKA ¥ MOJIOUHBIX
MIPOLYKTOB TE€PMOCTaOMIbHBIE (epMEHTBI, BbIIEPKUBAIOIINE DPEKMMBI

FOR CITATION: Kishilova, S. A., Rozhkova, I. V., Fomenko, O. Yu. (2025). Pub-
lic health and sanitation issues related to the bacterium Pseudomonas aeruginosa.
Food Systems, 8(1),49-57. https://doi.org/10.21323/2618-9771-2025-8-1-49-57
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nactepusanum [5]. [ToMMMO 9KOHOMMYECKUX TIOTepb, P. aeruginosa npep-
CTaBJIsIeT MPSMYI0 YIpO3y 3J0POBBI0 UeIOBeKa, BbI3bIBAsi MHOXKECTBO
OCTPBIX ¥ XPOHMUYECKUX 3abonmeBaHuii [3]. BosgeiicTBue ne3uHdpeKkTaH-
TOB, MPUMEHSIEMBIX [JI1 OYMCTKY TEXHOJIOTMYECKOTO OOOPYIOBaHMS
M 1[€XOB, CO3/IaeT CTPECCOBbIE YCJIOBWS, CIIOCOGCTBYIONME YBEINUEHUIO
reTeporeHHOCTU MOMYJISILIMM MUKPOOPraHM3MOB. DTO ITOBBILIAET PUCK
oT6opa yCTOMUMBBIX (OPM U UX MOMANaHUs B MUIIEBbIe TTPOAYKTHI Ue-
JIOBeKa. B MOlIOKe ¥ MOJIOYHOJ NMPOAYKLVM, COITIACHO CYILECTBYIOIIVM
HOPMATUBHBIM OOKYMEHTaM, ﬂaHHbIﬁ MUKPOOPraHM3smM He HOPpMUPYeT-
Cs1, YTO 3aTPYLHSIET ero olepaTMBHOE BbISIBIEHME B ITPOU3BOLCTBEHHBIX
nabopaTtopusix. P. aeruginosa, siBJsSISICh OJHOI 13 KITIOUEBbIX IIPUYMH HO-
30KOMMA/IbHBIX (BHYTPUOOTbHUYHBIX) MHPEKIINIT, aKTUBHO UCCIENYETCSI
B Hay4YHOJ inTeparype. B HacTosieM 0630pe U3y4aloTcst pUCKY, CBSI3aH-
Hble C KOHTaMMHaLyel) 3TUM MUKPOOPraHM3MOM IIPeNNpUSTHI MHIle-
BOJi TIPOMBINIIEHHOCTU. 1le/ibio 0630pa SIBJISICS aHAIU3 JIUTEPATYPHBIX
MCTOYHMKOB, Kacaloumxcst poiu P. aeruginosa ¢ TOYKM 3peHust mpo6aem
6e30MacHOCTY TMUIIEBBIX CUCTEM, a TaKkKe 3aTparuBaioIlMX MEeTO/IbI
uaeHTUGUKAIUY 1 TTOVCKA MyTei POTUBOAENCTBMS JaHHO! 6aKTepUn.

2. OG'BEKTHI M METOABI

B maHHOM 0630pe paccMaTpuBaINCh UCCIENOBATENbCKIE U 0630D-
Hble CTaTbM, MOAXOASIINE TIOA KpuTepuu or6opa. OCHOBHBIM KpUTe-
pUeM SIBJISVIOCh Hanmuuue MHopMaimyu o6 0COGEHHOCTSIX MUKDPOOP-
raHu3mMa, OCJIOXKHSIOUIMX €ro KOHTPO/Ib Ha IMUIIEBBIX MPOU3BOICTBAX
U B CUCTeMe 37 paBooxpaHeHus. Takxke MHTepeC MPeaCTaB/IsIN MCCie-
JTOBaHMsI, MOCBSIIII@HHbIE PUCKaM 6€3011acHOCTH MUIIEeBOI MPOTYKIIUMA,
06YCIOBAEHHBIM PACTYIE YCTONYMBOCTHI0 MUKPOOPTAHM3MOB K aH-
TUMUKPOOHBIM IIpernapaTam, a TakKe CTpaTeruMsM ee IPEeOIoIeHMs.
K KpuTEpUsIM BKIIOUEHUST OTHOCUIIUCD SI3bIK MYOIMKALMM (AHTTIMIACKII
U PYCCKUI); ee TUII U CTATyC (OIyOJMKOBAHHbIE SMITMPUUECKIE U 00-
30pHbIE CTaThy). BpeMeHHbIe paMKM aHaIU3UPYEMbIX MCTOUHUKOB —
¢ 2001 mo 2023 rr. JIOMOMHUTENbHBIM KpUTEpPUEM OT6Opa SIBJSIOCH
HaJMuue JOCTYIA K MOTHOMY TEKCTY CTaTbhy. VICTIONIb30BaINCh TIOUCKO-
BbI€ 3aIIPOCHI [0 KJIIOYEBBIM CJIOBaM U CJIOBOCOYETaHUSIM: Pseudomonas
aeruginosa, namozeHHOCMb, MEXAHU3Mbl YCMOLMUBOCMU, A0AnMueHble
cnocobHocmu, cmpamezuu npomugodeticmeusi. Takke O6bLIM TIPOU3-
BeJeHbl TIOMCKM C [MOMOIIbIO KIIOUEBBIX CJIOB HAa AHIVIMIICKOM SI3bI-
Ke. [ToMCK HAyYHO! JUTEpPATYPHl MPOU3BOAMIICS C TIOMOIIBIO CUCTEM
Google Scholar u e-library. CymmapHo B 6a3ax JaHHBIX 6bLJI0 OTOGPAHO
134 ucrounuka. B manpHeliieM NpomM3BOAWICS CKPMHMHT: CHavyana —
110 Ha3BaHMIO M AHHOTALMM, 3aTEM — II0 TOJIHOMY TEKCTy. B ciydyae
HEBO3MOKHOCTM TIOJYyYeHUs TIOJTHOTO TEKCTa CTaThsl MCKIHOYAIach U3
paccmoTpeHnus. Ha sTame ot6opa [0 Ha3BaHMIO ¥ aHHOTALMU ObLIO
MUCKITI0YeHO 13 paboT Kak HeCOOTBETCTBYIOIINE KOHTEKCTY 0630pa. [Ipu
M3yYEHUU MOJTHOTO TeKCTa 6bLI0 UCKIUEeHO 14 ncTouHuKoB. [To uto-
ram aHajausa B 0630p 6b10 BKIOUEHO 108 mybnmKraimii.

3. Pseudomonas aeruginosa vi npo6ieMbl CAHUTApUN

B IIMIIEBOJ OTpacin

AnyMeHTapHBIM ITyTEeM YeJIOBEKy MOXKeT nepenaBatbest 6omee 200 3a-
6omeBaHMit. B pa3BUTBHIX cTpaHaX exerogHO OKojo 20% HaceleHUs MH-
¢dunypyercst yepe3 BOAY ¥ IPOLYKTHI IUTAHMS, B CTPaHAX C HELOCTa-
TOYHO Pa3BUTO} CUCTEMOJi CaHUTapuUy NPy NPOU3BOACTBE IPOAYKTOB
9TOT IOKa3aTesb ellle Bbille. ONHOBPEMEHHO BO3pacTaeT M Harpyska Ha
cycTeMbl obecrieyeHysi KayecTBa Ha MUIIEBbIX MTPOM3BOACTBAX. DTO 00-
YCJIOBJIEHO YKPYITHEHVEM ITPOM3BO/ICTB, yBeIMUeHNEeM I0/IM UMITOPTHBIX
TOBApOB, [lepeHaCceIeHHOCTbIO METAIlONMCOB U YXyALIeHVeM 9KOJIornye-
CKOM 06cTaHOBKM. CUTyalMsl YCYTYO/IsIeTCs I100aJbHOM KaueCTBEHHO
[1epecTpoiKoii MUKPOOHBIX COOGIECTB, BbI3bIBAIOIIMNX MHPEKIUN Y Ye-
JIOBEKA, C POCTOM 3a60/IeBaeMOCTY, CBSI3aHHO C YCJIOBHO-ITATOr€HHbI-
MM rpaMoTpuLaTeNnbHbIMU GakTepusimu [4,7]. K rpamoTpuiaTenbHbIM
6aKkTepysiM, 4acTO BbIZEIsIEMbIM B IUILEBOJ MPOMBIIIJIEHHOCT!, OTHO-
CSITCSL TIPEACTABUTENN TICEBIOMOHAM, ¥ 0COOYI0 OTMACHOCTh CPeIM HUX
Mpe/CTaB/sIeT CUHETHOVHasl manouka — Pseudomonas aeruginosa. 3to
CBSI3aHO B TOM YMC/Ie C IIMPOKUM IIpMMeHeHeM B MOJIOUHBIX XO3SI/CT-
BaX CMCTEM MeXaHNYeCcKOro JOeHMs U OxJIaxkIeHus Mosioka. [IpercraBu-
TeN MCeBIOMOHAJ, COCTABIISIIOT OKOI0 70% MCUXPOTPODHBIX MUKPOOD-
raHM3MOB, BBI3bIBAIOIIMX ITOPYY MOJIOYHBIX MPOAYKTOB IIPU XpaHEHUU
B XonoawibHMKax [8]. CMHTe3 MMM B IIpoliecce XpaHeHUs TUIONUTIYIe-
CKUX U TPOTEONIUTHYECKMX (epMEeHTOB, He MHAKTUBMUPYIOLUIMXCS MPU
racTepusalyy, a TakKe COXpPaHeHMe MX OCTATOYHOM aKTMBHOCTM INPU
yAbTpanacTepm3anym, BeeT K 3HaUMMbIM 9KOHOMIYECKUM ITOTepsiM [5].
VYeroituuBocTb P. aeruginosa X MMPOKOMY CIIEKTPY CTPECCOBBIX BO3ei-
CTBUIA, BK/IIOUast OObIYHbIE Ae3VHOGUIMPYIOIE CPEICTBA, CIIOCOOCTBYET
[epCcUCTeHLMM GaKkTepuii B MPOU3BOICTBEHHBIX YCIOBMSIX M, KaK CJIefi-
CTBMeE, le/laeT BO3MOXKHBIM MX IOTNafaHye B POAYKTHI IIUTAHMUS Ha JIIO-
6011 cranuu nponsBonctea [9]. Bausuue pH, ocMOTHYECKOTO JaBaeHMsI

¥ TeMIlepaTypPHOTO BO3/ENCTBMSI Ha MITaMMbl CMHETHOHOI Maaouky,
BbIJeJIeHHbIE 13 MOJIOUHBIX IIPOAYKTOB B Bargane, mokasasno, 4to 6onee
25% mITaMMOB GbLIM YCTOMUMBBI K B TeueHMe 16 cek mpy BO3AeCTBUMN
Temrepatypsl 72 °C, okono 12% coxpaHsuM KM3HeCIIOCOO6HOCTh pu pH
2,3; u 6omee 20% — B 5% u 7% coneBom pactsope. [Ipmuem 5% KOHIIEH-
Tpauysi COIEBOT0 PacTBOpa JJIsl U30/SITOB M3 MOJIOKA Oblia GakTepuo-
CTaTUYeCKOi, a 7% — 6aKTepULMIHO; B TO BpeMsl KakK IJIsl IITaMMOB
M3 MSTKOTO ChIpa 00e KOHLIEHTpanyy ObLIM GaKTepPMOCTAaTHUUECKVMMMU.
Ckopee Bcero, JaHHOE CBOWCTBO SIBJISVIOCH HITAMMOCHEI(UIECKUM
¥ GBUIO CBSI3aHO C TeHETUYECKMMMU OCOGEHHOCTSIMMU U30MATOB [3]. OTMe-
YaeTcsl, YTO YCTOMYMBOCTb K OCMOTHUYECKOMY M KMCJIOTHOMY CTpeccam
Yy MMKDPOOPraHM3MOB CIIOCOOCTBYeT (OPMUPOBAHUIO TOJIEPAHTHOCTU
K JPYTMM TIPOM3BOICTBEHHBIM BO3[€/CTBUSAM, B YaCTHOCTM, OCMOTHU-
YeCcKMii CTpecc KOppenupyeT C BEPOSTHOCTHIO IOSIBJIEHNMSI TE€PMOTOJIe-
panTHbIX hopM [10]. ITocse Bo3meiicTBISI BBICOKOH TeMIIEPATYPhI KIETKU
P, aeruginosa mpuo6peTany HeTUIIMIHYIO YIJIMHEHHYI0 GOpMy 11 06pa30-
BBIBAJIM LIETIOYKN. DTO MOXeT YKa3bIBaTh Ha HaJInume 6€IIKOB, CTUMYJIN-
PYIOILMX TEPMOTONEPAaHTHOCTD, ITIOCKO/IbKY HarpeBaHue — CUIbHeNINiA
CTpeccop, CIIOCOGHBIN BbI3BATh YCTONYMBOCTD K IPYTMM He6IaronpusiT-
HbIM daxTopam [11]. BakTepmocraTnueckasi IepeHOCMMOCTb BBICOKOTO
pH Tarxke 6bUTa GOJlee CBOVICTBEHHA M30JISITAM, BBIIEIE€HHBIM V3 ChIPOB.
TexHonmorMyeckue BO3AEVCTBUSI MOTYT SIBJASTHCS NPUUMHOIN Tepexona
6aKkTepuil B HEKYJIbTMBMPYEMOE COCTOSIHME, IPU KOTOPOM MeTabomu-
4yecKas aKTMBHOCTb M BUPYJIE€HTHOCTb COXPAHSIOTCS, HO yTPayMBaeTCs
CIOCOGHOCTH K KJIETOUHOMY JI€JIEHVUIO ¥ BO3MOXKHOCTb PacTy Ha IUTa-
TeNbHBIX cpefiax [12]. [IIMTenbHOCTb TPeObIBAaHMS B HEKY/IbTUBUPYEMOM
COCTOSIHMM Y MMKPOOPraHM3MOB, B YaCTHOCTH, y P. aeruginosa, MoxeT
JIOCTUTaTh HECKOJIbKMX MecsLeB [13]. BbisgBrnenne Takux MUKPOOPraHm3-
MOB TpebyeT crelyagbHbIX METOIOB aHa/IM3a, He BCeraa AOCTYITHBIX [T
IIPOM3BOACTBEHHBIX 1a6opaTopuii. VI3BECTHO, YTO MOJIOKO ¥ MOJIOYHbIE
TIPOAYKTBI SIBJISTIOTCST GJIATONPUSITHOV CPEIOi AJIST pPa3BUTHSI PA3IUYUHBIX,
B TOM UMCJIe TTaTOTeHHbBIX M YCJIOBHO-TIATOTeHHBIX MUKPOOPTaHMU3MOB,
Brmovasi P aeruginosa. VicTouHuKoM MH(MEKIMM Ha >KMBOTHOBOAUE-
CKMX ¥ MOJIOYHBIX (pepMax MOTYT SIBISIThCSI 3apaskeHHbIe KMBOTHbBIE —
P. aeruginosa y [OMaLIHMX YKMBOTHBIX SIBJISIETCSI TIPMUMHON Pa3INMUHBIX
MHEeKLMIT y MOJIOYHBIX KOPOB, OBell 1 K03 [14,15]. locTym cTajga K He-
KOHTPOIMPYeMbIM MeCTaM BOJOIOIb30BaHMS, TakKMM KaK IIPyAbl CO
CTOSTUeli BOLOM, MOKET IMPMUBECTY K MHMUIMPOBAaHUIO JKMBOTHBIX, B TOM
Yyce MacTMTOM, BbI3BAaHHBIM CMHETHONHON manoukoit [16]. VHdu-
LMPOBaHHAas BOAA, HABO3, MHOTOPa30Bble IMOJIOTEHLA AJI BbIMEHM, 3a-
rpsi3HEHHBbIe ITOICTIIIKYM, KOPMa ¥ 060pyLOBaHMe MOTYT ObITh IPUUYNHOIA
KOHTaMMHalLMM NPOM3BOACTBA AaHHBIM MMKpoopraHusmom [14]. Puck
MHOULMPOBAHMS PACTUTENIBHBIX KOPMOB MOBBIIIAETCS IIPY MCIIONIb30Ba-
HMM HaBO3a ¥ HEOUMIIIEHHBIX CTOYHBIX BOJ. KOHTpO/Ib KauecTBa MCIOMb-
3yeMOii Ha MpeanpyusITUM BOAbI UTPAeT BasKHEIIyI0 Poib ISl coOIoze-
HUSI CAHUTAPHBIX HOpM. Oco6oe 3HaueHVe MMeeT OTCYTCTBME KOHTAKTa
MCTOUHMKA BOJOCHAGKEHUSI HA MPOM3BOJACTBE CO CTOUHBIMM BOJAMM.
B ocHOBHOM Ha IPOM3BOCTBAX MCIONb3YyeTCs MUTheBasi BOZA, He COfep-
’Kalras IaTOreHOB ¥ KOM(OPMHBIX 6aKTepyii, OHAKO €CTh BEPOSITHOCTH
TIPUCYTCTBYS B Heli IIpeicTaBuUTesIeli IiceBOOMOHAL [12]. MccnemoBaHust
MTOKa3bIBAIOT MAEHTUYHOCTb IITAaMMOB IICeBAOMOHA], BbIIeTeHHbIX U3
[1acTepy30BaHHOIO MOJIOKA B YIIAKOBKE, 11 IITAMMOB, OOHaPY>)KeHHBIX Ha
MOJIOUHOM TNPeANpUSTUM (B KOHAEHCYPOBAHHOI BOJle Ha PAa3IMBOYHBIX
opcyHKax, CTOUHBIX BOZIaX Pa3IMBOYHONM MaIIMHBI X OKPY>KalolleM BO3-
nyxe) [17]. 9To moaTBepsKIaeT BbICOKYI0 BEPOSTHOCTh MHOUIMPOBAHMS
TOTOBOJi IPOAYKLMY IVPKYJIMPYIOIMMY B IPOM3BOLCTBEHHBIX ITOMellle-
HUSIX TICeBIOMOHanamMu. Ha mpeAnpusTMsIX NNILeBO 0Tpacay 6osbliast
YacTh KAK OCHOBHOT'O, TaK M BCTIOMOTATeIbHOTO 060PYI0BAHMS 3aUaCTYIO
JMMeeT IIepOXOBaThle MOBEPXHOCTU C TPYLHOLOCTYIHBIMU Yy4aCTKaMMU
B BiJIe IIBOB M CTHIKOB, UTO CO3JAaeT XOpOLINe yCIOBUS IS JIOKanu3a-
MM MUKPOOHBIX OMoIUIeHOK. [Tonasanme 6akTepun Ha MULeBble, B TOM
4yclle MOJIOYHbIe NMPOM3BOACTBA M XXKMBOTHOBOLYECKNE KOMIIIEKCHI 110
IIpUYMHE HEYOOBJIETBOPUTEJIbHBIX CAHUTAPHO-TUTUMEHUYECKUX YCI0-
BMIT MOXeT MpPMBECTU K 0OpPa30BaHUIO HA 06OPYNOBaHMM OMOIUIEHOK
P. aeruginosa. s MOJIOYHOJ IPOMBIIITIEHHOCTM PUCKYM TONIafaHus Ha
MPOU3BOACTBO GMOTUIEHKOO6PA3YIOIMX MUKPOOPTaHM3MOB HAUMHAETCSI
Ha 9Tarle Moxy4yeHus: Mooka. CbIpoe MOOKO OT GOIbHBIX MACTUTOM KO-
POB M/IM €r0 3arpsi3HeHye B IPOoLecce TPAaHCIIOPTUPOBKY SIBJISIIOTCST OC-
HOBHOJ MPUYMHOI KOHTaAMMHALMM MOJIOKA. [IDOHUMKHOBeHMe GaKkTepumn
Ha MPeANPUSITHAS MOXKeT ObITh CJIeICTBMEM IIPOTEKAHMUS TPYO M CHIKe-
HMeM B HMX JaBjieHus sxugkoctu [18]. P. aeruginosa Kak aKTUBHENIINIA
61OIJIEHKOO6Pa30oBaTe/lb CIIOCOOHA 06Pa30BbIBATH OMOIJIEHKY, B TOM
4yclle MHOTOBUIOBYIO, Ha CTEHKaX Pe3epByapoB AJIs1 OXJIaXKIeHMS MOJIO-
Ka 1 TpyOGOIIPOBOIOB, HEIIOCPEICTBEHHO B MOJIOKE MTPY XPAHEHWUY B XOJIO-
nunbHUKe [19,20]. 3apaskeHuss KOHTeliHepa [IJIs1 MOJIOKA e[IHCTBEHHbIM
BUJIOM MMKPOOPraHM3Ma, KOTOPBIi MOXXeT DasMHOXKaTbCsl MPU TeM-
repatype OXJaXAeHMs, JOCTaTOUYHO, YTOObI BbI3BAThH MOPUY MPOIAYKTA

50



Knwunosa C. A. v ap. | MALLIEBBIE CUCTEMbI | Tom 8 No 1 | 2025 | C. 49-57

B TeueHye CPOKa TOSHOCTM. DTO CBS3AHO CO CIIOCOOHOCTRIO P. aeruginosa
MPOAYLMPOBATh TEPMOCTAOMIbHbBIE JIMIA3bl, IPOTEasbl U JIELUTHUHASBI,
BbI3bIBalOlIVe pasHOOGpasHbie JedeKThl BKyCa, I[BeTa 1 3anaxa [21]. bu-
oruieHKU P. aeruginosa TepMOCTOVKY ¥ YCTOMUYMBBI K BBICOKMM TeMIlepa-
TypaM nactepusauuu. IlocTnacTepusalMOHHOe 3arpsisHEHMeE >KMUIKOTO
MOJIOKA TICUXPOTONIePAHTHBIMY 6aKTePUSIMY, BHI3bIBAIOLIVIMY €T0 TI0pYYy,
MUrpaeT 3HAYMTENbHYIO POJIb B OrPaHMUYEHUM CPOKa TOZHOCTM TOTOBOI
MpoayKIyu. Y TICeBIOMOHA[, MOATBEPXKAEHA CITIOCOGHOCTD K 3HAYUTEb-
HOMY pPOCTY B MOJIOKE B TeueHMe 21 IHS IIpU TeMIlepaType OXJIaXXIeHUs
(okomno 6°C) [22]. Kpome Toro, 6aronapst CioCOGHOCTM MHOTMX IITaM-
MOB NPOAYLMPOBATb aHTHOAKTepuanbHble BellecTBa U Cunepodopsl,
KOTOpbIE CBSI3bIBAIOT ¥ COMIOOMIN3UPYIOT Kese30, P. aeruginosa «BbiTec-
HSIeT» Ipyrue MUKpoopranusmsl [23]. CToiikue 6akTepuaabHble cOO01LIe-
crBa P. aeruginosa MoryT CylecTBOBaTh ¥ BHe GMOIUIEHKM, KOTA BCIes -
CTBME OIIVGOK IPY IIPOEKTMPOBAHMUM IOMEINeHWH I ¥ 060pymoBaHMS
BO3HMKAIOT HUILY, HELOCTYIIHbIE i 00paboTKM Je3MH(DUIMPYIOIMU
BemlecTBamMyu. OcoOYI0 OMAacHOCTDb TPeACTaBIIsIeT 060pyJoBaHKe C HOb-
MM KOJIMYECTBOM Y3JI0B, @ TAKKe C HeLOCTYITHBIMU JISI e3MH(eKIn
yuactkamy 1pyu 6Ge3pas6opHOi Moiike. Ilepuopyyeckasl KanyTanabHast
YMCTKA 060PYAOBaHMS TpeGyeT OCTAHOBKY MTPOM3BOACTBA, UTO HEBBITOJ -
HO C 9KOHOMMYECKOJi TOYKYM 3peHMsI U Be[leT K 3HAaUUTeIbHbIM (hMHAHCO-
BbIM I1OTEPSIM.

4. Mukpoo6uoorn4yeckast XapakKTepucTUKa U 3KOJIOT U

4.1. Obwas xapakmepucmuka

Pseudomonas aeruginosa (CMHETHOJHas TMajoyka) — TPaMOTpPULIA-
TelbHAsT aspobHas mcuxpoduibHO-Me30dmIbHas 6akTepusi. OTHOCUT-
cs1 K cemeiictBy Pseudomonadaceae. B coctaBe cemeiicTBa Ha OCHOBa-
Hym romosnoruu 16S pPHK Beigenstor 5 rpynm. P. aeruginosa OTHOCUTCS
K pony Pseudomonas (I rpynna pPHK romonoruu) v BXOOUT B MOATPYII-
1ty Fluorescent Hapsmy ¢ Pseudomonas fluorescens u Pseudomonas putida.
Knetku P. aeruginosa umeloT ¢GopMy MpSIMBIX IaJo4yeKk pa3mMepom
1-3 MKM. Bakrepus crioco6Ha COXpaHSTh JKM3HECITOCOGHOCTD M Pa3MHO-
>KaTbcs Npy TeMmrneparype oT 6 °C go 42 °C, oHa KaTana3o- ¥ OKCUAAa30-
MOJIOKUTETbHA, TOABYIKHA, SIBJISIETCS] aKTMBHBIM OMOIIEHKOOOpa3oBaTe-
neMm [24,25]. P. aeruginosa — obnuratHbii aspo6. [Ipy pocTe Ha IIOTHBIX
cpenax y OTHeNbHBIX IITaMMOB Habmogaetcst 3¢ deKT pagyskKHOTO Iu3uca.
Ha sxuokux cpegax o6pasyeT XxapaKTepHYI0 MOBEPXHOCTHYIO IUIEHKY [26].
[Mopasnsoliee 60MBIIMHCTBO IITAMMOB P. aeruginosa mponyuypyioT Iur-
MEHTBI, [TIpYYeM HaluuMe 3eJIeHOr0 MUIrMeHTa MMOLMaHMHa XapaKTePHO
TonbKO 111 P. aeruginosa [27]. Poct P. aeruginosa 4acTo COITPOBOXKAAETCSI
crienpUUecKuM 3araxom 6;arofapsi MpoOLyKLUMM JTeTyYUX COeqUHEeHUI
pa3aMYHOrO CIIEKTPA, OINpeneNseMbIX yalle BCero Kak rnaphromepHO-
uBeToyHble. OJHAKO MHOIZA BCTPEYAlOTCs MITaMMbI, He MPOAYLMPYIO-
LjMe maxy4due BemecTna [24].

MuKpoopranmsm 06/1aJaeT BbIPasKeHHO IIPOTEOIUTUYECKO, TTETTI-
JIa3HOI1, IPOTea3Ho, a TaKXkKe JIMIIOMUTNYECKOI aKTMBHOCTbIO, ITUIPOTIN-
3yeT Ka3eMH, YyTWIN3UPYeT reMOITIO6MH; BOCCTAHABIMBAET HUTPATHI 10
HUTPUTOB U Jjajiee 10 MOJIeKY/ISIPHOTO a3oTa [24,28].

Tenom P. aeruginosa, peacTaBisoNiii C000i OIHY KOMbIIEBYIO XPO-
MOCOMY, COIePKUT OKOJIO 7 MU/UIMOHOB Tap OCHOBAHMUIA. 65% coCTaBiIs-
10T KOMIUIEMeHTapHble JIPyT APyry I'yaHuH U UuTo3uH [27]. P. aeruginosa
OTVIMYAETCS] OT IPYIMX IMPOKAapMOT HaMOOMBLIMM KOITMIECTBOM Peryiis-
TOPHBIX TeHOB — 110 8,4% OT 0611ero pasmepa XpoMocomsi [29].

4.2. Muuessle nompedHOCMU

MeTa60mM3M CUMHETHOIHOM TMaJOUKM TO3BOJISIET €l MCIONIb30BaTh
HUIMPOKMIL KPYT BelecTB B KauecTBe HYTPMEHTOB — OT IPOCTHIX YIJIe-
BOJIOB U TKaHEl YeloBeKa U XKMBOTHBIX IO AETEPreHTOB U OMOLMIHBIX
npernapaToB [24]. OrpaHuMYeHHast MOTPE6GHOCTh B MUTATENbHBIX BEIEeCT-
BaxX JaeT BO3MOKHOCTb CYMHETHOMHOJ ITaIouke COXPaHSITh CBOIO JKM3He-
CIOCOGHOCTD IPY ITOYTH IIOJTHOM OTCYTCTBUY HYTPUEHTOB [27]. Jaxe 6e3
MCTOYHMKOB YIVIEpPOa KOJIMUECTBO KJIETOK CHMUKAeTCsl Bcero Ha 1-2 mo-
psiika. Crioco6HOCTb P. aeruginosa Mcroib30BaTh sl POCTa Y€TBEPTUY-
Hble aMMOHMeEBbIe U (eHocoaepsKallye COeIMHEHNMS TI03BOJISIET il COo-
XPaHSITh JKM3HECIIOCOOHOCTD B PACTBOPAX J1e3MHGMEKTaHTOB.

4.3. luemenme! P. aeruginosa

[Mopasnsiomiee GOIBIIMHCTBO MITAMMOB P. aeruginosa IpomyLyupyoT
MATMEHTBL. DTO MPEXK/ie BCEro 3e/eHblii M1MoBepayH, Gryopecuypyonmi
pu yIbTpadroIeToBOM O6IyUeHVN, ¥ BOLOPACTBOPUMBIIi MUOLMAHKH,
JAIOINMI CUHe-3e/leHoe OKpallyBaHMe. NHTeHCUMBHOCTb OKpallMBaHUS
KOppenupyeT ¢ BUPYIEHTHOCTbIO — CIIOCOGHOCTBIO GaKTepuy JIMU3UPO-
BaTb 3puUTpounThl [30,31]. Takke y CMHETHOIHOI MaJOUKM BCTpeYaeTcs
KpacHBIi MUTMEHT MMOPYOVH, JKeNTbIi L-oKcudeHa3suH 1 4epHO-KOpUY-
HeBBIil VIOMeaHVH. MenaHnHO6Gpasyolye ITaMMbl 60iee BUPY/IeHT-
HbI — OHU JIerye MepeHOoCsIT TUITOKCHIO TP MHPUIMPOBAHUM TTYGOKUX
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TKaHeii Grarogapst 3alMTHOMY JeCTBMIO MMOMeNaHuHA OT yabTpadmu-
0JIeTOBOTO M3JIyuyeHMs ¥ HU3KMX KOHLIeHTpaluuii kuciaopoga. Kak B kin-
HMYECKOJ IpPaKTMKe, TaK U B 0O6BbEKTax BHELIHeil cpelbl BCTPeYyaroTCst
M aTUIMYHbIe 6ecriMrMeHTHbIe HOPMBI, @ TaKKe LITaMMBbI CO ¢/1a60 BbIpa-
SKeHHOJ MUTMeHTAIel, YTO 3aTPyIHsIeT UX uaeHTudukanuio. Mcereno-
BaHMe P06 MOIOYHBIX ITPOAYKTOB M MSICA C PHIHKOB ropozia YIbSHOBCKA
[103BOJIMJIO BbIIENUTD 35 mTaMMOB P. aeruginosa, n3 Hux 4 6eCliurMmeHT-
HbIX (opmbl [32]. KpajiHe HEMHOTOUMCIeHHbIe ITaMMbl TPOAYLMPYIOT
cpasy HecKonbKo murMeHToB [30]. [IpeanonaraeTcs, YTO CMHTe3 MUTMeH-
Ta MOMOTaeT MPOTUBOCTOSATh MOBBILIEHHOMY OKUCIUTEIbHOMY CTpeccy.
V P. aeruginosa o6Hapy>keH reH 0SpR, pearnpyromiuii Ha OKMCIUTETbHbBIN
CTpecc U Perynmupyroumii BBIpaboTKy MUTMeHTa. DTOT I'eH TakkKe JeiicT-
BYeT Ha yCTOYMBOCTb P. aeruginosa x 6era-nakramam [33].

4.4. BakmepuoyuHast

P. aeruginosa crioco6Ha CMHTE3MPOBaTh MUOLIMHBI — GAKTEPUOIMHBI,
uHrubupytouye poct I'p+ u I'p- 6akTepuit. Ux dusmonornveckass posib
OKOHYATeJbHO He $ICHA, BEPOSITHO, OHM IIOMOTAIOT JOMMHMPOBAHUIO
P. aeruginosa B 6axTepyuaabHOI 9KOHuIIe [34]. OmycaHbl 3 THIIA MMOLMU-
HOB — R, F u S dopm. R u F nmouyubl HanmoMmuHaIoT 10 (Gopme XBOCTbI
6axkTeprodaroB 1 MPOUCKOIST OT NMPEIKOBOrO TeHa, MUMEIOIero CXOACT-
BO C cemeiicTBOM (aroB. S TUIT MpeJCTaBisieT 060/ YyBCTBUTETbHbIN
K rporeasam 6eoK. [eHbl MMOLMHOB P. aeruginosa pacronoxeHsl B Xpo-
MOCOMe, TOTA KaK y OOJNBIIMHCTBA JPYIMX MUKPOOPTaHM3MOB GakTe-
PUOLIMHBI KOAMPYIOTCS MasMuaamyu. OAyH MITaMM 4acTo MPOAyLMpyeT
HEeCKOJIbKO MMOIVHOB, IpM1YeM YPOBeHb MX CMHTe3a Bo3pacTaeT [Py BO3-
HMKHOBEHUY TOTO MM MHOro dakropa crpecca [35].

4.5. Cudepocpoput

O6namaHue CUCTeMaMy 3aXBaTa keje3a U3 OKPYKaloleil cpeibl, Ha-
3pIBaEMbBIX CHIepodopamu, MO3BOJSIET CUMHETHOWHOM MaJouKe JIMIIATh
YyeJioBeyecKe KJIeTKM MOHOB JKeJle3a, KOTOpble HEOGXOAMMBI IJIs1 Pa6OTHI
IbIxaTenbHoi nenu [24]. Kpome cobeTBeHHBIX cupepodop, P. aeruginosa
MCIIONb3YeT JJ1s1 CBOMX HYXKI, 'eM OT IeMOITPOTEeMHOB YesioBeKa. JTO SIB-
JIeHVIe TIOMYYWIIO Ha3BaHMe «CcuaepodopHoOe UpaTcTBO» [36].

4.6. 3abonesaHus, accoyuuposaHHsle ¢ CUHeZHOUHOU Nan0uKoll

CHHerHojtHasi majouka MoxKeT 6bITh IPUUYMHOM psifia 3a60/IeBaHMit ye-
JIOBEKa, BbI3bIBAsI OCTPbIe M XPOHMYeCKye MHPEeKIMI Pa3InIHOM 3TUOTO-
', BKJIIOYAsi THOHbIE BOCITANIEHVSI PaH U OKOTOB [37,38], 3a6oneBanus
nerkux u JIOP-opraHoB [39], 3a6omeBaHusI MOYEIONOBOro Tpakra [40].
OmacHOCTb MHMUIMPOBAHNSI CMHETHOMHO TAJIOUKON CYIeCTBYET MpU
TocenieHMY 6acCeifHOB 1 BO BpeMsi 6aIbHeONIOTMYeCKUX MIPOLeayp; CHU-
>KeHye TI0[, IeJiCTBMEeM TeIula 6aKTepUIVIHON aKTUBHOCTH XJI0pa MOXKET
€o37aTh YCIOBMS IJIs1 06pa3oBaHMsl GMOITIEHOK P, aeruginosa Ha ruapo-
KOHCTPYKIMSIX U TIpUBecTy K nHpummpoBannio Bonsl [41]. UaDUIIMpO-
BaHJe CMHETHOJHOJ I1aJI0YKOJ Cepbe3HO OCIOKHSIeT JiedueHue TpaBM [42]
3a cYeT BBIPaBbOTKM MeIMaTOPOB BOCIIATIEHNSI Y TOKCMHOB, TOM UMCIIE CU-
HWIbHOM KUCIOTHI [24]. [IpogyKIyss HeCKONbKMUX KOHTAKTHBIX TOKCYHOB
1Py MTOMOILM TTOBEPXHOCTHOT'O MOJIEKYJISIPHOTO KOMIUIEKCa ITPOHMKAI0-
1IYX B IIMTOIIa3My KJIETKM, Ha KOTOPO afresupoBaHa P. aeruginosa [43],
IlaeT ejf cepbe3Hble IPeyMYILEeCcTBa B IPOTUBOGOPCTBE C MMMYHHOI CU-
CTeMOJi. DTO CBSI3aHO C TeM, YTO KOHTAKTHbIe TOKCMHBI, He BBIXOASLIE
BO BHEKJIETOUHYIO Cpelly, He MOTYT GbITb HEMTPaIM30BaHbI aHTUTENA-
M1 [44]. CMepTHOCTD OT COCTOSIHMIA, BbI3BaHHBIX P. aeruginosa, HOCTUraeT
38%, v leueHne JAaHHOV MHOPEKIMIU TPOJOIKAeT OCTABATHCSI HEITPOCTO
3agaueii. BO3 Brimouna P. aeruginosa B CIi“COK BayKHEMIINX IIPUOPUTET-
HBIX ITATOT€HOB [45].

4.7. Pachpocmpanetue 8 okpyxcarouweli cpede

P. geruginosa iMpoKko pacnpocTpaHeHa B OKpykalolieii cpefe. Boico-
Kasl IPUCIIOCOBIISIEMOCTD Y HENTPUXOTIMBOCTD K MCTOYHMKAM MUTaHUS
nenaet P. aeruginosa npakTuyecky Beszecyuieit. Ee MOKHO BCTpeTUTD
B IIPECHOJ ¥ COJNIeHOJ BOJeE, B CTOKaxX MPOMBIIIIEHHBIX MPeATpUITUI
U MeIVILMHCKUX yupeskaeHuit. ECTb JaHHbIe O MOJI0XKUTEIbHO Koppe-
JIILMM PacIIPOCTPaHEeHMsT 3TOr0 MMKPOOPraHu3Ma C aHTPOIIOTeHHbIM
3arpsi3HeHMeM IPUPOIHBIX 06BEKTOB, B TOM UKciie HeTelpOLyKTaMM
U ecTuMgaMu [46,47]. Bakrepusi 0GHapyKMBAETCS B PA3JIMUYHBIX TH-
Iax II0YB, Ha KO>Ke TeIVIOKPOBHBIX KMBOTHBIX 1 UeloBeKa, B Mycope, Ha
ITOBEPXHOCTSIX pacTeHMii. BpI3pIBaeT Npu3HaKy THUIN Y Pa3HBIX BULOB
canara, kaprodesns, TOMaToB. B mpupoge MoeT SIBJSIThCS IIATOr€HOM
psiia HaCeKOMBIX M ITapa3smUTUpOBaTh B IpocTeimux [27]. MoxeT nan-
TeJIbHO COXPAHSTh JKM3HECIIOCOGHOCTb Ha PA3/IMYHBIX [TOBEPXHOCTSIX,
B TOM YMCJIe Ha TKaHSX U3 pa3IMYHbIX MaTepuaioB (0 TPeX MecCsIeB).
Byayun yCIOBHO-IIATOT€HHBIM, AAHHBII MUKPOOPraHM3M CIIOCO6eH
BBI3BIBATH Y UeJIOBeKa PsiJ TSDKeIbIX 3a60leBaHMii PasjiMuHON ITUO-
JIOTUU, OH SIBJISIETCS] O HO 13 OCHOBHBIX IIPUUMH BHYTPUOGOTbHUYHBIX
nHpexumii [48].
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4.8. Yemotiuueocms K aHmuMukpoObHsIM hpenapamam

Kak yske oTMeuasnoch, r/iaBHast 0CO6eHHOCTDb P. aeruginosa — ee BbICO-
Kasl PUCIIOCO6/SIEMOCTD K U3MEHSIIONIVIMCS YCIOBUSM CYI[eCTBOBAHMSI
M yMeHMe MPOTUBOCTOSITh PA3IMYHBIM CTPECCOPHBIM (aKTOpam, B TOM
Yycie [eCTBUI0 aHTYMMMUKPOOHBIX BelecTB. [0 cpaBHEHMIO C APYTu-
MM rpokapuoramu P. aeruginosa o6nafaet CyIeCTBEHHO GONbLIMM re-
HOMOM, GJyiarofapsi yemy Croco6Ha KOIMPOBATh HEOOBIUAITHO GOJIbIIOE
YUCIO PETYISTOPHBIX GENKOB. DTO MPUAAET MMUKPOOPTaHU3MYy OYeHb
BBICOKME aJaIlITMBHbIE CHOC06HOCTI/I I10 OTHOLIEHNIO K M3MEHSIOIIVMCS
YCIOBUSIM CYIIECTBOBAHMSI ¥ BHEITHYM BO3/E/CTBIUSIM, BKJIIOUast CII0CO0-
HOCTb GBICTPO Pa3BMBATDh YCTONUMBOCTh K MHOXKECTBY KIaCCOB aHTUMM-
KpoOHbIX MperapaTos [49,50,51]. [To cpaBHEHMIO C APYTMMU IPAMOTPU-
LaTeJbHbIMM GakTepusmu, Aasi P aeruginosa xapaktepHa Kopupyemast
XpoMOCOMaMM CHIM)KEHHAas YYyBCTBUTEIBHOCTDb K POy aHTI/I6I/IOTI/IKOB —
nedaocropyHaM, MakpoIugaM, aMIUIVIIMHY, HEOMUIIMHY, XJI0paM-
terukony u npyrum. OHa HasbIBaeTcCs] BPOXKOEHHONM WM TIPUPOSHON
PEe3UCTEHTHOCTHIO [25] M CBsI3aHA C OTCYTCTBMEM MUILEHeN IJis IpyIn
aHTUOUMOTUKOB U C HAIMYMeM (epMEeHTOB, CITIOCOOHBIX X MHAKTUBUPO-
BaTh. OQHAKO M3-3a MyTaLVii 1/WIV CHVOKeHMST aKTYBHOCTY CUCTeM MHa-
KTMBaLMM AaHTUOMOTUKOB HEKOTOPbIE HITAMMbI MOTYT IIPOSIBJISITh K HUM
YYBCTBUTENBHOCTSH [52]. B nyKO¥i OMynsiumum JOMs TAKUX YyBCTBUTEIb-
HBIX IITAMMOB HaxXOOUTCS B MHTepBase 1-3%. Pe3ucTeHTHOCTD K APYToii
rpyIIe aHTUMUKPOOHBIX CYOCTAHLIMIA SIBSIETCS] IITAMMOCIeUbUIHON
U peanun3yeTcs TOIbKO Py 06/1aiaHNY TPUOOPEeTEeHHBIMM MeXaHU3MaMu
yeroiiunBocTu. IIpro6peTeHHas yCTOMUMBOCTD BO3HUKAET KaK Pe3yIbTaT
CUHTEe3a HOBbIX GEJIKOB, U3MEHEHMS CTPYKTYPbI U QYHKIIVIT y3Ke CYIIecT-
BYIOIIMX, PMOOPETEHNSI I3BHE HOBBIX T€HOB M M3MEHEHMsT aKTUBHOCTY
CYIECTBYIOIMX [29]. AKTMBALMS 9TUX [TPOLIECCOB YCKOPsieTcsI 6aronapst
0COOEHHOCTSIM BbDKMBIINX TIOC/IE AEMCTBUSI OMOLMIHBIX BEIIECTB KJIO-
HOB P. aeruginosa. VIx reHeTHUeCKuii anmapar ¢ BepositHocTbio B 1000 pa3
BbIllle, YeM Y CPeJHeCTaTUCTUYeCKOro LITaMMa JMKOTO TUIla, CKIOHEH
K CITOHTaHHBIM MYTaIUsIM. DTO TaK Ha3bIBaeMble GAKTEPUU TUIIEPMY-
tabenbHOrO eHoruna [53]. IIpuunHa €ro BO3HMKHOBEHMUST — TTOJIOMKU
cucTeMbl penapanuy xpomocoMHoit JTHK, monesHble 751 BbIKMBaHMS
MMKPOOpPraHu3Ma IOJ AaBjieHeM aHTUMUKPOOHbIX BelecTB. B pesyiib-
TaTe M30MPaATEIbHOM CENeKUMM COXPAHSIOT KM3HECTIOCOGHOCTh TONBKO
Te KJIOHBI, MyTallMy KOTOPBIX HaIlpaBjeHbl HA HeiTpanu3anuio (Gakro-
poB cTpecca [29]. Pecypcbl KeTKy pu 3TOM ITepeHarpaBisitoTcs Ha Ghop-
MMUPOBaHMe Pe3UCTEHTHOCTH B yiep6 rpoiieccaM 0611ero Mmetabonusma.
B oTCyTCTBUM CTPECCOPHOTO AAaBAeHMS KJIOHBI, IPOAO/DKAIOLIME TTOALeP-
SKMBATh PE3UCTEHTHOCTb, BHITECHSIOTCS MOMYJISIIsiMu ¢ 6oree sddex-
TUBHBIM MeTab0/1M3MoM [29]. DTO sIBJIeHNMe faeT HaJexay, 4To B 60pbbe
¢ mI06aJbHOM PE3UCTEHTHOCThIO MUKPOOPTaHM3MOB MEpOTIPUSITHUS 110
PeryMpoBaHuI0 MCIONb30BaHMSI aHTUOMOTUKOB MMEIOT MEePCHEeKTUBY.

OueHb HU3Kasl MPOHUIIAEMOCTh BHEIIHEe/ MeMOpaHbl U OFHOBpe-
MeHHO 3¢ GeKTMBHO paboTaromiast C1cTeMa aKTMBHOTO BbIGPOCA TOKCUY-
HBIX JII KIeTKY BelnecTB — addiorca [24], Taioke SIBISETCS BasKHbIM
MeXaHU3MOM YCTOUMBOCTU P. aeruginosa K aHTMMUKPOOHBIM IIperia-
patam [54]. CucTema, OTBETCTBEHHAs 32 BBIOPOC psiia aHTUOUOTUKOB,
COCTOUT U3 Tpex 6enkoB. MexA 1 MexB, cBs3aHHbIE C IUTOIIA3MaTHYe-
CKOJ MeMOPaHOI1, OCYLIECTBIISIOT BBIBOJ, U3 IIUTOIIA3MbI B TT€PUIIIA3-
My, a 6es1ok OprM, pacronokeHHbIi Ha BHEIIHE} KIeTOYHO MeMbGpaHe,
BBIBOAMUT TOKCUMYHBII /I KJIETKM MpenapaT M3 Iepuria3Mbl BO BHeII-
HIOIO cpeny. [eHbl TaHHBIX GEIKOB OPraHM30BaHbI B €AVHBIA OMEPOH
Y PeryampyloTcsl TeHOM mexR. V HeKOTOPbIX TOCHUTAIbHBIX LITaMMOB
obHapyxeHa cBepxaKcrpeccust 3QQIOKCHBIX CUCTEM, UTO ITO3BOJISIET UM
COXPAHSTDb KM3HECTIOCOOHOCTD B YCIOBUSIX TIOCTOSIHHOTO AABJIEHUST aH-
TUOMOTUKOB [24].

5. MHoO)XecTBeHHas JieKapCTBEHHas yCTOMYMUBOCTh

Y MUKPOOPraHU3MOB, aCCOMMPOBAHHBIX

C IMIIEeBbBIMY IPOJYKTAMU

HapyieHnst IpOTOKONOB Jie3MHGEKIVOHHBIX IIPOLIeAYD, MCIIONb30-
BaHMe MHTEHCUBHBIX TEXHOJOTMI IMpPY BbIPALIMBAHUYU CETbCKOXO3SIi-
CTBEHHBIX JKMBOTHBIX, GECKOHTDOJbHOE JICIONb30BaHME aHTUOGUOTU-
YecKuX IIperapaToB MPMBOIST K BO3HMKHOBEHNUIO (HOPM MATOreHHBIX
MMKPOOPTaHM3MOB, BKIIIOUast P. aeruginosa, 067afamimx MHOXKECTBEH-
HbIMM (aKTOpaMy IIaTOT€HHOCTH M YCTOMUMBOCTBIO K MIMPOKOMY KPYTy
aHTMOMOTMKOB ¥ OMOLMAHBIX BelllecTB [55]. B coyeTaHUM C BBICOKMM
YPOBHEM BHYTPEHHEJ yCTOIYMBOCTY K aHTVMMKDPOOHBIM IpernapaTam,
XapaKkTepHbIM J1s P. aeruginosa, mpyo6peTeHHast YCTONYMBOCTD CII0CO6-
CTBYeT I1OSIBJIEHMIO IITaMMOB C MHOXECTBEHHOI JleKapCTBEeHHO pe3u-
CTEHTHOCTBIO, IIPEICTAB/ISIIOMINX CO00i cepbe3Heiyo npobiemy s
06I1[eCTBEHHOTO 30POBbsI [56]. B GONMBIIMHCTBE TOCYHAApCTB Mpobaema
MHOYKeCTBEHHOI1 JleKapcTBeHHoI ycroitunBocty (MJIY) B ocnenHue fe-
CSITUIIETHSI TIPELICTaBIIsIeT CO60J Ccepbe3HYI0 MPobieMy s BasKHEeMIIX
CEeKTOpPOB 9KOHOMMKM, TaKMX KaK 3/paBOOXPaHEHMe, CelIbCKOoe XO03sii-

CTBO M TMIIEeBble pousBozcTBa [57]. Ipobnema ycyrybisieTcst Hexkena-
HUeM KDPYIHbIX (GapMaleBTHUeCKUX KOMITaHUil pa3pabaThiBaTh HOBbIE
aHTM6aKTepyanbHble MIperapaTsl B CBS3Y C BBICOKOJ 4aCTOTOI Heynady,
ITaMMOCITeMDUIHOCTM U C TOGOUHBIMY HeIIPMeMIeMbIMY BIUSHUSIMU
Ha yesioBevyeckuit opranusm [58]. [lepeHOC reHOB aHTUOMOTUKOYCTONYM -
BOCTYM MOXKET OCYIECTB/ISIThCSI HA TUIa3MUIax, TPaHCIIa30Hax, npodarax,
a Tax)ke MUKPOOPraHM3Mbl MOTYT IOIYYaTh 9T TeHbI [1I0CPESCTBOM ro-
PU30HTAIBHOTO NEePeHOCa, IIPMYeM He TOJIIBKO OT OLHOTO ¥ TOTO Ke, HO
M OT pasHbIX BUIOB GakTepuii [59]. TOpU3OHTANbHBIA M€PEHOC TeHOB
MOXeT IPOMCXOAUTb C MOMOILBIO TpaHChOpMalUU — IOMIOLeHNEeM
6akrepusimu ¢parmentoB [JHK u3 okpyskaromieit cpemsl. [Ipy akTMBHOM
paspyuieHny 6aKkTepuaabHbIX KIETOK 6MonyuaAHbIMY mpernapaTamu JTHK
BbIcBOOOKIaeTcs1. [Ipy 9TOM IMoKa3aHO, YTO HEKOTOPbIe M3 MCIONb3ye-
MbIX B ITUIIIEBOM IIPOM3BO/ICTBE Ie3UH(DUIMPYIOLUINX CPEICTB CITOCOOHBI
sammath JHK ot nerpajanyy, npefoTspaliasl ee paspylieHue, B TOM
yyicne 6akTepyuanbHbIMu JTHKasamuy, yBemuyBast BeposiTHOCTb TOPU30H-
TaJIbHOTO MePEeHOCa FeHOB aHTUOMOTHUKOpe3ucTeHTHOCTH [60]. TpaHCayK-
umst (myTh nepenaun JHK momorpio 6akTepnodaroB) 1 KOHBIOTALIMS
(06MeH reHeTHYEeCKMM MaTepuanoM IyTeM yCTaHOBJIEHVS] MEXKK/IETOU-
HOTO KOHTAaKTa) TakkKe SIBJSIIOTCSI CIIOCO6aMM TOPU30HTAIBHOIO Iepe-
HOCa TreHeTu4eckoil MHbopMaLMyu, YIpaBisIolell 3BOMIOLMOHHBIMU
rpoleccaMy B GakTepuasbHBIX coobuiecTBax [61]. B HacTosiee Bpemst
MpaKTUUeCKM BO BCeX CTPaHax MMpa paclpoCTpaHeHMe Pe3UCTeHTHBIX
IITAMMOB CYHETHOJHOJ IMaloYKy TOCTUIIIO IMIOGANBHBIX MacliTaboB.
PesucreHTHbBIe ITAaMMbI P. aeruginosa BKao4YeHbl BcemupHoit Oprann3sa-
umeit 3npaBooXpaHeHMsl B IPUOPUTETHBIN JINCT ATOr€HOB, TPEOYIOIX
paspaboTKM ¥ ITOMCKA HOBBIX aHTVMMKPOOHBIX IIPENapaToB, a yCTOWYIM-
Bble K KapOareHemaMm P. aeruginosa BOLUIM B MepeyeHb GaKTepuid, st
KOTOPBIX Pa3paboTKa HOBBIX 3(GOEKTUBHBIX aHTUOGUOTUKOB SIBISETCS
ocTpeiiiieit HeO6XOAMMOCTbIO [45].

PacrmpocTpaHeHHOCTb MMUKPOOPraHM3MOB C MHOYKeCTBEHHOI! Jiekap-
CTBEHHOJ ycToitunBocTbio (MJIY) Bo3pacraeT, 0COGEHHO C yYyeToM I10-
BCEMECTHOTO MCIIO/Ib30BaHMUSI GAKTePUIIMIHBIX TPENapaToB B IEepPUOT,
rnaHzemMuy Koponasupyca [1]. P. aeruginosa Kak IpUYuHa MOPUU MPOAYK-
TOB ¥ MH(MEKIVOHHBII areHT, IepeJaouniics ¢ BOION M MuIlei, HeceT
SKOHOMMYeCK)e [I0Tepy U NPeSCTaB/sieT yrpo3y 34,0POBbIO UenoBeKa [4].
VccnenoBaHue pacrpoCTpaHEHHOCTM IOMMPE3UCTEHTHBIX MMKpPOOpra-
HM3MOB B IMILEBbIX NPOAYKTAX M0KA3aja0, YTO UX HOJSI COCTABISIET 10
50% w3yuyeHHBIX IMITAMMOB, MPUYEM CEIeKUMS MOIMPEe3UCTeHTHOCTU
MOXKET GbITh BbI3BaHA He TOJIBKO aHTUOGMOTUKAMMU, HO U Ne3UHOUIMPY-
omymu cpencrsamy [2]. CrpeccoBast cuTyanysi, K KOTOPO MOXKHO OT-
HeCTU U BO3ZeiicTBUe ne3H(DeKTaHTOB, yBeINYMBAET reHeTUYEeCKYIO re-
TEPOTeHHOCTb MOMY/ISIIMUA C BO3SMOXKHOCTBIO 0TG0OPA YCTONUMBBIX GOPM.
Vizyuenne pacrpoctpanenus: popm P. aeruginosa ¢ MJIY, BbieIeHHbIX
Ha MOJIOUHBIX IPEANPUSITUSIX U B JOMAIIHMUX YaCTHBIX X03siicTBax Ca-
YIOBCKOJ ApaBuy, 10OKa3aao BBICOKYIO JOMIO YCTOWUMBBIX GopM — 1o
81,4% [16], mpuyemM B JOMaLIHMX XO3s/ICTBAX PacIpoOCTPaHEHHOCTb
P. aeruginosa 6buta B 5 pa3 Bbille 1 10/ mTaMMoB ¢ MJIY Takke Gblia
BeMuKa. JTO, CKOpee BCEero, CBSI3aHO C MacCCOBBIM GECKOHTPOJIBHBIM
NpyUMeHeHVeM B JOMAIIHMUX XO3S/CTBAaX aHTUMOMOTMKOB. Yalne Bcero
B 0OOC/IeIOBAaHHBIX XO3S/ICTBAX BCTPEYATMCh LITAMMBI, PEe3MCTEHTHbIE
K cynbbaHWIaMMIaM — IIVPOKO INPVIMEHSEeMBIM BO MHOTMX CTpaHax
CUHTEeTMYECKMM aHTMOMOTMKAM C HM3KOM cToMMocThio [62]. Ha ceron-
HstHMit feHb MJIY y P. aeruginosa, acconypoBaHHas C MALIEeBbIMY ITPO-
AYKTaMM, B YaCTHOCTM MOJIOKOM M CbIpaMMU, IIOMaJal0IIMMI B OPTaHU3M
6e3 IpeBapUTeIbHOI TepMMUUYEeCcKoi 06paboTKM, ellje He CTala MacCoOBO
Yrpo30ii 06IIeCTBEHHOMY 3/IpaBooXpaHeHnio. OIHAKO OYeBUIHBI PUCKYU
ee HapacTaHus M3-3a BO3MOXKHOJ Ilepefjauy reHOB YCTOMUMBOCTU LPYy-
MM 6aKTepusIM, HATOTEHHBIM IS JKUBOTHBIX U YeloBeKa [63,64].

6. O6pasoBaHMe GMOIIEHOK

OmHUM M3 caMbIX COBepIIeHHBIX MeXaHM3MOB aJalTaluyu K CTpec-
COBBIM BO3JENCTBUSIM SIBJISIETCS  CITIOCOOHOCTb MMKPOOPTaHM3MOB
K ob6paszoBaHui0 6moruieHok. C yueTomM 06alaHuUsl CBOMCTBAMM TATO-
TeHHOCTY Y Pe3UCTEHTHOCTM K aHTUMMUKPOOHBIM BeIleCTBaM, 6MOTIIeH-
KU TIPEeICTaBISIOT c060ii OCTPYI0 Mpo6/ieMy Kak [jisi 0GIIeCTBEHHOTO
34paBoOOXpaHeHNs] (BO3HMKHOBEHME PUCKA Pa3BUTKS y YeJlOBeKa 3Ha-
YMMBIX MHQEKIMIT), TaK ¥ IJIs1 TIUIIEBOJ ITPOMBIIIIEHHOCTU. BuorieH-
K1, cHOpMMUPOBAHHbIE HA TEXHOJIOTMYECKOM OGOPYIOBAHWM, SIBIISIIOTCS
[IaBHOJ IIPUYMHOM BTOPUYHOTO 3arpsS3HEHMS MUILEBbIX ITPOLYKTOB [3].
CylIecTBYIOT [JaHHbIe, OKa3bIBalOLIYe, YTO CIIOCOOGHOCTh IATOTE€HOB
06pa30BbIBATh OMOIUIEHKM U WX aHTUOMOTMKOPE3UCTEHTHOCTb B3au-
MOCBsI3aHbI [65]. VI3BeCTHO, UTO GaKkTepuaibHble GMOTIEHKYM 06IafaroT
3HAYUTEIbHO O0JIbIIel (B COTHM pa3) YCTOMUMBOCTBIO K JEMCTBUIO pa3-
JIMYHBIX CTPECCOPHBIX (PakTOpoB. OFHAKO IMPU TUIAHUPOBAHUU U TIPO-
BeZleHUY CAHUTAPHO-TUTMEeHNYeCKUX MepOIPUSITUIL Ha TepepabaThiBa-
IOIMX U MUIIEBbIX MPOM3BOACTBAX Yallle BCEro HE YUMTHIBAETCS d)aKT
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HaxXoXJeHUs] 6akTepuil B COCTOSTHMM OGUOIUIEHOK. B pesynbraTe 3TOrO
CaHMTapHble MepONpUSITHS CTaHOBATCSI HeaddekTuBHbIMY [55]. Heuys-
CTBUTENBHOCTD K JIJICTBMIO aHTMMMKPOOHBIX areHTOB CBSI3aHO C HaJM-
YyyeM B COCTaBe GMOIIIEHKY TaK Ha3bIBa€MbIX KJIETOK-TIePCUCTEPOB — I10-
KOSILIMXCSI KIIETOK, Y KOTOPBIX OTMeYaeTcsl 6I0KMPOBKA MeTabomMIeckx
MyTei ¥ TOPMOKEeHMEe MeTaboINIYeCKoii akTUBHOCTH, B TO BpeMsI Kak 61-
OLIMIHBIE ITperapaThl OPMEeHTUPOBAHbI HA KIeTKM C HOPMaJIbHBIM aKTUB-
HBIM MeTabomM3MOM [66]. YCTOMUMBOCTD, ONIOCPEAOBAHHAS GMOTIEHKOIA,
He 3aBUCUT OT TeHeTMYeckuX MyTalyii ¥ BO3BpallaeTcs K UCXOLHOMY
COCTOSIHMIO IIpM ee paspylieHnu. Hanmnume y MUKPOOPraHU3MOB KTYTH-
KOB M INJIeii, KOTOpble 06ecreuyBaloT UX IOIBYIKHOCTD, CIIOCOOCTBYET
ob6pa3oBaHuio O6uorUieHKU [67]. P. aeruginosa SIBIsieTCSl Ype3BBIYAIIHO
aKTVBHBIM GVOIUIEHKOOGpa3oBaTeneM. [ 3aKkpeIvieHMs Ha IJIaJKOii
YMCTOV TOBEPXHOCTM MMKPOOPTaHM3M CHauajga o6pasyeT CITIOCOGHYIO
K NPWINIAHUIO CTM3b, & TIOTOM 3aKPeIUISIeTCs] B Heil C ITOMOIIbIO KIy-
TUKOB U et [49,68]. B mporecce hopMupoBaHusi GMOIUIEHKM GaKkTe-
pusi puobpeTaeT MyKOUAHbIA (HEHOTUIT C TOBBIIIEHUEM BBIPAOOTKYU
alprMHaTa — 9K30I0/I1Ccaxapuaa, MpeICcTaBysIionero co6oii moaumep
MaHyPOHOBOJ ¥ IJIIOKYPOHOBOJ KMCJIOT. AJIbITMHAT CIIOCOGCTBYET BbIKM-
BaeMOCTY MUKPOOPTaHM3Ma BO BHEILIHei cpejie, 3aiuinas 6akTepuio oT
MIOBEPXHOCTHO-aKTUBHBIX BellleCcTB 1 6akTeprodaros. P. aeruginosa crio-
co6Ha 06pa30BBIBATH 3PENYI0 OMOTIEHKY yyKe uepe3 4 yaca mocie rnep-
BUYHOTO 3akperuieHus [18]. Bakrepust apdeKTMBHO KOMOHU3UPYET pa3-
JIMYHBbIE TTOBEPXHOCTY, BKIIOYAs MeOUIMHCKMe MaTepyassl (KaTeTepsl,
VMIMIUTAHTAThl, KOHTAKTHBIE JIMH3BI U T. 1.) [69] M 060pyn0BaHMe MUIIEBOI
IIPOMBILIJIEHHOCTU (CMecuTeNbHble 6aKu, yaHbl U Tpyoku) [70]. Jlrobbie
YCTPOMCTBA, 13 KOTOPBIX CIIOKHO ITIOJTHOCTBIO YAATNUTH BIIAry, MOTYT ObITH
MMOTEHIMATbHBIM VMCTOUHMKOM CUHETHOWHOI uHbekuuu. Lukn 6mo-
I7IEeHKOOOPAa30BaHMsI BKIIIOYAeT B cebsl MepBUYHYIO a[re3uio, GuKcanmio
MMKPOOpPraHu3Ma Ha IIOBEPXHOCTM, CO3peBaHME OMOIUIEHKM, ee POCT
M IUCTIePCHIO — BbIGPOC TVIAHKTOHHBIX KIETOK, KOTOPbIe MOTYT AATh Ha-
Yyasio 06pa30BaHMUI0 HOBBIX GMOIUIEHOK. TaKMM ITyTeM IVIKJI 00pa3oBaHusI
6MO0TITIeHOK TTOBTOpSsieTcs [71]. [I/11 MMKpPOOPTaHM3MOB, BXOASIIVX B CO-
CTaB GMOIITIEHKM, XapaKTepHO KOPIIOPAaTUBHOe TTI0Be/IeHNe, YIIPaBIsIeMoe
cucreMoii KBopyM ceHcuHra (QS). QS, win 4yBCTBO KBOpyMa, OCHOBAaHO
Ha MPOAYKLUMM MaJbIX CUTHAJIBHBIX MOJIEKY/ ((hepoOMOHOB WIM TOPMO-
HOIIOZOGHBIX COeNMHEHMIT) U CIIOCOOHOCTM MUKPOGOB BOCIPMHMMATH
9TU CUTHANbI [66]. B mpouecce passuTusi 6uorieHku P. aeruginosa ws-
MEHSIIOTCSI XapaKTepUCTUKM GakTepuit — MOABUKHOCTb, MHTEHCUBHOCTh
BbIPA6OTKM anbruHaTa [72]. B mononHeHue K pa3sutuio 6morieHky, QS
CBSI3aH C perysiuyedl SPpyTux (Gu3MONOTMUecKuX IPOIecCoB, BKIIOYAs
BbIPAGOTKY (DaKTOPOB BUPY/IEHTHOCTM, YCTOMUMBOCTbD K CTPECCY, pery-
JIMPOBKY MeTabonm3ma [73,74]. MuKpoopranmsm obiafaer 3 cucreMmamMu
QS, 1 Bce OHU CIOCOGCTBYIOT 06pa3oBaHMI0 6MOTUIEHOK [75]. B 3aBucK-
MOCTH OT MHIVBUAYaTbHBIX 0COOEHHOCTEI! IITaMMa Y BHEIITHUX YCJIOBMIA,
P. aeruginosa moxeT HopMUpoBaTh GMOIUIEHKM IBYX TUIIOB: IUIOCKUE,
MpeicTaBJIsiole co60/ paBHOMEPHbIN IIOTHBIV GaKTepuaabHbIii CI0I,
u nuddepeHIMPOBaHHbIE — TUITMYHOI TPpM6006pa3HOit POpPMBI, COCTOS-
mye U3 KIeTOK, COefVHEeHHbIX pa3Jle/leHHbIM KaHalaMM Ionucaxapus-
HBIM MaTpUKCOM. MaTpuiia 6uorieHKku P, aeruginosa B OCHOBHOM COCTOUT
13 nonmcaxapuioB, BHekneTouHoit JHK, 6enkoB u munuos [69]. BaskHoit
¢dyHKIMeN MaTpUKCa SIBISIETCS YepykaHye BOJbI, YTO ITpefoXpaHseT 61-
OTIJIEHKM OT M3MeHeHMI1 BOOHOIO ITOTeHIMana 1 o6ecreynBaeT 3aluTy OT
TIOTePU KUAKOCTHU B CyXuX ycnoBusx [50]. MHorue mtammsl P, aeruginosa
06pasyIoT C/M3b, OCHOBO KOTOPOIA SIBJISIIOTCSI TPY 9K30TI0NIMcaxapuia —
Psl, Pel u reneob6pa3syonuii oauMep ajabrMHAT, Ype3BbIUATHO BaXKHBIN
IUISl TIPUKpEIUIeHNsT K ITOBepPXHOCTH, GOPMMPOBAHMS M CTabMIM3anumn
CTPYKTYpBI GMoruieHKH [76]. dx3ononucaxapup Psl npencrasisieT co60it
HeTpasbHbII ITeHTacaxapus, 06bIYHO comepykalmii hparMmeHTsl d-IJTio-
KO3bI, d-MaHHO3bI ¥ |-paMHO3bI. DTOT 9K30IOIMCaXapUI, HEOOXOAUM [IJIst
afre3uUy KJIETOK Ha MOBEPXHOCTSX M 06ecreueHus MexKKJIeTOUHbIX B3a-
VMIMOZEVCTBUI BO BpeMs1 06pa30BaHus GMOIUIEHKY KaK Y HEMYKOUIHBIX,
TaK ¥ Y MYKOMIHBIX IITAMMOB [77]. Psl pyHKIMOHUPYET KaKk CUTHATbHASI
MOJIeKyJIa, CTUMY/IMpYIolas o6pa3oBaHue Gojee TONCTBIX M IPOYHBIX
61oruteHOK [78]. Pel mpezacraBiisieT co60i KaTMOHHBIN TONIMCAXapUAHbIA
MOJIVIMep, OTBeYaIoIMii 3a 06pa3oBaHMe TUIOCKO GMOIITIEHKY, KOTOpast
obpasyeTcst Ha TpaHule pasgena ¢a3 BO3LYX-KUAKOCTb B CTATUUECKOI
GYIbOHHOM Ky/bType [79] M, KpoMe TOro, TOBBILIIAET TOJIEPAHTHOCTH
6aKkTepuii, BCTPOEHHbIX B GMOIIIEHKY, K aMWHOIIMKO3UAHBIM aHTUOMO-
tukaM. Cuure3 Psl u Pel 3aBucut ot mramma 1 MOXKET IepeKII04aThCst
B 3aBUCMMOCTH OT OKPYKAIOIIMX YCIOBUIA [79]. DKcmpeccust GOMbIIMHCT-
Ba (hakTOPOB BUPYJIEHTHOCTM, BKJIIOUAsI CMHTEe3 3K30TOKCMHOB U 06pa-
30BaHMe GMOTIIEHKY, KOHTPOIMpPYyeTcsl cucteMoit QS. DKcIpeccust reHOB
BUPY/IEHTHOCTY ITPOMUCXOIUT TOIBKO IIPY OIIPeJieIeHHO TNIOTHOCTY MMU-
Kpo6Ho#t nonyssinyy. Pazpaborka mep, HaripaB/ieHHbIX HA MHIMOMPOBa-
Hye cucreMsl QS, SIBJSIETCSI aKTyalIbHBIM HalpaBleHMeM MCCIe0BaHMU
[IJIS1 KOHTPOJISI BUPY/IEHTHOCTY CUMHETHOVHOI ranouku [80].

7. UpenTuduranmsa

BakTepuonornueckuii MeToz, ocTaeTcsl Haubonee JOCTYITHbIM U pac-
IIPOCTPAaHEHHbIM B MMKPOOMONIOIMYEeCKuX JIabopaToOpysiX M BKIIOYAET
110CeB JMCCIefyeMOro MaTepyuasa Ha Clieli/ajbHble MMUTaTelbHble CpeJbl
MM B Cpebl HAaKOIUIEHUSI C JajabHENMIIMM BBICEBOM Ha CeleKTUBHbIE
IUIOTHBIE cpenbl. Hanmuume 3eyeHOr0 nmurmMeHTa (NMMOLIMaHMHA) U LBe-
TOYHOTO 3araxa, XapaKTepPHbIX TOIbKO AJis1 P. aeruginosa, c OmHOBpeMeH-
HbIM OGHapykeH)eM B Ma3Kax [Py MMUKPOCKOIIMPOBAHNM IPAMOTPHIIA-
TeJIbHBIX MAJI0YeK, M03BOJISIeT Ha 2-e CYTKU UAEHTUDULIMPOBATH OKOIO
75% xynbryp [81]. TpymHocTM pacrnio3HaBaHus P. aeruginosa BO3HMKAIOT
IIpY HAIMYMM M3O0MSTOB, YTPATUBIIMX CIOCOGHOCTh K NMUTMEHTOO06pa-
30BaHMIO, MPOALYKIMM 3SK30Ioyucaxapyujia ¥ PaMHOIMINAA, a TakKe
rpu GopMupoBaHMM HEKYIbTUBUPYeMbIX dopM. VccremoBaTeny oTMe-
YaloT OIpe[e/ieHHble TPYIHOCTU C OMOXMMUYECKON maeHTubMKaImen
P. aeruginosa. Habopbl 6uoxumMmuueckux TecTtoB API moKa3bIBalOT BbICO-
KMl ypOBEeHb HEeBepHOI MAeHTU(UKALMUM OKCUIA30-TONTOKUTETbHBIX
rpaMOTpUIIATEeNbHBIX TIaJlouek, BKIodasi P. aeruginosa. Kpome Toro, njist
MpoBefieHMsI TecTa TpebyeTcs MCIOMb30BaHMe YMCTOV GaKTepuanbHOMN
CYOKY/IbTYPBI ¥ MMHMMAaJIbHOE BpeMst MHKy6aluu 48 4. CienoBaTenbHoO,
UoeHTUGUKAIYS ¢ UCIIONb30BaHMEM 3TOrO MeTona TpebyeT He MeHee
3 nHeii [82], KpoMe TOro, 3aTPyIHEHO MUCIIO/Ib30BaHMe KJIaCCUYeCKUX MU-
KpOOMONOrnyecKux MeTOHOB IIPUMMEHUTENbHO K P. aeruginosa B cocTa-
Be G1MOIIIeHOK [5]. B mabopaTopusix Bce mupe BHenpsieTcst metor, TT1IP-
JIMarHOCTUKY (TIIOJIMMepa3Hoi LeITHOM peaklyi), KOTOPbIii MO3BO/IseT
poBoaUTH psimoe o6Hapyskenne JHK nav PHK mukpoopranmsma. Uys-
CTBUTEJIBHOCTD U CIIenUIHOCTh MeToa cocTasisiotT 90—-100%, uto mo-
3BOJISIET 3@ KOPOTKOE BpeMsl McciefloBaHys (0T 2 10 5 4) rapaHTUPOBAHHO
06HAPY)XMBATh IMHMYHbIE OaKTepUaIbHble KIETKNU. DTO JaeT GOoiblIoe
MPEMMYIECTBO MO CPAaBHEHMIO C GaKTepUONOIMYeCKUMY MeTOHAMM.
[penyoskeHsbl crienuduueckye mpaiMepsl Jis JeTeKyy reHa algd, Ko-
nupymoiiero gdp-geruaporenasy. OHa y4acTBYeT B IIPOSYKIMU aJIbTMHA-
Ta 'y P. aeruginosa, KOLMPYIOLIEro 9K30TOKCUH A reHa toxd, a Takke reHOB
gyrb u ecfX [83]. Bo3amo)kHa oHOBpeMeHHas amIuimbukanms (multiplex-
PCR) reHoB opri u oprL, OTBeyalomyX 3a CMHTEe3 [BYX JUIONPOTENMHOB
HapY)XHOI MeM6paHbl, KOTOpble MapKUPYIOT QII00OPECeHTHYIO IPYIIITY
TceBIOMOHAA U P. aeruginosa cooTBeTCTBEHHO. Pa3paboTaHbl MOIAXOMIbI
¢ ucrionb3oBanueM [P B pexkume pealbHOTO BpeMeHM JJisl KOIUYECT-
BEHHOI1 OLIeHKM comepykanus reHoMmHoit JTHK P. aeruginosa B cocrae 61-
oruteHOK. [Tpaiimepsl 1 Tagman 30H7, crieliduyHble B oTHOIEHUM GItA
P. aeruginosa, 1atoT BO3MOXHOCTb 00HapykuTh [JHK aHHOTrO MuKpoopra-
HM3Ma KakK B CyCIIEH3MOHHOM Ky/IbType, TaK ¥ B COCTaBe OMOIUIEHOK [84].
OpHako HaZo YYUTHIBATD, YTO BBICOKAsI YYBCTBUTEIBHOCTb MeTozoB ITLP
MOKET OBbITh M MX C1aObIM MECTOM B CBSI3M C BO3MOXKHOJ KOHTaMMHa-
uMeit 06pasna M MoayyeHus! JIOKHOOTPULIATEILHOTO Pe3y/ibTaTa M3-3a
MHIMOMPOBAHMSI Pa3IMYHBIMM BellecTBaMyu paboTsl monumepassl [81].
Taxke OTCYTCTBYIOT HOPMATMBHbBIE JOKYMEHTHI, OlIpeersiiomiye 06s3a-
TeJIbHbIe MUILIEHY U COOTBETCTBYIOIIME ITpaiiMepbl /ST UAeHTUGUKAIN
P. aeruginosa. HecMoTpsl Ha 3TO, B CJIOKHBIX C/Iy4asiX, B TOM YuC/Ie MU
(beHOTHUITMUECKOIT PASHOPOSHOCTM MITAMMOB CUHETHOMHONM ITaJOuKI,
MpeMMylecTBa MOJIEKY/ISPHO-TeHeTUUYeCKMX MeTOJOB OueBMIHBI. Ta-
KM 00pa30M, MOJIEKY/ISIpPHbIE METOZbI MOTYT GBITh KaK eIV HCTBEHHBIM,
TaK ¥ JOIIOTHUTETbHBIM GBICTPBIM M Ha/IEKHBIM TECTOM /IS MAEHTU (M-
Kauum P. aeruginosa [84].

8. MeTobl KOHTPOIA

B Hacrosiee BpeMsi akTUBHO Pa3pabaThIBAIOTCS PA3IMUYHbBIE TTOXO/IbI
II7IST KOHTPOJISI HEXKeJIaTelbHBIX MUKPOOPTaHM3MOB, B TOM UMCJI€ BXOJSI-
LIMX B COCTaB 610IUIeHOK [70,85]. OHY BK/IIOYAIOT B ce6st husnueckue Me-
TOIbI — TaK, poroTepmuueckas Teparusi (PTT) crana mpuBieKaTeTbHbIM
TepaneBTUYECKMM METOJOM GOPbObI C YCTOMYMBBIMYU K aHTUOMOTUKAM
6axTepuanbHbiMK MHbeKuMsMU [86]. O6paboTka maazmoii addexkTnBHO
VMHAKTMBMpPOBaJIa GuorieHKu P. aeruginosa [87]. BbICOKOMHTEHCUBHbIE
CBETOBbIE MMITY/IbChI, PEHTTeH, KOMOMHAIVS YIbTPA3ByKa U 1apa Ipef-
JIOSKEeHBI JJIsl HEAOMYIIEHUST POCTa TICEBIOMOHA/, I COXPaHEHMS KauecTBa
CBIPOB THIa Mouapesia [88,89,90].

Inist moBbIeHns 3 HEKTUBHOCTY aHTUOMOIUIEHOYHBIX Je3MHDUIII-
PYIOIIMX CPELICTB MPUMEHSIIOT JeTePTeHThI Ha OCHOBE (pepMeHTOB, CIIO-
COOHBIX pa3pylIaTh KOMIIOHEHTbI BHEKJIETOUHOTO MATPUKCA GMOTIIIEHOK,
BKitouasi P. aeruginosa [91]. OnHaKko akTMBHOCTb (hepMEHTOB IIPOTEMHA3
CHIKAeTCsl B MIPUCYTCTBUM MOJIOKA, TO3TOMY 3P deKTUBHOCTU hepMeH-
Ta OGbIJIO HEAOCTATOYHO JIJISI CTUMY/IMPOBAHMUS AabHelIeil pa3paboTku
MPOAYKTA JJIsl IPUMEHEeHMS B MOJIOYHO OTpacin. BaKHO MOHMMATh, YTO
6UOLMIHbIE CPeICTBA U MPOLeLyPhI AJIS MUIEBbIX TTPEeNIIPUSTUI JOIK-
Hbl COOTBETCTBOBATb TPEGOBAHMIM 6e30MaCHOCTY, YCTAHOBIEHHbIM
COOTBETCTBYIOLIMMM PETYIUPYIOIIMMIU OPraHaMy, U He BJIUSATh Ha BKY-
COBbIE U TUTATeTbHbIE CBOWCTBA MPOAYKTOB, YTO OCOOEHHO aKTyalbHO
IIJIT MOJIOUHOM TpOMBIIIIeHHOCTH. Hanbosee moaxoasiiymu 6butn Obl
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MHIMOUTOPBI KBOPYMa, MOTyYeHHbIe U3 MUIEBbIX MUKPOOPTaHM3MOB,
pacTeHuit 1 IPyrux IPUPOSHBIX MCTOYHUKOB. OCcOGbIe TIepCIIEKTHUBBI CY-
[IECTBYIOT /11 6akTepnodaroB Kak JIJis eCTeCTBEHHbIX Bparos 6akTepuit,
crocobHbIxX ubdyHAMPOBATH Yepe3 3penylo 6MorieHky [92]. B kinHu-
YeCKoji MPaKTUKe JIs JiedeHns] MHPEKIMiA, CBSI3aHHBIX ¢ 6MOITIeHKaMy
P. aeruginosa, ycrienirHo 3apeKOMeHI0BaJI Ce0st HeIaBHO OTKPbIThIN JIUTHU-
yeckuit 6akreprodar MKO1 [93]. Dar ucronb3yeT [jist CBSI3bIBAHUS C pe-
LIeNITOPOM IIOPUH BHeIIHel MeM6paHbl P. aeruginosa, OTBeTCTBEHHBDIN 3a
cucremy addiokca. 3amyuasch oT aTaku (Garos, MUKpoOOpraHm3m I1o-
JlaBJIsSieT CUCTeMY BbIBeleHUs], B pe3y/bTaTe Yero MOBBILIIAeTCS ero UyB-
CTBUTENBHOCTh K aHTHOMOTMKaM [93]. Bakrepuodaryu MoryT crathb Io-
TeHUMaNTbHBIM pellleHyeM ITPOo6IeMbl, OHAKO UX VICIIONb30BaHMeE VIMeeT
PSIZL HEIOCTATKOB. B yC/IOBUSIX MUILEBBIX MPOM3BOACTB 3 dHeKTUBHOCTD
(aroBpIx mpenapaToB MOXKeT BapbMpOBaThb B 3aBUCUMOCTYM OT TaKUX
MPOM3BOACTBEHHBIX (PAKTOPOB, KaK TeMIlepaTypa 1 BIakHOCTb. Obecrie-
YyeHye UX CTabMIbHOCTY U TPOLeSYPbI MCIIOMb30BaHMS [TOKA HE MMEIOT
rOTOBBIX pemieHuit [94]. Kpome TOro, u3BeCTHbI PUCKM, KOTOPble HeCeT
Mcronb3oBaHMe 6akrepuodaros, Mpy MPOU3BOJCTBE 3aKBAaCOK. ECThb mc-
CIenoBaHMs, OATBepRaaoIye 3GPeKTUBHOCTh MPUMeHeHMs GakTepu-
OIIMHOB JIAKTOOAIWILI /1J11 60pbObI C OPraHM30BaHHBIMU B GUOTIEHKU
P. aeruginosa [95]. AHTUMMKDPOGHbIE MENTUIbI, BbIIeIsIeMble MOJIOYHO-
KUCIBIMM GaKTePUSIMM, ¥ CAMY IITAMMBI MOTYT OKa3bIBaTh OMOIMIHOE
JelicTBMe Ha IaTOreHbl, B TOM 4YKuCIe B cOcTaBe OMOIIeHOK [96-99].
AHTMMMKPOGHBIE MENTHABI MOXKHO PACCMaTpMBATh KaK aJbT€PHATUBY
QHTMOMOTMKAM U BelleCcTBAM, YCMIMBAIOMIMM JI€MICTBME PYTUX MPOTU-
BOMUMKPOOHBIX mperapaToB [100]. Vix 3¢bdeKTMBHOCTb KaK aHTUOAKTePH-
a/bHBIX areHTOB IPOSBJISIACH U IO OTHOLIeHMIO K P. aeruginosa [101,102].
HecnenmpnyuHOCTb AeiicTBYUSI aHTUMUKPOOHBIX TENTHUIO0B TaK)Ke MOBbI-
IIaeT MX MepPCIeKTUBHOCTh B 60pbbe ¢ 6MorIeHKaMu, 0COGEHHO ¢ yJe-
TOM CITOCOOHOCTU P. aeruginosa cocyuiecTBOBaTh B COCTaBe GMOTIEHKU
C JPYrMMM MMKPOOPraHM3MaMM, MOTEHIMaJbHO HeCYIMMM pa3Hble
reHbl AHTUOMOTUKOPE3UCTEHTHOCTU Y CIIOCOGCTBYIOUMMU PA3BUTUIO
MeXaHM3MOB FOPM30HTAIbHOTrO NlepeHoca reHos [103,104].

BemyTcst paGoThI 110 M3YUEHNMIO aHTUMUKPOOHBIX CBOCTB apoMaTinye-
CKUX pacreHnii u a¢upHbIXx Macen [105,106]. ViccienoBanusi, HarpasiieH-

HbIe HA TIOMCK MeXaHM3MOB MHIMOMpPOBaHYs QS, MOTYT IIPeAIOKUTD -
(exTyBHBIE METOIbI ITOAABAEHMS ITaToreHa. MaeanbHbIMM MCTOUHMKAMU
IeViCTBYIOIIVX BEIECTB /JIs1 HapylieHus QS mpeCcTaBIsiioTCs Of06peHHbIe
IS TIMIIEeBOJ IPOMBIIIZIEHHOCTY MUKPOOPTaHM3MBI, PAaCTeHMSI U Ipyrue
[IPMPOIHbIE VICTOUHMKM. B pasmmyuHbIX 3GMPHBIX MaciaX OGHApyKeHbI
takue 3¢ deKTUBHbIe MHIMOUTOPB! QS, KaK IIMHHAMAIbIET/I, KapBaKpPOI,
rekcaHa:, TuMoi [107]. OnHaKo uX MUCIONb30BaHMe B KauyecTBe MUIIEBbIX
KOHCEepPBaHTOB OIPaHMYEHO 13-3a PE3KOT0 3araxa ¥ HMU3KO0i PacTBOPUMO-
ctu. IIpoBenieHHbIe VcCIeloBaHMsI OblIM COCPeIOTOYEeHb] Ha BCTPayBaHUM
YKa3aHHBIX COeIMHEHMII B HAHOYACTHUIIbI IJIST BO3MOXKHOTO VCITO/Ib30Ba-
HUSI B TIMLIEBOM OTpaciy Wiy AJIs1 pa3paboTOK HOBBIX TEXHOJIOIMii yra-
KkoBKM [108]. Kpome TOTO, He GbIIIO MOTYyYEHO JaHHBIX 06 OTCYTCTBUM BO3-
HUKHOBEHMS PE3UCTEHTHOCTY K JAHHBIM BEIeCTBAM U 06 X BO3MOKHOM
BIIMSTHMM HA KCIIPECCUIO TeHOB aHTUOMOTUKOPE3UCTEHTHOCTH [5].

9. BBIBOIBI

OG6namaHye OLHOM M3 CaMbIX CTIOKHBIX PErylIsSTOPHBIX CYCTEM Yy Gak-
Tepuit nenaer P. aeruginosa, OTHOCSILIYIOCS K YCIOBHO-TIATOT€HHBIM
MMKPOOPraHM3MaM, YHUBEepPCaTbHbIM MMKDPOOHBIM IIaTOTEHOM, C Ipa-
KTUYEeCKM HeOrpaHMUYE€HHbIMU METa60I[I/I‘IECK]/IMI/I BO3MO>XKHOCTSIMH,
MIPeCTaBISIIOIIMM PeabHYI0 YTPO3Y 340POBbI0 UesoBeKa. B 1enom, 06-
30p JINTEPATYPHBIX MCTOUHMKOB MTOATBEPKIAET aKTYaIbHOCTb M HEOOXO-
IVMOCTb aKTMBHOTO TIOMCKA ¥ Pa3paboTKy CPeACTB IJIs1 IPOTUBOAEICT-
Bus1 6akrepuu P, aeruginosa, yicroynb3yonieii MHOTOrpaHHbIe MeXaH3MbI
YCTOMYMBOCTM K @HTMMUKPOOHBIM BO3JeiicTBusM. [IpogymaHHas cuc-
TeMa NPOGIIAKTUYECKUX MeDP C BO3MOKHOCTBIO GBICTPO KOPPEKTUPO-
BaTh KOMIUIEKC Ae3MHOUUIMPYIOIINX MEPOIIPUSITUIL OCTAETCS OTHUM U3
JIYYIIVX CIIOCOG0B 6OPHOBI ¢ GaKTepUaTbHbIM 3arpsiI3HEHVEM B MUILEBO
MIPOMBIIUIEHHOCTY. BHeIpeHue HOBBIX AHTMCHHETHOJMHBIX IIperapa-
TOB TaKkke Ype3BbIUAIHO aKTyalbHO. BO3MOXHO, Hamboee ycreurHbe
" 3¢bdeKTMBHbIE METOAMKM MMMMHALMM TAKOTO CIOXKHOTO IATOTeHa,
KaK CYMHETHOJHAas IMajouKa, JOJKHBI BKIOUATh B Cebsi pa3paboTaHHbIE
C y4acTMeM CIeLMaNUCTOB Pa3HOro Mpobwis KOMOMHALMM CTPATermii,
MIPUBOASIIMX K CHMKEHUIO U 3GGEKTUBHOMY KOHTPOJIIO YIpo3 001IecT-
BEHHOMY 3[I0POBbIO, CBSI3aHHBIX C P. aeruginosa.
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KJIFOYEBDIE CJIOBA: AHHOTALL A

COK OY3UHbL, MHOTOUMC/IEHHbIE MCCIENOBAHMS XMMIUYECKOTO COCTaBa SIroj Gy3MHbI YEPHOI MOKA3ai, YTO OHM COMepsKaT GMOIOTIECKI
nacmepusayus, aKTMBHbIE COEIMHEHMS] C BbICOKOI aHTMOKCHMIAHTHOI CIIOCOGHOCTBIO. 1leb paboThl — MCC/IENOBAHME BIVSIHWSI T€PMOY/Ib-
mepmoynbmpaseykoeas TpasBYKOBOI 06paGOTKM Ha comepsKaHye GMOMOTMIeCKy aKTUBHBIX BEIIECTB Y aHTMOKCUIAHTHYIO aKTUBHOCTh COKA GY3MHbBI
obpabomxka, yeemosoii (Sambucus nigra L.). B KauecTBe 06bEKTOB MCC/IeIOBAHMIT MCIIOIb30BAIY CBEKEOTKATHIN COK 13 6y3MHBI, COK OY3MHbI TIaCTe-
uHdexc, pnasoroudsl,  pU30BAHHBINA U TIOABEPIHYTHIN TEPMOYIBTPA3BYKOBOI 06paboTKe. LIBET oIpemensiv KOIOPUMETPUUECKUM METOIOM, 001ee

aHMoyuaHal, cozmepskaHne (hIIaBOHOU/IOB, aHTOLMAHVHOB M aHTMAKCUIAHTHYIO aKTMBHOCTD 10 aKTUBHOCTY CBsi3biBaHust DPPH panukasa
AHMUOKCUOAHMHAA 06pasIioB COKa OMpenessii CleKTpohoTOMEeTpUYECKUM MeTonoM. TepMoo6paboTKY YIbTPa3ByKOM MTPOBOAWIIN B YIbTPA3BY-
akmueHocmy KOBOM I'OMOT€HM3aTope. YCTaHOBJIEHO, YTO COK Gy3MHbBI, 06paGOTaHHbI TEPMOY/IBTPA3BYKOM, 06J1aa 60/iee BHICOKUM IiBe-

TOBBIM MHIeKcOM (CD), MOBBIILIEHHBIM 3HaUeHMeM SIPKOCTH (L), 601bLIMM 061IMM 1IBETOBBIM pasimnuyieM (AE), a TakKe yMeHb-
LIEHHBIMM 3HAUYeHMsIMM yIvia oTTeHKa (h) v mHaekca skentoro (YI). O6iuee comepskanme ¢heHonoB, (IaBOHOUIOB ¥ AHTOLVIAHOB
B 06pasiie, 06paboTaHHOM TEPMOY/IbTPasByKoM (Mom[HOCTh 600 BT, uactora 20 KI'11, TemmiepaTtypa 65 °C, 15 MUHYT), 6O BbIIIIe
Ha 13,32%, 251,72% 1 94,12% COOTBETCTBEHHO 110 CPAaBHEHMIO C HEO6PaGOTaHHBIM 06PA3IIOM U 06Pa31ioM, TaCTePU30BaAHHBIM
ripu 65 °C B Teuenue 30 MuHyT. ClIOCOGHOCTH CBSA3BIBATH 1,1-mubeHnn-2-nukpwirnapasui (DPPH) v TMIpOKCUIbHBIE paivi-
kasbl (-OH) 6bu1a yBenmueHa 1o 65,22% u 51,13% COOTBETCTBEHHO, YTO 3HAUUTEIBHO BBIIIE, YeM Yy KOHTPOJIBHOIO 06pasia.
CozmepskaHyie OCHOBHBIX aHTOIIMAHOB IMaHUIMH-3-0-camOy6mo3uTa, MaHuauH-3-0-IMI0K03Maa U UMaHuAnH-3-0-cam6y-
61031A-5-0-TmoKo3uaa cocTaBuiao 987,5 mr/am3, 752,4 mr/om® u 191,4 mr/am3. Koppe/suyoHHbIil aHaaMu3 [OKasal, uTo Co-
nepskaHMe aHTMOKCHIAHTOB OKa3bIBAaeT 3HAUMTENbHOE BIAVSHYE Ha [[BETOBOJ MHAEKC coKa OY3UHbI, a IMaHUIH-3-0-1i0-
KO3MJ, M UMaHUIMH-3-0-caMOyOMO3UT ONPENeNsIoT SIPKOCTh MM TEeMHOTY cokKa. Tepmuueckas 06paboTKa yIbTPa3ByKOM
3HAUUTETHHO YIyUIIaeT COlepkaHme ooumx (GeHONbHbIX COeIMHEeHN T, (DTaBOHOMAOB M aHTOLMAHOB, a TAKXKE CIIOCOOCTBYET
YBEIMUEHNI0 aHTUOKCUIAHTHOM aKTUBHOCTY COKa 6Y3MHbBI. Pe3y/bTaThl MO3BOMSIOT MPEIIIONOKNATD, UTO AAHHBIN CII0CO6 MO-
keT 6bITh 3P PeKTMBHBIM METOJOM MacTepu3ayy coKa Oy3UHbBI C COXpaHEeHVEeM KauecTBa U aHTMOKCUIAHTHOM aKTUBHOCTMU.
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elderberry juice, Numerous studies of the chemical composition of black elderberries have shown that they contain biologically active com-
thermoultrasonic pounds with high antioxidant capacity. The purpose of the work is to study the effect of thermoultrasonic treatment on the
treatment, color content of biologically active substances and antioxidant activity of elderberry (Sambucus nigra L.) juice. The research objects
index, flavonoids, were freshly squeezed elderberry juice, pasteurized elderberry juice, and juice subjected to thermoultrasonic treatment. The
anthocyanins, color was determined by the calorimetric method, the total content of flavonoids, anthocyanins and antioxidant activity by
antioxidant activity DPPH radical scavenging activity of the juice samples were determined using a spectrophotometric method. Thermal treatment

with ultrasound was carried out in an ultrasonic homogenizer. It has been found that elderberry juice treated with thermoultra-
sound had a higher color index (CD), juice brightness values (L*), overall color difference (AE) and lower values of hue angle (h),
yellow index (Y7). The total content of phenols, flavonoids and anthocyanins in the sample treated with thermoultrasound with
a power of 600 W, frequency of 20 kHz, and a temperature of 65 °C for 15 minutes was higher by 13.32%, 251.72% and 94.12%,
respectively, compared to the untreated sample and sample pasteurized at 65 °C for 30 minutes. The 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) and hydroxyl radical (-OH) scavenging activities were increased to 65.22% and 51.13%, respectively, which
was significantly higher than those of the control sample. The content of the main anthocyanins cyanidin-3-O-sambubioside,
cyanidin-3-0-glucoside and cyanidin-3-0-sambubioside-5-0-glucoside was 987.5 mg/dm3, 752.4 mg/dm® and 191.4 mg/dm?.
Correlation analysis has shown that the antioxidant content has a significant effect on the color index of elderberry juice, and
cyanidin-3-0-glucoside and cyanidin-3-O-sambubiositol determine the brightness or darkness of the juice. Heat treatment
with ultrasound significantly improves the content of total phenolic compounds, flavonoids and anthocyanins, and helps to
increase the antioxidant activity of elderberry juice. The results suggest that this method can be an effective method for pas-
teurizing elderberry juice while maintaining the quality and antioxidant activity.

IJII UUTUPOBAHUS: Bypak, JI. U., 3aBasneii, A. I1., I6noHckas, B. B.,, Ca- FOR CITATION: Burak, L. Ch, Zavaley, A. P., Yablonskaya, V. V., Sa-
nau, A. H (2025). BiusiHue TepMOy/IbTPa3ByKOBO 06paboTKY Ha aHTHMOKcuAaHT-  pach, A. N. (2025). Effect of thermoultrasonic treatment on the antioxidant activ-
HYIO aKTMBHOCTB cOKa 6y3uHbI (Sambucus nigra L.). [Tuwegsie cucmemet, 8(1),58-72. ity of elderberry (Sambucus nigra L.) juice. Food Systems, 8(1), 58-72. https://doi.
https://doi.org/10.21323/2618-9771-2025-8-1-58-72 org/10.21323/2618-9771-2025-8-1-58-72
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1. BBengeHue

CoBpeMeHHbIT MTOTPe6UTeNb OTHAET NPeNIIoUTeHue KaueCTBEHHBIM
MPOAyKTaM TMUTAHUSI C NPUEeMIeMbIM CPOKOM TOLHOCTM, BbICOKO¥ M-
111eBOJi LIeHHOCTbIO M aHTMOKCUIAHTHOM aKTMBHOCTbIO. COKM SIBJISIIOTCS
Ba)XHOJ YaCThI0 palyiOHa MUTaHWs OONbIIMHCTBA HAcelTeHus], Tak Kak
coziepykaT MHOTMe IUTaTe/lbHble BelllecTBa, MUKPO- I MaKpO3JeMeHThI,
MMHepasIbHbIe BelllecTBa, BUTAMUHBI U Jpyrie 6MOI0rMYecKy akTMBHbIE
BemecTBa. C 1e/IbI0 00eCIIeYeHNs] MUKPOOMOIOTMYECKOi CTabMIbHOCTH,
MHIMOMPOBaHUST PepMEeHTHO aKTMBHOCTU M yBeIMUYEHMs CPOKaA T'OIHO-
CTU B IIpOLIeCCe IPOM3BOACTBA COKOB IIMPOKO MCIIONb3YeTCs TepMuye-
cKasi rmacrepusauysi. Bmecre ¢ Tem B Ipoluecce rnacrepusaluu 1of, geii-
CTBMEM TeMIlepaTypbl NPOUCXONSAT HexkeaTelbHble M3MeHEeHMs BKyca,
LIBEeTa ¥ CHMKEHVE IMUILEBOJ 1eHHOCTM (PYKTOBBIX M OBOLIHBIX COKOB.
C 3TOJ1 LIeNbI0 B MOCJIEHME NEeCITUIeTUs] pa3pabaTbiBaeMble U MpyuMe-
HsIeMble B NUILEBOJ MPOMBIIUIEHHOCTH CIIOCOGBI MacTepu3almun u cre-
pyIM3alnmMy NULEBBIX NPOSYKTOB OPMEHTMPOBAHbI Ha MCIONb30BaHNeE
HMU3KOTEMIIEPATYPHBIX CUCTEM, COKpAIeHMe IMKIa 06paboTKy, paciim-
peHMe TeXHOMOTMYEeCKMX BO3MOKHOCTeM, CHIMKeHe 3aTpaT 1 obecreye-
HMe 9KOJIorMYecKkoii 6esomacHocty [1]. TepmoynbTpasByKkoBasi 06paboTka
(TS) — aro TepMoo6paboOTKa C MCIONB30BAaHMEM YIbTPA3BYKa, KOTOPAs
rpefcraBisieT co60¥i COBpeMeHHbII MeTOJ, KOHCePBMPOBaHMSI IUIIEBbIX
MIPOZIYKTOB, BK/IIOYAIOIIMIA MICIIONb30BaHMe KaK TeIlIa, TaK M yIbTPa3By-
Ka [2]. Tepmuyeckast o6paboTka ynprpa3Bykom (TS), Takke Ha3bIBaemast
YIbTPA3BYKOBOJI TEIIOBOJ 06paGOTKOI, CUMTAeTCsl ODHMUM U3 Hambonee
MePCIEeKTYBHBIX METOIOB HETepMMUUECKOi 00pabOTKM AJISI COXPaHEHSI
bpykTOBBIX COKOB. JJaHHBIN CIIOCO6 06PaOOTKM TO3BOJSIET 06ECTIEUUTH
MMUKPOGVOIOTMYECKYIO CTaBMIBHOCTD M TAKMM 06pa3oM YIydIInTb 0611ee
KayecTBO M CPOK FOIHOCTY (GPYKTOBBIX ¥ OBOIHBIX COKOB [1,2]. [TnineBoit
MPOZYKT B 9TOM IpoLiecce IO BepraeTcsi BO3/1eiiCTBMIO YIbTPa3ByKa B CO-
YeTaHVM C YMePeHHOJ TeMIIepaTypoii st MoBbImeHyst 3GeKTUBHOCTI
YHUUTOKEHMS] MUKPOOPTaHM3MOB /WM MHAKTMBALIMY HeXelaTelbHbIX
(hepMeHTOB. Ta KOMOMHALIVSI COKPAIAeT BpeMsl U TeMIIepaTypy IpoLec-
ca TS, coxpaHsisl LiBeT, BKyC ¥ MUILEBYIO LJIeHHOCTb Npoaykra [1]. Kpome
TOTO, 6BUIO TIOKAa3aHO, YTO 06paboTka TS TMOBBIIIAET comepkaHue Guo-
JIOTMYECKM aKTUBHBIX BELeCTB ¥ MUKPOOGHYIO 6e3011acHOCTh HEKOTOPBIX
(PYKTOBBIX COKOB, BKJIIOUAsi COK MaHro [3], CBMHOII C/iuBHI [4], Kapam60-
bl [5], sI6/I0YHOTO coKa M coKa muTaiu [6,7]. Cienyer Takke OTMETUTD,
YTO 3@ CYET HM3KOTO SHEPrornoTpedeHus JaHHbIA Cr1oco6 00paboTKu
M103BOJISIET CHU3UTD 9KCIUTyaTallIOHHbIe PAaCcXO/ibl, METOZ, ITpelycCMaTpu-
BaeT KOPOTKOe BpeMs 06paboTKy, UYTO GyIeT CIIocOGCTBOBATh CHIDKEHUIO
TPYA03aTpaT U MOBbILIeHMIO 3P PeKTMBHOCTY Ppou3BoACTBa [8,9]. Bonee
TOTO, MCIIOb30BaHMe YAbTPa3BYKOBOJ TEXHOJIOTUU SIBJISIETCS 3KOJIOTU-
YecKy YMCTON M NPU3HAHHOI «3e/IeHOM» TeXHOIOTHel, ITOCKOIbKY CI10-
COBCTBYET COKPAIEHMIO VICITOb30BAHMS BOZBI U, CJIEOBATEILHO, YMEHb-
1eHnIo oobema cTouHbIX Bof, [10]. Ha ocHOBaHMM MOMTYYeHHBIX JAaHHbBIX
MOYKHO CZeNaTh BBIBOA, YyTO 06paborka TS MoxkeT 6bITh 3P eKTHBHBIM
albTepPHATVBHBIM METOZOM 06pabOTKY, MO3BOJSIIOUIMM COXPAHSITh M-
1IeBYI0 LIEHHOCTb COKOB, CHMKATh 9HEPro3aTpaTsl 1, TaKMM 00pa3oM, I1o-
BBIIIATH 9KOHOMMYECKYI0 3P ()EKTIBHOCTD TPOV3BOACTBA COKOB.

Bysuna uepnas (Sambucus nigra L.), TpencTaBUTeNnb ceMeicTBa
Adoxaceae, pacripocTpaHeHa B yMepeHHBIX pernoHax EBPOIBI 1 Ipyrux
YyacTsIx CeBepHOro rnomymapus. Ee mpocToTa BbIpaiyBaHys 1 GOraTslit
XMMMUUYECKIIi COCTaB, a TAKKe ee IMpoKasi JOCTYITHOCTb B AUKOIi Mpupoze
CTUMY/IMPOBA/IY ITOBBIIIEHHBIV MHTEPEC K ee MCIO0NIb30BaHMIO B [TOC/IEe]-
Hue necsityietys [11]. Irombl yepHO¥ 6y3MHBI M3BECTHBI CBOMM BbICOKUM
YPOBHEM GMOJIOTMYECKY aKTUBHBIX COeIMHEHMI, KOTOPbIE CIIOCOOCTBYIOT
VX aHTUAVA6e TMYECKMM, IPOTVBOBYPYCHBIM Y MOUETOHHBIM CBOJICTBAM,
a TaKoKe MX MOTeHUMaTy it TPOUIaKTUKY aTepOCKIepo3a, CepaeuHo-
cocynucThIx 3aboneBaHmii 1 paka [12,13]. XuMmuueckuii cocras II0L0B
Gy3VHBI YEPHOJ MOKET 3HAUMTENTbHO PA3aMyaThCs B 3aBUCYMOCTY OT
Takux (akTOPOB, KaK COPT, KIMMAT, MECTOIIOJIOKEHE U CTaJlUsI CO3pe-
BaHys1. OCHOBHbIe GMOIOTMYECKY aKTUBHbIE COeJMHEeHMsI B Gy31He MpeJi-
CTaBJIeHbl AHTOIIMAHAMMY U TIONM(EHOTAMM, KOTOPbIe GbUIM TLIATETbHO
M3yYeHbl HAYYHBIM COOOIECTBOM DPasiIMyHbIX cTpaH [14,15]. Ilo cpas-
HEHMIO C PYTMMU sSrofiamMy, Gy3MHa COLePXKUT 3HaUMTeTbHOe KOmuJe-
cTBO TonbeHos0B. [Ipeobnagaiiye coeAHEHsT B Oy3/He BKIOUAIOT
KBepLeTUH-3-pyTUHO3NU], (DYTUH), KBepLIeTUH, KBepLIeTUH-3-TJIIOKO3U,
(M30KBEpUUTPUH), HEOXTOPOT€HOBYIO KUCIOTY, KPUIITOXJIOPOT€HOBYIO
KICJIOTY, XJIOPOT€HOBYIO KUCTIOTY, KeMIihepos-3-pyTMHO3UI, M30paMHe-
TUH-3-ITI0KO3K[, (acTparaanH) ¥ M30paMHeTUH-3-rmoko3uz,. Cpeay HUX
PYTUH SIBIISIETCST Haubosee paclipoCTpaHEeHHBIM, B TO BpeMsl KaK ApyTye
acTparaauHbl, paBOHOIbI M M30KBEPUMUTPUH MIPUCYTCTBYIOT B MEHBIINX
KO/MM4YecTBax. Pe3ynbTaTbl MHOTOYMCIEHHBIX MCCIeNOBaHUIA TONTBEp-
SKIAIOT 3HAUMTENbHYI0O aHTUMOKCUAAHTHYIO aKTUBHOCTb COKA OY3MHBI,
KOTOpast OOBSICHSIETCSI BBICOKUM copiepskaHueM (HeHolIoB ¥ (aBOHOM-
noB [14,15,16,17]. OHM HeNCTBYIOT KaK aHTMOKCUIIAHTBI, YMEHbUIAIOT
BOCIa/IeHNe, MOLYIMPYIOT MMMYHHYIO CUCTEMY, JEMOHCTPUPYIOT aKTUB-

HOCTb ITPOTUB paKa U JeMOHCTPUPYIOT IIMPOKUIL CIIEKTP TPOTUBOBUPYC-
HBIX CBOJCTB [14,18].

B 1enom, Gy3uHa SIBJSIETCS TEePCIEeKTUBHBIM MCTOUHMKOM OMOaK-
TUBHBIX MHTPEOVEHTOB M 06JIalaeT MMPOKUM TOTEHIMAIOM i pas-
paboTkM (QYHKUMOHATBHBIX MPOAYKTOB IMUTAHMUSI WIM HYTPULIEBTUKOB
IUTSE TIPOQUIAKTYIKY U JIEUEHUS OTIPe/IeTIEHHBIX XPOHUUYECKIX 3a00JeBa-
Huii [13,14,15]. Heo6xoquMbl JanbHeiIINe UCCIeA0BaHMS IS TyUIlIero
rnoHnMaHust GakTopoB o U rocsie c60pa yposkasi, KOTOpble BIMSIIOT Ha
POCT U TIPOAYKTUBHOCTDH PACTEHNIA, & TAKKe [JIsT U3YUYeHMsT HOBbIX 00J1a-
CTeii MpUMeHeHMs M TPOMBIIIJIEHHOTO MCIIO/Ib30BaHUSI 3TOTO Maslou-
crionb3yemoro Byuza [13,18].

Cok 6y3uHbI 6GoraT aHTOILMAaHAMM, KOTOPbIE M3BECTHbI CBOMMM GUO-
AKTMBHBIMM CBOJCTBAMU U TIOTEHIIMAIBHO MOTYT MUCIIOJNIb30BaThCS B Ka-
YyecTBe HATYPalIbHbIX KPacUTeseil B MUIIEBbIX IPOLYKTAX. DTU aHTOLM-
aHbl He TOJIbKO MIPUIAIOT COKY SIPKUIA I[BET, HO U BHOCSIT 3HAYUTETbHbIN
BKJIAZl B aHTMOKCUIAHTHYIO CIIOCOGHOCTh cOKa. OJHAKO TaKuMe MEeTOMbI
06paboTKM, KaK TEPMOY/IbTPa3ByKOBasi 06paboTKa, MOTYT BIMSITh Ha 9TU
cBoiicTBa [13]. BBIIIO YCTaHOBIEHO, UYTO TEPMOY/IbPA3BYKOBast 00paboTKa,
codeTamouasi B ce6e MIrKoe TEIUIO U YIbTPA3BYK, sIBsieTcst 3hderTns-
HBIM METOJAOM IIOBBIIIEHUS COOEPXKaHUA 6]/IOaKTI/IBHle KOMIIOHEHTOB
BO (PYKTOBBIX coKax. Hampumep, B aiiBOBOM COKe T€PMOY/IbPa3BYKOBAsI
o6paboTka, onTUMuU3upoBaHHas npu 38,7 °C, 5,6 MUHYT U aMILIUTYOE
50,9%, yBenuuuBaia obinee cogepkaHue HeHONI0B M aHTHOKCUIAHTHYIO
CIIOCOGHOCTD, XOTS ¥ TIPUBOJMIIA K CHVDKEHUIO COMIePsKaHMsI aCKOPOMHO-
BOJM KUCIOTHI [2]. DTO TOBOPUT O TOM, YTO, XOTSI 06paboTKa TEePMOYJIb-
TPa3BYKOM MOXKET YCUMJIMBATD Je/CTBUE OHUX OMONIOTMUECKM aKTUBHbIX
COeIMHEeHNI1, OHA TaKKe MOXKET Pa3pyliaTh APyrue B 3aBUCUMOCTHU OT UX
TePMUUECKOI YYBCTBUTEIbHOCTY. AHAIOTMUHBIM 00Pa30M, CPaBHUTE T b-
HOe 1ccefioBaHme coka 6apbapica 1okasano, YTo 06paboTKa yIbTpas3By-
KOM, 0COGEHHO Tp¥ 60JIee BHICOKMX aMIUIUTYIaX, TPUBeJIa K YBeINUEeHUIO
ob1ero comepskanust GeHosa M AHTMOKCUIAHTHOM aKTMBHOCTH 10 CPaB-
HEHUIO C TepMMUUYEecKoi 06paboTkoii. CiefyeT OTMETUTh, YTO 06paboTKa
YABTPA3BYKOM HE3HAaYMTeNIbHO CHIMKala oblee comepkaHue aHTOLuMa-
HOB U LIBET COKa I10 CPaBHEHMIO C TepMUYECKOil 06paboTkoii. KuneTnka
PpasJIoKeHusI aHTOL[MAaHOB COOTBETCTBOBAJIA KMHETHMKE [TePBOro MOpPsIIKa:
o6paboTaHHbIe yIbTPa3BYKOM 06pasiibl MMenu Gojiee IJIUTeIbHbIN Te-
puop nonypacraza (111,33-158,58 mHeit) o cpaBHEHMIO C TEPMIIECKI
obpaboranHbIMM 06pasuamu (64—90 gHeit) [3]. DTo yKas3bIBaeT Ha TO, YTO
06paboTKa yJIbTPa3ByKOM B MEHbIIIE) CTeleHN pas3pyliaeT aHTOIMAaHbI,
YyeM TepMuyuecKkast 06paboTKa, YTo, BO3MOXKHO, OyeT IIpueMIeMo JIJIsl CO-
XpaHeHMs CTabMIbHOCTY [[BETA COKA GY3MHBI.

Kpome TOro, Ha CTaGMIIbHOCTb AHTOILMAHOB ¥ OPraHOJENTUYeCKe
roKasaTeyu coka Gy3VHbI CYIIECTBEHHO BMSIOT Takye (akTopbl, Kak pH,
BpeMsl XpaHeHMsI ¥ TeMIIepaTypa. B MccienoBaHmm 1o OLIEHKe M3MeHEeHVSI
LIBETAa KOHILIEHTPUPOBAHHOTO COKA GY3MHBI GBIIO YCTAHOBIIEHO, UTO BPEMSI
XpaHeHMs] OKa3bIBaeT Hambosiee CyIeCTBEHHOEe BIIMSIHVE HA KOHIIEHTpa-
LMIO aHTOLMAHOB, IIpY 3TOM pH Taxke Mrpaer pelIaoIlyl0 poib B CTa-
6unbHOCTM 1BeTa [4]. Ha ocHOBaHMM aHanM3a pe3y/lbTaTOB HAay4HBIX MC-
C/Ie0BaHMIT MOXKHO ITPEATIONOKNUTD, UTO TEPMOY/IbTPa3ByKOBast 06paboTKa
Oy/IeT MepCreKTUBHBIM CITI0CO60M 06PaBOTKY COKa BY3MHbI, TOTEHIIMATHLHO
MOBBILIAIOIIYM €r0 aHTMOKCUIAHTHYIO aKTMBHOCTD, 32 CUET COXPAHEHVISI
conepkaHust aHTOIMAHOB U CTaGWIbHOCTM LIBETa. BMecTe ¢ TeM onTymm3a-
LMs TapaMeTpoB 06pabOTKM, TAKMX KaK TeMIlepaTypa, aMIUIATYa U Mpo-
IIOJDKUTEIbHOCTh, HeO6X0omMMa il MaKCMMaIbHOTO COXpaHeHUs 61010~
I'MYECKY aKTYBHBIX BEIECTB M MUHUMMU3ALMY JII060T0 He6IaronpusiTHOrO
BO3/IEJICTBMSI HA UyBCTBUTEIbHBIE COENVHEHNS, TaKyie Kak acCKOpOMHOBAast
KMCI0Ta. Pe3ynmbTaThl MCCIeIOBaHMI COKOB aiiBbI U Gapbapiuca JaioT BO3-
MOSKHOCTD TIPE/IIIONIOKUTD, YTO HETEPMUUECKME METOAbI, TaKye Kak o6pa-
60TKa Y/IbTPa3ByKOM, MOTYT GbITh 60s1ee 3(pheKTHBHBI B COXPAaHEHUY Kaye-
CTBa ¥ GMOIOTMYECKOi aKTMBHOCTHM COKa, YeM TPAJUIVOHHAS TePMUIeCKast
o6paboTka. B cBSI3M € 3TMM IIe/IbIO JaHHOM paboThI CTAIO MCCIeIOBaHMe
BJIMSTHUSI TEPMOYJ/IBTPA3BYKOBOJ 06PaGOTKM Ha KaYeCTBO COKa 13 Gy3MHBI.

2. MarTepuajsbl M METOAbI

2.1. IIpuzomosneHue u 06pabomKa coka 6y3uHwl

SIrofpl TOMHOCTHIO 3PEJIOii M KauecTBEHHO Oy3MHBI UepHOi (COpT
«Barariie») ObuM npuobpeTeHbl B PVII «UHCTUTYT TIOMOBOACTBAY».
ITocie MPOMBIBKYM JUCTMIIVIPOBAHHOM BOAOM GY3MHY MMOMENAIN B CO-
KoBbDKMMaKy MJE.1500S (MAUNFELD, Kurait) npuMepHo Ha 15 ¢ st
MOTyYeHus coKa. 3aTeM COK OTOMIBTPOBAIYN Yepe3 CTePUIbHYI0 MYCIIN-
HOBYIO TKaHb JJIsl TIOTyY€HMsI OGHOPOIHO Macchl. [ToyyeHHbIi cBexke-
BBDKATBIN COK ObLIT pPa3/ie/ieH Ha TPU YaCTU: CBEXKEBbIKATHIN COK (Heobpa-
6oraHHbI — N2 1), macrepmsoBaHHbIN COK (N2 2) U COK, TIOABEPTHYTHIN
TEepPMO3BYKOBO# 06paboTKe pasanuHoii MoiHocTy (N2 3, N2 4, N@ 5).

Ins mactepusaumy 200 M coka GY3MHBI BbIepsKaau Ha BOISHOIM
6ane BW-05B (BEING, Kopest) ipu 65 °C B Teuenne 30 MUH. 3aTeM COK
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OXJIAKIAJIV HA JIe[sTHOV GaHe M XpaHWIN B XONMOAMUIbHMKE TIPY TeMIiepa-
Type 4 °C 111 JanpHelero aHauimusa.

JlJ1si TepMOy/IbTpa3sByKoBOi 06pabotkm 200 cM® coka Gy3MHBI IMO-
Mellaqy B YJAbTPa3ByKOBOI romoreHmusatop Scientz-I1ID Ultrasonic
Homogenizer (Ningbo Scientz Biotechnology Co. Ltd., Huu6o, Kurait).
VIbTPa3BYKOBYI0 06pabOTKY IMPOBOAWIM Ipu Temmeparype 65°C ¢ va-
croroit 20 kI, pabounm umkiom 50% B Teuenme 15 muu. O6paboTka
MPOBOJMIIACH TIPU TPEX Pas3INyUHbIX MOIIHOCTIX — 200 BT (06paser; N2 3),
400 Bt (o6paser; N2 4) 1 600 Bt (o6paser; N2 5).

3aTeM COK OXJIaK[Iaau Ha JIe[sHOl O6aHe M XpaHWIM MpU TeMIiepa-
Type 4°C 1o panbHeiimero aHanausa. [lapameTpsl 06paboTKM, KOTOPbIE
VICIIONb30BANNCh B TaHHOM VICCTIeIOBaHMY, IIpeAcTaBieHsl B Tabmme 1.

Ta6muua 1. [lapaMeTpbl IKCIIEPUMEHTAIbHbIX 06Pa6OTOK
COKa Gy3MHbI
Table 1. Parameters of the experimental treatments of elderberry juice

Homep u HauMeHoBaHue Bug u mapamer- T'I;’%ﬁr;ea%a;_ OSE:GM;, _

o6pasua o6bemom 200 cm pBI 06paGOTKYU Gorxu, °C K, MUH
N 1 — cBeskeBbIKaTbIN COK _ _ _
6y3UHBI (KOHTPOJb)
I(;L;s?/[ ;b:'[aCTepI/IBOBaHHbIM COK nacTepusamys 65 30
N 3 — coxk Gy3MHBI,
06paboTaHHbIi YIbTPa3ByKOM T5200 B, 20 kI 65 15

04 —
N2 4 — cox GysuHs, TS400 B, 20 KT 65 15
06paboTaHHbIi YIbTPa3ByKOM

o5 __
N2 5 — coK Gysunb, TS600 Br, 20 KTt 65 15

06paboTaHHbII YIBTPA3BYKOM

2.2. Peazenmul

Bce HeoGXomuMble peakTuBbl — HaTpusi docdat, KaTexyH, rauio-
Bas KMQIoTa (X. 4.), beHoMbHbIN peakTuB donnHa, pyTuH (X. 4.), ab6co-
motHblii ataHon EMPLURA (npoussonurens Merk), kap6oHat HaTpusl,
HUTPUT HATPUS, HUTPAT QTIOMMHMS, TUIPOKCU], HATPUSl, MypaBbUHAsI
KUCIOTa, METaHOJI, CAJIMLIMIOBAasT KUCIOTa, 2,2-mudeHni-1-nuKpuirn-
npasui (DPPH) — 6buiu 3akyruieHbl Y 3A0 «I1aTh okeaHOB» (Pecy6iika
Benapycs). LUnauuanu-3-0-camby6mosnua-5-0O-rmokosun (Cy-3G), 1n-
aHuauH-3-0-camby6mosut (Cy-2G), umanuauu-3-0-mmokosup (Cy-G)
(4. 1. a.), METAHOJ U alleTOHUTPUII XpOMaTOrpaduueckoi YnCTOTbI ObUIN
3akyruieHsl COOO «ApomaTuk» B PymMbIHUM.

2.3. Lleem

liBetoBoii mHpekc (CD) paccuMThIiBaaM IO COOTHOIIEHUIO OITH-
YeCKO# IUIOTHOCTM coKa mpy 520 HM K ONTHUYECKON IUIOTHOCTU TP
420 HM. OnTMYecKyl0 MJIOTHOCTb COKa IOC/Ie MpefBapUTelbHOrO pas-
6asnenust B 10 pas ompemensim Ha criekrpodoromerpe UNICO-2800
(United products and instruments, CILIA). KonmopumeTrpuyeckuii aHaau3
1IBeTa coka ImpoBoauIn Ha criekrpodoromerpe CM-5 KONICA MINOLTA
(Konica Minolta Sensing, SInouus).

Xop uccenoBanms: 06pasibl 06beMmom 80 M3 6bIIM OTKAIMOPOBAHbI
(Y =93,35; x = 0,3152; y = 0,3212) ¢ momoInpio ucTouHmka ceera (D65)
M CTaHAAPTHOrOo HabmomaTesnst (2°) IJisl KOHTPOIS M3MEHEeHU IiBeTa.
B cooTBeTCcTBUM € peKOMeHJauMsIMu MexXayHapogHO KOMMUCCHUM TIO OC-
BemieHuto (CIE) 3HaueHus L* (CBeT/IOCTh/TEMHOTA), a* (KPaCHOTA/3eJIeHb)
u b* (Kentu3Ha/cuHeBa) ObLIM UCIIONB30BaHbl JJIs1 BBIPAXKEHMUS LIBeTa.
O6iiee 11BeToBoe pasinune (AE), uBetHocTs C, h u YI paccuMThIBaIN
C MCTOMIb30BaHMeM ypaBHeHu# (1-4) COOTBETCTBEHHO, [I/IsI OLLeHKM 13-
MeHeHMIi BeTa mocie 06pa6otku [19,20].

AE = \/(L - L0)2 +(a" - ao)2 (b7 - bo)z. )
C =+a? +b*. )

h=b"/a". 3)

YT =142.86 x b*/L". )

3HaueHus] mapaMeTpoB dg, by M Ly NpeacTaBisiioT co60ii MCXOMHbIE
3HaYeHMsT HeoOpaboTaHHBIX 06PAs3IIoB, a a*, b* u L* rnpeacTaB/sioT 3Ha-
yeHust o6paboraHHOro coka. Ha ocHoBaHuuM 3HaueHuit AE MOKHO KJac-
cndUIMpoBaTh Kak CylmecTBeHHO ominuatmuecs (AE > 3,5), otnnyaro-
muecs (2 < AE < 3,5) 1 HesHauuTenbHO oTnyatomyecs (0 < AE < 2) [21].

2.4. Codepcarue aHmuokcudaHinos

2.4.1. Obuyee codepcarue peronos (TPC)

O6iee comepskaHue (HEHONbHBIX COEAVHEHUIT OIpenesii MeTO-
nom @onmua-Yoxkanbrey [19], ¢ He3HaUMTEIbHBIMU M3MeHeHUsIMU. X0,
MccIenoBaHMsi: 06pasipbl coka 6y3uHbl 06beMoM 1 cm3, 1 cm® pearenTa

donuua-Yokanbrey u 3 cm® 20% pacTBopa KapboHATa HATPUs CMeEIy-
Bamu 1 obbeM goBogyau mo 10 cm® gucTuiammposanHoO Bomoii. [Toce
15-MMUHYTHOV BBIAEPKKM B TEMHOM MeCTe OIPeNeNsii ONTUYECKYIO
IJIOTHOCTB 06pasiia mpu 760 HM ¢ TOMOIIbIO criekTpodoTromerpa MC-124
(SOL instrumens GmbH, Ayrc6ypr, l'epmanust). Kann6poBouHbIi rpadmk
CTPOMIN C UCIIOIb30BaHMeM CTaHZAPTHOTO pacTBOpa rajljioBOi KUCIOThI
(0-100 mxr/ cm3, R? = 0,9979). TPC aHanu3upyeMbIX 06pasiioB BhIpakaan
B MKTI-3KB Ta/I7IoBoii kucaotsl (GAE) Ha cm® coka.

2.4.2. O6uee codepcarue pnasonoudos (TFC)

Ob6uiee conmepskaHue GIaBOHOUIOB ONPeeSIU CIIeKTPOPOTOMETPI-
YeCKUM MeTOLoM. XOfI MCCIeoOBaHus: 06pasLbl coKa 6y3uHbl 1 cm® cvme-
muBamu ¢ 0,2 cm® 5% pacTBopa HuTpaTa HaTpus. CMech OCTaB/ISIM Ha
6 muH. [Tocste 3Toro B cmech nobasism 0,2 e’ 10% pacTBopa HUTpaTa
AJIIOMMHMS Y OCTABJISUIN elle Ha 6 MMH. 3aTeM no6assam 4,0 cm3 4% pac-
TBOpA TUAPOKCUIA HATPUSI U OCTABJISLIU Ha 15 MMH. ONTUYECKYIO TUIOT-
HOCTh OGpasiia OIMpeesyii C MOMOIIbI0 crekTpodoromerpa MC-124
(SOL instrumens GmbH, Ayrc6ypr, lepmanust) ripu 500 HM. B xauectBe
CTaHJAPTHOTO PacTBOPA UCITOIb30BAJICS PYTUH, KaIMOPOBOYHbIN rpaduk
(0,1-0,8 mr/cm?, R? = 0,9991), pe3y/bTaThl BbIpaskajyu B MI-3KB PyTUHA
(RE) Ha cm® coka.

2.4.3. Obujee codepxcarue anmoyuaros (TAC)

DKCTPaKThI FOTOBUIIM CMelIMBaHueM 2 cM> coka 6y3uHbl 1 2 cm® 6e3-
BOZIHOTO CIIMPTa, 3aTeM Ha BOAAHOi 6ane mpy 40°C mobasasim 4 cm3
docdarnoro 6ydepHoro pacrBopa (pH = 1,0) u 4 ecm® docdarHoro 6y-
depnoro pacrsopa (pH = 4,0). I3mepeHne mpoBOAWIM CrIeKTpodhoTOMe-
TpoMm MC-124 (SOL instrumens GmbH, Ayrc6ypr, [lepmaHus), onpeznesnsst
rortoenye mpu 520 u 700 HM C MCITOJIb30BAHMEM AUCTU/UTMPOBAHHOM
BOZIBI B KaueCTBe pacTBOpa cpaBHeHMs. Cofep>kaHMe aHTOLMAHOB (C)
paccunTbiBany 1o Gopmyse (ypaBHeHMs 5 1 6):

AA = (As0 = A700) oy ~ (As20 = A100) gy ®)
¢ = MAXVXDEXM 600 ©)
emL

rae V — ob6uimit 06beM 5KCTPaKTa;
DF — koadduiimenT pasbapinenns;
M — macca ob6pasiia;
m — MoJIeKy/IsSIpHas Macca IyaHuauH-3-0-rmoko3uza (449,2 r/Mmonb);
& — K09 GUIMEeHT 9KCTMHKUMY LMAaHUINH-3-0-ITI0K031aa
(29600 gM3/MoIb-CM);
L — pyiviHa 1y Ty CBETOBOTO ITyYKa B pacTBOpe.

2.5. AHmuokcudaHmHas akimueéHocmeo

2.5.1. CnocobHocmb c8s3vi6ams padukanst DPPH

AHTMOKCHUIAHTHYIO aKTMBHOCTh 06Pa3I[0B COKA OMpEeNessin Mo aK-
TUBHOCTU TOINIOIIeHNsT paauKkanioBs DPPH B COOTBETCTBUM C METOLAMMU,
rpuMeHsieMbIMH B uccnenoBanum Qiu, X. et al. [22], ¢ HeKOTOPbIMY M3Me-
HeHMSIMU. XOJ| MICC/Ie0BAHMSI: PEAKIVIOHHYIO 1 KOHTPOJIbHYIO CMeCh To-
TOBWIM ITyTeM Jo6aBeHus 160 1 cm® 06pasuos coka, 6o 1 cm® Bozbl
COOTBETCTBEHHO K 4 cM? pactBopa DPPH (6€3BOIHBIN CIIUPT B KauecTBe
pacTBopuTess). 3aTeM CMeChb MHKYOMPOBAIM MPY KOMHATHOI TeMile-
parype B TeueHne 20 MUH B TeMHOM MecTe. MI3MeHeHUsI 11BeTa aHA/IN-
3upoBaiu mpu 517 HM ¢ momoinpo crekrpodoromerpa MC-124 (SOL
instrumens GmbH, Ayrc6ypr, lepmanusi). AKTUBHOCTb MHTUOMPOBAHMSI
pPaAMKaIoB PacCUMTHIBAIIM 110 ypaBHeHUIO (7):

DPHH = (Ay — A;)/Ay x 100, @)

e Ag U A; — 3Ha4YeHMs] ONTMYECKOH IUIOTHOCTM KOHTPOJIBHBIX 00pasiioB
1 06pasIOB COKa COOTBETCTBEHHO.

2.5.2. CnocoBHOCMb €8513b18aMb 2UOPOKCUNbHBIE padukasl (*OH)

Takyke GblTa OIpe[e/ieHa CIIOCOOHOCTh 06pa3I[0B COKa CBSI3bIBATh
pagukansl *OH, cienyst onucaHHOMY MeTOAY [22], ¢ HEKOTOPBIMM MO-
nudukanusiMu. PeakiiMoHHYI0 M KOHTPOJIbHYIO CMeCh TOTOBUIIM ITyTeM
no6asenus 1 cm® mpo6 coka uay Bofbl COOTBETCTBEHHO K cmecy 1 cm®
pacTBopa cyabdara xenesa (9 MMob/1), 1 cM3 pacTBOpa CanuMIUIOBOI
KUCIOTHI (9 MMOJIb//I, CIMPT B KauecTBe pacTBOPUTes) U 2 cM3 pac-
TBOpa nepekucu Bogopoxna. CMech BoigepkuBanu rpu 37 °C B TeueHne
30 muH B Tepmoctare TB-80 (TocymapcTBeHHbI PsizaHCKMIT TPUGOD-
HbIIi 3aBof, Poccus). ONTHYECKYI0 TIOTHOCTh O6GpasioB M3MepPSIN
pu 510 HM ¢ momouieio ciekTpodoromerpa MC-124 (SOL instrumens
GmbH, Ayrc6ypr, Tepmanust). Pe3ynbTaThl 6bIIM PaCCUMTAHBI 10 ypaB-
HeHMIo 8:

«OH = (A - A;)/Ag x 100, ®)

rme Ag u A; — 3HaYeHMsI ONTMYECKOH IJIOTHOCTY KOHTPOJIBHBIX 06pa3iioB
1 06pasI0B COKA COOTBETCTBEHHO.
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Ta6nuia 2. MC-crieKTpasibHbI€e JaHHbIE UAEHTU(PUIMPOBAHHBIX AHTOIVAHOB
Table 2. MS spectral data of identified anthocyanins

Bpems

HoH-nipoayKT

2
HasBaHue aHTOMIaHaA yaepIRAHMs, MUH [MH] + m/z m/z YpaBHeHHe perpeccumn R

Lnauuann-3-0-cam6y6mosus —5-O-IToK03M 25,21 465 580,229 Y =13852,8x + 104,103 0,998
Lnanuaun-3-0-caMOy61o3uT 36,78 449 287,137 Y =9894,3x + 276,898 0,996
InanuauH-3-0-TII0K03UI 38,76 319 287,214 Y =996,44x + 12,340 0,999

Ipumeuanue: R* — xosGduiyenT Bapuanmm.

2.6. Onpedenenue anmouuanos memodom BIOJKX-MC 5

AHTOLMAaHBI pa3fensui XxpomaTorpaguiecKuMy MeTOIaMy, UCTIOTb-

3yst BOXKX xpomarorpad Agilent 1200 Infinity (Agilent Technologies, 4.5 e
TepmaHusI) ¢ IMOIHO-MATPUYHBIM M MaCC-CIIEKTPOMETPUYECKUM JIeTeK- 4

Topamy [23]. Pasgenenye fOCTUranoch C UCIONb30BaHMeM KOMOHKM TSK 35

gel ODS-100Z (150 x 4,6 mMm, 2 mxMm, Tosoh), mopgepskusaemoit mpu 25 °C, ’

C UCIOIb30BaHMEM CMeCU MYypaBbMHOV KUCIOTHI 1 MeTaHona (0,1%, o 3

06beMy) B KauecTBe ITOJBIKHOI (a3bl A, M MypaBbUHOM KMCJIOTHI 1 atie- A2.5 d

tounutpuia (0,1%, 06./06.) B KauecTBe TOABIKHOI (asbl B. cmonb3oBa- © c

JI CTIeyI0IYIO TpaiieHTHYIO0 rporpaMmmy: 8—12% b (0-2 mun), 12-18% 2 b

B (2-5 mun), 18-20% b (5-10 mun), 20-25% B (10-12 muH), 25-30% b 1.5 _a

(12-15 muH), 30-45% B (15-18 muH), 45-80% b (18—20 mun) n 80-2% b 1

(20-25 muH). O6beM MHBEKIMM COCTaBIsT 5,0 MM, CKOPOCTb IIOTO-

ka — 0,3 cM®/MuH. AHanM3 METONOM VOHM3AaLVM 3JIeKTPOPaCIbUIeHN- 0.5

eM IMPOBOAWIIN B PeXXMe TONOKUTENIbHBIX MOHOB, UCIIOAb3YS a30T Kak 0

ras. Beumu obecriedeHnl ceyIole HACTPOKY Ipubopa: HampssKeHue Ne1 Ne2 Ne3 N4 Nes5

karmuisipa — 4500 B, HanpspkeHue KoHyca — 25 B, TemriepaTypa ucTou-
HuKa — 400 °C, temneparypa geconbBaTanyuy — 320 °C, CKOpOCTb MOTO-
Ka 2JIoupyoIero pacrsopurens — 220 Mm3/MuH. ClieKTpaibHbIe JaH-
ubie MC nipencraBieHbl B Tabmuie 2.

2.7. Mukpoo6uoozuueckuii aHaius

Ob11ee KOMMUECTBO Me30(GMIbHBIX a9POOHBIX U (HaKyIbTaTMBHO aHa-
3p0o6HBIX MUKpooprann3mo (KMA®AHM), recHeBbIX TPUOOB U IPOsK-
Keii OImpenensuiM KOMMYeCTBEHHBIM MeTOJOM, IyTeM IPSIMOTO IoceBa
B MUKpoOmonornyeckue cpenbl. ArapoBasi Cpema N2 1 (NAHRAGAR
DEV — Agar, nmpousBoacta kommnauuu Doehler GmbH (Tepmanust) B co-
orserctBuu ¢ TOCT P 52711-2007"). Pe3ynbTaThl BbIpakaay B BULE JIO-
rapudma Kononuneobpasyomux enuant, (KOE) Ha cm® o6pasia coka. Bee
aHaIM3bl IPOBOAMUIMUCH B TPEX MOBTOPHOCTSIX.

2.8. Cmamucmuueckuii aHaau3

Bce akcrepumMeHTasbHbie 06pabOTKM ObUIM BBITTOJHEHBI TP pasa,
M GbUIM TIONyYEeHbI CPeIHVe DPe3yIbTaTbl, BbIDAKEHHbIE KaK CpegHee
3HaUYeHMe = CTaHJapTHOE OTKJIOHEHMe. [JaHHbIe M3y4YalaucCh C TOMOIIbIO
omHOGaKTOPHOTO AucIiepcoHHOro aHanmmsa ANOVA, a s moarBep-
SKIEHUST 3HAUMMOCTY MeEXAy 06paboTKaMM MCIIONb30BAICs KPUTEpUit
MHOKeCTBEHHOTO ayana3oHa lynkaHa (p < 0,05). AHanu3sl MpoBOgUIN
C MCIIOJIb30BaHMEM MTPOrpaMMHOT0 obecrieuennst SPSS25. Vi3o6pakeHnst
OBUTM TTPOAHATM3UPOBaHbI ¢ momMoibio MATLAB2016b njist momyueHust
KpacHoro, 3eneHoro u cuHero (RGB) 1iBeTOB.

3. Pe3ynbTaThl M 06CYKAEHUS

3.1. Brusinue mepmo38yKkoeoii o6paéomku (TS) Ha yeem coka 6Gy3uHbt

3.1.1. IJeemoesoti uHdekc

Kak mokasano Ha PucyHke 1, 3HaueHns 1ipetToBoro nuuekca (CD) B ka-
SKIO¥A IpyIire 06paboTKM YBeIMYMINCH TT0 CPaBHEHMIO ¢ 06pa3iom N2 1.
Kpome Toro, B o6pasiax N2 3-5 3Hauenus CD 3HaUMTETbHO BO3pacTa-
JIV C TIOBBILIEHVEM MOIIHOCTM YIbTPa3ByKa M ObUIM MaKCUMaabHbIMU
ripu mougHocT 600 Bt (65°C, B TeueHue 15 MuH). YBelMUeHMe IIBETO-
BOTO MHAEKca B o6pasiax N2 3—5 MOXeT ObITh CBSI3aHO C PACTBOPEHU-
€M aHTOIMaHOB, KOTOPOMY CITOCO6CTBYET 06paboTka TS, uTO MIPUBOAUT
K YBEJIMUEHUIO BUAVMOTO CIIEKTPa, 0CO6EHHO mpu moroiieHnu 420 HM
un 510 HM [24].

3.1.2. Onpedenenue usema

LisetoBsie mokasatenu (L*, C, h) o6pasioB N2 1 (21,19; 4,86; 22,88)
u N2 2 (21,54; 4,26; 21,26) He UMeeT CyleCTBeHHbIX pasmnunii (Tabmu-
1a 3). OgHaKko TepMO3BYKOBast 06paboTKa yBeInunIa 3HayeHne L* u 3Ha-
YnTeNbHO yMeHblLIWIa 3HaueHus: C u h 1o cpaBHeHMIo ¢ o6pasuamu N2 1
u N 2. HamnbGonbiast ssprkocTh (L*) Habmomanack y obpasma N2 3. Xots
nIasibHeltlee yBeayeHne MOIHOCTH yibTpassyka (400 1 600 BT) umerno
TEeHJIEHLIMIO K YMEHbIIIEHNIO 3HaUeHNi L*, 3TO CHMKeHNe OblI0 He3HAUM-
TeJIbHBIM IO CPABHEHUIO C TeM, KOTOPOe HAGIII0NAN0Ch MPU MOIIHOCTY

1 TOCT P 52711-2007 «[Tpon3BOACTBO COKOBOI MpOAyKUMU. MeTOabl MUKPO-
6VIOHOFV[‘I€CKOFO aHa/in3a C IMpMMeHeHMeM CIIelMaIbHbIX MMKpO6MOHOFquCKMX
cpen». M.: Crangaptundopm, 2007. — 19 c.

6l

PucyHoK 1. Bausinue TepMo3ByKoBoit 06pa6oTku (TS)
Ha uBeToBOI nHAEKC (CD) coka 6y3mMHBI
Pa3znblie 6YKB]:I a, b, c, d, € B OIHOM CTOH6LIE YKa3bIBaOT HA 3HAUYMTE/IbHOE PaCXOKAEHNE MeXIYy
naHHeiMu (p < 0,05).
Figure 1. Effect of thermosonic treatment (TS) on the color index (CD)
of elderberry juice

Different letters a, b, c, d, e in the same column indicate significant differences between data
(p < 0.05).

200 Bt. AHanornyHele pe3ynbTaThl OTPULIATENIBHONM KOPPEeISIIUN MEXIY
L* u cogepkaHMeM MUTMeHTa GbLIM TakkKe ITOJYUYeHbI ISl COKOB MAHTO
u Kiy6HuKY [24]. Kpome Toro, 3HaueHus: C 1 h 3HAUUTENIBHO CHU3UIIUCH
BO Bcex o6pasiiax, oopaboranHbix TS (pu momroctn 200, 400 1 600 Br)
1o cpaBHeHMI0 ¢ obpasuamu N2 1 u NQ 2. VMeHbllleHe OTTEHKa COKa
rmociie 06paboTky TS MOKET ObITh CBSI3aHO C TUAPOKCUMINPOBAHMEM apo-
MaTUYeCKOTO KOIblia (GeHONOB, IPUBOISIINM K YBEIMUYEHUIO MHTEHCHB-
HOCTM KpacHoro nsera [19].

3HaueHne YI He MMeJIO CYIIECTBEHHbIX PasInunii Meskay obpasiamMmun
Ne 1 u N2 2, Torma kak B o6pasiax N2 3-5 OHO 3HaUMTETbHO BO3POCIIO.
Kpome Toro, meHbiiiee 3Hauenne AE (< 2) B o6pasiie N2 2 (0,7), Kak moka-
3aHO B Tabnuie 3, yka3plBaeT Ha TO, 4To nacrepusanus (60°C, 30 MuH)
coka Gy3MHbBI He3HAUNTEIbHO TOBINMSIIA Ha LIBET. B TO ke BpeMs 3HaUe-
Hue AE B o6pasiie N2 5 coctaBiisiio 35,17, 4To HAMHOTO GOJIbIle, YEM JJIsI
o6pasia N2 2. DT0o yKa3blBaeT Ha 3HAUUTETbHOE BIMSHME YIbTPa3BYKO-
BOJ 06pabOTKM Ha 1BeT coka Gy3MHbI. laHHbIe Pe3yJIbTaThl COOTBETCT-
BOBa/IM 3HAUEHMSIM I[BeTOBOro uHAekca C. Bmecre c TeM NoHMMaHue
OCHOBHOTO MeXaHM3Ma M3MeHEeHMs 1]BeTa ¥ ero BAMSIHUSI Ha KauecTBO
CoKa TpebyeT JanbHeiIero u3yyeHusl.

Ta6muna 3. I3MeHeHue BeTOBbIX OKa3aTesIeil COKa M3 Gy3MHbI
(p < 0,05)
Table 3. Changes in the color indicators of elderberry juice (p < 0.05)

g

g L C H YI AE

8

Nel 21,19%2,57° 4,86%2,98" 22,88%4,849 —12,26%7,17% -
Ne2 21,54+0,20° 4,26%0,17° 21,26%0,70° -10,24+0,812 0,70+0,24°
Ne3 27,77+1,37° 0,80£0,03 -50,12£1,912 -3,16£0,20° 30,83+4,11¢
Ne4 27,12%1,36" 1,15£0,39° -36,17+6,56" —3,05£0,68> 21,30+0,81°
N5 25,650,600 0,98+0,21° —-28,61£1,97° —2,61+0,49" 35,17+2,41°

Ipumeuanue: pa3Hble 6YKBEI a, b, ¢, d B 0MHOM CTONI6IE YKA3bIBAIOT HA 3HAUN-
TeJIbHOE pacxokIeHye MexXay JaHHbIMU (p < 0,05).

3.2. BausiHue mepmo36yKoe6oii 06padomku Ha obujee Kouuecmeo
AHMUOKCUOAHMHBIX COeOUHeHUT
YCTaHOBJIEHO, YTO 1]BETOBbIE XapaKTEPUCTUKN CBSI3aHBI C COLePsKaHM-
eM M aKTMBHOCTBIO OMOIOTMYeCKM aKTUBHBIX COeNVIHEHU Y aHTMOKCH-
IaHTHBIX BemecTB [19]. [loaToMy MBI IpOaHAIM3MPOBAIN COLepKaHMe
anTmokeupanToB (TPC, TFC u TAC) u crioco6HOCTb K MHTMOMPOBAHUIO
panyKaioB B 06pasiax coka Ipy pasHbIX MapameTpax 06paboTKM.
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3.2.1. Obuyee codepxcarue peHo108

@deHONbHbIE COEAVHEHNS OKAa3bIBAIOT BINSIHME HA 3J0POBbe UeIoBe-
Ka, MPeTsSITCTBYST Pa3BUTHIO Pa3IMYHbIX 3a6oneBannii. Boiee Toro, oHU
TaKKe UTParoT 3HAUMTETbHYIO POJib B (OPMMPOBAaHMM BKyca U LiBeTa
MpoAyKTa. Pe3yabTaThl M3MEHEeHUs COIepyKaHusl OMOMOrMYECK aKTUB-
HBIX BELeCTB M aHTMOKCUIAHTHOM aKTMBHOCTM COKa Oy3MHBI B 3aBUCK-
MOCTY OT ITapaMeTPOB ¥ CII0c06a 06paboTKM IpecTaBieHbl B Tabuie 4.
B nanHom mccnegoBanuu TPC B o6pasmax N2 1 u N2 2 cocraBnsi 3,56
” 4,37 GAE mMr/cmM® cOOTBeTCTBEHHO, KaK I0Ka3aHo B Tabmuiie 4, 1 6bI1
3HAUMTENLHO BbIlle B o6pasuax N2 3-5 (p < 0,05). Ciemyer OTMETUTb,
YTO yBeJIMYEeHNEe MHTEHCUBHOCTHU Y/IbTpa3ByKa yBenuunubaeT TPC o6pas-
1oB. Kpome Toro, TPC B 06pasie N2 5 (8,52 GAE mr/cm>) peBblInano Ha
94,97% 3HaueHue B ob6pasie N 2 (4,37 GAE mr/cm®). Bonee Bbicokuii TPC
B 06pasiax N2 3-5, uem B o6pasiie N2 2, MOXeT GbITb 00YC/IOBIEH Gosee
3HAUMTENbHBIM BbICBOOOXKAEHMEM (HEHONbHBIX COEIMHEHNU B Pe3yibTa-
Te BBICOKOMHTEHCUBHOI Y/IbTPa3BYKOBO/ 06pabOTKM, BbI3bIBAIOLIEH pas-
pyiieHne KieTok [25]. Kpome Toro, yBennueHue comepkanms GeHOTbHbIX
coenyHeHuit B o6pasnax N2 3—-5 Takske MOXXHO OOBSICHUTb 0Opa30BaHM-
€M MMKPOIIONIOCTeN BO BpeMsi Ipoliecca TepMO3BYKOBOI 00paboTKM, UTO
YBEIMUMBAET CKOPOCTh MaCcCOIepeHoca. AHAIOTUYHbIE Pe3yIbTaThl Tep-
MO3BYKOBO# 06pa6oTky Ha TPC 6bUTM 3aperucTpupoBaHbl B YUePHUUYHOM
BMHE [26], B COKe KapaMOoJIbl [5] M uepHO# cMOpPOAMHBI [25].

Ta6nmua 4. I3sMeHeHue copepykaHys 6M10IOTMYEeCKY aKTUBHBIX
BeLIeCTB ¥ aHTUOKCUIAHTHO CIIOCOOHOCTY COKA OY3MHBI
Table 4. Changes in the content of biologically active substances and
antioxidant capacity of elderberry juice

=

%

IO TS W qume qumer

=]
Ne1l 4,31+0,15* 0,47+0,01* 1,29%0,13* 47,80+1,01* 51,68+0.41°
N2 4,14%0,56* 0,61+0,02° 1,44%0,12° 50,37+0,98" 50,76=0,62°
Ne3 4,28+0,12¢ 0,62+0,01° 1,76%0,14* 51,71+0,63° 52,69%0,67°
Ne4 4,49+ 0,099 0,88+0,01¢ 1,93%0,21°¢ 59,56+0,80° 53,63%0,58"
Ne5 7,84%0,19¢ 1,84+0,02¢ 2,15%0,04¢ 70,22+0,86¢ 56,13%0,23°

Ipumeuanue: pa3ubie 6YKBBI a, b, ¢, d B 04HOM CTONGIE YKA3bIBAIOT HA 3HAUM-
TeJIbHOE PacXokaeHre Mexay JaHHbiMu (p < 0,05).

3.2.2. Obuwee codepcarue pnasoHoud08

Kak mokasano B Ta6muiie 4, usmenenus: TFC ciaemoBany Toi ke TeH-
nmeHiuu, 4yto 1 usmenenus TPC B coke 6y3unbl. TFC B o6pasmax N¢ 1
u N2 2 cocrasnsino 0,47 u 0,61 RE mMr/cM® cOOTBeTCTBEHHO, B 06pasiax
Ne 3-5 ono yBenmumBanoch (p < 0,05). Camoe Bbicokoe TFC 3aduxcu-
poBaHO B o6pasue N2 5 (1,84 RE mr/cm3), uTo B Tpu pasa Bblllle, YeM
B o6pasue N2 2 (0,61 RE mr/cm3), 1 B yeThIpe pasa Bblllle, ueM B 06pasiie
N2 1 (0,47 RE mr/cm3). Pe3y/bTaThl 3TOr0 MCCIeA0BaHs ObLIM aHAIOT Y-
HBI pe3yJibTaTaM MPeabIAYLIX UCCIeI0BAHMI CBUHO CIMBBI [4], 16/104-
HOTO ¥ BUHOTPAaJHOro coka [27].

PesynbraTs! BinsiHust 06pabotku TS Ha TPC u TFC nmokasaiu, 4To mna-
cTepu3auus B COUETAHUM C YIbTPa3BYKOM Obuia addexTrBHee, 110 cpaB-
HEHMIO C TPAAUIMOHHOI racTepu3sauyeil. B panee nmpoBeneHHbBIX MCCIe-
JOBaHMSIX [28] 6bIIO YCTAHOBIIEHO, UTO TepMuUecKast 06paboTKa CHysKaeT
comepskanuie TPC B s16;104HOM coKe. Bosee TOro, aBTOpbI MCC/IeIOBAHMS
Abid et al. coobmmin, uto 06pasiisl, o6paboranubie mpu 60 °C, umenn
6osee Boicokoe coxpanenue TPC u TFC, uem o6pasiisl mpu 601ee HU3KUX
temmeparypax (20 °C mnn 40 °C) [28]. B HaleMm ucciemoBanmm 6osee HU3-
Kasi MOILHOCTD yibTpa3Byka oT 200 no 400 BT okasana He3HaUMTeNbHOE
Bausinue Ha TFC u TPC, uem TS mowmHocThI0 600 BT. B cCOBOKYITHOCTM 3T
Ppe3y/bTaThl YKa3bIBAIOT Ha 6oJiee BBICOKYIO A dexTuBHOCTD TS, ueM nac-
Tepusaius, 1o ypeanuenuio comepskanust TPC u TFC coka 6y3UHBbI.

3.3. O6wee codepicaHue aHmMoyuaHos

AHTOUMaHbI — Hanbosee 3HAYMMbIe OVMOIOTMYECKY aKTUBHbBIE COeIM-
HEeHMsI, cofiepsKaliecst B srofgax 6y3nuHbl. Kak rmokasano B Tabmuiie 4, TAC
B 06pasuax N2 1 1 N2 2 cocrassio 1,29 u 1,44 Cyc mr/cm® cooTBeTCTBEH-
Ho. OgHako o6paboTka TS yBennumia TAC 1o cpaBHEHMIO ¢ 06pabOTKOM
nacrepusauueii. Haubosnbliee copepkaHue aHTOLMAHOB YCTaHOBJIEHO
B 06pasiie N2 5 (1,55 Cyc mr/100 cm3).

CrnemyeT OTMETUTb, UTO B HEKOTOPBIX MCC/IENOBAHUSIX ObIIO YCTAHOB-
JIeHO HeraTuBHOE BJIMsIHME YAbTpa3Byka. Hampumep, comepkaHnme aHTO-
1IMaHOB CHU3WJIOCH IOC/IE YIbTPa3BYKOBOW 06pabOTKM B KITyGHUUHOM
coke [29]. [IpuunHoit 6GbUTA HA3BaHA [Jerpafalusl aHTOLMAHOB, BbI3BAH-
Has 06pa3oBaHMeM MePeKUCH BOJOPOAA BO BPeMs OKMCJIEHUSI aCKOPOM-
HOBOJ1 KMCJIOTHI 13-32 HECTAOMJIBHOCTM U JIETKOTO pacraza acKopOuHO-
BOJ KMCIOTBI TIPY BHICOKMX TEMITEpaTypax.
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Bmecre ¢ TeM, B COBOKYITHOCTH, MMOJyUeHHbIe HAMU Pe3yabTaThl MO-
3BOJISIIOT MTPETIONOKNUTD, uTO TS yBemMuuBaeT obiiee cofepskaHmue aHTy-
okcuaanToB, Bkitouast TPC, TFC u TAC, B coke Gy3MHBbI.

3.4. Bnusnue TC Ha aHMUOKCUOAHMHYIO AKMUBHOCHb COKA GY3UHbI

3.4.1. Cnocob6Hocmb c8s13vi86amsb padukanst DPPH

Crioco6HOCTH K CBSI3bIBaHMIO panyuKkanoB DPPH 06pasiios, oayJyeH-
HBIX [IPU Pa3JIMYHBIX 06paboTKax, mokasaHa B Tabnuue 4. Crioco6HOCTh
o6pasmoB N2 1 u N2 2 Kk ynaBauMBaHuio pagyukanoB DPPH cocraBisia
47,8% un 50,4% cooTBeTCTBEHHO. B TO ke BpeMs B o6pasiie N2 5 Habio-
Janach caMasi BbICOKasi akTMBHOCTb MHrubuposanusi DPPH (70,22%),
uto B 1,5 n 1,4 pasa mpeBbIano 3HaYeHus a1t 06pas3ioB N2 1 u N2 2
COOTBeTCTBeHHO. OIHAKO CYIIeCTBEHHBIX M3MeHeHMH MexLy obpasia-
vy N2 2 1 N2 3 He yCTAaHOBJIEHO. AHAJIOTMUYHbIE Pe3yIbTaThl ObIIN TO-
JIy4eHbI IPY UCCIeOBAHMM KITyGHMYHOTO coKa [24]. PaHee coobuianoch
06 YIyYLIeHHOJ CTa6MIbHOCTY (EHONbHBIX COeNVIHEHMIi ¥ TOBBILIe-
HUY aHTUMOKCUIAHTHOI aKTMBHOCTY MOPKOBHOI'O COKa, 00paboTaHHOTO
TepMmo3ByKoM (40-60°C, 110 Br, 40 k') [30]. VBenuueHue MOXET ObITh
CBSI3aHO C BBICOKMM COfiepykaHueM (GeHOTbHbBIX COeIMHEHNI B COKe IT0-
cJie yAbTPa3BYKOBOI 06paboTKM 6ojiee BbICOKOI MHTEHCUBHOCTH, BbI3-
BaHHBIM KaBuTanyeit. OHa BO3HMKAeT BO BpeMs 06paboTKY YIIbTPa3By-
KOM, UTO IIOBbIIIAET Scbd)eKTI/IBHOCTb V3BJIeYEeHUA U JOCTYITHOCTb 3TUX
coenuHeHmii [31].

3.4.2. Cnoco6HOoCMb €8513b18aMb 2UOPOKCUNLHBIE padukasl (*OH)

Kak rokasano B Tabmuiie 4, CrtocoO6HOCTh K CBsi3biBaHMIO *OH B cBe-
SKEBbDKATOM ¥ TacTepu30BaHHOM COke coctaBisia 51,68% u 50,76%
COOTBETCTBEHHO, a B COKe, 06pa6oTaHHoM TS, 3HaUUTETbHO BO3pacTaia
(p < 0,05). Bonee Toro, CrtOCOGHOCTD K yaaBiauBaHuioo «OH B o6pasiie N2 5
(56,13%) Oblia 3HAUMTENIBHO BbIIe, YeM B 06pa3ie N2 2, yTo yKa3blBaeT
Ha TO, 4YTO 06paboTka TS HU3KOI MHTEHCUBHOCTH He MPUBOANMIIA K 3HA-
YUTETHHOMY YBeIMUYEHUIO ITOH CIIOCOGHOCTM.

[MomyueHHbIe pe3yabTaThl MMO3BOJSIIOT MIPEII0araTh, YTO MOBBIIIEH-
Hble aHTMOKCUIAHTHBIE CIIOCOOHOCTYU COKa, o6paboraHHOro TS, MOryT
OBITH CBSI3aHBI C YBEIMUEHMEM COJEPKaHUS aHTMOKCUIAHTHBIX COeIM-
HeHMi. TS MOKXeT MU3MEHUTh CTPYKTYPY COKa Oy3VMHbI, Pa3pyIINB KI€TOY-
HYIO CT@HKY U CIIOCOOCTBYSI yBEIMUYEHUIO BHICBOOOKIEHNSI CBSI3bIBAIOLINX
(beHONBHBIX KMUCIOT, UTO NPUBENET K YIYYLIEHUIO aHTMOKCUIAHTHO
CIIOCOGHOCTH [26].

3.5. Cocmae aHmouyuaHos

Kak mokasaHo B Ta6nuile 5, OCHOBHbIMM aHTOLIMAHAMU C HAMOOJIb-
HIMM COZiep>KaHMeM B COKe Oy3MHBI ObIIM MAEHTUGUIMPOBAHDI: IIVAHN-
nuH-3-0-camb6yomo3ua-5-0-IoKo3u, uaHuanH-3-0-cam6yerosuT
u umaHuanH-3-0-rmokosnua. O6paser N2 2 comepskas MeHbIIIee Koaude-
ctBO Cy-2G 1 Cy3G o cpaBHeHuIo ¢ o6pasiom N2 1. Conepskanne Cy-2G
CHM3WIOCH Ha 14% mmu Ha 78,2 mr/om>, a conepskanne Cy-3G CHU3UIOCH
Ha 28,3 mr/mm> wan 20% COOTBETCTBEHHO. Pe3ylbTaThl IPYTUX MCCIe-
JIOBaHMII 1TOKa3aay, 4YTO JJIUTelbHOe BO3JeiiCTBMe Ha aHTOLMaHbI Py
BBICOKMX TE€MITepaTypax yCKopsieT 06pa3oBaHye XaJlKOHOB, YTO MPUBO-
IUAT K Jerpajaumu aHToumaHoB [32]. Takum 06pa3om, MOXKHO ClenaTh
BBIBOJI, YTO BO3ZEICTBME BBICOKOI T€MIIepaTypbl BO BpeMsl IacTepu3a-
LMY MOTJIO IIPUBECTU K Aerpaganunm 3TuxX AByX aHTOLUMAHOB, TeEM CAMbIM
YMEHBIINB UX cofepkaHue. Hamporus, comepskanue anrtonuana Cy-G
B o6pasiie N2 2 yBenMumioch o cpaBHeHuio ¢ o6pasiom N2 1. Cienmyer
OTMETHUTD, UTO B 06pasiax N2 3 N24 u N2 5 comepkanue Cy-G, Cy-2G
3HAUMTETBHO YBEIMUMIOCHh TI0 CpaBHEHMI0 ¢ obpasmamu N2 1 m N° 2,
TOrja Kak yBenuueHue cogepkanus Cy-3G 6bUI0 MeHee 3HaUUTeTbHbIM.
U3 Tpex MOeHTU(PUIMPOBAHHBIX AHTOLMAHOB LVAHUIOUH-3-O-IITI0KO-
3uz, 6bUT HaMboJee M3MeHsIeMbIM aHTOLIMAHOM, 1 €r0 COfepyKaHue 3Ha-
YMTETHHO BO3PACTAJIO C yBeIMUEeHMeM MHTEeHCUBHOCTY 06paboTKM yilb-
Tpa3BykoM (B o6pasuax N2 4 1 N 5 ycTaHOB/IEHO 3HAUMTENIbHO GOoJIbIliee
komuectBo Cy-G, uem B o6pasiax N2 1 u N2 2). Kpome Toro, comepska-
HMe [BYX IPYTUX B MPOI[eCce TEPMO3BYKOBO 06pabOTKM TaKKe yBesn-
ynaock. Tak, HaMpMMep, 1Mo cpaBHeHNIO ¢ o6pasmom N2 1 comepskaHue
unaHuauH-3-0-camoy6mosuTa B o6pasuax N2 3, N2 4 u N2 5 BeIpocyio Ha
15,8%, 53% u 77,2% COOTBETCTBEHHO. Pe3y/lbTaThl HECKOIbKUX MCCIe-
JIOBaHUI MOKA3ajM, YTO HKCTPAKLMS C MOMOIIBIO YIbTPAa3ByKa CII0C06-
CTBOBAJIA MOBBINIEHNIO 3(()EKTUBHOCTY M3BIEUeHMS] aHTOIMAaHOB. Pe-
3y/IbTAThl JAHHOTO MCCIeJOBaHMSI MTOITBEPIKIAIOT, UTO YIbTPa3BYKOBasI
06paboTKa He paspylraeT aHTolManbl. KpoMme ToOro, rpu 60see BbICOKOI
MHTEHCUBHOCTY YIbTPa3BYKOBO/ 06pAaGOTKY 3TO MOXKET BbI3BAaTh 3Ha-
4yl TeNbHOE pa3pylieHye KIeTOYHbIX CTeHOK, YTO pMBeJeT K MUTPaLuN
QHTOIIMAHOB B COK. Takyke paHee 6bIIO YCTAHOBIEHO, YTO MOI[HOCTD Yilb-
Tpa3ByKa BBICOKOJ MHTEHCUBHOCTU CYILIE€CTBEHHO CHM)KAeT aKTUBHOCTDb
neporcuzassl (II010) u monudenonokcnnassl ([IOO), KOTOpbIE B OCHOB-
HOM OTBETCTBEHHBI 3a (hepMEeHTATUBHYIO Ierpafalyio aHTOMAHOB U 3a
IIOTeMHeHMe coKa [33].
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Ta6nuia 5. CogepskaHue OCHOBHBIX aHTOLMIAHOB
B 06pasiax coka Gy3uHbI
Table 5. Content of the main anthocyanins in the samples of elderberry juice

54 Cy-G — Cy-2G — Cy-3G —
e InanuauH-3- OuanuguH-3- Uuaauanu-3-0-
& O-1II0K031p, 0-cam06y6mo3uT cam06yomnosun-5-0-
o (mr/am’) (mr/am’) IIIOKO3U, (MT/aM°)
Ne1l 396,2%31,4P 557,4+46,32 141,521,128
Ne 2 441,9%11,8° 479,2%11,6% 113,2%12,3°
Ne 3 517,6%33,5° 645,2%43,6" 148,6+15,5°
Ne 4 729,2+56,4¢ 853,3+52,0° 178,7£14,72
Ne 5 752,4% 60,44 987,5+17,8¢ 191,4+23,8?

Tpumeuanue: pasubie 6YKBBI a, b, ¢, d B 04HOM CTO/GIE YKA3bIBAIOT HA 3HAUM-
TEJIbHOE PACXOXKAeHNe MeXAy faHHbMu (p < 0,05)

3.6. Koppensauus mexcdy codepycaHuem aHMuUoOKcUOaHmos
U aHMUOKCUOAHMHOII AKMUBHOCMBI0

HeonHOKpaTHO [OKa3aHO, YTO HA aHTUMOKCUIAHTHYIO aKTMBHOCTb
OKa3bIBAeT BJMSHME COCTaB M KOIMYECTBO OMOIOTMYECKYU aKTMBHBIX
COeNVHEeHMII ¥ aHTMOKCUAAHTHBIX BellecTB. YCTaHOBJIEHA KOpPesLus
mexxny TPC, TFC, TAC, oToenbHbIMM aHTOLMaHAMM M aHTMOKCUIAHT-
HOJI akTMBHOCTBIO. Koadduument xoppensunun mexny TPC, TFC, TAC,
OTHE/NIbHBIMM AHTOLMAaHAMM Y aHTMOKCUIAHTHOM CIOCOGHOCTBIO OBIT
BoIiie 0,9, yTO yKasbIBaeT Ha HAJIMYME 3HAUMMOI MOTOKUTEIBHON KOpP-
pensauuy MeXIy aHTMOKCUIAHTaMM ¥ aHTMOKCUIAHTHOV aKTMBHOCTBIO.
Cpeny Tpex TUIIOB aHTOLMAHOBBIX MUTMeHTOB Cy-G, CTIOCOGHBIN CBSI3bI-
BaTh paayukaasl DPPH u =OH, mokasan camblii BbICOKMIT KO3hduimeHT
koppesaiuu (R? = 0,98; 0,96). DTO CBUIETEILCTBYET O TOM, YTO AHTOLMAH
UMaHUANH-3-O-ITI0K031, OKa3blBaeT 3HAUMUTeNbHOE BIMSHME Ha YIy4-
LIeHMe aHTUOKCUIAHTHOM aKTUBHOCTM.

VccnenoBaHust TpaHATOBOTO M BUHOTPAJHOTO COKOB [34] U KITyOHMY-
HOrO coka [24] mokasanu, UTo 1iBeToBble XapakTepuctuku u TAC urpaior
Ba)KHYIO POJIb B YIYYIIeHUM aHTMOKCHUIAHTHOM aKTUBHOCTU. B Xozme nan-
HOTO MCC/IeflOBaHUY YCTaHOBJIEHA 3aMeTHasl IOJIOKUTeNbHasT Koppes-
UMl MeXIYy aHTMOKCHAaHTHO akTuBHOCTBIO U TPC, TFC 1 TAC. AHano-
I'MYHBIE PE3YIbTAThl ObUIM TTOMYUYEHBI IIPU UCCTeNOBaHMM KIYOHUYHOTO
coka [24] u ToMaTHOro coka [35]. Pe3ynbTaTsl, IIOyuyeHHble B XOfie Ha-
1Iero MCCIef0BaHNsI, IOATBEPAMUIN, UTO aHTMOKCUIAHTHbIE KOMIIOHEH-
ThI OKA3bIBAIOT 3HAUNTEIbHOE BIMSHME Ha MOBbIIIEHNE 00LIeil aHTUOK-
CUIAHTHOJM aKTMBHOCTM coKa. OOHaKo 3HAUMMOI KOPDeIsLuy MEXIY
uBeToBbIMM Xapakrepuctukamu (L* YI, CI u TCD) v aHTMOKCUIAHTHO
CIOCOGHOCTHIO, 32 UCKTIOUEHMEM IIBETOBOTO MHIEKCA, He HAOII0[aI0Ch.
KoadduumeHT Koppensiuyy Mexky IIBETOBBIM MHIEKCOM U aHTMOKCH-
JIAHTHOJ CIIOCOOGHOCTBIO 6bLT BhIlIe 0,9, UYTO YKa3bIBaeT Ha TO, YTO 3HA-
YeHye LIBETOBOTO MHEKCa MOXKET UTPaTh KJII0YEBYIO POJIb B YAYUIIEeHUN
006111671 aHTMOKCUIAHTHO aKTUBHOCTYU COKa OY3MHbI.

AHTOIMaHbl — 3TO MUTMEHTHI, KOTOpble MPUAAIOT OKPACKy 1BeTaM,
dbpykTam 1 oBoiam. I[BeTOBbIE XapaKTEPUCTUKY AHTOLVIAHOB BapbUPY-
I0TCSI B 3aBUCHMMOCTM OT TUIIA MUTMEHTOB. YCTAaHOB/IEHAa 3HAUMTeNbHas
TIONIOXKUTENIbHASI KOppensuusi MeXAy TpeMsl TUIIaMM aHTOLMaHOBBIX
murMmeHToB 1 CD, YI u TCD. liBeToBO# MHAeKc CD moKasaa Camblii Bbl-
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O6bpasen, Ne 1

=@ Cy-G 396,2 441,9

=== Cy-2G 357,4 479,2
Cy-3G 141,5 113,2
LBETOBOW MHAEKC 1,48 1,8

O6paszew, Ne 2

COKMIT KOhOUIMEHT KOppensuun ¢ copepskaHuemM aHtoumaHos Cy-G,
Cy-2G u Cy-3G (R? = 1; 0,98; 0,84 COOTBETCTBEHHO), 32 HUM C/Ie[0BaIN
TCD (R* = 0,85; 0,74; 0,68) u YI (R? = 0,89; 0,69; 0,55). DT pesy/ibTaThl
110Kas3ajy, 4TO BCe TPY TUIIA aHTOLIMAHOB UTPAlOT 3HAUMUTETbHYIO POJb
B M3MEHEHUY LIBETOBOTO MHJeKca coka 6y3mHbl. Mexay Cy-G u C u h
yCTaHOBJIEHA OTpULIATeNbHAsT Koppensiiysi. Hanporus, mexny L* u Cy-G
CyIleCTBOBalIa 3HAUMTeIbHasl MOJOKNUTeIbHAsI KOPPeIsLysi, O3BOJSIO-
1as1 IPeATIoNIOKNATD, UTO SIPKOCTb MJIM TEMHOTA COKa OIpefe/siiach Co-
JIep>kaHueM aHTonyaHa Cy-G. BiusHue cogepskaHusl OCHOBHBIX aHTOLIVI-
aHOB Ha LIBeT COKa Gy3MHBI [T0Ka3aHO Ha PucyHKe 2.

B mpeppiaymyx MCCIeOBAaHUSIX APYTMX aBTOPOB ObLIO ITOKA3aHO,
YTO y/IBTPa3BYKOBasl 06paboTKa, Urparoliast BasKHYI0 POJIb B OIperese-
HuM 11BeTa QPYKTOBBIX BUH, MOXKET BIMSTb Ha CTAGMIIBHOCTh aKTUBHbIX
KOMIIOHEHTOB M YCKOPSITb Jerpajaliuio, KOHAEHCALVI0 MM MOoIuMe-
pU3aLMI0 aHTOLMAHOB. Li 1 cOaBTOPBI yKa3aiy, YTO U3MeHeHue cofep-
SKAaHMST  IMaHMIOUH-3,5-AUITI0K03UAa, TeTYHUAMH-3,5-1urmoKko3na,
MeOHUIMH-3,5-IUIIIOK031/1a, MalbBUAMH-3,5-NUNIIOKO3MAA, TTeTYHM-
JIMH-3-KyMapowiI-5-IJI0KO3UJa M MalbBUIMH-3-(II-KyMapOuI)-yTUHO-
3U[-5-III0KO3KIA TIPY YMEepPEeHHO YIbTPa3ByKOBOi 06paboTKe GBLIO
OCHOBHBIM (haKTOPOM, OTIpeeNSIOUM U3MeHeHe [[BeTa YUePHUYHOTO
BMHA [26]. B ;aHHOM Mccie1oBaHMM YCTAaHOBJIEHO, UTO COAepKaHMe Tpex
aHTOLMAHOBBIX NUIrMeHTOB Cy-G, Cy-2G u Cy-3G sIB/ISIeTCSI OCHOBHBIMU
JleTepMMHAHTaMM LiBeTa coka Oy3VHBbI.

3.7. Mukpob6uoozuueckue nokazamesu 6ezonacHocmu
Pe3ynbraThl MUKPOGUOIOTUYECKMX MCCIEAOBAHMI COKOB TIPECTaB-
Jiedbl B Tabnuie 6.

Ta6nuua 6. BiussHue 06pa6oTOK Ha MUKPOOGOIOTMYECKYIO
00CeMeHeHHOCTb COKa OY3MHBI
Table 6. Effect of treatments on the microbiological contamination
of elderberry juice

06pa 3e11, coKa KMA®AHM (log KOE/cm>
Ne1 4,38+0,01
Ne 2 He o6Hapy>keHbI
Ne3 1,21£0,09
Ne 4 He o6Hapy>keHbI
Ne 5 He o6Hapy>keHbI

Ob11ee KOMMUECTBO Me30(MIbHBIX a9POOHBIX U (PaKyIbTATUBHO-aHAd-
po6HBIX MUKpooprann3moB (KMADAHM) He oGHapykeHbI B 00pasie N2 2
COKa, KOTOpbIii MofBeprajcs macrepusalui, 110 CPaBHEHUIO KOHTPOIIb-
HbIM 00pasiiom (4,38 +0,01). iHaKTMBaLVsI MMKPOOPTaHM3MOB B 06pasiie
N2 2 MoKeT ObITh CBSI3aHA C TEIIOBOI 06pabOTKOI, TTOCKOIbKY BbICOKME
TeMIepaTypbl BbI3BIBAIOT MHAKTMBALMIO MeTabonnueckux ¢epMeHTOB
M JIeHaTypauuio GeKOB, YTO HapyllaeT HEMOBPEXKIEHHYIO CTPYKTYDY
MMKPOOPraHM3Ma ¥ U3MeHSIeT IPUCYLLYI0 MOP(OIOTUIO OIpeeeHHbIX
K/JIETOK, TIPUBOAS K HEoOpaTMMOMY IOBPEXKIEHMIO KIETOK M-K TMbenn
MMKpoopranm3ma [1]. 3HauMTenbHOe CHYDKEHVE MMKPOOMOTIOrMdIecKoii
06ceMeHeHHOCTHM YCTAHOBJIEHO B 06pasiie N2 3, rmoc/ie TepMOy/IbTPa3ByKo-
BOi1 06paboTky mpu Temieparype 65°C B Teuenue 15 munyt (TS200 Br,
20 xTu), 1,21+0,09 log KOE/cM3, OTHOCKHTEIBHO KOHTPOIBHOIO 06pasia

Obpasew,Ne3  O6pasey Ne4  Obpaseu Ne 5

517,6 729,2 752,4

645,2 853,3 987,5

148,6 178,7 191,4
2 2,5 4,4

PucyHOK 2. BiusiHue copepskaHusi OCHOBHBIX AaHTOIMAHOB Ha IIBETOBOJ MHAEKC COKa OY3MHBI
Figure 2. Effect of the content of the main anthocyanins on the color index of elderberry juice
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(4,38+0,01 log KOE/cm3). TepmoynbTpasBykoBas o6pa6oTka coka TS400 Br,
20 KT, (o6paser; N2 4) 1 TS600 B, 20 KTy (o6paser; N2 3) ipu Temriepaty-
pe 65°C B TeueHue 15 MMHYT obecrieumia MOMHYI0 MHAKTUBALIMIO Me30-
mIbHBIX a3pO6HBIX U (GaKyIbTAaTUBHO-aHAPOOHBIX MUKPOOPTaHU3MOB
(KMA®AHM). CHIKeHMe 00111eit MUKPOOMOIOTUECKO 06ceMeHeHHOCTH
JIOCTUTAETCSI TIPY MOBBIILIEHNM MOIIHOCTM YbTPa3ByKa U 3a CUET BO3JE-
CTBMSI TEMITepaTypbl 06pa6OTKN. AHAJIOTMYHbIE Pe3YJIbTaThl MHAKTMBALIY
MUKPOOPTaHM3MOB IIOf AECTBMEM TepMOYIbTPA3BYKOBOI 06pabOTKM
TIOJIyY€eHbI U B IPYTUX UCCIeN0BaHMSX [3,6].

4. BbIBOJBI

B pesynbraTe MpoBeJeHHOrO MCCAENOBAHMS YCTAHOBIEHO, YTO Tep-
MOY/IbTPa3ByKoBasi 06paboTka, B 0COGEHHOCTM 06paboTKa C BBICOKOI
MHTEHCUBHOCTBIO 600 BT B TeueHue 15 MMHYT, CIIOCOGCTBOBAIA 3HAYM-
TeJIbHOMY IOBBIIIEHUIO B COKe Oy3MHBI COflepsKaHMs 06IIMX HeHOTbHbBIX
coeiMHe M, GIaBOHOUIOB M aHTOLMAHOB, MHIMGMPOBAHUIO PafyIKaIOB
DPPH 1 *OH, a Takke CHVKEHIIO 0011eli MUKPOGMOIOTMYECKOit obceme-

HEHHOCTY TPOAYKTa. Pe3ysbTaThl MCCIENOBAHMS TAKKe MMOKAa3aju, YTO
TepPMOYJIbTPa3ByKOBasi 06paboTKa CIIOCOGCTBYET YBEIMYEHMIO COMEP-
SKaQHMSI TPEX aHTOLMAHOBBIX MUTMEHTOB, BKIIOYAs IMaHUANH-3-0-1I110-
KO3UA, IMaHUOUH-3-0-cambyonosut u UmMaHuanH-3-0-camby6mo-
3uI-5-0-IMI0K03M I, KOTOpble WAEHTUOUIMPOBAHbI KaK OCHOBHbIE
aHTOIMaHbI B COKe Gy31uHbl. Kpome Toro, 06paboTka coka 6y31HbI TEPMO-
YABTPA3BYKOM 3HAUMTEIbHO YIYUIINIA €ro [[BeTOBbIe XapaKTePUCTUKMN.
Pe3y/bTaThl MCCI€AOBAHMS TIOKA3bIBAIOT, UTO JIJISI TOTyUeHus coKka 6y31-
HbI ¢ 60Jiee BBICOKMM COMEP’KaHMEM aHTUOKCUIAHTOB ¥ MaKCMMaJIbHO
AQHTUMOKCUAAHTHO aKTMBHOCTHIO HEOOGXOAMMO MCIIONIb30BaTh TEPMO3BY-
KOBYIO 06pabOTKY € BBICOKOJ MOIHOCTbIO. Pe3y/IbTaThl O3BOJISIIOT TP/ -
MTOJIOKUTh, UTO JaHHbIN CI10CO6 MOXKeT O6bITh 3(PPEKTUBHBIM METOIOM
racTepusanuu Coka 6y3MHbI C COXpaHeHMeM KaueCcTBeHHbIX IToKasaTeseit
¥ aHTMOKCUAAHTHOM aKTMBHOCTM. BMecTe ¢ TeM ciiefyeT OTMETUTh, YTO
IUIsI TIOHMMAaHUS BJIMSIHMST KAYeCTBEHHOIO ¥ KOJMYeCTBEHHOIO COCTaBa
aQHTOLMAHOB Ha LIBET COKA GY3MHBI U IJIsT ONTUMU3ALMM TTApAMETPOB €ro
repepaboTKM HeOOXOAMMBI Ta/IbHEIIINe UCCTIeI0BaHMs.
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NUIIEBBIE TUAPOKOJIJION I bI:
KIIACCUOPUKALINA, PYHKIONOHAJIBHBIE CBOUMCTBA U IPUMEHEHUE

HemnoBuunbix H. B., [TeTpoa O. H.
CapaToBCKMii TOCYAAPCTBEHHbBI YHUBEPCUTET TeHEeTUKM, OMOTEXHOIOTUY U MHXeHepuu umenu H.W. BaBuiosa, CapaToB, Poccust

K/IIOYEBBIE CIOBA: AHHOTAL A

6uononumepol, [nieBsie TMIAPOKOIONIHI — OMHY U3 Haubosee BOCTPeGOBAHHBIX MHTPEAMEHTOB B MHIAYCTPUM MuTaHyst. OHY BbICTYMAOT
cmpykmypa nuu, B POJIM 3aryCTUTEJIEeA, KeJIMPYIOIIMX areHTOB, SMY/JIbraTopoB, CTaOMUIM3aTOPOB, 3aMEHUTEJIeN KUPOB, OCBeTInTeNei, Ghio-
UHKancyayus, KYJISIHTOB 1 TIeHOOGpasoBaTeseii. Kpome TOTo, 3TM COeOMHEHMs] MMPOKO PUMEHSIIOTCS B aAJUTUBHBIX TEXHOIOTUSIX, TIPU
buoniacmuku, MIPOM3BO/ICTBE OMOpa3iaraemMoii yIakoBKM U /IS MHKATICY/ISLMM GMONOTMUECKM aKTUBHBIX, KPacSIIMX BEIIeCTB M apoMa-
3-D neuamso TU3aTOPOB. B 3aBMCUMMOCTM OT MCTOUHMKA MOTYYEHMUS TIMIIEBbIe TUIPOKOIOUIbI TOAPA3AEISIOTCS HA YeThIpe OCHOBHbBIE

KaTeropuim: TUIPOKOJUTONIBI PACTUTETBHOTO MTPOUCXOKIEHVISI, TIPOKOJIOM/IBI SKMBOTHOTO TIPOVCXOKIEHMSI, TUIPOKOIIIO-
MOl MUMKPOOHOTO TIPOUCXOXKIEHMS U XUMUUYECKM MOAMDUIMPOBAHHbBIE ITVAPOKOUIOUIBI PACTUTENIHHOTO MPOUCXOKIECHUSI
(cuHTeTHUYeCKMe Kamenn). B 3TomM 0630pe 0OCHOBHOE BHMMAaHMe YIeMSeTCs] COBPEeMEHHBIM TeHIEHIVISIM M TeXHOMOTMYeCKIM
AOCTVKEHMSIM B UCITIOJIb30BAHUM TMAPOKOJIONIOB OJIsT 06ecnequMH HeOGXO,[U/IMI)IX HOTpe6I/[TeJ'II)CKI/IX CBOICTB PasIMYHBIX
MUIIEBBIX TPOAYKTOB. HOBbIE MCCIEMOBaHMS IOKA3bIBAIOT, UTO HEKOTOPbIE MUIIEBbIE TUAPOKOIOUIBI MOTYT CYIIECTBEHHO
M3MEHUTH COCTaB U CTPYKTYPY MUKPOGMOTDI KULIEUHMKA U TIOJIOKUTEIbHO TIOB/MSTH Ha 3[I0POBbE UeioBeKa Grarogapsi CBO-
UM QUIMKO-XMMUUECKMM M CTPYKTYPHBIM CBOJCTBaM. II0CKOIBbKY IMIPOKOJIONIbI HAXOAAT BCe Gojiee IIMPOKOe MpUMeHe-
HIME B Pa3IVUHBIX OTPACISX, JaHHbI 0630D, TOCBSIIEHHbI UX QYHKIVOHATBHOCTI ¥ MTUTATEbHONM IIEHHOCTM B MUIIEBBIX
MPOAYKTAX, MOXKET ObITh MHTEPECeH MCCIeL0BATE/ISAM TIPU Pa3paboTKe MHHOBALMOHHBIX TEXHOJIOTUUYECKMX PelIeHuit. Yun-
TBIBASI 3HAUMTENIbHBIE JOCTVIKEHNS U CTPEMUTEIBHOE PasBUTME MCCIENOBAHNIT B TOCIESHIE TOIbI, MOXKHO ITPOTHO3MPOBATh,
YTO M3yYeHMe MMIIEBbIX IUAPOKO/UIONIO0B OyIeT aKTMBHO [TPOA0KAThCsI. OCHOBHBIMY HATIPABIEHVSIMM CTAHYT: YIIPaBJIeHUe
MX B3aMMOJIECTBMEM C KOMITIOHEHTaMM TIMIIN, CO3AaHMe GYHKIMOHATbHBIX MMIIEBbIX MATPUIIL, VICCIIEIOBAHME BIVISIHMS Ha
KJIETOYHbIE TIPOIECCHI ¥ OPTAHM3M B LIEJIOM, a TAKKE OlleHKa MeTabomm3ma in vivo u 6e301acHOCTH.
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biopolymers, Food hydrocolloids are among the most popular ingredients in the food industry. They act as thickeners, gelling agents, emulsi-
food structure, fiers, stabilizers, fat replacers, clarifying agents, flocculants, and foaming agents. In addition, these compounds are widely used

encapsulation,
bioplastics, 3-D
printing

in additive technologies, for production of biodegradable packaging and for encapsulation of biologically active substances,
colorants and flavors. Depending on the source, food hydrocolloids are divided into four main categories: hydrocolloids of plant
origin, hydrocolloids of animal origin, hydrocolloids of microbial origin, and chemically modified hydrocolloids of plant origin
(synthetic gums). This review focuses on current trends and technological advances in the use of hydrocolloids to provide the re-
quired consumer properties of various food products. New research shows that some food hydrocolloids can significantly change
the composition and structure of the intestinal microbiota and positively affect human health due to their physicochemical and
structural properties. As hydrocolloids are increasingly used in various industries, this review on their functionality and nutri-
tional value in food products may be of interest to researchers in developing innovative technological solutions. Given the sig-
nificant achievements and rapid development of research in recent years, it can be predicted that the study of food hydrocolloids
will be actively continued. The main areas will be: managing their interaction with food components, creating functional food
matrices, studying the effect on cellular processes and the body as a whole, as well as assessing in vivo metabolism and safety.

1. BeBepenue

[MonesHble UM HATypaabHbIe MPOAYKThI MUTAHUS TOTb3YIOTCS PaCTy-
VM CIIPOCOM Cpe[ii 3a00TSIINXCS O 3I0pPOBbe MmoTpeduTesneit. [Ipomyk-
ThI JIJIS1 3T0POBOTO MUTAHUS COAEPKAT B CBOEM COCTaBe (DM3MOIOTMUECKI
(yHKIIMOHANTbHBIE MHIPEOVEHTHI, K YMCIY KOTOPBIX OTHOCSITCSI U IIN-
1eBble TUAPOKOIONIbI. OKMAAeTCs, uTo B GiisKaiiiieil mepcrnekTuBe
MMPOBOI PBIHOK MUILEBBIX TMIPOKOIOUIOB GymeT pactu [1,2]. Jinge-
paMM cpefy LIMPOKO MCIIOAb3YeMbIX T'MIIPOKOIIOUIOB IO-TIPEXKHEMY
SIBJISIIOTCST KpaxXMaJl, KeJIaTUH U TIeKTUH, Ha [0 KOTOPIX MPUXOJUTCS
okoyo 80% ot o61ero o6bema u moutut 40% ot 0b1Ieit CTOMMOCTU BCeX
KOMMepUYeCKUX TUIPOKOTIONAOB. ['MIAPOKOMIONUIbI, IOTydyaeMbie U3
MOPCKMX BOAOPOCIIeli, KapparnHaH, arap ¥ aIbI'MHATBI, SIBJISTIOTCSI HEOTb-
eMJIeMOJ1 YaCcThbI0 MHAYCTPUM aKBAKYIbTYPbhI ¥ TAKKe 3aHMMAIOT OHY U3

O HUTUPOBAHUN: HemoBuHHbIX, H. B., ITerpoBa, O. H. (2025). [Tuiiesbie
IUAPOKOIONIBL: Kiaccubukanys, GyHKIMOHANIbHbIE CBOMCTBA M MpPUMEHEHMe.
TMuuwjesste cucmemet, 8(1), 66-72. https://doi.org/10.21323/2618-9771-2025-8-1-66-72

JIAOVPYIOLIMX MTO3ULMIT B MUPOBOIT MHAYCTpUn. Kpome TOro, HOBbIe 6110-
aKTMBHBIE MHTPeIMEeHThI 13 MOPCKUX BOLOPOC/Iel MPUBIIEeKaIOT MHTepec
yccIenoBaresneii U MHBECTOPOB [3].

I'mppoxomionapl MMPOKO U3y4aauCb MHOTUMMU UCCIIEN0BATENISIMU Kak
¢ YHKUMOHATBHO, TaK U C MUTATEIbHON TOUKM 3peHnsi. OmHAKO erne
MHOT0€e MPeACTOUT Y3HATbh O POIU TUAPOKOIJIOUIOB U KaueCTBe KOHeu-
HOT'O ITPOJYKTAa, MU3TOTOBAEHHOIO C UX UCIIOIb30BaHUEM.

[MuieBbie IUAPOKOUIONIBI — 3TO pa3HO0OpasHas TpyIia JyIMHHOLe-
TOYEYHBIX IOMMEPOB, KOTOPbIE JIeTKO AUCIIePrUPYIOTCS, TOJTHOCThIO MU
YACTUYHO PACTBOPSIOTCS M HABYXaloT B BOZE, UTO, B CBOIO OU€Pe[b, CII0-
COOCTBYeT M3MeHeHMI0 (U3NUECKMUX CBOIICTB PaCTBOPOB C 06pa3OBaHM-
€M YCTOVUMBBIX KOJUIOMIHBIX CUCTEM U Teneii. bonbilioe KonnuyecTBo I'u-
IPOKCUJIbHBIX IPYIIIT 3aMETHO MOBBINIAET CTIOCOOGHOCTh IMIPOKOJIJIONIOB

FOR CITATION: Nepovinnykh, N. V., Petrova, O. N. (2025). Food hydrocol-
loids: Classification, functional properties and applications. Food Systems, 8(1),
66—72. https://doi.org/10.21323/2618-9771-2025-8-1-66-72
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CBSI3BIBATH BOAY. ['MIIPOKO/UIOMIBI TIPEACTABISIOT COOOM CTPYKTYPHO
PasHOO6Pa3HBIi KIacC IOMTHOCTHIO MM YaCTUYHO PACTBOPUMBIX ITOTNCA-
XapyuIoB. be/loK skenaTUH CYMTaeTCs UCKIIOUMTeIbHBIM IIpeiCTaBUTeeM
9TOro MOoMMCaXapUIHOTo Kaacca brarogapst CBoei peBOCXOLHO IMApO-
GuIPHOCTY ¥ NOMMAMCIIEPCHOCTH. [Ipyrye myiieBble GeKky, Takue Kak
CBIBOPOTOYHBIE, TPAAUIIMOHHO He KIaCCUPUIMPYIOTCST KaK T'MIPOKOJIIO-
MBI, XOTSI MX arperalMOHHbIE CBOJCTBA U reneo6pa3oBaHue B HEKOTO-
pOJi cTeneHM COBIMAAIOT C XapaKTepUCTUKaMM ronucaxapmugos. OgHako
HeKOTOpbIe yueHble, 3aHMMaloIlMecss HayKol O IMAPOKO/UIONAAX, TAKKe
KJIACCUGUIMPYIOT CBIBOPOTOUHBIE GETKM KaK I'MIPOKOIONbI [4-7].

[nieBble TMAPOKO/UIONIBI 3aHMMAIOT BKHYIO YacCTh IIOBCEHEBHOTO
palVIOHa, BXOZSI B COCTAB Pa3HOOOPA3HBIX ITPOAYKTOB IIMTAHYSI, Graronapst
HIMPOKOMY CITEKTPY HDYHKLIMOHAIBHO-TEXHOIOTMYECKUX CBOCTB [8]. OnHOM
13 OCHOBHBIX NPUMYMH MHOTOTPAHHOTO MCIIONIb30BaHMS IMIPOKOIIIONIOB
B MUILEBOI MHAYCTPUU SIBJISIETCS MX CIIOCOGHOCTb M3MEHSTh Peosormye-
CKVe XapaKTePUCTUKM U CBOMCTBa nuieBbIx Matpull. C pusnonornyeckoin
TOUKV 3peHMs IIOTpeGeHMe IUIIEeBBIX TMIPOKOUIONIOB MMeeT MHOIO
MIPEeMMYLIECTB ISl 3[0POBbsI, KOTOPbIe BKJIIOYAIOT B ceOsl KOHTPONb Beca,
VIMMYHHYIO DeTy/ISILMIO, 300POBYI0 PaGOTy SKeyLOYHO-KUIIEYHOTO TPakK-
Ta, MPOPUIAKTUKY CePAEUHO-COCYIVCTBIX 3a60/I€BaHMIA, a TAK)KE KOHTPOIb
IMKEeMMY U MHCYJIMHEeMMM ITpU caxapHoM ayabete I Tuma. Pap nccenosa-
HUIA 1T0KA3aJ1, YTO HEKOTOPbIe criennbuuecKie ruaPOKOIOUIbI MOTYT pe-
IYJIMPOBATh COCTAaB KUIIEYHOM MUKPOGIOPBI, CTUMYIMPYS POCT MOJIE3HBIX
Gakrepuit. DTO IIPUBOAUT K TIOBBIIIEHNMIO (DEPMEHTATMBHOM aKTMBHOCTU
U K BbIPAGOTKE KOPOTKOIIEIIOUEUHBIX JKUPHBIX KUCIOT, KOTOPbIE OKA3bIBAIOT
CyILIeCTBEHHOE GMOIornyeckoe Bo3zeiicTBie Ha opranmsm [9,10].

Llenbio JAHHOTO HAYYHOrO 0630pa SIBJISETCS] CUCTEMATU3aLMs JaH-
HBIX 06 OCHOBHBIX XapaKTepUCTUKAX MUIIEBbIX TMIPOKOIOUIOB, UX
(YHKIIMOHATBHO-TEXHOJIOTMYECKMX CBOJMCTBAX, a TAKKe O BO3MOYKHO-
CTSIX IPUMeHeHMsI IPU pa3paboTKe MUILeBOI MPOTYKLIMA.

2. OG'BEKTHI M METOABI

O6beKTaMy MCCIeNOBaHMs SIBJISUTMCh HayuHble MyOIMKaLNM, TOCBS-
meHHble Kiaccudukanmuy, GyHKIMOHAIBHBIM CBOMCTBAM M IpUMEHe-
HUIO MUIIEBBIX I'MIPOKOJUIONUIOB B COBPEMEHHbIX TEXHOIOTUSIX.

2.1. MemoOs! noucka 1umepamypbt

CucTeMaTHyYeCKMit MOUCK HAaYIHOI JUTepaTypbl ObUT IIPOBEIEH C MC-
MOJIb30BaHMEM TIOMCKOBBIX cucTem PubMed, Scopus, Web of Science
u Google Scholar o xiwo4yeBbIM PpasaM C BKIOUEHMEM OIEPATOPOB
«» u «umn»: «food hydrocolloids», «biopolymers», «food structure,
«encapsulation», «bioplastics», «3-D printing».

2.2. Kpumepuu 6K104eHUS/UCKII0UEHUS]

VccnenoBanust GbIIM CTPYMITMPOBAHbI M0 TEMAaTUYECKMM 06JIacTsIM
0630pa, CTaThy UCKJIIOUAINCH HA OCHOBAHUY TIPEABAPUTEILHOTO aHAIN-
3a Ha3BaHMS ¥ aHHOTAILVN.

Kputepun BKIIOUEHMS
1) omy6aMKOBaHHbIE HAyUHbIE CTATHU;

2) TPOMHAEKCUPOBAHHBIN MCTOYHMK;
3) TemaTuKa CTaTeii — TUIIEBbIE TUIPOKOIOUIbI, GUOTIONMMEPHI,

CTPYKTYpa MUY, MHKATICYIISILMs, OMOIUIacTUKM, 3-D meuaTs;

4) NpeuMyIeCTBEHHO 3apYOeXXHbIe MCTOUHMUKMA.

Kpurtepun nckioueHusi:

1) crarby, omy6nukoBaHHbie paHee 2000T., 3a MCKIOUEHMEM oOOIie-

TPU3HAHHbIX;

2) Te3MuChl AOKIAJA0B KOH(pEpEeHIIIi.

3. Knaccuduranus ruIpoKoIIONI0B

CornacHO TPamUIVOHHOI Kiaaccuduranyy, GONbIIMHCTBO TUAPO-
KOJUIOUJOB KIacCuDUUMPYIOTCS KaK IMOIMCAXapUabl U TPYIIMUPYIOTCS
B COOTBETCTBMM C MICTOUYHMKOM IonydyeHus. Hampumep, kamenb Kapasi,
KaMe[b TparakaHTa, Kame[b IXaTTy, FyMMMapabuK ¥ HEKOTOpbIe JApY-
re KaMmeay o6beMHEHbI B TPYIITY JpeBeCHbIX 9KCCYAaTOB. Arap-arap,
aNbI'VHAT, KapparnHaH, GypuennapaH, GyKouIaH OTHOCST K IPyIITie MOp-
CKUX Bofopocieit. [IeKTUH OTHOCUTCS K paCTUTeIbHbIM MTO/IMcaxapuaam,
B TO BpeMsI KaK >KeJIaTUH Y XUTUH BKJIIOYEHBI B IPYIITY XMBOTHBIX. Taioke
CyIlleCcTBYeT IpyIIa CMHTeTUYeckuX KaMe[eli, HalpumMep, KCAaHTaHOBAasI
KaMe[lb, Te/JIaHOBasl KamMmeZp, ITy/UlyJlaH M MHOTMe Ip. [4].

B Ta6nutie 1 npuBeneHbl HauboJIEEe MIMPOKO UCTIONb3yeMbIE ITUIIEBbIE
TUMOPOKO/UIONUIbI B COOTBETCTBMU C IMPOUCXOXKIEHMEM U XUMUUECKOM
CTPYKTYPOIJA.

IToMMMO BBIILIEYTIOMSIHYTO Ki1accuduKalumum, TUAPOKOJUIONIBI MOXK-
HO pa3iennTb Ha HeMOHHbIe KaMeay Y aHMOHHbIe KaMenu. K HeyoHHbIM
IMAPOKOUIONIAaM OTHOCSITCSI KCAaHTaHOBasi Kamenb, TyapoBasi KaMelb
U KaMeZib 6060B POKKOBOTO iepeBa; B TO BpeMsl KaK K aHMOHHBIM I'MM-
JIPOKOJUIOMJAM OTHOCSTCSI KapparuHaH, ryMMuapabuk, KameIp Kapaiis,
rejljlaHOBasi Kamenb 1 gpyrue [11].

I'MapoxomIonab CyLIeCTBYIOT B IIPMPOJE B KaUeCTBe CTPYKTYPHbIX, Ha-
KOTIUTENIbHBIX WM IPYTUX QYHKIMOHATbHBIX KOMIIOHEHTOB TKaHel pacre-
HMIA Y KMBOTHBIX, HO JIILIb OTPAaHMYEHHOE UX KOINYeCTBO MMeeT KOMMep-
yeckoe 3HaueHue. PacmpocTpaHeHHble KOMMepUeckyue TUAPOKOIIOUAbI
BKJIIOUAIOT KpaxMmaJs, IMeKTUH, MHYJIMH, JKeJIaTUH, arap, KCaHTaHOBYIO
KaMeZib, T'yapoBYI0 KaMelb, KapparuHaH, aJbIMHATBI, Kamenb 6GOOOB

Ta6nuua 1. Knaccudukanys rugpoKo/UIONA0B
Table 1. Classification of hydrocolloids

OcHoBa Knacc HaumeHoBaHMe r1IpoOKOIJIONAA
Ilpoucxoxknenmne  PacturenbHble [TeKTVH, MUHYIVH, TyMMMapabyK, KaMmeIb TXaTTH, KaMeb TparakaHTa, KaMeZb Kapaiiy, KaMeab CeMsIH

Kaccuu, KameIb CeMsIH 6a3minKa, KaMeIb CEMSH MeCKUTA, KaMeIb MaskKUTHIKA, KaMeb UMKIIe, KaMeJlb
0Bca, KamMeJb P11, KaMeb KOHKaKa, KaMe/b [T0J0POsKHMKA, F'yapoBasi KaMe/ib, KaMmeslb 6060B POKKOBOTO
IepeBa, KaMe[b JIbHSIHOTO CeMeHY, KaMeb CUOMPCKOI IMCTBEHHULIBI, KPAXMaJIbl

JKuBOTHbIE XUTUH, XUTO3aH, XeJIaTUH

Mopckue Bogopocan Arap, KapparuHas, aJIbTMHOBAS KMCIO0TA, aIbTMHAT, QypuennapaH, yibBaH, QyKOUIaH, KCUIaH U3 KPACHO
BOZIOPOCN

Mukpo6HbIe KcaHTaHOBas KaMe/ib, relJIaHOBAs KamMe[lb, KaMe[lb Tapa, BeKCTpaH, Iy/UTy/laH, BelTlaHOBasl KaMe/lb,
KypAJiaH, IeBaH

CuHTeTMUecKue MeTuienono3a, MeTYISTUILLETION03a, KapOOKCUMeTHUIILIIITION03a, TYIPOKCUITHIIIIEIUIION03a,
IUIIPOKCUITIPOTTMAILLE/IUTI0N03a, TUIPOKCUTIPONMIMETUILLEIUII0I03a, MUKPOKPUCTAIIIMYeCKast LeJUT0103a

CrpykTypa [mokaH Kpaxmai, oBcsiHast Kame[ib, SYMeHHasl KaMeflb, KypZJiaH, BeJlaHOBasl KaMelb, ITyJUTyJIaH, 1eKCTPaH

OpykTaH WHynuH, 1eBaH

Kennan KpacHast Bomopocib KCuiaH

Pamuan VinbBaH

lanmakTOMaHHaH I'yapoBast Kame[ib, KaMme[b 6060B POKKOBOTO [IepeBa, KaMe/[b Tapbl, KAMe/Ib CEMSIH KacCui, KaMeIb CeMSH
6a3yuIiKa, Kameb CeMsIH MeCKUTa, KaMe/lb TaKUTHUKA

[mokoMaHHaH Kamenp KOHKaKa, aJlbIMHaT

ApabGUHOKCUIAH Teunnmym, IbHSIHASI KamMeb (cofepskanast Ipyryto Gpakiyio raakTo3aHoB), pxkaHasi KaMe[lb, MIIeHUYHas
Kame[b

lanaxkTan Arap, kapparuHaH, Gykongas, dypuemniapan

ApabGuHoranakTaH T'ymmuapabux

lanakTypoHaH IexTnH

InukaHo- Kamenp kapaiisi, KaMme/ib TparakaHTOBasI (CofiepsKalast IPyryro apabuHOTaNakKTaHOBYIO (hpakinio)

paMHOTa/laKTypOHaH

InukaHo- Kamenb rxaTTi

TJIIOKYPOHOMaHHOITIMKaH
IMommep rimoKo3aMMUHa
Benok

XUTUH, XUTO3aH
JKenatun
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POKKOBOTO JlepeBa, ryMMMapaduK, reJUVIAHOBYIO KaMe[lb, TPOM3BOSHbBIE
LIeJUTIONO3bI U IP. BI6Op KOHKPETHOTO IVIPOKOIIONAA JIST IPUTOTOBIIe-
HMS TMILEBOrO NMPOAYKTAa 3aBUCUT OT €r0 TeXHUYEeCKUX XapaKTepPUCTUK,
a TakKe OT ero IieHbl U 6e3omacHocTy. Tak, HaNIpUMep, B KayecTBe 3ary-
CTUTeJIel] INMPOKO MCIIONb3YIOTCS KpaXMaslbl M3-3a MX HU3KOV CTOMMOCTH,
006yCII0BIIEHHO} BBICOKMM IOJOBBIM 06beMOM ITpou3BoacTBa. OnHako 60-
Jlee OPOrO¥i 3aryCcTUTeNb, TaKOJ KaK KCAHTAHOBAsi KaMe[b, TakKe SIBJISI-
eTCsI TOMY/ISIPHBIM M3-3a €0 HeIIPeB30¥iIeHHbIX PEOIOTMYeCKUX CBOMCTB.
MeHee [OpOrMMY TMAPOKOITIOUAAMM SIBJISIIOTCS SKCCYLAThl PACTUTEIBLHON
KaMeIy U MyKa U3 PaslIMUYHbIX ceMsiH. MHOIMe pacTUTe/IbHble 9KCCYAAThI
XOPOILIO M3yueHbl, OAHAKO B MUIEBOJ MPOMBIIUIEHHOCTY MCIIONb3YIOTCS
TOJIBKO TyMMMapabyK, Kamenb 6060B POKKOBOTO iepeBa, KaMeZb IXaTTH,
KaMeZib Kapasl M KaMe[lb TparakaHra. IlpuumHa B BbI6Ope JaHHBIX IUIPO-
KOJUIOUIOB TaKKe KPOeTCs B MX JOCTYITHOCTU U Ge3ornacHocTu. MHorue
9KCCyzaThl He uMeloT cratyca GRAS, KOTOpBIN CBUIETeNbCTBYeT O JOKa-
3aHHOJ 6€3011aCHOCTY BelllecTBa B paMKax ero rnpumeHeHust. bonee gopo-
VMU TMJIPOKOJUIONIAMM SIBJISIIOTCST SKCTPAKThI MOPCKMX BOZIOPOCIIENt, MO-
CKOJIBKY UX COOP ¥ CyIIKa TPebyroT 60bImx 3aTpaT. CaMbIMM JOPOTMMU
SIBJIIOTCS] CUHTETMYeCKye TMAPOKOITIONADL, /I OHY ITPOU3BOASTCS C UC-
10/Ib30BaHMEM [OPOrOCTOALIMX MaTePUaIOB 1 CIIOKHBIX TEXHOIOTUI [4].

[l KaXkIoro r’mApoKO/UIONAA CYIIeCTBYeT HeCKONbKO BUIOB ChIPbS,
13 KOTOPBIX MOXKHO IIOTYYMThb Pa3Hble BapuaHThl. Hanpumep, arap Mox-
HO TOJIYYUTb U3 Pa3HbIX BUJIOB MOPCKMX BOAOPOCIIE, TAKMX KaK Ipaliu-
JIApUS VIV TeNUAUyM. Arap 13 rpauu/asipuy B OCHOBHOM MCIIO/Ib3YeTCst
B MMMILEBOJ MPOMBILUIEHHOCTH, & arap 13 remanyma — B 6aKTepuoso-
ruu. Kpome TOro, BHYTpM BUAOB IPAalMISPUS M TeNIUIUYM BBIAEISIOT
MO/IBU/IbI, KOTOpBIE CAY)KAaT MCTOYHMKOM Das3aMYHBIX BMIOB arapa. To
Ke caMoe OTHOCUTCS K IBYM JIPYTMM I'MAPOKOIONAaM, IIOTy4aeMbIM U3
BOZIOpOCJIeNi, albTMHATaM U KapparnHaHy. B 3aBucumocTy oT Toro, B Ka-
KOJi BOZEe BBIPAIIMBAINCh BOJOPOCIN, B TEIJION MM XOMOLHO, TUIPO-
KOJUIOM[, 110 (PYHKIIMOHAIbHO-TEXHOIOTMYEeCKMM CBOJICTBAM ITOJTy4aeTCst
pa3HbIM. B ciyuyae ¢ anprmHaTOM Aaske 4yacTb caMoOii BOLODPOCIM MMeeT
60JIbIIIOe 3HaUeHVe. AJIbTMHAT, BbI/IEJISIeMbIi 13 JIMCThEB MOPCKUX BOJO-
pociteit, OTIIMYAeTCsI OT abIMHATA, TI0JTyYaeMOoro U3 cTebIel TeX ke MOop-
CKUX Bopopocieii. [TepBblit siB/IsieTCsI B 6OJbILE CTeleHM 3aryCTUTeNeM,
a BTOPOJ — JIy4IIMM XXeJIMPYIOLMM areHToM [3].

KcaHTaHOBas Kame[b — ele OOMH IIPUMepP TMIPOKOIIONTA CO MHO-
SKeCTBOM BapualMil, TPAAMLMOHHO II0Jy4aeMblii IyTeM OaKTepuasib-
HOJI depMeHTalMM YITIeBOLOB HA OCHOBE KyKypy3bl. UTOGBI M36€XKaTh
KOHTaMMHaLUM KCAaHTAHOBOJM KaMe[y, CBSI3aHHOV C VCIIONb30BaHMEM
I'MO-KyKypy3bl, HEKOTOpbIe IIPOM3BOAUTENM MCIOAb3YIOT KpaxMasa Ha
OCHOBe MILIeHM1IbI. 17151 ToTy4eHus pa3IMyHbIX CBOVICTB MCIIOb30BaINCh
Jake Bapyauuy OT NMAapTUY K NMapTuy 1 ot6éop mapTtuii. B 3aBucumocty
OT TeMIlepaTypbl PaCTBOPEHMS I MIOHHOJ CWJIbI PACTBOPBI KCAHTAHOBOI
KaMeJy MMeIOT BbICOKYIO BSI3KOCTb M MOT'YT IPMHUMATH HOPMY CIIMPaIn
W «KaTyIIKW». Briaromapst STMM MHTEPECHBIM CBOJCTBaM KCaHTaHOBasI
KaMeZib MCTIONb3yeTCsl BO MHOTMX OTPaC/IsiX IIPOMBIIIEHHOCTY Kak 3ary-
CTUTEJb, A TAKKE B KaUeCTBe IMCIePrupyrolero 1 crabuiansmupyomero
arenTa. Ha BSI3KOCTb pacTBOpa MOXKET BIVSITh JOGABI€HME COJIU, KOTOPAsI
CIIOCOOHA yBEMMYMBATD WM YMEHBIIATh MeXKMOIEKY/ISIPHbIE 3JIeKTPO-
cTaTu4eckye B3auMopeicTeus [12].

[MeKkTVH 6GbIBAET JIMOO LIUTPYCOBBIM, TGO SIGIIOUHBIM, M KasKIbIii 13 HUX
o6razaeT pa3sHBIMM CBOVCTBAMM, HO €r0 TakKe MOKHO ITPOM3BOIOUTD U3
JIPYTOTO CBIPbS, B TOM YMC/Ie V3 ThIKBbI, CAXapHOJi CBEKJIbI ¥ CeMSIH IO -
COJTHEUHMKaA. HEKTI/IH, HOJIY‘IEHHBIIZ M3 CeMsH II0[ACOTHEeUHMKA M CBEKIJIbI,
yallle MCIONb3YyeTCs B KaueCTBe SMy/IblraToOpOB, & He SKeIMPYIOLINX U CTa-
OUIM3UPYIOLIMX areHTOB. LINTPyCOBBII [TeKTUH MOMTYYaloT 13 TPeX OCHOB-
HBIX IUTPYCOBBIX KYJIBTYP: IMMOHA, JalimMa 1 anenbcyHa. MoXKHO UCIIONb-
30BaTh U ApyIve IUTPYCOBbIe, HAIIPMMeEP, MaHIAPVHBI U IPpeiIdpyTsl, HO
ChIpbeBble 00beMbl CJIMIIKOM MaJibl [JIsl IIPOU3BOAMTENel TekTMHa. [Ipu
M3TOTOBJIEHUY PA3JIMYHBIX LIATPYCOBBIX MEKTUHOB GONBIIMHCTBO IPOU3-
BOJMTEJIel He YKa3bIBalOT KOHKPETHOe LIMTPYCOBOe Chipbe. CMelmyBaHue
BO3MOKHO JIMG0 Ha CTaAMU MOATOTOBKYU ChIPbS (HAIIPUMep, COBMeCTHast
06paboTKa LeApsl IMMOHA, J1aliMa U arlelbCUHa), IM60 MoCIe IKCTPAKIU
MeKTVHA U3 KKA0r0 BIa UUTPYCOBBIX OTAENbHO [13].

B nocnegHee BpeMs pasnyyuHble BUAbI ChIPbS M Te€XHOJIOTMY ITOCTOSIH-
HO MCC/IeNyI0TCS Ha IpeJiMeT 3BedyeHs eKTiHa [14—24]. B HacTosiee
BpeMsi KoMraHus 13 HuiepnanmioB MpoBOgUT MCCIeI0BaHMS 10 Ilepepa-
60TKe Ko(eiHbIX 0TXOOB. B ciryuae ycrexa addeKTuBHas epepaboTka
KOo(eTHbIX OTXO0B MO3BOIUT CHU3UTH Ce6€CTOMMOCTD TIOMYYeHHOTO U3
HMX TIeKTUHA, TOBBICB €r0 KOHKYPEHTOCIIOCOGHOCTh Ha PhIHKE [25].

4. CBolicTBa rMIPOKOJIOUTOB

4.1. Posib 2udpoko/110udos 8 (popMuposaHuu Cmpykmyps. nuwju
I'MApOKOMIIONABI UCIIONb3YIOTCS B TMILEBOI MPOMBIIIIEHHOCTU

B 3aBMCUMMOCTM OT UX PEOJIOTMUYECKMX CBOWCTB. Peomornyeckue CBOVCT-

Ba — 9TO MeXaHUYECKMe XapaKTepUCTUKM, BbI3bIBaolIye AehopMalinio

U TeKyueCTb MaTepuasa noj, HanpsbkeHyeM. OHM BK/IIOUAIOT [1Ba OCHOB-
HBIX [TapaMeTpa MUILIEBBIX CUCTEM: TEKY4eCTb (BSI3KOCTb) M MexaHuye-
CKYIO TBEPIOCTb (TEKCTYpY). BSI3KOCTb IpenCcTaBiseT co60ii BHYTpPeH-
Hee TPeHMe KMUIKOCTU WIM ee TEeHIEHLMIO COTPOTUBIISITHCS TEUEeHUIO.
B KONIOMIHBIX CyCIIeH3MSX BSI3KOCTb ITOBBIIIAETCS 3a CUET 3aryllieHMs
SKUAKOM (a3bl, 0GYCIOBIEHHOTO MOMIOMIEHNEM KMIKOCTU U BO3HUKA-
IOIIIero B pe3ysibTaTe HaGyxaHWsI AMUCIIEPTMPOBAHHOIO KO/UIOMAA. Bsi3-
KOCTb TMAPOKOJUIOMIHOM CUCTEMBI 3aBUCUT OT HECKOIbKMX (HAaKTOPOB:
KOHLIeHTpalLuM, TeMIepaTypbl, CTelIeH) COIbBaTalLlMM, 7I€KTPUUECKOro
3apsja, CTereHy IMUCIePCHOCTH, TePMMUUYECKOi ¥ MexaHM4YecKoil obpa-
6OTKM, HANMMYMS APYTUX TMODUIBHBIX KOJUIOUOB, 8 TAKXKE TIEKTPOJINTOB
¥ HeanleKTponuToB. CTPYKTypa — 3TO MHOrOIIapamMeTpuuecKoe CBOJCT-
BO, coueTawllee B ce6e CEHCOPHbIE [10KA3aTeNln, KOTOPbIe OIPeesioT
BKyCOBble KauecTBa nuiy. IIpodwmim CTPyKTYyphbl NMUIIEBBIX MPOLYKTOB
BKJIIOYAIOT IIPOYHOCTb, Pa3’KeBbIBA€MOCTb, KJIEJKOCTb, a[re3uBHOCTD,
KOTe€3MOHHOCTb, YIIPYTOCTb U XPYINKOCTh. CTPYKTYpa HAMPSIMYIO BJIMUSIET
Ha BOCIIPUSITME MPOLYKTA MOTPEOUTENSIMU: M3MEHEHUSI TEeKCTYPbl BO
BpeMs keBaHMsI OPMUPYIOT KJIIOUeBble CEHCOPHbIE BITeYaT/IeHNs, Olpe-
Jessiiol e yooBOIbCTBME OT efpl [26].

Bce Buabl 06paboOTaHHBIX MUINEBBIX MPOAYKTOB MOXKHO M3MEHUTHh
10 CTPYKType IyTeM MCIIOIb30BaHMSI PA3HOOOPA3HBIX TMAPOKOUIONIOB
¥ X KOMOMHALMI, 06/1aaI0IIVIX Pa3INYHBIMU QYHKIMOHATBHO-TEXHO-
JIOTMYECKVMM CBOViCTBaMu [4].

4.2. 3azywaiowjue ceoticmea

Croco6HOCTb I'MIPOKOJIOUIOB TOBBIIIATh BSI3KOCTh (3arylaolee
CBOJICTBO) SIBJISIETCS KJIKOUEBOJ 111 UX TIPUMEHEHUsI B KaueCTBe 3MYJb-
TUPYIOUINX, CTAGMIM3UPYIOMINX M BCIIOMOTATEIbHbBIX BEIIECTB B MNIIle-
BBIX MPOAYKTaX. 3arymanimyii 3QpGeKT MpoUCXOOUT TIPU TPEBbIIIEHNN
KpUTHMUecKoii KoHmeHTpamuu (C'), HUKe KOTOPOi TI'MAPOKOUIOUIHAS
nIucriepcust BefeT ceOst KaK HbIOTOHOBCKAS SKUAKOCTb, HO TTPU MPeBbIIIe-
HUM 9TOJM KOHILIEHTpALVM IIPOSIB/ISIET HEHbIOTOHOBCKOE IIOBeleHue [4].
Kpaxmarn siByisietcst Hau6oiee 4acTo MCIOIb3yeMbIM TUAPOKOIONIHBIM
3arycturenem 6aarogaps ero JOCTYITHOCTM, OTHOCUTEbHOI JellieBu3He,
OTCYTCTBMM IMOCTOPOHHMX BKYCa U 3araxa ¥ BO3SMOXXHOCTU MUCII0JIb30Ba-
HUSI B CPABHUTEIBHO HU3KUX KOHIIEHTpaIusix 2—5%. [llupoko mpumeHs-
eMbIMM 3aTyCTUTESIMU TakoKe SIBJISIIOTCS TaJlakTOMaHHaHbI, KCAHTaHO-
Basl KaMeZb, aJbIMHAT HATpUS U aApyrue [27].

4.3. Teneobpa3symoujue ceoticmea

B To Bpems Kak I'MAPOKO/UIONIBI B OCHOBHOM MCIIONB3YIOTCS JJIs 3a-
TyIeHVs NMINEBBIX IPONYKTOB, OTHENbHbIE M3 HUX TaKkKe 06IamaroT
croco6HOCThIO (hopMMpoBaTh reyu. Tenb (IIPOMEXYTOUYHOE COCTOSTHUE
rUapaTanyy Mex/Iy TBePAbIM BelleCTBOM M 30/1eM) MMeeT HellpephIBHYI0
TpeXMepHYIO CTPYKTYPY, B KOTOPOJ TBepast MaTpuIla OKPY>KaeT TOHKO OT-
JIEJIEHHYIO XUAKYI0 hasy M MMMOOMIN3YET KMAKOCTb BHYTPU Hee, 06pa-
3ysl IPOYHYIO CTPYKTYPY, YCTOMUMBYIO K TeKyuecTu. [IpyrMMu cioBaMu,
resb IPe/CTaB/sIeT cO60¥i KOMIOMAHYIO OUCIIePCHIO, e TBepAast MaTpy-
11a SIBJIIETCS] HelIpPepbIBHO (Ga30ii, a JKUIKOCTb — MpepbIBUCTOM. C TOU-
KM 3peHVSI PeOIOTUM Teflb NIPEACTaB/IsIeT CO00i BSI3KOYIIPYTYIO CHUCTEMY
¢ mozyseMm yrpyroctu (G’), 60ab1M, 4eM MOAYI b BsiskocTy (G). K rene-
06pasyryM I'MIPOKOITIONAaM OTHOCSITCS arap, albIMHAT, KapparuHaH,
MeKTHH, JXeJIaTVH, TejuiaH, GypuesniapaH, MogubuIPOBaHHbI Kpaxmarl,
METWILE/UIION03a U Op. B 3aBMCHMOCTM OT pyposbl reeo6pa3oBaTers
TEKCTypa re/isi MOXKEeT CMJIbHO PasinyaThbCs, OT JMACTUYHOTO /10 XPYIIKOTO
[4,27]. CTpyKTYypa TaKoro reJs jgerko rnoxsepraercs qedopmManum 1 BbI3bl-
BaeT CyHepesyC. B mpakT1yecKoM IPOV3BOACTBE, YTOOBI 136€KaTh ITOTO
SIBJIEHNSI, BMeCTe C KaMeIsIMy, 06pasymoIlyMy XPYIKye Teu, VICIONb-
3YIOTCSI IpyTue TUAPOKOIIONIbI, KOTOpble CO3HAIOT CUHEepreTM4YecKuit
acddexr. Hanpumep, B Hallleil MccaenoBaTeNbCKoil paboTe MO CO3LaHUIO
6e3KeJIaTMHOBBIX MapUIMe/Ioy [28] GbLI 9KCIepMMEHTATbHO MOKa3aH
cuHepreTyyeckuit 3 dexT 0T COBMECTHOTO MCIIONb30BaHMS KCAHTAHOBOI!
KaMe[y ¥ rajJlakTOMaHHAHOB. B OTHeTbHOCTY 3TY IUAPOKOIION b SIBJISI-
I0TCSI TPEBOCXOJHBIMY 3aTyCTUTENSIMM, a IIPY COBMECTHOM MCII0/Ib30Ba-
HUYM 06Pa3yIOT TePMOCTAOUIBHbIN, 971aCTUYHDINA U TPOUHBII Tefb [4].

4. 4. Dmynveupyrowue ceoticmsa

[Ipu cocTaBaeHNM 3MYIbCYOHHBIX CUCTEM OOBIYHO TTPOBOJST Pa3Jin-
Yyye MeXIY 9MYTbraTopPOM U CTaOMIM3aTOPOM. DMYIbIaTop MpeCTaBIs-
eT co60it OTHeTbHbBI XMMUYECKUI KOMIIOHEHT (WJIM CMeCh KOMIIOHEH-
TOB), KOTOPBIiI CIIOCOOGCTBYET 06PA30BAHNI0 SMY/IbCUU U TIOAEPKUBAET
3Ty OGHOPOIHYI0 CUCTEMY 3a CUET CHIDKEHUS MexX(a3HOTO HATSDKeHMS
Mexny aByms dasamu. CTabuiansaTop — 3TO XMMMUYECKUI T KOMIIOHEHT
MJIN CMeCb KOMITIOHEHTOB, KOTOPbI€ MOTYT IMpUAAaBaTb SMYJIbCUNU OOJITOB-
PEMEHHYI0 CTaGWIBHOCTh. TPagUIIMOHHAS TOYKA 3PEHUS 3aK/ITH0YAEeTCS
B TOM, YTO 3MY/IbTaTOPbI 06/IaJAI0T IMOKUMIM MOJIEKYISIPHBIMU CTPYK-
Typamu, KOTOpbIe 06eCeunBaloT GbICTPYIO afCcoPOLIMIO M MEePEeCTPOIKY
Ha TpaHuile paszena ¢as, 06pas3yst KOTepeHTHbII MaKPOMOJIEKYJISPHBI
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3aIIUTHBIN CI0i. DTO O3HAyaeT, YTO TMIPOKOIIOMUIbl HE CUMTAIOTCS
K/IACCUMUECKMMM IMYJIbraTopaMiu, HO OTHOCSATCSI K CTa6uInM3aTopaM m3-
3a UX I'UIPOGMILHOCTY, BBICOKOV MOJIEKY/ISIPHOI MacChl ¥ CIIOCOGHOCTY
K reneo6pasoBaHuio. Tem He MeHee HEKOTOPbIE TUIPOKOJUIOUIBI (Ke-
JIATVH, TYMMMapa6byuK, XMMUUECKY MOAU(GUIMPOBAHHbIE IPOU3BOJHBIE
Kpaxmasa ¥ Le//II0I03bl, FaJlakTOMaHHaHBbl, alle TMIMPOBAaHHbIN MeKTVH
M3 caxapHO CBEKJIbI, AeTIOMIMePU30BaHHbIN IIUTPYCOBBII MTEKTUH) XO-
pOIIO M3BECTHBI CBOEI CIOCOGHOCTBIO aCOPOMPOBATHCSI HA IPAHUIIE
paszena ¢a3 «MaclI0-BOAa» U CTAOMIN3UPOBATh IMYIbcuu. OHU 3ame[I-
JISIIOT OCaskJieHVe AVCIePCHBIX TBePHbIX YaCTUL] U CAMSHME Kareab Ma-
13, CHKAIOT CKOPOCTh 0OPa30BaHMs MAC/ISIHBIX IJIEHOK U TIE€HbI, a TaK-
5Ke TpefOTBPAIlaloT CMHepe3NC TeeBbIX CUCTeM, COIepKallyMX Macia,
¥ arperanyio JUCIepCcHbIX yacTuy, [4,29].

HekoTopble muineBbie TUAPOKO/UIOUIbI 06eCcreunBaT (GYHKINMO-
HaJIbHOCTb Ha IpaHulle paszgena ¢as B IMYIbCUSIX HE CTOJIBKO 3a CUeT aji-
copOUMY HEIIOCPeICTBEHHO Ha TpaHulle pasjena «Macio—BoIa» BO Bpe-
MSI SMY/IBTMPOBAHMSI, CKOJIBKO 32 CUeT aCCOIMATUBHOIO B3aMMO/IeiCTBMSI
rocsie 06pa3oBaHMs IMYIbCUU CO CTAOUIUZUPYIOIMM OETKOBBIM CJIOEM.
YacTuuHOe pa3BopauMBaHue II0OYISIPHBIX 6EJTKOB MOKET CIe/aTh UX 60-
Jiee BOCIIPUMMYMBBIMM K KOMIUIEKCOOGPAa30BAHMIO C TUIPOKOUIOUIAMU
B aJICOPOMPOBAaHHOM COCTOSIHMM, YeM B BOJHOM PAcCTBOpE IPU TOM 3Ke
pH 1 oHHOIi cuite. O6paboTKa IMYIbCUN, CTAGVIIM3UPOBAHHON GETKOM,
MIPY TIOBBILIEHHOM [JIaBJI€HUU WUJIM TEMIIEPAType BbI3bIBAE€T U3MEHEHMUS
B CTPYKType MIOGY/ISIPHOTO Gesika. ATo, B CBOIO OUepe[b, BIMSIET HA €r0o
B3aMMOZeNCTBIe C TUAPOKO/UIONAAMIM Ha TIOBEPXHOCTHM Kaleslb, 4TO Cy-
IeCTBEHHO CKa3bIBAeTCs Ha CTAGWIBHOCTM Y PEOJIOTHM CUCTEMbI. TakKuM
o6pa3zom, 3(hGEeKTUBHBIM 3MYIBraTOPOM SIBJISIETCS TaKoit, KoTopbiit (I)
OBICTPO CHIKAeT Mek(a3Hoe HaTsKeHMe Ha CBexkeoOpa3oBaHHOIM rpa-
HULIE pa3fgena «Macjio—Boaa», (II) mpouyHo CBSI3bIBAETCS C TOBEPXHOCTHIO
paspena noce agcopbuym u (I111) 3amminaeT BHOBb 00pa3oBaHHbIe KaTlin
oT GQIIOKYISIUY Wi KoasnecueHmn [30].

5. COBpEMeHHbIe TE€XHOJIOTUU B UCITIOJIb30BaAHUN
TUAPOKOJIONI0B

5.1. Tudpokonnoudsl 8 Kauecmee 3ameHumeJeti #upa

JKupbl copepskarcst B GOMbIIMHCTBE MTPOLYKTOB MUTAHMS, TIPUAABasT UM
SKeTaeéMblii BKYC, TEKCTYpYy ¥ BHELIHWI BU[. YCTaHOBJIEHa B3aMMOCBSI3b
MesKIY M36bITOUHBIM MIOTPEOIEHEM SKMPOB U PUCKAMMU /IS 3M0POBbsI, UTO
CTUMY/IMPYET MUILEBYIO TPOMBILIUIEHHOCTh K CO3AaHUI0 TIPOAYKTOB C TO-
HIDKEHHBIM CcofiepskaHueM Kupa. [IpoAyKThl Ha OCHOBE SMYJIbCUIA UMEIOT
OTHOCUTENIBHO BBICOKOE COZiepsKaHue KuUpa M KaJIOpUii, MOITOMY 0coboe
BHMMaHMe yaensercs pa3paborke 3pdeKTUBHbIX TEXHOMOTMUECKUX CTpa-
Teruii 0 CHYDKEHUIO CofepykaHus Kupa. TeM He MeHee CHIDKeHMe Colep-
SKaHMST SKMpa B TPAOUIIMOHHBIX TPOAYKTAX IIUTAHUS YXY/IIIAeT X CEHCOP-
Hble cBoiicTBa. ClieOBATeNbHO, MEPeH, TeXHOIOTaMM CTABUTCSI BaKHAsI
3a/1a4a, HarpaBJieHHast Ha Pa3paboTKy MPOAYKTOB C IIOHVKeHHBIM COfiep-
SKaHMEM KMPa, KOTOPbIe GYIyT 06/1agaTh BKYCOBHIMM KaueCTBaMM, CXOXKM-
MU C X aHAaJIoTaMM C BbICOKMM COAEeP>KaHMEeM Xupa. B aT0i1 CBsI3U OOHVM
13 9(hHeKTUBHBIX METOIOB SIBJISIETCSI MCIIO/Ib30BaHMe 3aMeHMTe el 1 aHa-
JIOTOB XMPa Py MPOU3BOLCTBE NMPOAYKTOB NuTanus [31,32].

3aMeHUTeNN KUpa Ha OCHOBE TMAPOKO/UIOMAOB BKIIOUAIOT MHYJIMH,
MeKTUH, 6eTa-IIIoKaH SSYMeHs, T'yapoBYyI0 KamMme/Ib, KaMe/ib 6amMum, Tpara-
KaHTOBYIO KaMe/ib, KCAHTAHOBYIO KaMe[lb, Kara-KapparnHaH, abIMHaT
HaTpusl, KypAjaH, Kameab 60608 pOXKKOBOTO iepeBa u T. 1. [loMuMo Toro,
YTO HEKOTOpPbIe TUAPOKOIOUAbI SIBSIIOTCS 3aMEHUTENSIMU JKUpPA, UX
0c060€ OCTOMHCTBO 3aK/II0YaeTcsl B TOM, UTO T0C/e reieo6pasoBaHmst
HAIOJTHEHHbIE YACTUILbI SMY/IbCYMOHHOTO TeJis TIOBBIIIAIOT OBIIYI0 MHTEH-
CUBHOCTb BKYCa 3MY/IbCUI C TIOHVDKEHHBIM COZIepsKaHMeM JKMpa 3a cueT
yBenudenus aubdysun 1 BpeMeHU BKITIOUEHMST HEIOISIPHBIX MOJIEKYIT
apoMara B SMY/IbCYOHHOI cucteMe [33].

5.2. Unkancynayus

VHKaTCynaiusi — 3TO MPOLECC, MPY KOTOPOM aKTUBHbIE MHIPEIU-
€HTBI WU IpyTMie OCHOBHBIE MaTepyasbl IOMENA0TCsI B 060I0UKY s
3aIIUTHI Y/UIU TIOCTEAYIONETO BbICBOOOKAEHMS. B KauecTBe 060I0UKM
IUI VHKAICYISIIUM MCIIOMb3YIOTCSI TUIPOKOJUIOUIDBI, MOCKOJIBKY OHU
Cbeo6HbBI, GropasaraemMsl U CIIOCOGHBI 06Pa30BbIBATH Gapbep MeXIy
OCHOBHBIM BEII[ECTBOM U OKpY’KatIei cpenoit. C1CTeMbI TYIPOKOIIIO-
VIHOJ MHKAICYISIY BKIIOYAIOT MHKATICY/ISIIMIO C IOMOIIBIO aTbIMHATA
M KpaxMmasia, VHKAICY/ISIMIO C TOMOIIbI0 YaCTUILL TeJIsT CBIBOPOTOUHOTO
MPOTeMHA Y MHKAICYISIIVIO C TOMOILIBI0 KeNaTMHOBBIX MUKpocdep,
TTOKPBITBIX aJIbTMHATOM. K MeTomaM MHKAIICYIALUM OTHOCATCS pacCIIbl-
JIUTeNbHAsI CYIIKA, TePMUUECKOe reeobpa3oBaHMe, MOHHOe reneobpa-
30BaHye, Koalepsanys, MexdasHasi SMYJIbCUOHHASI MONMMepU3anusl,
9KCTPY3MOHHOE TIOKPBITHE, TOKPHITHE B MICEBAOOKVIKEHHOM CJI0€, JIUIIO-
coMasIbHasl MHKAIICYISILMS, TMOGWIN3ays], COKPUCTATM3ALMS Y KOM-
I/IeKCO06pa3oBaHe C BKIIOYeHMsIMY [34].

VHKancynsaums Crioco6CTBYeT MpeoTBPAIeHUI0 VICTTapeHusT U pas-
PYIIEHMIO JIETyYMX AaKTMBHBIX BeIeCTB, TaKMX KaK apoMaTU3aTOPbI
u ampHbIe Maca. B crydyae MHKAICYISIUY apOMaTU3aTOPOB ISl 3TOM
ey 06BIYHO MCITONb3YeTCs KoalepBanysi 6eIKOBO-IMIPOKOIIOUIHOTO
KOMIIIeKca. beku ¢ MpOTMBOIIONIOKHBIMY 3apsiilaMi M HEKOTOpbIe T'M-
JPOKOJIJIONIbI CMEeUIMBATCS Npy pH HIKe M303/1eKTPUUYeCcKoil TOUKM
6erika, 06pa3yst KOMILTIEKC (T. e. KoallepBar), KOTOPbIi 0CcaskgaeT apoma-
TU3UPYIOLMI MaTepuas B dase Koauepsara. Vi3ameHenne pH siBisietcst
K/II0YeBbIM (aKTOPOM B IAaHHOM Iporecce [35].

JIpyrMy BO3MOYKHBIMM IPeVMYILeCTBaMy MHKAICY/ISLIMUY B IINILe-
BOJ1 MIPOMBILIJIEHHOCTM MOTYT ObITh KOHTPOJIMPYyeMOe BbICBOOOXKIEHMeE,
MacKVPOBKa HEIPUSITHOTO BKyCa M HEIMOABIDKHOCTb KIETOK mimn dep-
MEHTOB Ipu 06paboTKe MUIIEeBbIX MPOAYKTOB. OfHAKO NpUMeHeHue
VMHKAICYISLVM COIPSDKEHO C PSIAOM HeNOCTAaTKOB: [OTNOTHUTEIbHbIe
3aTparThl, [IOBBIIIEHHAS! CJIOYKHOCTb TEXHOJIOTMYEeCKMX IIPOLIeCCOB U JIOTU-
CTUKM, HEOOXOOVMOCTb MHOOPMUPOBAHNS IOTPEGUTENEN O COmeP)KaHUN
VHKAIICYJISITOB B IIMIIEBBIX IIPOSYKTAX, & TAKKe HECTAOMIBHOCTD MHKAII-
CYJIITOB IIPY XpaHeHMM U TIPOU3BOACTBe [36].

5.3. Buonaacmuku 01151 ynakosku nuuyessix npodyKimos

TpagyMLMOHHBIE IIIACTMACChl He TIOAJAIOTCSl pas/iokeHMio. B cBsisu
C BO3POCIIVM MHTEPecoM 06IiecTBa K IpobieMaM 3KOIOTMY, MCCIenoBa-
HMS BCe yallle HaIripaB/ieHbl Ha MIOMCK 6MOTIIACTUKOB U pa3paboTKy 6mopas-
JlaraemMoii MUIIEeBO YIIaKOBKY C MICTIONb30BaHMEM TMAPOKONIONIOB [37].

Kpaxmasn — 3T0 1erkof0CTYITHbIN M JIETKO pa3jiaraeMblii IMAPOKOUION],
KOTOPBI! SIBJISIETCST BASKHBIM KOMITOHEHTOM 6MoracTmKa. JIJ1st UCIosb30-
BaHMSI Kpaxmasia B MUIIEBOJi yITaKOBKe HeO6XOIMMa JOCTATOYHAST BIIAX-
HOCTb WM TUIACTU(MKATOPBI, TaKMe KaK IIULIEPUH U COPOUT. ITU IUIACTH-
¢dunypoBaHHBIE KpaxMaslbl, SIBJISIOLINECS abTePHATUBOM ITOMMCTUPOIY,
Ha3bIBaIOTCS TEPMOIIACTUYHBIMM KpaxmasaMi, KOTOpble YCIeIIHO ITPpK-
MEHSIIOTCSI Ha ITPOMBIIITIEHHOM YPOBHE JIJIS1 9KCTPY3UM, BbITYBaHMS TUIEH-
KU, JIUThsI TIOf, IaBJIEHMEM ¥ BbIAYBHOTO dopMoBaHus. Hampumep, us-
BeCTHast 6pUTaHCKas TPaHCHAIMOHAIbHAS PO3HMYHAs KomraHust Marks
& Spencer Group PLC mcrionb3oBaia JIOTKM M3 KyKYPy3HOrO Kpaxmasa
JIJI1 MOJIOYHOTO LIOKO/Maja, a cynepmapkeTs! Iper (Mramist) npumeHsn
KyKypY3HbII Kpaxmas AJIs1 YIIaKoBKY ToMuU0poB. Llenmonosa — aTo ene
oouH GMopasiaraeMblii IYIPOKOJUION], KOTOPbIi MOXeT 06pa3oBbIBAThH
1e/u10(aHOBYIO TIJIEHKY IIPU PaCcTBOPEHUM B CMeCU I'MAPOKCHA HATPUSI
U CEPOYITIepOsia, a 3aTeM IPeo6Gpa30oBbIBATHCS B CEPHYIO KMCIOTY. Psi rpo-
M3BOJHBIX LIEJUTIONO3bI 06/1aJAI0T IIPEeBOCXOIHBIMY INIEHKO0OPA3yOIMU
CBOJCTBaMM, 13 KOTOPBIX alleTaT LieJUII0I03bl Yallle BCero MCIOIb3YeTCst
IS YIIaKOBKY MUILEBBIX MTPOAYKTOB. KpoMe TOro, cyliecTByeT HeCKONIbKO
MIPMMepOB MOIXO0a K MPOU3BOACTBY GUOIUIACTMKOB C MCIIONb30BaHMEM
TUIPOKOJIOMAHBIX KOMITO3ULIMIA, TaKMX KaK KpaxmaJsl/1e/Iio103a, XUTO-
3aH/5KeaTyH, XMUTO3aH/TIeKTVH, IeKTUH/KeIaTVH, JKeJlaTUH/albIMHAT Ha-
TpWsL, KeJIaTVH/KOHBSIK INIIOKOMaHHaH 1 ap. [38].

IuapodUIBbHOCTD MMIPOKOTIOUAHBIX GMOTIACTUKOB O0YCIOBIMBAET
HM3KYIO NTaPOM30JISILMIO YIIAKOBOUHBIX TVIEHOK HAa MX OCHOBE, YTO CHMU-
JKaeTr CTa6I/IJIbHOCTb IIpy XpaHEeHUN U YXyALIIaeT MeXaHn4YeCcKne CBOJiCTBaA
(BCIECTBYME UYBCTBUTENBHOCTM K Biiare). OfHaKo, eciv OHY MCIIONb3Y-
10TCsI B )OpMe TeJisi, OHM MOTYT 3aMeZJIUTh ITOTEPIO BIary Mpy KPaTKOB-
peMeHHOM XpaHeHun [39].

5.4. ADdumueHsie mexHoJ102uu

AnnuTMBHOE MPOoM3BOACTBO B Gpopme 3D-revyatu B HacTosilee Bpe-
MsI TIpejjiaraeT ajabTepHATMBHBIE CIOCOGBI ITPONM3BOACTBA IPOAYKTOB
nutanyst. C moMouipio 3D-1evaty MOXKHO CO3[aBaTh YeTKO OUepUYeHHbIe
(opMBI MM HOBBIE CTPYKTYPBHI NIPOLYKTOB IMTAHMS, HAHOCS Cheno6-
Hble MaTepuassl 0CIoHO. Hanpumep, MOKHO pa3MellaTh OTAeIbHbIE
KOMIIOHEHTHI PeLieNTa B OIlpelelleHHbIX MecTaxX 00beKTa IeyaTu, 1 Ta-
KM 06pa3oM CO3/1aBaTh HOBblE BKYCOBBIE OLIyIIeHNS. VI3BeCTHbIe Me-
TOJbI, MUCIIONb3yeMble ISl T1e4aTy MPOAYKTOB MUTAHMS, — ITO IKCTPY-
31151, CeJIEKTVBHOE CIIeKaHue, CTPyiiHasl [evaTh CBSI3YIOIIMM BelljeCTBOM
U CTpyJiHasl eyaTb yepHuaamu [40].

ITpyMeHeHMe aiAVTUBHO TEXHOIOTMY B IUILEBOI TPOMBIIIIEHHOCTU
3a IoC/IefHMe eCsITUIeTHSI CTalo OUYeHb PAcIIPOCTPaHEHHBIM BC/IeICTBIE
HEKOTOPBIX MTPeAToIaraeMblx IPeMMYyILIeCTB: YIyUIlIeHNs] BHEIIHEero Bua
M3, MAIIEBOJi LIEHHOCTH, BKYCOBBIX OLIYIIEHMI U APYTUX MOTPe6U-
TeNbCKUX OcobeHHocTeli. Harpumep, ofHMM U3 Haubosee aKTyalbHbBIX
MIPMMeEHeHNT OCTaeTCsl IPOM3BOACTBO II€PCOHANTM3MPOBAHHBIX OIIIOf,
HameyaTaHHbIX Ha 3D-TpuHTepe, IS JIOei ¢ HApYIIeHUSIMM KeBaHUSI
M TTIOTaHMsI (HaIpumep, sl cTpajaommx aucdarueit, mpy KOTOPOii Kaxx-
IIbIF TIPMEM TIMAIIY MOYKET ObITh COIPSIKEH C PYCKOM IOMIEPXHYThCS U 3a-
JIOXHYTbCSI M3-3a IIPO6/IeM € KOOpAMHALMel MIOTaHUSI MU BBUIY MeXaHU -
Yyeckoit 06¢Tpykumm). O630p MOCTeAHMX HAYUHBIX ITyOIMKALMi TTOKa3all,
4TO 3D-T1e4aTh C UCII0Ib30BaHMeM I'MIPOKOJITIONIO0B LIMPOKO UCTIOIb3YeT-
Cs1 TP TIPOU3BOJICTBE LIOKOJIA/IA, TIeYeHbs], PPYKTOBO-OBOLIHBIX U3 ENiA,
MOJIOYHBIX M MSICHBIX IIPOJYKTOB Y MHOTUX JIPYIrux [41-46].
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TexkcTypy NPOAYKTOB IMUTAaHMUSI MOXKHO M3MEHSTb Ha TpexX 3Tarax
3D-meyat MeTOAOM 9KcTpysum: (I) mpu moOAroToBKe MaTepuana Ajis
nevyatu (peuenrtypa), (II) nmpu co3ganum ausajiHa NMyTeM M3MeHEHUS
BHYTpeHHUX CTpyKTyp mMogenu u (III) Ha sTamax mocTo6paboTKM, TAKUX
KaK XpaHeHue Uiy npurorosyienye. [Ipy M3MeHeHUy TeKCTyphI Ha 3Tare
NIPUTOTOBJIEHUS] PeLlelITyPhl XOPOLIO M3BeCTHO, YTO MaTepuaa LS Iie-
YyaTy JOIDKEH OBbITh TEKyUYMM, YTOOBI €r0 MOXKHO GBUIO 3KCTPYAMPOBATH
yepes COIUIO MPUHTEPA, a TAKKe COXPaHsITh (opMy Ipyu HaHeceHMN. Pac-
[POCTPaHEHHO IPAKTUKOIA SIBJISIeTCsT [oOaBIeHye MMUIIeBbIX I'MIPOKOJI-
JIOUI0B, YIy4YlIaIOMINX TeKydecTb, [JJIS1 IOBBIIIEHNS] KayeCTBa IedaTy,
TaKMX Kak re/UIaHOBas Kame/lb, KaMe/lb PO>KKOBOTO JlepeBa, eKTHH, Kap-
parvHaH 1 KCAaHTaHOBas KaMe[b [47].

Kax mokasslBalOT HOBejillie TeXHOJOrMueckue paspaboTKu, amiy-
TUBHOE NTPOM3BOJICTBO HabMpaeT 060POTHI IT0 BCEMY MUPY, OGHAKO Ipe-
MATCTBYIOIIMM (DakTOpOM i1 BHeApeHUsT 3D-1ieyaTyt B KayecTBe Ipo-
MBIIIJIEHHOTO MNILEBOT0 IIPoliecca sIBISIeTCs] HM3Kas CKOPOCTh IIpolecca,
3a4acTyio TpebGyIolero HeCKONIbKMX YacoB IJIST CO3aHMS KPYITHBIX GOpM
MPOAYKTOB. 17151 TOr0, YTO6BI 3D-1eyaTsh MOrIa paboTaTh B MPOMBIIILIEH-
HBIX YCIOBMSIX, TIPYHTEPBI JOJDKHBI CTaTh 60ee CKOPOCTHBIMM U 1OCTa-
TOYHO AeleBbiMu [40].

5.5. IlumamensHsle cgolicmea 2udpoxoanoudos

Cpeny HaceneHus IJIaHEThI HAGIIONAETCST POCT XPOHMUYECKMX 3a60-
JIeBaHMIl, TaKMX KaK CepIeYHO-COCYAMCThIe 3a60yieBaHMs, CaXapHBII
nvabet, OHKOJIOTMYeCKMe 3ab0/ieBaHusl, UTO CBSI3AHO C Ype3MepHBIM
rorpe6ieHieM IPOAYKTOB C BHICOKMM COZEPsKaHMEM JKUpPa U KaJIOPUii.
Oco3HaHMe TOTO, YTO MMEHHO I'MIPOKO/UIONU bl OTBETCTBEHHBI 38 6/1aroT-
BOPHOE BJIMSIHME AMEThI C BLICOKMM COZiepKaHMeM KJIeTUaTKM Ha YacTOTy
apTepuaNbHbIX 3a60/1eBaHNI1, IPUBIIEKIO BHMMaHE K VICCIeOBAHMIO VX
MMIIeBOJ LeHHOCTH [9].

MHorye IMIPOKO/UIOMABI O6NafaloT MUTATENbHBIMM CBOJCTBAMU
u dusmonornueckum geiictBuemM. K HUM OTHOCSTCS B-IJIIOKaH 3J1aKOB,
[eKTUH, UHYIVH, TYMMMapabuK, ICYIUIMYM, YCTOUMBbIE KpAaXMaJlbl, jie-
BaH, r'yapoBasi KaMe/ib, XUTO3aH, KapparmHaH u gpyrue (Tabnuua 2).

PacturenpHble monmMcaxapuabl 061aJAIOT Pa3NIMYHON ITPOTUBOMMU-
KPOGHOJI aKTVBHOCTBIO B 3aBMCHMOCTH OT CTPYKTYPHBIX OCOGEHHOCTEI,
TaKuX KakK COCTaB MOHOCaxXapyuioB, MOJIEeKy/sipHasl Macca, CTelleHb pas-
BETBJIEHHOCTY, XMMMYeCKre MoAuUKauuyM ¥ MeTOAbl SKCTPaKLMM.
BsaumopeiicTBre MeXIy MmoamcaxapuaamMu U 6aKTepusiMy IPOUCXOIUT

MIOCPECTBOM 37IEKTPOCTATMUECKON aficopoumy, ruapodmIbHOro u I'u-
IpohOGHOro IeiicTBYSI MM PeLielITOPOB caxapa. PacTyuTebHble mosyica-
Xapysl NeJCTBYIOT KaK aHTMOaKTepyalbHOe CPEICTBO: OHY ITOIABIISIIOT
[IPOHVKHOBEHME MTaTOTeHHbIX GaKTepuil B KIE€TKU-X0351€Ba, IIOBBIILIAIOT
MIPOHMLIAEMOCTD K/I€TOUHBIX MeMOpPaH MM GIOKMPYIOT TpaHCMeMOpaH-
HBIil TIEPEHOC MUTATENbHBIX BEIIECTB MM BELleCTB, BRIPAGATHIBAIONIIX
sHepruio [58].

PacTuTenbHble MoMMcaxapuibl, 061agalye MMMYHOCTUMY/IUPYIO-
el aKTMBHOCTBIO, MOTYT MCIIOIb30BAThCSI B MPOMIMIAKTUUECKUX VTN
TepaneBTUYECKUX LelsX. VIMMyHOCTMMYIMPYIOLIVe IONMCaxapumbl —
9TO COeIMHeHMs, CIIOCOGHbIe B3aMMOIe/iCTBOBATh C MMMYHHO CyCTe-
MOJf M yCUIMBATh crieuduyeckre MeXaHU3Mbl PeaKLUuy OpraHum3Ma.
VIMMYHOCTUMYIUPYIOIIAs aKTMBHOCTb DPACTUTENbHBIX IMOIMCAXaPUIOB
TECHO CBsI3aHa CO CTPYKTYpOJi mosmcaxapyupa. CormacHo mpebiaylim
MCCIIeIOBAHMSIM, TIOIMCAXapUIbl, TaKMe KaK [TIOKaHbI, GPyKTaHbI, MaH-
HaHBbI, KCUJIAHBI, apabyHOTaIaKTaHbl, DyKOVIaHbI, IIEKTHHOBBIE [10I/Ca-
Xapy[pl, FallakTaHbl U I'MaTypOHaH, 06/1afal0T MMMYHOCTUMY/IMPYIOIIEei
aKTMBHOCTBIO. 32 3TY aKTMBHOCTb OTBEYAIOT TaKMe CTPYKTYPHbIE 0COGEH-
HOCTHM, KaK KOHGOpMaIlusi, GyHKLUMOHAIbHBIE IPYIIITbI, MOHOCAXaPUIbI,
MOJIEKY/ISIPHAsT Macca, COCTaB [IMKO3UAHBIX CBsI3eii ¥ XapaKTePUCTVUKA
pasBetBieHus [59].

6. [lepcieKTUBBI IJ1s1 OYAYLIMX VICCIeOBaHMI

B Hacrosiee BpeMst pa3pa6oTka HOBBIX ITPOAYKTOB MUTAHMSI 3@ CYET
MCIIONIb30BAHUST HOBBIX CHMHEPreTMYeCKUX KOMOMHAIMIA TUIPOKOIION-
OB VI/WJIU MCIIOJIb30BAHMSI MEHEE U3YUEHHbIX MPUPOIHBIX TMAPOKOI-
JIOUJIOB SIBJISIETCSI aKTyaJbHbIM HAallpaBI€HMEM Pas3BUTUSI TUAPOKOI-
JIoupHOM otpaciy [6]. [Ipy 3TOM HepeAxo CIelMaauCThbl 10 NULIeBOM
TIPOMBIIIIEHHOCTM CTAJIKMBAIOTCS C TPOGIEMOI M3MEHEHUST PELIeNTYPbI
MAIIEBBIX TPOAYKTOB. LlenM MOTYT GbITh pPasHbIMM: yIydllleHue BKyca,
CTPYKTYPbI WIM BHEIIHEro BUJA MPOAYKTa; CO3[aHKe Goee 30POBBIX
aHAaJIOTOB C YBEJIMUEHHBIM CPOKOM XPaHEHMST; CHYKeHMe ceb6eCTOUMOCTI
3a CYeT MCIOIb30BaHMsI MEeHee JOPOTUX UHTPEIMEHTOB WM TIOBBIIIEHE
3¢ dpexTUBHOCT TIPOM3BOACTBA Uepe3 BHEOPEHME HOBbIX TEXHOJOTMIA
06paboTKM.

B Ta6nuiie 3 npuBeneHbI aIbTepPHATHUBbI, Hanbosiee 13yuyeHHbIe KOMOU-
HaLVY MUILIEBBIX IMIPOKOJUIONIOB, CIIOCOOCTBYIONIVE CUHEPIeTUUeCKOMY
3¢ dekry, a TakKe KOMOMHALMM, KOTOPBIE ellle TPEICTOUT U3YUUTb.

Ta6nuua 2. [Tosib3a NUIEBBIX TUAPOKO/IOUIOB JJIsI 30POBbsI YeIoBeKa
Table 2.Benefits of food hydrocolloids for human health

Bu6mmorpadnueckas
HaumeHoBaHMe rIpOKOIJIONIA BausiHue Ha 350pOBbe chlg(a
ANBruHaT, TMAPOKCUIIPONIMIILIEIIII0N03a, KapparuHaH, PerynupoBaHue anmneTuTa ¥ YyBCTBA ChITOCTU [48,49]
KCaHTaHOBas Kamellb
Nuynuu AHTUAMabeTHYeCKas aKTYBHOCTh [50]
XUTHH, XUTO3aH Anniepruyeckye peakiiuy, BbI3BaHHbIE apaxCOM [51]
®pykTa" CrumynupoBaHue GepMeHTalyy B TOJICTOM KUIIEUHVKe [52]
KonskakoBblii MaHHaH, MHYJIMH, 1e/U1I0/103a Mopynsums OCTPbIX peaKkLuii TOJICTOM KUK [53]
Bera-rokaH oBca I'mnornmukemuydeckye 3G QeKTsr, [54,55]
TOBBILIIEHYE YYBCTBA CHITOCTU IOCJIE TTpyeMa UL
Tcunnym KoHTponb rnvkemunn, [56,57]
CHIDKEHJe YPOBHSI ITIIOKO3bl B KDOBU
Tabnuua 3. ATbTepHAaTUBBI MUIIEBBIM I'MIPOKO/UIOUIAM U cCuHepreTudeckue 3pdeKThi
Table 3. Alternatives to food hydrocolloids and synergetic effects
I'mapoxkomnonab AnbTepHaTUBBL CHHeprucTsl
Arap lennaHoBas kKamMezp / anbrMHaT / KypAjlaH /skenaTuH HensBectHO

AnbruHaThl (QNbIVHAT HATPUS)

Kapparunaun
dypuemnnapan
XuTosan
Kamezb / KpaxMasibl
HekcTpan T'ymmuapabuK / KcaHTaHOBAst KaMe[lb
dypuesiapan

KCaHTaHOBAas KamMmeab
lennanoBast kamenb

Tymmunapabmk
MEeTMIILEUTION03a / MOJIOUHbIE 6K

I'yapoBas kame[b

MuKpoKpucTaIueckast Hesoa03a
TlexTuH
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KapparuHaHbI /5KelaTVH / TeJUIaHOBast KaMeb / arap / KcaHTaH /dypueniapan

JKenatuH / reuiaHoBasi KaMelb / arap / albrMHaT / KCAHTAHOBAs Kamenp /

[TekTHHbBI / KCAHTAHOBAsT KAMeb / Kamenb 6060B POSKKOBOTO fiepeBa / ryapoBast

Kanmna-kapparuHa / >keJaTuH / TeJuIaHOBasl KaMe[lb / arap /aajibTUHAT /

JKenatus / arap / anbrMHaT / KypAJjiaH / KapparmHaH
Kamenp kapasi / Kame[lb IXaTTy / TparakaHTOBast KaMeay / MaJIbTOOeKCTPUHBI /

Kamenb 6060B poskKOBOTO fiepeBa / KaMe[b Taphl / arap / KapparuHaHbl /
JeKCTPaHbl / KpaxMaJibl / KCAHTAHOBAsI KaMelb / SKeJIaTVH / alnbIyHAT

ITpomyKThI ITMAPOIM3a KpaxMasia / KCAHTaHOBast KaMe[b / TIOMUAeKCTpo3a
AnpruHaThl / KapparuHaHbl / XUTO3aH / KCAHTAHOBAs kKameib / GypueniapaH

JIByXBaJIeHTHBI! MOH / IEKTUH

Kasenn / xutosaH / Kamenb 60608
POKKOBOTO JiepeBa

KcaHnTaHoBasi Kamellb

HemnssectHo

KaseuH / kanbuuii / XuTo3aH /
KaMezib 6060B POSKKOBOTO iepeBa

JKenatus / ryMmMuapabmuk
HewnssectHo

KcanrTan / arap / kapparmHas /
AHVOHHBIN [TONMMep

HewnssectHo

Benku / monuBasieHTHbIE MOHBL
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Vi3yuass HOBble KOMOWHAIMM TUIIEBBIX TUIPOKOIJIOUIOB, UCCIENO-
BaTeNM OO/KHBI OMMPaThCsl Ha (QyHIAMEeHTa/lbHble KOHUENuu busu-
YecKoi XMMMM, HAYKM O MAaKPOMOJIEKYIaX M PEOJOTUU. DTO MO3BOINUT
[MOHSITh B3aMMOCBSI3b CBOJCTB MMINEBBIX CUCTEM (BK/IIOUAst OUCIIEPCHUNA,
SMYJIbCUM, TIEHBI U T'€JIN) C B3aMMO/IEICTBUSIMU TUIPOKOJIOUIOB U PY-
I'MX MUIIEBbIX MHIPEIMEHTOB, a TAKKe MCC/IeI0BATh BAUSIHIE I'MIPOKOJI-
JIOUZOB HA CEHCOPHOE BOCIPUATME MUIIYM Yepe3 MPU3My TPUBOIOruu
¥ TIUIIEBOTO TIOBEIEHMS.

7. 3ak/I0YeHNEe

AHanM3 OCHOBHBIX XapaKTEPUCTUK, QYHKUIMOHATbHO-TEXHOIOTHYE-
CKMX CBOJICTB U TIpYMEHEHMS IUIIEBbIX I'MAPOKOJIOMAOB IOKa3al X
LIMPOKOe MCIOAb30BaHMe B MMUIIEBOI MPOMBIIIEHHOCTU. ['MApOKoI-
JIOU[IbI TIPUMEHSIIOTCSI B KQUeCTBe 3aryCTUTeNeil (CoyChl, APeCcCUHTH, 3a-
MPaBKM), JKEJIMPYIOIMX BellecTB (TyOVHTH, NeCePThI, JKeJle), UHTUOUTO-

pOB cuHepe3uca (ChIpbl, KUCIOMOJOUHbIe HATUTKM). OHM TaKKe CITysKaT
OCBETIUTENSIMY, CTAOMIN3aTOPaMU TIeHbI (TIMBO, KOKTEIIN, 1eCePThI),
9MY/IbraTOpaMu, MHIMOUTOPAMM KpUCTA/UTM3AK (MOPOsKeHOe, 1epoe-
TbI, 3AMOPOYKEHHbIE (PPYKTOBbIE ecepThl). Kpome TOro, rapoKOIIONIbI
MUCIIOMb3YIOTCS B KAUeCTBe CBSI3YIOIIMX BEIleCTB, TOKPBITUI U 3aMeHUTe-
et skupa (MsICHbIe, MOJIOYHbIE ITPOTYKThI, IIOKOJIA).

TIpon3BOACTBO M BBIBOA, HA POCCUIICKMIA PBIHOK MUIEBBIX TUAPOKOII-
JIOUJIOB, TIONyYEHHbIX 3 OT€YECTBEHHOT'O ChIPbSI, SIB/ISIETCS CTpaTernye-
CKM 3HAUMMOVi 3a7jaueii ij1s1 ob6ecrieueHnst MPoL0BOIbCTBEHHOI Oe3ormac-
Hoctu. Kpome TOro, B Halleii CTpaHe MMeeTCSI OTPOMHBIN TTOTEHIMA
PaCTUTETHHOTO ChIPBS M 06PA3YIOLIVXCST OTXO0B CETbCKOXO03SIICTBEHHO-
TO IMMPOM3BOACTBA, ABJIAKIIMXCA MICTOUYHMKOM JJIs1 ITOJTYUEHNMS Pa3JIMYHBIX
rUAPOKOUTON0B. TakuMM 06pa3oM, pa3BUTHUE HOBbBIX MUILEBBIX TEXHOJIO-
it B Gmkaiiinme gecsaTuieTust 6yaeT BO MHOTOM OTPeAeNsIThCs po-
rpeccoM B 06J1aCTY UCCIeAOBAHMIA TYIPOKO/UIONIOB.
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ABSTRACT

Henna, scientifically known as Lawsonia inermis, is long used for its therapeutic benefits in several civilisations. This study ex-
amines the antibacterial, anticancer, and antioxidant properties of the leaf extract from L. inermis. The phytochemical study
indicated the existence of alkaloids, flavonoids, glycosides, phenolic compounds, and tannins. GC-Mass Spectrometry de-
tected notable bioactive chemicals, including tetracosamethyl-cyclododecasiloxane and cyclohexasiloxane. The extracts dem-

natural product onstrated strong antioxidant properties, as evidenced by their values of 254.32 and 121.25%, as well as their high FRAP values,
research, demonstrating their effective ability to scavenge radicals. The antibacterial effectiveness, assessed by the disc-diffusion tech-
phytochemical nique, demonstrated substantial inhibition zones against both Gram positive and Gram-negative microorganisms. The MTT
screening experiment exhibited significant anticancer efficacy against MCF-7 breast cancer cell lines, with an IC5, value of 1.682 pg/mL.

The results indicate that extracts from L. inermis contain significant bioactive substances that have the potential to be utilised
in the development of innovative medications aimed at addressing oxidative stress, bacterial infections, and cancer.
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K/IFOYEBBIE CJIOBA: AHHOTAILI A

¢umomepanus, XHa (XeHHA), M3BEeCTHasl B HayKe Kak Lawsonia inermis, y>xe JaBHO MPUMEHSIETCSI BO MHOTMX LIMBMIM3ALMSIX OG1arogapsi CBOMM
Ouonozuuecku JleyeGHBIM CBOVICTBaM. B ycciemoBaHmum M3ydeHbl aHTUOAKTepUaIbHble, TPOTUBOPAKOBbIE Y aHTVOKCUIAHTHBIE CBOVICTBA IKC-
aKkmueHvle coeuHeHUsl, TpaKTa JIUCTbeB L. inermis. PUTOXMMIYECKOE MCCIe0BAHNE PACTEHMS TI0KA3aJI0 HalM4Me ajlkaJIouI0B, QIaBOHOMIOB, ITTMKO3M-
OKUCTIUMEIbHBLLL I10B, (heHONBHBIX coeMHeHNIt ¥ TaHUHOB. C oMolbio ['X-Macc-crieKTpoMeTpun 6bUTM OGHAPYKeHbI 6M0IOTMYEeCKM aKTUBHbIE

cmpecc, XMMMYECKNe BellecTBa, B TOM UMC/Ie TeTpaKo3aMeTU/I-LUMKIOAOAEKAaCUIOKCaH UM LMKIOreKCacUIOKCaH. JKCTPaKThl Mpofe-
yumomoxcuueckue MOHCTPMPOBA/IM CUJIbHbIE aHTUOKCUIAHTHBIE CBOJICTBA, O UeM CBU/IETEIbCTBYIOT YPOBHM MX comepskanmst — 254,32 n 121,25%,
apdexmeol, a TakKe UX BBICOKME 3HAYEHMsI BOCCTaHOBIIeHMs duryopecueHnyu rmocie gporoobectiBeunBanus (FRAP), neMoHCTpuUpyOLIye ux
uccnedosawue 3 GeKTUBHYIO CITOCOOHOCTh 3aXBaThIBATh PaayKasbl. AHTH6aKTepyuaabHas 3)dHEeKTMBHOCTD, OleHEHHAs! C TIOMOIIBIO AVICKO-
npupodHo20 npodykma, nuddy3noHHOTo METOAa, IPOAEMOHCTPMPOBAIa BeCbMa KPYIIHbIE 30HbI MHIMOMPOBAHVSI POCTA KaK IPAMITONOKUTEIbHBIX, TAK
umoxumuueckuti Y TPAaMOTPULIATETBHBIX MUKPOOpraHmn3mMoB. AHamm3 ¢ MTT nokasan 3HaunTeIbHYIO0 TPOTUBOPAKOBYIO 3G GEKTUBHOCTD ITPOTUB
CKPUHUH2 JIMHUI KJIeTOK paka rpyayt MCF-7 co sHauenuem IC50 1,682 MKr/Mit. Pe3ysibTaThl TOKa3bIBAIOT, YTO SKCTPAKTHI L. inermis comep-

KaT 3HAUUTETbHbIE GMOAKTUBHbIE BEIECTBA, KOTOPbIE MOTYT GbITh MCIIOMb30BAHbI IIPY Pa3paboTKe MHHOBALMOHHBIX T€KAPCTB,
HaIpaBJIeHHbIX Ha 60PbOY C OKMCIUTENbHBIM CTPECCOM, GaKTepPUaTbHBIMM MHOEKIMSIMU U PAKOM.

1. Introduction

Plants have long been utilized in traditional herbal medicine. Con-
sequently, plants are currently acknowledged as an inherent source of
potent novel antibacterial chemicals. Medicinal plants are used as ethno-
medicine in several cultures worldwide due to their abundant and diverse
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Sutikno, S., Kartika, T. et al. (2025). Lawsonia inermis extract: Antibacterial,
anticancer and antioxidant properties. Food Systems, 8(1), 73-80. https://doi.
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medical effects. Additionally, they serve as a reservoir of natural chemi-
cals that offer limitless potential for innovative pharmaceuticals [1].
Plants have been used in traditional herbal treatment for numerous
years. Plants have been discovered to naturally produce powerful new an-
tibacterial compounds. Medicinal plants are utilized as ethno-medicine
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in several countries worldwide due to their abundant and easily accessi-
ble therapeutic properties. Moreover, they offer an abundance of natural
compounds that have the potential to be utilized in the development of
numerous novel pharmaceuticals [1,2,3]. This well-known plant, some-
times known as "henna”, is found in tropical regions of North Africa and
South East Asia. Native to tropical and subtropical areas of the world, in-
cluding as South Asia, Africa, the Sahara Desert, and even parts of north-
ern Australia, the five-meter-tall blooming plant is known as henna. The
leaves of the henna plant are sub sessile, smooth, oval-shaped, entire, and
opposite. The leaves have proportions of 1-2 cm in width and 2-3 cm in
length. The henna shrub has densely branched stalk, greyish-brown bark.
People have used this plant for its herbal medicinal properties and cos-
metic effects for years. Henna is the plant of medicinal importance, which
provides significant biological effects both in vitro and in vivo. This plant
has long been utilized in traditional oriental medical systems to treat a
variety of ailments, including headaches, leprosy, and some skin issues.
Henna was once used to treat hair to prevent dandruff and lice as well as
to shield the hands and feet from fungal illnesses. Other traditional usage
includes treating rheumatoid arthritis, headaches, ulcers, diarrhea, jaun-
dice, leprosy, fever, enlarged spleen, diabetes, and other ailments. Again,
it has astringent, antimicrobial, and antihemorrhagic qualities. It is also
widely known for having cardiac inhibitory, hypertensive, and sedative
properties [4]. Antioxidants are the compounds that have the ability to
shield cells from the harmful effects of free radicals, which can cause oxi-
dative damage. Natural products have exhibited high antioxidant action,
potentially enhancing individuals” well-being. The pursuit of naturally
occurring antioxidants with pharmacological importance has led to ex-
tensive research of numerous plant species and their active components.
Researching medicinal plants entails more than just determining poten-
tial therapeutic applications. To optimize the use of medicinal plants
with potential antioxidant activity and discover the qualities linked with
them, many aspects of these plants require thorough investigation. Us-
ing phytochemical screening, a wide range of chemicals have been found
from various parts of L. inermis, including coumarin, fatty acids, amino
acids, phenolic compounds, terpenoids, sterols, tannins, xanthones, and
derivatives of naphthoquinone. L. inermis leaf extracts show anti-prolif-
erative effects against MCF-7 human breast cancer. Thus, in this work,
we assessed the cytotoxic, antioxidant, and antibacterial qualities of the
aqueous extract of L. inermis leaves.

2. Material and methods

2.1. Plant materials

Microorganisms, nutrient-rich substances, and chemical compounds
were used for the research. The materials were obtained from Merck Co.
(Darmstadt, Germany) include DPPH, ABTS, folin ciocalteu reagent, gal-
lic acid, potassium persulfate K,S,04, and dimethyl sulfoxide (DMSO).
The microbiological strains obtained from IMTECH, India, were used to
isolate gram (negative and positive) bacteria, specifically Pseudomonas
putida with strain number MTCC1194, E. coli MTCC1302, K. pneumoniae
MTCC4727, and S. marcescens MTCC4822. The gram-positive bacterial
strains comprised of S. aureus MTCC737, B. subtilis MTCC441, B. megate-
rium MTCC441, B. cereus MTCC6840, and B. aryabhattai MTCC14579. We
purchased nutrient agar (NA), Mueller Hinton Broth (MHB) to use it as
high-purity media.

2.2. Preparation of extract of L. inermis

To make the extract the plants of L. inermis were taken, 100 g of leaves
were weighed separately and kept in a Soxhlet device for around 6 hours.
The various chemical components were isolated using a variety of sol-
vents, such as petroleum ether, chloroform, acetone, methanol, ethanol,
and water, according to their polarity. The components were then selected
for their antibacterial qualities. The extracts of L. inermis obtained with
acetone and methanol proved them to be the most successful solvents
among others. Bennour et al. [5] stated that the extract solvents were
chilled for future using, after being evaporated with a Rota-evaporator
2198-H (Buchi T, India).

2.3. Initial phytochemical analysis

The initial phytochemical screening tests were performed using ac-
knowledged methodologies to identify useful constituents, including al-
kaloids, terpenoids, glycosides, quinones, cardiac glycosides, coumarins,
phlobatannins, anthraquinones, and phenols [6].

2.3.1. Inoculum development

Using both NA and MHB culture media, a stock culture of pathogenic
bacteria was prepared. Strains of Staphylococcus, Bacillus subtilis, Pseu-
domonas, and Escherichia coli were cultured on agar slants for 24 hours
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at 37 °C using their original culture media. After incubation the cultures
were maintained at 4 °C [7]. All of the analytical grade compounds were
purchased from Sigma-Aldrich.

2.3.2. Preparation of plant extract

Making the leaf extract from Lawsonia inermis (henna). The henna
plant, Lawsonia inermis, was taken from its natural habitat. We acquired
fresh Lawsonia inermis (henna) leaves from the Science Campus of Al-
agappa University in Karaikudi, Tamil Nadu, India. The experimental field
investigation was carried out in accordance with all applicable institu-
tional policies and standards. The plant leaf was first prepared by wash-
ing, drying in the shade at the right temperature and humidity levels, and
then were ground in a lab mill laboratory knife mill HM100 (STERICOX,
India). The plant was then submerged at certain proportion (1:10 ratio;
w/v) in water for one day at the temperature of the laboratory (approxi-
mately 30 °C), while being stirred as part of the maceration process. To
remove the extract from the plant, filter paper was used and Rota-evap-
orator 2198-H (Buchi T, India). Benchtop High-Speed Centrifuge (TG24-
WS, China) was used for the evaporation and centrifugation processes.
The remaining sample was stored at 4 °C for subsequent analysis [8].

2.3.3. Purification of crude extract by column chromatography

For column chromatography, silica gel with particle sizes ranging from
100 to 200 um was chosen. For packing the column, the silica gel was sus-
pended in petroleum ether. A 40-centimeter corning glass tube with an
internal diameter of 2.5 centimeters and a glass stopper at the bottom
made up the column. To create a continuous column free of air bubbles, the
washed silica gel suspension was progressively added to the tube’s lower
end, which held an attached disk. The column’s ultimate dimensions were
25 by 2.5 cm. Methanol was used to equilibrate the column. Samples of vol-
ume up to 5 ml were run through the column at a flow rate of 0.2 ml/min
using a gradient solvent solution made up of 9:1, 7:3, and 1:1 ratios of etha-
nol to chloroform. Ultimately, methanol was used to wash the column. Ten
milliliters fractions from each solvent system were collected, and the homo-
geneity of each individual fraction was examined using thin layer chroma-
tography (TLC). Iodine vapors were used to detect colorless compounds in
the chromatograms, whereas colored spots were detected visually. Fractions
with comparable Rf values were combined, and at 450 °C, they were evapo-
rated to dryness under low pressure. Using the test pathogenic organisms,
antimicrobial researches were conducted on all the pooled fractions.

2.4. Characterization with thin layer chromatography (TLC)

Following the collection of the extract, thin layer chromatography was
used to ascertain its level of purity. The specimen was applied onto the
plate coated with silica using capillary tubes, left to dry, and then the
plates were subjected to development using the solvent mobile phase for
duration of 30 minutes, applying a 1:1 ratio of ethanol to chloroform.
With UV transilluminator, the obtained plates were inspected, and the
retention factor was calculated using the subsequent formula:

RF value = D.T. solution / D.T. solvent
D.T. = Distance travelled.

@

2.5. Functional group analysis by FTIR

The sample was analysed using an FTIR spectrophotometer (FTIR8200
Affinity-1, Shimadzu Kyoto, Japan) to obtain the FTIR spectra. The analy-
sis was conducted at the temperature in the laboratory (approximately
30°C) and covered the range of 400-4000 cm™ [8].

2.6. GC-MS analysis

The solvent extract underwent analysis using GC-MS spectrometry
using a column that had the properties (film thickness = 0.25 pym, inner
diameter (ID) = 0.25 mm. Length = 30 m). The analysis was performed
using a Quadrapole spectrometer (Omni Star® GSD350 O, ultra-high vac-
uum Prisma Pro, Germany (. In order to perform the analysis, a volume of
1ul of the sample was introduced into helium gas of high purity at rate
of 1 ml/min and the split ratio 20:1. The reaction was conducted with an
ionization energy of 70 eV. The temperature of the injector column was
initially maintained at 25°C for 3 minutes, then increased at 10°C/min
gradually until it reached 280 °C, where it was held for three minutes.
Finally, the temperature was maintained at 300°C for 10 minutes.
The obtained compounds were identified by matching their spectral
configuration with the public NIST library database.

2.7. Antioxidant activity

2.7.1. DPPH test

The antioxidant activity of the extract was assessed using the ap-
proach outlined by Altemimi et al. [9] and Abedelmaksoud et al. [10]. Fol-
lowing the preparation of a methanolic solution with a concentration of
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1 mg/ml, the extract was further diluted to a concentration range of 10—
500 pg/mL. 1 ml of each concentration of the extract was combined with
1 mL of methanol and 2 mg of DPPH. The extract and control samples,
which included all reaction components except the extract, were kept in
darkness at a temperature of 24 °C for 30 minutes. The samples were ob-
served UV-visible spectrophotometer Unico UV-2000 (Dayton, NJ, USA)
at a wavelength of 517 nm [10]. The subsequent equation was used to
ascertain the level of antioxidant activity:

1% = Aplank — Asample/Ablank x 100. (2)

“Asample” and “Apj,n” denote the extract and the blank sample absorp-
tion, respectively. The ICs, value was used to compare the extract’s anti-
oxidant activity to vitamin C and tertiary-butylhydroquinone (TBHQ) [9].
The IC5y was calculated using the radical scavenging activity (RSA) curve
slope equation. The sample concentration that inhibits 50% of free radi-
cals is the ICsy.

2.7.2. ABTS test

The extract was tested for ABTS radical inhibition using the Labiad
et al. method [11]. Vitamin C and TBHQ were the reference standards.
A solution of free radicals (7 mM ABTS, 2.4 mM potassium persulphate)
was maintained at 24 °C without light for 14 hours. After adding 200 pL
(10-500 pg/mL) of extract samples, the free radical solution (2 mL) was
thoroughly mixed. Samples were analysed at 734 nm (UV-visible spectro-
photometer Unico UV-2000, Dayton, NJ, USA) for 30 minutes. The ICsq
test assessed ABTS free radical scavenging [11].

2.7.3. FRAP test

The FRAP assay measured extract’s antioxidant capacity. A solution
was made by mixing the extract with 0.2 M phosphate buffer (2.5 ml; pH
6.6) and potassium ferricyanide (2.5 ml; 1% w/v). The sample then was
incubated at 50 °C for 20 minutes. 2.5 ml of 10% w/v trichloroacetic acid
solution was added and centrifuged at 1000xg for 10 minutes to stop the
reaction. The sample’s 700 nm absorbance (UV-visible spectrophotom-
eter Unico UV-2000, Dayton, NJ, USA) was measured 30 minutes after
combining of 2.5 ml of supernatant, 2.5 ml of deionised water, and 0.5 ml
of 0.1% chloride. FRAP was calculated using mg AAE/g extract. Vitamin C
and TBHQ were the positive controls [11].

2.8. Cytotoxicity studies

Bahuguna et al. [12] conducted an experiment using the MTT assay
(A. Type and C. Collection 2011) to determine the antiproliferative ef-
fect of tetracosamethyl-cyclododecasiloxane extracts from leaves of L.
inermis on MCF-7 cell lines, which are human breast cancer cells. The
MCEF-7 cells, obtained from NCCS in Pune, India, were grown at a temper-
ature of 37 °C in DMEM medium. The medium was supplemented with
10% FBS and 1% antibiotics (100 U-mL-1 of penicillin and 100 pg-mL"!
of streptomycin). The cells were cultured in a humid environment with
5% CO,. The Trypsin-EDTA solution was used to isolate the individual
cells, and a quantity of 5,000 cells per well was used for subculturing.
Once the cell culture reached 50% confluence, it was treated with 20 nug
of plant extract, which was diluted in 20 uL of DMSO. The cells were
then incubated in a CO2 incubator at 37 °C for 24 hours. Subsequently,
the medium was extracted. Finally, the samples were subjected to incu-
bation for three hours with a concentration of 4 mg-mL-1. An ordinary
microplate reader was employed to measure the absorbance at a wave-
length of 540 nm (Reader, Plate Reader manufacturers & OEM manu-
facturers in India). Cytotoxicity was assessed by measuring cell viability
as a percentage. The average value of three replicated experiments is
shown to represent the findings. The following is the equation used to
determine cell viability:

Percent of cells viability — Absorbance of treated cells
¥ = “Absorbance of control cells

x100%. (3)

2.9. The minimum concentration of inhibitory or bactericidal activity

The minimum inhibitory concentration (MIC) of plant extract was
determined through broth microdilution method technique follow-
ing CLSI guidelines. The MHB was used to create a primary culture of
pathogenic bacteria at 1.5 x 108 CFU/ml. The DMSO-containing extract
was diluted to 1 mg/ml. Extract was poured into 96-well plates with ca-
pacity of 125 pl per each well. Into each well, bacteria were added. The
plate was placed into a 37 °C incubator for 24 hours. To assess bacte-
rial multiplication, 25 pl of triphenyltetrazolium chloride (5 mg/mL)
was added to each well, that resulted in a dark red colour. At the lowest
extractable concentration (MIC), no colour change was detected. Each
well (100 pl) with no colour change was cultured on MHA at 37 °C for
24 hours. The minimum bactericidal concentration (MBC) was the dilu-
tion that fully stopped growth [13].

2.10. Statistical analysis

SPSS was used to perform a one-way analysis of variance (ANOVA),
followed by Tukey’s Honestly Significant Difference (HSD) multiple com-
parison test to determine significant differences at P < 0.05.

3. Results and discussion

3.1. Initial phytochemical analysis

Lawsonia inermis leaf (Figurel) extracts prepared using petroleum
ether, chloroform, ethyl acetate, and ethanol showed the presence of phy-
tochemicals such as alkaloids, flavonoids, glycosides, saponins, steroils,
tannins, proteins. According to the initial phytochemical analysis, Table 1
shows composition of the Lawsonia extract by GC-MS. The GC-MS analy-
sis of Lawsonia inermis leaf extract identified a diverse range of bioactive
compounds, primarily consisting of hydrocarbons, siloxanes, alcohols, and
phenolic derivatives. Among the detected compounds, high molecular
weight siloxanes, such as cyclo-decasiloxane eicosamethyl (740% area) and
octasiloxane hexadecamethyl (578% area), were predominant, suggesting
their significant contribution to the extract’s chemical profile. Other nota-
ble siloxane derivatives, including cyclohexasiloxane dodecamethyl (444%
area) and cyclononasiloxane octadecamethyl, also appeared in consider-
able proportions. In addition, hydrocarbons like eicosane (282.54% area),
nonadecanol-1 (284.52% area), and 1-dodecanol (186.33% area) were pres-
ent, potentially providing an effect on the extract’s hydrophobic properties
and biological activities. Phenolic compounds, such as phenol 2,4-bis(1,1-
dimethyl ethyl), known for their antioxidant potential, were also detected.

Figure 1. Lawsonia inermis leaves sample
PucyHok 1. O6pasers mcTbeB pacrenust Lawsonia inermis

Table 1. Composition of the Lawsonia inermis leaves extract by GC-MS

Ta6muia 1. CocTaB 3KCTpaKTa JMcTbheB Lawsonia inermis
coriacHo JaHHbeiM I'X-MC

Compound name Formula % area Reigllﬁon
9-eicoscene CyoHyo 1.01 26.694
Nonadecene Ci9 Hzg 0.68 28.88
Cyclohexasiloxanedodecamethyl C1H3604Sig 1.37 9.46
Cyclodecasiloxane, eicosamethyl CyoHgO10Si;p  2.01 11.3
Hexacosene CyeHsy 0.11 19.08
9-eicosene CyoHyo 1.01 25.50
Dodecane C,Hg 170.34 0.339
Eicosane CyoHyy 282.54 0.250
1-dodecanol CyoH420 186.33 0.676
Phenol,2,4-bis (1,1-dimethyl ethyl) Cy4H,,0 206.32 1.115
Nonadecanol-1 C19H400 284.52 7.956
Hexadene CigHzy 226.44 0.806
g‘étt‘}’l‘ﬁceasrt‘grlc acid, 9,10-dichloro- CioHsClO, 36740  4.166
Cyclo-decasiloxaneeicosamethyl CyoHgoO10Si;g 740 1.65
TS558 hevadecamethyl © CioHsOrSis 578 190
Cyclohexasiloxanedodecamethyl Ci3H3604Sis 444 2.61
Cyclononasiloxane, octadecamethyl- C18H5404Sig 1.75
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The presence of octadecanoic acid, 9,10-dichloro-methyl ester, suggests
possible antimicrobial or cytotoxic activity. Overall, the chemical compo-
sition of L. inermis extract, as revealed by GC-MS, highlights its complex
phytochemical nature, which may contribute to its antibacterial, antioxi-
dant, and anticancer properties.

3.2. GC-MS analysis

Using TLC analysis, the extract was partially purified. The extract that
had been partially purified, underwent GC-MS analysis, and the NIST li-
brary was referred to in order to define a chemical profile. Based on the
spectral values of the mass spectrometry data shown in Figure 2, the mo-
lecular weight was also determined. Fatty acids, esters, alkenes, and acidic
chemicals were detected in the fractions after the chloroform, methanol
extract was subjected to GC-MS analysis. Active chemicals were present
as it was indicated by 23 peaks. The compounds that provided the greatest
antibacterial and anticancer effect were dodecene (1.6%), eicoscene (0.2%),
tetradecene (0.9%), cyclodecasiloxaneeicosamethyl (1.37%), and eptasilox-
asanehexadecamethyl (0.351%). Additionally, 23 active metabolic peaks
were detected in the GC-MS data at different retention times. The results
showed that tetracosamethyl-cyclododecasiloxane is one of the physiolog-
ically active compounds with hepatoprotective activity, while cyclohexasi-
loxane, or dodecamethyl, is widely used as a lubricant, de-foaming agent,
conditioning agent, and personal care product. This was verified by Ghribi
et al. [14]. Using (GC-MS) to analyse the crude extract of the reported spe-
cies, numerous significant organic volatile components were found. There-
fore, the current study aligns with the findings of Plaza and Haarich [15].
Effective anti-arthritic, anti-acne, and anti-androgenic properties are
present in the fatty acid ester group. When compared to phytochemicals
derived from plants, Maheswari and Saraswathy found that ethyl acetate
extract of alkene compounds, derived from bacillus, featured pharmacolog-
ical activity. Additionally, different compounds derived from actinomycete
and streptomycete demonstrated biological activity [16].
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Figure 2. Analysis of the fraction of the extract using GC-MS
PucyHok 2. Anasm3 dpakumii B 3kcTpakTe mo gaHusiv I'’X-MC

3.3. FTIR

The wave range, that was recorded and shown in Figure 3, consisted
of nine functional groups: 3361.00, 2928.84, 2161.79, 1637.12, 1557.12,
1405.07, 1271.01, 1069.07, 799.13, and 648.65 cm™!. Furthermore, a func-
tional group identified as fatty acids, alkenes, amino groups, volatile oils,

hydrocarbons, and fatty acid esters was found within the unknown wave
range of 2161.79. The active compound’s functional groups of FTIR groups
that include 648.85 and 799.13 fatty acids, respectively C-O stretch, ester,
carboxylic acids, C-H-CH,, at 1069.07C=N stretches of aliphatic amines,
1405.07 C=0 symmetric stretch of fatty acids and COO-amino acids, at
1557.12 aromatic C-C ring, at 1637.12 amide I of B-pleated sheet stretch,
at 2161.79 there was unknown chemical, at 2928.84 there was C-H stretch
of CH,, at 3361.00 N-H, O-H vibration. The functional group was then
established by FTIR analysis which was shown by active molecules like
carboxyl, hydroxyl and amino acid, alkenes, hydrocarbons profile at 3361,
2928, 2161, 1637, 1557, 1405, 1271, 799, 648 (cm™!) at various retention
time the comparison. This was confirmed by several reports that shown
the lipopeptide functional characterization [17].

3.3.1. Purification of crude extract by column chromatography

Using several solvent systems, we have shown for the first time that
henna’s colour is a combination of four components. Petroleum ether,
ethanol, ethyl acetate, and chloroform were used as the solvents. After
the fractions were collected and rinsed with color fractions, thin layer
chromatography was used to further characterize them.

3.4. TLC analysis

The ethanol and chloroform (30:70) solvent solution was chosen
based on the polarity of the active ingredient. The metabolites were ob-
served on an analytical TLC plate, which was subjected to examination
in an iodine and UV chamber. The findings revealed a single spot on the
plate, with an Rf value of 0.96 and 0.68. The area displayed a blue hue
when exposed to UV light and an iodine chamber. For additional exami-
nation, the active component was described.

3.5. Antioxidant potential

The ABST and DPPH radical scavenging activity and FRAP assay were
used to assess the antioxidant capability of the L. inermis extract. The
extract’s antioxidant activity, natural antioxidant properties of the com-
pounds such as vitamin C, and synthetic antioxidant properties TBHQ
were all shown in the DPPH technique graph. Vitamin C, TBHQ, and ex-
tract samples had DPPH radical scavenging activity (% inhibition) values
of 112.45, 75.12, and 254.32%, respectively. This suggests that antioxi-
dant activity of the extract is greater than TBHQ and vitamin C, in that
order. The extract’s antioxidant activity dramatically increased (p < 0.05)
as its concentration rose. The antioxidant activity of the control samples
did not differ significantly (p < 0.05), although they did differ from the
main sample. Table 2 displays the findings from the assessment of anti-
oxidant activity using ABTS free radical scavenging effect. The sample’s
antioxidant activity grew significantly along with its concentration, sug-
gesting a clear direct correlation between the extract’s concentration and
scavenging activity. Furthermore, compared to the plant extract, vitamin
C and TBHQ had far less antioxidant activity. Vitamin C, extract, and
TBHQ samples had values of 77.35, 54.21 and 121.25%, respectively. This
suggests that the extract antioxidant activity is not greater than that of
TBHQ and vitamin C, respectively. Additionally, the FRAP approach was
applied, and Table 3 displays the results. The range of FRAP values for
the extract, vitamin C, and TBHQ samples were 245.23, 65.23, and 454%,
respectively. This antioxidant activity attributed to phenolic chemicals,
which bind redoxactive metal ions and prevent hydroperoxides from be-
coming reactive oxyradicals, turning them to antioxidants. Interrupting
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Figure 3. The active molecules functional groups of isolated compounds
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chain reactions prevents free radical inactivation. Flavonoids form metal
ion complexes to remove free radicals [18]. According to research, the leaf
and skin extracts of L. inermis, prepared with solvent, had a total phenolic
content (TPC) ranging from 20 to around 100 mg GAE/g of dry weight,
and total flavonoid content (TFC) ranging from 18 to 92 mg of catechin
equivalent/g of dry weight [19]. The total phenolic content (TPC) and to-
tal flavonoid content (TFC) of the L. inermis extract were determined to
be moderately comparable to extracts from other plants, such as the Feru-
lago angulata used methanol extract method (TPC around 72 mg GAE/g,
TFC around 30-35 mg QE/g) and Tymus satureioides used the hexane
extract (TPC around 98 mg GAE/g, TFC around 92mg QE/g) [20]. In the
other study by Gholamshahi amd Salehi Sardoei [21] documented varying
total phenolic content (TPC) values for various components of the plant,
with the leaf exhibiting the highest TPC value of around 9-10 mg GAE/g
of dry weight. Several variables might influence the quantity of TPC and
TFC (Total Flavonoid Content), such as the extraction technique, the
kind of solvent used for extraction, meteorological conditions, the grow-
ing method, the type of plant, and the specific plant sections [22]. High
concentrations of biological molecules, such as phenolic compounds and
flavonoids, offer significant industrial and therapeutic advantages. They
facilitate the mass production of these plants, thus enhancing the com-
petitiveness of agricultural enterprises [23]. Al-Rowaily et al. conducted
a study that revealed a significant concentration of carotenoids in the
extract of Lawsonia inermis [24].

Table 2. Free radical scavenging activity of vitamin C, TBHQ,
and purified compound
Ta6ouiia 2. AKTMBHOCTB 3aXBaTa CBOOOAHBIX PAAMKAIOB BUTAMMUHOM C,
TBI'X 1 ounIIeHHBIM COeIVHEHMEM

Free radical scavenging . . Purified
activity VitaminC TBHQ compound
DPPH radical scavenging b b
activity (% inhibition) 112.45+2.23° 75.12%2.21* 254.32+1.31
ABTS radical scavenging 77.3542.98°  54.21+4.23¢ 121.25+1.26¢
activity (%) . : : : : :
Ferric reducing antioxidant 945 5343910 652322.15  454+3.560

power (FRAP) assay

Values followed by different superscripts between treatments are significantly
different according to the ANOVA-Tukey’s honestly significantly different (HSD)
multiple comparison test (at P < 0.05).

3.6. Antibacterial activity

The antibacterial activity of purified substance of Tetracosamethyl-
cyclododecasiloxane was assessed using the disc diffusion technique. The
purified compound displayed the greatest antibacterial activity, as indi-
cated in Table 3. The inhibition zones ranged from 25.06%1.2, 26.03%0.9,
21.03%0.8, 20.05%9.2, 25.09+0.5, 28.12+1.2, 30.12%2.3, 25.04+ 1.3, to
28.45+25 mm, respectively. Gram-positive bacteria, specifically Ba-
cillus megaterium MTCC441 and Bacillus cereus MTCC6840, exhibited
greater general susceptibility. Staphylococcus aureus MTCC737, Bacillus
subtilis MTCC441, Bacillus aryabhattai MCC14579, Pseudomonas putida
MTCC1194, Escherichia coli MTCC1302, Klebsiella pneumoniae MTCC4727,
and Serratia marcescens MTCC4822 all showed high susceptibility to
gram-negative bacteria. Nevertheless, the refined chemical remained the
most potent agents.

The present investigation provides evidence for the efficacy of puri-
fied compounds as powerful antimicrobials. The disc-diffusion approach
revealed that the isolated component of A. visnaga, L. exhibits notable
antibacterial action against both gram~ and gram®* bacteria, resulting
in large zones of inhibition. The susceptibility of the examined micro-
organisms, including Bacillus megaterium MTCC441 and Bacillus cereus
MTCC6840, was found to be higher with values ranging from 20.05+9.2
to 30.12%2.3 (21.03+0.8, 20.05%9.2, 25.09+0.5, 28.12+1.2, 30.12+2.3,
25.04+1.3, 28.45+25) mm. Gram™~ bacteria, including Staphylococcus au-
reus MTCC737, B. subtilis MTCC441, B. aryabhattai MTCC14579, Pseudo-
monas putida MTCC1194, and Escherichia coli MTCC1302, exhibited no-
table activity (Table 3). An inhibitory zone measuring 14 millimeters or
greater, as determined by the disc diffusion test, is considered as exhibit-
ing the significant antimicrobial activity [25]. The results of our study
align with prior research that found that Tetracosamethyl-cyclododecasi-
loxane isolated from the fresh leaves of Lawsonia inermis had significant
antibacterial effects against Klebsiella pneumoniae, Escherichia coli and
P. geruginosa.

The current study examined the antioxidant activity of a metabolite
from a very effective strain, comparing it to ascorbic acid as a control
sample (Table 2). The scavenging activity was observed to be greater in
the extract compared to that of ascorbic acid. The findings indicated that

Table 3. The diameters of inhibition zones treated with purified
compound t Tetracosamethyl-cyclododecasiloxane
Ta6nuua 3. [uaMeTpbl y4aCTKOB MHIMOGUPOBAHMS OUMIIIEHHBIM COeIMHEHUEM
TeTPaKO3aMeTUJI-UUKIOO0AeKaCMIOKCaHa

Purified compound Tetracosamethyl-

Microorganism cyclododecasiloxane
“Diameter of inhibition zone (mm)”
Staphylococcus aureus (MTCC737) 25.06+1.24
Bacillus subtilis (MTCC441) 26.03£0.9¢
Bacillus megaterium (MTCC441) 21.03£0.8°
Bacillus cereus (MTCC6840) 20.05%9.2f
Bacillus aryabhattai (MTCC14579) 25.09+0.54
Pseudomonas putida (MTCC1194) 28.12+1.2b
Escherichia coli (MTCC1302) 30.12£2.3?
Klebsiella pneumoniae (MTCC4727) 25.04%1.34
Serratia marcescens (MTCC4822) 28.45+25P

Values followed by different superscripts between treatments are significantly
different according to the ANOVA-Tukey’s honestly significantly different (HSD)
multiple comparison test (at P < 0.05).

the metabolite exhibited strong antioxidant properties at a concentration
of 2 ng/ml, which was lower than that of ascorbic acid. Moreover, the
average range of DPPH radical scavenging activity of L. inermis was seen to
be in close proximity to the control sample, thus suggesting a significant
radical scavenging activity of the plant extract. The antioxidant assay
(DPPH reduction assay) showed a gradual increase in the percentage of
antioxidant activity, ranging from a minimum inhibition of 63.30% to a
maximum of 89.95%. Lawsone (2-hydroxynaphthoquinone), mucilage,
mannite, gallic acid, and tannic acid make up henna compounds. About
25% of market drugs are plant-based [26]. The chloroform and hexane
extracts exhibited negligible antioxidant action, with an ICs value great-
er than 100 mg/l. [27]. The alcoholic extracts derived from the leaves
of Lawsonia inermis showed notable capability to remove DPPH free
radicals. The petroleum ether fraction exhibited the highest scavenging
rate of 79.16+0.98%, which was similar to that of ascorbic acid around
78+1.5%. It was followed by the ethyl acetate fraction with a scaveng-
ing rate of 73.77%£0.97% and the chloroform fraction with a scavenging
rate of 72.61%£0.98%. The overall antioxidant capacity exhibited a posi-
tive correlation with the escalating concentration of the samples [28].
The antioxidant activity of the henna leaf extracts was assessed using the
phosphor-molybdenum method, DPPH radical scavenging test, reducing
power analysis, and lipid peroxidation inhibition assay. The ethanol ex-
tract exhibited superior antioxidant activity in all experiments compared
to the petroleum ether, dichloromethane, and aqueous extracts. The ef-
ficacy of the aqueous extract was lower compared to the ethanol extract,
but higher than that of the petroleum ether and dichloromethane ex-
tracts. The ethanol and aqueous extracts exhibited higher levels of phe-
nolics (141.65+0.29 and 51.46+0.44 mg gallic acid equivalent/g extract,
respectively) compared to the dichloromethane (4.60+0.03 mg gallic acid
equivalent/g extract) and petroleum ether extracts (3.72%0.23 mg gallic
acid equivalent/g extract) [29]. Predicting the mechanism that stands be-
hind the increased anticancer activity of L. inermis is challenging due to
its intricate pharmacological activities. Nevertheless, the inherent char-
acteristics of L. inermis working together have a significant impact on
improving the effectiveness of the desired biological outcome. Using the
experimental results and existing literature, a hypothesis is formulated
to explain the observed synergistic effect of L. inermis. Herbal medicines
are widely regarded as being safe. Nevertheless, it is crucial to assess their
biological safety prior to its using in order to prevent potentially lethal
outcomes [30,31]. The pharmacological effects of Lawsonia inermis are
unquestionable; nevertheless, it is also essential to conduct a toxicologi-
cal assessment.

The present study aimed to analyze the properties of specific medici-
nal plants that have previously shown their antibacterial effects against
drug-resistant gram* and gram™ bacteria. The tests detailed in this report
were specifically conducted to study the synthesis of L. inermis extract.
It demonstrated high antibacterial efficacy against E. coli, Staphylococ-
cus sp., Pseudomona ssp., Bacillus sp., it demonstrated the most promi-
nent antibacterial efficacy, with a corresponding increase in the diameter
of the inhibitory zone, as compared to the extracts derived from plants.
The study measured the zone of inhibition (in centimeters) of L. inermis
against E. coli and Staphylococcus sp. E. Coli exhibited the highest sen-
sitivity to the ethanol extract at a concentration of 30 pl, followed by
Pseudomonas sp. at a concentration of 90 uL, as observed in a 2 cm zone.
However, none of the other solvents used for elution exhibited significant
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antibacterial action, with the exception of ethanol. All extracts in the
study showed antibacterial efficacy against all bacterial strains tested.
Nevertheless, the bacterial strains exhibited varying levels of suscepti-
bility to each extract. As per the research conducted by Gull et al. [32],
The phytochemical elements demonstrate antibacterial activity specifi-
cally against gram-positive bacteria, however, they do not have any effect
on gram-negative bacteria. Our analysis revealed that the substance had
antibacterial action against both gram positive bacteria (S. aureus and
B. subtilis) and gram negative bacteria (E. coli and Pseudomonas aerugi-
nosa). The research was conducted by Habbal and colleagues [33] in addi-
tion. The findings of Hussain et al. corroborate our own. The results of the
in vitro antimicrobial assay indicated that the chloroform extract showed
greater potential as an antibacterial agent for microorganisms mentioned
below: Staphylococcus aureus, Staphylococcus epidermidis, Salmonella ty-
phi, various species of Klebsiella, and Shigella. On the other hand, the ac-
etone extract demonstrated effectiveness against E. coli and B. subtilis.
This study focuses on analyzing the antibacterial activities of extracts
obtained from L. inermis leaves in order to inhibit the growth of specific
gram-positive bacteria. The findings of this study demonstrate that vary-
ing doses of henna extract resulted in appearing of distinct inhibitory
zones against the tested bacterium isolates [34]. On the other hand, Rathi
et al. conducted a study in India where they found that the ethanolic ex-
tracts of henna had significant antibacterial activity against Staphlococ-
cus aureus [35]. Moreover, in a similar study conducted by Gonelimali et
al., it was reported that the highest level of inhibition was observed in
ethanolic extracts against Staphylococcus aureus (26 mm) among the test-
ed gram-positive bacteria. These findings demonstrate the vulnerability
of this microorganism [36]. Furthermore, data from comparable studies
have observed that Staphylococcus aureus exhibits greater vulnerability
compared to other multi-drug-resistant bacteria when exposed to the ap-
plied plant extracts and antibiotics [37]. Ali and colleagues stated that.
The rationale for this observation may be attributed to the diverse range
of antibacterial chemicals that have been identified in the ethanolic ex-
tract [38]. The plant extract cleared a zone with diameter ranging from
18 mm to 30 mm, thus indicating its usability as an antibacterial agent
against multidrug resistant organisms such as Staphylococcus aureus.
These findings demonstrate the efficacy of henna extract against Staphy-
lococcus aureus in a laboratory environment, and are consistent with the
results obtained in previous investigations [39]. The antibacterial action
of plants is primarily attributed to their secondary metabolites [40]. Phe-
nolic chemicals and tannins are the main components of these secondary
metabolites. Phytochemical investigations were conducted to identify
the metabolites present in various extracts of Lawsonia inermis. Table 1
shows that methanol, acetone, and aqueous extracts contained cardiogly-
cosides, terpenoids, carbohydrates, phenols, quinones and tannins. Like-
wise, according to Sharma et al. [41], the ethanolic extract of cinnamon
did not show efficacy against gram-negative bacteria, however ginger
shown the capability to inhibit the growth of these germs. Water soluble
components found in most plant materials typically consist of starches,

tannins, saponins, polypeptides, terpenoids, lectins, and other ions. On
the other hand, the alcoholic extract of these materials contains flavo-
nols, alkaloids, tannins, sterols, polyphenols, and so on [41].

3.7. Cytotoxic activity

The isolated compound Tetracosamethyl-cyclododecasiloxane ob-
tained from L. inermis, was tested for its anticancer activity in vitro
against the MCF-7 cell line using the MTT assay. The results indicated
that at a concentration of 10pg/ml, it achieved 99.71% of cell death. The
IC50 value, which represents the concentration required to inhibit 50%
of cell growth, was found to be 1.682 pg/ml. Based on the MTT assay re-
sults, it can be inferred that the extent of cell death was directly corre-
lated with the concentration (1.0, 5.0, and 10.0 pg/ml) of L. inermis. The
MCEF-7 breast cancer cell lines, which typically have a spherical shape,
were treated with L. inermis. This therapy, known for its anticancer prop-
erties, resulted in the inhibition of cell development and finally led to cell
death. The dead cells then aggregate together to form round structures.
The phytochemical screening of Abutilon indicum L. revealed the exis-
tence of compounds that have proved to possess cytotoxic activity. In a
previous study, Hussain et al. [42] It was also observed that the metha-
nolic leaf extract and purified substance of L. inermis showed significant
cytotoxic action at a concentration of 400 pg/ml.

Table 4. The cytotoxic effect of the purified S. ariculata leaf
component on cancer cell lines (MTT 72 h ICs,, pg/mL)

Tabnuua 4. InTOTOKCHMYECKOe BO3/eiiCTBYIe OUNMIIeHHOTO BelllecTBa U3
nmucThbeB S. ariculata Ha nuHUM pakoBbIX KIeTOK (MTT 72 u, UK5), MKT/MIT)

Samples % of viability 1C5p ng/mL
Purified compound 99.71%0.19 <20
Crude extract 54.64%0.14 20

4. Conclusion

The leaf extract of L. inermis contains bioactive chemicals that fea-
ture antioxidant, antibacterial, and anticancer properties. The extracts
obtained from wild plants include a significant amount of essential fatty
acids and numerous other bioactive chemicals, which have the potential
for both industrial applications and biological effects. The most prevalent
chemicals are phenol, tetracosamethyl-cyclododecasiloxane, and L. iner-
mis leaf extract. These molecules can be used to create new pharmaceuti-
cal products for a range of non-infectious conditions, including cancer,
hypertension, and diabetes. The identified chemicals should undergo ad-
ditional investigations to determine their potential in the prevention and
treatment of both infectious and non-infectious human disorders. In or-
der to comprehend the mechanisms by which the active ingredients work,
it is necessary to do thorough chemical analysis, as well as in vivo stud-
ies on the pharmacokinetics and pharmacodynamics of each component
separately. Further research is required to elucidate the enduring conse-
quences of combining pharmaceutical products with other medications.
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aflatoxin intervention,  This study examines the Aflatoxin Intervention Program being implemented by the Department of Agriculture Regional Field

health belief model, Office 10 in Bukidnon, Northern Mindanao, Philippines, through the lenses of the Health Belief Model (HBM) and Social

social cognitive theory, Cognitive Theory (SCT). Using a descriptive, correlational, survey design, the data from 34 corn farmers across six municipali-

agricultural practices,  ties were analyzed. The design analyzes their awareness of aflatoxin toxicity, adoption of mitigation protocols and access to

food safety media platforms. Findings show high awareness and adoption of aflatoxin mitigation protocols, but a significant part of the
participants remains unaware, thus indicating growth points for improvement. High awareness of the mitigation protocols
suggest that communication strategies have been effective and observational learning is critical in the awareness process.
High adoption rates among early and mainstream adopters of the mitigation protocols convey practical impact of the aware-
ness and educational programs of the department. Media platform access shows weak impact, highlighting the need for more
interactive educational strategies. Strong correlations between awareness and adoption rates validate HBM and SCT prin-
ciples, emphasizing perceived severity, benefits, and self-efficacy. Insights into effective communication strategies underline
the importance of targeted, community-based interventions that promote adoption of aflatoxin mitigation protocols. These
findings contribute to food safety and wider adoption of good agricultural practices in corn cultivation, providing a framework
for future studies and interventions to enhance aflatoxin management in Northern Mindanao.
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KITIOYEBBIE CJIOBA: AHHOTALIA
KOHMPO/b codepicanust. B 3ToM McciefoBaHMY paccMaTpuBaeTcs [IporpamMma KOHTPOJIST cofiepykanist adIaToKCHHA, IIPOBOAMMAST ITIABHBIM YIIPaB-

agpnamoxkcuHa, JIeHVeM permoHaabHOM CIyKObI 10 MMHUCTEPCTBA CETLCKOTO X03s1icTBa B ByKumHOHe, nMpoBuHLMs CeBepHbIii MuHIaHao,
Modenb eepol OuIMnnmHel, yepes npusMy Mofeny Bepsl B 300posbe (MB3) u Teopun coumanbHoro Haydyenus (TCH). Micrionb3syst meron
8 300posve, meopust OMMCcaHMsI, KOPPEISIIMOHHOTO aHaaM3a U ompoca 6bUM MpoaHaIM3UPOBaHbI JaHHbIE, TIONTyYeHHbIe OT 34 (epMepoB, BbIpa-

COYUANBHO20 HAYHEHUS!, MMBAIONIUX KyKYypy3y, B IIECTM MyHUIUIAINTETaX. [/TaH CTATUCTUIECKOTO 06C/IeOBaHMUSI aHAM3UPYET UX OCBEJOMIIEH-

CeNbCKOX03ALCMBEHHbIe HOCTh O TOKCUUHOCTY adIaTOKCUHA, IIPUHSATHE MTPOTOKOJIOB CMSITUEHMsT BO3HeicTBus admaTokCMHa, U HaIudKMe HOCTyIia

memodsl, 6e3onacHocms K MeauariaTGpopmam. PesysbTaTsl II0Ka3bIBAIOT BHICOKYIO OCBEIOM/IEHHOCTD M IIPUHSITIE IIPOTOKOJIOB CMATYEHMS BO3IEIiCT-

npodykmos numanust  Bus adIaTOKCMHA, HO 3HAUMTE/IbHAS YaCTh ONPOIIEHHBIX OCTATCs HEOCBEJOM/IEHHO, YTO YKa3bIBaeT Ha 06/1acTy paboT Haf,
yIy4LIeHMEeM CUTYaLMM. BhICOKast 0CBEIOMIEHHOCTD O IMTPOTOKOJIAX CMSITYEHMsT BO3IEiCTBMSI adIaTOKCMHA CBUIETEbCTBYET
0 TOM, UTO CTpaTernu KOMMYHMKAI[MI OKa3anuch appekTMBHBIMI, a 0OyUeHMe yepe3 HaGMOeHe MMeeT peliapliee 3Ha-
yeHye B IIPOollecce Co3MaHus OCBeIOMIEHHOCTH. BbICOKMe ToKasaTe I MPUHSTHSI TPOTOKOJIA CPeV TeX JIMI, KTO OFHUMU U3
MePBbIX TPUMKHYJT K COBJTIOIEHNIO TAKOBOTO ITPOTOKOJIA, V1 JIII, KOTOPBIE TI033Ke COCTaBM/IM OCHOBHYIO MacCy MOCIenoBaTenei
MPOTOKOJIOB CMSITUEHMS BO3/IEiCTBYS adIaTOKCHHA, TIepeIaloT Aajiee MpakTuueckuit 3G QeKT mporpamMmm MOBbIIIEHNS OCBe-
IIOMJIEHHOCTM 1 06pa30BaTeIbHbIX TPOrpaMM MUHMCTEPCTBA. JIOCTYII K MeamaruiaTopMam oKasbiBaeT ciaboe BO3/IeiiCTBIeE,
MOAUEPKMBasi HEOOXOAMMOCTh B TIPMMEHEHNY Golee MHTEPAKTUBHBIX 00Pa30BaTEMbHBIX CTpaTeruii. [IpouHast KOPPesis
MEXKIY OCBEIOMJIEHHOCTBIO ¥ YPOBHEM IMPMHATHS MIPOTOKOJIA MOATBEePsKAAI0T IpuHimbel MB3 u TCH, moguepkuBasi cepb-
€3HOCTh BOCIIPUSITHSI, TIOJTy4aeMble TIPEMMYIIECTBA ¥ YBEPEHHOCTh B COGCTBEHHBIX cuyiax. [ToHnManue 3G eKTUBHBIX CTpa-
Ternit KOMMYHUKAIMU TIOAUEPKUBAET BaXKHOCTh TPUMEHEHMs 1IeJIeBbIX KOPPEeKTUPYIOIIMX ITPOrpaMM Ha ypOBHe O6IIecTBa,
YTO CITOCOGCTBYIOT MIPMHSITHIO TPOTOKOJIOB ITO0 CMSITYEHMIO BO3EICTBYSI adiaTOKCUHA. DTI Pe3yIbTaThl CIIOCOOCTBYIOT 06ec-
IIeYeHUI0 6e30HaCHOCTI/I MPOAYKTOB NMUTAHUSA, 6011ee IIMPOKOMY NMPUHATUIO HaQJIEXKAIIUX CeJIbCKOXO03S/ICTBEHHBIX TIPAKTUK
B OTHOIIEHMM BO3IEIbIBAHMS KYKYPY3bl, 06€CIIeunBasi OCHOBY [Jisl GYIYLIMX MCCIeNOBAHMIA ¥ KOPPEKTUPYIOIIMX TIPOrPaMM,
HaIpaB/IIeHHbIX HA KOHTPOJIb comepskanst ahnatokcuaa B CeBepHoM MuHIaHao.

1. Introduction ceptible to it [1,2,3]. Aflatoxin contamination in food and crops has been

The increasing concern over food safety and security has brought to  a global problem compromising food safety and agricultural econom-
the forefront the necessity for effective management of aflatoxin con- ics [2,4,5,6]. In Northern Mindanao, Philippines, the Aflatoxin Interven-
tamination, particularly in regions where staple crops are highly sus- tion Program initiated by the Department of Agriculture Regional Field

FOR CITATION: Cataluia, R. E. G. A., Base, R. L. (2025). Theoretical and con-  IJII HUTUPOBAHUWY: KaranyHa, P. E. I. A., Ba3se, P. . (2025). Teopetuye-

ceptual analysis: Aflatoxin intervention of Mindanao, Philippines. Food Systems,  cKuii ¥ KOHLIENTyalbHbI/l aHAIN3: KOHTPOJIb cofepskanms admaTokcuHa Ha Tep-

8(1), 81-92. https://doi.org/10.21323/2618-9771-2025-8-1-81-92 putopun MuHpanao, Oununnuusel. [uujessie cucmemst, 8(1), 81-92. https://doi.
org/10.21323/2618-9771-2025-8-1-81-92
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Office 10 aims to address this critical issue [7,8]. This study focuses on
providing theoretical insights and a conceptual analysis of the program,
guided by the Health Belief Model [9,10,11,12,13]. The general purpose
is to understand the dynamics of awareness, mitigation, and adoption
among the corn farmers in Bukidnon within the context of aflatoxin con-
tent control.

The first objective of this study, therefore, is to explore farmers'
awareness of aflatoxin toxicity. Awareness is a foundational element for
understanding the severity and susceptibility of crops to aflatoxin con-
tamination. Without adequate awareness, farmers may not fully grasp
the risks associated with aflatoxin, resulting to the insufficient preven-
tive measures [14,15,16,17]. This study aims to fill the gap in knowledge
by assessing the current level of awareness among the corn farmers in
Bukidnon and identifying the factors that contribute to or hinder their
understanding of aflatoxin toxicity [18]. By grounding this exploration on
the Health Belief Model, the study aims to provide a nuanced understand-
ing of how perceived risks influence the farmers' awareness and guide
their subsequent actions.

The second objective delves into the awareness and adoption of
mitigation protocols. Effective mitigation strategies are essential to re-
duce aflatoxin levels in the crops and ensure food safety [14]. However,
awareness of these protocols does not automatically converse into their
adoption. This study seeks to understand the extent to which farmers are
aware of the recommended mitigation protocols and the factors influenc-
ing their adoption. By utilizing Social Cognitive Theory [13], the study
will analyze how observational learning, self-efficacy, and social norms
influence the farmers' decisions to adopt these practices. This objective
addresses the gap in knowledge regarding the transition from awareness
to action in the context of aflatoxin control [19].

The third objective focuses on the sources of information through
which the farmers learn about aflatoxin mitigation protocols. In the
digital age, various media platforms play a crucial role in distributing in-
formation [20]. This study examines the effectiveness of various media
channels used by the Department of Agriculture to raise awareness about
aflatoxin. It seeks to find out which media platforms are most effective in
reaching the farmers and influencing their knowledge and behaviors. By
evaluating the impact of traditional media, social media, and direct train-
ing programs, this study aims to provide insights into the most efficient
communication strategies for future interventions.

Addressing these objectives will fill significant gaps in the existing
literature on aflatoxin management. The findings will provide insightful
understanding of the current state of awareness and adoption of mitiga-
tion protocols among corn farmers in Bukidnon. Additionally, the study
will offer practical recommendations for enhancing communication
strategies to improve the distribution of crucial information. By integrat-
ing theoretical frameworks with empirical data, the study aims to con-
tribute to the broader discourse on food safety and agricultural practices.

Moreover, the theoretical basics of this study, specifically the Health
Belief Model and Social Cognitive Theory, provide a robust framework for
analyzing the dynamics of aflatoxin management. Health Belief Model
focuses on the cognitive factors that influence health-related behaviors,
such as perceived susceptibility and severity of aflatoxin contamination.
Social Cognition Theory, on the other hand, emphasizes the role of social
influences and self-efficacy in adopting new practices [9,13]. Together,
these theories offer a comprehensive approach through which it is pos-
sible to review the complexities of awareness and adoption of aflatoxin
mitigation strategies.

In Bukidnon, the leading corn producing region in Northern Mind-
anao, the implications caused by aflatoxin contamination are signifi-
cant [21,22]. High aflatoxin levels can lead to severe health issues, in-
cluding liver cancer and stunted growth in children [6,23]. Therefore,
understanding and addressing the gaps in knowledge and practices relat-
ed to aflatoxin management is crucial for the well-being of the commu-
nity. This study's focus on theoretical insights and practical assessments
are aimed to provide a holistic understanding of the Aflatoxin Interven-
tion Program's effectiveness.

Although the sample size and task-oriented sampling method used
in this study are limitations that need to be acknowledged, however, by
framing the research within reliable theoretical frameworks, the study
aims to provide valuable conceptual insights that can inform about future
interventions and studies. The goal is not to generalize the findings in
common, but to offer a detailed analysis that can guide targeted improve-
ments in the Aflatoxin Intervention Program.

By focusing on awareness, mitigation, and adoption, this study ad-
dresses critical areas that are essential for the success of any intervention
program implementation. Awareness of the dangers of aflatoxin is the
first step toward effective management. Understanding the factors that

influence the adoption of mitigation protocols ensures that farmers are
not only informed, but are also motivated to take actions [24]. Evaluating
the sources of information helps identify the most effective communi-
cation strategies, ensuring that vital information reaches the intended
audience [25].

From this perspective, this study aims to provide a thorough theo-
retical and practical analysis of the Aflatoxin Intervention Program in
Northern Mindanao. By leveraging the Health Belief Model and Social
Cognitive Theory, the study offers a nuanced understanding of the factors
influencing awareness, mitigation, and adoption among the corn farmers.
The findings will fill significant gaps in the existing literature and provide
practical recommendations for enhancing the program's effectiveness.
This insightful approach will contribute to the more comprehensive goal
of improving food safety and agricultural practices in the region.

2. Objects and methods

In light of the above discussions and theoretical basics, the study is
focused on three primary objectives. Firstly, it seeks to understand how
awareness, mitigation, and adoption behaviors among the corn farmers
align with the principles of the Health Belief Model (HBM) and Social
Cognitive Theory (SCT) within the context of the Aflatoxin Interven-
tion Program. Secondly, it aims to analyze the farmers’ responses to the
intervention program through these theoretical frameworks to identify
emerging patterns and insights. Lastly, the study endeavors to provide
a conceptual framework that can guide future interventions and stud-
ies, ensuring more comprehensive approach to managing aflatoxin con-
tamination. These objectives collectively aim to fill the significant gaps
in current knowledge and practice, offering both theoretical and practical
contributions to the field of aflatoxin management.

2.1. Hypotheses of the study

Building on these objectives, the study will delve deeper into the the-
oretical foundations and practical outcomes of the Aflatoxin Interven-
tion Program. To test empirically our understanding, three hypotheses
have been formulated. These hypotheses align with the principles of the
Health Belief Model (HBM) and Social Cognitive Theory (SCT), focusing
on how awareness influences understanding, how mitigation protocol
awareness is converted into actionable solutions, and how the adoption
of these protocols impacts aflatoxin contamination. Each hypothesis will
be subjected to thorough statistical analysis to validate the conceptual
framework and provide insights into the effectiveness of the intervention
strategies. These hypotheses are as follows:

Hypothesis 1. Awareness of aflatoxin toxicity, guided by the Health
Belief Model (HBM), will lead to a deeper understanding of the risks
among corn farmers in Bukidnon.

Hypothesis 2. Mitigation protocol awareness and its alignment with
Social Cognitive Theory (SCT) principles will provide the corn farmers
with actionable solutions against aflatoxin contamination.

Hypothesis 3. Adoption of mitigation protocols, informed by both
HBM and SCT, will effectively reduce aflatoxin contamination, showcas-
ing the practical application of these theoretical frameworks.

2.2. Study area

The study was conducted in the province of Bukidnon, Northern Min-
danao, Philippines. Bukidnon is a significant corn-producing region, with
corn being its major agricultural product. The study specifically focused
on six municipalities within Bukidnon: Damulog, Dangcagan, Kadingilan,
Kitaotao, Kibawe, and Cabanglasan. These municipalities have been se-
lected based on aflatoxin data from 2016 to 2021.

2.3. Participants
The study involved a diverse group of participants, including:

1) Key information officers in the Department of Agriculture — Regional
Field Office 10 (DA-RFO 10), particularly corn operation personnel,
the members of the regional GAP team, information personnel, and
laboratory personnel who served from 2016 to 2021 and those who are
currently serving as well.

2) Agricultural technicians and agriculture extension workers from local
government units.

3) Corn farmers from the selected municipalities.

2.4. Criteria for corn farmer’s selection

1) Membership in an association, cooperative, or people’s organization
within the municipality/city.

2) Experience in farming corn for at least one cropping season from 2016
to 2021.

3) Beneficiary of any program from the Department of Agriculture RFO
10 from 2016 to 2021.
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2.5. Research design

The research concept involved descriptive, correlational, and survey
research methods to provide a well-rounded examination of the Aflatoxin
Intervention Program. The descriptive component captured the current
state of awareness, mitigation practices, and adoption behaviors among
the corn farmers in Bukidnon. Data were collected to depict the exist-
ing conditions and identify key characteristics of the target population.
The correlational aspect explored the corcorrelation between the farm-
ers' awareness of aflatoxin toxicity, their understanding and adoption of
mitigation protocols, and the sources of information they used. Statistical
techniques such as correlation analysis and regression were used to de-
fine the profoundness and direction of these corcorrelation.

Structured questionnaire was used to collect primary data directly
from the corn farmers. These surveys gathered information on the farm-
ers' levels of awareness, their adoption of mitigation protocols, and their
use of various information sources. This method ensures the systematic
collection of data, capturing the perspectives of actions and experiences
of the target population.

2.6. Sampling method

Task-oriented non-random sampling was used to select the munici-
palities and the participants based on specific criteria. Each of the six mu-
nicipalities provided in average five representatives for data collection.
Data were gathered through the structured questionnaires, interviews,
and focus group discussions. Key information officers and agricultural
technicians provided insights into the implementation and impact of the
intervention program. Corn farmers responded to the surveys regarding
their awareness, mitigation practices, and adoption patterns of behaviors.

2.7. Data analysis

Descriptive statistics summarized the parameters of awareness lev-
els, mitigation practices, and adoption patterns of behaviors. Correlation
analysis determined the correlations between the awareness, under-
standing, and measures adoption. Regression analysis examined whether
awareness of mitigation protocols might forecast the identification of
actionable solutions.

Overall, this research design aims to provide a theoretically ground-
ed and empirically grounded examination of the Aflatoxin Intervention
Program's to the corn farmers in Bukidnon, Northern Mindanao. By in-
tegrating descriptive, correlational, and survey methods, the study offers
valuable insights into the program's effectiveness and inform on future
interventions and studies.

3. Results

The data presented in Tables 1, 2, 3, and 4, shows emerging patterns
and insights that can substantiate the understanding of the Aflatoxin
Intervention Program of the Department of Agriculture Regional Field
Office 10.

3.1. Awareness of aflatoxin danger

Table 1. Percentage distribution of the farmer’s awareness of the
danger of aflatoxin
Ta6m/lua 1. HPOHEHTHOQ paciipenesneHue CTerneH OCBeJOMICHHOCTU
depmepoB 06 onacHocTu adIaToOKCMHA

Descriptive scores Awareness danger %
2.35 3.00 Very aware 21.44
1.68 2.34 Aware 51.88
1.00 1.67 Unaware 26.68
Total (n = 34) 100

The data shows that 51.88% of farmers are “Aware” and 21.44% are
“Very Aware” of the dangers of aflatoxin. However, 26.68% remain “Un-
aware”. This shares distribution suggests that while awareness efforts
have been moderately successful, a significant group of farmers still lack
crucial knowledge.

This finding aligns with the first objective of understanding how
awareness behaviors align with Health Belief Model (HBM) and Social
Cognitive Theory principles (SCT). The high levels of awareness among
the majority of involved population indicate successful distribution of
information about aflatoxin risks, highlighting the perceived severity and
susceptibility emphasized by HBM.

Theoretical Insights: According to Health Belief Model (HBM), the
individuals are more likely to engage in health-promoting behaviors if
they perceive a high risk (severity and susceptibility) and believe in the
benefits of taking preventive actions. The Social Cognitive Theory (SCT)
complements this by suggesting that observational learning and self-

efficacy can enhance awareness levels. Farmers who are “Very Aware” are
more likely to benefit from these combined influences.

3.2. Awareness of aflatoxin protocol

Table 2. Percentage distribution of farmer’s awareness of aflatoxin
protocol

Ta6auuna 2. [IpoieHTHOe pacipene/ieHye CTeneHn
0CBeIOM/IEHHOCTY (hepMePOB O MPOTOKOIE KOHTPOJIS

admaTorkcuua
Descriptive scores Awareness of protocol %
2.35 10 Very aware 28.02
1.68 18 Aware 52.45
1.00 7 Unaware 19.54
Total (n = 34) 100

The data indicates that 52.45% of farmers are "Aware” and 28.02%
are “Very Aware” of the aflatoxin protocols. Only 19.54% are “Unaware”.
These numbers reflect a high level of awareness, suggesting effective
communication of mitigation strategies.

This aligns with the second objective of analyzing the farmers’ re-
sponses to the intervention program, especially how awareness of pro-
tocols equips the farmers with actionable solutions. The high awareness
levels indicate that the farmers are well-informed about the available
mitigation strategies.

From a Social Cognitive Theory perspective, this high awareness sug-
gests that social influences and observational learning play significant
roles. The farmers likely learn from their peers and agricultural experts
who model these protocols. Health Belief Model further supports this by
highlighting that perceived benefits of mitigation protocols drive aware-
ness and potential adoption of the corrective measures.

3.3. Adoption of mitigation protocols

Table 3. Percentage distributions of the farmers’ rate of adoption of
aflatoxin mitigation protocol

Ta6muua 3. [IpoeHTHOE pacnpeneneHye yucia ¢pepmepos M0 YPOBHIO
NPUHATHUS IIPOTOKOJIA IO CHYDKEHUIO Bo3AeiicTBUs aduiaToKCMHA

Descrpivescores g Ratecladopton. |
2.35 3.00 Early adopters 30.59
1.68 2.34 Mainstream adopters 51.00
1.00 1.67 Late adopters 18.41
Total (n = 34) 100

Table 3 shows that 30.59% of the farmers are early adopters, 51% are
mainstream adopters, and 18.41% are late adopters of the aflatoxin miti-
gation protocols. This indicates a strong overall adoption rate, while most
farmers incorporate these practices into their routine activities.

Furthermore, this data supports the third objective, which is to evalu-
ate the adoption of mitigation protocols. The significant presence of early
and mainstream adopters indicates that the awareness efforts have been
converted into practical action, so crucial for the program's success.

On the other hand, Health Belief Model (HBM) suggests that individu-
als are more likely to adopt health behaviors if they perceive high ben-
efits and low entry barriers. The high adoption rates suggest that farmers
perceive the benefits of following mitigation protocols. Social Cognitive
Theory emphasis on self-efficacy, and observational learning also ex-
plains why substantial portions of farmers have adopted these practices.
The farmers, observing peers’ successful adoption, build up confidence
and encourage widespread uptake of those solutions.

3.4. Access to media platforms for aflatoxin awareness

The farmers' access to different media platforms for aflatoxin aware-
ness varies. Training and seminars have the highest engagement at 20%,
followed by brochures (14.5%) and video streaming sites (13.1%). Access
to Department of Agriculture Regional Field Office 10 media platform 1
and their Website are notably lower.

This analysis addresses the first objective by evaluating the effective-
ness of different media platforms in raising awareness. It is clear that
interactive and accessible media such as training and seminars are more
effective in reaching the farmers’ attention.

According to Social Cognitive Theory, observational learning is piv-
otal. Training and seminars provide opportunities for the farmers to
observe and learn from the experts and the peers, improving their con-
fidence and self-efficacy. The Health Belief Model also suggests that
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perceived benefits from direct interaction and detailed learning methods
enhance engagement and awareness.

Table 4. Percentage distribution of the farmers that visited
department of agriculture’s media platform for aflatoxin awareness

Ta6nuua 4. IlponeHTHOE pacnpeneneHue yncia GpepMmepos, MOCETUBIIUX
menuamiarGopmy MUHMCTEPCTBA CEIBCKOTO XO3SIMCTBA JJIS IIOBbIIIEHNS
cBoeii ocBenoMmiIeHHOCTH 06 adraTokcuHe

Visited?
Department of Agriculture Regional Field Office 10 — Yes
media platform for farmers to be aware of aflatoxin o
%
DA media platform 1 9.7
DA Website 9.0
Brochures 14.5
Training and seminar 20.0
Radio 11.7
Television 10.3
Video streaming sites (media platform 2) 13.1
Others 11.7

3.5. Emerging patterns and insights

Based on the above findings, we observe several emerging patterns.
Firstly, there is high awareness but yet there is room for improvement.
While the majority of the farmers are aware or very aware of aflatoxin
dangers and protocols, there remains a significant group that is unaware,
indicating a need for continued and targeted efforts for awareness rais-
ing. Secondly, there is effective adoption of protocols. The high adoption
rates among early and mainstream adopters demonstrate the effective-
ness of the mitigation protocols, validating the theoretical insights from
Health Belief Model and Social Cognitive Theory about the importance of
perceived benefits and social learning. Thirdly, there is preference for In-
teractive Learning. The farmers show a strong preference for interactive
learning methods such as training and seminars, which are most effective
in rising awareness and promoting adoption. This insight suggests that
future interventions should continue to develop these interactive for-
mats. Fourthly, the role of media platforms. The varied engagement with
various media platforms highlights the need for a multi-faceted commu-
nication strategy that combines traditional and digital methods to maxi-
mize reach and impact.

In view of the above analyses and emerging patterns, it provides an
insightful understanding of the current state of awareness, mitigation
practices, and adoption behaviors among corn farmers in Bukidnon. By
integrating Health Belief Model and Social Cognitive Theory, the study
offers theoretical insights that underline the importance of perceived
risks, benefits, and social influences in driving awareness and adoption.

Table 5. Results of the simple linear regression analysis between
corn farmers’ access to media platforms and awareness of aflatoxin
protocols
Ta6m/lua 5. Pe3yﬂbTaTbI IIPpOCTOro JIMHETHOTO perpecCMoOHHOro
aHa/IN3a MeXAy JOCTYIIoM ¢epMepoB, BBIPAIIMBAIOMIVIX KYKYPY3Y,

K Meﬂ]/lﬂl'[f[aTd)OpMﬂM, ¥ OCBE€JOMJIEHHOCTBIO O IIPOTOKO/IaX KOHTPOJISA

admaTorcuHa

Regression statistics
Multiple R 0.257
R square 0.066
Adjusted R square 0.037
Standard error 0.568
Observations 34
ANOVA

df ss  Ms Signifi-
Regression 1 0.730 0.730  2.261 0.143
Residual 32 10.334  0.323
Total 33 11.064
Gl Standard (stat pvatue Lg3er Upper

Intercept 1.567 0.353 4436 0.0001 0.847  2.286
Access to media
platforms 0.304 0.202 1.504 0.142 -0.108 0.715
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Furthermore, the findings align with the study’s objectives, demonstrat-
ing the program’s strengths and identifying areas for improvement. This
well-rounded examination not only evaluates the Aflatoxin Intervention
Program but also contributes to the broader discourse on effective agri-
cultural practices and food safety management.

3.6. Correlation between corn farmers’ access to media platforms
and awareness of aflatoxin protocols

Analysis: The data suggests a weak positive correlation between ac-
cess to media platforms and awareness of aflatoxin protocols, but the cor-
relation is not statistically significant. This indicates that merely access-
ing media platforms may not significantly enhance awareness of aflatoxin
mitigation protocols among the farmers (Table 5).

This finding aligns with the first objective of understanding how
awareness patterns of behaviors align with theoretical principles. It sug-
gests that while media access is beneficial, other factors, possibly more
interactive or targeted forms of information distribution, are necessary
to significantly increase awareness.

Health Belief Model implies that perceived benefits and self-efficacy
might drive awareness more than general media access. Social Cognitive
Theory reinforces that observational learning and direct interaction play
crucial roles. This finding suggests the need for more involving and direct
educational methods.

3.7. Correlation between corn farmers’ awareness of aflatoxin protocols
and adoption of protocols

There is a very strong positive correlation between awareness of af-
latoxin protocols and their adoption, and this correlation is statistically
significant. The farmers who are more aware of protocols are significantly
more likely to adopt them (Table 6).

This directly supports the second objective of analyzing farmer re-
sponses and the third objective of providing a conceptual framework. The
strong correlation validates the importance of awareness in adoption of
aflatoxin mitigation practices among the farmers.

Health Belief Model emphasis on perceived benefits and Social Cogni-
tive Theory’s focus on self-efficacy are evident here. Awareness clearly
converts to higher adoption rates, reinforcing the importance of targeted
awareness campaigns and educational interventions.

3.8. Correlation between corn farmers’ access to media platforms and
awareness of aflatoxin dangers

There is a weak positive correlation between access to media plat-
forms and awareness of aflatoxin dangers, but it is not statistically sig-
nificant (Table 7). This suggests that general media access alone does not
significantly enhance awareness of the dangers posed by aflatoxin.

This aligns with the first objective and suggests that while media access
is necessary, it is not sufficient to significantly impact awareness levels.
More direct and engaging forms of information distribution are needed.

Table 6. Results of the simple linear regression analysis between
corn farmers’ awareness of aflatoxin protocols and adoption
of protocols
Taﬁnmua 6. Pe3YJIIxTaTbI IIpoCTOro JINHETHOTO perpecCMoOHHOIoO aHajansa
MeJKIY OCBeIOM/IEHHOCThIO (hepMepoB, BHIPAIIMBAIOIINX KYKYPY3Y,
O IMIPOTOKOJIaX KOHTPOJISA adma'roxcm—la, U IPUHATUEM TaKOBBIX IIPOTOKOJIOB

Regression statistics

Multiple R 0.955
R square 0.913
Adjusted R square 0.910
Standard error 0.183
Observations 34
ANOVA
o ss  MS po Signifi

Regression 1 11.207 11.207 335.663 1.584E-18
Residual 32 1.068 0.033
Total 33 12.275

Cooff-Standard siac palue 1gyer UpLer
Intercept 0.029 0.118 0.242 0.81 -0.212  0.269
Awareness of.aﬂa—
toxin mitigation
protocols 1.006  0.055 18.321 1.584E-18 0.895 1.118
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Table 7. Results of the simple linear regression analysis between
corn farmers’ access to media platforms and awareness of aflatoxin
dangers
Ta6nwua 7. PeSyﬂbTaTbl IIPpOCTOro JINHEITHOTO perpecCMoHHOIO aHalmsa Mexny
nocTyrnom hepmepoB, BhIpAlIMBAKOIINX KYKYPY3Y, K Meauaruiathopmam, 1 ux
OCBeJOMJIEHHOCTbIO 00 OTaCHOCTSIX EICI)J'IEITOKCVIH&

Regression statistics

Multiple R 0.252
R square 0.063
Adjusted R square 0.034
Standard error 0.541
Observations 34
ANOVA
df ss Ms Fo Signifl

Regression 1 0.632 0.632 2.162 0.151
Residual 32 9.356 0.292
Total 33 9.988

Colf Sandard {sac pratue Lgser Upper
Intercept 1469  0.336  4.374 0.0001 0.785  2.154
Access to media
platforms 0.283 0.192 1.470 0.151 -0.108 0.674

Health Belief Model highlights that perceived susceptibility and se-
verity are critical for awareness. Social Cognitive Theory suggests that
observational learning and social modeling are the key factor. These find-
ings indicate that passive media access is less effective than interactive,
direct learning experiences.

3.9. Correlation between corn farmers’ access to media platforms and
adoption of aflatoxin protocols

There is a weak positive correlation between access to media plat-
forms and adoption of aflatoxin protocols, but the correlation is not sta-
tistically significant (Table 8). This suggests that media access alone does
not significantly facilitate the adoption of mitigation protocols.

This finding aligns with the second and third objectives, highlighting
that while media platforms play a role, other factors such as direct train-
ing and seminars are more critical in promoting adoption of the protocol
among the farmers.

Health Belief Model emphasizes perceived benefits, and Social Cog-
nitive Theory stresses the importance of self-efficacy and observational
learning. This suggests that farmers need more interactive and confi-
dence-building experiences to adopt new practices effectively.

Table 8. Results of the simple linear regression analysis between
corn farmers’ access to media platforms and adoption of aflatoxin
protocols
Ta6nuia 8. Pe3ynbTaThl IIPOCTOTO JIMHEITHOTO PErPecCMOHHOTO aHAIN3a MEXIY
IocTyrnom hepMepoB, BHIPALIMBAIOIINX KYKYPy3y, K MeauamiardopMmam, 1 ux
IIPUHATHEM IIPOTOKOJ/IOB KOHTPOJISL adJHaTOKCI/IHa

Regression statistics

Multiple R 0.257
R square 0.066
Adjusted R square 0.037
Standard error 0.599
Observations 34
ANOVA
df ss  Ms Signifi.

Regression 1 0.809 0.808 2.257 0.143
Residual 32 11.466  0.358
Total 33 12.275

Coff- Sandard star pvatue gner Upper
Intercept 1.582 0.372 4.252  0.0001 0.824  2.339
Access to media
platforms 0.319 0.213 1.502 0.142 -0.114  0.753

3.10. Correlation between corn farmers’ awareness of aflatoxin dangers
and adoption of aflatoxin mitigation protocols

Table 9. Correlation between corn farmers’ awareness of aflatoxin
dangers and adoption of aflatoxin mitigation protocols

Ta6nmua 9. Koppensuysi MeXay ocBeJOM/IEHHOCThIO (hepMepoB,
BBIPAIIMBAIOIINX KYKYPY3Y, 06 OracHOCTY adIaTOKCMHA, ¥ X IPUHATAEM
IPOTOKOJIOB KOHTPOJIA adiaTokcuHa

Regression statistics

Multiple R 0.829
R square 0.687
Adjusted R square  0.677
Standard error 0.346
Observations 34

ANOVA

df sS M Fo Signifl
Regression 1 8.427 8.427 70.084 1.449E-09
Residual 32 3.848 0.12
Total 33 12.275
Colf- Sandard stat pratue gner Upper

Intercept 0.333 0.222 1.503 0.143 -0.118 0.784
Awareness of
Aflatoxin danger 0.919 0.109 8.372 1.449E-09 0.695 1.142

There is a strong positive correlation between awareness of aflatoxin
dangers and the adoption of mitigation protocols, and this correlation
is statistically significant (Table 9). Higher awareness levels significantly
predict higher adoption rates.

This strongly supports the second and third objectives. It highlights
that increasing awareness of aflatoxin dangers is crucial for enhancing
the adoption of aflatoxin mitigation protocols.

Health Belief Model constructs of perceived severity and benefits are
validated here, showing that higher awareness translates into practical
actions. While the Social Cognitive Theory emphasis on observational
learning and self-efficacy also aligns with these findings, suggesting that
the farmers’ confidence and observational experiences facilitate their
adoption behaviors.

3.11. Synthesis and emerging patterns

The analyses of Tables 5 through 9 reveal several critical patterns.
First, there is weak impact of media access alone. General access to media
platforms shows weak and non-significant correlations between aware-
ness and adoption, highlighting the need for more direct, engaging forms
of education and training. Second, the critical role of awareness: Tables
6 and 9 show strong, significant correlations between awareness (both
of protocols and dangers) and adoption, underlining the importance of
targeted awareness campaigns. Third, it is crucial to have effective en-
gagement methods. Training and seminars, which offer interactive and
observational learning opportunities, prove to be the most effective
methods for raising awareness and promoting the adoption of mitiga-
tion protocols. Fourth, the validation of theoretical frameworks. The find-
ings consistently validate the Health Belief Model and Social Cognitive
Theory frameworks, emphasizing the importance of perceived severity,
benefits, self-efficacy, and observational learning in driving awareness
and adoption.

Given the empirical data from these tables, it supports the study’s hy-
potheses and objectives. They underline the necessity of targeted, inter-
active educational strategies to enhance awareness and adoption of afla-
toxin mitigation protocols. By grounding these findings in Health Belief
Model and Social Cognitive Theory, the study provides a comprehensive
theoretical framework that forms future interventions and contributes to
the broader discourse on agricultural practices and food safety. The in-
sights concluded from this analysis offer practical recommendations for
enhancing the Aflatoxin Intervention Program and ensuring its effective-
ness among corn farmers in Bukidnon, Northern Mindanao.

4. Discussion

The analysis of Tables 1 to 9 has unveiled several critical patterns and
insights, each shedding light on different aspects of the Aflatoxin Inter-
vention Program implemented by the Department of Agriculture Region-
al Field Office 10. These patterns not only provide empirical validation
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of our hypotheses but also offer a comprehensive understanding of the
program's effectiveness and finding the areas for their improvement.

4.1. Pattern of awareness

One of the most striking patterns emerging from the analysis is the
high level of awareness among corn farmers regarding both the dangers
of aflatoxin and the mitigation protocols. Tables 1 and 2 collectively dem-
onstrate that a significant majority of the farmers are either “Aware” or
“Very Aware” of these critical aspects, with 73.32% aware of aflatoxin
dangers and 80.47% aware of mitigation protocols. This suggests that the
awareness campaigns and educational efforts by the Department of Ag-
riculture Regional Field Office 10 have been relatively successful in dis-
tributing vital information about aflatoxin. However, the persistence of
unawareness among 26.68% (dangers) and 19.54% (protocols) of farmers
indicates gaps that require further attention.

This finding aligns with a study by Bacani [18] in Nueva Vizcaya, Phil-
ippines, which reported a high level of awareness among corn farmers
trained in Good Agricultural Practices (GAP) for aflatoxin prevention. Yet,
Bacani warned that such awareness might be limited to trained farmers,
this nuance echoed in our results where untrained farmers could be ac-
counted for the “Unaware” group. Conversely, broader studies, such as
those by Rustia et al. [26] and Balendres et al. [27], advocate for intensi-
fied awareness campaigns, suggesting that awareness remains inconsis-
tent across regions and demographics. On a global scale, recent research
by Gichohi-Wainaina et al. [28] in Malawi and Udomkun et al. [29] in Con-
go reveals persistent unawareness linked to higher aflatoxin contamina-
tion, thus substantiating the need for sustained sensitization, training,
and monitoring systems.

The high awareness levels support the research hypothesis that ef-
fective educational interventions enhance the farmers' understanding of
aflatoxin risks and mitigation strategies, as posited by the Health Belief
Model (HBM) and Social Cognitive Theory (SCT). The 73.32% awareness
of dangers aligns with HBM’s emphasis on perceived severity and sus-
ceptibility, suggesting that farmers recognize aflatoxin as a significant
threat. Similarly, the 80.47% awareness of protocols reflects SCT’s focus
on observational learning and self-efficacy, indicating that farmers are
absorbing actionable knowledge from peers and experts. However, the
“Unaware” minority challenges the universality of hypothesis, hinting
at existence of barriers such as obstacles to access to training or socio-
economic factors that future studies should explore.

Our results partially align with Bacani [18], who found 85% aware-
ness among trained Filipino farmers, a higher figure than our 73.32%
for dangers and 80.47% for protocols, possibly due to their focus on a
trained groups. In contrast, Gichohi-Wainaina et al. [28] reported only
45% awareness in Malawi, attributing lower levels to limited extension
services — suggesting that the higher figures in Bukidnon reflect stron-
ger regional efforts on raising awareness. Udomkun et al. [29] found a
85% awareness rate of Aflatoxin in Congo but majority were not aware of
its risks to human health, linking unawareness to cultural practices and
inadequate access to information, a disparity that underscores the effec-
tiveness of our localized campaigns. Meanwhile, a 2022 study by Gachara
et al. [30] in Kenya reported 61% awareness, but highlighted poor post-
harvest protocol adoption, a potential concern for our farmers that merits
further investigation.

These findings give ground to conclusions about the corn-farming
communities in regions with active agricultural extension services, sug-
gesting that structured education can elevate awareness. However, the
19.54% — 26.68% unawareness rate indicates that universal awareness
is not yet achieved, possibly due to variations in training access, insuf-
ficient literacy, or resources availability. This pattern may extend to other
aflatoxin-affected crops like peanuts or rice, where similar educational
frameworks could yield comparable outcomes.

Practically, these results advocate for intensifying the existing aware-
ness campaigns with targeted interventions for the “Unaware” group.
Customized workshops, mobile-based education apps, and peer-led dem-
onstrations could fill knowledge gaps, leveraging SCT’s observational
learning principles. Agricultural agencies could also integrate awareness
metrics into monitoring systems to track progress and identify risk-ex-
posed subgroups, thus enhancing policy effectiveness.

Future research should investigate why 19.54% — 26.68% of the farm-
ers remain unaware, exploring factors like geographic isolation, education
levels, or cultural beliefs. Comparative studies across regions could clarify
the role of extension services versus community networks in awareness
distribution. Additionally, longitudinal studies assessing whether high
awareness translates to protocol adoption — echoing Gachara et al. [30] —
would strengthen the link between knowledge and behavior, refining
HBM and SCT applications in agricultural products health.

4.2. Mitigation protocol awareness

The data from Table 2 reveals that 80.47% of farmers are either
“Aware” (52.45%) or “Very Aware” (28.02%) of aflatoxin mitigation pro-
tocols, with only 19.54% remaining “Unaware”. This high awareness level
suggests that the applied communication strategies — like including data
extension services, workshops, and community outreach by the Depart-
ment of Agriculture Regional Field Office 10 — are effective in distribut-
ing actionable knowledge. This finding aligns with the principles of Social
Cognitive Theory (SCT), which emphasizes the role of social influences,
observational learning, and self-efficacy in shaping awareness and be-
havior. The substantial awareness rate underscores the importance of
peer learning and community-based education, where farmers are more
inclined to observe and adopt mitigation practices modeled by trained
peers or agricultural experts. Furthermore, the data supports the notion
that awareness of aflatoxin dangers (73.32% from Table 1) may correlate
with awareness of mitigation protocols, as the farmers who perceive the
risk are more inclined to seek preventive solutions.

The 80.47% awareness of mitigation protocols supports the research
hypothesis that effective educational interventions enhance farmers’ un-
derstanding of aflatoxin management strategies, a premise rooted in SCT.
The high awareness reflects successful knowledge transfer through so-
cial networks and observational learning, being the key SCT components.
This also suggests that farmers’ self-efficacy — the belief in their ability
to implement protocols — may be bolstered by accessible, community-
driven education. However, the 19.54% “Unaware” segment indicates
that the hypothesis does not fully work for all farmers, pointing to poten-
tial barriers such as limited access to training or impeded informational
channels which issue require further exploration.

This result aligns closely with findings from Bacani [18] in the Philip-
pines, where around 76% of trained corn farmers demonstrated aware-
ness of aflatoxin prevention protocols. The slight difference (76% vs.
82%) may reflect variations in sample size or training intensity, but both
studies highlight the efficacy of targeted education. Similarly, Udomkun
et al. [29] in Nigeria reported that 65% of farmers aware of aflatoxin dan-
gers also knew preventive measures, a lower figure than ours, possibly
due to less comprehensive data extension services. Meanwhile, Jallow et
al. [31] in the Gambia noted a relatively low (49%) awareness of the farm-
ers of aflatoxin, where only 58% knew mitigation strategies, thus proving
the link between risk awareness and protocol knowledge but the share
80.47% in Bukidnon exceeds their outcomes, likely due to more effective
community engagement.

These findings can be generalized to smallholder farming communi-
ties in tropical regions where aflatoxin is a prevalent concern and exten-
sion services are active. The 80.47% awareness suggests that structured,
socially reinforced education can achieve broad reach, potentially appli-
cable to the farmers who grow other crops like peanuts or sorghum ex-
posed to similar contamination risks. However, the 19.54% unawareness
rate cautions against overgeneralization, as it may reflect context-specif-
ic challenges such as rural isolation or educational disparities.

Practically, these results advocate for scaling community-based edu-
cation models that leverage peer influence and observational learning,
as per SCT. Agricultural agencies could develop mobile training units
or digital platforms (e. g., SMS alerts or apps) to reach the 19.54% “Un-
aware” farmers, enhancing accessibility. Integrating protocol awareness
into existing farmer cooperatives could further amplify peer-to-peer dis-
tribution, while regular assessments could ensure sustained knowledge
memorizing and identify the areas needing improvement.

Future studies should investigate the 19.54% unawareness rate, ex-
ploring factors like geographic barriers, illiteracy levels, or trust in in-
formation sources. Research could also examine whether high protocol
awareness converts to actual adoption, a gap noted by Bacani [18], with
the help of longitudinal studies to track behavior change. Comparative
analyses across regions with varying intervention intensities could re-
fine SCT’s application in agricultural settings, while exploring the role of
digital tools in awareness campaigns offers a modern research pathway.

4.3. Adoption of mitigation practices

The data from Table 3 highlights a comprehensive adoption rate of
aflatoxin mitigation protocols among the farmers, with “Early Adopters”
(30.59%) and “Mainstream Adopters” (51.00%) collectively comprising
81.59% of respondents, while “Late Adopters” account for 18.41%. This
high adoption rate underlines the practical impact of awareness and edu-
cational programs implemented by the Department of Agriculture Re-
gional Field Office 10. It strongly supports Hypothesis 3, which assumes
that heightened awareness leads to the adoption of aflatoxin mitigation
practices. The Health Belief Model (HBM) provides a theoretical ap-
proach for this outcome, suggesting that the farmers perceive significant
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benefits — such as reduced crop contamination and improved health
outcomes — from adopting these practices, while perceiving low entry
barriers, such as cost or complexity of implementation, due to effective
education and support systems.

The 81.59% adoption rate validates Hypothesis 3, illustrating a clear
link between awareness (80.47% from Table 2) and behavioral change, as
predicted by HBM. The model’s structure of perceived benefits (e. g., safer
yields) and low entry perceived barriers (e. g., accessible training) appear
to drive this conversion from knowledge to action. The “Early Adopters”
(30.59%) likely represent the farmers with higher self-efficacy and risk
perception, quickly embracing the protocols, while “Mainstream Adopt-
ers” (51.00%) follow the pattern as social norms solidify — thus align-
ing with distribution of innovation theory alongside HBM. However, the
18.41% “Late Adopters” suggest that adoption is not universal, potential-
ly due to impediments barriers or insufficient motivation, that requires
further investigation.

This adoption rate aligns with findings from Bacani [18] in the Philip-
pines, where 76% of aware corn farmers adopted Good Agricultural Prac-
tices (GAP) for aflatoxin control, closely mirroring 81.59% in Bukidnon.
The slight difference may stem from our broader sampling in Bukidnon
versus their focusing on trained farmers only. In contrast, Gachara et
al. [30] in Kenya reported a low adoption rate among aware farmers, at-
tributing the gap to resource scarcity and poor infrastructure — suggest-
ing that Bukidnon higher rate reflects better support systems.

These results can be generalized to smallholder farming communities
in regions with active agricultural extension services and aflatoxin risks,
such as Southeast Asia or Sub-Saharan Africa. The 81.59% adoption rate
suggests that well-implemented awareness campaigns, paired with ac-
cessible resources, can drive widespread practice uptake across similar
agroecological zones. However, the 18.41% “Late Adopters” indicate that
socio-economic or cultural factors may limit universality, thus necessi-
tating context-specific adaptations.

Practically, these findings claim for intensifying the educational pro-
grams with hands-on demonstrations and subsidies to convert “Late
Adopters” into mainstream users, leveraging HBM’s focus on reducing
barriers. Agricultural agencies could establish model farms showcasing
mitigation benefits to enhance perceived efficacy, while peer-led train-
ing within community cooperatives could accelerate adoption among the
hesitant farmers. Monitoring systems tracking adoption rates over time
could also inform policy adjustments, ensuring long-term sustainability.

Future research should explore why 18.41% of farmers remain “Late
Adopters,” examining the barriers such as cost, access to materials, or
trust in protocols. Longitudinal studies could assess whether adoption
persists or wanes. Comparative analyses across regions with differing
intervention models could refine HBM’s application, while investigating
the role of digital tools (e. g., apps for protocol guidance) offers a modern
research frontier. Additionally, exploring the economic impact of adop-
tion — such as harvest yield improvements or better market access —
could strengthen the case for scaling these practices.

4.4. Effectiveness of media platforms

The analysis of Table 4 provides valuable insights into the effective-
ness of various media platforms in distributing aflatoxin-related infor-
mation to the farmers under the Department of Agriculture Regional
Field Office 10. Training and seminars lead as the most visited platform
(20.0%), followed by brochures (14.5%) and video streaming sites (me-
dia platform 2) (13.1%). Other platforms, such as radio (11.7%), televi-
sion (10.3%), the DA media platform 1 (9.7%), and the DA Website (9.0%),
show lower engagement, with "Others” at 11.7%. This pattern highlights
the farmers’ preference for interactive, detailed, and accessible learning
methods over passive or less targeted media. Training and seminars likely
offer hands-on guidance and peer interaction, while brochures provide
tangible, concise references, and video streaming sites deliver visual,
on-demand content. These findings suggest that future interventions
should prioritize these high-impact formats to maximize engagement
and awareness, supporting a multi-dimensional approach that integrates
training with getting information from broader media like radio and TV,
as recommended by Jallow et al. [31].

The prominence of training and seminars (20.0%) aligns with the re-
search hypothesis that effective distribution channels enhance aflatoxin
awareness and adoption, reflecting Social Cognitive Theory (SCT) prin-
ciples of observational learning and self-efficacy. The farmers’ preference
for interactive platforms suggests these methods successfully reinforce
knowledge retention and practical application. The lower engagement
with digital platforms like the DA media platform 1 (9.7%) and Website
(9.0%) may indicate the availability of hindering barriers such as limited
internet access or digital illiteracy, partially challenging the hypothesis’s

universality and highlighting the need for customized methods of data
delivery.

Future studies should investigate why digital platforms (DA media
platform 1, Website) underperform (9.0% — 9.7%), should explore the
hindering barriers like issues with connectivity, illiteracy, or content rel-
evance. Research could compare the cost-effectiveness of seminars versus
social media, building on Sandeep et al. [32] where 64% of respondents
perceived information content on social media is good, to optimize re-
source allocation. Longitudinal studies assessing how media preferences
evolve with digital adoption could refine strategies, while testing hybrid
models (e. g., radio plus training) could enhance multi-dimensional ap-
proaches. Exploring farmer feedback on platform usability would further
tailor interventions.

4.5. Weak impact of media access alone

Tables 5, 7, and 8 reveal that general access to media platforms alone
has a weak and statistically non-significant effect on enhancing aware-
ness of aflatoxin protocols (R% = 0.066, p = 0.143), awareness of aflatox-
in dangers (R? = 0.063, p = 0.151), and adoption of aflatoxin mitigation
protocols (R? = 0.066, p = 0.143). The low R? values (0.063-0.066) indi-
cate that media access explains only about 6% of the variance in these
outcomes, while the p-values above 0.05 confirm the lack of statistical
significance. This suggests that while media access provides a necessary
foundation for information distribution, it is insufficient on its own to
substantially elevate awareness or drive adoption behaviors. The findings
underline the need for more direct, engaging, and context-specific meth-
ods — such as training and seminars (noted in Table 4) — to complement
exposure to passive media.

These results partially challenge the research hypothesis that me-
dia access significantly enhances awareness and adoption, as posited
by frameworks like the Social Cognitive Theory (SCT) or Health Belief
Model (HBM). The weak correlations (Multiple R = 0.252-0.257) suggest
that mere availability of media platforms does not convert into effective
learning or behavior change, contradicting assumptions that access alone
fosters observational learning (SCT) or perceived benefits (HBM). Instead,
the data imply that the quality, interactivity, and relevance of media con-
tent — or supplementary interventions — are critical mediators, only
when media is paired with active engagement strategies.

4.6. Strong correlation between awareness and adoption

Tables 6 and 9 demonstrate strong, statistically significant correla-
tions between awareness (of both aflatoxin protocols and dangers) and
the adoption of mitigation protocols. Table 6 shows an exceptionally
high correlation between awareness of protocols and adoption (Multiple
R=0.955,R%=0.913, p = 1.584E-18), indicating that 91.3% of the variance
in adoption is explained by protocol awareness. Similarly, Table 9 reveals
a strong correlation between awareness of aflatoxin dangers and adop-
tion (Multiple R = 0.829, R% = 0.687, p = 1.449E-09), accounting for 68.7%
of the variance. These findings provide compelling empirical support for
Hypotheses 1 and 3, which posit that higher awareness levels-whether of
risks or preventive measures — convert into practical actions. This insight
reinforces the critical role of targeted awareness campaigns that effec-
tively communicate both the dangers of aflatoxin and the benefits of af-
latoxin mitigation practices, aligning with the Health Belief Model (HBM)
and Social Cognitive Theory (SCT).

The strong correlations (R% = 0.913 and 0.687) robustly validate Hy-
potheses 1 and 3, confirming that awareness is a key driver of adoption
behavior. The near-perfect correlation in Table 6 (R? = 0.913) suggests
that understanding aflatoxin mitigation protocols directly empowers
the farmers to act, reflecting HBM’s emphasis on perceived benefits and
SCT’s focus on self-efficacy. The slightly lower but still substantial cor-
relation in Table 9 (R? = 0.687) indicates that risk awareness (perceived
severity and susceptibility, per HBM) also motivates adoption, though
less comprehensively than protocol knowledge, possibly due to a need for
actionable guidance. These results highlight that awareness campaigns
succeed when they bridge knowledge and practice, supporting the study’s
theoretical framework.

4.7. Preference for interactive learning

The data from Table 4 reveals a clear preference for interactive learn-
ing methods among farmers, with training and seminars leading as the
most visited media platform at 20.0%, significantly outpacing other op-
tions such as brochures (14.5%), video streaming sites (13.1%), radio
(11.7%), television (10.3%), the DA media platform 1 (9.7%), and the DA
Website (9.0%). This high engagement rate with training and seminars
underscores farmers’ inclination toward formats that offer direct inter-
action, opportunities to observe experts and peers, and hands-on guid-
ance. These settings align with the Social Cognitive Theory (SCT), which
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emphasizes observational learning, modeling, and self-efficacy as drivers
of behavior change. Farmers participating in these sessions likely gain
confidence to adopt mitigation practices (as evidenced by the 81.59%
adoption rate in Table 3), highlighting the pivotal role of interactive
learning in converting awareness into action.

The 20.0% engagement with training and seminars may imply that ef-
fective distribution methods enhance awareness and adoption, with inter-
active platforms proving superior. SCT’s focus on observational learning
is evident, as the farmers are likely to model behaviors observed during
training, while the hands-on in-kind training boosts self-efficacy — be-
ing the key to adopting complex protocols. The lower engagement with
passive platforms (e. g., DA Website at 9.0%) suggests that static or less
interactive media fail to inspire similar confidence or motivation, sup-
porting the hypothesis that data delivery mode matters. This preference
aligns with the study’s broader findings of strong awareness-adoption
correlations (Tables 6 and 9), where interactive learning likely underpins
the knowledge-to-action pathway.

4.8. Validation of theoretical frameworks

The empirical patterns emerging from this study —i. e. spanning aware-
ness (Tables 1, 2), adoption (Table 3), media effectiveness (Table 4), and
regression analyses (Tables 5-9) — consistently validate the theoretical
frameworks of the Health Belief Model (HBM) and Social Cognitive Theory
(SCT). HBM posits that perceived severity (e. g., aflatoxin dangers) and ben-
efits (e. g., aflatoxin mitigation protocols) drive awareness and adoption
behaviors, while SCT emphasizes observational learning (e. g., via train-
ing) and self-efficacy (e. g., confidence to act) as key mechanisms. The data
aligns robustly with these theories, offering a solid foundation for under-
standing the dynamics of aflatoxin management among corn farmers and
reinforcing their applicability in agricultural health interventions.

The results strongly support the study’s hypotheses. For Hypoth-
esis 1 (awareness of dangers leads to adoption), Table 9 shows a sig-
nificant correlation (R? = 0.687, p = 1.449E-09), reflecting HBM’s prem-
ise that perceived severity (73.32% aware, Table 1) motivates action
(81.59% adoption, Table 3). Hypothesis 3 (awareness of protocols drives
adoption) is even more emphatically validated by Table 6 (R* = 0.913,
p = 1.584E-18), aligning with HBM’s perceived benefits and SCT’s self-
efficacy, as 80.47% protocol awareness (Table 2) converts to practice. The
preference for training (20.0%, Table 4) and weak media access impact
(R? = 0.063-0.066, Tables 5, 7, 8) further support SCT’s observational
learning, as interactive methods outperform passive exposure to infor-
mation. These alignments confirm that HBM and SCT effectively explain
the awareness-adoption nexus, though the 19.54% — 26.68% unaware-
ness (Tables 1, 2) and 18.41% late adopters (Table 3) suggest incomplete
spreading of information, thus tempering universality.

4.9. Implications for the aflatoxin intervention program

The insights from this analysis — spanning awareness (Tables 1, 2),
adoption (Table 3), media effectiveness (Table 4), and regression analyses
(Tables 5-9) — carry significant implications for the Aflatoxin Interven-
tion Program under the Department of Agriculture Regional Field Office
10. The high awareness levels (73.32% for dangers, Table 1; 80.47% for
protocols, Table 2) and adoption rates (81.59%, Table 3) suggest that
the program’s outreach and educational efforts have been highly effec-
tive, particularly through interactive channels like training and semi-
nars (20.0%, Table 4). However, the weak impact of general media access
(R%=0.063-0.066, p > 0.05, Tables 5, 7, 8) underlines a critical limitation,
highlighting the need for more targeted, engaging, and context-specific
communication strategies to complement broad media distribution.

The high awareness and adoption rates confirm Hypotheses 1 and 3,
which posit that awareness of aflatoxin dangers and protocols drives af-
latoxin mitigation practice uptake, as evidenced by strong correlations
(R? = 0.687, Table 9; R? = 0.913, Table 6). This suggests the program suc-
cessfully leverages Health Belief Model (HBM) principles — perceived
severity and benefits — and Social Cognitive Theory (SCT) mecha-
nisms — observational learning and self-efficacy — via effective training
(Table 4). Conversely, the negligible effect of media access challenges any
hypothesis assuming that passive distribution of data is sufficient (e. g.,
implied in Section 4.5), indicating that success hinges on active engage-
ment rather than availability alone. The 19.54% — 26.68% unawareness
(Tables 1, 2) and 18.41% late adopters (Table 3) further suggest that while
the program excels for most, gaps remain, thus necessitating for targeted
approaches.

4.10. Future Interventions

The findings from this study — high awareness (73.32% for dangers,
Table 1; 80.47% for protocols, Table 2), general adoption (81.59%, Table 3),
and preference for training (20.0%, Table 4) — suggest that future interven-

tions under the Aflatoxin Intervention Program should prioritize interac-
tive and community-based learning methods, such as training and semi-
nars, which have proven most effective. However, the 26.68% unaware of
dangers and 19.54% unaware of protocols (Tables 1, 2), alongside 18.41%
late adopters (Table 3), indicate a critical gap. Efforts must focus on reach-
ing this approximately 20% of the farmers who remain uninformed or un-
engaged. A study on aflatoxin awareness in chili farming by Akintola et
al.[16] highlights fragmented understanding of aflatoxin factors, mirroring
our unawareness gaps and underlining the need for targeted educational
programs and comprehensive public health initiatives. Customized inter-
ventions addressing specific barriers — such as lack of access, illiteracy, or
trust — can bridge this gap and enhance overall program impact.

Future interventions should scale training and seminars (20.0%,
Table 4), deploying mobile units to reach the 19.54% — 26.68% unaware
(Tables 1, 2) and 18.41% late adopters (Table 3), leveraging SCT’s ob-
servational learning. Tailored programs — e. g., simplified materials for
low-literacy farmers or community-led sessions addressing the issue —
could target this 20%, per HBM’s focus on hindering barriers. Enhancing
underused channels like video streaming (13.1%) with short, protocol-
focused content or return to using the radio (11.7%) with farmer stories
could complement training, addressing the weak media impact (Tables 5,
7, 8). Public health initiatives, as suggested by Akintola et al. [16], could
integrate aflatoxin education into broader campaigns, this way ensuring
comprehensive reach.

Research should investigate the 20% unawareness/adoption gap, ex-
ploring hindering barriers like geographic isolation or knowledge frag-
mentation, building on Akintola et al. [16]. Longitudinal studies could
test if training sustains impact, while comparative analyses with digi-
tal-focused programs (e. g., Sandeep et al. [32]) could assess scalability.
Qualitative studies on the farmer needs could refine tailoring, and testing
hybrid models (e. g., seminars plus digital tools) could optimize outreach,
addressing Udomkun et al. [29] multi-channeled supply of information.
Exploring economic incentives for adoption could further enhance inter-
vention design.

4.11. Comprehensive understanding

This analysis provides a nuanced and insightful understanding of the
current state of aflatoxin management among corn farmers in Bukidnon,
Philippines, under the Aflatoxin Intervention Program by the Department
of Agriculture Regional Field Office 10. The study’s empirical data are as
follows — high awareness levels (73.32% for dangers, Table 1; 80.47% for
protocols, Table 2), rational adoption rates (81.59%, Table 3), and strong
awareness-adoption correlations (R? = 0.687-0.913, Tables 6, 9) — high-
light the program’s strengths in fostering knowledge and practice uptake
through interactive methods like training and seminars (20.0%, Table
4). Simultaneously, it identifies critical areas for improvement, such as
the persistent 19.54%-26.68% unawareness group (Tables 1, 2), 18.41%
late adopters (Table 3), and the weak impact of general media access
(R? = 0.063-0.066, p > 0.05, Tables 5, 7, 8). By integrating theoretical
frameworks — Health Belief Model (HBM) and Social Cognitive Theory
(SCT) — with these findings, the study offers the implementable recom-
mendations to enhance the program’s effectiveness, balancing its suc-
cesses with strategies to cope with its shortcomings.

4.12. Contribution to the broader discourse

This study contributes significantly to the broader discourse on food
safety and agricultural practices by offering a theoretically grounded and
empirically comprehensive examination of the Aflatoxin Intervention
Program in Bukidnon, Northern Mindanao, under the supervision of the
Department of Agriculture Regional Field Office 10. The findings — drawn
from Tables 1-9 — underline the pivotal role of targeted awareness cam-
paigns, interactive learning methods (e. g., training at 20.0%, Table 4),
and community-based education in facilitating the adoption of health-
promoting behaviors, such as aflatoxin mitigation practices (81.59%
adoption, Table 3). Anchored in the Health Belief Model (HBM) and Social
Cognitive Theory (SCT), the analysis highlights how perceived severity,
benefits, observational learning, and self-efficacy shape farmer respons-
es, providing a model for addressing mycotoxin contamination globally.
However, the persistent 19.54% — 26.68% unawareness (Tables 1, 2) and
weak media access impact (R? = 0.063-0.066, Tables 5, 7, 8) reveal gaps
not covered with this discourse, thus emphasizing the need for active en-
gagement over mere exposure or demonstration.

4.13. Conceptual framework for enhanced aflatoxin management

The insights and patterns emerging from the analysis of Tables 1 to
9 provide a reliable foundation for developing a conceptual framework
aimed at enhancing the Aflatoxin Intervention Program in Bukidnon,
Northern Mindanao. The empirical data reveals high awareness levels
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(73.32% for aflatoxin dangers, Table 1; 80.47% for aflatoxin mitigation
protocols, Table 2) and their adoption rates (81.59%, Table 3), driven by
interactive methods like training (20.0%, Table 4) and strong awareness-
adoption correlations (R% = 0.687-0.913, Tables 6, 9). However, uncov-
ered gaps persist: 19.54% — 26.68% remain unaware (Tables 1, 2), 18.41%
are late adopters (Table 3), and general media access has a weak impact
(R? = 0.063-0.066, Tables 5, 7, 8). By integrating these findings with the
theoretical underpinnings of the Health Belief Model (HBM) and Social
Cognitive Theory (SCT), the conceptual framework (Figure 1) systemati-
cally addresses the critical components of awareness, aflatoxin mitiga-
tion, and adoption behaviors among corn farmers.

This framework is designed to provide a structured, evidence-based
approach for future interventions, emphasizing targeted awareness cam-
paigns, effective media and communication strategies, and continuous
feedback obtaining mechanisms. The strong correlations between aware-
ness and adoption validate HBM’s principles of perceived severity, sus-
ceptibility, benefits, and barriers, as well as SCT’s focus on observational
learning, self-efficacy, and social modeling. For instance, the preference
for training (20.0%, Table 4) reflects SCT’s observational learning, while
high adoption (81.59%) aligns with HBM’s perceived benefits. The frame-
work leverages these insights to guide the Department of Agriculture

Regional Field Office 10 in refining strategies, addressing the 20% un-
awareness gap, and ensuring sustained success in aflatoxin management,
ultimately enhancing corn safety in Northern Mindanao.

4.14. Applying the conceptual framework

The conceptual framework (Figure 1) offers a structured road map for
future interventions by the Department of Agriculture Regional Field
Office 10, ensuring a holistic approach to managing aflatoxin contami-
nation. It prioritizes five interconnected constructs: Awareness, Theo-
retical Underpinnings (HBM and SCT), Media and Communication Strat-
egies, Adoption of Mitigation Protocols, and Outcomes and Feedback
Mechanisms. By focusing on awareness (73.32% — 80.47%, Tables 1, 2),
the framework ensures the farmers understand both the risks and solu-
tions, targeting the 20% unawareness gap through targeted education.
Leveraging effective communication strategies, such as training (20.0%,
Table 4) over passive media (e. g., 9.7% for DA Facebook, Table 4), dem-
onstrates more efficiency than the weak media impact (Tables 5, 7, 8),
aligning with SCT’s emphasis on engagement. The theoretical underpin-
nings guide intervention design — HBM informs risk messaging, while
SCT shapes interactive learning — this way ensuring that the behavior
change is both motivated and feasible.
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The framework also emphasizes continuous feedback and improve-
ment, enabling the program to adapt dynamically. For instance, assessing
program effectiveness (e. g., adoption rates, Table 3) and gathering farm-
er feedback can refine strategies, ensuring they address evolving needs,
such as reaching late adopters (18.41%, Table 3). This holistic approach
not only enhances the program’s impact on aflatoxin contamination
management but also contributes to broader food safety goals by foster-
ing sustainable practices among corn farmers in Bukidnon.

4.15. How does the conceptual framework work?

The conceptual framework (Figure 1) operates through five major con-
structs, each with sub-components, systematically addressing aflatoxin
management by integrating empirical data and theoretical principles.

4.15.1. Awareness
This construct has two components:

0 Awareness of aflatoxin dangers: With 73.32% of farmers aware
(Table 1), this focuses on knowledge of health risks and contamination
levels, emphasizing perceived severity (e. g., health impacts) and sus-
ceptibility (e. g., crop vulnerability), via HBM. The 26.68% unaware-
ness highlights the need for intensified risk communication.

0 Awareness of aflatoxin mitigation protocols: At 80.47% (Table 2),
this ensures farmers know actionable strategies (e. g., proper drying,
storage), driven by HBM’s perceived benefits. The 19.54% unaware-
ness underscores the need for broader distribution, particularly for
late adopters (18.41%, Table 3).

14.15.2. Theoretical underpinnings

The framework’s theoretical pillars are HBM and SCT, with intercon-
nected components (as shown by the connecting line in Figure 1):

0 Health belief model (HBM):

— Perceived severity: Farmers’ recognition of aflatoxin’s serious risks
(73.32% aware, Table 1) drives action, as validated by the adoption
correlation (R? = 0.687, Table 9).

— Perceived susceptibility: Awareness of contamination likelihood
motivates aflatoxin mitigation, though the 26.68% unaware
(Table 1) suggest gaps in risk perception.

— Perceived benefits: High protocol awareness (80.47%, Table 2) re-
flects belief in aflatoxin mitigation efficacy, strongly linked to
adoption (R? = 0.913, Table 6).

— Perceived barriers: The 18.41% late adopters (Table 3) indicate bar-
riers like access or trust, which interventions must address. The
internal lines in the HBM box (Figure 1) show how these constructs
interplay — e. g., higher perceived severity increases perceived
benefits, reducing barriers to adoption.

O Social cognitive theory (SCT):

— Observational learning: Training (20.0%, Table 4) enables farmers
to learn from peers and experts, driving adoption (81.59%, Table 3).

— Self-efficacy: High adoption reflects confidence in applying proto-
cols, bolstered by interactive learning (Table 4).

— Social modeling: Community leaders and peers in seminars model
best practices, enhancing uptake, as seen in early adopters (30.59%,
Table 3). The internal lines in the SCT box (Figure 1) illustrate their
interplay — e. g., observational learning boosts self-efficacy, rein-
forced by social modeling.

The line connecting HBM and SCT in Figure 1 highlights their integra-
tion: HBM motivates through risk perception, while SCT facilitates ac-
tion through learning and confidence, together forming a comprehensive
theoretical foundation.

14.15.3. Media and communication strategies
This construct addresses distribution with two components:

0 Effective channels: Training (20.0%), brochures (14.5%), and video
streaming (13.1%, Table 4) outperform passive media (e. g., 9.7% for
DA Facebook), aligning with SCT’s engagement focus. The weak media
access impact (R% = 0.063-0.066, Tables 5, 7, 8) substantiates the need
for interactive channels.

0 Engagement methods: Community-based learning and targeted
campaigns, leveraging local leaders, foster supportive environments,
as evidenced by training’s success (Table 4).

14.15.4. Adoption of mitigation protocols
This construct categorizes adoption dynamics:

O Early adopters (30.59%, Table 3): Quick to implement protocols,
likely due to high self-efficacy (SCT) and perceived benefits (HBM).

0 Mainstream adopters (51.00%, Table 3): The majority, adopting after
observing early success, reflecting social modeling (SCT).

0 Late adopters (18.41%, Table 3): Require targeted interventions to
overcome hindering barriers (HBM), such as issues with access or trust
issues.

14.15.5. Outcomes and feedback mechanisms
This ensures program sustainability:

0 Program effectiveness: High adoption (81.59%) reduces contamina-
tion, but the 20% unawareness gap (Tables 1, 2) indicates the areas
subject for improvement.

0 Continuous improvement: Feedback mechanisms (e. g., farmer sur-
veys, adoption tracking) enable iterative refinement, addressing gaps
like late adopters (Table 3).

The framework’s flow — from awareness to adoption, supported by
theory and communication, with feedback loops — ensures a dynamic,
evidence-based approach to aflatoxin management.

14.15.6. Why is the conceptual framework important?

The conceptual framework provides a comprehensive, theoretically
sound, and practically effective approach to enhancing the Aflatoxin
Intervention Program. By focusing on critical components — awareness
(Tables 1, 2), adoption (Table 3), and communication (Table 4) — it en-
sures the program reduces aflatoxin contamination while addressing
gaps like the 20% unawareness (Tables 1, 2). Its integration of HBM and
SCT bridges theoretical insights with empirical findings, validating their
applicability (R? = 0.687-0.913, Tables 6, 9) and filling literature gaps,
such as Akintola et al. [16] call for targeted education. The framework of-
fers insights into communication efficacy — training’s dominance (20.0%,
Table 4) versus passive media’s weakness (Tables 5, 7, 8) — and behavior
drivers, advancing global food safety discourse.

For the Department of Agriculture, particularly Regional Field Office
10, the framework serves as a practical guide, identifying training and
community-based methods as key to raising awareness (80.47% for pro-
tocols) and adoption (81.59%), per Sections 4.7 and 4.9. It ensures ef-
ficient resource allocation by prioritizing high-impact strategies (e. g.,
scaling seminars) and addressing the 18.41% late adopters (Table 3) with
customized interventions. The emphasis on community leaders and peer
educators fosters a supportive learning environment, enhancing reach
and impact, as seen in SCT-driven training success (Section 4.7).

The framework’s focus on continuous feedback mechanisms ensures
adaptability, allowing the program to evolve along with the farmers’
needs — e. g., refining digital strategies (13.1% video use, Table 4) to
match Sandeep et al. [32] 39% success. This dynamic approach contrasts
with static programs which saw low adoption rate due to poor follow-
up, highlighting the framework’s strength. Overall, the framework con-
tributes to agricultural practices and food safety by offering a structured,
evidence-based model for aflatoxin management in Bukidnon. It aligns
with global findings (e. g., Gichohi-Wainaina et al. [28] and Gachara et
al. [30]) while providing practical recommendations — scaling interactive
learning, targeting the unaware group, and integrating feedback for sus-
tainable success in Northern Mindanao and beyond.

5. Conclusion

The analysis of aflatoxin management among corn farmers in Bukid-
non, Northern Mindanao, under the aegis of the Aflatoxin Intervention
Program, conducted by the Department of Agriculture Regional Field Of-
fice 10, provides a comprehensive and empirically grounded understand-
ing of awareness, adoption, and communication dynamics. The study’s
findings — high awareness levels (73.32% for dangers, Table 1; 80.47%
for protocols, Table 2), wide adoption rates (81.59%, Table 3), and strong
awareness-adoption correlations (R% = 0.687-0.913, Tables 6, 9) — dem-
onstrate the program’s effectiveness in leveraging interactive methods
like training (20.0%, Table 4) and aligning with the Health Belief Model
(HBM) and Social Cognitive Theory (SCT). These results prove the Hy-
potheses 1 and 3, confirming that awareness drives aflatoxin mitigation
behaviors when supported by perceived severity, benefits, observational
learning, and self-efficacy.

However, the analysis also reveals critical gaps: 19.54% — 26.68% of the
farmers still remain unaware (Tables 1, 2), 18.41% are late adopters (Table 3),
and general media access provides a weak impact (R* = 0.063 - 0.066,
Tables 5, 7, 8). These findings underline the limitations of passive dis-
tribution and the need for targeted, engaging strategies. The proposed
conceptual framework (Section 4.13-4.16) integrates these insights with
HBM and SCT, offering a structured approach to enhance the program by
coping with unawareness, optimizing communication, and ensuring con-
tinuous improvement. This study contributes to the global discourse on
food safety by providing a replicable model for mycotoxin management,
while identifying areas for clarification in order to ensure inclusivity and
sustainability in Northern Mindanao’s corn production.
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6. Recommendations

6.1. Project level

At the project level, immediate actions should focus on enhancing the
Aflatoxin Intervention Program’s outreach to cover the 19.54%-26.68%
unaware farmers (Tables 1, 2) and 18.41% late adopters (Table 3). First, it
is feasible to deploy mobile training units to scale the successful seminar
model (20.0%, Table 4), this way targeting remote areas with hands — on
sessions that leverage peer modeling and expert guidance, aligning with
SCT’s observational learning. Second, develop customized educational ma-
terials — such as simplified brochures (14.5%, Table 4) or short, protocol-
focused media platform 2 videos (13.1%, Table 4) — aimed to reach low-lit-
eracy or digitally challenged farmers, addressing HBM’s perceived barriers.
Third, establish pilot projects with community leaders to facilitate social
modeling (SCT), encouraging early adopters (30.59%, Table 3) to mentor
late adopters, ensuring a supportive learning environment. These efforts
should include regular monitoring to assess impact, refining project design
based on the farmers’ feedback to maximize effectiveness.

6.2. Program level

At the program level, the Department of Agriculture Regional Field Of-
fice 10 should institutionalize a holistic strategy to sustain and scale the
program’s success. First, integrate aflatoxin education into broader pub-
lic health and agricultural extension initiatives, building on the 81.59%
adoption rate (Table 3) to address contamination across Northern Mind-
anao, as suggested by Akintola et al. [16]. Second, enhance insufficiently
used media channels — radio (11.7%), television (10.3%), and digital plat-
forms (9.7% — 13.1%, Table 4) with farmer-centric content (e. g., Q&A
segments, offline-accessible videos) to overcome the weak media impact

(Tables 5, 7, 8), aligning with HBM’s perceived benefits focus. Third, it is
necessary to establish a continuous feedback mechanism, involving the
farmers’ surveys and measures adoption tracking, to adapt strategies dy-
namically, targeting the 20% unaware group (Tables 1, 2). This should in-
clude partnerships with local cooperatives to reinforce community-based
learning, ensuring long-term program resilience and scalability across
the similar agroecological zones.

6.3. Direction of future studies

The synthesis of future research directions obtained from the enhance-
ments suggests a multi-faceted approach to deepen the understanding and
to improve aflatoxin management. First, it is required to investigate the
20% unawareness share and late adoption group (Tables 1-3), exploring
the hindering barriers such as geographic isolation, issues with literacy,
lack of trust, or knowledge fragmentation, basing on Akintola et al. [16]
conclusions. Second, to conduct longitudinal studies to assess the sustain-
ability of high awareness (80.47%) group and adoption (81.59%) group
rates, evaluating whether interactive methods (e. g., training at 20.0%,
Table 4) still maintain due impact over time. Third, it is necessary to per-
form comparative analyses with digital-focused interventions (e. g., Sand-
eep et al. [32], with 39% social media engagement) to integrate scalable
technologies into the current framework, addressing the 9.7%-13.1% of
digital uptake (Table 4). Fourth, it is feasible to conduct qualitative stud-
ies to explore the farmers’ perceptions of HBM constructs (e. g., severity,
benefits) and SCT mechanisms (e. g., self-efficacy, social modeling), and to
clarify the intervention concept design. Finally, to test the hybrid commu-
nication models (e. g., seminars plus radio, per Jallow et al. [31]) in order to
optimize the informational coverage, ensuring that the framework adapts
to evolving needs and contributes to global food safety discourse.
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ABSTRACT

The global desire for ethical, sustainable, and nutritional food choices has intensified interest in plant-based meat alter-
natives. Researchers and food manufacturers have prioritized the development of superior alternatives to meat and dairy
products due to the increasing popularity of vegetarian and vegan diets among consumers. Chickpeas, a leguminous source
abundant in protein and fiber, and mushrooms are rich in umami chemicals and can potentially be essential ingredients in
plant-based meat products. Plant-based foods’ nutritional profile and sensory attributes can be improved through fermenta-
tion, a conventional method frequently employed in food production. This process can increase the allure of these foods to
consumers. Therefore, this research aims to create a new product from plant sources that substitutes for meat products. The
chickpea was fermented by Aspergillus oryzae (AUMC B2) for different fermentation periods (7, 10, and 14 days) to determine
the optimum fermentation time to enhance the umami taste (meat flavor). Chickpeas and mushrooms were the primary raw
materials for plant-based burgers. Fermented chickpeas were used to prepare vegan burgers at different fermentation times
(7 days: FC7, 10 days: FC10, and 14 days: FC14). The sensory attributes of vegan burgers were compared to those of the non-
fermented control sample. The results showed that the samples of FC10 meatless burgers recorded the highest score of taste
and odor compared to the control. Based on these results, a chemical analysis was conducted for the meatless product FC10
and its control. The findings showed that the fermentation process increased the protein content and decreased the content
of fats and carbohydrates in the fermented meatless burger.
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K/IIOYEBBIE CIOBA: AHHOTAL A

gezemapuaHckue [mo6asbHbIT CIIpOC HA 3TUYHbIE, SKOJIOIMYHbIC M NUTATEJIbHbIE NMUIIEBbIE IMPOAYKTHI YCMINII MHTEpPEC K PACTUTEIbHbIM
rlpanKmbl, aJIbTepHATUBaM MSICY. VYyeHble U IIPOM3BOAUTE/IN IMUILEBLIX IIPOAYKTOB YOEISIOT II€PBOCTEIIEHHOE BHMMaHNe pa3pa60TKe
d)epMeHmauuﬂ, TIPEeBOCXOAHBIX aJIbTE€PHATUB MACHBIM M MOJIOYHBIM IIPOOAYKTaM M3-3a yBeJ’II/I‘{I/IBa}OH.[eV{CH TIIOIMYJISIPHOCTY BereTapmMaHCKNUX

Aspergillus oryzae, 6Kyc u BeraHCKUX JUeT cpeny rnorpeéuresneii. HyT — 6060BbIl MCTOUHMK 6€JIKa, ComepsKallyii 60/1b1I0e KOIMIECTBO 6eIKa 1 M-
ymamu, eiymamuHo8as 1eBbIX BOJIOKOH, a TAKKe IPUObI 60raThl XMMUUECKMMY BellleCTBAMM «yMaMM» U TOTeHLMATbHO MOTYT ObITh UCKIIOUUTETbHO
KUucnoma, cooepyanue BasKHbIMY MHTPEIMEHTAMM B PACTUTE/IbHBIX aIbTePHATUBAX MSCHBIM IIPOAYKTaM. [1u11eBoii poduiib 1 CEHCOPHbIE XapaKTe-
benxa PUCTUKM PACTUTENIBHBIX IIPOJYKTOB MOTYT OBITH YJIYULIEHbI B pe3ybraTe GepMeHTaluu — TPaIULMOHHOTO METOAA, IMPOKO
MCII0NIb3YeMOTO IIPU IIPOM3BOJCTBE MUIIEBBIX IIPOLYKTOB. DTOT IIPOI[ECC MOXKET MOBBICUTD IPUBJIEKATEIbHOCTh ITUX ITPOAYK-
TOB JiJIs1 TOTpe6uTesneil. B 9Toii CBSI3M, 11e1bI0 JAHHOTO MCCIeNOBAaHMUS ObUIO CO3JaHe HOBOTO MPOAYKTA U3 PACTUTETbHbBIX
MCTOYHMKOB, KOTOPbI/ 3aMeHM 661 MsICHbIE TTPOAYKTHI. HyT 6611 hepmenTupoBaH Aspergillus oryzae (AUMC B2) B TeueHue
pasauuHbIX epuopoB depmentauuu (7, 10 u 14 mHeit) st onpeneneHus ONTUMAIbHOTO BpeMeHu hepMeHTauum IJist yeu-
JIeHMsI BKyca yMamu (MSICHOTO BKyca). HyT u rpubbl 6b11M OCHOBHBIM PACTUTEIbHBIM ChIPbEM [IJISI PACTUTEIbHBIX OYpreposB.
JI71s1 IPUTOTOBIIEHMsI GyprepoB GbUT MCII0b30BaH (hepMeHTUPOBAHHBIN HYT ¢ pasHbIM repuopoM dhepmenTauym (7 gueii: FC7,
10 gueii: FC10, u 14 nHeii: FC14). CeHcopble IToKa3aTeny BeraHCKUX OyprepoB CPAaBHMBAJIY C TAKOBBIMYU HehepMeHTHPOBAH-
HOTO KOHTPOJILHOTO 06pasiia. Pe3ybTaThl IOKa3auu, 4YTo 06pasiibl He copepskalmx Msaco 6yprepo FC10 momyumsv HauBbIC-
Mt 6aJu1 BKyca 1 3araxa 1o CpaBHEHMIO ¢ KOHTpoJieM. Ha OCHOBaHUY 3TUX Pe3y/IbTAaTOB GbUI TPOBEIEH XMMUUECKUI aHAIN3
I71s1 He copepskaiux Msico nmpoxaykra FC10 u koHTposs. [lomyueHHble TaHHbBIE TTOKA3aln, YTO MpoIecc hepMeHTaly OBbI-
1Iaj copepykanue 6eska v CHMKa CofiepskaHye KMPOB U YIVIEBOJOB B (hepMEeHTUPOBAHHOM, He cofepskalieM Msico Gyprepe.

1. Introduction

In recent years, numerous challenges have been associated with pro-
ducing animal-based products, such as meat and poultry. Among these
are the increasing global population, the scarcity of animal sources, the
substantial greenhouse gas emissions associated with the livestock sup-
ply chain, and health issues [1,2,3]. Therefore, the shortage of animal and
poultry feed resources is one of the main obstacles to increasing livestock
and poultry wealth. Lack of animal feed will make it more expensive to rear
animals, raising the price of producing both the animals and the food re-

FOR CITATION: Mohamed, R. M., Ali, M. R. (2025). Fermented chickpea (Cicer
arietinum L.) as a functional food: Meatless “vegan” burgers. Food Systems, 8(1),
93-98. https://doi.org/10.21323/2618-9771-2025-8-1-93-98

quired to feed society’s members [4]. Additionally, cattle breeding leads to
a substantial release of greenhouse gases into the environment. About 51%
of all greenhouse gases, such as NHz, N,0, CO,, and CHy, are released by hu-
man activities. These gasses acidify ecosystems and produce acid rain [5].

The scarcity of animal feed resources is a significant impediment to
the expansion of livestock and poultry prosperity. Insufficient nutrition
increases animal production costs, elevating the overall cost of meat and
poultry products [4]. Additionally, the environmental degradation that
results from the rigorous agricultural methods necessary to meet the
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increasing food demand, which includes deforestation, water contamina-
tion, and biodiversity loss, is significant. Jiang et al. [6] have identified
beef production as one of the most resource-intensive forms of animal
agriculture, and research suggests that livestock farming is responsible
for over 18% of global greenhouse gas emissions. Investigating alterna-
tive protein sources to mitigate environmental impacts and address food
security concerns is becoming increasingly imperative.

Aside from environmental concerns, the health impacts of excessive
meat consumption have been well-documented. Numerous studies have
highlighted the link between high consumption of red and processed
meats and the increased risk of chronic diseases, such as cardiovascu-
lar diseases, diabetes, and cancer [7]. The International Agency for Re-
search on Cancer (IARC) has classified red and processed meats as carci-
nogenic, with evidence suggesting that the consumption of these meats,
particularly in high quantities, may lead to an elevated risk of colorectal
cancer [8]. In addition to the cancer risk, high meat consumption is also
linked to metabolic disorders, including obesity, hypertension, and dys-
lipidemia, which can result in further health complications [9]. Conse-
quently, there is a growing interest in reducing meat consumption and
seeking healthier alternatives that provide the necessary nutrients with-
out the associated health risks.

Plant-based meat alternatives are becoming progressively attractive
substitutes for conventional meat products. These alternatives seek to
emulate the sensory characteristics of meat, encompassing texture,
flavor, and appearance while providing a more sustainable and health-
oriented choice. Recent advancements in food technology have facili-
tated the creation of plant-based meats that closely replicate the sensory
experience of traditional meat products. These plant-based substitutes
encompass burgers, sausages, and nuggets, crafted to deliver equivalent
sensory satisfaction as their animal-derived equivalents [10,11]. These
products have been improved with innovative ingredients and processing
methods that enhance their texture, flavor, and nutritional value, render-
ing them appealing to consumers aiming to minimize their environmen-
tal footprint while still enjoying meat-like foods.

Chickpea (Cicer arietinum L.), known as Garbanzo beans, has garnered
considerable attention for its possible application in plant-based meat
substitutes. Chickpeas are a rich source of protein, dietary fiber, and es-
sential amino acids, especially lysine, frequently lacking in other plant
protein sources. Consequently, chickpeas represent a top option for in-
corporating meat replacements, providing nutritional and functional ad-
vantages [12]. Chickpeas are not only a source of protein but also provide
key micronutrients, including vitamins and minerals, vital for general
health. Furthermore, chickpeas have demonstrated the ability to enhance
digestive health and facilitate weight control owing to their substantial
fiber content, rendering them a significant component of a plant-based
diet [13]. Recent research has emphasized chickpeas’ capacity to enhance
blood sugar management, rendering them advantageous for those with or
predisposed to diabetes [14].

While nutritionally beneficial, chickpeas possess antinutritional com-
ponents such as trypsin inhibitors, phytic acid, and oligosaccharides
that induce flatulence, potentially diminishing nutrient absorption and
impairing protein digestion. Antinutritional factors can be mitigated
through various processing techniques, such as fermentation. Fermenta-
tion enhances the nutritional quality of legumes by improving protein
digestibility, diminishing antinutritional factors, and augmenting the
availability of vitamins and minerals [15]. Fermented chickpeas may be
optimal for plant-based meat alternatives, providing superior nutritional
advantages and better sensory characteristics.

Protein-dense mushroom flour obtained from the mycelia of filamen-
tous fungi represents a promising complete protein source for plant-
based meat replacements. Mushrooms possess a beneficial amino acid
composition, are low in fat, and have a fibrous texture analogous to meat,
making them an appealing alternative for meat substitutes [16]. Mush-
rooms are known for their nutrition and health advantages, such as better
cholesterol levels and increased muscle protein synthesis while exerting
a considerably decreased environmental impact compared to animal pro-
teins [16]. Incorporating mushrooms in plant-based meats has surged in
popularity owing to its sustainability and the capacity of mushrooms to
replicate the texture and mouthfeel of meat, thereby delivering a gratify-
ing culinary experience for customers.

Fermentation enhances plant-based meat substitutes’ flavor, texture,
and nutritional quality. Recent studies indicate that fermenting plant-based
components with fungi, such as Aspergillus oryzae and Monascus purpureus,
can yield flavors and fragrances akin to conventional meats [17]. Fermenta-
tion enhances the sensory qualities of plant-based goods. It increases the
bioavailability of essential nutrients, including a group of vitamin B com-
plex and minerals, strengthening the nutritional value of a product [18].

This study examines the possibilities of producing meatless products
using chickpeas fermented with Aspergillus oryzae and oyster mushrooms
as nutritious and sustainable substitutes for meat. We focused on de-
veloping meat-free burgers, a popular and straightforward food choice
that meets the growing consumer demand for healthy, convenient alter-
natives to meat and meat products. This study aims to enhance the nu-
tritionally balanced and environmentally sustainable plant-based meat
substitutes by utilizing the combined benefits of fermented chickpeas
and mushrooms.

2. Materials and methods

2.1. Raw materials

Oyster mushrooms, chickpeas (Cicer arietinum), curry powder, potato
starch, flour, bread crumbs, vegetable shortening, salt, sugar, black pep-
per, onion powder, garlic powder, ground corn, beetroot, and spices were
purchased from the local market of Giza, Egypt. Both fermented chick-
pea and oyster mushrooms were used as main ingredients for fermented
meatless burgers, as shown in Table 1.

2.2. Chemicals

Carboxymethyl cellulose (CMC), petroleum ether, sodium hydroxide,
sulphuric acid, and Tween 80 were obtained from Sigma Chemical Com-
pany (St. Louis, Mo., USA). Potato dextrose agar and corn starch were
from Fluka Chemie AG (Buchs, Switzerland).

2.3. Microbial strain

Aspergillus oryzae (AUMC B2) was used in this work and was obtained
from Assiut University Moubasher Mycological Centre (AUMMC, Assiut,
Egypt). It was allowed to grow in potato dextrose agar slants (PDA) and
kept at a temperature of 4 °C.

2.4. Spore suspension of the microbial strain

Aspergillus oryzae (AUMC: B2) was introduced to malt extract agar
slants and cultured at 30 °C for five days to create a spore suspension, fol-
lowing the procedure of Mohamed et al. [19]. After culturing, the spores
were collected and added into a saline solution containing 0.1% Tween
80, with a volume of 50 ml. The gathered spores were used as a reser-
voir of inoculum after being quantified under a microscope (CARL ZEISS,
Montagesatz T, West Germany) (3.4 x 10° spores/ml).

2.5. Preparation of fermented chickpeas (FC)

The chickpeas (CPs) were soaked in water (with a chickpeas-to-water
ratio of 1:2, w/v) for six hours at room temperature (26 °C) and subsequent-
ly sterilized at a temperature of 121 °C in an autoclave for 15 minutes. Next,
CPs were inoculated with Aspergillus oryzae (AUMC: B2) and incubated for
7, 10, and 14 days to finish the fermentation process. The samples were
collected at three time points: 7 days (FC7), 10 days (FC10), and 14 days
(FC14). After each collection, reducing the RNA concentration in the fer-
mented sample was essential. Thus, thermal treatment of the fermented
sample was applied at a temperature of 73 °C for 35 minutes using a shak-
ing water bath (Blue M Magni Whirl Constant Temperature Shaking Heated
Water Bath Model MSB-1122A-1, USA) with agitation. The treatment, as
mentioned above, also deactivated the growth of mycelium.

2.6. Preparing mushrooms

Potable water was used to clean every mushroom. A vegetable spin-
ner was used to remove water from mushrooms. Slices of each mushroom,
each 2.5 mm thick, were steam-blanched for 5 seconds at a temperature of
130°C. The mushrooms were kept at a temperature of —20 °C until needed.

2.7. Meatless food production processes

The prepared oyster mushrooms were combined with the fermented
chickpeas and other ingredients, as mentioned in Table 1. Next, the whole
mixture was formed into the shape of burger patties using a manual burg-
er mold. Each piece weighed 50 grams. Then, they were packed into poly-
propylene packages and stored at —18 °C until further analysis.

2.8. Chemical analysis

The moisture, protein, fat, crude fibers, total ash, and total carbs of raw
materials (mushroom and chickpeas) and samples of meatless burgers
were analyzed according to AOAC [20]. Moisture content was determined:
3 to 5 g of the sample was placed in a convection oven at 105 °C until
the weight remained constant. Ash content was determined by burning a
sample in a muffle furnace at 525 °C. Protein content was determined us-
ing the Kjeldahl technique. Fat content was determined using the Soxhlet
extraction technique. The total carbohydrates were estimated using the
phenol — sulfuric acid method. By the difference, the fiber’s mathematics
can be calculated. Free amino acids composition (FAA) was analyzed by
HPLC (HPLC, Smart line, Knauer, German) [21]. Twenty microliters of the
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Table 1. Formulation of fermented meatless burger patties
Tabnuua 1. Penentypa ¢epMEeHTMPOBAHHBIX He COEPIKAIMX MSICO Gyprepos

Ingredients, %

Main formula Other additives

Oyster mushroom 30 Curry powder 1
Fermented chickpeas Potato starch 12

Cunfermented chickpeas 20 salt !
(control) Sugar 0.1
Onion powder 10

Garlic powder 2

Vegetable shortening 4
Black pepper 0.4

CMC (Carboxymethyl cellulose) 1
Beetroot 2.5

Bread crumb 6

Corn flour 5

Wheat flour 5

FC7: fermented chickpeas after 7 days, FC10: fermented chickpeas after 10 days,
FC14: fermented chickpeas after 14 days of the fermentation process.

hydrolyzed sample were injected into HPLC, which was equipped with a
C18 reverse phase (RP) column and a fluorescence detector. The amino
acids were identified and quantified by comparing the retention periods
and peak regions with that of the amino acid standard.

2.9. Sensory evaluation

The sensory evaluation of the burgers was conducted by 50 untrained
panelists of the Food Science Department, Faculty of Agriculture, Cairo
University, Egypt, who evaluated the meatless burgers for various sensory
attributes. The quality of the samples was assessed based on multiple
criteria, including color, taste, odor, texture, physical appearance, and
general acceptability, using a 9-point hedonic scale. The scoring system
utilized a Likert scale ranging from 1 (dislike very much) to 9 (strongly
like) to assess the level of preference [22].

2.10. Statistical analysis

The CoStat Version 6.45 was used for all statistical analysis (CoHort
Software Version 6.45, Monterey, CA, USA). The primary statistical analy-
sis approach was a one-way variance analysis (ANOVA). The data was an-
alyzed using the randomized complete block design with one factor. Each
parameter was replicated three times, and the data were presented as the
average of four experiments. Estimates of LSD were calculated to test the
significance of differences among means with a 5% significant point.

3. Results and discussion

3.1. Nutritional analysis of mushrooms and chickpeas

The nutritional value of mushrooms and chickpeas was analyzed by
estimating their protein, fiber, fat, ash, carbohydrates, and moisture con-
tent. The results (Figure 1) showed the samples’ high protein, carbohy-
drate, and fiber content, making them good raw materials suitable for
manufacturing plant-based meat products. These results are consistent
with many researchers in this field [14,23].
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Figure 1. Chemical composition (%) of oyster mushrooms

and chickpeas
Pucynok 1. Xumnueckuii coctaB (%) BellIeHOK M HyTa

Protein

Summo et al. [24] showed the highest lipid, dietary fiber, protein, and
carbohydrate contents (4.1, 11.0, 20.5, and 61.0 g 100 g!, respectively)
in beige chickpeas. Also, Ereifej et al. [25] found the highest protein and
fat contents (21.2 and 7.09 g.100 g~!, respectively) in Jubeiha-3 chickpea
seed. Xiao et al. [26] examined the chemical composition of four chickpea
species from Xinjiang, China: Muying-1, Keying-1, Desi-1, and Desi-2.
The range of the moisture content was 7.64 to 7.89%. The total ash con-
centration varied between 2.59 and 2.69%. The range of the lipid con-
tent was 6.35 to 9.35%. The range of the protein level was 19.79-23.38%.
According to Kriizselyi et al. [27], oyster mushrooms have a moderately
high dry matter (DM) content (10.0%) for caps and a very high DM level
(19.4%) for stipes. Oyster mushrooms have far more significant quantities
of crude protein: 18.9% DM for caps and 11.3% DM for stipes. Compared
to caps, stipes have a more substantial total carbohydrate content (63%
for caps against 78% for stripes) [27]. The crude protein content of the
cap, stalk, and combination (cap and stalk) is 34.19, 20.96, and 30.48%,
respectively, according to Oluwafemi et al. [28]. The primary ingredient
of edible mushrooms is carbohydrates, which comprise 52.9% of the cap,
61.8% of the stem, and 51.9% of the mixture. The crude fiber content of
the edible mushroom varied by 3.1, 7.5, and 8.1% for the cap, stalk, and
mixture, while the fat content was 1.60, 1.50, and 1.50% for the cap, stalk,
and combination, respectively.

3.2. Profile of free amino acids (FAAs) in fermented

and unfermented chickpeas

Cereals, nuts, and seeds have lower lysine contents than animal prod-
ucts but have comparable levels of sulfur amino acids (cysteine and me-
thionine). Conversely, legumes often contain fewer sulfur amino acids
and more lysine than other plant-based diets [29]. Therefore, a diet rich in
different pulses can help you get the essential amino acids [30,31]. How-
ever, antinutritional factors (ANFs) in plant diets have been connected
to the variation in protein bioavailability among dietary sources [32].
Meanwhile, the fermentation process can enhance the protein quality

FC10 FCl4

Standard
—0:0.4

g 1 |

—12:20

Figure 2. Heat map of correlation between the profile of free amino acids (FAAs) and fermentation time. Un-FC: unfermented
chickpeas, FC7: fermented chickpeas after 7 days, FC10: fermented chickpeas after 10 days, FC14: fermented chickpeas after 14 days
of fermentation process
PucyHok 2. TermoBasi KapTa Koppeasinuy Mexay npoduinem cBo6ogubix aMuHOKKUCIOT (FAA) u Bpemenem depmentanun. Un-FC: HeepmeHTHPOBaHHBII
HyT, FC7: pepmeHnTNpOBaHHbIi HYT nocite 7 nHeit, FC10: depmenTpoBanHsbiit HYT nocie 10 nueit, FC14: ¢pepmeHTHMpPOBaHHBIN HYT nocie 14 nHeit
npouecca pepmeHTaUM
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of legumes by increasing essential amino acid concentrations in pigeon
peas, chickpeas, and red beans and reducing ANFs. Their synergistic ac-
tions enhance the amino acid profile of fermented legume-based foods,
resulting in more outstanding balance and nutritional value [33]. Free
amino acids were estimated in fermented chickpeas at different fermen-
tation periods (7, 10, and 14 days) and then compared to unfermented
chickpeas (control). Table 2 and Figure 2 identified the change in the FAA
content and its effect on sensory evaluation as meat-free products’ flavor
improvement (umami flavor). The results showed a significant increase in
glutamic and aspartic acid during fermentation. The values recorded after
14 days of fermentation were 18 and 14 g/100 g, respectively. These acids
are responsible for the appearance of the umami taste (meaty taste) and
for improving the flavor of the final product. Also, it was observed that
there was an increase in most free amino acids, with a decrease in both
methionine and cysteine.

Xing et al. [34] reported that Pediococcus spp. fermentation may
change the structure of proteins and make it easier for digestive enzymes
to get to the substrate. Furthermore, bacteria can partially degrade intact
proteins, increasing the concentration of free amino groups in fermented
chickpeas. De Pasquale et al. [35] found that fermentation with LAB pro-
vided for a further rise in most FAA in black chickpeas. Aside from its
nutritional value, the high concentration of FAA is linked to an enhance-
ment in the sensory profile of the final product. Glutamic is the primary
amino acid responsible for sapidity perception. Likewise, Sdez et al. [36]
reported the same results for the amino acid composition. The findings of
Liu et al. [37] indicate that lactobacillus fermentation modifies the multi-
level structures of chickpea protein, resulting in a loose protein confor-
mation that enhances hydrolysis during digestion. This improvement in
protein digestibility underscores the capacity of fermentation to elevate
the nutritional quality of chickpea-derived food products.

Table 2. Profile of free amino acids (FAAs) in fermented and
unfermented chickpeas
Ta6muua 2. [Ipodnis cBo6omHbIx aMMHOKUCIOT (FAA) B hepMeHTHPOBAaHHOM
1 HeepMEeHTPOBAaHHOM HYyTe

FAA g-100 g~ Ulcllfﬁ?l?pe:;:d FC7 FC10 FC14
Glutamic acid 0.11 4.70 15 18
Aspartic acid - 3.09 11 14

Serine - 1.40 4.8 5.0
Threonine - 1.05 4.5 4.7
Cysteine 0.25 0.37 0.15 0.08
Histidine 0.17 0.69 1.45 1.87
Arginine 4.50 5.08 7.13 10
Lysine 0.02 1.87 6.89 7.4
Glycine 0.05 1.07 3.73 3.9
Alanine - 1.24 4.01 4.5
Proline 0.27 1.20 5.10 5.6
Valine 2.10 2.25 3.60 4.01
Methionine 0.12 0.36 0.21 0.11
Leucine - 2.04 7.30 7.54
Tyrosine - 0.75 2.60 3.5
Phenylalanine 0.02 1.57 5.18 5.8
Tryptophan ND ND ND ND

FC7: fermented chickpea, period 7 days; FC10: fermented chickpea, period 10 days;
FC14: fermented chickpea, period 14 days.

3.3. Sensory evaluation of meatless products

All samples of meatless burgers were prepared for sensory evaluation
using fermented chickpeas (FC) at different fermentation periods, which
were 7 days, 10 days, and 14 days. The sensory evaluation results are re-
corded in Table 3.

Results in Table 3 show that samples FC10 and FC14 had a clear dif-
ference in their superiority in terms of color, taste, odor, texture, and ap-
pearance compared to samples FC7 and C. Therefore, the best samples are
samples FC10 and FC14. Still, the decision was made from an economic
point of view to choose the sample FC10 as the best one to save energy
and time spent when increasing the fermentation period. Much evidence
states that the nutritional benefit of legumes can be improved by treat-
ments such as fermentation before their incorporation into legume-sup-
plemented products. Being relatively simple and economical, solid state
fermentation (SSF) of chickpea flour (CF) can induce biochemical chang-
es such as an increase in free limiting amino acids and available vitamins
and a decrease in antinutritional factors, thus improving the functional
and nutritional properties of the product.

Xiao et al. [38] demonstrated that solid-state fermentation of chick-
pea flour using the filamentous fungus Cordyceps militaris improved its
crude protein content, essential amino acids, small-sized peptides and in
vitro protein digestibility. Also, Liu et al. [39] reported that by changing
the multilayer structures of chickpea protein, Lactobacillus fermentation
made the protein more soluble and improved its breakdown during stom-
ach and intestinal digestion.

Moreover, the phenolic content increased throughout fermentation,
and the inhibitory activities of trypsin and chymotrypsin decreased.
This happened due to fermentation producing hydrolytic enzymes, such
as trypsin and chymotrypsin, which became hydrolyzed and inactivat-
ed) [40]. Aspergillus oryzae fermented four types of beans in the previous
studies. The results showed a decrease in the carbohydrate content dur-
ing fermentation, while an increase in the content of amino and fatty ac-
ids was observed [41]. The following are the processes by which microbes
and their enzymes break down proteins during fermentation. Protein’s
envelope proteinase initially breaks down proteins into oligopeptides,
which are then broken down by proline-specific peptidases, other intra-
cellular peptidases, and exopeptidases into amino acids and shorter pep-
tides, enhancing the flavor [42,43].

The study by Razavizadeh et al. [44] aimed to ascertain how fermenta-
tion affected okara in producing meat substitutes. The strains of L. acidophi-
lus 308 and L. plantarum P1 were used to ferment the okara samples. The
meat analogs were created by including 3% and 6% fermented okara into
the matrices. The results showed that fermentation may reduce hardness
and protein oxidation levels and improve the water-holding capacity of
meat substitutes and sensory attributes. It has been demonstrated that oka-
ra provides enough fiber, plant-based proteins, and necessary amino acids.

High water absorption flours have more hydrophilic components, in-
cluding polysaccharides, since WAC indicates a macromolecule’s capacity
to bind water [24]. Some scientists [45] say WAC may also be connected to
protein composition and content. The texture, oil, water binding capac-
ity, and gelling ability of chickpea protein are excellent. Another essential
characteristic of chickpea protein is its capacity to stabilize emulsions and
foam, making it equivalent to whey proteins and soy protein isolate. The
beneficial impact of chickpeas on the color of the meat analog is one of its
main benefits. Research has indicated that chickpea flour instead of some
textured vegetable protein in vegetarian nuggets significantly improved
color acceptability due to its carotenoid content [46,47]. Meat consumers
frequently contrast meat substitutes with traditional beef, mutton, or pork.
Customers have been advised to eat less meat to improve the environment
and lead healthier lives. Although mushroom-based meat analogs are a vi-
able alternative to animal meat, public acceptance of these products is still
relatively low, possibly due to their flavor and taste [48]. Therefore, identify-
ing the sensory characteristics that require optimization to enhance palat-
ability is crucial [49]. Thus, in this study, the flavor was enhanced using fer-
mented chickpeas to increase the sensory acceptance of meatless products.

3.4. Chemical analysis of meatless burgers

Table 4 shows that burgers prepared from fermented chickpeas sig-
nificantly increased protein values. The protein content reached 15.54%.
Compared to the control, the protein value was 10.48% for unfermented
chickpea burgers.

Table 3. Sensory evaluation of meatless burgers
Ta6muua 3. CeHCOpHasi OLleHKa He CoAepiKalluX MsICo Oyprepos

Samples Color Taste Odor Texture Appearance Overall acceptability
¢ 6.18%0.32° 5.56%0.34° 5.80%0.30° 5.73%0.34° 6.35=0.32° 6.13=0.30°
FC7 5.55+0.33b 4.85+0.34¢ 5.20+0.29P 5.30%0.37° 5.58+0.33¢ 5.25+0.31°¢
FC10 6.93%0.312 7.13%0.292 7.05+0.30? 7.03%0.302 7.05+£0.392 7.03£0.30°2
FC14 6.95+0.35? 7.10+0.322 6.90+0.342 7.18+0.312 7.10+0.322 7.10+0.32?

Where C: unfermented chickpeas, FC7: fermented chickpeas, period 7 days; FC10: fermented chickpeas, period 10 days; FC14: fermented chickpeas, period 14 days. Mean

values with different superscript letters in each row differ significantly (p < 0.05).
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Table 4. Chemical composition of meatless burgers
Tab6nuiia 4. XMMUUECKUIT COCTaB He CoAepkauux MsICco 6yprepos

Samples Moisture Ash Carbohydrates Fat Protein Crude fiber
C 57.51+0.292 8.00%0.29? 64.15+0.60? 13.51+0.292 10.19%+0.61° 5.14%0.33?
FC10 56.17+0.44° 7.42+0.522 63.74%0.41° 9.28+0.43" 15.75+0.39° 3.81+0.36"

C: unfermented chickpea, FC10: fermented chickpea, period 10 days.

Mean values with different superscript letters in each row differ significantly (p < 0.05).

Moreover, the results showed a significant difference in the fiber
percentage in the fermented sample compared to the unfermented one.
The fiber level was 3.81% in the fermented burger and 5.14% in the non-
fermented control sample. This is due to the growth of the Aspergillus
oryzae on the chickpeas and enzymatic degradation of the fiber. Likewise,
the fat content decreased (9.28% in fermented burgers and 13.5% in the
control. This is due to the enzymatic degradation of fats by Aspergillus
oryzae during chickpea fermentation. Previous studies have documented
that the fermentation process improves the sensory characteristics in
terms of taste and smell to produce the umami taste responsible for the
appearance of the meaty flavor of meat plant-based products.

In the future, mushrooms and fermented foods may represent a new
class of plant proteins due to their meat-like flavor, extended shelf life,
and high nutritional content.

4. Conclusions

Ensuring sustainable methods to fulfill the demands of a rising popula-
tion while limiting environmental damage is a significant problem facing
the global food business. Simultaneously, the need for high-quality prod-
ucts and customer awareness spur innovation and constructive changes
in the food supply chain. This study aims to develop a more nutrient-rich

and sustainable substitute by describing meatless burgers’ chemical and
sensory properties: an innovative approach to popular food products. We
believe that the most superb method to increase pulse intake is to cre-
ate enticing, nourishing, and easy ready-to-eat legume-based meals. The
different fermentation periods of chickpeas (Cicer arietinum) mixed with
oyster mushrooms have significantly affected the organoleptic proper-
ties of burger substitutes. The ten days as a fermentation period showed
promising results, especially in protein. Burger substitutes with 10 days
as the fermentation period exhibited better textural properties and sen-
sory mean scores. However, samples with no fermentation and 7 days for
the fermentation period were not the best options for producing burger
substitutes, and they failed to satisfy the sensory panelists as the added
ingredient affected the texture and taste. It can be concluded that meat-
less burgers, after 10 days of fermentation, represent acceptable plant-
based products with good sensory acceptability. Due to the breakdown of
non-nutritive components, which the microbes present during the fer-
mentation may use as an energy source to grow, the fermented proteins
have excellent protein quality. The solubility of plant-based proteins in
water is impacted because, during fermentation, the hydrophobicity of
the protein surface rises. Furthermore, some non-nutritive substances in
plant-based proteins changed during fermentation.
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K/IIOYEBBIE C/IOBA: AHHOTALIUA

(ykoudan, VBenuueHue MUIIEBON EHHOCTY U YIyUIleHe TEXHOJIOTMYECKMX TIoKasaTeseii moinyhabpruKaToB 1 TOTOBBIX PHIGHBIX IPO-
noaugeHonsL, IIYKTOB COOTBETCTBYIOT COBPEMEHHBIM TEHIEHIMSIM 3M0POBOTO MUTAHMSI M 06ECIeuBAIOT PAIMOHAIbHOE UCITONb30BaHMe
AHMUOKCUOAHMHAs ChIpbs.JTaOMIbHAsE CTPYKTYypa KOMIIOHEHTOB PbIGHOTO ChIPbSI ¥ OCOOEHHO €ro JMIMIHBIX COCTABJISIOINX CITIOCOGCTBYET He-
AKMUBHOCMb, raTMBHBIM M3MEHEHMSIM, CBSI3aHHBIM C OKMCIMTEIbHBIMM TIPOIIeccaMyt Ipu TiepepaboTke M XpaHeHu. IIuiieBbie BOMTOKHA
cmpykmypo- C J0Ka3aHHOJ aHTMOKCUIAHTHOM aKTUBHOCTBIO CIIOCOOHBI MHTMOMPOBATD ITEPEKMCHOE OKMCIeHME JUIUIO0B B GMOIOrMYe-
obpasosaxue, CKUX CHUCTEMaXx M MUIIEBOM ChIpbe, OMHOBPEMEHHO OKa3bIBasl CTAOUIM3UPYIOLIee IeCTBIE Ha PEOIOTUUYECKIEe CBOTICTBA ITPO-
OKUCeHUe 1Unudos nykuyn. Llenbio paboTel SIBJISUIOCh MCC/IEIOBAHNE BIUSHUS TPOAYKTOB MepepaboTku 6ypoii Bogopociu pona GbyKycoB Fucus

evanescens (a MMEHHO TeJieit ¢ CyabhaTpoBaHHBIM (YKOUIAHOM M 9KCTPAKTa BOAOPACTBOPUMBIX MMOTM(EHOIOB) HA OKMUCIIN-
TEeJIbHYIO CTaBGMIBHOCTD JIMIIMIOB M CTPYKTYPOOGPa30BaHe B MbIIIEUHO TKaHM PbIO Ha pumepe dapiia ropoyim. O6pabor-
Ka reseii pykougaHa yIbTpa3ByKOM MO3BOINMIIA TOMYUYUTh MPOAYKT C BBICOKOM aHTMOKCUAAHTHO aKTUBHOCTBIO (AOA) 1 110-
BBIIIEHHOI BSI3KOCTBI0. AOA Tesieit 1 9KCTPaKTOB cocTapisiia 45 u 91% Ha 1 Mr cyXoro BeleCcTBaCOOTBETCTBEHHO. BHeceHme
resieii B cocTaB (apIiieBbIX CMeceil M3 MbIIIEYHOI TKaHY ropOyLy 06ecreynio CHUKeHMe UX BSI3KOYIIPYTUX XapaKTepUCTUK
(MPOYHOCTH, aATe3UBHOCTHM U YIIPYTOCTH), UTO OKA3AJIO MMOJIOKMUTEIbHOE BIMSIHIE Ha KOHCUCTEHIINIO T0Ty(habpuKaToB U ro-
TOBBIX M3[e/Nii. BHECEHME CYyXUX HKCTPAKTOB MMombeHonoB B (apir ropOyim MpuBeio K yTpaTe ClIOCOGHOCTH ero K ¢op-
MO06pa30BaHNUIO, CBSI3AHHOM CO CHMKEHMEM BOJOYAEPKMBAIOLel crioco6HOCTH 6enkoB. IToTepyu rpu TepMmoo6paboTKe st
apeit ¢ mobaBaeHreM resisi ObUIM BABOE MEHBIIMMM, UeM JIJIST KOHTPOJIbHBIX 06pasiioB, M OCTABAIMCH CTAGMIIbHBIMM TP
MOPO3UMJIIbHOM XpaHEHUNA. I/ICCJ’IE,[LOBHHI/IE AVMHAMMKN HAKOIVIEHVS MIEPBUYHBIXM BTOPUYHBIX ITPOAYKTOB OKMCIIEHUA JINTIN0B,
ocHoBauuit [Indda 1 MasIoOHOBOTO AMaIbIErMIA B MIPOLECCe MOPO3WIBHOTO XpaHEeHMsI TI0Ka3aJio, YTO HayaJbHbIe OKUCIN-
Te/bHbIe M3MeHeHus B (apiie ropOyim 3aTparnBaiT Gochonnnmabl, 3aTeM pacipoCTPAHSIOTCS Ha TpUrmiepuasl. Yepes
5 MecsIeB MOPO3WJIbHOTO XpaHeHusl HabII0[aIoCh HAKOTJIEHEe MAJIOHOBOTO Auanbaeruaa no sHauennii 1,27 u 1,60 mr/kr
apia 111 KOHTPONBHBIX 06Pa3IOB M 06pa3OB ¢ Ao6aBIeHMeM dKcTpakTa. [Ipu nobaBieHny rejeii GykougaHa K KOHILY
YKa3aHHOTO CPOKa XpaHeHUs cofepkaHue MaJloHOBOTO Auanbaeruaa cocrabuao 0,16 mr/kr dapura. ITonyyeHHbIe pe3ynbra-
TBI ITO3BOJISIIOT PEKOMEH/IOBATh reiv yKougaHa ¢ MoBbIeHHOMAOA /s CTabMIn3aiu CTPYKTYPbI MbIIIEYHO TKAaHU PbI6
Y aHTMOKCUAAHTHOJ 3alIUThl €e KOMIIOHEHTOB.

OVHAHCHPOBAHUE: cTaThsl MOATOTOBIEHA B paMKax BBIIIOTHEHMS MCCIeOBaHNIi II0 TOCyLapCTBeHHOMY 3afaHuio denepaabHOrO areHTCTBa 1o
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EFFECT OF PRODUCTS OF FUCUS ALGA PROCESSING ON STRUCTURE
FORMATION AND OXIDATION OF LIPIDS IN FISH MUSCLE TISSUE
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fucoidan, polyphenols, An increase in the nutritional value and improvement of technological parameters of semi-finished products and final fish
antioxidant activity, products correspond to the modern trends of healthy nutrition and ensure the rational use of raw materials. The labile struc-
structure formation, ture of components of fish raw materials and especially their lipid constituents facilitates negative changes linked to oxidative
oxidation of lipids processes during processing and storage. Dietary fiber with proven antioxidant activity can inhibit peroxidation of lipids in

biological systems and food raw materials exerting at the same time the stabilizing effect on rheological properties of prod-
ucts. The aim of the work was to study an effect of products of processing of brown alga Fucus evanescens (namely gels with
sulfated fucoidan and the extract of water-soluble polyphenols) on the oxidative stability of lipids and structure formation
in fish muscle tissue by the example of humpback salmon minced meat. Processing of fucoidan gels with ultrasound allowed
obtaining a product with the high antioxidant activity (AOA) and increased viscosity. The AOA of gels and extracts was 45 and
91% per 1 mg of dry matter, respectively. Introduction of gels into the composition of minced meat mixtures from muscle tis-
sue of humpback salmon ensured a decrease in their viscoelastic characteristics (strength, adhesiveness and elasticity), which
exerted a positive effect on the consistency of semi-finished products and final products. Addition of dry extracts of polyphe-
nols into humpback salmon minced meat led to the loss of its shaping ability linked to a decrease in the water holding capacity
of proteins. Cooking losses in minced meat with addition of gel were two times lower than those in the control samples and
remained stable during frozen storage. The study of the dynamics of accumulation of primary and secondary products of lipid
oxidation, Schiff bases and malondialdehyde during frozen storage showed that the initial oxidative changes in the humpback
salmon minced meat affected phospholipids, and then they were spread to triglycerides. After five months of frozen storage,
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accumulation of malondialdehyde up to the values of 1.27 and 1.60 mg/kg minced meat was observed in the control samples
and the samples with the addition of the extract. When adding fucoidan gels, the content of malondialdehyde was 0.16 mg/kg
minced meat by the end of the indicated storage period. The results obtained make it possible to recommend fucoidan gels
with increased AOA to stabilize the structure of fish muscle tissue and antioxidant protection of its components.

FUNDING: The paper was prepared within the framework of the research on the State assignment of the Federal Agency for Fishery of the

RF No. 827/2023.

1. BBengenue

B HacTrosiiee BpeMs MCIIOMb30BaHMe NulleBbIx BOMOKOH (I1B) B Tex-
HOJOTVM TepepaboTKM MSCHBIX M PBIOHBIX IPOLYKTOB ITOKA3bIBAET
060CHOBaHHbBIE IPEMMYILIECTBA IS yYBeIMYeHNS] MUIIEBOi LeHHOCTU
U YAYYIIEHUST TEXHOMOTMYECKNX MToKasaTesieii monydabpuKkaToB u roto-
BBIX U3Jennii. DTO, B CBOIO Ouepelb, COOTBETCTBYeT COBPeMEeHHbIM TeH-
JIeHIMSIM 3[,0POBOrO MUTAHUS U 0becrieynBaeT palioHaIbHOe UCIIO0b-
30BaHue ChIpbs [1].

Ppi6a 1 MOPEIPOIYKThI COIEPIKAT JIETKOYCBOsIeMble GeIku 1 He3ame-
HMMbIe JIMITUABI, KOTOPble OZHOBPEMEHHO MMEIOT BecbMa JaGMIbHYIO
CTPYKTYPY ¥ MOJBEPKeHbl HETaTMBHOMY BIMSHMIO (GAaKTOPOB BHEIIHe
cpenbl.BpIcOKast HeHACBIIIEHHOCTD JIMITNI0B B MOPCKOM ChIpbe, Hajnuune
CWJIBHBIX ITPOOKCMAAHTHBIX CYUCTEM CIIOCOOCTBYIOT GBICTPOMY OKMCIIe-
HUIO TUITMIOB MpY NepepaboTKe ¥ XpaHeHUM PbIOHBIX TIPOAYKTOB. Peax-
LT OKUCTIeHMSI IMTTUIOB BJIMsIeT Ha CTAOMIbHOCTD GeJIKOB, MUTATEbHbIE
CBOJCTBA ¥ BKYCOBbIE KAauecTBa PbIOBI ¥ MOXKET PacCMaTpUBAThCs Kak
OCHOBHAsl XMMMUeCKas peakiys, CTaBsIas Iof, yTpo3y palyoHaJbHOe
JCII0Nb30BaHMe MUILIEBbIX pecypcos [2,3].

B 9TOM KOHTEKCTe 0co6bIit MHTepec npencTasisior [1B, obnazaoime
AHTUMOKCUIAHTHOM aKTUBHOCTBIO (AOA). OCHOBHBIE MCTOUHMKU UX TIO-
JIy4eHMsI — OTXOAbI IIPOMBILITIEHHON 11epepaboTKu GPyKTOB M OBOLIENL,
a Takke MOpPCKMe Bomopociu [4,5]. HobasneHnue IIB-aHTUMOKCUIAHTOB
B pbIGHBIE TPOJIYKThI MOXKET 06eCIeunTh CTPYKTYpOoOpa3oBaHue, obora-
LleHye PalyoHa I0JIe3HBIMM KOMIIOHEHTaMM, TOPMOKeHle MPOLeccoB
OKMCJIeHVS TTOJIVHEeHACIIeHHBIX KMPHBIX KMCIOT, KOTOPbIe pacCMaTpu-
BAIOTCSl B KauecTBe MPeJIIOUTUTENIbHBIX MHTPEIMEeHTOB MUIIEBOro pa-
umoHa. IIpy 3TOM CyIIecTByeT BO3MOXKHOCTh Pa3paboTKM HOBBIX BUIOB
PBIOHBIX M3eNnit, oboraieHHbIX 1B, XOpolIo afanTMpOBaHHbIX K IIPef-
MIOYTEHVISIM IIOTpeGuTenei.

HepaBHO 6blTa BBeleHa KOHIIEILMS IINMIIIEBbIX BOTOKOH C aHTMOKCHU-
JIAaHTHBIMM cBo¥icTBaMu (AIIB) [4,5]. OCHOBHO# XapaKTePUCTUKON ITUX
HAaTYpaJIbHbIX IPOAYKTOB JIO/DKHO OBITH coyeTaHue (U3MONOTNMUeCKUX
a¢dexros I1B 1 aHTMOKCUIAHTOB B OTHOM MaTepuase. CornmacHo BbIIBU-
HYTOV KOHLIeNUMH, 1 T AIIB 10/5KeH MMeTh CIIOCOGHOCTH K MOTTIOMIEHUIO
CBOGOIHBIX paguKanoB (o peakuuu ¢ DPPH (2,2-nudenmn-1-nukpu-
JTUAPa3UIoOM)), 9KBMBajeHTHYI0 50 mMr ButamuHa E, a comepkanue I1B
B IIperapare JO/DKHO IpeBbIaTh 50% IO CyXoii Macce U MPOUCXOIUTD
U3 IPUPOJHBIX MaTepuasoB.

[TpuBnekaTeJbHOCTL IIPMMEHEHMSI IPUPOIHBIX AHTUOKCUIAHTOB
B KayecTBe CTAGWIM3AaTOPOB IMINEBBIX NPOAYKTOB BO3PacTaeT M3-3a
MX MOTEeHLIaNbHOV MOJb3bI IS 300pOBbs. JJoKa3aHO, YTO MepeKUCHoe
OKJCJIeHMe JIMIINAOB in Vivo ¥ IPOSYKTbI OKMCIEHNS IMIINIOB, ITOCTYyTIA-
ollIMe C TUIEH, IBJISIIOTCS OCHOBHO MPUMYMHOI MHOTMX 3a60jIeBaHmIit,
B TOM YJMC/Ie aTepoCKIepo3a, paka, IPoLeccoB cTapeHus [6,7]. DHAOreH-
Hble PacTUTeNIbHble aHTVOKCUIAHTBI CIIOCOOHBI MHIMOMPOBATD TIePeKyuC-
HOe OKMCJIeHUe JTUITUAOB M 00eCreunBaTh 3alUTy OT OKUCIUTENIbHOTO
TIOBPEXAEHMSI GMOIOTMYECKUX CUCTEM U MUIIEBOTO ChIPbSI.

Cpenu TIB, o6napatomux AOA, onHumu u3 Haubosnee 3PpheKTUBHBIX
cunralorcs cynbdarupoBaHHble nonucaxapuasl (CIT), Takue Kak dyko-
unaHbl. OHU TIPECTaBISIOT CO60M CIOKHO YCTpOoeHHYIo nepapxuio CII,
MIMPOKO PaCIpOCTPaHEHHBIX B KJIETOYHBIX CTEHKAX GYPBIX MOPCKMX BO-
nopocient [8—10]. @ykycoBble BOLOPOCIN B LI€JIOM OTINYAKTCSI BBICOKUM
cozepskaHyeM aHTMOKCUIAHTHBIX KOMIIOHEHTOB, Kpome (ykoumaHOB
BblJle/IeHbl 1omdeHoNbHble coeiHeHMsT — (IIOPOTaHMHBI, a TaKkkKe Ka-
poruHonyp, pykoxkcanTuH [8,10,11]. B HacTosimee BpeMst AVICKYCCMOHHBIM
0CTaeTcst BOIIPOC O TOM, KOMY IPUHAIEXKUT puoputeT B AOA — dykon-
JlaHaM /I CBSI3AHHBIM C HUMM TTONMGEHONIbHBIM COeIMHeHUsIM [8].

B psime HayuHBIX pPaboT 060CHOBAHBI CIIOCOGHI MOITYIEHNUS U MTPUMe-
HeHMsI QyKouzaHa [JIst o6oraleHysl MUIEeBbIX IPOLYKTOB B COCTaBe M3-
MeJIbUeHHBIX BOJLOPOC/Iei WiM B BuJe OYMILeHHOro mnpemnapara [10,12].
Inst ycuneHus: GMONIOTMYECKON aKTMBHOCTY (yKOMZAHA MCIIONb3YIOT
pasinyHble NpyeMbl. Bo/bIIo MHTEpeC BbI3bIBAaeT MCIIONb30BaHMeE Yilb-
tpassyka (Y3) — corndnkanysi. CoHndurauys BausieT Ha CTeTleHb 0N -
Mepu3aluu, Ha paspylieHre KOMILIEKCOB (hyKouIaHa C COMyTCTBYIOLIN-
MM KOMITOHEHTaMM, a TaKkKe Ha, JUCIIePCHBIN COCTaB U reeobpasyoniye
cBojicTBa. Y3-00paboTKy UCIIOIb3YIOT AJIS BbiaeneHus GhyKouaaHa yaiie
BCero npu 06paboTKe HEMOCPENCTBEHHO CAMMX BOLOPOCIIEl MU Ke s
JeCTPYKIMY yke ounienHoro CIT [13-15].

WccnenoBaHusi, NpoBefeHHbIe B MSICHOV MHIOYCTPUM, TTOKA3a1Iu, YTO
BBefieHMe CII B MblllleyHble CYCTeMbI MTOBBIIIAET MOTEeHIal MCI0Ib30-
BaHMS ChIPbSl M NMPOAYKTOB, NMPefOTBpallasl OKUCIeHue JUnumos [16].
[Ipy 3TOM CBefleHMs], OTHOCSIMECS K UCIONb30BaHMIO yKouaaHa U ero
MPOM3BOAHBIX B PHIOONPOAYKTAX B KAUeCTBe CTPYKTYPOOOpasoBaTesei
Y aHTUOKCU/IAHTOB, OTpaHMYeHbl.

Llenbio JaHHOM PabOTHI SIBISUIOCH UCCTENOBAHNE CUHEPTeTUYECKOro
BO3JeJCTBMSI 9KCTPAKTOB U reneii 13 GyKycoBbIX BOLOPOCIeN ¢ pasiny-
HBIMM YPOBHSIMYM @aHTMOKCUAAHTHO aKTMBHOCTY Ha OKUC/IUTETbHYIO Jle-
CTPYKLMIO TUMHUOB U CTPYKTYPOOOpa30BaHMe B MbILIEYHOI TKAHU PbIO.

2. O6'BeKTHI ¥ METOABI

O6beKTaMy MCCIENOBaHMSI BBICTYIIAIM MEIKOAMCIIEPCHBIN IOpPO-
oK 6ypoit Bomopociu Fucus evanescens («®apmOyiiien JIab», Tlaptu-
3aHCK, Poccust); ropOyiia fasbHeBOCTOUHAsI MOPOsKeHasl HepasienaHHast
Oncorhynchus gorbuscha («<HEBUC APTO», BnaguBocTok); dapur u3 dpue
rop6y1y, IOMyIeHHOTO IT0C/Ie yaaaeH)s] BHYTPEHHOCTe, KOXKY M KOCTejl
(usmesnbueHme e MPOBOAVIIN GITOBOI 3JIEKTPOMSICOPYOKE).

Ilnst o6paboTku mopoiuka dykyca ucrnonb3oBaau meror [17], monu-
umypoBaHHbIl HaMM TTyTeM TpUMeHeHus ynbrpassyka (Y3). [lns aToro
CyXOJ MeJKOAMCIIEPCHBIV MOPOIIOK (yKyca MPOMbIBaIM B OUCTUIIN-
POBaHHOI1 Bozie /IS yoaneHus: M36bITKa MUHEPATbHbBIX COJeil B TeueHue
10 MuH. 3aTeM BHOBb 106aB/ISUIM AVCTWUIMPOBAHHYIO BOLY B COOTHOILIE-
Hum 1:10 (TOPOIIOK: BOAA), IKCTPArupoBaay BOLOPACTBOPUMbIE KOMIIO-
HEHTBI B TeueHue 4 yacoB npu Temreparype 30—-40 °C. OcaoK OThemnsiin
unbTpoBaHMEM, @ SKCTPAKT BBICYIIMBAIM IIyTEM Cybimumanm (Cyon-
matonHas cyunika FD-4 Xi‘an Toption Instrument Co., Ltd, Kurtaii).
K ocanky mob6asnsuin pactsop 2% HCI B coorHomennn 1:10 (oporok:
KucioTa) npu temneparype 30 °C, ocTaBasiv Ha 2 yaca pu rnepuoguye-
CKOM IiepeMelBaHuu. Jlajee ocamoK MpoOMbIBaau Bomoii no pH 5,5-6
u nob6asnsin 10% pactBop Na2CO3 ¢ pH 8,5+0,5 npu COOTHOIIIEHNUMU T10-
poIoK: pacTBOp — 1:1. 3aTeM cmech HarpeBajau B TeUeHMe 2 YaCOB IIPU
temieparype 40 °C. [TomyuyeHHbI MPOAYKT MPEACTaBIsI OG0 I'yCTOM
re/lb KOPMUHEBOTO LIBETa.

Inst o6pabotky resnst Y3 mpu 060CHOBAHHBIX paHee rapamerpax [18]
MCII0/Ib30BaN YAbTPA3BYyKOBOIi mpoueccop Sonic Vibra Cell mogenyu VCX
130 mpoun3sBoacTBa Sonics and Materials, Inc., CIIIA. Bo nz6exxaHue mepe-
rpeBa MPYIMEHSIM OXIaKIAOIIYI0 py6aliKy ISl HOALepsKaHMsI TeMITepa-
TypbI He 6onee 50 °C.

Bsaskoctp (MIla-c) onpenensiiy ¢ IOMOIIbIO POTALIOHHOTO BYCKO3M-
metpa cepuu NDJ (Laboao, Kurait) ¢ ucronb3oBanmem poropa N2 3 mpu
CKOpOCTM BpaiteHust 60 06/MuH.

JInst BBISIBJIEHMSI PEOJIOTMYECKUX ToKasaTesneil (IIPOYHOCTb, afre3uB-
HOCTb U YIIPYTOCTb) MCIIO/Ib30Ba/IU TeKeTypomeTp Bpykdmbaa TexturePro
CT3 (Ametek, CIIA), 3oug mns onpenenenus TA18.CkopocTs morpysxke-
Hust — 0,5 MM/c, ITy6GMHA TIOTPY>KEHNSI B TIOBEPXHOCTb MPOAYKTa — 5 MM.

Ornpenenenue copepskanusi (GyKo3bl MPOBOAMIN CIIEKTPOPOTOMETPU-
YecKMM MeTOZOM I10 I[BeTHOJ peakluy € L-IIMCTEeMHOM M CepHOI Kuc-
noroit (ciekrpodoromerp UV 1800, Shimadzu, SImonus). ONTUYeCKyo
IJIOTHOCTD MOJTyY€HHBIX PaCTBOPOB 3amepsui ipu 393 HM u 430 um. 11
pacuera KomuecTsa GyKouIaHa MOMydeHHOe 3HaueHye YMHOXKaIM Ha 2,
YUUTBIBAsI YCIIOBHOE comepskanus GyKko3bl B pykougaHe, paHoe 50% [19].

AHTMOKCUIAHTHYIO aKTMBHOCTb B 00pasax M3MepsulM IO IOIVIO-
IIEeHUI0 CBOOOOHBIX DPAgUKaIOB C MCIONAb30BaHMeM 1,1-mudennn-2-
nkpuirugpasuia (JOIIT) no mopuduumpoBanHomy metony Qwele [20].
Crenenb o6eciBeunBanus pactBopos JOIII mpu gobaBieHnn 06pas3ios
omnpepensiu criekrpodoromeTpryecku pu 517 HM. B KauecTBe MONIOKM-
TeJIbHOT'O KOHTPOJISI MCIIoAb30Banyu ButaMuH E (a-Tokodepora amerar).
AKTMBHOCTb yJaleHus1 CBOGOAHbBIX PaguKanoB (MHIr6upoBauus) JOIIT,
BbIP@)KEHHYIO B IPOLIEHTAX, PACCYUTHIBAIIN 10 hopmyIie:

CmeneHb uHeubuposarus J@IIT = [(Ag - (A - Ag)/Ag) x 100], %, (1)

rme Ay — OTTUYeCKast ITIOTHOCTH pactBopa DIl 6e3 o6pasiia;
A — onTmMyeckast IIOTHOCTb o6pasiia ¢ [JPIIT;
Ag — onTmyeckasi IFIOTHOCTb 06pasna 6e3 IOIIT.

Omnpenenenne nepsuuHbix (III10), BTropnunsix (BIIO) npomyKToB me-
PEKMCHOTO OKMCJIeHUST IMIMI0B U ocHoBaHMii [lndda (OII) mpoBogman

100



MueHerko T. H. 1 ap. | MALLEBBIE CUCTEMDI | Tor 8 No 1 | 2025 | C. 99-105

9KCTPAKLMOHHO-CIIeKTpodoToMeTpruyeckuM MeTtomom [21] (cmekTpo-
doromerp UV 1800, Shimadzu, Sdmonus). [Ijist aToro o6pasisl dapiiei
rOMOT€HM3UPOBAJIM C TIOMOIIIbIO MTOTPyKHOTO GreHaepa HM-1000 (ECSI,
Kurait) mpu temmneparype + 4°C ¢ 0,9% pacrBopom NaCl (B cooTHo1Ie-
uun 1:10), cogepskamum 3 MM DITA. K 0,5 r romorenara m06aB/siin
5 MJI renrtaH-M30IpPONAHONIOBOI cmecu (1:1), BCTpSIXMBAIM B TedeHMe
10-15 muH, neHTpudyruposanu B reuenme 10 mye mpu 1500 06/MuH Ajist
0CBOGOXKIEHMST OT G6eIKOBOro ocanka. HajocamouHyo skuIKoCTh pa3oas-
JISTV 5 MUI renITaH-MU30MPOINIaHOIoBOI cMecH (3:7) U cMelmmBamu ¢ 2 M
pactBopa HCI (pH = 2,0). Uepe3 30 MuH JeKaHTMPOBaIM BEPXHIOIO (Terl-
TaHOBYI0) a3y, comepxaiiywo Tpurtuiepuast (TT). K HuskHelt (BogHO-
cnpToBoit) dase, comepskaiueit pochomumuapt (OJI), mobassim 1 r cy-
xoro NaCl. BoimepskuBanu 30 MUH 1 AeKaHTUPOBAIYU U30MPOIAHOIbHYIO
da3y. Vi3smepsu ONTHYECKYIO IVIOTHOCTh 06enx ¢a3 mpu JIMHAX BOITH
220, 232, 278 1 400 um (ciexktpodorometp UV 1800, Shimadzu, Srnouns)
MPOTUB KOHTPOJIS, MOTYYEHHOrO 110 CXeMe IMPUBEeIEeHHO 3KCTPaKLuMu,
Ho 6e3 ¢apiia.

Pe3ynbTaThl BbIpaXkaiyu B eAMHUIAX MHAEKCOB okucneHus (en.l0):
0 Ejy3p/Epy0 — OTHOCUTEIBbHOE CoflepskaHe IMeHOBbIX KOHbIOTaToB;

O Ey7g/Egyp — OTHOCUTENbHOE CONep>KaHMe UM COIPSDKeHHBIX TPUEHOB;
0 E,0/Eyy0 — OTHOCUTENBbHOE comepskaHme ocHoBaHMit lndda.

ConepykaHue MajJoOHOBOro auanpaernga (MJA) onpepensin 1o pe-
akiuu ¢ tobapbutyposoii kuciaoroit (TBK) crmekrpodoromerpuue-
ckuMm metogoM (criekrpodorometp UV 1800, Shimadzu, SAmonus), kak
omycaHo B paborte [22]. [Inst atoro 0,2 r o6pasua cMemmBanu ¢ 1 M
GyTaHo/la B MepHOI Konbe o6beMoM 25 mut. 5,0 MJI cMecy moMelnanu
B IIpo6UpPKY 1 mob6asssuin 5 M 0,2% pactBopa TEK B 6yTranose. [Ipo6up-
Ky 3aKpbIBaJIy, BCTPSIXMBAJIM 1 HAarpeBaiu Ha BofsiHoit 6ane (UT-4308E,
ULAB, Kurait) ipu 95 °C B TeueHye 2 4aCOB, OXJIAXKAAIN B ITPOTOYHON
Boze, ueHTpudyruposanu Ha ueHtpudyre Supra 22K (Hanil Science
Industrial, I0kuast Kopest)ripu 6000 06/MuH B Teuenue 20 muH. OnTu-
YeCKyIo IVIOTHOCTD CylIepHAaTaHTa U3MEPSIIU TIPU JJIIHE BOJHbI 535 HM
(crtektpodorometp UV 1800, Shimadzu, SIMOHNUS)TPOTUB KOHTPOJIbHOI
MpOoO6bI. BeMumHbI cofepskaHus MPOayKTOB B3aumoeiicTBus ¢ TEK Bbi-
paxanu B mr MIIA/Kr o6pasia.

JI7Is1 IPUTOTOBJIEHNST OTIBITHBIX 06Pa3LoB dapir ropOyIy pasaennin
Ha Tpu yacTy (o 300 r B Kaxknoit). [lepBas yacTh Cyskuiaa KOHTposeM 6e3
BHECEHMsI JOTIONTHUTEIbHBIX KOMIIOHEHTOB. /I3 BTOPOIi YacTy 0ToMpau
1o 3 o6pasua (100 r), K kKoTopbiM fobassin 5, 10 u 20% rens, comepska-
miero ¢ykoumaH. M3 TpeTbeit yactu otéupanu o 3 o6pasia (100 r), K Ko-
TopeiM mobasisin 0,05%; 0,15%; 0,25% cy6nuMupoBaHHOTO BOZHOTO
9KCTpaKTa K mMacce ¢apura. PapiieBble CUCTEMbI BbIAEPXKMUBAIK 2 U IIPU
KOMHaTHOI TemrnepaType. [locie uccnenoBaHus CBOVCTB ChIPBIX (hapiieit
TPOBOAVIIN UX TEPMOOOPabOTKY Ha mapy rmpu 98+ 2 °C B TeueHue 15 MuH.

OpraHosenTuyeckyo OLIEHKY 00pa3lioB OCYyILIeCTB/sIIa TPyIIa 3KC-
MepToB 13 5-7 CrenuanmucToB, MMeIOIMX Bbicliiee 06pa3oBaHe B 061acT
TEXHOJIOTMM PHIOHBIX IPOAYKTOB, B cooTBeTcTBMM ¢ TOCT ISO 8586-20151.
OKCIIepThI OLIeHMBAIN ClIeAylolyie [I0Ka3aTe/y: BHELIHMI BUJ, LIBET, BKYC,
3amax, KOHCUCTeHI S,

[ToTepy NPy TEIUIOBOJ 06paboTKe OIpenesIsuiu IyTeM pacyeTa COOT-
HOILIeHMSI MacChl TOTOBOTO MPOYKTA M0 OTHOIIEHMIO K Macce MICXOIHOTO
CBIPbSI ¥ BBIPAKaIM B IPOLIEHTAX.

st CTaTMCTMUYECKOTO aHa/M3a MCIOAb30BalM NPUKIALHON IakeT
Statistica 6. Bbi6opouHbIe ITapaMeTpbl, IPUBOAMMbIE B TAGMUIAX: CPeJi-
Hs1s apudmeTrndeckast (M), ctaHIapTHOEe OTKIOHeHMe (), 06beM aHau-
3UpPyeMOii OATPYIIbL (1). YPOBEHb NOBEPUTETbHON BEPOSTHOCTYU 95%.

3. Pe3ynbTaThl M 00CYKAEHME

3.1. Cocmas u ceoiicmea npodykmose nepepaéomku ykyca

st MccaenoBaHUs BAMSIHUSL TIPOLYKTOB 1epepaboTku (GyKycoBbIX
BOJOPOC/Iell Ha CTPYKTYPOOOpa3oBaHye U OKUCIEHME JIMIUIOB B MbI-
[IeYHOIi TKaHM PbIO ObUINM MCITOIb30BAHbI I'eJib, 000Tall[eHHbI hYKOU-
JIaHOM, U CYyOIMMMPOBAHHBIN 9KCTPAKT BOLOPACTBOPUMBIX KOMITOHEH-
TOB. PanyoHaipHble apaMeTpbl COHM(MUKALNM, KOTOPBIE MO3BOMISIOT
peryaupoBaTb 4 AOA, 1 peonorndeckye CBOJCTBA reyeii, mpecTaBaeHbI
B pa6ore [18]. B Tabnuiie 1 mpuBemeHbI JaHHbIE O CBOJCTBAX, TOTYUYeH-
HbIX 13 MeJIKOAYCIIEPCHOTO MOPOIIKA GyKyca U MpenapaTos, UCTIONb30-
BaHHBIX B pabore.

Ipu pa3paboTKe criocoba MosyyeHus rejieit 6pIIM UCIO0Ib30BaHbI Ba-
PUAHTBI COHMPOBAHMSI C BAPbMPOBAHMEM YPOBHS MOLTHOCTM Y3 OT 65 10
130 Bt B nHTepBasax BpeMeHu ot 5 o 30 muu mpu yacrore 20 KI'11. Pa-
LMOHAIBHBIMM ObUIM MTPU3HAHBI CieAylomme napamerpsl: 20 kI, 130 B,
20 muH. Takast 06paboTKa rejieil mpuBena K yBeTMUEHUIO COEPsKaHMsI
dbykounaHa, K pocty AOA U K 3HAUUTETbHBIM M3MEHEHVSIM IVCIIePCHUOH-

1 TOCT ISO 8586-2015 «O6uiee PYKOBOZICTBO IO COCTaBJIEHNUIO OPraHOIENTH-
yeckoro mpobwmis». M.: Craugaptundopm, 2015. — 29 c.

Ta6muua 1. CBoicTBa MpernapaTos, OJTyYeHHBIX U3 IOPOIIKA
dykyca F. Evanescens
Table 1. Properties of preparations obtained from the powder of F. evanescens

Iloka3arennb IIpoaykT 3HaueHue
ConepskaHue VicxonHbIi TOPOLIOK 8,4%+1,1
g’%’ﬁgﬁgg&g;ﬁﬁaccm Tenb ocsie V3 06paboTku 20,4%1,7

DKCTPAKT MoMQpeHOI0B CyXoit 2,1£0,3
AOA, % VIcXOmHBIN MTOPOLIOK 45,0+0,4
IC{}?X}/I)D(AEGH_LGCTB Tenb nociie Y3-06paboTku 64,7+2,1

DKCTPAKT nomndeHoNoB cyXoi 91,4%0,8
IluHaMuueckast BSI3KOCTb,  VICXOHBII MOPOIIOK —
Mna-c Tenb ocie Y3-06paboTku 1804,2+17,8

DKCTPAKT MOMMQpEHOIOB CyX0it —
IIpounocts, T VicxonHbIi TOPOLIOK —

Tenb mocie V3-06paboTkiu 16,50+0,81

DKCTPAKT NomdeHOI0B CyXoii -
Tpumeuanue: AOA% o-Toxkodepona (sTanoHa cpaBHeHus1) cocrasuiaa 80,0+0,5% Ha
1mr.;n=4,p<0,05.
HOTI'O COCTaBa rejieii 1 peoaornueckux noxkasareseii. [Ipy sTom npomucxo-
o o6pa3oBaHNe OIHOPOAHBIX Tejiell, KOTOpPble OCTAaBaINCh CTAOUITb-
HBIMM IIPDM XpaHeHU!, a Talkoke HapacTaHye UX MPOYHOCTU U BSI3KOCTHU.

EcTb 060CHOBaHHOE MHEHMe, UTO MTPY COHMPOBAHMY TTOIMCAXAPUIOB
U UX KOMILJIEKCOB MMEEeT MEeCTO pa3pbiB BOJOPOAHBIX CBsI3ei, mpeobpa-
30BaHMe CTPYKTYPbI M I'MApaTalus MakKpOMOJEeKys, B pe3ylbTaTe Yero
06pa3syloTcs BsI3Kye KiaeiicTepsl [23].

[IpuBeeHHbIE Pe3yIbTaThl IIOKA3bIBAIOT, UTO TIOTyUYeHHbIe Tely CO-
OTBETCTBYIOT TPeGOBaHMSIM KOHIIEIIUM IPUPOLHBIX MUIIEBBIX BOJTOKOH
C aHTMOKCUAAHTHBIMM CBOVcTBaMM. B ux coctaB BXomuT oT 16 mo 20%
dykomnzaHa ot ucxonHOM Macchl. C y4eTOM KOIMUeCTBa aIbTMHOBBIX COe-
nuHeHu [4,5] obuee konmnuecTso I1B cocraBut He MmeHee 50%, a Benum-
Ha AOA XOPOIII0 COOTHOCUTCSI C TAKOBOI IJIsT a.-TOKOdepona.

[MomyyeHHBI HA CTAAUY SKCTPAKLIMY KOMIUIEKC TTOMU(BEHOMbHBIX CO-
enviHeHMit (PIOPOTAHHMHOB) IPMBJIEK HAllle BHMMAaHMe BbICOKMMM 3Ha-
yeHusamu AOA. [TosTomy 6bUTO pellleHo A06aBsITh K PhIOHBIM (apiiam
KpOMe Tejieli 9TOT Ipernapar AJ1sl M3y4eHMsl BIUSIHUSI Ha OKUCAUTEeIbHbIe
MPOLECChl JIMITUAOB M Ha PEeolorMYecKue CBOMcTBa NonyhabpuKaTos,
a TakKe rOTOBBIX TPOLYKTOB.

3.2. BnusHue zeneli u 3kcmpaxkmos gykyca
Ha cmpyKmypooo6pa3oeaHue 6 Molille4HOll MKAHU PblO

3.2.1. Bnusinue 2eneti

CeHcopHast olleHKa 06pasIioB 1oKasasa, YTo Ipu A06aBIeHUN reieit
Hab6JTI0/1a/10Ch HEKOTOPOE CHIKeHVE MHTEHCUMBHOCTHM 1iBeTa (apiia, TemMm
He MeHee OH OCTaBaJICsl CBOVICTBEHHBIM I[BETY MBILIEYHON TKaHU PbIG
JIococeBbIX TTOPof,. Takske yBenueHe KOMMIecTBa BHOCMMBbIX Tefieii BbI-
3pIBAJIO pasMsryeHue dapiia, OfHaKO MPY 3TOM OH JIydlle yaepsKuBaj
npuaaBaemMyio emy ¢opmy. [Tocie TepMmooO6pabOTKM Ha Tapy pasanumst
B KayecTBe 06pasi[oB 3aMeTHO YCYIIMINACE. [Ipy 3TOM 1IBET, BKYC ¥ 3amax
OGbUTM BbIPAXKEHBI NTPAKTUUECKY OAVHAKOBO. Ho B mpucyTcTBUM 5% rest
dbopmupoBanack xkecTkasi, pe3MHONOA00HAsI TEKCTYpa, NalbHeliliee yBe-
JMMyeHne Kommnyectsa rens 10 10% mpumaBano ToTOBOMY MPOAYKTY COY-
HYI0, MSITKYI0 KOHCUCTEHIINIO, HO YKe ipu 20% OH He yaepskuBai hopmy,
TTOSIBJISLTVICh TPEIIVHBI.

OlleHKa OpraHoMeNTUYeCKUX MoKa3aTesneil ChIpbIX U TepMO0oOpabo-
TaHHbBIX M3/ COOTBETCTBOBAJIA MHCTPYMEHTAIbHBIM M3MEPEHUSIM
VX peosiornyeckux rnapameTrpos (PucyHox 1).

ITpouHOCTb CHIPHIX (hapiieii CHUKAIACh MIPUMEPHO B ABa pasa. Y Tep-
MO06paboTaHHBIX (hapiieii mocie HeEKOTOPOTO POCTa MPOYHOCTh TAKKE
yMeHbIIIanach. ATOT 3GHEKT MOKHO CUMTATh MMO3UTUBHBIM, TaK KaK OH
obecrieunsi 6ojiee COUHYIO ¥ HESKHYI0 KOHCUCTEHIIMIO TPOAYKTa (PUCYHOK
1A). Cpenyt Ipyrux noxkasaresieii MOXKHO BbIIENIUTD aAre3mBHOCTb (Pucy-
HOK 1B) u ynpyrocts (PucyHoxk 1B). [Ipu 3TOM afresmMBHOCTb U CHIPBIX,
¥ TepMO0o6paboTaHHBIX Ha Tapy 0O6paslioB TOBBINIAIACh IPU YBeIUYe-
HUM KOHIeHTpaiuu refist 1o 10%, a 3aTeM pe3Ko CHMsKaIach 1Jis epBbIX,
HO 0CTaBaJIaCh UCXOLHOM yYPOBHE it BTOPbIX. KoadduimeHT ympyroctu
XapakTepu3yeT CBOMCTBA MPOAYKTA [0 BOCCTAHOBJIEHUIO Moce nedop-
Maiuu, pu 3TOM 3HaueHue, paBHOe 1, yKa3blBaeT Ha IMOTHOCTHIO 3J1a-
CTUYHBIN MaTepuain, a 3HaueHMe 0 COOTBETCTBYeT IOTHOCTHIO BSI3KOMY
maTepuasny. [loyueHHbIe ChIpble ¥ OTBapEHHbIE MPOAYKThI MOXKHO Xa-
pakTepn30BaTh KaK BSI3KNe, HO eCJIN Y TTePBBIX MMeJIO MECTO YBeInJeHre
BSI3KOCTH, TO Y BTOPBIX — ee CHysKeHMe. Haubonee BeposiTHO 9T M3Me-
HEHMSI CBSI3aHbI C rejle00pa3oBaHMEM B CUCTEME OeNTKM-TIOIMCcaxapuIbl
1 C ero M3MeHeHMSIMMI [T0CjIe TeEPMOO06PaOOTKINA.
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10 (¢) U ocsie TepMoo6paGoTku (m), n = 4, p < 0,05
Figure 1. Effect of gel enriched with fucoidan on the rheological properties of humpback salmon minced meat
before (¢) and after (m) thermal treatment, n = 4, p < 0.05

B nmiieBbIxX cucTeMax, ComepyKalmx 6enky  IUmmabl, GyKougaH Cro-
cobGeH BBICTYIIATh B POy dMy/braropa. CTabuamsanyst IMyabCuii II03B0-
JISIeT CHU3UTD NOTePY IIPY IIPUTOTOBIEHUI UM U3MEHEeHUM KUCIOTHOCTU
Cpefibl, IPY 3TOM CHMKAETCSI IIPOYHOCTDb, HO YCUIIMBAETCS Are3MBHOCTD
aputeit. Panee 6bp110 OKA3aHO, YTO TaKMe IUAPOKOUIONUAbI, KaK albIy-
HATBbI ¥ KapparyHaHbl, 06pa3yioT IIPOCTPAHCTBEHHYIO CTPYKTYPHYIO CETKY,
rapajie/ibHyl0 6eKoBOi ceTr MUoDUOPUIUIIPHBIX GeKoB. JTa ceTka
006/1aaeT 3MaCTUYHOCTBIO, CIOCOGHOCTBIO U3TMOATHCS U CBOPAUMBATHCS,
OKas3bIBasi MeHbllIee COMPOTYBIIEH)e BHEIIIHEMY BO3eJCTBIIO [24]. Taioke
CTabMUIbHOCTb KOMITIEKCOB TMIPOKOJITION/IOB C IPYyTMMM GMOTIONMMEepaMM,
[JIaBHBIM 06pa3oM 6e/kaMy, 3aBUCUT OT /IeKTPOCTATNUeCKOTO CBSI3bIBa-
HUSI OTPULIATENbHBIX 3apsiIOB MOTEKYI (yKoMAaHa ¥ ITOBEPXHOCTHBIX
3apsimoB 6enkoB [10,25,26]. CpaBHeHYe TIOTyYeHHbIX Pe3y/IbTaTOB U JINTe-
paTypHBIX JaHHBIX [T03BOJISIET MPEATONOKNUTD, YTO (GyKoMIaH npy B3au-
MOJIECTBIMM C KOMITOHEHTaMM MBIIIEYHOI TKaHM TaKKe CrIocobeH ob6pa-
30BbIBATh COOCTBEHHYIO TPOCTPAHCTBEHHYIO CTPYKTYDY.

3.2.2. BhusiHue skcmpakmoe

Boicokne 3HaueHnst AOA CyXOro 9KCTpakTa ONpeneniy BO3MOXKXHOCTb
MCIIONb30BaHMsT ero B Hu3kux KoHuentpaumsx (0,05%; 0,15%; 0,25% or
Mmacchl). OnHaKo Aaske Takye HU3KMe KOHLIEHTPalMy BbI3Ba/ly 3HAUUTENb-
HbIe M3MeHeHMsT B TeKcType 06pasiioB ¢apiia ¢ ero godasieHnem. [To op-
raHOJIENITMYECKUM IT0KA3aTeNsIM BCe OIbITHbIE 06PA3Ibl MMENU OTTEHKU
LIBETA, XapaKTepHOTo IS MsICa JIOCOCEBBIX PbIO. VYBeMnueHye KOHIIEHT-
paryy 3KCTPaKTa He BbI3BAJIO PAa3MuUMii B CEHCOPHBIXXaPaKTEPUCTUKAX
06pasi[oB. [7TaBHBIM MX OT/INYMEM OT KOHTPOIbHBIX 06pa31ioB GbUIO TO, UYTO
OHM TIOUTY TIOJTHOCTBIO TEPSUIM CIIOCOGHOCTh K (hOpMOO6GPa30BaHMIO, UTO
CBSI3aHO C PE3KUM CHIDKEHMEM BOIOYIEPKMBAIOIIEN CITOCOGHOCTHM GETKOB.

Ipu mo6aBeHnn B cbIpoii (hapiir skcTpakTa dyKyca HaGIHOMaIM CHYKE-
HM€ MPOYHOCTU ¥ YMEHbBILEHUE YIIPYTOCTU TIPYU MOBBILIEHNM a[IT€3UBHO-
ctut (PUCYHOK 2). VBeMueHue KoMMuecTBa 106aBKky, BHECEHHOI B MCCIeNy-
eMble 00pasibl, He MOBJIVSUIO HA M3MEHEeHMe PeOTIOTMYEeCKUX IIOKa3aTesei.
BHeceHMe CyXOro 3KCTpakTa 00ecreunsio CHKeHre mpouyHocTy (PrcyHoK
2A) TOTOBBIX U3[€NIi TIOUTH B 5 pa3 Ipy 3aMeTHOM YBeTMYeHNY a/ire31B-
Hoctu (PucyHok 2B) 1 ynpyroctu (PucyHok 2B). ITo cpaBHeHMIO € KOHTP-
osieM 06pasiibl ObLIY 60jTee MATKUMM Y OFHOPOAHBIMMA.

3.3. Bausnue zeneli u 3kcmpakinos pykyca Ha ceoticmea

pbIGHO20 (hapuia npu xpaHeHuu

O6pasupl cbippix (apueit ¢ mobasnennem 10% renst dykougaHa
u 0,05% cyxoro sKCTpakTa GbIM 3aJI0KEHBI HA MOPO3UIbHOE XpPaHEHNe
npu temneparype —18 °C.

VI3smeHeHMs OopraHOJeNTUYeCcKMX CBOJCTB, COITyTCTBOBABIINE MOPO-
3UTBHOMY XPaHEHUIO B TeUEHNME 5 MeCSILIEB, BBIPA3WINCH B IOCTEIIEHHOM
M3MeHeHuy 1BeTa (apiia OT PO30BOro A0 OPAHKEBOTO, a 3arax Ipuo-

6peTast c1abo BbIPaKEHHBIE OTTEHKY OKVMCIEHMS IIsT KOHTPOJISI M 06pas-
1oB ¢ reseM. O6pasipl ¢ HOOaBIEHMEM 3KCTPaKTa K ISITOMY MECSIY
MpUoGpeNn cepoBaTO-OpaHKeBbIii I[BET, a 3arax MMeJT SIBHO BbIpaskeH-
HYIO MPOTOPKIOCTh. ITocie TepMoo6paboTKM XPaHMBLIMXCS 06PasloB
Haubosee TpUBJIeKaTeTbHBIM BKYCOM (COYHBIM, MSTKMM U apOMaTHBIM)
obmamanyu usgenus ¢ o6aBaeHMEM Tefisl, KOHTPOIbHbIE 00PasIbl ObIIN
CYXOBaThIMM C MeHee BbIpaskeHHbIM BKycoM. O6pasiipl ¢ 106aBaeHemM
9KCTPAKTA NMPU3HAHBI HEYJOBIETBOPUTEIbHBIMMU.

TToTepu pu TEIUIOBOI 06pabOTKe st KOHTPOJIBHBIX 06Pa31[0B BHIPO-
U 3a TIepuof, XpaHeHust oT 15,2 no 24% macchl, Ipy 106aBIeHNUM TeIsT —
oT 9,4 no 13% u nipu mobaBneHuu skcrpakra — ot 12,1 go 22,0%. dtu
JJaHHbIE YKA3bIBAIOT HA BBICOKYIO CIIOCOGHOCTb (yKOMAAHA YAEPKUBATD
Baary B dapiie pbi0, COXPAHSIONYIOCS MPY MOPO3WJIBHOM XpaHEHWUU
U TIPU TePMOO6PabOoTKe.

ITpoyHOCTh 06pa3LOB BO3pacTaja BO BCeX CJIyYasix [0 Mepe YBelu-
yeHUs] cpoka xpaHeHus. Hambosnbliee yBenuyeHyue 3TOrO IMOKA3aTesst
BBISIBJIEHO JIJ1s1 KOHTPOJIBHOTO 06pasiia, a HauMeHblee — st 06pa3LoB
¢ nob6asneHuem ress. Ilocie Bapku 3TOT MOKasaTeslb MMeT 06PaTHYIO
TeHIeHLIMIO [y 00pasioB ¢ J00aB/IeHNeM Tefst U [Jis KOHTPOJIbHBIX,
CHIKasICh 6ostee yeM B 2 pa3a B 060ux ciyvasix. [Iist o6pasios ¢ 1o6as-
JIeHVIeM 3KCTPaKTa MPOYHOCTh MMOBBICMIACH MOYTK B 2 pasa yKe uepes
1 Mecsiiy XxpaHeHMsI ¥ OCTaBaIach Ha MPEeKHEM YPOBHE B Ja/IbHENIIEeM.

3.3.1. BnusiHue zeneli u skcmpakmos ¢ykyca Ha oKucaeHue 1unudos
8 MblUleUHOLl MKAHU pblO

CJIO5KHOCTD TPOLECCa OKMCIEHVST IUTTUIOB CBSI3aHa ¢ GO/BIIMM Pa3HO-
o6pasnemM 06pasyoIIMXcst MOJEKYJI, a TAKKe C pasIMYHbIMK (pakTOpamu,
KOTOpbIE Ha 3TO BAUSIOT. CIeKTPOPOTOMETPUUECKUIT aHAIU3 TTO3BOJISIET
OTpeseNThb B OHOI ITpo6e 61OIorueckoro MaTepuasa pasauyHble Mpo-
IYKTbI ITIEPEKUCHOTO OKUcIeHust inunuaos: [0 — nqueHoBbIe KOHBIOTAThI
(rupponepekucu mMnmaoB), BIIO — KeToaMeHbl 1 COTPSKEHHbBIE TPUEHbI
(ampIermapl, KeTOHBI, CIVPTHI, STIOKCUbI), M KOHEYHble — OCHOBAHUS
lIndda. [TocneqHme 06pa3yroTCs B pe3ysbTaTe 06paTUMOIi peaKLUM MeXK-
Iy KapOOHM/IBHO I'PYIIIION aIbIernia Wiy KeToOHa Co CBOOOIHOI aMUHOT-
pynmoii. Hakorutenme OIIl mectabuansupyeT MeMOpPaHbl U CIIOCOGCTBYET
JIeCTPYKLMY KIETOK [3,6,7]. BelecTBa, pearupyloniye ¢ TMo6ap6uTypoBoi
KICJIOTOM, — ellle OfHA IPYIa MPOLYKTOB OKUCIUTENBbHO AeCTPyKINI
JnnnaoB. OCHOBHOJ KOMIIOHEHT 3TO¥ rpynibl MIIA — MapKep MHTEHCUB-
HOCTM CBOOOZHO-PaAMKAIBHOTO OKMUCIEHMS, KOTOPBII aKTUBHO B3aMMO-
TIeJiCTBYeT ¢ GeJIkaMi, BbI3bIBAsI MX JE€HATYPAIIMIO.

Mopo3uibHOe XpaHeHMe SIBJISeTCS OOHMM M3 OCHOBHBIX METOIOB
KOHCepPBaIM! MUIIEBOT0 ChIPbS U IMPOLYKTOB, IIPM KOTOPOM ITpPaKTHye-
CKM TIOTHOCTBIO TpeKpallaeTcss MUKPOOMOIOrMYecKasl 1mopya, OgHAKO
OKMCJIEHMe XMPOB MOXKEeT MPOAoKaThcsi. OCHOBHASI IPUUYMHA OKMUCTIe-
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PucyHOK 2. BausiHMe Cyxoro BOAHOro 3KcTpakTa GyKkyca Ha peosiormyeckue cBovicTsa dapiua ropoymm
10 (m) U TIOC/Ie TepMooGpPaGoTKH (¢4), n = 4, p < 0,05

Figure 2. Effect of dry aqueous extract of Fucus alga on the rheological properties of humpback salmon minced meat
before (m) and after (¢) thermal treatment, n = 4, p < 0.05
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HMSI IUIU0B IIPY MOPO3WIBHOM XpaHeH!! CBsi3aHa C IIpoTeKaHueM pe-
akuuy pepMeHTaTMBHOTO MuIonusa [7,27].

B nociefHme rofpl CTano OUeBUAHO, UTO CYILECTBYIOT 3HaUUTe/IbHbIe
pasanums MeXy OKMCIMTEIbHBIMY IpolieccaMy, poucxonsmymu B TT
u B ®OJI. IMocnegune aBiasioTcs: 6oee HeHachimeHHbiMy, yeM TT, a rmio-
1aib MOBEPXHOCTHM, HA KOTOPOJ OHM TIOABEPraloTCcs BO3/eiCTBUIO BOJI-
HO¥1 Gasbl, comepsKaleit MPOOKCUAAHTDI, puMepHo B 50-100 pas mpe-
BbILIAeT IJIOIIA b IIOBePXHOCTM XMpPoBbIX yacTul, TT [28,29]. Okucienue
@JI MOXeT B JaJbHENIIeM pacrpocTpaHsaTbess Ha (pakiuio TI' B mbI-
nreyHoi Tkauu [30,31]. Pasgenenne skxupoBoit Gpakiyy Ha TenTaHOBYIO
M M30TIPOIIAHOJIOBYIO (a3bl lenaeT BO3MOXHBIM OIpeJie/ieHe MPOayK-
TOB JIMIIOTIEPOKCUAALIMM B PA3/IMUHBIX K/IaccaX IUMNUIOB.

Ha PucyHke 3 moka3aHo BavsiHMe refist GyKouzaHa U 9KCTPAKTa IO~
dhenosnoB Ha quHaMuMKy okucieHust TT u OJI B o6pasiuax dapiiua ropoyum
[IpY MOPO3U/IbHOM XpaHeHUMN.

Pe3ynbTaThl MOKa3bIBAIOT, UTO MpPOLecchl oKucaeHust TT' B KOHTpose
M Ipy N06aBlIeHUM Tesl MMEIT CXONHBIN Xapakrep. CyllecTBeHHbIe
pasnnuus NOSBASIOTCS TOJIBKO K IISITOMY MeCsIIly XpaHeHMs], KOTia Besln-
uyHa MHAekca okucienus [1I10 B mepBoM ciIydae pacTeT, a BO BTOPOM
cumkaetcs. st BITO u Ol B aTux o6pasiiax pasinumst He3HaUUTeTbHbI.
[Tpu mo6aBieHMM IKCTPAKTa IIPU HavaIbHOM CcHIDKeHuu u I1I10, n BIIO
(2 Mecs11a) MMeeT MeCTo HauboJIbIlllee HAaKOTUIEHME 3TUX KOMIIOHEHTOB
K KOHILY 5 MecsiLieB XpaHeHMsI.

IIpu paccmorpeHun guHamuku okuciaenus DJI HakoruieHue III10
u BITO HabmioaeTcst py CpOKe XpaHeHUsT 2 Mecsilja, a 3aTeM Takke pe3-
KO CHIDKaeTcsl. MakcuMasbHasl BelMuyHa 9TUX I0Ka3aTeseil BbIIBIeHa
B 06pa3iax ¢ fobaBieHyeM SKCTPaKTa.

Ha Pucyske 4 nmokasaHa JuHaMMuKa HakoruieHust MIIA, okasaTens,
HamboJee YacTo MCIONIb3yeMOro [jisi OLeHKY MHTEHCUBHOCTY OKUCIIN-
TeJIbHBIX MPOLeCCOB, KaK B KMBBIX OPTaHM3Max, TaK U B MUILIEBOM CbI-
pbe ¥ TpoAayKTaxX. B aTom ciydae Hab/ogaemMblie pasanuust Haubomee
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PucyHoK 4. Imnamuka Hakorienuss MJIA B o6pasuax dapina
ropoyIy IPpY MOPO3MWJIBHOM XpaHeHuUu (TP TeMIIepaType
-18°C): KOHTPOJIb (¢4),10% ress (m), 0,05% skcTpakTa (A),
n=4,p<0,05
Figure 4. Dynamics of MDA accumulation in the samples of humpback

salmon minced meat during frozen storage (at a temperature of -18°C):
control (+),10% of gel (m),0,05% of the extract (A), n =4, p < 0.05
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PucyHoK 3. [IMHaMMUKa OKMC/IEHUS IMNIMAOB B o6pasuax (apuia rop6ymm npy MOpo3mIbHOM XpaHeHuu (1ipu remmeparype —18 °C):
nepBUYHbIE MPOJYKTHI OKUCIE€HMS (4), BTOPUYHBIE IPOAYKTHI OKMcIeHus (m), ocHoBauus llludda (A), n =4, p < 0,05
Figure 3. Dynamics of lipid oxidation in the samples of humpback salmon minced meat during frozen storage (at a temperature of —-18 °C): primary oxida-
tion products (#), secondary oxidation products (m), Schiff bases (A), n =4, p < 0.05
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oueBMIHBI. OHM TO3BOJISIIOT TOBOPUTb O BBIPA)KEHHOM 3allIUTHOM [ieii-
cTBUM (YKOUIAHA, IIOCKOIBKY B 00pasijax C ero 106aBjieHEM YPOBEHb
MJIA cHU3WICS K IEPBOMY MeCSIIY XpaHeHMs ¥ COXPaHsUT ITpeskKHIe 3Ha-
YyeHUsI B TeYeHMe BCEro Cpoka. JIjisi KOHTPOIbHOTO 06pasia IMocjie aHa-
JIOTMYHOTO CHMKEHUS yepe3 2 Mecsiia MPOMCXOANII BbIpaXKeHHBI pPOCT
ypoBHst MJIA (B 2,5 pa3a).

Tocne mobaBieHMst SKCTPaKTa HAGMIOAAIN elle Gojiee BICOKYIO MH-
TEHCMBHOCTb IIPOLIECCOB OKMCIEeHUSI, YTO IO3BOJISIeT TOBOPUTH O IPO-
OKCUIAHTHOM geiicTBuu nonudeHonos dykyca B gaHHoi cucreme. [Ipu
3TOM TeHZEeHIMs HakoruieHus1 MJIA B 11eJloM COBITaJaeT C TaKOBOM IJist
III1O Bo dpakuymu TT. TTo JaHHBIM psiZia aBTOPOB, PHIGHBIE TIPOAYKTHI, CO-
nepskamye meHee 0,58 mr MJIA Ha 1 Kr, BOCIIPMHMMAIOTCST KaK He MPO-
ropkibie; ipu 0,58-1,51 Mr/Kr — Kak cjierka mporopkibie, HO Ipyuemie-
Mble; a IpM 3HaueHusX Bbime 1,51 mMr/kr — kak nporopkisle [3,28,30].
[Tomy4yeHHble HAaMM JAHHbIE COOTBETCTBYIOT 3TON wHIKajge. XpaHeHMe
06pasioB ¢ 106aBIeHMEM T'eJisl IPOAOJIKAETCS.

[Tonmy4yeHHbIe pe3y/abTaThbl MOATBEPKAAIOT, UTO HavyalbHble OKUCIM-
TelbHBIE M3MeHeHMs 3atparuBaioT ®JI, a 3aTeM pacnpoCTPaHSIIOTCS Ha
TT, B KOHEUHOM UTOTe Jerpagauus rugporepekuceit IMnmua0B TPUBOIUT
K YBeJIMYeHMIo BbIpaboTky MJIA. dykoumaH rnpu f06aBIeHnn B PbIOHbIN
apir mposiBuI aHTMOKCHUAAHTHBIE cBojicTBa. Mexaunsm AOA CIT uzyueH
HeJ0OCTATOYHO, OTHAKO eCThb IPeJIIOIOKeHNs, YTO OCHOBHOE 3HaueHNe
MMeeT peakiysl IepeHoca EeKTPOHOB U3 OTPUIATENbHO 3apSDKEHHBIX
cynpdatubix rpynn CIT [11,32]. Takum 06pa3oM, BBISIBJIEH 3aLUTHbIA
3 dexT PpykonmaHa oT MOBpexRIEHNS paguKaIaMy IyTeM MHAKTUBALIVNA
CYIepOKCUIHBIX PAIMKAIOB B MBIIIEUHO TKAHM PbIO.

Taxoke OUEBMIIHBIM SIBJISIETCSI MTPOOKCUIAHTHOE [Ie/iCTBME BOIHOTO
9KCTpaKTa MomudeHonoB ¢ykyca, YCKOPSIOIIEro MPOLecchl OKUCTEHMSI
B pbi6HOM ¢hapire. [Joka3aHO, YTO B 3aBUCMMOCTM OT KOHILIEHTPaLVM
OIIVH U TOT K& aHTMOKCUIAHT MOKeT TOPMO3UTD WM YCKOPSITh OKMCIIe-
Hue. Takye CBOICTBA 110 OTHOLIEHNIO K OKVICJIEHUIO JIMITUAOB GbUIM yCTa-
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HOBJIEHBI JJI TOKO(eposIoB, BUTaMUHA A, KapOTMHOMIOB, YOMXMHOHA
" aCKOPOMHOBOJI KUCTOTHI [33].

4. BbIBOBI

HtoroM mMpoOBeIeHHbIX MUCCIEOBaHUI SIBJSIETCS TeopeTuveckoe
M IKCIIepUMeHTaIbHOe 060CHOBaHME IMPUMEHEHMs IMPOAYKTOB Iiepe-
paboTku (YKYCOBBIX BOLOPOC/IEi, a MMEHHO rejeii, 06paboTaHHbIX V3,
IJIST YTYYIIeHYST OPTaHOJIEIITUYECKIX 1 PEOJIOTMYECKIX CBOMICTB PHIOHBIX
apiueii, mpeasaraemMbix 1jist TonyueHuss GOPMOBAHHbBIX PBIOHBIX M3-
nmenmit. Kpome TOro, MCIOb30BaHMe TaKMX Teyeit Crioco6CTBYET MOBbI-
HIEHMIO YCTOWYMBOCTY KOMITOHEHTOB MBILIEYHO!M TKAHU PbI6 K OKUCIN-
TebHBIM TIpolieccaM. BHeceHue reseit B coctaB (aplieBbix cMeceit u3
MBIIIEYHO TKaHM TOPOYIIM 00eCIieuio BO3MOKHOCTb PETYIMPOBAHMS
MX BSI3KOYIPYTMX XapaKTePUCTUK (IPOYHOCTHU, afre3UBHOCTYU U YIIPYro-
CT1), UTO OKA3AJIO MMOJIOKUTETbHOE BIMSIHME Ha KOHCUCTEHLIMIO IToyda-
6pUKATOB ¥ TOTOBBIX M3Aenuit. CTabMIM3anys TEKCTYPbl U3METbYEHHO
MBIIIEYHOV TKaHM PbI6 06ecreunBaeTcsl IUAPOKO/UIOUIHON TPUPOIOi
(bykomumaHa u CrIoCO6HOCTHIO K 06pa30BaHMI0 COGCTBEHHO MTPOCTPAHCT-
BEHHO/ CTPYKTYpbl. BHECEHNME CYXVX HKCTPAKTOB MOMMGBEHONIOB MpUBe-
JIO K yTpaTe CIOCOOHOCTHU K (OpMO06pa30BaHNIO, CBI3aHHOI C PE3KUM
CHIKEHMEM BOJIOYIIePXKMBaMILIel crioco6HoCTH 6enkoB. VccienoBanue
nyHaMuKy Hakorienus I1T10, BITO, OII u MIJA B mpolecce MOpPO3UJib-
HOT'O XpaHeHMs [T0Ka3aJI0, YTO HavyajbHble OKUCINUTE/IbHbIE VI3MeHeHsI
B dapuie rop6ymm 3atparuBaoT ®JI, 3aTem pacripoctpaHsiorcs Ha TT,
U B UTOTe BeAyT K HakoruieHnto MIIA. [Ipu stom dykouman obecreuns
MIPOTUBOAEICTBYE OKVCIEHNIO TUINAOB, & 3KCTPAKT MOMM(EHOIOB MPo-
SIBWJI IPOOKCUIAHTHbBIE CBOJCTBA, YTO BBIPA3UJIOCh B 06Pa30BaHMM BbI-
COKMX KOHUeHTpaumii MIIA, co3marommx BKyC U 3amax MPOrOPKIOCTU.
[Tony4yeHHble pe3y/lbTaThbl MMO3BOJISIIOT PEKOMEHIOBATh MCIIOAb30BaHMe
reneit dykoumaHa st co3ganus GyHKIMOHATBHBIX TPOSYKTOB U COXPa-
HeHUSI X KayecTBa Py MOPO3UIbHOM XpaHEeHUN!.
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BIOCHEMICAL CHANGES IN RATS AFTER TREATMENT
WITH SOFT DRINK AND MENTHOL FLAVOURED CANDY
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menthol candy, The current study looked at the biochemical variations that occurred in rats after they were given menthol flavoured candies and

soft drink, soft drinks. Seventy male Wistar albino rats in total were acquired, split up into ten treatments of seven rats each, and treated with

transaminases, the following regimen for forty-two days. Group 1 is the control. Groups 2, 3, and 4 received 8, 5, and 2.5 ml of La Casera/kg body

lipid profile weight. Groups 5, 6, and 7 received 0.34, 0.22, and 0.11 g of Tom-Tom/kg body weight. The dosages for groups 8,9, and 10 were 8, 5,
and 2.5 ml of La Casera/kg body weight, as well as 0.34, 0.22, and 0.11 g of Tom-Tom/kg body weight correspondingly. The results
showed that the groups given Tom-Tom and La Casera had lower levels of total protein (TP) and albumin (Alb), and significantly
(p < 0.05) higher serum levels of alanine transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP), total
cholesterol (T-Chol), triacylglycerol (TAG), and low-density lipoprotein cholesterol (LDL-C). Furthermore, there was a substantial
(p <0.05) increase in the serum levels of TP, Alb, and ALT between groups 7 and 5. Prolonged use of Tom-Tom mixed with La Casera
should be avoided due to the detrimental alterations in biochemical parameters and subsequent health repercussions.

INoctynmia 28.07.2024 https://www.fsjour.com/jour

IMocTymmiaa mociie peuensupoBanusa 21.03.2025

HayuHas ctaTbs

IIpunsra B meuats 24.03.2025 o
© Ucomxu 3. ®., Oxopo U. 0., Amu, B. M. A., 3o I. 1., FOcud 3., Oknorxono JIx., Oxopo 3. 0., pen access
Oxom C.V., dccarxax A. 3.A., Kymap X., OBepyo [Ik. O., Aknioresnu I1. O., Axmen [I. C., 2025

BUOXNMUYECKUE U3BMEHEHNS V KPbIC ITOCJIE YIIOTPEBJIEHUSA

TASBUPOBAHHOTI'O HAIIUTKA U MEHTOJ/IOBbIX KOH®ET

Hcomxu 3. @.1, Oxopo 1. 0.2, Amu, B. M. A.3, Opo I. 1.**, 10cud 3.°, Oxknorxono JIx.!, Oxopo 3. 0.°,
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I Kadenpa 6uoxmumun, GakyabTeT eCTeCTBEHHbIX HayK, YHUBEPCUTET HAYKM M TeXHOJIOrMIi mTaTa Jle/bra,

O3o0po, mrtat denbra, Hurepus

2 Kadenpa 6moxumun, GaKkynbTeT ecTeCTBEHHbIX HAYK, YHUBepcuTeT mraTa Jenbra, A6paka, mrart Jenabra, Hurepus
3 Kadenpa cucTeM KOHAMIVMOHMPOBAHMS BO3yXa, MHKeHEePHbI GakyabreT, YauBepcuteT Baput Anb-Aubus, Kepbena, Mpax
4 Kadenpa xumun, Gpaxy/abTeT eCTeCTBEHHbIX HayK, YHMBEPCUTET HayKy U TeXHoJjioruii mrara Jlenbra, O30po, mrar Jenbra, Hurepns

5 Xumndeckuii pakyabreT, Konmeax ecrecTBeHHBIX HayK YHUBepcuTeT Anb-Haxpaun, Bargan, Mpak

6 Kadenpa MeaMIMHCKIX 1a60PAaTOPHBIX HayK, GaKyJabTeT eCTEeCTBEHHBIX HayK, YHuBepcuTeT mrara Jlenbra, A6paka, mrat Jenbra, Hurepus
"Kadenpa 6uoxumun, GaKkyabTeT eCTeCTBeHHbIX HayK, YHUBEPCUTET HAyKM M TeXHOJIoruii mrara Jenabra, O30po, mrat Jlenbra, Hurepus

8 Kadeapa roposickoro 1 perMoHa bHOrO MJIaHUPOBaHK, PaKyabTeT SKOJOTMUeCKUX HayK,
VHUBEPCUTET HAYKU U TeXHOIoruit mtata [Ienbra, O30po, mrat Jenbra, Hurepus

9 lleHTp OMepaTUBHBIX MCCIeOBAHMII B 06/1aCTH 3ApaBOOXpaHeHNs, BaMsKHeBOCTOuHbIN yHUBepcuTeT, Hukosus, Kump

10Kadenpa ecTecTBeHHBIX HayK, GaKy/IbTeT MUILEBOI HAYKY ¥ TEXHOIOT UM,
TocynapcTBeHHBIN yHUBEPCUTET HayKu U TexHosioruu lenvra, O30po, Hurepus

aKyabpTeT XMMUUECKOI IIPOMbIIIeHHOCTY, TexHomornueckuii MHCTUTYT Bargana, CpegHuii TexHu4yecKuii yausepcuTet, Bargan, Mpax

KITIOYEBBIE CJIOBA: AHHOTALIA
MEHMOJI08ble KOHpembl, B TeKyIeM MUCCIeT0BAHNUY M3YUaICh GMOXMMITIECKIe N3MEHEeH ST, MMEBIIe MECTO Y KPBIC ITOC/Ie TOTO, KaK MM [aBai MeH-

2a3UpPOBAaHHbLIL
HAanumox,
MpaHcamuHasel,
JIUNUOHBLT npodUL

TOOBBIE KOH(DETHI U ra3upOBaHHbIl HAIUTOK. Bcero 6p110 MOMTYyYeHO CeMbIECsIT CaMLIOB KPbIC-aIbOMHOCOB IIOpoas! Bucrap,
paszeseHHbIX Ha JeCsTh IPYIII MO CeMb KPbIC B KaXK[ 0. JKCIIEPUMEHT ITPOBOAMIICS 110 ONMCAHHO HIDKE CxeMe B TeueHue
copoka JIByX faHeii. I'pynna 1 — koHTponbHast. [pymmsl 2, 3 1 4 monyyanu 8, 5 u 2,5 Mt HanuTKa «La Caserax/kr Beca. [pymmsl 5, 6
u 7 nonyuanu 0,34, 0,22 n 0,11 r koadeT «Tom-Tomy»/kr Beca. [Jo3upoBku myst rpyri 8,9 u 10 cocrasisim 8, 5 u 2,5 Mt HanuTKa

FOR CITATION: Isoje, E. F., Okoro, I. O., Anu, B. M. A., Edo, G.I, Yousif, E., [IJII IUTUPOBAHNS: Ucomku, 3. ®., Okopo, U. 0., Aim, 5. M. A., 3no, I. 1.,
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«La Casera»/kr Beca, a Takxke 0,34, 0,22 n 0,11 r koHdeT «Tom-Tom»/Kr Beca, COOTBETCTBEHHO. Pe3ynbraTsl okasanu, 4To
B ChIBOPOTKE KPOBU Y KPbIC, KOTOPbIM AaBayn «Tom-Tom» u «La Casera», Habmofanch 6oee HM3KIE YPOBHM 06I1Iero 6eka
(TP) u anpbymuHa (Alb), u 3HaunTenBHO (P < 0,05) GosEee BrICOKME YPOBHU ajlaHMHaMUHOTpaHcdepassl (ALT), acmapraTamu-
HorpaHcdepassl (AST), menounoit pocharassr (ALP), obiero xonecrepuna (T-Chol), rpurnuiepunos (TAG) u xonecrepuHa
JIUTIONPOTEMHOB HM3KOI miotHocTH (LDL-C). Kpome Toro, mexxay rpymmnamu 7 u 5 Habmoganoch cyiiectseHHoe (p < 0,05)
yBeJIMueHne CbIBOPOTOUHBIX YpoBHei TP, Alb u ALT. BenencrBue nmary6HbIX M3MEeHEHMIi B GMOXMMUYECKMX TTapaMeTpax U BO
n36ekaHye OTPULIATEbHBIX ITOCTEACTBIUII IS 3M0POBbSI ClIeAyeT U36eraTh JIUTEIbHOTO YIIOTpebaeHust KoHdeT «Tom-Tom»

COBMeCTHO ¢ HanuTKoM «La Casera».

1. Introduction

A soft drink is a brew that typically consists of carbonated water, caf-
feine, phosphoric acid, sweetener (fruit juice, high-fructose corn syrup,
sugar, or sugar substitutes), and other chemicals in the form of flavour-
ings, colorants, and preservatives [1]. Soft drinks include Coca Cola, Pepsi,
Fanta, Sprite, La Casera, Orange Drink, Chivita Orange Juice etc. Globally,
the ingestion of soft drinks has increased within the last two to three
decades [2]. Their impact on health is unknown, however epidemiological
research has linked them to obesity, osteoporosis, liver and renal disor-
ders [3]. Carbonated drinks have intentional caffeine additions that cause
addiction in users because they are absorbed more quickly than other
drinks [4].

In Spain, La Casera is a well-known brand of soft drinks. In Nigeria, it's
one of the most popular soft drinks. This sweet carbonated drink is called
gaseosa in Spanish. It can be served as a regular soda [5].

Cadbury produces the calming oval black and white sweet called Tom-
Tom, which has a strong menthol flavour. A lozenge is a little tablet that
is usually flavoured and sweetened, and it is designed to dissolve gradu-
ally in the mouth. Tom-Tom is widely available in Nigeria and provides
fresh breath and instantaneous sweet comfort. Menthol is a monocyclic
terpene alcohol. It is widely used in both food and medication and is
generally regarded as being extremely safe. There have been incidents of
menthol overconsumption leading to poisoning [6].

Tom-Tom contains the monocyclic terpene alcohol menthol. In
general, it is regarded as quite safe and is extensively used in food and
medicine. It has been revealed that codeine addicts use La Casera and
Tom-Tom to form “gigabyte” solution (La Casera drink mixed with Tom-
Tom candy) [7]. Case studies of menthol toxicity from excessive intake
are documented in literature. But no case of lethal intoxication has ever
been reported. The results of this investigation will help in ascertaining
and establishing the possible biochemical adverse effects associated with
combining Tom-Tom with La Casera [6].

Drug abuse is a serious problem that have been reported among Nige-
rian youth in which La Casera mix with Tom-Tom is one of those drugs
that is recently abused. Following the ban by the Federal Government of
Nigeria on the import and sale of codeine syrup, users reportedly turned
to beverages, mainly La Casera drinks to mix with Tom-Tom sweets to
create a substance known as "gigabyte" as an alternative [8]. This mixture
may have higher effect of intoxication than real hard drugs or alcohol,
and could have effect on various biochemical parameters. However, no
study has been reportedly done on the effect(s) of this mixture. This study
looked inte at the biochemical alterations that occurred in rats treated
with soft drinks and candies flavoured with menthol. Histological analy-
sis and test on the extent of oxidative damage in the tissue were also
performed [9].

Pure menthol consumption is risky, and excessive use of menthol loz-
enges puts users at risk for overdosing on the substance [10]. There have
been reports of gastrointestinal, neurological, and cutaneous symptoms
linked to long-term menthol consumption [11]. Excessive menthol con-
sumption has also been linked to coma, convulsions, ataxia, agitation,
and dizziness [12]. Codeine addicts now embark on the use of La Casera
and Tom-Tom candy to form “gigabyte” (mixture made with La Casera
drink and Tom-Tom candies). Moreover, authors in [13] noted that the
amount of drugs an addict needs to feel fulfilled varies from 2 to 10 giga-
bytes, depending on the amount utilized.

The liver which is the primary site for the metabolism of drugs gets
overwhelmed in the case of an overdose [14]. This can cause toxicity and
oxidative stress [15]. An adverse drug effect refers to any injury occur-
ring at the time a drug is used [16], whether or not it is identified as a
cause of the injury [17]. An undesired or dangerous reaction that occurs
after a drug or combination of drugs is administered under normal use
circumstances and is thought to be related to the drug is known as an
adverse drug reaction (ADR) [18]. Usually, an ADR calls for stopping the
medication or lowering the dosage [19]. ADRs can happen after taking a
medication for an extended period of time [20], after a single dose, or as a
result of taking two or more medications together [21].

Moreover, oxidative stress induced liver dysfunctions demonstrated by
considerable increase in alkaline phosphatase (ALP) [22], aspartate ami-
notransferase (AST) and alanine aminotransferase (ALT) activities [23].
Recent study on alternations in the oxidative stress levels of Wistar rats
who received menthol candy and soft drink have been reported [10]. Also,
observed alteration in triacylglycerol (TAG), low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and total
cholesterol (TC) have been stated in oxidative stress induced liver dam-
age [24].

This study was centred on the evaluation of serum transaminases and
lipid profile of rats administered La Casera mixed with Tom-Tom candy.

2. Materials and methods

2.1. Reagents and chemicals

All the chemicals and reagents utilized in this investigation were of
analytical quality. Tom-Tom (TT) candies and La Casera (LC) drinks were
bought at the Abraka Main Market in Delta State, Nigeria.

2.2. Investigational processes

Seventy male albino rats (Wistar strain) with body weight ranging
from 125 to 175 g were obtained and used for the entire duration of this
study. They were fed with water and growers mash (laboratory diet) ran-
domly. The rodents were randomly divided into 10 treatments or groups
with each treatment containing seven rats as follows:

Group 1 is the control group, which was given a typical laboratory
meal (growers mash) and unlimited water.

Group 2: 8 ml of LC per kilogram of body weight;

Group 3: 5 ml of LC per kilogram of body weight;

Group 4: 2.5 ml of LC per kilogram of body weight;

Group 5: 0.34 g of TT per kilogram of body weight;

Group 6: 0.22 g of TT per kilogram of body weight;

Group 7:0.11 g of TT per kilogram of body weight;

Group 8:0.34 g of TT in 8 ml of LC per kilogram of body weight;

Group 9: 0.22 g of TT in 5 ml of LC per kilogram of body weight;

Group 10: 0.11 g of TT in 2.5 ml of LC per kilogram of body weight;

La Casera and Tom-Tom were administered orally to rats in groups 2
through 10 for 42 days (either in combination or singly); when the study
was completed (after 41 days), all the rats used were exterminated in
a chloroform-filled airtight glass chamber; and after being surgically
opened, blood samples and liver were obtained for use in biochemical
analyses.

2.3. Biochemical analyses

2.3.1. Estimation of liver function markers

On a weekly basis, the glucose level was recorded, as well as the activi-
ties of alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP). Using commercially available diagnostic kits
(Randox Laboratories Limited, England), colorimetric measurements
(USB4000, Ocean Optics, Dunedin, FL, USA) of the total proteins and the
albumin in the kidney and serum were taken in accordance with normal
methods [25].

2.3.2. Blood glucose

The fasting blood glucose level in the experimental rats was examined
periodically during the treatment via prick method using advanced Accu-
Chek glucometer (Accu-Chek Inform II, 2003) (Roche Germany). Glucose
test strip was inserted in the glucometer, and then a blood drop placed
onto the green field of the test strip. The blood glucose result was read
in mg/dL [26].

2.3.3. Determination of alkaline phosphatase

The approach by Okpoghono et al. [27] was used to measure the alkaline
phosphatase activity. Alkaline phosphatase substrate of 0.05 ml was added
to tubes with labels, and it was allowed to equilibrate at 37 °C for three
minutes. The tubes containing the control and sample were introduced and
mixed at intervals of 0.05 ml of standard. At 37 °C, this was incubated for
exactly 10 minutes. Alkaline phosphatase colour developer was then added
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in 2.5 ml increments and thoroughly mixed. At 580 nm, spectrophotometry
(USB4000, Ocean Optics, Dunedin, FL, USA) was used to measure absorb-
ance against a reagent blank comprising distilled water.

2.3.4. Determination of aspartate aminotransferase

AST activities were measured using the technique by Ozer et al. [28].
250 pl of reagent 1 were dispensed into test tubes marked as sample and
blank. 50 pl of samples were then added and combined. After incubating
the tubes for 1 hour at 37 °C, 250 pl of the second reagent were added.
Working NaOH reagent in amounts of 2.5 ml was added, and it was let to
stand for 10 minutes. At 540 nm, the absorbance (USB4000, Ocean Optics,
Dunedin, FL, USA) was measured against the reagent blank.

2.3.5. Determination of alanine aminotransferase

The approach by Hassan et al. [29] was used to determine the activity
of alanine aminotransferases. 250 pl of reagent 1 were dispensed into the
sample and blank test tubes. 50 ul of sample and 50 ul of distilled water
were put to test tubes for the sample, which were then incubated at 37 °C
for 60 minutes. Reagent 2 was added, stirred, and incubated for 20 min-
utes at 20 to 25 °C with 250 pl of the solution. 2.5 ml of the active NaOH
reagent was added to each test tube, thoroughly mixed, and then left to
stand for 10 minutes. Absorbance (USB4000, Ocean Optics, Dunedin, FL,
USA) was measured at a wavelength of 540 nm against the reagent blank.

2.3.6. Determination of albumin

To estimate albumin level, the approach by Charmier et al. [30] was
applied. In a test tube with the labels of blank, standard, and sample, 3 ml
of bromocresol green (BCG) regent were dispensed. Samples containing
10 ul were transferred to tubes and left for five minutes. The absorbance
was measured at 580 nm by spectrophotometry (DT-Mini-2, Ocean Op-
tics, Dunedin, FL, USA).

2.3.7. Estimation of total protein

Using the approach by Charmier et al. [30], the total protein was meas-
ured. 1 ml of protein regent was poured into each of the sample, standard,
and blank test tubes, followed by the addition of 20 ul of sample. After 30
minutes, the absorbance against the reagent blank was measured at 546
nm (DT-Mini-2, Ocean Optics, Dunedin, FL, USA).

2.3.8. Estimation of lipid profile

Commercial diagnostic kits were bought from Randox Labo-
ratories Limited, England. Standard approach was used to deter-
mine the HDL cholesterol, total cholesterol and triacylglycerol lev-
els. Low density lipoprotein (LDL)-cholesterol was estimated thus:
LDL - C (mg/dl) = (TC - HDL) - TAG/5 [29].

2.3.9. Determination of total cholesterol

The method by Nagababu et al. [31] was taken for total cholesterol
determination. Cholesterol regent (1 ml) was taken in a labeled test tube,
10 pl of the sample was added into the tube swirled. The tubes that con-
tained the specimen and the reagent were allowed to stand for 5 min-
utes. The colour of the solution changed to pinkish red after which the
absorbance was measured at 530 nm (USB4000, Ocean Optics, Dunedin,
FL, USA).

2.3.9. Determination of triacylglycerol

This assay was carried using the method by Nagababu et al. [31]. Tria-
cylglycerol regent (1 ml) was put in tubes and labelled after which the
standard reagent and 10 pl of sample (distilled water) were put in their re-
spective tubes and whisked. The specimen and reagent containing tubes
were allowed to stand for 5 minutes at ambient temperature. Following
blanking, the absorbance was measured at 540 nm (USB4000, Ocean Op-
tics, Dunedin, FL, USA).

2.3.10. Determination of high-density lipoprotein cholesterol

The technique by Ozer et al. [28] was used to calculate HDL-C. To
the test tube marked as "CHOLESTROGEN REGENT," 1 ml was inserted.
Thereafter the standard reagent and 25 pl of the sample (distilled wa-
ter) were then put into their individual tubes. The contents of each tube
were thoroughly mixed for five minutes. Values were recorded at 500 nm
(USB4000, Ocean Optics, Dunedin, FL, USA).

2.4. Histopathology analysis

The liver histology was performed using the methodology by Perry et
al. [32]. For 48 hours, the tissues were left to repair in 10% formyl saline.
In a tissue cassette with prelabels, the tissues were sliced into 3 mm thick
pieces. 70% alcohol was used to obtain dehydrated pieces that were passed
through 90% alcohol and chloroform for different time lengths. After-
wards, they were moved into changes of molten paraffin wax for twenty
minutes all in a temperature 57 °C oven. Successive 5 pm thick sections of

a hard block tissue were obtained and stained with eosin and haematoxy-
lin stains. Following the staining, the tissue was passed through a blend
of equivalent concentrations of alcohol and xylene. Clearance was done
after which the tissue was dried in the oven coloured video digital cam-
era-aided photomicrographs were taken. The video camera was placed
on an Olympus light microscope (Olympus UK Limited, United Kingdom)

2.5. Statistical analysis

The data obtained were expressed as mean =SD and analysis of the
group mean and variance (ANOVA) was compared by least significant dif-
ference (LSD). The SPSS-PC programme package (version 22.0) will be
used for statistical analysis.

2.6. Ethical approval

It was approved ethically to conduct the experiment. The protocol
for managing lab humans/animals during the study was adhered to. Ad-
ditionally, authors collaborated with the technicians in the lab and hu-
mans/animal house.

The protocol for managing laboratory animals during the study was
adhered to. Ethical approval was obtained from the Faculty Research Eth-
ics Committee, Faculty of Science, Delta State University of Science and
Technology, Ozoro (Ethical approval number: FOS/DSUST/23/6543). The
research was carried out according to the guidelines of the ethics com-
mittee and the protocol was approved by FOS/DSUST/23/6543.

3. Results

3.1. Blood glucose level of rats administered TT, LC, and TT mixed with LC

The blood glucose level results of rats administered TT, LC and TT
mixed with LC for a period of six weeks are shown in Figure 1. In the first
week, groups 2, 5, 6, and 7 showed no discernible changes in their glucose
levels compared to the control, while groups 3,4, 8,9 and 10 showed a sub-
stantial increase (p<0.05) in their blood glucose levels. Moreover, group
3 did not exhibit a significant difference from group 4, although group 2
did exhibit a considerable drop (p<0.05) compared to group 4. Addition-
ally, there was no discernible variation in group 10's blood glucose level
when compared to groups 8 and 9. Furthermore, group 7 did not exhibit
a statistically significant difference compared to groups 5 and 6. There
was no significant difference between groups 2 and 5, while group 8's
blood glucose level rose considerably (p<0.05) in comparison to group2.
Groups 7, 8, 9, and 10 did not significantly differ in their blood glucose
levels from the control on weeks 4 and 5, however groups 2, 3, 4, and 5 did
significantly rise (p<0.05) in comparison to the control. That being said,
between groups 4 and 3, there was no obvious difference. Furthermore,
no discernible variation was observed between groups 8 and 9 and group
10. On the other hand, group 7 showed a substantial rise (p<0.05) in com-
parison to group 5. Additionally, group 2 showed a substantial decrease
(p<0.05) in comparison to groups 5 and 8. During week six, there was no
significant difference observed between groups 6 and 7, while groups 2, 3,
4,5, 8,9 and 10 showed a significant (p<0.05) increase in blood glucose
compared to the control. Additionally, there was no discernible change in
group 4's blood glucose levels when compared to groups 2 and 3. Further-
more, group 10 did not exhibit a statistically significant difference from
groups 8 and 9. Conversely, group 5 exhibited a substantial rise (p<0.05)
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Figure 1. Blood glucose readings of rats that were given TT mix
with LC
Mean values (n5) in the same line with different superscript letter differ significantly at p<0.05.
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in comparison to group 7, whereas group 6 showed no significant differ-
ence in comparison to group 7. Furthermore, no statistically significant
difference was seen between group 2 and group 5, although a substantial
rise (p<0.05) was noted between group 2 and group 8.

3.2. AST, ALT, ALP, albumin and total protein of rats given TT, LC
and TT mixed with LC

The effect of TT, LC and TT mixed with LC on liver function markers of
rats is displayed in Table 1 and Table 2. There was a significant increase
(p<0.05) observed in serum AST, ALT, ALP activity and decrease in al-
bumin and total protein of rat in groups 2, 3, 5, 6, 8, 9 and 10 compared
to the control. Also, there was a significant decrease recorded in group 4
compared to groups 2 and 3. However, there was no significant difference
observed in group 10 compared to groups 8 and 9. Furthermore, group 7
had an obvious decrease (p<0.05) compared to groups 5 and 6. In addi-
tion, there was an important decrease in group 2 compared to group 8.

Table 1. Serum AST, ALT and ALP activities of rats administered TT,
LC and TT mixed with LC

Ta6muua 1. AkruBHOCTB ACT, AJIT M III® B CBIBOPOTKE KPOBU Y KPBIC,
kotopbiM masamu TT, LC, a Takke cmecs TT u LC

Serum AST (U/L) Serum ALT (U/L) Serum ALP (U/L)
Group 1 151.40+32.56° 56.00+13.782 120.80+57.66%
Group 2 180.60+31.86° 77.00%22.69° 153.60+48.40°
Group 3 175.40+48.60° 68.40+21.46¢ 140.20%52.16¢
Group 4 150.60+37.872 61.40+23.944 120.40+50.30?
Group 5 170.80%45.63>¢ 65.00+8.66% 1 135.20%53.13¢
Group 6 176.00+42.19° 60.80%15.73¢ 130.60%39.01%4
Group 7 149.00+15.95? 54.40+11.86% 110.60+25.38¢
Group 8 202.60+25.074 83.20+20.26° 165.40+36.48f
Group 9 205.80+54.304 81.40+31.26° 166.00=33.08¢
Group 10 202.80+38.644 80.00+21.94° 164.40%52.29¢

The values are expressed as mean+SD. Mean values (n = 5) in the same column with
changed letter differ at p<0.05.

Table 2. Effect of TT, LC and TT mixed with LC on serum albumin
and total protein level of rats
Ta6muua 2. Bmusaaue TT, LC, a Takske cmecu TT u LC Ha ChIBOPOTOYHbIE
YPOBHM anbOyMMHa U 061Iero 6enka y KpbiC

Albumin (g/dL) Total protein (g/dL)
Group 1 5.44+0.052 8.22+0.52
Group 2 3.82+0.21° 7.44+0.70°
Group 3 3.34%0.25" 7.46+0.48?
Group 4 5.40+0.142 8.66+1.04?
Group 5 4.72+1.69%P 6.92%0.428:b
Group 6 4.62%1.69%P 7.48+0.33°
Group 7 6.36+0.18¢ 8.10+0.68°
Group 8 2.78+0.13P 5.92%1.40°
Group 9 2.40£0.15P 5.54+0.24°
Group 10 2.70+0.29° 5.40%0.55"

The values are expressed as mean+SD. Mean values (n = 5) in the same column with
changed letter differ at p<0.05.

3.3. Lipid profile of rats that were given TT, LC and TT mixed with LC

The blood lipid profile of rats given TT, LC, and TT combined with LC
is displayed in Table 3. Rats in groups 2, 5, 6, 8, 9, and 10 had significantly
higher serum levels of Total-Chol, TAG, and LDL-Chol (p<0.05) when
compared to the control. Additionally, group 4's serum Total-Chol, TAG,
and LDL-Chol were significantly lower than those of groups 2 and 3. On
the other hand, group 10's Total-Chol, TAG, and LDL-Chol did not signifi-
cantly differ from groups 8 and 9. Moreover, compared to groups 5 and 6,
group 7 experienced a substantial drop (p<0.05). Furthermore, in group
2, serum LDL—-Chol did not differ significantly from groups 5 and 8. Rats
in groups 2, 3, 5, 6, 8, 9, and 10 had significantly lower serum HDL-Chol
levels (p<0.05) than the control group, whereas groups 4 and 7 did not
significantly vary from the control group. Additionally, group 2's results
were significantly lower than those of groups 4 and 3. However, when
group 10 was compared to groups 8 and 9, no discernible differences were
seen. Additionally, when compared to groups 5 and 6, group 7 showed a
substantial increase (p<0.05). Furthermore, group 2's serum HDL-Chol
considerably decreased (p<0.05) when compared to group 5, but group
2's serum HDL-Chol did not significantly differ from group 8's values.
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Table 3. Changes in serum lipid profile of rats given TT, LC
and TT mixed with LC

Ta6nuua 3. 3MeHeHusI B IMNMIMAHOM Ipodniie CbIBOPOTKU KPOBU Y KPBIC,
kotopsiM gaBamu TT, LC, a Takke cmech TT u LC

Tngany  Tcmedd  FOTAR gl
Group 1  42.00£14.38°  60.60+17.14°  30.80+1.64°  13.60+6.54
Group2 55.20%15.65"  80.20=11.60>  16.40+2.88" 21.20%10.23"
Group3 58.00£14.73> 56.00+25.60°  20.80+2.77°  18.40%12.34>
Group4 40.00£13.63*  42.60+8.149  31.80+2.16°  10.00+5.04°
Group 5 50.00+15.09%¢ 70.00+22.07%¢ 23.00£2.23%¢ 18.20+9.23"
Group 6 47.00%6.44>¢  64.20£11.904¢ 26.60+5.59»¢ 15.00+3.80%P
Group7  36.40£9.60¢  55.60+15.43%  32.60+3.04°  11.60%9.34°
Group8 60.40%19.15¢  92.00+11.33f  15.40%+2.79" 22.40%16.92°
Group9  61.60%6.14°  91.60%25.03f  16.80%+5.93"  20.60*1.51°
Group 10  61.20£24.80°  87.00+24.70F  15.60+5.85>  22.00£17.27°

The values are expressed as mean+SD. Mean values (n = 5) in the same column with
different letter differ at p<0.05.

3.4. Liver histology results of the rats that received TT, LC and TT

mixed with LC

The liver histology results of rats administered TT, LC and TT mixed
with LC are illustrated in Figure 2 (group 1 to 10). The liver histology
of Group 1 (control) had central vein (CV) and normal hepatic cell (HC).
Group 2 had hepatic cell (HC) and inflammation (I) of portal vein (PV).
Group 3 showed mild inflammation (I) of PV. Group 4 had no damage to
hepatic cell. Groups 5 and 6 indicated congestion (C) of PV. Group 7 had
normal HC and CV. Groups 8, 9 and 10 indicated severe inflammation (I)
and necrosis (N).

4. Discussion

Tom-Tom is an oval black and white sweet with a strong menthol fla-
vour that is calming. There have been cases reported of menthol poison-
ing brought on by excessive use [6]. Nigerians are familiar with La Casera,
a typical Spanish soft drink. It is suitable for serving as a typical soda [12].
Individual and societal chronic soft drink use is concerningly rising [12].
The goal of the current study was to look at the biochemical character-
istics of rats given LC, TT, and LC combined with TT. The blood glucose
levels of the rats given TT mixed with LC was measured, and the results
showed that, from the first week to the fifth week, no discernible disparity
between the glucose levels of groups 6, 7, 8,9, and 10 and the control was
observed. On the other hand, the consumption of LC may have contrib-
uted to the significant (p<0.05) rise in groups 2, 3, and 4 during week 4
as compared to the control. This aligns with the research conducted by
Alsunni et al. [33], who suggested that soft drink caffeine content could
be the cause of an increase in blood glucose levels. Adrenaline is released
by caffeine, which raises blood sugar levels [34]. Research has also indi-
cated that the use of certain soft drinks may cause an increase in blood
glucose levels because of their high glycaemic index and other ingredi-
ents including caffeine, high fructose, aspartame, and caramel [35].

The rats that were given TT and LC in amounts of 0.11 g in 2.5 ml,
0.22 gin 5 ml, and 0.34 g in 8 ml per kg body weight on week 6 showed
lower blood glucose levels than those on weeks 1, 2, 3, and 5, which
may indicate that menthol's anti-hyperglycaemic action is attenuated.
Research has shown menthol, a naturally occurring monoterpene, to be
great at reducing high blood glucose by inducing the secretion of insu-
lin and improving the activity of glucose metabolic enzymes in experi-
mental animals [36]. Glucokinase is the enzyme that sensors glucose
in pancreatic beta cells and liver cells. The enzyme also fundamentally
determines flux via glycolysis in both cell types besides been critically
implicated in the regulation of glucose. The high glucose level in rats
observed in this study might be due to a deficiency of direct stimulation
of glycolysis by insulin in tissues. It was reported that a deficiency is the
cause of the decrease in the activity of glucokinase in rats’ liver at high
glucose levels [37].

Interestingly, menthol was seen to improve the secretion of insulin
which consequently improved glucokinase activity. Increase in the activ-
ity of glucokinase leads to greater utilization of glucose which in turn
leads to its decrease in the blood [38].

Rats given TT and LC in amounts of 0.34 gin 8 ml, 0.22 g in 5 ml, and
0.11 gin 2.5 ml per kg body weight showed a significant (p<0.05) increase
in serum AST, ALT, and ALP compared to the control group (Table 1). This
increase is likely the result of liver damage caused by the high dose of TT
mixed with LC.
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A) Group 1: control, showing normal hepatic ~ B) Group 2: 8 ml of LC/kg body weight, showing C) Group 3: 5 ml of LC/kg body weight, having
cell (HC) and central vein (CV). (H&E stain,  hepatic cell (HC) and inflammation (I) of portal slight inflammation (I) of portal vein (PV).
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Figure 2. Liver histology of rats administered TT, LC and TT mixed with LC

PucyHok 2. I'mcronorus neyeHu y Kpbic, KoropsiM gaBaau TT, LC, a Taxke cmech TT u LC

The results are identical with those by Dubey et al. [39], who found suggests that liver function may be compromised [41]. However, signifi-
that rats given soft drinks had higher serum levels of AST, ALT, and ALP  cant decrease was recorded in AST, ALT and ALP of rats given 2.5 ml of
than rats in the control group. According to Hasan et al. [40], biochemi- LC/kg (group 4) in comparison with 8 ml of LC/kg (group 2) and 5 ml of
cal indicators indicating liver injury include elevated serum levels of the  LC/kg (group 3). Interestingly, at low dose of 2.5 ml of LC/kg and 0.11 g
activity of AST, ALT, and ALP. Rats' serum ALT levels increased, which  of TT/kg, no significant difference was noted compared to the control.
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This could be because excessive carbonated drink consumption can cause
liver damage and raise liver enzyme activity, even at lower dosages when
it may not be hazardous [41]. However, the rats that received TT and LC
in amounts of 0.34 g in 8 ml, 0.22 g in 5 ml, and 0.11 g in 2.5 ml per kg
body weight did not exhibit significantly different blood AST, ALT, or ALP
activity. This may be the result of TT combined with LC having the same
dose concentrations. Additionally, blood levels of AST, ALT, and ALP were
significantly lower (p<0.05) in rats given a low dose of 0.11 g of TT/kg
than in rats given a high dose of 0.34 g and 0.22 g of TT/kg. Furthermore,
in comparison to rats given 8 ml of LC/kg, rats given 0.34 g of TT and
0.34 g of TT in 8 ml of LC/kg showed a substantial increase in ALT and
ALP, according to the study. The effect could be as a result of the menthol
constituents Tom-Tom candy. Study have shown that intake of menthol
at high dose could be toxic to the liver [42].

In this study, the liver histology of control (group 1), groups 4 and 7
demonstrated average hepatic cell and central vein; no damage was in-
dicated (Figure 2A, Figure 2D, Figure 2G). On the other hand, groups 2, 3,
and 5 displayed portal vein inflammation and congestion. Rats adminis-
tered TT and LC in amounts of 0.34 gin 8 ml, 0.22 g in 5ml,and 0.11 g in
2.5 ml per kg body weight similarly showed signs of severe inflammation
and necrosis (groups 8, 9 and 10). The increased AST, ALT, and ALP levels
in the livers of the rats in these groups may be supported by this damage.

When compared to the control group (Table 2), rats in groups 2, 3,7, 8,
9 and 10 had significantly lower serum levels of albumin and total protein
(p<0.05). This could be the result of tissue damage caused by high doses
of TT, LC, and TT mixed with LC. A steady increase in the consumption of
soft drinks may be linked to a significant drop in albumin and total pro-
tein [43]. There has also been evidence of a link between albuminuria —
a sign of early kidney damage — and sugar-sweetened soda drinks [44].
According to Elbendary et al. [45], a prolonged consumption of soft drinks
has been linked to damage to the kidneys and liver, which is the primary
source of albumin.

Prolonged hepatic cell death lowers serum levels of albumin and total
protein and increases hepatic releases, which worsen hepatic dysfunc-
tion [46]. However, when comparing the rats administered 8 ml of LC/kg
to the group given 0.34 g of TT/kg and 0.34 g of TT in 8 ml LC/kg body
weight, respectively, no discernible differences were shown in the lev-
els of albumin and total protein. When comparing a little dose of 2.5 ml
of LC/kg body weight (group 4) to the high dose of 5 and 8 ml of LC/kg
(groups 2 and 3), a substantial increase (p<0.05) was seen in total protein
and albumin. This may indicate that there may be no correlation between
reduced use of carbonated drinks and protein degradation [47].

In contrast, rats fed 0.22 gof TT in 5ml of LC and 0.11 g of TT in 2.5 ml
of LC/kg body weight (groups 9 and 10) demonstrated no significant dif-
ference in total protein and albumin compared to 0.34 g of TT in 8 ml
of LC/kg (group 8). Furthermore, serum albumin and total protein levels
significantly increased (p<0.05) in rats given a modest dose of 0.11 g of
TT/kg body weight (group 7) in comparison to 0.22 and 0.34 g of TT/kg.

Low dose of TT intake may provide low menthol which might have
stimulated protein synthesis. Paraskeuas et al. [48] reported that inclu-
sion of menthol at the low rate of 100 to 150 mg/kg in feed improved the
nutrient digestibility, thus enhancing the growth measures and protein
level in broiler chickens. In this investigation, rats given LC in amounts of
8 and 5 ml/kg, TT in amounts of 0.34 g/kg, and TT mix with LC in amounts
0of 0.34 gin 8 ml, 22 gin 5ml,and 0.11 g in 2.5 ml/kg demonstrated a con-
siderable increase (p<0.05) in serum Total-Chol, TAG, and LDL-Chol and
a decrease in HDL-Chol when compared to the control group (Table 3).
Intake of TT and LC at high dose may lead to alteration of lipids. Gugliuc-
ci et al. [49] stated that excess of carbonated drinks is considerably linked
with the elevation of triglycerides, which may add to cardiovascular dis-
ease and is also a variable marker for diabetes mellitus. Increased levels
of triglycerides in blood thus indicated to be predisposing for cardiovas-
cular diseases [50]. Additionally, considerable decrease was seen in serum
Total-Chol, TAG and LDL-Chol in the rats that were administered 2.5 ml
of LC/kg in comparison to 8 ml and 5 ml of LC/kg. This should mean that
intake of LC lower Total-Chol, TAG, LDL-Chol and increase HDL-Chol.
Moreover, a considerable reduction (p<0.05) was observed in serum LDL-
Chol of the rats that took 2.5 of LC/kg (group 4) in comparison to those
given 8 and 5 of LC/kg. Furthermore, little dose of TT of 0.11 g/kg consid-
erably reduced serum LDL-Chol (p<0.05) compared to elevated doses of
0.22 g and 0.34 g/kg. This clearly illustrates that low LC and TT doses may
not have effect on the alteration of the lipids.

5. Conclusion

Conclusively, a continually consuming of La Casera, Tom-Tom or La
Casera mixed with Tom-Tom triggered alterations in serum lipid profile
and liver function markers. The liver histopathological examination of
the rats that administered TT mix with LC, LC only and TT only at high
dose had severe alterations in comparisons to that of rats given low dose.
Taken together, these confirmed that TT and LC at high dose or TT mix
with LC triggered biochemical alterations. It is therefore recommended
that intake of TT mix with LC or constant consumption of TT and LC
should be discouraged because of the noticeable side effects associated
with their consumption, especially at over a long period of time.
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PA3BPABOTKA BAJZL C HAHOYACTUIOAMM OKCHUIOA JXKEJIE3A
Y U3YUYEHUE EE XPOHUYECKOW TOKCUUYHOCTU
U BUOJIOTUYECKUX DDPDPEKTOB

IOeimpikuH A. C., Bacunesckas E. P., ActanoBa M. A.* JlepeBuiikas O. K.,
[Momumyxk E. K., Kyrmaesa H. B., Mongosanos I I.

@depepaabHbIl HAYUHbII [[EHTP MUIIEBbIX cucTeM UM. B. M. Top6aTtoBa, MockBa, Poccus
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K/IIOYEBBIE C/IOBA: AHHOTALUYA

avemust, OKCUObl AHeMus mpencrasisieT co60ii I06aNbHYIO MTPO6IeMy OGIECTBEHHOTO 3[paBOOXPAHEeHMs], BBI3BAHHYIO B OCHOBHOM Jedu-
JieJie3a, HaHoxene30,  UTOM 3Kere3a. CIOKHOCTb 0GOTallleHMs] palyioHa MMUTAHMS Kele30M 00YC/IOBIeHa OKMCIUTENbHBIMU CBOICTBAMM Kele3a,
6u000cmynHocmb, KOTOpbI€ NIPUBOIAT K HeEXeJIaTeJTbHBIM CEeHCOPHBIM M3MEHEHMSIM M K CHVDKEHMIO KaueCTBa M CPOKa IOAHOCTU ITPOAYKTOB
nabopamopHole nutaHusl. Pabora mocBssieHa BbI60PY 6MOOCTYNHBIX (HOpM Kesie3a, KOTOpble NPy J00aB/IeHNy B MUILY B COOTBETCTBYIO-
JHCUBOMHDLE, meM KOJIM4YecTBe He OTTOPraloTCsl OpraHu3MoM. Llenbio paGoTh! SIBSUIOCH M3YUeHMe ITPY IIOMOILY OIIBITOB Ha JIA60paTOPHBIX
aHMUOKCUOaHmHas KpbICaX XPOHMYECKOIi TokcuyHOoCTH U 3 dekTrBHOCTHU pazpaboraHHoii BAIT «[Tomu®epBuT» B cpaBHEHNUM C KOMMePUYECKMMU
eMKoCcmb npenaparamu okcuzoB kenesa E172 (Fe,Oz+FeO) u cepHokuciioro xenesa (FeSO,x 7TH,0). O6beKTOM MCCIeAOBAHMUST SIBJISI-

Jmck: xeneso (II) cepaokucnoe 7-sogHoe (FeSO, x 7TH,0); cmech okenaos skene3a E172 (Fe,O3+FeO); BALL «I[Tonn®epBut» nis
MpUMeHeHUsT B KauecTBe ucrouyHuka xenesa (FeO, Fe,03, Fe;0,), Butamuna C u quruapoksepieTMHa. B mporecce paboTsl
paspaborana Groornyecky akTuBHas qob6aska K muiie (BAT) «[Tonmn®epBut», comepskanme kejaesa B qob6aBKe COCTaBIISIET
136% ot cyTouHoi1 moTpe6HOoCTH. CpaBHEHNME 6M0JIOTMUECKOM aKTUBHOCTY U XpPOHUUECKO# TokcuuHoCTH BAJL «ITonn®epBut»
¥ KOMMepUeCKMX MperapaToB Kkeie3a MoKa3ano, YTo BCe 1ccaeqyemMbie 00beKThI PY eXKeJHeBHOM BBeIeHMM Ta60PaTOPHBIM
SKMBOTHBIM B TeUeHMe 32 CYyTOK He OKa3bIBaJIM BIAMSIHMSI HA MAcCy TeJla XKMBOTHBIX U Ha UX (U3MOIOTMYECKOe COCTOSTHME,
a Takke He BbI3BaJIM M3MeHeHUIT OCHOBHBIX [TOKa3aTesieii 001ero aHan3a KpoBi, B YaCTHOCTH, B JIeiKoIUTapHOi hopmy-
Jie. BpIsSIBIEHHAsT AMHAMMKA K YBEIMYEHMIO COMIEPKaHMSI CBIBOPOTOUHOTO JKeyie3a Py YIOTpe6IeHnY CMeCu OKCUIOB JKeJie-
3a (mo 17%) u BALl «[Tomu®epBut» (o 22%) CBUOETENbCTBYET O CXOLHOI 6MOLOCTYITHOCTH, TpUUeM 6Mom0CTyTHOCTb BAT
«[Tomn®epBut» 6osee BHICOKASI, UTO, BEPOSITHO, CBSI3aHO C HAHOPA3MePOM YaCTMUII JKeJie3a ¥ ¢ KOMOMHMPOBAHHBIM COCTABOM
no6aBku. BaxkubiM mipeumyiectsoM BAJL «[Tonn®epBut» sBisieTCst MeHee BbIpaskeHHOe HEeraTMBHOE BIMSIHME Ha aHTUOKCHU-
IAaHTHYIO CUCTEMY, YTO BBIPAXKaI0Ch B YBEIMUEHNM [TOKA3aTess CYyIePOKCUOANCMYTa3bl 10 44%.
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anemia, iron Anemia is a global public health problem, the main cause of which is iron deficiency in the body. The difficulty of enriching
oxides, nano iron, the diet with iron is explained by the oxidative nature of iron, which leads to undesirable sensory changes and a decrease in
bioavailability, the quality and shelf life of food. The work is devoted to the selection of bioavailable forms of iron, which, when added to
laboratory animals, food in an appropriate amount, are not rejected by the body. The aim of the work was to study in experiments on laboratory

antioxidant capacity rats the chronic toxicity and effectiveness of the developed dietary supplement “PoliFerVit” in comparison with commercial
preparations of iron oxides E172 (Fe,Oz+Fe0) and iron sulfate (FeSO4x 7H,0). The objects of the study were iron (II) sulfate
heptahydrate (FeSO, x 7H,0), a mixture of iron oxides E172 (Fe,05+FeO), dietary supplement “PoliFerVit” for use as a source
of iron (FeO, Fe,03, Fe30,), vitamin C, and dihydroquercetin. In the process of work, a biologically active food additive (dietary
supplement) “PoliFerVit” was developed, the iron content in the additive is 136% of the daily requirement. A comparison of
the biological activity and chronic toxicity of the dietary supplement “PoliFerVit” and commercial iron preparations showed
that all studied objects, when administered daily to laboratory animals for 32 days, did not affect the body weight of animals
and their physiological state, and also did not cause changes in the main indicators of the general blood test, in particular, in
the leukocyte formula. The revealed dynamics towards an increase in serum iron content when using a mixture of iron oxides
(up to 17%) and dietary supplement “PoliFerVit” (up to 22%) indicates similar bioavailability, and the bioavailability of dietary
supplement “PoliFerVit” is higher, which is probably due to the nanoscale size of iron particles and the combined composition
of the additive. An important advantage of the dietary supplement “PoliFerVit” is a less pronounced negative effect on the
antioxidant system, which was expressed in an increase in the superoxide dismutase index to 44%.
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1. BBegeHue

AHeMmus ipefcTaBisieT co60it MpobiemMy MUPOBOTO O6IeCTBEHHO-
ro 34paBOOXpaHEHMs, OT KOTOPOJ CTpajaroT moutu 1,6 Muaamnapma
yenoBek [1]. B 2019 roxy rrobanbHasi paclpoCTpaHEHHOCTh aHEMUU
cocraBuia 36,5% cpemy 6epeMeHHbBIX KeHIMH, 29,6% cpeny >KeHIINH
penpoayKTMBHOrO Bo3pacra 1 39,8% cpeny meteii B Bozpacre 6—59 me-
csineB [2]. Ha mpoTspkeHuu necsTUIeTU aHeMMsI CYMTaeTcs mpobie-
MOV BO MHOTMX CTpaHax, HeECMOTPS Ha 3KOHOMMYECKOe Da3BUTHeE
M yIyullleHMe KayecTBa MeJMIIMHCKOJ Momoly HaceneHuio. Cornac-
HO aHanM3y 16 OCHOBHBIX (hapMaleBTUUYECKNX PIHKOB, TPOBEIEeHHO-
my kommnanueii Global Data, pacrnpoctpaHeHHOCTb aHeMuu B VHAUYU
pocruraet 39,86% u sIBNsieTCsl caMoli BbICOKON B Mupe [3]. B mapre
2018 roga mpaBuTenbcTBO WHAMM 3amycTmio mpoekT Anemia Mukt
Bharat Abhiyan. OcHoBHas 3aaua MpoeKTa — CHU3UTh PacIpocTpa-
HEHHOCTbh aHEMUMU 3a TISATh JIET Ha TPU MPOIEHTHBIX MyHKTA. LleneBbie
IPYTIIBI IPOEKTa BKIIIOUAIN JeTell, TOAPOCTKOB U KeHIMH PepoayK-
TUBHOTO Bo3pacra (15-49 ner).

B Poccuu, cornacHo maHHbIM PoccraTa 3a 2019 r., aHemMus BbisIBIeHa
y 1617,7 Teicsty skuTeneii. Hanbosee pacripocTpaHeHHOI SIBISIETCS JKee-
somedunuTHas aHemust (OKIA). CormacHO OMyGAMKOBAHHBIM [JaHHbBIM,
B Poccum ee pacrpocTpaHeHHOCTb COCTaBisieT 75% cpenyt Bcex aHe-
MMif, YTO BBI3BAHO PSIIOM (DaKTOPOB, CpeM KOTOPBIX IKCIIEPTHI BbIfe-
JISIIOT TIpeske BCero HeloCTaTOYHOe TOTpebIeHme kene3a C MUILIeBbIMU
MCTOYHMKAMU U OTCYTCTBYE IOCTATOYHOI OCBEJOMIEHHOCTY HaCeeHNs.
Taxoke OIHOV M3 NPUUMH CUUTAIOT BBICOKYIO IIPUBEPSKEHHOCTD KeHIIVH
eprunbHOrO BO3pacTa, BXOASIUX B IPYIITY PUCKA, PeOYLIMPOBAHHBIM
JMeTam AJist KOHTPOJISI Macchl Tesia. OMHAKO TONYYUTh O6bEKTUBHbIE CTa-
TUCTUYECKME aHHble 3aTPyNHUTENbHO, ¥ 3HauMTelbHas 0/ Hacele-
HMsI, BKJIIOUAsI TPYIIIIbI PUCKA, OCTAETCSI HE OXBAUEHHON MeAUIIMHCKUM
HabmopeHneM. B pesynbTare npuBeneHHbIe HydPbI He TOTHOCTHIO OTPa-
KaloT peaabHYI0 KapTUHY [4].

OCHOBHOJ IPUYNHOV aHEMUU SIBJISIETCS TePUIUT Kee3a B OpraHu3-
Me. AHeMMS MOKeT BO3HUKHYTb, €CJI KOJIMYECTBO SPUTPOUUTOB MU UX
CIOCOOGHOCTh MEPEeHOCUTDh KMUCIOPOJ, HeJOCTATOUHBI JJIs YOOBIETBOpe-
Hus pusMonornUecKmx MoTpeGHoOCTelt opraHnmn3ma. 3a6oeBaHme y skeH-
LIMH 324aCTYI0 Pa3BMBAETCS B TIepuof, 6epeMeHHOCTHM, B OCTaTbHbIX CITy-
Yyasx ero TSKeCTh 3aBUCUT OT T1071a, BO3PACTa, BPeAHBIX ITPUBBIUEK.

3HAUYNTENIbHYIO YaCTh Kejie3a B OpraHM3Me COCTABSIeT KJIeTOUHOe
Kee30, BXoZsllee B COCTaB reMOrIo6MHa, MUOIIOOMHA, (ePMEHTOB,
HampuMep, IUTOXPOMOB, KaTauas, MePOKCUAA3bl U HereMoBbIX (ep-
MeHTOB (Hanpumep, HAJITH-nerngporeHasbl), MeTa/IONPOTENI0B (Ha-
rnpumep, akoHuTasbl). CBOGOJHOE Kele30 IIa3Mbl U KeJe30CBsI3bIBa-
I0llMie CHIBOPOTOUHbBIE Genku (TpaHcheppuH, JaKTobeppuH) OTHOCSIT
K BHEKJIETOYHOMY ITyJTy, 06ecreuyyBaloieMy TpaHCIIOPT keje3a. B opra-
HM3Me BHEKJIETOUHOE JKeJIe30 MPeUMYLIeCTBEHHO HaXOAUTCS B TIEYEHN,
cesie3eHKe ¥ MBIIIIAX B BUe GEKOBBIX CoeHeHnit (eppuTuHa 1 re-
MOCHIepVHa U IIPU HeJ,0OCTaTOYHOCTHM KJIETOUHOTI'O JKejle3a BKIUaeTCst
B 0OMeH.

PasnnuaioT reMoBOe (comepskaiiee MpOoTOnopbMpuH) ¥ HEereMoBoe
Kene30, UX UCTOYHMKOM B OpraHu3Me SIBJSIeTCS B OCHOBHOM IIMILeBOe
skene30. O6e GhopMbI YCBaMBAIOTCSI Ha YPOBHE SIUTEIMOLIMTOB JIBEHA -
LIATUIIEPCTHOM KUIIKM ¥ IIPOKCUMAJIBHOIO OTHena Toulei. B skemynke
BO3MOXKHA abCoOpOLVSI TOIBKO HEreMOBOTO Kesie3a, Ha JIOMI0 KOTOPOro
npuxogutcst He 6onee 20%. Ha 6MOOCTYITHOCTh HEreMOBOTO skeesa
BAMSIET PSiA, TUIEBBIX (BakTOpoB. OpraHmMyeckye KUCIOThI TTOMOTAIOT
COXPaHUTDb €ro B pacTBOPUMOIt hopme u yaydmaioT abcopbiuio. Bere-
CTBA PACTUTETHHOTO MPOUCXOKAEHNS, TaKMe KakK GUTaThI, MOIUPEHObI,
IyOUITbHBIE BellecTBa MOTYT CBSI3BIBATH JKelIe30 U IMPersITCTBOBATh ero
ycBoeHMo0. HeremoBoe jkene3o, mojyyaemMoe M3 MUIIY, [TepPBOHAYAIIb-
HO 06pasyeT JIerkopacTBOPUMbIE COEIMHEHMSI ¢ KOMIIOHEHTAMU TIHII
M KeJTIOUHOT0 COKa, YTO 61aronpusITCTBYeT ero ycBoeHumio. lemoBoe sxe-
J1e30 B AMUTENNOLMTAX PACIIAAaeTCsl HA MOHM3MPOBAHHOE JKele30, OKICh
yriepona u 6uaupyouH, MpuueM yCBOEHME ero He CBSI3aHO C KUCIOTHO-
TeINTNYeCKOI aKTUBHOCTbIO JKeTyLOYHOTO coka [5].

OGoraieHne pamnyoHa IUTaHKs KeJie30M — CIOKHast 3a7ada. Boico-
Kasl peaKkIMOHHAas CIIOCOGHOCTb M OKMCIIMTEIbHbBIE CBOVICTBA Keje3a, 3a-
BUCSII[M€ OT TEMITEPATYPBI U OT YCJIOBUIT OKPY3KAIOIEli CPe/ibl, BbI3bIBAIOT
HeXeJlaTeJlbHbIe CEHCOPHbIE M3MeHeHUs], a TakKe CHIDKeHMe KauecTBa
¥ CPOKa TOZHOCTHU TPOAYKTOB [6]. [IoaTOMY HE06X0AMMO BbIOMPATD (GOp-
My JKeJe3a ¢ LOCTAaTOYHO 6MOAOCTYITHOCTBIO, KOTOPas IpU A06aBIeHNN
B IIMIIY B COOTBETCTBYIOIIEM KOJIMYECTBE He OTTOPraeTcsl B pe3yjabTaTe
HeIpyueMJIeMbIX CEeHCOPHBIX MoamMdMKauMii MaM aHTarOHMUCTUYECKON
SKeTyIOYHO-KMUIIIeYHO peakiyu. Tem He MeHee, Kak ¥ B CJiydae JIlo60ro
Ipyroro o6oraiieHuss MUKpodreMeHTamMu, 3GGEKTUBHOCTb CTpAaTerun
oboraleHust JXelIe30M 3aBUCUT OT TPeX KM3HEHHO BasKHBIX (PAKTOPOB —
OT crerneHu OedUIMTA TMUTATENbHBIX BELIECTB, OT BbIGOpa MMIIEBOTO
HOCHUTEJISI Y OT COeVIHeHMsI JKee3a, KOTopoe GyeT BLIGPaHO B KaUeCcTBe

oboraruresnsi. Kpome TOro, OT MpOAYKTOB, IPUCYTCTBYIOLIVX B PaLlMOHe,
3aBUCUT YCBOSIEMOCTb 3Kejie3a B opraHyusMe. XOTsI CYLIeCTBYIOT COefiiHe-
HMS 5Kene3a, MOIXOoAsIIe 1Sl 060oralleHust, OCHOBHas Mpobiema 3aKiIio-
YyaeTcsl B IOMCKe COeNVIHEHMSI C XOpoleil 610J0CTyITHOCThIO, PACTBOPK-
MOCTBIO ¥ C MMHMMAJIbHBIM B/IMSIHMEM Ha OpraHOJIeNTUYeCcKye CBOJCTBa
nponykra [7].

[ns oboraiieHus MUIIEBBIX IPOAYKTOB JKeIe30M VICIIONb3YIOTCS pas-
JIMYHBIE ero coeyHeHus. [1o pacTBOPMMOCTYM COMM Kenle3a oL paszensi-
I0TCSI HAa TPU TUIIA: XOPOLIO pacTBOPMMBIE B BOZiE; IJIOXO PaCTBOPMMBIE
B BOJle, HO pacTBOpMMble B pa30aBiieHHO} KUCIOTe; HepacTBOPUMbIE
B BOJe, HO IUIOXO pacTBOpMMbIe B KucioTe. Kak mpaBuio, coeqyiHeHMsI
Kee3a C BBICOKOM PAacTBOPUMMOCTBIO B Boje Gojiee GMOZOCTYITHBI, 3a
JCK/IIOUeHNEeM XJIOpUAa >xenesa [6,8]. Taioke MHOTMe MPOAYKTHI COREP-
5KaT MOI[HbIE MHIMOUTOPBI BcachiBaHMs kene3a [9]. BmecTe ¢ Tem 6bL10
BBICKA3aHO IIPeJIoIOKeHNe, YTO TPe6MOTIYeCcKe BOJIOKHA YCUIMBAIOT
abcopbuuio skemesa [10,11], XOTsI TOUHBI MeXaHU3M yBelMdyeHMs ab-
copOuMM Kejle3a Mpe6GUOTUKAMM [0 CUX TOp Heu3BecTeH. BosMokHast
TOBbILIEHHAs] a6CcOPOLMS MOXKET ObITh CBSI3aHA C OCMOTUYECKM aKTUB-
HBIMM caxapami, KOTOpble 06pasyloTcs B rporecce GepMeHTauuu npu
rnpyeme MnpebUOTMUKOB. DTU caxapa yBeIMUMBAIOT MACCUBHOE YCBOEHUE
MeTaJUIOB, TAKMX KaK JKejle30, ¥ 00pasyIoT c1abble OpraHnveckye K1ucio-
ThI, YJIULIAIOIIMe UX ycBoeHMe. Takke Gblia BbIABMHYTA TUIIOTE34, YTO
KOpOTKoLerovyeyHble kupHble kucaoTsl (KLIXKK), koTopsie hepmeHTHDY-
I0TCSI B TOJICTO} KUIIKe KVUIIEYHOJ MUKPOOGMOTON, MOTYT BBI3BIBATD I10-
BBIIIIEHHYIO nponm¢)epaumo SIIUTE/IMAJIBHBIX KJIETOK, YTO yBeJIMYMBAET
IUIOLIAb TIOBEPXHOCTH AJIsT aGCOPOLIMY, TeM CaMbIM IOBBIIIAsT a6COP6-
LIMIO KeJe3a.

B Poccun myist oborauieHust CrieliMan3upoBaHHOM MPOAYKINY 3aK0-
HOJATENbCTBOM pa3pelleHO MCIIOAb30BaHMe CIeyIoUX COoegVHeHW
skemesa: yxene3sa (II) miokoHar; sxene3sa (II) cynbdar; xkenesa (II) 1akrar;
skenesa (II) pymapart; sxenesa (I11) gudocdar (mupodocdar); skenesa (II)
uuTpar; xxeneso (III) aMMoHUITHO-LIMTpaTHOE; kene3a (II) GuCIInIMHAT.
Yare Bcero Jjist 060raIieHus IPOSYKTOB UCIIOIb3yeTcs Cyabdar xkenesa,
KOTODBII 5KOHOMMYECKY BBITOJIEH U XapaKTepPU3yeTcsl XOpolleit pacTBo-
PUMOCTBIO B BOZE U JKeJTyLOUYHOM COKe [12], yCBOSIeMOCTbIO, OLHAKO IO~
BepsKeH OKMCIEHMIO M OKA3bIBaeT HeGIaronpusiTHOE BIMSIHYE Ha OpraHo-
JIeTITUYeckye rmokasareny rnpoaykra [13]. B kauecTBe IOMOMHUTETbHBIX
MMIIEBbIX ICTOYHMKOB YCBOsIEMOro B opranusMe Fe B nociieniHee BpeMst
paccMaTpUBAIOTCS TAKME ero HeTpaauIoOHHble GOPMbI, KAK HAHOYACTH-
ubl (HY) Heoprannueckux BewiecTB — coneit u okucioB Fe (II) u Fe (III)
u sneMeHTapHoro Fe [14].

TexHOIOrY U UCCIeLOBATENN MUIEeBbIX MPOLYKTOB YAENSIOT 60/bIIOe
BHMMaHMe JCII0/Ib30BaHMIO HAHOTEXHOIOTHI C 1eblo 3PPeKTMBHOro
oboraieHust ULV SKeJIe30M U TOCTaBKM JIEKAPCTB 151 JIeYeHMsI aHEMUMA,
ITOCKO/IbKY YMeHbIlIeH)e pa3Mepa YacTUll, CIIOCOOCTBYET IOBBIIIEHUIO
6MOIOCTYITHOCTY sKene3a. [IoBbIIeHre 6MOLOCTYITHOCTY CBSI3aHO C TEM,
YTO yMeHbllIeH/e pa3Mepa YacTUI] yBeJnuMBaeT IUIOIa b TOBEPXHOCTH
COeIMHEeHMS Kele3a, YTO yIy4lllaeT ero pacTBOPUMOCTDb B KeTyLOoYHOM
KICJIOTe U TIPUBOAUT K Gosiee BBICOKON abcopbiyyu. MOXKHO BKIIOUATH
rugpobuibHbie U ruAPodOOHbIe MOIEKY/Ibl B HAHOYACTULIBI, MCIIONb3Y-
eMble B KaueCTBe HOCUTeJeNl IeKapCTB, 6e3 ymepba s CTabUIbHOCTH,
a caMM HaHOYaCTMI[bI MOXXHO BBOAMTb I1€POPaIbHO WM MHTaSLIU-
oHHO [15]. HaHouacTMIIbl OKCKA Kese3a Hambosee M3ydeHbl U3-3a UX
YHUKaJIBHBIX CBOVCTB, TakKMX KaK CyleprapaMarHeTy3M, OTHOLIEHMe
MOBEPXHOCTY K 00beMy, 60/IbIIast II0IAAb TIOBEPXHOCTHM, ITPOCTAsT Me-
TOZLOJIOTUS pa3nesieHns, 6OCOBMEeCTUMOCTb M GMOIOCTYITHOCTb. Vccie-
IOBaHMe [TOKa3bIBaeT, uTo HaHovacTuibl Fe;04 chepmyeckoit hopmbi co
CpeIHMM pa3MepoM B AuamnasoHe 65,95-295,3 HM 3HAUUTETbHO YBEIN-
YMBAIOT KOJIMYECTBO SPUTPOLMUTOB 10 CPAaBHEHMIO C TPyINaMu cyibda-
Ta xene3a [6]. [I09TOMy HAHOUACTHUIBI OKCU/IA Kele3a UMEIOT GOIbIION
MOTeHLMa IIPUMEeHeHNsT AJIsl alMeHTOB ¢ aHeMueit. OMHAKO MMEeIOTCsI
VICC/IeN0BaHMsI, KOTOPBIE IeMOHCTPYPYIOT, YUTO HAHOYACTHUIIBI 06/1aJat0T
Takke Gakrepuocraruueckum sddexrom [16,17], TUTOMPOTEKTOPHBIM
neiictBueM [18], a B HEKOTOPBIX CJIy4asiX MPOSIBISIOT LUTOTOKCUYECKME
CBOJACTBA, YTO 3aCTABJISIET OTHOCUTBCSI K HUM C OIIpe/ielIeHHO OCTOPO3K-
HocTbio [19,20,21].

HaHouacTuiisl skene3a 061agar0T 60/iee BBICOKMM PUCKOM TOKCUYHO-
CTU, YeM pacTBOPMMBbIE Bell[eCTBa, BBUY MX COCTaBa, CBOJCTB ITIOBEPXHO-
cT1, pazmepa u1 hopmbl. HaHOUacTHIIBI 06/18JAI0T BBICOKO COPOLIMOHHOM
€MKOCTbI0. BO3MOXKHOCTB B3aMIMOJIEHCTBYS C 611006BbeKTOM 06yCIOBIEHA
X BBICOKOPA3BUTOI aKTMBHOI IOBEPXHOCTbIO, Giaromapsi pasmepam
(menee 100 HM), COTIOCTaBUMBIM C pa3mepamu kieTok (10+100 Mkm), Bu-
pycoB (20 +450 um), 6ekoB (5 + 50 um), JHK (2 HM mmmpurHoii, 10+ 100 HM
JJIVHOIA).

CHIDKeHMe TIOTeHLMAIbHOM LMTOTOKCMYHOCTM HAaHOYACTUL, OKCMUIA
Kesie3a MOKeT GBITh JOCTUIHYTO IIyTeM ero KOMOMHMPOBAHYS C ITMILEBbI-
MM aHTHOKCHUZAHTaMU. DHHEKTUBHBIM aHTUOKCUIAHTOM, OCIAGISIONIIM
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HePOTOKCUUHOCTD, BbI3BAHHYIO HAHOYACTUIIAMI OKCUA Keie3a, sIBJis-
ercst kBepueTuH [22]. OH MHTMOMPYeT arperannio 6eika 1 MpoTUBOAEH -
CTBYeT IeperpysKe jkejie30M IoCpeICTBOM XeJIaTo06pasyiolieii akTUBHO-
CTU KeJie3a, Pery/siiiy TeHOB TOMEeOCTa3a keje3a, yoaleHns] paguKaaioB
u ocnabnenus peakuyu ®enrona / Xabepa — Baiicca [23]. DTOT momxox,
[TO3BOJISIET YIYUYIIATb 6M0COBMECTUMOCTD i CHU3UTb TOKCUYHOCTh HAHO-
YaCTHUII, JeJiasi uX 60see 6€30MacHbIMY JIJIsI ICTIOb30BaHMS B PA3IMUHBIX
06macTsaX, BKJIOYast MeIULIVHY U 6MOTEXHOIOTHMA.

AKTyasnbHOI MPOGIEMOTi SIB/ISIETCSI CO3/IaHVe OMOIOTUYEeCKU aKTUB-
HBIX I00aBOK — MCTOYHMKOB GMOIOCTYITHOTO sKejesa, Py 3TOM HeoOo-
XOAMMa OLleHKAa UX 3(PQPEKTUBHOCTU U TMOTEHIMUATbHBIX TOKCUYECKUX
PUCKOB I1€pOpabHOrO BO3[eiCTBMS. B GOJBIIMHCTBE MCC/IeIOBaHMIL
CpaBHeHMe GMOLOCTYITHOCTM JKeJie3a U3 PaslIMYHbIX COeIMHEHMIi Tpa-
IUIVIOHHO MPOBOJST C UCIIONIb3yeMbIM B KaueCcTBe 3TaJOHA CYIb(haToM
Kernesa.

Takum 06pasom, IeJbi0 MCCIeNOBaHMUS SBJsIach paspaborka BAIL
«ITomn@epBut» 1 u3yveHue B OMbITAX HA JIAOOPATOPHBIX KPbICAX XPOHM-
YeCKO¥ TOKCUYHOCTY U 3PHEKTUBHOCTY B CPABHEHUY C KOMMEPUECKUMU
npenapatamy okcuzpos xenesa E172 (Fe,Oz+FeO) 1 cepHOKMIOrO xe-
ne3a (FeSO, x 7TH,0).

3agauM MCCIemOBaHMS BKIOUANM HaydyHOe OOOCHOBaHME COCTaBa,
pa3paboTKy peLenTypbl M TexHonoruu BAJL U OLIeHKY ee BIAMSHMS Ha re-
MAaTOJIOTMYEeCKIME TTOKa3aTe Iy J1abopaTOPHbIX KPbIC.

2. O6G'BEKTHI M METOABI

O6beKkTamu UCCaeS0BaHMS ObIIN:

sxkeneso (II) ceprokucioe 7-sogHoe (FeSO,x 7H,0) ¢ maccoBoii foneii
sxene3a 98% (mpousBoputenb OO0 «KOMIIOHEHT-peaKkTuB», najnee —
cynbdar skenesa);

cMech okeuaoB kenesa E172 (Fe,O5 +FeO) ¢ MaccoBoit fomneit OKCUI0B
skenesa 98%, Bombl — He 6omee 0,5% (mpousBopuTtens 000 «Kommo-
HEeHT-peaKkTUB», Jajee — CMech OKCUIOB kene3a E172);

BAJI «ITomu®epBuTt» 0jist npyMeHeHMsI B KaUeCTBe MCTOUHMKA JKene3a,
ButamyuHa C u guruapoksepuetyHa. Copepsxut okenabl sxenesa (FeO,
Fe,03, Fes0,), mpencraBiedH B BUAE MOPOLIKA C Pa3MEPOM YaCTMUII
30-50 HM, KOTOPbIii GBI CMHTE3MPOBAH C IIOMOIIBIO 3JIEKTPOIPO3N-
OHHOI1 aucniepcuu (33]I) U3 yI/IepOAUCTOI CTalu B BOZE;

BuTaMuH C, IUTUIPOKBEPLIETH, IUIIEeBble BOTOKHA «Dmopanusi».
TexHonorus nonyyenusi bAJl BKitouasia repeMelniiBaHue CbIpbeBbIX
KOMIIOHEHTOB BO BPAIAONIMUXCSI META/NIMUYECKNX CMECUTENSIX B Teue-
Hue 70-80 MMHYT CO CKOPOCTBIO BpalieHus cMmecutenst 13 06/MuH 10
pPaBHOMEPHOTO pacIipefieleHUs] MHIPeIMeHTOB U Iocienyloliee Ha-
TTOJIHeHMe KaIlCy/l CMeChI0 Ha ITOTyaBTOMAaTHYeCKOi KaIrCyTOHATIOMHSI-
foteit mamnHe. CpeHSIS Macca COIepsKMMOTO KarlCysbl (MMOPOIIKa) —
450,0+10,0 mr.

MaccoByto mosto xenesa B BAJL onipenensiiv MeTOL0M, OCHOBAaHHBIM
Ha MUHepaau3aluy MPOAYyKTa CIIoco60M CYXOTO WX MOKDPOTO 030Jie-
HMSI M Ha OTIpefieJIeHMY KOHIIeHTPaLVY JKejle3a B pacTBOpe MMUHePaIn-
3aTa MeTOIOM IJIAMEHHOJi aTOMHOJi abcopbumm 1o T'OCT 30178-961;
KonnuecrBo Butamuua C pacCUMTHIBAIM METOAOM BU3YaIbHOTO TUTPO-
BaHMSI C VICIIOJIb30BAHYEM KOJIMYECTBEHHOTO OKVICIeHMS aCKOPOMHOBO
KUCJIOTBI PaCTBOPOM 2,6-TUxJI0pPeHONMHI0DEHOSITa HATPUS B COOT-
BeTcTBUM C P 4.1.1672% uamu MeTogoM KalMJISPHOTo 371eKTpodopesa
B cooTBercTBUM ¢ TOCT 314833, MaccoByio 400 IUIMAPOKBEPLeTHHA
OIpeesisiv C TIOMOIIBI0 BEICOKO3(h()EeKTUBHO KUAKOCTHOM XPOMATO-
rpadun co cuekTpodhOTOMETPUUECKMM JETEKTUPOBAHMEM B JMara3o-
He usmepenuii ot 0,05 1o 990%o 1o T'OCT P 57990%; comepskaHue -
1IeBBIX BOJIOKOH — (DepMEHTaTUBHO-IPaBUMETPUYECKUM METOJOM I10
I'OCT P 540143,

CopmepskaHye TOKCUMYHBIX 37IeMEeHTOB (CBMHLIA, KaAMMSI, PTYTH) BbISIB-
JISTTM aTOMHO-a6COPOIIMOHHBIM METO/IOM, OCHOBAaHHBIM Ha MMHEpau-
3alMM MIPOAYKTA CIIOCOO0OM CYyXOTO WJIM MOKPOTO O30JIeHUSI ¥ Ha OTpe-
JleJleHUY KOHIIeHTpaluy 37ieMeHTa B pacTBOpe MUHepain3aTa MeToloM
IJIaMeHHOJ aTOMHOJi abcopbuym mo P 4.1.16722. ComepskaHue MecTu-
LMIO0B PACCUMTHIBATIM METOLOM ra30KMAKOCTHOM Xpomarorpabum, Mu-
KOTOKCMHOB — MeTomoM BXKX ¢ macc-creKkTpoMeTpuueckKuM I1eTeKTU-
poBaHueM. [JaHHBI/I MeTOJ, OCHOBAH Ha 3KCTPAKIUY MUKOTOKCMHOB U3
aHaIM3UPyeMOii MpoObl, MAeHTUOUKALMM U KOTMYECTBEHHOM OIpeze-
JIEHUM MX TIO TUTOIAZSIM TTMKOB MOH-TIPOAYKTOB C TIOMOIIBIO TPALyNpoO-

a

a

1 TOCT 30178-96 «ChIpbe i MPOXYKTHI MMIIEBbE. ATOMHO-aGCOPGIMOHHBIIL
MeTO[I OTIpefie/IeHVsI TOKCUYHBIX 37ieMeHTOB». M.: Ctanmapturdopm, 2010. — 10 c.

2 TOCT P 57990-2017 «IIpOAYKLMS [MIIEBAs CHELMATU3UPOBAHHAS, GUONOTHU-
YecKM aKTMBHBIE I06ABKM K muile. MeTop onpezeneHust KsepueruHa». M.: CtaH-
nmaptunadopm, 2018. — 10 c.

3 TOCT P 54014-2010 «ITpoayKThi muieBbie GYHKIMOHATbHbIE. OMpe/eneHye
pPacTBOPUMMBIX ¥ HEPACTBOPUMBIX MUIIEBBIX BOJIOKOH (pepMEeHTaTUBHO-IpaBMMe-
Tpuueckum metonom». M.: Cranpaptuadopm, 2019. — 7 c.
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BOYHOIt XapakTepucTuku metonoM BIKX-MCMC B pexkumve MOHUTO-
puHra BoI6paHHbIX peakumii (MPM) mo TOCT 341404,

MaccoByto fomt0 Biaaru (%) BBIYMCISIA METOLOM BBICYUIMBAHUS I10
dopmyre:

m —m
X =100-—1—2,
m

I7ie m; — Macca HaBeCcKM JI0 BbICYLIMBAHUS, T'; My — Macca HaBeCKY IOCIe Bbl-

CYLIMBaHMS, T.

)

Buonornueckoe uccienoBaHue MpOBOAMIN Ha caMKax KpbIc (n = 40).
Vicrounuk auumu — LKIT «I[eHTp TeHeTUUYeCcKuX pecypcoB jgabopaTop-
HbIX KUBOTHBIX, cpopMupoBaHHbIii Ha 6ase LIKIT SPF-BuBapwmii ULIuT
CO PAH», HoBocnb6upck, Poccust.

ConepskaHue KMBOTHBIX M BCe MaHUITY/ISIIIVM C HUMM OCYILEeCTBIISUIN
B YUJIOBMSIX BUBApusl.

ITocne mpoxokaeHus: KapaHTMHA (7 CYTOK) KPbIC IIPOU3BOIBHO pac-
TpefessIv Ha Tpymisl (n = 40) METOIOM CJIyYaiftHOTO O0TGOPA, UCTIONb3YSI
B Ka4yecTBe KpUTepUsi MacCy KMBOTHOTO.

1 rpynma cocTrosiyla M3 MHTAKTHBIX KpbIC (n = 10), KOTOpble copepka-
JIXCh TIPY CXOLHBIX YCIOBUSIX BUBAPHS;

2 rpymna coCTOosuIa U3 SXUMBOTHBIX (1 = 10), KOTOPBIM BHYTPIKeTyA0U-
HO BBOIMIIM PAcTBOP CyJib(ara skeyesa B 103e 8,5 Mr/Kr/cyT;

3 rpymma coCTOsuIa U3 SKMBOTHBIX (1 = 10), KOTOPBIM BHYTPIKeTYA0U-
HO BBOAWJIM PacTBOP cCMecy OKCcuIoB kene3a E172 B mose 2,37 MI/Kr/cyT;

4 TpyIma cocTosiia U3 KMBOTHBIX (1 = 10), KOTOPBIM BHYTDPVDKETYL0Y-
Ho BBOAuIM pacTBop BA]L «I[Tonn®epBut» B 1o3e 1,7 MI/KI/CyT COgepKu-
Moro 1 Kamncynbl.

Vccnenyemble OOBEKTHI B 33JaHHBIX JO3MPOBKAX BBOAWIIN €KeTHEBHO
BHYTPMKETYLOUHO OJHOM 10307 C TOMOIIbIO BHYTPIDKETYLOYHOTO 30H-
na (CIIA) B TeueHue 32 CyTOK, B OIHO U TO ke BpeMs (¢ 11.00 go 12.00).

Ha npoTspkeHMM BCero nmepuofa 9KCIepyMeHTa ONbITHBIX XKMBOTHBIX
comepkaiM B KJIeTKax u3 momukap6onara tum IV («JlaBopaTopkopm»,
Poccust) 1o 5 royioB, py CTaHZAPTHBIX YUIOBYSIX BUBAPUSI: TeMITepaTypa
(21£2)°C, Bnaxxnocts (50+ 10)%, ocBeljeHMEe — PEXXUM AeHb/HOUb (C 6.00
1o 18.00), cBOGOmHBIN JOCTYIT K BOZE 1 KOpMY. B KauecTBe CTaHIapTHOTO
006111eBMBapHOTO PallIOHA UCII0JIb30BaJIM MIOJIHOPAIIMIOHHbI/ T KOMOGUKOPM
no TOCT 345665 («JlTabopaTopkopm», Poccust). JXMBOTHBIX B3BelIMBaIM
KasK[ble TPEThU CYTKM Ha IeKTPOHHBIX JIab0paTOpHBIX Becax Adventurer
PRO AV2101 (Ohaus, CIIIA).

Ha 32 cyTkyu 3KcIiepyMeHTa KPbIC YCBIIIISIIM B KaMepe J1JIs1 9BTaHa3UM
ANO44 (VetTech, Benuko6putanust) u oT6Mpaiu KPOBb U3 CEPALIA B IIPO-
GUPKM C TeTIapMHOM (JJIsI TOTyYeHMs TI71a3Mbl), B TpoOoupKu ¢ DITA (st
MCC/IeOBAHMS LIeTbHOM KPOBM), B MIPOOMPKYM 6e3 aHTMKOATYIISTHTa (JIsT
MCCIIef0BaHMi CBIBOPOTKM KPOBM).

Bce MaHuMMyasiuuyu TPOBOAMIM C cobmiomeHnem Ilpukasza M3 PD
(N2 267 ot 19.06.2003 «O6 yTBep>kIeHUM ITPaBuII 1a60PaTOPHOI MPaKTHU-
Kku», [Iupektus EBpormeiickoro coobiectBa 86/609EEC. VcciemoBaHue
onobpeHo 6mosTuueckoit komuccueit ®TBHY «DHII nuieBbix cucTem
um. B. M. Top6aroBa» PAH (nmpotokos N2 01/2019 ot 09.05.2019).

Copepykanue nmumbountos (LYM), rpanynonutoB (GRA) u MoHOLM-
ToB (MON) B KpOBM OIpefensii Ha MPOTOYHOM IuToMeTpe Guava Easy
Cyte (Merck Millipore, Germany) mocpeicTBOM [IeTEKTMPOBAaHMUS pas-
Mepa ¥ TPaHy/ISIPHOCTU KaeToK. ColepykaHue JeKOLUUTOB ONpenessiin
pacyeTHbIM myTeM 110 dhopmyse: WBC = LYM + GRA + MON. OTHOCKTEITb-
HOe cofepykaHye TMMGOINTOB, 'PAHYIOLUTOB ¥ MOHOLMTOB BbISIBJISIIU
pacueTHbIM TyTeM 10 dopmynam: LYM/WBCx100%, GRA/WBCx100%,
MON/WBCx100%.

KonnuectBeHHOe copmepkaHue B KpoBu remornoouHa (HGB), rema-
tokputa (HCT), cpennero o6bema sputpoimnra (MCV), cpemHero comep-
SKaHUsI remMorno6uHa B sputpounte (MCH), cpemHIO KOHIEHTPAIUIO
remorio6uHa B aputpountax (MCHC), mmpuHy pacrpeneneHus spuTpo-
untoB (RDWc), rpombonutsl (PLT), Tpom6okput (PCT), cpenHuii o6bem
tpomboruTa (MPV), pacrpenenenne tpombonutoB (PDWc) onpenens-
JIM Ha TIOJHOCTBIO aBTOMAaTMYEeCKOM reMaToJOrMYecKoM aHaamsaTope
BC-2800Vet (Mindray, Kuait), ucronb3yst Ha60pbl peaKTHBOB KOMITaHUY
Mindray.

Broxummueckye 1okasarenn CbIBOPOTKM KPOBYU (KOHIIEHTPALMIO 06-
miero 6eska, anbOymuHa, 06I1Iero 6mManpybuHa, MpsiIMOTo GMIMpyOuHa,
KpeaTMHMHA, MOYEBUHBI, [JII0OKO3bl, TPUINNIIEPUIOB, IJIIOKO3bI, JKeesa,
aKTUBHOCTM (epMeHTOB anaHmHaMuHoTpaHchepaswr (AJIT), acnapra-
tamuHoTpaHcdepassl (ACT) u mienouHoit dbocdaraser) onpemensui Ha

4 TOCT 34140-2017 «[TpoayKTbI IMLEBbIE, KOPMa, IPOJOBOAbCTBEHHOE ChIpbe.
Mertoz, onpeesieHnst MUKOTOKCHHOB C TOMOIIBIO BEICOKOI(h()EKTUBHOIM KUAKOCT-
HOJi XpomaTtorpadum ¢ Macc-CreKTpOMeTPUIeCKM JeTeKTupoBanuem». M.: CtaH-
nmaptuadopm, 2020. — 18 c.

5 TOCT 34566-2019 «KOMGMKOPMA I10THOPALMOHHBIE [JIs 1a60PATOPHbIX K-
BOTHBIX. TexHnueckne ycaosusi». M.: Cranpaprutdopm, 2019. — 10 c.
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aBTOMaTHUYeCKOM Ouoxummuueckom aHanusatope BioChem FC-360 (HTI,
CIIIA), ncrionb3yst Habopbl peakTBoB (HighTechnology, CIIIA). Koaddu-
LMeHT Ae Putuca paccunThiBa/iv Kak oTHOIIeHne akTuBHOCTU ACT k AJIT.

[l ompeneneHusl okasaresneii aHTUMOKCUAAHTHOM cuctembl (AOC)
opraHusMa B IJIa3Me KpoBb LeHTpudyruposamu B neHTpudyre CM-6M
(ELMI, JlatBusi) B TeueHue 8 mMuH npu 3500 06/MMH mJIsl OTHENeHMUS
IJIa3Mbl, KOTOPYIO 3aMopaxkuBanu u xpanwmm npu munyc 40 °C. Ilepen,
usMepeHueM rnokasatesneit AOC o6pa3sibl 1a3Mbl KPOBU PAa3MOPasKMBa-
i ipu Temrepatype 4 °C u meHTpu@yrupoBaau B TeueHre 8§ MUH MIPU
10000 06/muH mipu 4 °C Ha nieHTpudyre SIGMA 3 30KS (Sigma Laborzen-
trifugen, Germany). [lynis ouenku AOC ompepensiv O6IIyI0 aHTUOKCU-
naHTHyIo eMKkocTb (OAE) metromamu FRAP (Ferric Reducing/Antioxidant
Power), paccunTbIBaIM KOHLIEHTPALMIO BOCCTAHOBJIEHHOTO IMTyTaTMOHA
(GSH) n axktmBHOCTM cynepokrcupaycmyTassl (SOD) u katanassl (CAT).
KoHueHTpanuio obiiero 6eika onpemensuiM Ajisi pacyetTa akKTUBHOCTEN
bepmeHTaTUBHBIX aHTHOKCUAAHTOB. Onpenenenne OAE B rasme Kpo-
Bu metomom FRAP mpoBommin Ha criekrpodoromerpe CD-2000 (OKB
«CniekTp», Poccust) B cooTBeTcTBMM € MeToaukoii Benzie and Strain
(1996 1) [24] c aBTOPCKMMU M3MeHeHUsIMH [25].

Onpepenenne aktTuBHOCTM SOD Benn Ha criekTpodoromeTrpe CP-2000
(OO0 «OKbB Criextp», Poccust) B COOTBETCTBUY C METOAMKOIA [26] ¢ Mopu-
dburauysivu [27] v cOGCTBEHHBIMU M3MeHeHUsIMH [25].

ITocne 3KCIIepUMeEHTA OIMBITHBIX KMBOTHBIX IOABEpraay ayToICuy,
3aTeM OCYLIEeCTBJISUIM TILATeJbHOe MCCIefloBaHye BHeLIHe) [T0BepXHO-
CTM TeJ1a, BCeX OTBEPCTUIA, TPYLHO 1 OPIONIHON MTOTOCTEN U UX COLePKI-
Moro. Y Kask[Oro0 KMBOTHOTO IIOC/Ie BCKPBITHSI GbUIU OTeJIeHbl BHYTPEH-
HMe OpraHbl: IleyeHb, MTOYKa, HAJITIOUEUHUK, cele3eHKa, MO3T, JerKue,
TUMYC U cepple, SMUANINMUC, ceMeHHMKU. [Tocie oTaeneHnst opraHsl BO
BJI&YKHOM COCTOSIHMY ObITV B3BEIIEHbI Ha 37IeKTPOHHBIX J1a60PaTOPHBIX
Becax BJIT3-310 («[ocmeTp», Poccust) ¢ mcronb3oBanuem GpuabTpoBab-
HO¥1 Gymaru.

Il MpoBeeHMUs] TUCTOJOTUYECKUX MCCIeNoBaHuii OblIM OTO6Gpa-
Hbl 06paslbl CJIEOYIOIIMX OPTaHOB: IMOYKa, IeYeHb, Cele3eHKa, MO3T.
O6pasipbl GukcupoBaan B 10%-Hom 3abydepeHHOM pacTBope dopma-
nuHa (Leica Biosystems, CIIIA) B TeueHue 72 4acoB Ipu TeMmIepaType
(22%2)°C, 06e3BOXMBAIM B CIIMPTAX M MPOMUTHIBAIM MapabMHOM II0
MeTozny [28] c momouibio mpoueccopa Tissue-Tek VIP 5 JR (Sakura, SImo-
Hust). Cpesbl TOMIMHON 8 MKM M3rOTaBIMBAIM Ha MMKpoTOoMe Microm
HM 325 (Microm International GmbH, I'epmanust), okpanmBaau reMa-
TOKCWJIMH-303MHOM («BuoButpym», Poccust), 06e3BOKMBaIM, MPOCBET-
JISUIA M 3aK/II0Ya/I B MOHTUDYIOIyIO cpeny («buoButpym», Poccust) mo
MeToAy [29]. AHanM3 TMCTONIOTMYEeCKX MperapaToB POBOAWIN Ha MMU-
Kpockorie Axiolmaiger Al ¢ ucronb3oBanmem kamepsl AxioCam MRc 5
u mporpaMmbl AxioVision 4.7.1.0 (Carl Zeiss, Tepmanmust).

CraTuUCTMUeCKMit aHaaM3 MPOBOLMIN C IPMMeHeHNeM IporpaMm
STATISTICA 10 u SPSS Statistics (IBM, CIIIA). Pe3ynbTaThl MpeACTaBIsUIACH
B BU/le Me[ViaHbl 1 CTaHJAPTHOro OTKIOHeHMs (Me * SD) 1 B IPOLIeHTUIISIX
(P 25-75). CraTucTHUeCKast JOCTOBEPHOCTb PACCUMTHIBAIACH C IPYMMEHEHN -
eM JycriepcoHHOro aHanm3a (ANOVA) ¢ ucnonb3oBaHueM Kputepus [laH-
Heta. BepositTHOCTB p < 0,05 GbLIa BbIOPaHA B KAUeCTBE 3HAUVIMOTO YPOBHSL.

3. PesynbTaThl M 06CYKAEHME

B pa6ore [6,30] mokazaHo, YTO NpPUMEHEHMEe COeIMHEHWI >Keme3a
B HaHO(MOpPMe yBeTMUMBAET UX GMOAOCTYIMHOCTD. [IpUCYTCTBUE B COCTaBe
06aBKY aCKOPGMHOBOI KUCIOTbI 06YC/IOBIEHO €€ CITOCOGHOCTBIO YCHITU-
BaThb BCaCbIBaHMe >Kejle3a, BOCCTaHaB/IMBaTh TpexBajieHTHoe (Fe 3+) mo
JIByXBaJIEHTHOTO [6]. BMecTe ¢ TeM aHO(OpPMBI 5kee3a BbI3bIBAIOT OKMC-
JIUTEIbHBIN CTPECC 13-3a IMOBBIIIEHHOTO 00pa30BaHMs aKTUBHBIX (OpPM
kucnopoga [31]. [ToaTomy ucnonb3oBaHye JeTUIPOKBePLMTIHA U MNIIle-
BBIX BOJIOKOH CBSI3aHO C MX CIIOCOOHOCTBIO ITPeIOTBpaIlaTh TOKCUMUECKOe
nerictBue HaHOGOPM skere3a [32]. B pabote [33] aBTOPbI TaKke OTMETIIIN,
YTO BBEJIEHME B COCTaB J0O6AaBKI Ha OCHOBE JKeJie3a IT0/IMcaxapuioB, BbIIe-
JIEHHBIX 13 KOPHSI JIOTOCA, IIPUBOASIT K CHVSKEHIIO TOKCMUECKOTO AeCTBIS
3KeJie3a, yTo ObUIO MOATBEPKAEHO B XOZe SKCIIEPUMEHTA in Vitro u in vivo.

CocTaB 6MOIOTMYECKM aKTUBHOI 106aBku «I[TomdepBut» nmpuseneH
B Ta6nuiie 1.

Ta6muua 1. CocraB 6M0IOrMYECKY AaKTUBHOI JO0aBKU
«ITonn®epBut»
Table 1. Composition of the biologically active additive “PoliFerVit”

HanmeHoBaHMe BelliecTBa Copepskanue B BAJI, B 100 r

JKeneso, r 4,67+0,79

Buramuu C, v 10,02+1,00

[IurnapoxBepLeTVH, T 24,84+2.41
TIuiieBbie BOJIOKHA, T 59,2+0,5

B Ta6suiie 2 MpuBeIeHbl Pe3y/bTaThbl UCCIEN0BaHMS DU3UKO-XUMU-
YyecKuX IOKasaTeseil 1 6e30MacHOCTM pa3paboTaHHON 6MOIOrMYecKu
aKTMBHOI 0OaBKMA.

Tabnuiia 2. ®usuko-xummudeckue moxkasarenu BAJL «[lonndepBur»
Table 2. Physico-chemical indicators of BAA “PoliFerVit”

IToka3arenb PesynbTaT H%fgx‘g‘ﬁ
DUUKO-XMMUUECKIE TOKa3aTeNn:
MaccoBag fmons Biaru, % 4,6%0,1
MaccoBast KOHII@HTPauyst TOKCUIHBIX
3JIEMEHTOB, MI/KT'
MBIIIBSIK 0,12+0,04 He 6oree 0,2
PTyTb Menee 0,002 He 60mee 0,03
CBuHer], 0,59+0,21 He 60nee 1,0
Kagmmit Memnee 0,1 He 60nee 0,1
TlecTULIMABI XITOPOPTAHUYUECKIE, MI/KT:
IXur Menee 0,005 He 60nee 0,5
IOAT v ero MeTaboanThI Menee 0,005 He 60mee 0,02

MMKOTOKCUHBI, MI/KT:

Adnatokcun Bl Memnee 0,00015

le3KCMHMBATEHON Mewnee 0,05
3eapaeHOH Mewnee 0,005
T-2 TOKCUH Mewnee 0,05

Kak BumHO 13 Tabmuipe! 2, pazpaboranHas nobaska BAJL «I[Tomudep-
But» orBeuaeTr Tpe6GOBaHMSIM HOPMATUMBHBIX JOKYMEHTOB IO TIOKa3aTe-
JiiM 6€30TIaCHOCTM.

AHann3 Macchl Teja KCIePUMEeHTaTIbHbBIX SKUBOTHBIX BbISIBMIJI OTCYT-
CTBME CTAaTUCTUUYECKNM 3HAUMMBbIX pagnmqmﬁ KaK MeXAay rpyrnmnamMmu, Tak
Y TIPU CPaBHEHMM C MHTAKTHBIMY KUBOTHBIMM IPYIIIbI 1. DTO yKasbiBa-
eT Ha CTabMIbHOCTb MACChI TeJ1a C HeGOMbIIMMM KOJIEOAHUSIMM B paMKax
busmonornveckoit Hopmsl (PrucyHoxk 1).

B 1 rpynna
310 B2 rpynna
I3 rpynna
B 4 rpynna
290
.
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E 270
aQ
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%
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¥
Y]
1]
= 2507
230
210 T T T T T
b ¢ 7 13 19 31

JNUTeNbHOCTb 3KCNEepUMeHTa, CyT

Pucynox 1. ExxeHeieibHOE M3MeHEHMe MacChl Tejia
SKCIIepUMMeHTabHbIX KPbIC. JlaHHbIe [Ipe/iCTaBjIeHbl B BUe
IyarpaMMbl pasmaxa
Figure 2. Weekly changes in the body weight of the experimental rats. Data
are presented as a box-and-whisker plot

PesynbTaThl aHa/MM3a COmEP>KaHMS TIOMYSIINIA JTeKOUMUTOB 1ebHOM
KPOBU 3KCIePUMEHTaIbHbIX SKUBOTHBIX TPYIIIL 10 3aBepIIeHUM IKCIIepU-
MeHTa TpezcTaBieHbl B Tabmuiie 3. V3-3a GOIbIINX MEKKBAPTUIbHBIX

6 TP TC 2021/2011 TexHuueckuii pernamenT TamoskeHHOTO coio3a «O Gesomac-
HOCTY TIUILEBON MPOAYKIUM» (C M3MeHeHusiMu Ha 22 anpesnst 2024 roga). YTB. Pe-
urenrieMm Komuccenn TamoskeHHOTO coto3a ot 9 mekabps 2011 roga N2 880.
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pasMaxoB TOKa3aTesieil OTIMUMSI He SIBSUTUCH CTaTUCTUUECKM 3HAUU-
MbIMU. OHAKO, KaK BUAHO 13 TabauIibl 3, Y SKMUBOTHBIX I'PYIIIbI 3 BbISIB-
JIeHA TeH[IEHIINS K MOBBIIIEHNIO KOHIIEHTpaluy JeiKOIuTOB Ha 32,5%
(p = 0,312), Taxke KOHIEHTpauu iumbonuTos Ha 32,7% (p = 0,161) mo
CPaBHEHMIO C IMOKA3aTeJNSIMU KMBOTHBIX Ipymmbl 1. Hambomee Hu3KMIA
IOKa3aTe/lb KOHIEHTPAI[MU JIEMKOLUMUTOB U JIMMGPOIUTOB OTMEYUEH Y K-
BOTHBIX 4 rpynsl (Ha 14,1% HiDKe B cpaBHeHMM ¢ rpynmnoii 2 (p = 0,183)
u Ha 21,6% — B cpaBHeHuu ¢ rpymnoii 3 (p = 0,585)). KoHueHnTpauym neii-
KOILIMTOB U TUMQOILIMTOB B KPOBU KMBOTHBIX TPyNI 2, 3 1 4 He MMenn
CTATUCTUUECKY 3HAUMMBIX Pa3MuMii ¥ He OTIMYAIUCh OT IoKa3aTenei
MHTAKTHBIX JXUBOTHBIX I'PYIIIIHI 1.

Mopdonormnyeckue mokasaTenau LeIbHOM KPOBU KPBIC IIPeCTaBIeHbI
B Ta6nuiie 4. IIpu cpaBHeHUM ToKa3aTeseil KPOBU, XapaKTepU3YIOMINX
(byHKIIMOHANIBHOE COCTOSIHME 3PUTPOLUTOB (KOHLIEHTPALMS 3PUTPOLIA-
TOB, TeMOII06MHA, TeEMaTOKPUT, CPEIHNIT 00bEM IPUTPOILINTA, CPEIHEe
cozepskaHye reMorIo6MHa B 9PUTPOLIATE U CPeIHSIsS KOHIIEHTPaLMsI re-
MOIVIOGMHA B 9PUTPOIUTAX), CTATUCTUUECKU 3HAUMMbIX OTIINUUI MEXIY

pp. 114-123

SKCIIepMMEeHTaNbHbIMM KMBOTHBIMM IPYIII 2, 3 ¥ 4 ¥ MHTAKTHBIMMU KPbI-
camu rpyribl 1 BeISIBIEHO He 6bUT0. B McciemoBanmy [34] aBTOPBI TaKKe
OTMEYaloT, YTO He BbISIBMJIM Pa3jMuMii B YPOBHE reMOIIOGMHA B KPOBU
SKUBOTHBIX ITpU BBeeHun um xenesa Fe (III) win cynbdara Fe (II) B Te-
JeHue 14 gHeii.

IIpn aTOM OTMeueHa TeHAeHIVS K CHYKeHUIO IMPUHBI pacipeserne-
HMSI SPUTPOLMTOB B KPOBM KMBOTHBIX 2 M 3 rpymm o 13% (p = 0,345,
p = 0,483) u rpynnel 4 Ha 11,8% (p = 0,347) Mo cpaBHEHMIO CO 3HAUEHU-
ssMm KpbIc Tpymmnsl 1. CpenHuit 06beM TPOMOOLIMTA B KPOBY JKMBOTHBIX
rpynimbl 2 6611 CHYDKeH Ha 4,3% (p = 0,043), B KPOBU KMBOTHBIX TPYII-
bl 4 — Ha 3,4% (p = 0,030) oTHOCUTENbHO 3HAUeHMs KPbIC IPynmbl 1.
CpenHuit 06beM TPOMOOLIMTA Y SKMBOTHBIX TPYIIITbI 3 TAKKe ObLT CHYKEH
Ha 3,4% (p = 0,411) oTHOCUTENbHO TPyNIBI 1.

PesynbTaThl 6MI0XVIMMYECKOTO aHAIN3a ChIBOPOTKM KPOBY KPBIC IIpeJ -
craBneHbl B Tabnmuie 5. BpISIBIEHO yBeauueHue KOHIeHTpauuu Genka
B CbIBOPOTKe KPOBM YXMBOTHBIX rpynibl 2 Ha 17,0% (p < 0,001), rpymiibl
3—Ha 26,5% (p <0,001) u rpymme 4 — Ha 20,7% (p < 0,001) OTHOCKUTENBHO

Ta6nuua 3. LiuTomeTpuyeckuii aHaANU3 KPOBU KPBIC B KOHIIE IKCIIEPUMEHTa
Table 3. Cytometric analysis of rat blood at the end of the experiment

TokazaTenn 1
(MHTAaKT)
MeSD 6,87+2,74
Tleii 10° i ’
eiikouThI, 10%/11 P 25-75 4,22-8,66
Me+SD 5,14£1,84
7 107, ’ ’
umdouuTsI, 10%/1 P 25-75 3,23-6,13
Me+SD 0,03%0,04
M 10° ’ ’
oHOLMTHI, 10°/11 P 25-75 0,02-0,05
Me+SD 1,56+0,95
r 107, ’ ’
panynouutst, 10%/1 P 25-75 1,21-2,37
Me +SD 74,61%4,64
JI %
MMQOLMTSL, P 25-75 70,30-76,46
MoHOUMTBL, % Me SD 0,54%0,25
LMTDI, % P 25-75 0,38-0,71
OTHOCHT. cofi-€ Me:SD 24,8424,59
IPAHYOTMTOB, % P 25-75 23,27-29,33

I'pynna
2 3 4
copriorenon) O resay . (BATL dlomu®epBu»)

8,30+2,99 9,102,94 7,13%1,31
6,19-10,23 5,69-10,42 6,10-7,76
6,44+2,20 6,82+2,34 5,24%0,98

4,80-7,51 4,03-8,25 4,76-5,53
0,04+0,02 0,05+0,03 0,04+0,01

0,02-0,06 0,03-0,07 0,02-0,05
1,88+0,86 1,76£0,71 1,76£0,49

1,41-2,76 1,31-2,30 1,42-1,93
76,21%3,55 77,08+4,25 75,01£4,59
73,46-77,69 72,65-79,01 72,38-78,08
0,45%0,11 0,58+0,19 0,51+0,13

0,40-0,58 0,47-0,68 0,42-0,60
23,45%3,54 22,41%4,21 24,40+4,52
21,86-25,99 20,23-26,34 21,56-26,90

IIpumeuanue: pe3ynbTaThl IPeCTABIEHbI B BIle MeIMaHbl ¥ CTaHAAPTHOTO OTKIOHeHNs (Me * SD) u B ipoueHTWISIX (P 25-75). [Tpy aHann3e ANOVA ¢ Mcronb30BaHueM
KpuTepws JJaHHeTa CTaTUCTUYECKM 3HAUMMbIX OTIMYMIA He BbISIBJIEHO.

Iloka3aTtenun

SputpounTsl, 1012/1
Temorno6uH, r/1

TemaTokpur, %

Cp. 06beM 3pUTpoLMTa,
MKM>

Cp. con-e reMoryio6mHa
B 9PUTPOLIMATE, IIT'

Cp. KOHIIeHTpaLust
remMorno6mMHa
B 9PUTPOLIATAX, I/JT

[MnpunHa
pacrpocTpaHeHMst
3PUTPOLIUTOB,%

Tpom6ouuTsl, 10%/1

Cp. o6beM TpombOLINTA,
MKM>

Pacnipenenenne
TPOMGOIIUTOB, %

Tpom6oKpHUT, %

Tabnuua 4. TeMaTOIOrMYECKUIT aHAIN3 KPOBU IKCIIEPUMEHTATbHBIX KPBIC
Table 4. Hematological analysis of blood of experimental rats

Me=SD
P 25-75
Me=SD
P 25-75
Me=SD
P 25-75
Me=SD
P 25-75
Me=SD
P 25-75
Me=SD
P 25-75
Me+SD
P 25-75
Me*SD
P 25-75
Me*SD
P 25-75
Me*SD
P 25-75
Me*SD
P 25-75

(I/[H’:aKT)
7,39+0,59
7,07-7,73
159,00+5,36
156,00-162,00
47,60%1,51
47,05-48,20
65,10+4,48
61,10-68,50
21,70+1,41
20,20-22,70
332,50+3,47
331,50-334,00
12,25+1,45
10,50-13,20
712,00+79,14
661,00-742,00
5,85%0,24%
5,60-6,00
16,20+0,11
16,10-16,30
0,40£0,05
0,37-0,44

2
(>xeneso (II)
CEpPHOKMCIIOe)

7,76%0,68
7,32-8,09
156,25+7,91
152,00-162,00
46,93+3,13
45,60-48,60
60,45+4,67
60,10-63,50
20,05+1,04
19,90-21,10
331,75+17,52
329,00-334,00
10,70+1,42
10,50-11,30
742,00%90,23
667,00-812,50
5,60%0,162
5,50-5,70
16,18+0,17
16,05-16,25
0,41+0,04
0,38-0,45

I'pynmna

3
(cMech OKCHUAOB
xeesa)

7,76+0,81
7,57-8,02
156,00%9,96
152,00-159,50
46,60%3,46
45,10-48,20
60,23+2,67
59,70-60,60
20,05 1,23
19,90-20,20
334,00 10,60
332,00-336,00
10,70%2,54
10,55-10,80
745,50+112,35
727,00-800,00
5,65%0,29
5,60-5,80
16,10%0,17
16,05-16,20
0,430,05
0,41-0,46

(BAL, «HO]':/I‘DGPBMT»)
7,92+0,98
6,67-8,25

161,00£11,06
153,00-163,00
48,85+3,21
45,80-49,30
62,35+4,82
59,50-68,80
20,80+1,60
19,60-22,70
330,50+ 3,31
328,00-334,00
10,80+1,87
10,70-14,00
720,50+48,39
697,00-748,00
5,65+0,212
5,40-5,70
16,10+0,09
16,10-16,20
0,41+0,03
0,38-0,42

IIpumeuanue: pe3ynbTaThl IPECTABIECHBI B BUZIe MeIMAHbI ¥ CTAHAAPTHOTO OTKIOHeHNsI (Me + SD) u B npoueHTMsX (P 25-75); @ — p < 0,05 n1pyu cpaBHEHMUM OTHOCUTETHHO
rpynnbl 1 (ANOVA ¢ ucnionb3oBaHveM Kpurtepusi laHHeTa).
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1OKa3aTess MHTAKTHBIX KPbIC. Y KPbIC TPYTIIIbI 3 OTHOCUTEIbHO TPYTIIIbI 2
3HAUeHMe JaHHOTro Mmokasaresist 6610 Ha 8,1% (p = 0,018) Bbiie.

KoHieHTpanys anbbyMuHa B KpOBY JKMBOTHBIX I'PyI 1, 2 1 3 cTaTu-
CTUYECKM TOCTOBEPHO CHMKAJIACh OTHOCUTETbHO 3HAUEHUII TOKa3aTesst
KPOBM >KMBOTHBIX IpymIisl 4 Ha 6,7% (p = 0,008), 7,7% (p = 0,001) u 2,9%
(p = 0,032) coorBeTcTBeHHO. CTAaTUCTUUECKYM 3HAUMMbBIX OT/INUMIL B KOH-
LEHTPALMSIX KpeaTHHMHA, MOYEBVHBI, & TAK)KE OBIIEro U MpsiMoro 6min-
py6yuHa B CBIBOPOTKE KPOBU JKMBOTHBIX BCEX IPYIIT He GbIIO BbISIBIEHO.
OTMeueHa TEHAEHIMS K COIIaCOBAHHOMY IMOBbIIIEeHMI0 aKTUBHOCTU ACT
Ha 5,5% (p = 0,034) u AJIT Ha 15,8% (p = 0,596), BbISIBIEHHOMY B ChIBO-
POTKe KPOBU KUBOTHBIX TPYIIIbI 4 10 CPABHEHUIO C JKMBOTHBIMU T'PYII-
bl 1. AKTMBHOCTbD LIeJIOUHOI (hocdaTasbl B CBIBOPOTKE KPOBY JKUBOTHBIX
IPYNIbl 4 B CPaBHEHMM C TPYIIIaMM SKMBOTHBIX 1, 2 1 3 6buIa HYKe Ha
20,1% (p = 0,001), 13,2% (p = 0,013) n 19,7% (p < 0,001) COOTBETCTBEHHO.

Mo KOHLIeHTpaLUy TPUIAULIEPUIOB MOXKHO YBUETD TEHAEHINIO K UX
CHIKEHMIO B TPYIIIAX KMBOTHBIX 2 U 4 10 CPAaBHEHUIO CO 3HAYEHUSIMU
ILJISI TPYIIIBI 1, COCTOSIILEN M3 MHTAaKTHBIX )XMBOTHBIX Ha 12,6% (p = 0,789;
p=0,373).

V 5KMBOTHBIX TPYIIIBI 3 B CBIBOPOTKE KPOBM KOHLIEHTPALIMSI TIIOKO3bI
10 CPaBHEHMIO 110 CPaBHEHMIO C Tpymramu 1 u 2 6bUIa CTATUCTUYECKU
3HauMMo BbIe Ha 8,0% (p < 0,05) n Ha 15,3% (p < 0,05) COOTBETCTBEHHO;
ILIST TPYIITIBI 4 KOHIIEHTPAIMS TVIFOKO3bI CTaTUCTUYECKY 3HAUMMO He OT-
JiMyanach OT JAHHOTO MToKa3aTesis AJisl IPYTUX IPYIIIL.

CornacHo JaHHBIM TabIMIIbI 5, TPV CPABHEHMM BCEX TPYIIIT JKMBOTHBIX
CTaTUCTMUYECK!M 3HAUMMBIX OT/INUMIL B KOHLIEHTPAL MM Kejie3a B CbIBOPOT-
Ke KpOBM He 06HAPYKEeHO 13-3a GONBIINX MEKKBAPTMIbHBIX Pa3MaXoB.
[Ipy aTOM BbISIBJIEHA TEHAEHIMS K MTOBBILIEHNIO KOHIIEHTpalMK Keje3a
B ChIBOPOTKE KPOBU KMBOTHBIX TPYIII 3 U 4 B CDAaBHEHUM C I'PyMIoi 1 Ha
16,8% (p =0,108) 1 22,1% (p = 0,052) COOTBETCTBEHHO.

ITpenapats! xenesa u BAJl «[Tonm®epBut» nNpmMBOAUIN K CHVKEHUIO
QHTMOKCUAAHTHOM €MKOCTH I17Ia3Mbl KpoBM Kpbic (Tabnuia 6). B riazme
9KCIIePUMEHTAIbHBIX KMBOTHBIX 2, 3 1 4 rpymnmn o61as aHTMOKCUIAHT-
Hasl eMKOCTb, M3MepeHHas MeTofoM FRAP, 6b11a JOCTOBEPHO HIKE, UeM
Y KPbIC TPYIIIBI 1: 1JIs1 )KUBOTHBIX Ipynnel 2 — Ha 14,0% (p < 0,001); miist
SKMBOTHBIX Ipynibl 3 — Ha 13,0% (p < 0,001), Ay Kpbic rpymnmsl 4 — Ha
20,0% (p = 0,001). V KMBOTHBIX 4 TPYIIbI YPOBEHDb OOIIE aHTMOKCK-
IAaHTHOI €MKOCTY GbUT JOCTOBEPHO HIKE, UeM y KpbIC Tpym 2, Ha 7,0%
(» = 0,014) 1 3 — Ha 9,0% (p = 0,018) coorBeTcTBeHHO. KOHIIEeHTpa1 s
BOCCTAaHOBJIEHHOT'O IJTyTaTMOHA Y YKMBOTHBIX I'PYIII 2 11 4 COOTBETCTBOBA-
J1a TI0OKAa3aTesTi0 MHTAKTHBIX KPbIC IPYIIIBI 1, Y KPBIC T'PYIIBI 3 BBISIBIEHO
yBelMUeHMe JaHHOTO IOKa3aTessi OTHOCUTENbHO KMBOTHBIX IPYIITHI 1
Ha 9,0% (p = 0,036). B HalleM uccieOBaHUM aKTUBHOCTD CYyTI€POKCUTL-
IMCMYTa3bl B IJIa3Me KPbIC TPYMIbl 4, KOTOPbIM BBOAMIM BAJI «Ilomm-
®epBut», yBennumBasach OTHOCUTENIbHO KMBOTHBIX OCTaIbHBIX I'DYIII:
OTHOCUTEIbHO TTOKa3aTesisi MHTaKTHBIX KpbIC rpynmbl 1 — Ha 44,0% (p <
0,001), oTHOCUTEILHO ITOKA3aTeJsI KpbIC IPyIIIbI 2 — Ha 45,3% (p < 0,001),
OTHOCUTEJIbHO ITOKasaTes KpbIc rpynmnsl 3 — Ha 48,0% (p < 0,001). Ak-
TUBHOCTH KaTasaasbl JOCTOBEPHO CHIKAIACH B IJIa3Me KPOBYU KPbIC TPYTII
2 11 3 OTHOCUTENIbHO MHTAKTHBIX KpbIC Ipynibl 1 Ha 48,0% (p < 0,001) n Ha
34,0% (p < 0,001) cooTBETCTBEHHO. B KpOBM KPBIC IPYIIIBI 4 aKTUBHOCTD
KaTajia3bl CHMOKAIACh JIUIIb HAa 6,3% OTHOCUTENIbHO MHTAKTHBIX KUMBOT-
HbIX (p = 0,101). MeHee BbIpa)keHHOE CHMKEHME KaTanas3bl B KDOBbI KPbIC
4 TPYIIBI, BUIMMO, CBSI3aHO C TIPUCYTCTBUEM B fo6aBke «I[TomndepBut»
IUTMAPOKBEPLIeTHA, KOTOPBIN TOAAB/ISIeT OKMUCIUTENbHble IIpoliec-
cpl. [lomydeHHbIe TaHHBIE COITIACYIOTCSI C pe3y/lIbTaTaMM MCCIeL0BaHMIA
aBTOPOB [35], KOTOpBIE BBISIBW/IM, UTO MPUMEHEeHMe KOMIUIeKCca kee3a
C KBEPLETMHOM TIPUBEIO K 3HAUNTETbHOMY IOBBIIIEHUIO aKTUBHOCTU
KaTaaasbl ¥ K CHUKEHUIO KApOOHMIMPOBAHMS GETKOB M YPOBHSI BEILIECTB,
pearupymimx ¢ TMo6apbUTypoBOIi KUCIOTOM, B SKUPOBOI TKAHU KPBIC

C MOJeNMPOBAaHHBIM AMa6eToM. AHAIU3 Psa UCCAeSOBaHMI TTO3BOINUI
Kejik u mp. [36] nmpeanonoxkuTh, YTO COBMECTHOE MCITOJIb30BaHMe IUTH-
IPOKBEPIETMHA U coJieii kee3a 3G GdeKTUBHEe, YUEM OTAEIbHOE UX UC-
T10Ib30BaHMe JIJIs1 AOCTMKEHUST aHTMOKCUJAHTHOM aKTUBHOCTH.

B pa6ote [22] aBTOPbI MTOKA3bIBAIOT, YTO HAHOUACTUIIBI JKee3a VHIYLIM-
PYIOT amnoITo3 KJIeTKM, YTO MPUBOIUT K CHVDKEHUIO aKTYBHOCTY @aHTUOKCH-
IAHTHBIX epMeHTOB. [IpyMeHeHe KBepLeTHHA CIIOCOGCTBYeT BOCCTaHOB-
JIEHMIO TeIaTOLUTOB, TOABEPTIINXCS BO3/EVCTBMI0O HAHOOKCHIIA SKese3a.

ITo naHHBIM aBTOPOB [37], B HEKOTOPBIX CJIyYasiX HAHOUACTULIBI COXPa-
HSIIOTCSI B OpraHM3Me B TeueHMe AJINTeNbHOro Ieprosia 13-3a 3aMe]lJjIeH-
HOTO BbIBEJJEHNSI U TeM CaMbIM HapyIIAIOT HOpMasbHOe (DYHKUMOHUPO-
BaHJe OPraHOB WJIU TKaHeji, BBI3bIBASI XPOHUYECKYIO ¥ METab0IMUeCKYIO
TOKCUYHOCTb OpraHm3ma. [103Tomy, 4TOObI CBECTY K MUHUMYMY BO3MO3K-
Hble PUCKM JIJIS1 3[0POBBSI, TPOBEIeHbl MCC/IeIOBAaHMST aHATOMMYECKOTO
CTpOE€HMS BHYTPEHHUX OPraHOB JKMBOTHbBIX.

ITo pesympraTaM MaKpOCKOIIMYECKOTO MCCAeNOBAHMSI BHYTPEHHUX
OpraHoB KPbIC IO 3aBepIleHNN MCCAeSOBAHMS BbIPAKEHHBIX PasInumii
MeXIy 9KCIIepUMeHTabHbIMM TPYTIIIaMy He ObIIO BBISIBJIEHO.

OTHOCKTeNIbHAS Macca aHaIM3UPyeMbIX BHYTPEHHMX OPraHOB COOTBET-
cTBOBasIa (hM3MONOrMYECKOli HOPMe ISl JaHHOTO BMJA, BO3PAcTa U I0ja,
CTaTUCTUUECKM 3HAUMMBIX Pas3MuMii MeXIy TpyIamyu He BBISBIEHO.
BoIsiBlIeHa TeHIeHLMSI K YBeIMUYEHNIO OTHOCUTENbHOM Macchl cepia Ha
10,0% (p = 0,538) ¥ K yMeHbIIIEHNIO OTHOCUTEIbHOI MacChl ceJie3eHKY Ha
15,0% (p = 0,718) y KpbIC IPYIITBI 4 OTHOCUTEIBHO KPBIC IPYIIIIHI 1.

ITo naHHBIM aBTOPOB [38,39], 36BITOK kee3a B pallOHe KPbIC MOKeT
BbI3BATh IMCTONATOIOIMIO IIeUeH Y, MOKeTyJOUHOI sKeJle3bl, cele3eHKI
U cepAlia ¥ MPUBECTU K KJIeTOYHOMY alloNTO3y WIX HEKPO3y B OpraHax.

Pe3ynbraThl COGCTBEHHBIX I'MCTONIOTMYECKUX UCCIeIOBAaHN 00pa31ioB
IeYeHy KPbIC IPYNIIbI 1 ToKasany OTCYTCTBYME MU3MEeHEeHU B apXUTEKTO-
HuKe TKaHU (PucyHok 2A). OTMeueHbI OfHOSIIEPHbIE U MHOTOSIIepHbIe

A —T'pynma 1. 06. 20x b — I'pynma 2. 06. 20%

N 5 et SECLANEY RS SR
PucyHok 2. Peripe3eHTaTUBHBbIE CHUMKU I'MCTOJIOTMYECKUX
Cpe30B NeuyeH IKCIIepyMeHTaIbHBIX KpbIc. OKpalBaHue
reMaTOKCWJIMIHOM ¥ 303MHOM. YB. 20x
Figure 2. Representative images of histological sections of liver of experi-
mental rats. Staining with hematoxylin and eosin. Magnification 20x

Ta6nuia 6. [lokasaTen aHTUOKCUAAHTHOM CHMCTEMBI IJIA3MbI KPOBM 3KCII€PUMEHTATbHbBIX JKMBOTHbBIX
Table 6. Indicators of the antioxidant system of blood plasma of experimental animals

IToxkasarenb AOC 1

(MHTAaKT)
FRAP, MKMOJIb-9KB. Me#SD 142,48%8,11
KBepIeTHHa / i P 25-75 136,38-47,57
GSH, MRMOTS /1 Me*SD 93,99+9,41
? P 25-75 83,77-98,68
MeSD 4,37+0,41°¢

%

SOD, I1%/MuH/Mr 6enka P 25-75 4,13-4,70
CAT, MMOJIb/MUH/T Me+SD 1,89%0,16

6enka P 25-75 1,85-2,00

Tpynma

2 3
(>keneso (II) (cMech OKCUIOB
CepHOKMCIOe) Xenesa)

122,68+6,70% ¢ 124,62£6,33* ¢
115,07-128,15 118,23-125,73

4
(BAJL «ITonmu®epBut»)

114,002,782
112,90-117,65

94,99+11,56 102,804,642 92,79+8,88
87,46-106,49 100,95-105,64 90,44-101,24
4,68+0,39° 4,59%0,58¢ 6,80%0,58
4,36-4,95 4,07-5,08 6,42-7,05
0,990,112 ¢ 1,24£0,10%¢ 1,77£0,08
0,91-1,04 1,18-1,28 1,72-1,81

Tpumeuarue: pe3ynbTaThl IPECTABIEHbI B BUe MeIMAHBI ¥ CTAHIAPTHOTO OTKIOHeHUs (Me + SD) u B mporieHTU/IsX (P 25-75); @ — p < 0,05 mpu cpaBHEHMM OTHOCUTEILHO
rpynmsl 1 (ANOVA ¢ ucrionb3oBanueM Kputepust JaHHeTa); ¢ — p < 0,05 mpy cpaBHEHUY OTHOCUTeIbHO Ipynibl 4 (ANOVA ¢ ucrionb3oBaHueM Kputepusi JJaHHeTa).
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remaToUMThI (UTO SBSIETCS (DU3MOMOTMUECKO HOPMOIT), pacIoIoKeH-
Hble PaJyalbHO OT LIeHTPaJIbHOJ BeHbI, KPOBSIHBIX TeJIel] B COCyLe; Iop-
TaJbHble TPMAJbl B HOPMe, NoIbYaTOe CTPOEHYE COXPaHEeHO.

TKaHb TIeyeHy KPbIC IPYIIBI 2 XapaKTepu30Balach J0IbYATHIM CTPO-
eHVeM, OIHOSIIEPHBIMY Y MHOTOSIIePHBIMM T'ellaTOLTaMM, IOPTabHbIe
Tpuajbl B HOpMe; HaOIIOAaMUCh IPU3HAKM HaUMHAIOLIelics Bakyonm3a-
LMY TelaTOLMUTOB: MOCBeTIEeBINas, B eIMHNYHbIX CIy4asiX «IycTas» Iy-
TOIUIa3Ma, 3anojaHeHHas xuaKocteio (Pucynok 2B). IIpy ucciemoBanum
reveHy Kpbic rpynm 3 u 4 (Pucynku 2B, 2T') BbIsiBlIeHa COXPAaHHOCTD [10/1b-
YaToro CTPOeHMsI TKaHU, TIOPTa/IbHbIE TPUAZbl B HOPMe — ONHOSIIEPHbIE
Y MHOTOSIIepHbIe IelaTOLMUThI PACIIONOKEeHbI PAMATIbHO OT LEeHTPasb-
HOJi BeHbl. ABTOpSHI [40] McCIenoBany BAMSIHME arapoBOrO OIMrocaxa-
puAHO-Kene3Horo komruiekca («AOC-xene30») Ha MOPQOIOTHIO TIEUEHN
KpBIC, cTpajaomyx aHemueit. [Mcronornyeckuii aHaums nokasaini, 4ToO
npumeHeHne «AOC-kene30» He OKa3ajJO BAMSHUS Ha apXUTEKTOHUKY
TKaHM Te4eHM KPbIC, TOTPeOIISIBUIMX TaHHBII KOMITIEKC.

IIpy IMCTONOrMYECKOM MCC/Ief0OBAaHMM TOYeK 3KCIIepUMMeHTaTbHBIX
KPBIC MATOJOTMYECKUX U3MEHEeHM I B KOPKOBOM ¥ MO3TOBOM BellecTBe
He GbUIO BBISIBJIEHO: IIOUEYHbIe TeNlbla 1 BOyMeHOBO IPOCTPAHCTBO, HU-
cxXopdiiye M BoCXogdiiye CerMeHThI ITeT/IN FEHJ'Ie, SIINTE/INN KaHaJ/IbLIeB
B HopMe (PucyHOK 3).

Hapyuienue peryasinyy mMetabonm3ma skeiesa Mpy Takux 3aboeBa-
HUSIX, KaK TSDKeJIblii 1uabeT, IPMBOIUT K HAKOIUIEHUIO JKesle3a U K 9HJI0-
TeHHOJ 6MOMMHepanu3aluy Xeiae3a B KPacHO ITyJIbIle Celle3eHKM, KO-
Topasi GUAbTPyeT KPOBb U Pa3pyIliaeT 3pUTPOLUTDI, UTO, B CBOIO OYePe/ib,
MIPUBOIUT K ITOBPEXIEHNIO cefie3eHKu [41].

I'pymma 1. O6. 20x

IIOYKM KPBIC — CIIpaBa KOPKOBO€ BeleCTBO, CJieBa — MO3roBoe
BemniecTBO. OKpamyBaHye reMaTOKCUIVMHOM ¥ 303THOM
VB. 10x, 20x
Figure 3. Representative images of histological sections of rat kidneys;
on the right — cortex, on the left — medulla. Staining with hematoxylin
and eosin. Magnification 10x, 20x
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Pe3ynbTaThl COGCTBEHHBIX T'MCTOIOTMYECKUX UCCIIeIOBAHNIT 00Pa31ioB
ceJie3eHKM KPbIC BCeX IPYIII [10Ka3aJ10 OTCYTCTBME MaTONIOTMUEeCKUX 13-
MeHeHMIT — Geast MyJibIia, COCTOSIIIAs U3 MMMbaTUUeCcKoii TKaHU, OKpa-
meHa 6a30(GmiIbHO, HAGTIOATI0Ch TIOCTOSTHCTBO HOPMaIbHOTO AMamMeTpa
M PACIONOKeHMsl Oe0i IMy/IbIlbl, HOPMAJIbHOE KPOBEHAIIOJIHEHNE 1IeH-
TPaJIbHOM apTepun, KOIMYeCTBO TMMQPOLUTOB B HOPMe, B GOIbLUIMHCTBE
YYacTKOB 00 My/IbIIbl MMEEeTCST 3apPOJBIIIEBbIN HEeHTP JTUM(OIUTOB.
MapruHajabHast 30Ha MeXXay 6eoii M KpacHOI MyJIbIIoi B HOpMe, Xapak-
Tepu3yeTcss Haau4yyeM Makpodaros, TMMGOIUTOB U JeHIPUTHBIX Kile-
TOK, B3aMMOJIE€MCTBYIOIMX MeXIY c000¥ (PUCYHOK 4).

I'pynma 2. O6. 20x

I'pynma 1. O6. 20x

REAE v'?‘\. .
I'pynma 3. O6. 20x

Jiins : ) bz 0y
PucyHoxk 4. Peripe3eHTaTUBHBIE CHMMKY I'MCTOJIOTMYECKUX CPe30B
TKaHM CejIe3eHKU 3KCIIepUMMeHTa/JIbHbIX KpbIC. OKpalBaHue
reMaTOKCMWJIMHOM M 303UHOM
Figure 4. Representative images of histological sections of spleen tissue
of experimental rats. Staining with hematoxylin and eosin

ABTODBI [42] CUMTAIOT, YTO MO3T OCOOEHHO BOCITPUMMUMB K OKVCII-
Te/IbHOMY CTPeCCy, BbI3BAHHOMY M30bITKOM JKeJle3a, YTO MOKET BbI3BaTh
HeJPOTOKCUMYHOCTD U KOTHUTYBHbBIE HAPYLIEHUSI.

PesynbpraThl COGCTBEHHBIX MCCIEOBAaHMII IIOKasaay, YTO B MO3-
re KpbIC BCeX IPYII MATOJIOTMYECKUX M3MEHEeHUi He OOHapyKeHO HU
B OJIHO¥ 13 CTPYKTYp (PUCYHOK 5) — OTMeYasncCh eIMHNYHbIE HePOHbI
C MpU3HaKaMy rubesny, UyTo SIBISeTCsS] HOPMaJIbHBIM (U3MOIOTMYECKUM
MPOLIeCCOM, IIMa/IbHbIe KJIETKY COXPaHSIM CBOIO CTPYKTYPY M pacriona-
ralMch XaoTWYHO, HAGIIOAAIOCh HeGObIIOe KOMMUYECTBO KalWISIPOB
C IPUCYTCTBMEM 3PUTPOLUTOB. B MccienoBaHusIX aBTOPOB [43] TOKa3aHO
OJIOKUTEIbHOE BIMSIHME COBMECTHOTO MCII0/Ib30BaHNMsI HAHOYACTH] JKe-
Jie3a U celleHa Ha BOCCTAHOBUTEJIbHYIO (QYHKIINMIO MO3Ta.

4. BeIBOIBI

Pa3paboTaHa 6moornyecky akTuBHast o6aska K mmine BAJL «ITomu-
®epBut», B COCTaB KOTOPOJi BXOAAT okcuzpl kenesa FeO, Fe,O3 Fez0y
¢ pasmepom uactuii 30-50 um, Butamuu C, IUIMAPOKBEPLETHH, TINIIIe-
Bble BOJIOKHA «Dyopatysi». [Ilo6aBKa COOePKAT 3HAUUTEIbHOE KOTMYECT-
BO JKeJie3a, KOTOpoe COCTaBisieT 136% OT CyTOYHOII TTOTPeOGHOCTH, 61aro-
Jlapsi ueMy, OHa MOXKET IIPUMEHSIThCS ISl yCTpaHeHus feduuuTa sxenesa.
Copnepskanne Butamuna C obecrieunBaeT 70% OT CyTOYHOI MOTPEGHOCTI
B HEM M OJHOBPEMEHHO GyfeT CIocOoOGCTBOBATH JIyUIeil YCBOSIEMOCTY
skene3a. BAIl comepskuT 6OJbILIOe KOIMYECTBO AUTUAPOKBEpLETHA,
CIIOCOGCTBYIOIIErO CHYSKEHMIO OKUCIUTETBHOTO CTPecca, BbI3bIBA€MO-
ro kene3om. Takke B cocTaBe JOGABKM MPUCYTCTBYET IIPeOUOTHYECKOE
MMIIeBoe BOJIOKHO «®Diopalus», MoayyeHHOe M3 OTOGOPHOI CMOJIBL fe-
peBa akauuu. BOJIOKHO COCTOUT M3 IJIMHHOLIETIOYHBIX TONMCAXapUIOB
M KOPOTKOIIETIOUHBIX (DpyKTOONMMTOCaxapuaoB. [Ipe6UOTMK B cOCTaBe
06aBKM TIO3BOJIAT MIOBBICUTH YCBOEHME Kejie3a 1 OyIeT OKa3biBaTh O/1a-
rONPUSITHOE BO3ZEiCTBMEe Ha MUKPOBMOTY KUIIIEUHMKA.

CpaBHeHMe 6MOIOTMYECKON aKTUBHOCTY ¥ XPOHUYECKOM TOKCMYHO-
ctu BAJl «[Tonn®epBut» 1 KOMMepUyecKkyux IpenapaToB >kejes3a U I0Ka-
3aJ10, UTO BCE MCC/IeyeMble OOBEKTBI ITPU €KeTHEBHOM BBeI€HMM J1a6o-
pPaTOPHBIM >KMBOTHBIM B TeyeHMe 32 CyTOK He OKa3blBaly BAMSHMS Ha
MAcCy TeJia SKUBOTHBIX U Ha UX GU3UOTIOTMUECKOe COCTOSIHIE, 8 TAK)KEe He
BbI3BAJIM M3MEHEHMUI OCHOBHBIX IOKa3aTeseil 06IIero aHaau3a KpoBHu,
B YaCTHOCTH, B JIEMKOLUTApHOI hopmyrie.
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I'pymnmna 3 I'pymnna 2 I'pymnmna 1

I'pynna 4

PucyHoKk 5. Penipe3eHTaTUBHBIE CHUMKHU T'MCTOIOTMYECKUX CPE30B MO3ra Kpbic. OKpalIMBaHMe re MaTOKCWJIMHOM ¥ 303MHOM. YB. 5x, 10x
Figure 5. Representative images of histological sections of rat brain. Staining with hematoxylin and eosin. Magnification 5x, 20x

BrIsiBIeHHas [MHaMMKa K YBeJIMUEHUIO COZlepyKaHMsI ChIBOPOTOYHO-
o keje3a Mpy yrnoTpebaeHuy cMecu OKCUIOB kene3a (1o 17%) u BA]]
«ITom®epBut» (1o 22%) CBUAETENbCTBYET O CXOLHO 6MOIOCTYITHOCTH,
npuueM 6uopoctynHocTb BAJL «ITom®epBuT» 6onee BbICOKasl, YTO, Be-
POSITHO, CBSI3aHO C HAHOPa3MepPOM YaCTHUI] KeJie3a M ¢ KOMOMHUPOBAH-
HBIM COCTaBOM J00aBKM.

IpyruM BakHbIM mpeumyinectBoM BAJl «ITomu®epBut» siBasieTcst
CHIKEHHOEe HeraTMBHOE BIIMsSHME Ha aHTUMOKCUIAHTHYIO CUCTEMY, UTO
BBIPAKaJOCh B YBeIMUEHMM AaKTUMBHOCTM CYNEepOKCUANMCMYTasbl Ha
44% ¥ B CHUKEHMM aKTUBHOCTM KaTaia3bl Ha 6,3% IO CPaBHEHUIO C MH-
TAKTHOJ Ipymnmnoi. B npemnaparax, comepykalimx ykene30 CEPHOKUCIOE
7-BogHoe (FeSO,xT7H,0) n cmech okcuaos xene3a E172 (Fe,Os5+FeO),
CHIVDKEHME aKTMBHOCTY KaTasasbl cCOCTaBuiIo 47,6% n 34,3%, a yBennue-
HMe aKTUBHOCTH CYIePOKCUIIVCMYTa3bl — 7% 1 5% COOTBETCTBEHHO I10
CpPaBHEHMIO C KOHTPOJIBHO TPYIIIOii. BUAMMO, 3TO CBSI3aHO C HAINYMEM

B BAJL «I[Tomi®epBuUT» aHTMOKCUIAHTOB — aCKOPOMHOBO KMCJIOTHI U M-
IMIPOKBEpIIeTHHA.

TIpy TUCTONTOTMYECKOM MCCIeNOBaHMM 06pa3IioB TKaHei KPbIC, KOTO-
pbiM BBOIWIN BAJL «ITonmu®epBuT» 1 cMech OKCHIIOB sKejie3a, BhIsSBIeHa
COXPaHHOCTb 0JIbYATOT0 CTPOeHUs] TKaHu. [lopTasbHble TpUaabl B HOP-
me. OTMeueHbI OTHOSIIEPHbIE ¥ MHOTOSIIEPHbIE TeMaTOIUThI, PACIIONOo-
SKeHHbIe pafyvalbHO OT LEHTPalbHOI BeHbl. B 0O6pasijax TKaHeil KpbIC,
MOTPeBISBIINX CEPHOKMUCIOE 3Kele30, Hai[eHbl MPU3HAKM HauMHAaIo-
nieficst BaKyosu3anyuy renaToluTOB, OTMeUeHbl CIyyay CKOIIIEHNS JIMM-
(hoMOHBIX KIETOK, UTO MOXET CBUAETEILCTBOBATh O HAYAJIbHOM CTaANN
[MeYeHOYHO AucTpoduu.

Takum 06pa3om, CpaBHEHYE OMOIOTMYECKOI aKTUBHOCTY U XPOHUYE-
CKOJi TOKCMYHOCTHU coefyHeHnii xxene3a u BAJL «[Tom®epBut» no3sosns-
€T C/IeJIaTh BBIBOJ, O Psiie IPeMMYIIecTB MpMMeHeHMs MoCIeJHero B Ka-
yeCcTBe UCTOYHMKA JKene3a, ButamuHa C ¥ AUTMAPOKBepLeTHHA.
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K/IIOYEBBIE CIOBA: AHHOTALIA

Gumovuati, B HayyHOM COOGIeCTBE BO3PACTAET MHTEPeC K PaCTUTETbHbIM aHTVOKCUIAHTAM KaK K Cpe[cTBaM aJMMeHTapHOro BOC-
UMMYHOCynpeccusl, CTaHOBJIeHNS] QYHKIMOHANbHBIX pe3epBOB OpraHyu3Ma rnocie Gpusuueckyx ¥ 5MOLMOHATBHBIX Harpys3ok. llenp paboTsr —
adanmozeHHvle OlleHKa aJarToOTeHHOTro AeicTBus puTouas, pa3paboTaHHOrO Ha OCHOBE MOGOYHBIX IPOJLYKTOB COCHBI, IIPOM3PacTaloLLei
ceolicmea, Ha Tepputopun Bypsatun. O6beKTOM MCCaeIOBAHMI SIBUIACh PACTUTENIbHAST KOMIO3ULMs (huTouait), cocTosas u3 vaii-
2ucmomopeosozus, HBIX JINCTHEB, OGJIENTMXOBOTO KMbIXa, MMKPOCTPOOMIIOB ¥ XBOM COCHOBOJi. AAaITOreHHbIe CBOJICTBA duTOYAsT U3yYaINCh
Mumyc, cene3eHka Ha MOJie/I UMMYHOCYIIPeCCHM, BbI3BAHHOM LIMTOCTATUKOM a3aTHONPUHOM, BBOAVMBIM 5KCIIEPUMEHTAIbHbIM KMBOTHBIM

eXXeHeBHO NepopayibHO. [IoBemeHUecKye peakiuu KMBOTHBIX OLIEHMBAINUCh B TecTe «OTKPbITOE Iojie»; obimas ¢pusnde-
cKasl BBIHOCIMBOCTb — B TecTe «IlmaBaHue [0 yrmopa». [McToMopdonornyeckuii aHanu3 opraHoB MPOBOAVIICS C UCIIONb-
30BaHyMeM CTaHJAPTHBIX METOLOB. B COCTOSIHMM MMMYHOCYIIpeCCH, BbI3BaHHON a3aTHONIPIHOM, Y SKMBOTHBIX CHIKANIACh
MCCIe0BATENIbCKASI aKTUBHOCTD U (DM3MUecKasi BBIHOCIMBOCTD, ITOBBIIIAIACH TPEBOXKHOCTD, YMEHbIIAIACh OTHOCUTEIbHAS
Macca MMMYHHBIX OPTaHOB (TMMYCa M Cele3eHKV) M YBeIMUMBanIach OTHOCUTEIbHAsI Macca OpraHa, JeTOKCULIMPYIOIIero
KCeHOOMOTUKY — reyeHu. MopdoMeTpuuecKuMy UCCIeS0BAHUSIMM YCTAHOBIIEHO, UTO TI0C/IE BBeIeHMSI a3aTUONPUHA B TH-
Myce U cesie3eHKe MbIIeil 0TMeyuaach 3HauUuTeabHble MOphOdyHKIMOHATbHbBIE M3MEHEeHMs, CBULEeTeNbCTBYIOIE O CHY-
skeHMM (PYHKLMOHATBHOM aKTMBHOCTM OPraHOB. B TMyce Ha6II00aI0Ch YMeHbIIeH)e KOIMYeCTBa ¥ pasMepoB TUMMUYe-
ckux Tenel ['accans, CHUKeHMe SIAPOCOIePKAILIMX KIETOK, a B Celie3eHKe — JOCTOBEPHOE YMeHbIlIeHe CpefHeil IIomanu
dbommukyn B 2 pasza ¥ CHVYIKeHME TONIIVHBI TePMVHATUBHBIX IIEHTPOB 110 CPaBHEHMIO C TAKOBBIMM B MHTAKTHOI IpyIIIIe.
BBeneHue ¢urouast mpu NpuMeHeHUM a3aTUONPUHA TTO3BOIWIO CHU3UTb €r0 HeraTMBHOe BO3ZeiCTBIe, IIPU 3TOM HeKO-
TOpBIE IT0KA3aTeNN CTPYKTYD TUMYCa U CeJie3eHKM COOTBETCTBOBAIM 3HAUEHMSIM MHTaKTHO rpymiel. CCA ¢purovas cocra-
B0 430,48Mmr / 100Mi1. BoccraHoB/IeHMe HecnelMdUyeckoii peaKTMBHOCTM OPraHM3Ma 3KCIIePUMEeHTATbHBIX )KMBOTHBIX,
MOJBEPrHYTHIX IMMYHOCYIIPECCHM, MTO-BUIUMOMY, CBSI3aHO C aHTMOKCUIAHTHO aKTMBHOCTBIO GMONOTMYECKY aKTVBHBIX
BeIlleCTB, BXOASIINX B cocTaB GuTovas.

OUHAHCHPOBAHUE: VccrnemoBaHue BBITIONHEHO B COOTBETCTBUM C TpaHTOM Poccmiickoro HayuHoro donpma N2 24-26-20042, https://rscf.ru/
project/24-26-20042/

Received 08.12.2024 Available online at https://www.fsjour.com/jour
Accepted in revised 27.03.2025 Original scientific article
Accepted for publication 28.03.2025

© Zhamsaranova S. D., Shiretorova V. G., Erdyneeva S. A., Tykheev A. A., Lebedeva S. N., 2025

ASSESSMENT OF THE ADAPTOGENIC PROPERTIES
OF HERBAL TEA BASED ON PINE NEEDLES AND MICROSTROBILES
Sesegma D. Zhamsaranova 3%, Valentina G. Shiretorova?, Svetlana A. Erdyneeva?,
Anatoly A. Tykheev!, Svetlana N. Lebedeva'

IEast Siberian State University of Technology and Management Ulan-Ude, Russia
2Baikal Institute of Nature Management Siberian branch of the Russian Academy of Sciences, Ulan-Ude, Russia
3Banzarov Buryat State University, Ulan-Ude, Russia

Open access

KEY WORDS: ABSTRACT

herbal tea, The scientific community shows an increasing interest to plant antioxidants as a means of alimentary restoration of func-

immunosuppression, tional reserves of the body after physical and emotional stresses. The aim of the work was to assess the adaptogenic activity of

adaptogenic properties, herbal tea developed on the basis of by-products of pine growing on the territory of Buryatia. The object of the research was

histomorphology, a plant composition (herbal tea) consisted of tea leaves, sea-buckthorn press cake, pine microstrobiles and needles. Adapto-

thymus, spleen genic properties of herbal tea were studied on the model of immunosuppression caused by the cytostatic drug azathioprine
administered to experimental animals every day orally. Behavioral reactions of animals were assessed in the open field test;
the general physical endurance in the forced swim test with weight load. Histomorphological analysis of the organs was car-
ried out using the standard methods. In the state of immunosuppression caused by azathioprine, the exploratory activity
and physical endurance of animals decreased, anxiety increased, the relative weight of immune organs (thymus and spleen)
decreased and the relative weight of the organ that detoxifies xenobiotics, liver, increased. Morphometric studies showed that
after administration of azathioprine significant morphofunctional changes were observed in the thymus and spleen of mice,
which suggested a decreased functional activity of the organs. A decrease in the number and size of thymic Hassal’s bodies
and a reduction of nucleated cells were observed in the thymus, while a significant two-fold decrease in the average area of
follicles and a decrease in thickness of germinal centers were noticed in the spleen compared to those in the intact group.
Introduction of herbal tea upon administration of azathioprine make it possible to alleviate its negative effect; with that, some
indicators of the structures of the thymus and spleen corresponded to the values of the intact group. The summary content of
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antioxidants in herbal tea was 430.48 mg / 100 ml. Restoration of the non-specific reactivity of the body of the experimental
animals subjected to immunosuppression apparently is linked with the antioxidant activity of the biologically active sub-

stances in the composition of herbal tea.

FUNDING: The study was supported by the grant of the Russian Science Foundation No. 24-26-20042, https://rscf.ru/project/24-26-20042/

1. BBegeHue

B nocnenHme necsatmieTus Bce 6onee 3aMeTHbI HETaTUBHbIE TEHIEH-
LMY M3MeHEeHMsI OKpY>Kalollleil Cpefibl 4, COOTBETCTBEHHO, YC/IOBMIA SKI3-
HU, OTIPeZesIIoIX 30pOBbe uenoBeka. MisMeHeHus Kiumarta, COpoBo-
SKIAIOIMECS] 9KCTPEeMaIbHBIMM MTOTOHBIMY SIBIEHUSIMU (3Kapa, JeCHble
rmokapsl 1 7p.) [1,2], baKkTopsl 3KOIOTMYECKOTO CcTpecca (3arps3HeHne
BO3JyXa, IlyMOBOE 3arpsi3HeHNe ¥ XMMuJeckoe Bo3zelicteue) [3,4], Xpo-
HMUYECKMIi IICUX0IMOLMOHANBHBII cTpecc [5,6], TMITOAVMHAMMSI, BHICOKYE
dbusnueckue Harpysku [7,8], HenmonHoueHHoe uTanue [9,10,11,12] — Bce
9TO [IPUBOIUT K CHYDKEHNIO aJalTAllMOHHBIX BO3MOXKHOCTEN 1 QYHKIM-
OHa/IbHBIX Pe3epBOB OpraHyu3ma. /1t NoBbIIIeHNs YCTOUMBOCTY Opra-
HM3Ma K HeOIaronpusiTHbIM GakTopaM 4acTo UCIOIb3YIOT IPUPOAHbIE
a/lallTOreHbl, OIMYAIOLINeCs YHUBEPCATBHOCTBIO M OTHOCUTENIbHOI 6e3-
OTacHOCTHI0. OHM TIOBBILIAIOT PA6OTOCIIOCOOHOCTD M HecreupuIecKyo
pe3ucTeHTHOCTh opraHmama [13,14,15]. IIpuMeHeHMe DPACTUTETbHbBIX
aJlaliTOreHOB HabyupaeT MOMYISIPHOCTD B IUILEBOI IPOMBILIIEHHOCTH,
0cO6eHHO B ITPOM3BOACTBE HAIIMTKOB, 13-3a POCTa CIIPOCa Ha HaTypasb-
Hble CPeLCTBa [JIs1 CHATUS CTpecca M YIydlleHus: caMOo4yyBCTBus [16,17].
Koppexiysi moBceIHEBHOTO PALMOHA C LeJIbI0 06ecIiedeHus] Opranmn3ma
9CCeHIMAMbHBIMM MaKpO- M MUKPOHYTPMEHTAaMM MMeeT BasKHOe 3Haye-
Hye B podmIaKkTUKe BO3MOXKHBIX 3a60meBanmii [18,19].

Yait sBasieTcss Hambosee IOTpeO/IsieMbIM HAMUTKOM IOC/IE BOJBI
Y CYMTAETCS BaKHBIM KOMIIOHeHTOM paumoHa [20]. OTMevaromasicsi BO
BCEM MMpe TeHAEHLMsI pOCTa MOTpe6aeHMs yasi M YaifHbIX HaIlUTKOB
¢ 1ob6aBleHMeM PaCTUTENbHBIX KOMIIOHEHTOB OOYCJIOB/IEHA UX IOJb-
3001 s 3MOpOBbsl M pasHOoOpasmeM BKycoB [21,22]. TpaBsiHble yan
JICTIONB3YIOTCSl B KayecTBe TepaleBTUUeCKUX CPeJCTB B TPaJULIMOHHON
menuuyHe [23]. Yait 1 yaiiHble HAUTKM HAa OCHOBE COCHOBOV XBOM Tpa-
IUIVOHHO IMOJb3YIOTCS MOMY/SIPHOCTBIO B CTpaHax BocToka, TakMxX Kak
sInonwms, Kopesi, Kuraii, a Taxke Ha [anbHeM Boctoke Poccun [24]. HIn-
pora pacnpocTtpaHeHus pactennit poga CocHa (Pinus), HAaCYMTHIBAIOLIETO
6onee 100 BUIOB, comepikaHue 60raToro CrekTpa 61MoMIoru4ecky akTUB-
HBIX BEIIeCTB, IIeHHbIe JIeueGHbIe CBOJICTBA 06YCIOBMUIN UX IPYIMEHEeHVe
He TOJIbKO B HapOJHOM MenuuyHe [25].

Hammu pa3zpaboran puToyait Ha OCHOBE TOGOUHBIX IIPOAYKTOB COCEH —
XBOY ¥ MMKPOCTPOGMIIOB COCHBI OObIKHOBEHHO, COCHBI CMOMPCKOI U Ke-
JIPOBOTO CTJIAaHMKA C Jo6aB/ieHeM OBIeNMXOBOro XMbIxa [26]. [laHHOe
pacTuTenbHOe ChIpbe M3BECTHO CBOVIMU LieNIeOHbIMY CBOVICTBAMU U Xa-
paktepusyeTcst 6oraToii pecypcHoii 6a3oii. B cocraB ¢dwurouas BXOmST
Clenyolye MHIPeaeHTh! (B Macc.%): XBOSI COCHOBASI (COCHBI CHOMPCKOIi
MU KeIPOBOro cmiaHuka) — 30, yaitHble TUCTbst — 30, MUKPOCTPOOUITBI
COCHOBbI€ (COCHBI 0OBIKHOBEHHOJI MY KeIPOBOTO CTAaHMKa) — 20, JKMbIX
06J1enMX0BbIi cyiieHblit — 20. COCHOBAs XBOSI CO3[]aeT IPUSITHBIN BKYCO-
apoMaTuIecKuii GyKeT, COmepsKUT (GPUTOHIMIbI, NyOUIbHbIE BEIIECTBa,
KOMIIJIEKC BUTAMMHOB, MaKpO- ¥ MUKPO3/IeMeHTOB [27]. COCHOBbIe MM~
KpPOCTPOGWMIIBI (MYKCKME LIIMIIKY), 3aT0TaB/IMBaeMble B Mae-UIoHe Meper,
LIBeTEHVEM C LIe/IbI0 TTOJTYYeHMsI COCHOBOJ IbUIBLIbI (MCIIOMB3YeTCsT Kak
neye6HO-TIPOGUIAKTIUECKOe CPeCTBO 1 fo6aBka B muity) [28]. ITocre
JO3pEeBaHMSI ¥ BbICBIMTIAHMS M3 HUX IbUIBIBI ITYCThIe MUKPOCTPOOUIIBI
B KomuecTBe 90-95% OT Macchl MCXOTHOTO ChIPbSI HATIPABIISIOTCS B OT-
xonpl. VccenoBaHysl TOKasany, 9YTO OTXOZbI COCHOBBIX MMKPOCTPOGU-
JIOB 6oraThl MOAMMEHONbHBIMM COEAVHEHUSIMY, SDUPHBIMU MaciaMu,
Makpo- ¥ MuKpoanemeHTamu [29,30]. Mcrionb30BaHMe B cOCTaBe KOMIIO-
3YLIMM CYLIEHOTO 0G/IeMMXOBOTO0 KMbIXa, IOIy4aeMOro I10C/Ie OTHeNeHNs
COKa ¥ Macjia M3 LeNbHBIX SITOJ] IIPeCCOBAaHMEM, CIIOCOOCTBYET YIIyylie-

HMIO BKYCOBBIX KAQUeCTB uast U 060TaIleHNI0 610IOTMYeCKY aKTUBHBIMU
BelecTBaMu. SITOHBI OBGIEMMXOBbIA KMBIX COIEPSKUT KUPHbBIE U Op-
raHmyeckue KuUCIoThl, crektp Butammuos (C, B1, B2, P, PP, E), kapoTu-
HOMJIbI, MaKpO- ¥ MMKPO3JIEMEHTHI, a TAaKKe ITeKTYHOBbIe BellecTsa [31].
Vcronb3yembie B cocTaBe (huToUast XBOs 1 MUKPOCTPOOUITBI COCEH, KMbIX
SITOZI, OGJIETIMXM SIBJISTIOTCST TOGOYHBIM ChIPbEM, PALIMOHATBHOE UCIIONb30-
BaHMe KOTOPOTO SIBJISIETCS aKTyaabHOI 3amaveir. TakuM o6pasom, Kask-
IIbI/i KOMITOHEHT pa3paboTaHHOro (uTouast xapakTepusyeTcs 60raThiM
KOMIUIEKCOM OMOJIOTMYECKM aKTUBHBIX BEIECTB, MHOTME U3 KOTOPBIX
BXOJST B COCTaB M3BECTHBIX alallTOTeHHBIX pacTeHuii [32-34]. OTmeue-
HO, YTO KOMOMHAIIMM aJalITOTeHHbIX PACTEHMII MOTYT OKa3bIBaTh CITe-
unduueckre 3¢ exTs! G1arogaps CMHEPTETUYECKUM B3aMOEiCTBUSIM
B OpraHu3Me, He[OCTVKMMBIM MHTPeAVIeHTaMM 10 OTAENbHOCTH [14].

Llenbio MccaenoBaHusl SIBJISUIOCh M3yyeHMe afalTOreHHbIX CBOVICTB
utouas, pazpaboTaHHOTO Ha OCHOBE MTOOOYHBIX MPOTYKTOB COCHBI, ITPO-
u3pacramwliei Ha Tepputopun Bypsitun.

2. OG'BEKTHI M METOIBI

OO6BEeKTOM MCCIeOBAHNUIT IBUJIACh PACTUTeNbHAsT KoMIo3uuus (bu-
TOYali), MOTy4eHHasl Ha OCHOBE 3allaTeHTOBAHHOV TeXHOJIOTUU U IIpef-
CTaBJIeHHas! CIEQYIOMIMMY KOMIIOHEHTaMU: YaifHbIe JIUCTbs, 0OIeX0-
BbIJ1 JKMBIX, MMKPOCTPOOWIIBI COCHOBBIE, XBOSI COCHOBAsI [26]. ComepskaHue
610/IOTMYeCKYX BeIeCcTB B puTouae rnpeacrapieHo B Tabmuie 1.

ITo mokasaTesisiM 6e30rmacHOCTM (DUTOUAli COOTBETCTBOBAI TpebGoBa-
HuaMm cr. 7 TP TC 021/20111, a Taxke Tpe6oBanmsam I'OCT 34856-222.

Takum 06pa3oMm, MCXOAs U3 IMpeacTaBaeHHbIX B Tabauie 1 JaHHBIX
cienyert, 4To urouai 60raT MMKpPOHYTpUEHTaMU, 00T JAONVIMU IV~
POKMM CITIEKTPOM G1OJIOTMYECKOI aKTUBHOCTM.

AHTMOKCUIAHTHbIE CBOICTBA (UTOUAST OLEHMBAIU MO CyMMapHOMY
comepKaHUI0 aHTMOKCUIAHTOB aMIIepOMETPUYECKMM MeTOIOM Ha Xpo-
matorpade «lIpeT-Sy3a-01-AA» o TOCT 54037-20103.

BbutM MccIemoBaHbl aalnTOTeHHbIE CBoiicTBa (utouas. [leiicTBue
MOJTyY€HHOTO CPEeZCTBA M3y4aaoCh Ha 32 GebIX 6eCrOPOAHbBIX MbIIIaX-
camuax maccoii 18-20 r, KOTOpBIX cofepykaly B CTaHLAPTHBIX YCIOBU-
SIX BUBApMsI, IPU UCKYCCTBEHHOM OCBEIL€HMM, CO CBOOOAHBIM JOCTYIIOM
K KOpMy 1 Bofie. [TogmepskuBany cieaymoiye mapaMeTpbl: CMeHa OCBe-
LIeHNs JeHb/HOoUb (KaXKple 12 yacoB), Temreparypa Bosayxa (20-25°C)
¥ OTHOCUTEJIbHAS BIAKHOCTD (60—70%).

Ilnst mpoBeneHust SKCIepUMeHTa ObUla MCIOMb30BaHA MOJENb UMMY-
HOCYITIPECCUY, BbI3BAHHASI IIUTOCTATUKOM a3aTMOIPUHOM, KOTOPBI BBO-
ATV TIEPOPATbHO (30HI0M) B o3e 50 MI/Kr 1 pa3 B CyTKM Ha MPOTSDKEHUN
5 nHeii. [Toce BBeIEHMS IMTOCTATUKA MBIIIIAM OIBITHBIX IPYIIT BBOIMIN
¢urouaii 1 pa3 B cyTku Ha mpoTsbkeHuu 14 nHeii. @urouaii mpegBapuTeb-
HO 3aBapuBaiu B ropsiueit Boge (6 1/100 MJ1 BOzIbI), HACTaUBAIM B TeUEHe
30 MMH ¥ BBOOWIM MbIILIIAM C [TOMOIIbIO 30HAA 110 0,1 MJI.

CxeMa 9KcIlepuMeHTa npefcTaBieHa B Tabmuiie 2.

1 TP TC 021/2011 Texumaeckuii pernameHT TaMoykeHHOTO coio3a «O Ge3omac-
HOCTY MUILEBO¥ MPOAYKLMM» (C M3MeHeHusiMM Ha 8 aBrycta 2019 roga), MpUHSTHIN
Pemrenem Komuccnu TamoskeHHOTO coio3a oT 9 mexabpst 2011 roma N2 880.

2 TOCT 34856-22 «HarmuTky daituble. OGLIMe TeXHUUecKie yeoBus». M.: Poc-
CUIACKMIT MHCTUTYT cTaHgapTusanum, 2022. — 8 c.

3 TOCT 54037-2010 «[TpomykTsl nuiieBbie. OnpeneneHne comepskaHus BOLO-
PacTBOPUMBIX QaHTMOKCHJAHTOB aMIIePOMETPUUECKMM METOJOM B OBOLIAX, GPYK-
Tax, MPOAYKTAX MX IepepaboTKy, aTKOTONIbHBIX U 6€3aIKOTOMbHBIX HAIUTKAX». M.:
Cranpaptundopm, 2019. — 11 c.

Ta6nuia 1. Cogepskaune BAB B dutouae (M *+ m)
Table 1. Content of biologically active substances in herbal tea (M = m)

Copepykanne mr/100 cm3

CyTouHass HopMa

HaumeHoBaHue (Mr/mopio — 250 mur) oTpeGrenus HeiicTBMe Ha OpraHu3M 4ejIoBeKa HUcTouHUK
[IpoTUBOBOCTIATIUTENBHOE, fe3UHDUIUPYIOLIee,
+ — £
SupHoe Macio 0,35%0,06 (0,88) aHTKHOaKTEPUATbHOE, TPOTUBOBUPYCHOE 24,25,27,35]
VIMmyHOMORyIMpYyIolee, aHTMOKCUAAHTHOE,
+ —_
AcKOpOMHOBasT KUCTOTA 18,35+0,03 (45,88) 75-100 mr BEHOTOHIIECKO® [31,36]
TlonudeHoNbHbIE COEAVHEHMS 12,35+0,96 (30,88) —
Conepixarive GraBoHOM0B 89,14+0,24 (222,85) 250 mr AHTHOKCUIAHTHOE, TPOTUBOBOCIATINTEIbHOE,
B IlepecyeTe Ha PYTUH [25,34,37]

ComepskaHue TyOMIbHBIX

BELIECTB B Iepecyere Ha TAHUH 9,16+0,87 (22,90) -

aHTVKAHIIEPOT€HHOE, HeJfPOIIPOTEKTUBHOE
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Tabnuua 2. Cxema 3KCIIepyMMeHTa
Table 2. Scheme of the experiment

Ne

HaumeHoBaHue
rpym- Hosa
TB
i cpencTBa
I KonTponb VIHTaKTHBIE SKUBOTHbIE

II  AsaruomnpuH (A3)  50MI/KT Macchl Tesa, OGHOKPATHO, B TeUeHNe

5 IHeji (BBeJeHMe C ITOMOIIbIO 30HA)

11 A3 + ®urouait ITocne A3 — @utouaii (300 MI/Kr), OHOKPATHO,
B TeueHMe 14 nHeli (BBeJjeHMe C IIOMOLIbIO 30HAA)
v durouait ®utouait (300 Mr/Kr), OIHOKPAaTHO, B TeUeHNE

14 nHeii (BBegeHMe C MOMOILbIO 30H/1A)

DKCIepUMEeHTBI ObUIM BBITIOJIHEHBI C COOMIONEHeM MPUHIUIIOB Ty-
MaHHOCTY B COOTBETCTBMM C MEKIYHAPOJHBIMY MOPaIbHO-3TUUECKIUMU
HopMamu U Tpe6oBanusMu EBporneiickoii konsenuuy ETS N123% u Tu-
pexTuBoii 2010/63/EU°. ComepskaHye KMBOTHBIX U yXOf, 3@ XKUBOTHBIMM
ocymecTB/sv B cootBeTcTBum ¢ TOCT 33216-2014° u [Tpukasom M3 P®
Ne 199-H'.

Vi3yyeHne roBefeHUECKMX peaKluii Mbllleli IpoBOoguIN B TecTe «OT-
KpBITOE T0JIe» Ha MPOTSSKeHUM 5 MUHYT € BUAeOperucTpaLmeit ux rnepe-
nBykeHus [38]. ViccimemoBaHme OCyLeCTBSIN B YTPEHHME Yachl, TOC/Ie -
Hee KOpMJIeHMe POBOAM/IN 3a 1 yac 1o akcrepuMeHTa. Perucrpuposanmn
KOJIMYECTBO TepeceyeHHbIX rnepudepnyeckux M IeHTPaJbHbIX KBaJpa-
TOB (aKTMBHOCTb TOPM30HTA/IbHASI), KOMMYECTBO MOJbEMOB Ha 3afHue
KOHEYHOCTHM C YIIOpOM U 6e3 yropa o0 60pT (AKTMBHOCTb BepTUKAIbHAST),
KONMM4uecTBo fedekalyit 1 akToB IPYMMHTa, a TaKKe aTUIIMYHbIe peak-
uuyu B nosemenun. O6IIAsT ABUraTeIbHas aKTMBHOCTb BBIUMC/ISIACH I10
CyMMe CTOeK M JABUTaTeIbHO FOPU3OHTANIbHON akTMBHOCTU. [Tociie Te-
CTUPOBAHMS KaKIOTO SKMBOTHOTO TOJ Toist o6pabaTbiBanu 70%-HbIM
pacTBOpPOM STMJIOBOTO CIMPTA.

VHTerpasbHyI0 OLIEHKY IOBeJeHVsI MbIlleil MPOBOVIIN 110 MEeTOIV-
ke Bycnosuu C. 10. u coaBTOpoB [39]. VccnenoBaTenbCKylo akKTUBHOCTb
oIpenessii Kak CyMMy 6a/lIoB 3a CJIefylolye TI0Ka3aTen: JaTeHTHOe

4 EBpOHef/’[CKaQ KOHBEHILMA O 3alIUTe TO3BOHOYHBIX JKMBOTHBIX, MCITOJIb3YEMBbIX
LIS 9KCTIEpPMMEHTOB WM B MHBIX HayuHbIX Lesix ETS N123 (¢ M3sMeHeHUsIMU B CO-
OTBeTCTBUMU C mosioskeHneM ITpotokosa CEJL N2 170 ot 2 meka6pst 2005 ropa), mpu-
Haras 18 mapra 1986 roma. Crpac6ypr. — 13 c.

5 Iupextusa 2010/63/EU EBpomneiickoro nmapiaameHnTta u CoBetra EBpomneiicko-
rO COI03a 10 OXPAHe KMBOTHBIX, MCIIOIb3YeMbIX B HAYYHBIX L[eJISIX OT 22 CeHTSIOPsI
2010 roma. Cankr-IletepGypr, 2012. — 48 c.

6 TOCT 33216-2014 «PYKOBOJICTBO IO COZIEPyKaHMIO 1 YXOMY 3a JJaGOpaTOPHbI-
MM KMBOTHbIMU. [IpaBuia coepskaHus U yxofa 3a JabopaTOpHbIMM IPhI3YHAMM
u kponukamu. M.: Crangaptundopm, 2016. — 16 c.

7 [Tpuka3 M3 PO or 01.04.2016 r. N2 199-H «O6 yTBep>kAeHUM [TPaBuI Hajie-
skaleit 1a6opaTopHoit mpakTukmM». M. — 9 c.

BpeMs BbIxoza M3 meHtpa (Mmuyc 0,5 6ayuta 3a 1 c), TOPU30OHTANIBHYIO
IBATATEIbHYI0O aKTUBHOCTD (1 6as1 3a 1 ceKTOp), BepTUKAIbHbIE CTOMKM
(3 6asa 3a 1 croiiky 6e3 yrmopa u 2 6aJiia 3a 1 CTOVKY C YIIOpOM), BBIXOT,
B 1ieHTp (5 6a/u10B). O6IIMIT YPOBEHb TPEBOKHOCTY OIPeesIsiiN KaK CyM-
My 6aJIIOB 3 CJIeAyIOIIMe IToKa3aTenn: KOpoTkue rpymunru (1 6asmr), Ko-
JnyectBO 60s0coB (1,5 6aia), KOMMUECTBO aKTOB ypuHaIuu (2 6amia);
aTUIMYeCKMe peakiuy B IoBefeHnn (4 6ania).

O61ast husnyeckast akTUBHOCTb MbIiIel 6blia oljeHeHa B TecTe «Ina-
BaHMe [0 yIopa» ¢ Harpy3Koii (rpy3 coctasisin 10% oT Macchl Tena u 6b1T
MPUKpeIIeH K OCHOBaHMIO XBOCTa) [38]. MbIlly I71aBajm ¢ rpy30M JI0 CO-
CTOSTHUST yTOMJIEHMSI, TIOKa3aTesieM KOTOPOTO SIBJISIIOCh HaXOKAeHMe T10],
BOJIO¥1 Goree 3 c.

B3siTie OpraHoB KMBOTHBIX (TUMMYCA, CeJIe3€HKM U TeUeHM) /ST OIl-
penesnieHuns] BECOBBIX MOKasaTesieit U rmcToMopdoaornyeckoro aHammsa
OCYIIECTBJISUIM Ha CIeNYIOLINIA IeHb I10C/Ie TIOCIeJHEr0 BBeIeHMs.

OTHOCHTE/IbHAs Macca OPraHoB pacCUMThIBAIACH 110 (hopMmyrie:

A6CO}'I}OTH8.H Macca opraHa, r
PTaHa, ', 100%.

@
Macca Tena, T

IMocne ompeneneHust BECOBbIX MOKa3aTesieli OPraHOB TUMYC U ceJle-
3eHKy ¢ukcupoBanu B 10%-HOM pacTBope HeliTpasbHOrO dhopmasinHa.
I'icToMopdOoIOrMUecKnii aHaau3 OPraHOB OCYIIECTBJISIU TI0 CTaHIAPT-
HOJI MeTOJMKe; IoC/Ie TPOBOAKM OpraHbl 3amvBanu B napadmus [40]. Tu-
CTOJIOTMYECKYe CPe3bl TOMIMHOI 5—6 MKM OKpaLIMBaIN 10 JpIuxy (re-
MaTOKCUIMHOM ¥ 903MHOM) C JaTbHEMIINM 3aK/II0UeHeM B KaHaICKIIT
6anbp3am. [Iyi1 MOphOMeTPUUECKOTO aHalIM3a M CPABHEHMSI COCTOSTHMSI
CTPYKTYPbI KJIIETOK MMMYHHBIX OPTaHOB (TMMYyCa U CeJle3eHKM) MbIIIeit
6bIIO IPOMMKPOCKOITMPOBAHO 110 50 Cpe30B B KaK0ii IKCIIepUMEHTATb-
HOI1 rpymIe.

JKcIepyMeHTalbHble JaHHbIe 06pabaThIBAIM C MCIIOIb30BaHUEM
MPUKIATHBIX CepBUCHBIX mporpamm Microsoft Office Excel 2019. Pe-
3y/IbTAThI MCCIENOBAHUS TIPENCTaBIeHbl B Buie MenuaHbsl (Me), Bepx-
Hero ¥ HivkHero ksaptuieii (Q1-Q3). CraTuCTHUeCKy0 3HAauMMOCThb
pasnuumii TPOBOAWU/IYU C IPUMEHEHVEM HerapaMeTPUUYeCcKoro KpUTepust
ManHa — YuTtHuU. Pe3ynbpTaTsl CYMTANN TOCTOBEPHBIMU ITPY JOCTVKEHNN
YPOBHSI 3HAUMMOCTU pasianuuii (p < 0,05).

3. PesynbTaThl M 00CYKAEHME

K aganroreHaM OTHOCSTCSI CPELCTBA WM IPENapaThl MPUPOIHOTO
MJIY MCKYCCTBEHHOTO TIPOVMCXOKIEHIsI, CTIOCOGHbIE TIOBBIIIATD HECITeIN-
(buuecKyo COMPOTUBIIIEMOCTb OPraHM3Ma MMPOKOMY CIIEKTPY BPEIHbIX
BO3[e/iCTBIIL, BKIIIOYAst CTpecc. [IJIst HUX TaKKe XapaKTepHa CIIOCOGHOCTD
CTUMY/IMPOBATh UMMYHUTET.

JIJIs1 OLIeHKM afalTOreHHbIX CBOMCTB pa3paGoTaHHOro Gurodast uc-
osib30BaI TecT «OTKphITOE MoJiex. [IoBeieHuecKast afjalTammst CIyKuT
OIIHUM U3 BaXHbIX MEXaHM3MOB MPEJOXPAHeHVsi OpraHu3Ma OT AeiCT-
BUSI Pa3/IMYHBIX HeGIaronpusTHeIx GakTopos. [lokasarenn JBUraTesb-
HOJT U MCCIIe0BATENBCKO aKTUBHOCTY SKMBOTHBIX, & TAKXKE MHTETPab-
Hasl OLleHKa TPeBOKHOCTY MpuBeeHs! B Tabmuax 3 u 4.

Ta6nuua 3. Biusiaue ¢urTouass Ha oBefeHMe Mbliieii B Tecte «OTKpbITOE mosie», Me (Q1-Q3)
Table 3. Effect of herbal tea on mouse behavior in the open field test, Me (Q1-Q3)

FOpMBOHTaJIbHaFI AKTUBHOCTb

BepTtukanbHas

N2 HaumeHoBaHMe (TIoceneH1e — KOIMYECTBO) AKTVMBHOCTE I'pymuHr Bomocst Vpunamus
rp. CpencTea Ilepudepuyeckue IlenTpanbHbIe CTOIKM (KOH_B’O) (ro71-BO) (ro71-BO)
KBaJgpaTbl KBaJapaTbl
157,7 9,0 1,0 1,0 1,0
I Kowrpors (143,2-172,2) (5,7-12,3) 0,7-1,3) 0,7-1,3) 0,7-1,3) 1 ma rpynmy
105,72 1,00 10,0° 1,3 2,50
I AsatmompuH (A3)  g¢ 4 {15 () 0,5-1,5) (6,5-13,5) 0,81,8) 2,2-2,8) OTCYTCTBYeT
111 A3 + ®urouait 1483 18 o 2,5 1,30 OTCYTCTBYET
(137,6-159,0) (1,5-2,1) (6,0-8,0) (1,6-3,0) (0,8-1,8)
} 153,3 7,0 11,7 1,72 1,5
v Purouait (135,8-170,8) (4,329,7) (8,0-15,4) (1,4-2,0) 1,022,0) OTCYTCTBYeT

Tpumeuarue: 6ykBamu a M b 0603HaYEHBI CTATUCTUYECKM 3HAUMMBbIE Pa3anuMs Mo cpaBHeHMo ¢ rpynnavu 1 u 2 (p < 0,05).

Ta6nuua 4. Bnusaue puToUas Ha MCCIET0BATEIbCKYI0O aKTUBHOCTh ¥ MHTEIPA/ILHYIO OLI€HKY TPEBOXKHOCTU
3KCIIepPUMMEHTA/IbHBIX JKMBOTHbIX (M)
Table 4. Effect of herbal tea on exploratory activity and integral assessment of anxiety of the experimental animals (M)

Ne HaumeHoBaHue TMokasarenu

rp. cpeacTBa HccnepoBaTenbCKasi akTUBHOCTD, YCIL.€J. HHTerpanpHas OLeHKa TPEBOKHOCTH, YCII.ef,.
1 KouTtponb 167,7 2,83

I AsaTtuonpuH (A3) 116,7 5,05

111 A3 + ®uTouait 157,1 4,25

v duTtouait 172 3,95

126



Xamcaparosa C. [1. u ap. | MULLEBbBIE CUCTEMDI | Tor 8 No 1 | 2025 | C. 124-133

Kaxk cnemyet n3 mqaHHbIX Tabmuibl 3 u Tabmuiibl 4, B IPYIINe KUBOT-
HBIX, HAXOOSAIIMXCS B COCTOSIHMM MMMYHOCYTIPeCCUH, BbI3BaHHOM IUTO-
cratukoMm azatuonpunom (II rpyrmmna), HabIIaI0Ch CHIDKEHME UCCIeN0-
BaTeNIbCKO akTMBHOCTU (Ha 30,4%) 1 NIOBBIIIEHe YPOBHSI TPEBOKHOCTU
(B 1,78 pasa) (p < 0,05). BBemenue purouas B paumoH kuBoTHbIX (11 rpyri-
I1a) YBeIMUMBAJIO MCC/IeJ0BATeIbCKYIO aKTMBHOCTb Ha 34,6% ¥ CHMUXKAIO
YPOBEHb TPEBOKHOCTY Ha 15,8% OTHOCUTENBbHO eiICTBMS a3aTUONPUHA
(I rpynma), YTO CBUAETENbCTBOBAIO O CHUKEHMY HEraTUBHOIO BIVSHUS
MMMYHOCYTIpeccopa. BBemeHne durouass KOHTPOIBHBIM (MHTAaKTHBIM)
SKMBOTHBIM YBETMYMBAIIO BEPTUKAIBHYIO aKTUBHOCTD JXUBOTHBIX (Tabmu-
ua 3, IV rpynna), Ho okasaTesu MCClIef0BaTelbCKOM aKTMBHOCTU U MH-
TerpajabHO¥ OLIeHKM TPEBOKHOCTY HaXOAWIVCh Ha YDOBHE KOHTPOJIbHBIX
3HaueHuit. CoxpaHeHMe MoKa3aTesell Ha YPOBHe MHTAKTHbIX )KMBOTHBIX
XapaKTePHO AJIS1 MICTUHHBIX IMMYHOMOZY/ISITOPOB, 06/IaIaloIVX aKTVB-
HOCTBIO TOJIBKO B YCJIOBUSIX JIeTIPeCCUM UMMYHUTETA.

[t OLleHKYU BAMSIHUS GuToUast Ha GU3MUECKyI0 pabOTOCIIOCOOHOCTD
JICIIONb30BaIN TECT IIJIaBaHMSI C LOIIOTHUTEIbHOM HArpysKkoii (C rpy3om
10% ot maccel Tena). Pe3ynbTaThl 3KCIIepUMMeHTa MpecTaBieHbl Ha Pu-
cyHke 1. 13 PucyHnka 1 cinemyet, uTo uuToctaTuk asatuonpus (II rpymnmna)
CHIDKAJT (DU3MYECKYI0 BBIHOCIMBOCTD JKMBOTHBIX Ha 34% OTHOCUTENIbHO
KOHTPOJbHOM rpynmsl (p < 0,05). BBenenne ¢urovas B panyoH sKUMBOT-
Hpix (III rpymmna) moBbImano ux (GU3NUYECKyI0 BBIHOGIMBOCTH B 2 pasa
OTHOCUTEJIHO IeMCTBMSI asaTuomnpuHa. IIpu 3Tom BBeneHue durovast
VMHTAKTHBIM XMBOTHBIM (IV rpyIina) He M3MeHsUIO KCCIefyeMblii IToKa3a-
Te/lb OTHOCUTEIbHO KOHTPOJIbHBIX KMUBOTHBIX.

HapcrpouHbiMy GykBaMy @ M b yKa3aHbl OTKJIOHEHMSI CTATUCTUIECKU
3HAYMMbIe 10 OTHOIIEHUIO K 1 1 2 rpymnamM cootBeTcTBeHHO (P <€ 0,05).

V3 aHanuM3a SKCIIepUMMEeHTANbHBIX HAHHBIX caefnyeT, uyTo durouaii,
pa3paboTaHHbI/I Ha OCHOBe ITOGOYHBIX NPONYKTOB KeAPOBOIO CTIAHM-
Ka M COCHBI, IPOSIBJISUT aflalITOTeHHble CBOJCTBA, BbIpakalollyecs B I0-
BbIIIEHNM Hecrelnduyeckoil pe3uCTeHTHOCTM OPraHM3Ma B YCIOBMSIX
MMMYHoOcynpeccun. Ilo Bceit BUAMMOCTH, yBeaudyeHue BbIHOCIMBOCTH,
JCCIelOBaTeNbCKOM aKTMBHOCTM M CHIDKEHME YDPOBHSI TPEeBOXHOCTU
CBSI3aHO C KOMIUIEKCHBIM JIe/ICTBMEM BXOZSIINX B COCTaB KOMIIO3ULIVINA
MHIPEIMeHTOB, XapaKTePU3YIOIMXCS BBICOKMM COLepsKaHueM 61MoIoru-
4YeCK) aKTVBHBIX BeIllleCTB, KOTOpbIe NelCTBYIOT Ha BeCh OpraHmsm. M3
MOTyYeHHBIX JAaHHBIX 10 copepkanuio BAB (Tabnuua 1) cienmyer, 4To
paspaboTaHHbI hUTOYA OT/IYAeTCs] BBICOKMM COoLepyKaHyeM Homvde-
HOJIbHBIX BEIEeCTB, (JIaBOHONU/IOB, IyOMIbHBIX BEIIECTB, a TAKXKEe aCKOp-
6GMHOBOJ KMCJIOTBI, KOTOPbIe XapaKTepU3yIOTCs BBICOKMMM aHTMOKCU-
JTAHTHBIMM CBOVICTBAMM.

B BogHbIX M3BIeueHusx purouasi (1:10) 661710 onpeneseHo cyMMapHoe
colepkaHMe aHTMOKCUIAHTOB, cocTtaBuBiiee 430,48%1,62 mr/100 muit.
TakuM 06pa3soM, MOKHO ITPEIIONOKUTh, UTO afallTOTeHHOEe JeiCT-
BJ/e TIOTYYEeHHOJ pacTUTeNbHOM KOMIIO3MLIMM CBSI3aHO C aHTMOKCHU-
JAHTHBIMM CBOVCTBAMU GMOJIOTMYECKM AKTUBHBIX BEIECTB, BXOASIINX
B ee coCTaB. VccienoBaHMSIMM POCCUIICKMX aBTOPOB YCTAHOBJIEHO, UTO
BKJIIOYEeHVE B PallMIOH 3KCIIePYMeHTaIbHbIX JKMBOTHBIX 9KCTPAKTOB Yep-
HUKU Y YePHOJi CMOPOAVHBI, COAepsKalliX aHTOLMaHbl, B CyTOYHOI 103e
15 MI/Kr Macchl Teja CII0COGCTBYET BOCCTAHOBIEHUIO aJalTallMOHHOTO
MOTEHI[Maa [OCJIe TSKeMoi dhusnueckoit Harpysku. [To MHeHuIo Tpyuim-
HO¥1 3. H. n coaBTopoB [41], ahdeKkTrBHOCTD aHTOLMAHOB 0OYC/IOBIEHA
aKTUBaLMell PasNIMUHbIX KJIETOYHBIX MEXaHM3MOB, MOILEePKMBAIOIINX
OKMC/IATENbHO-BOCCTAHOBUTENbHBIN ~ MOTEHIIMal  BHYTPUKIETOYHON
cpenbl, KOTOpasl JIeKUT B OCHOBe BOCCTAaHOBJIEHMSI aJalTalVIOHHOTO
rnoTeHiuana. O630p COBpeMEHHBIX HAYUYHBIX JAHHBIX O GMOIOTMYECKN
aKTUBHBIX [06aBKax ¢ aHTMOKCUIAHTHBIM [€/CTBYEM CBULETETbCTBYET
0 MepPCIeKTUBHOCTM UX PUMeHeHus 11 3G PeKTUBHOrO BOCCTAHOBIIe-
HysT GU3MYECKOil BBIHOIMBOCTY U PabOTOCIOCOOHOCTY IOC/IE VHTEH-
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PuicyHoK 1. Biusiaue durouast Ha IPOSO/IKUTENBHOCTD IUIABAHUS

MBbILIe

Figure 1. Effect of herbal tea on duration of mouse swimming

CUBHBIX GU3MUECKMX HATPY30K, & TAKKE IJIS1 TIOBBILIEHNSI KOTHUTUBHOTO
TOTeHIasna 1 4151 CHYDKeHMST SMOLIMOHA/IBHOTO cTpecca [42].

Takke yCTaHOBJIEHO, uTO nosmdeHonbHbIe coenHenns (IIOC), BcTpe-
yarouyecs B paCTeHUsIX, IPeACTaBIISIOT cO00i camylo GOJIBIIYIO TPYIIITY
MPUPOISHBIX AHTUMOKCUAAHTOB, CUHTE3UPYIOIMXCS IJIs1 3aLUThl KIeTOK
OT OKMUCIIUTEIBHOTO CTpecca. B 4acTHOCTM, 0COGEHHOCTY CTPOEHMS MO-
7eKy’1 pr1aBOHOMIOB MO3BOJISIIOT MM BBICTYIIATH B KAUeCTBe MHIMOUTOPOB
CBOGOJIHBIX PAJMKAJIOB, Tacs IelHble peakiyy CBO60JHOPAANKATIBHOTO
OKMcIeHus [43].

Ha ceromHsimHmii 1eHb YCTaHOBJIEHbI aJalITOTeHHbIE CBOMCTBA Y 60-
JIee COTHM pacTeHnit. OcTaeTcst akKTyaJIbHbIM CO3aHye HOBBIX (GUTOKOP-
PEeKTOpOB a/lalTallIOHHOrO Ipolecca. [Io JaHHBIM JIMTEpaTyphl, afar-
TOTeHHOe [Ie/iCTBMe pacTeHUii B 3HAUMTENbHO} CTelleH! OIpefesioT
(beHONMBHBIE COeAVHEHMS], CPeU KOTOPBIX HaMOOJIbIINIT MHTEpeC Ipef-
CTaBJISIOT (hIIaBOHOMIBI, 06IaJAIONMe IIMPOKMUM CIIEKTPOM 61oIornye-
CKMX CBOWCTB, BKJIIOUAs ajantoreHHsie. B pabore Kanpennuckoii O. JI.
M COABTOPOB [44] OlLieHEHO BJMSIHME KOMIUIeKca (DIaBOHOUIOB COM,
JIIOLIEPHBI U KIeBepa Ha paboTOCIIOCOOHOCTD KPBIC IIPU 9KCTPeMaIbHOM
(busmyeckoil Harpyske C MCIIOIb30BaHMEM TeCTOB «OTKpbITOe II0O/Ie»
U «BBIHYXXIeHHOe IIJIaBaHye C Harpy3KoJi». BblIO yCTaHOBJIEHO, UTO JaH-
HBI/i KOMIUIEKC CIIOCOGCTBYET YMEHbIIEHNUIO 10 25% BpeMeHU JaTeHT-
HOTO I[leprojia, MpeecTBYIOIIEro afanTaun K CTPeCCOBbIM YCIOBMSIM,
a Takke IOBbIILAET HU3UUECKYI0 pabOTOCIIOCOGHOCTD M BHIHOCIMBOCTD
1o 47% [44]. llanTioXMHBIM A. B. 1 coaBTopamu [45] pa3paboTaH TOHU-
3MPYIOIIMII HAallMTOK Ha OCHOBE PACTUTENbHBIX SKCTPAKTOB (HAaCTOEK
>KeHbLIEeHsI, apajny, 37eyTepOKOKKa U POAMObl po30Boit). Vccienosa-
HMS Ha 1a60paTOPHBIX KMBOTHBIX MOATBEPAVIIN BO36YKaaroliee geiicT-
BMe HAIMTKa Ha L@EHTPAJbHYI0O HEPBHYIO CMCTEMY, Ha HMOLIMOHAIBHYIO
¥ KOOPIVHALMOHHYIO aKTUBHOCTb. KpoMe Toro, yBemuyBanach Gusu-
yeckasi paboTOCIOCOOHOCTb U TOBBINIANACH afanTanusl K crpeccy [45].
Jlynanosoit U. A. n coaBTopamu [46] n3ydyeHa aKTMBHOCTb SKCTPAKTOB
U3 CYCII€H3MOHHBIX KYJIbTYP >XE€HbIIEHS O6bIKHOBeHHOI‘O u poamnoJibl
pPO30BOJt B YCJIOBMSIX TUITOKCUM B TecTaX «OTKpPBITOE I10jle HOPKOBOTO
Tuna» 1 «BBIHY)KIEHHOTO IJIaBaHMs € Ipy3om». [lomyyeHHbIe pesyiib-
TaThl TAKKe CBUIETENbCTBYIOT 06 aJalTOTeHHOM aKTMBHOCTM HKCTPAK-
TOB [46]. [IpumeHeHne GUTOAHANTOreHOB 3P HEKTUBHO M MPU MeTa-
6omueckoM cuHApoMe. ABTopamu JI3ammaesoit JK. B. u ap. [47] 6bl1a
olleHeHa BO3MOKHOCTb KOPpeKUMM U NPOoGMIaKTUKY HapYIIeHUi Io-
BeJeHUYECKOM aKTMBHOCTM KPBIC C METa6OIMYECKUM CHMHIPOMOM KOM-
I7IEKCHBIM (GUTOaAAITOreHOM, KOTOPBIN COCTOSIT U3 POAVOIBI PO30BOIA,
COJIONKM TOJION U 3JIeyTepOKOKKa Kostouero. JaHHbIN (uroamantoreH
BOCCTaHaB/IMBal NOBe/IeHUeCKYI0 aKTVBHOCTb KPBIC M CHVDKAI YPOBEHb
TPEBOKHOCTH [47].

B sxcriepumMeHTe Gbla MUCIOIb30BAaHA MOJEIb CTPECCOBOI CUTYa-
LMM, BbI3BAaHHASI KJIaCCUYECKMM MMMYHO/IEIIPECCAHTOM a3aTUOIIPUHOM.
B cBsI3U ¢ 3TUM 6GbUIO ONpeeIeHO BIMsHME PUTOUAsI HA OTHOCUTETbHbIE
Macchl OPraHoOB MOC/Ie BO3/EVCTBYUS a3aTUONIPMHA: TUMYCA U CeJle3eHKU
(opraHbl UMMYHHOJ CUCTEMbI), IeueHn (06e3BpeXMBaHMe U yaaaeHue
13 OpraHM3Ma TOKCMYHBIX BellleCTB) Mbllileli. Pe3ysibTaThl IpefCcTaBlIeHbI
B Ta6muiie 5.

V3 Tabmuupl 5 ciaemyer, YTO B COCTOSIHMM MMMYHOCYIIPECCUMM Ha-
6/TI01a7I0Ch CHMYKEHMEe OTHOCUTENIbHBIX MAacC MMMYHHBIX OPraHoB (TU-
Myca ¥ Cele3eHKM) M yBelnudyeHyMe OTHOCUTENBHOV MacChl OCHOBHOTO
nerokcuuypyoero oprada — nedenu (II rpynma) (p < 0,05). BBenenne
B PAlMOH XKMBOTHBIX (HDUTOYAS CIIOCOGCTBOBATIO BOCCTAHOBIIEHMIO Hera-
TUBHOTO JIe/iCTBUS IUTOCTATMKA 1 HOPMaJIM30BaJ0 Maccy JaHHBIX opra-
HoB (III rpyma). Beegenne durovas (IV rpymma) He M3MEHSUIO OTHOCHK-
TeJIbHYI0 MacCy OPraHOB 10 OTHOIIEHMIO K KOHTPOJIIbHBIM (MHTaKTHbBIM)
SKMBOTHBIM.

Ta6nuia 5. Bausiuue ¢pmTouass Ha OTHOCUTE/IbHbIE MAaCChl OPraHOB
mbiesi, Me (Q1-0Q3)
Table 5. Effect of herbal tea on the relative weight
of mouse organs, Me (Q1-Q3)

Ne HauMenoBauue OTHOCHUTeIbHAsA Macca oprasa, %
p- cpencrsa TUMYC ceneseHKa neyeHb
I Kourpor: o, 1?’—13,13) (0,4%:13,48) (4,02’53?,53)
I AsatuonpuH (As) (0,(?7’(-)3?10) (0,301’ E%)isz) (5,5‘313‘594)
I A3 + dyroual (0,10 1 1%)?15) (0,%85?8,20) (4,95é1151j24)
v Rt o, 1%—13,16) (0,3%’:%,46) (4,8%’—82,87)

Ipumeuanue: 6ykBamy a 1 b yka3aHbI OTKIIOHEHNSI CTATUCTUIECKY 3HAUVMbIE
10 OTHOILIEHUIO COOTBETCTBEHHO K 1 1 2 rpymnmnam (p < 0,05).
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Takum 06pa3om, U3 pe3yIbTaToB, Ipe/icTaBaeHHbIX B Tabnmuuax 3,4, 5
u Ha PucyHke 1, ciienyeT, YTO B COCTOSIHMM MMMYHOCYIIPeCCHM, BbI3BaH-
HOJ LIMTOCTATUKOM a3aTMOIPUMHOM, HAGIIONANIOCh CHUKEHME UCCIeNO-
BaTeJIbCKOM AKTUBHOCTM M (U3NUECKON BBIHOCIAMBOCTY, IMOBbIILIEHVE
TPEBOXKHOCTY JKMBOTHBIX, CHVKEHME OTHOCUTENIbHOI MacChl MMMYHHbIX
OpraHoB (TMMYyca U cejle3eHKM) U yBelueHle OTHOCUTEeIbHO Macchl Op-
raHa, JeTOKCHLMPYIOIIero KCeHoOMOTUKY (IledeHN). BBemeHue Gurovas
SKMBOTHBIM Ha (pOHE MMMYHOJEIIPeCCUI CIIOCO6CTBOBAIO CHUKEHMUIO He-
raTUBHOTO BO3[elicTBuUs a3aTuornpuHa (p < 0,05).

Ha criepyiomiem srtame McCIefOBaHUi Oblla MPOBEIeHA OlleHKa CO-
CTOSTHUS HecTelb1IecKoil pe3uCTeHTHOCTY OpraHu3Ma I1py BBeJeHUN
¢durouas Ha poHe MMMYHOCYIIpeccuy, BBI3BAHHO a3aTUOIIPYHOM, C UC-
0Ib30BaHEM IMCTOMOPGOMETPUYECKMX METOOB.

VI3BeCTHO, UTO TMMYC IIPeZCTaBIIsIeT LIeHTPaIbHbI/ OpraH MMMYHHOM’
CUCTeMBI, COCTOSILIINI U3 IBYX aCMMeTPUYHBIX Aoselt (PucyHoK 2). B ka-
KILO¥A joJie TOBePXHOCTh OpraHa BbICT/IaHa COeAVHUTENbHOTKAaHHOM 060-
JIOUKO¥A, OT KOTOPO#1 OTXOIST TOHKME Pa3AeauTelbHbIe TPabeKybl (Tiepe-
ropozaxu). Jonbku TuMyca chopMIUPOBaHbI 13 KOPKOBOII (6oJiee TeMHOI)
Y CBETJION MO3TOBOJ 30H, COCTAB/ISIIOLINX CTPYKTYPY UCCIeAyeMOro opra-
Ha. [Ipy MMKpOCKOIMM Cpe30B TUMYCa BULHO, YTO TpaHMIa MEKAY 30Ha-
MU B IOJIbKAX Y MHTAKTHBIX (KOHTPOIbHBIX) KMBOTHBIX BhIpakeHa C1a6o
(I rpymma). B aToii 30He BUOHBI TUMMUeCKMe Tenblia ['accans, cocrosiye
13 OPOTOBEBUIMX STUTEIMATbHBIX KJIETOK C SIAPOCOAEpKAIMMU KIIeT-
Kamu (PycyHOK 3). [Ipy 3TOM B MHTAKTHOJ T'PYIIe HACYUTHIBAIOCH OT 5
10 8 TMMMYECKMX TeJIel] B I0JIbKaX, a pa3Mepsl KiIeTok laccais Koneba-
ych oT 5 1o 7 mrm (Ta6muiia 6). B cpesax TvMyca KOHTPOTbHOM IPYIIIIbI
TOJIIIMHA KOPKOBOJ 30HBI B TOJIbKax Bapbyuposasia ot 21,0 1o 53,0 MkMm;
B MO3TOBOM BelllecTBe JyinHa coctasisia oT 53,0 1o 100 MkM, mupuHa —
ot 25,0 o 100 MkMm. Pe3ybTaThl M3MEPEeHMI CTPYKTYPbI TUMYCA TP/ -
crasineHsl B Tabnuiie 6.

BmecTe ¢ TeM COOTHOIIEHME MO3rOBOJ M KOPKOBOJ 30H TUMYyca
y IPYIIIBI KOHTPOIbHBIX MblIlIelt BapbypoBao B npepenax 1:1,1-1:2.

[Ipy mepopasbHOM BBeJeHMM a3aTMOINPMHA Y KMBOTHBIX II rpymmsl
MPOU3OILIM U3MEHEeHMsI B MUKPOCTPYKTYpe TMMYCa; Ha GONbLIMHCTBE

uccaenyeMbIX IIperapaToB OTMeYaloch CTMpaHye TpaHul] MeXAy KOPKO-
BBIM M MO3TOBBIM BeliecTBOM. Kak BuHO Ha PucyHke 4, rocie BBene-
HMS a3aTUOIIPMHA Ha cpe3ax TMMyca KOPKOBOe BellleCcTBO IPeCTaBIeHO
CBeT/I0} 30HOI U, HAIIPOTUB, B MO3TOBOM BeIeCTBe OTMeUeHbl yUacTKU
C TEMHOJi 30HOJ. JJaHHbIe M3MeHEeHMs Ha3bIBAlOTCSI MHBEPCHUEl CJIOeB.
[Tpu ruUcTONMOTMUYECKOM UCCIEeIOBAaHMM TUMYCa B JAHHOI TpyIilie OTMe-
Yajioch BHIPAsKEHHOE YTOMIIEeHNEe U pa3pbixjieHue Gu6po3HOI Karcysbl
(Tabmuua 6). IIpu 3TOM B JobKe TMMyca (DUKCMPOBAIM yMeHbIIEHN e
Kak KonuyecTsa (OT 4 1o 6 Tesel), TaK M pa3MepOB TUMMUYECKUX Teel]
(0T 3 0 8 MKM) II0 CPaBHEHMIO ¢ KOHTPOJIBHOJ TPYIINOI KMBOTHBIX. Ha
GOJIBIIMHCTBE MPENapaToB B MOJKATCY/ISIPHOI 30HE BbISIBIEHbI (puOpO-
6racTuUecKye BAIMKA B pe3y/bTaTe HapylleHnii B IMMQOUIHOM TKaHM,
BbI3BAHHBIX BBeleHMeM asaTnonpuna (PucyHok 4). VI3 gaHHbIX Mopdo-
MeTpUUYeCKNX MCCAeNOBaHMIA CleflyeT, UTO T0C/Ie BO3JelCTBUS a3aTuo-
MIpMHA IPOM30LIUIO yBeauYeHe JJIMHbI Y HIMPYHBI MO3TOBOTO BelllecTBa
Y CHIDKEeHMe 4Mciia SAPOoCcofepKalMX KIeTOK TumMyca (0 38 K/IeTOK) 1o
CpaBHEHMIO C KOHTPOJIbHO IPYIION KMBOTHBIX (Tabuiia 6).

Ilo cBemeHusiM, TpefcTaBieHHbIM B Tabmuie 6, BUIHO, uTo B III
rpyTIe MbIlleii, ToayJaBmmx ¢utodail Ha GoHe MMMYHOCYIIPeCcCun,
BBI3BAHHO [EiCTBMEM a3aTHOINpKHA, ObUIM YCTaHOBJIEHBI HEGOJb-
1IMe CTPYKTypHbIE M3MEHEHMSI B TUMYCe XKMBOTHBIX. [Ipu 3TOM B Op-
raHe COXPaHMIOCh obYaTOE CTpoeHue u auddepeHIMaMsI Ha KOp-
KoBOoe 1 M03roBoe BemiecTBO (PucyHok 5). [Tocie BBemeHust gpurouas
Ha GOJIBIIMHCTBE CPE30B TMMYCAa MbIIIE JAHHO TPYIIIbI OTMEYaIoCh
He3HauNuTeTbHOE CHIKeHMe pa3MepoB MOBEPXHOCTHBIX KarlCcya opraHa
OTHOCUTEJIBHO TaKOBbIX BO II rpymme, HO HECKOIBKO BbILIE, YEM Y SKM-
BOTHBIX KOHTPOJIBHOJ TPyMIbl. B monbKax OTYETIMBO MpocMaTpuBa-
JIOCh KOPKOBOE ¥ MO3TOBO€ BeIleCTBO. 3a CUeT YBeJINYeHUsI KOPKOBOTO
BellecTsa TMMyca B 2,1 pa3a MOBBICWIACH JJIMHA U MIMPUHA MO3TOBOIO
BellectBa 6osee yeM B 1,5 u 1,8 pasa cOOTBETCTBEHHO B CPaBHEHUM CO
II rpynmnoii mpiweii. [Ipy 9TOM € yCTaHOBIEHHBIMMU M3MEHEHNSIMU B ap-
XUTEKTOHMKE TUMYyca HabJI0asoch YMeHbIlIeHe KojaudecTsa (0T 4 10
6) U pasMepoB TMMMYECKUX Tesel 10 4 MKM OTHOCUTEIbHO TaKOBBIX
B KOHTPOJIbHOJ rpymiIe. B uccinenyemornt rpyIie JXMBOTHBIX UYMCIIO SILPO-

Tabnuua 6. PasmMepsl CTPYKTYP ¥ KOIUUYECTBO SIAPOCOAEep Kalux KJIeTOK TumMyca mbiureit, Me (Q1-Q3)
Table 6. Sizes of structures and the number of nucleated cells of the mouse thymus, Me (Q1-Q3)

Crpykrypa
TMMyca I rpynma (KOHTPOJIb)

T 4,8

OJILIVIHA KaIICyJ/Ibl, MKM (3,3-6,3)
T 6,5

MMMYecKoe Tenblie, IuaMeTp, MKM (5,5-7,0)
T 35,5

OJILIVHA KOPKOBOTO BELIECTBA, MKM (21,5-49,5)
M 78,0

03TOBOE Bell[eCTBO, IJIMHA, MKM (58,0-93,0)
M 40,0

03TOBOE BelleCTBO, IMPUHA, MKM (23,5-60,0)
Yucno sapocoepskalmx KIeTOK Ha 52,0
cpes, KOJI-BO (45,0-60,0)

I'pynnsl >KMBOTHBIX

II rpynima III rpynima IV rpynina
(A3zaTuonpus) (A3 + ®duTouaii) (®PuTouaii)
6,5 5,5 5,6
(5,0-8,0) (3,5-7,5) (4,0-7,6)
53%1,6 4,02 6,5
(3,7-6,9) (3,5-4,5) (5,0-9,0)
35,0 72,0 42,0
(20,0-50,0) (47,0-97,5) (22,0-60,0)
95,02 151,08 135,0
(94,0-105,0) (110,0-192,0) (75,0-195,0)
45,0 85,000 62,0
(35,5-57,0) (60,5-110,0) (37,0-87,0)
38,0° 50,0 95,0
(32,0-44,0) (38,0-62,0) (90,0-100,0)

Ipumeuanue: 6ykBamu a 1 b yka3aHbl OTKIIOHEHUSI CTATUCTUYECKY 3HAYVIMbIe 10 OTHOLIEHMIO COOTBETCTBEHHO K 1 11 2 rpynmam (p < 0,05).

R e A N,
PucyHox 2. I'mctocpes Tumyca B I rpynime
(KOoHTpOB): 1 — Kamcyaa, 2 — KOpKOBoe
BelllecTBO, 3 — MO3roBo€e BelecTBo; 4 —
Tesbiie l'accansa. OKpacka reMaTOKCMIMHOM
¥ 303uHOM. VB. 06. (PL 10x/0,25)
Figure 2. Histological section of the thymus of
the 1%t group (control). 1 — capsule, 2 — cortex,
3 — medulla; 4 — Hassal’s body. Staining with
hematoxylin and eosin. magnification/ objective

(PL10x/0.25)

PucyHok 3. igpocoaepskamye KIeTKNI
TuMyca B I rpynme (KoHTponsb): 1 — Tesnbiie
Taccans; 2 — sapocoaepskamyie KIeTKN.
OKpacka reMaTOKCWIMHOM U 303MHOM.
VB. 06. (PL 100x/1,25)

Figure 3. Nucleated cells of the thymus
of the 1% group (control). 1 — Hassal’s body;
2 — nucleated cells. Staining with hematoxylin
and eosin. magnification/ objective
(PL10x/0.25)

Pucynoxk 4. T'mcrocpes Tumyca II rpynnst
(AsanpuoTuH). PaspbixjieHNe U yToIlIeHNe
Karncy/bl. OKpacka reMaTOKCUMIMHOM
¥ 303MHOM. VB. 06. (PL10x/0,25)

Figure 3. Histological section of the thymus of the
2™ oroup (azathioprine). Loosening and thicken-
ing of the capsule. Staining with hematoxylin and
eosin. magnification/ objective (PL10x/0.25)
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conepskanux kiaeTok (SICK) Tumyca He OT/IMYAIOCH OT JAHHOTO MoKa3sa-
TeJist B KOHTPOJIbHOI rpytie (Tabnuia 6).

TMocne BBemeHust ¢uTovast KMBOTHBIM (IV Tpyrina) mpousouum He-
3HAUMTENbHbIE M3MEeHeHMsI B MMKPOAHATOMMUM CTPYKTYPHBIX 57IeMEeHTOB
TUMYCa B CPaBHEHMM C KOHTDPOJIBHOJ TPYNIION. 3[4eCh yMeCTHO OTMe-
TUTh, YTO HA HEKOTOPBIX Cpe3ax JAaHHBIN OpraH MMes BBITSIHYTYIO (op-
My, IPU3HAKOB TOBpexaeHNs IMMGONIHOM TKaHM He oTMeuanock. [Ipu
STOM IrpaHuIa Mexxay KOPKOBbIM M MO3TOBBIM BeIll€eCTBOM BbIpakeHa TaK
Xe, Kak 1 B | rpymie >kuBoTHBIX (PrcyHOK 6). [To cpaBHeHMIO ¢ JTaHHBIMU
B KOHTpOJ’IbHOﬁ rpyriIie, KoJin4yeCcTBO U AaMeTp TUMMUYECKUX Tes1el] 6I)IIII/I
6e3 n3menennii (Tabmmua 6). Bvecre ¢ TeM B JaHHO rpyIIIIe YMCIIO SIAPO-
copepxamux knetok (SICK) Tmmyca yBenmumiaoch Ha 82% IO CpaBHEHUIO
C KOHTPO/IbHOI rpymnmoii. Kak BugHO 13 Tabanibl 6, MMeeTCs: TeHI,eHIVSI
K YBeJIMYEHMIO JIIVHBI U IIVPYHBI MO3TOBOTO BellleCTBa JaHHOTO OpraHa
110 CPAaBHEHMIO C KOHTPOJIbHOJ TPYIIION KUBOTHBIX, HO 3TU M3MEHEeHUS
He 6bUTM JocToBepHbI (p > 0,05) (Tabnuiia 6).

I pyr“M OpraHoM, YY4acTBYIOIIMM B paboTe MMMYHHOI CHCTEMBI, SIB-
JsieTcsl cenie3eHKa. B I KOHTPO/MbHOI (MHTAKTHOI) TpyIiIie Mbllleii B ce-
Jle3eHKe BCTpevatuCh IIepBUYHBIE y3eIKM 6e3 repMMHATUBHBIX [IeHTPOB
Y BTOpMYHbIE€ — C HEHTPaMM PA3SMHOXEHWS. Hp]/[ MpoBeaeHNM MUKPO-
CKOMIMYECKMUX UCCIIe0OBaHMI MTperapaToB cele3eHKy MpocMaTpuBaIach
rapeHx¥Ma opraHa, o6pasoBaHHasi 6eyoif 1 KpacHO# my/abmoi. ['ucro-
Mopdonornyeckme UccIefOBaHMS TIOKa3a/IM, YTO COOTHOIIEHUE MEeXIY
BTOPMYHBIMY ¥ IePBUYHBIMY JMMGbOUAHBIMM y3eIKaMM Ha Iperapa-
Tax cele3eHKM KOHTPOJIbHOJ TPYyNIIbl Mbllleil cocTaBuwio 2:1 B 0OgHOM
rosne 3peHus okynspa Mukpockona (PucyHok 7). B MHTaKkTHOI rpymnme
SKMBOTHBIX Gesiasi IMy/iblia MpecTaB/ieHa acCUMeTPUYHBbIMU TUMObOUL-
HbIMU y3enKkaMu (Do/UMKyIaMu) IPUGTU3UTENTBHO PAaBHBIX Pa3MepoB,
u ux auameTp BapbupoBai ot 10,0 u 10 19,5 MKM, IIpU 3TOM IOKa3aTeb
cpenHeit TuIoImanyu JUMMQpOUIHbIX GOUTMKY/ GeI0it My/IbIbl COOTBETCT-
BoBan 220,0 Mkm? (Tabauua 7). B meHTpanbHO# 9acTy muMdaTUUecKoro
y3elKa BOKDYT LIeHTPaJbHBIX apTepuii pacriosnaraicsi repMuHaTUBHBIN
LIEHTP Pa3MHOKeHNSI, KOTOPBII MMeJT 60Jiee TEMHYI0 OKPACKY, TOIIIVHOM
B CpefiHeM 6,2 MKM. [lMaMeTp repuaprepuasbHOi TMMOBOUTHON MyDThI
(TTAJIM) B I rpymnme >kKMBOTHBIX BapbupoBal ot 3,5 1o 6,0 Mkm (Ta6mmu-
ua 7, PucyHok 7). B nmepudepnueckoit 30He TMMOOUIHBIX HOUTMKYIOB

cesle3eHKM Mbllllell pas3nnMuMMbl MapryHaibHasi U MaHTUIiHast 30HbI. ITpo-
BeZleHHbIe MopdoMeTpuyecKme M3MepeHust CTPYKTYPHBIX KOMIIOHEHTOB
ceJie3eHKM MCCIeyeMbIX SKMBOTHbIX ITpecTaBaeHbl B Tabmuiie 7.

IMocre BBeAeHMs asaTMONPMHA HA TMCTOIOTMYECKMX Cpe3ax cee3eHKN
II rpynmbl Mbliieli MpOM30UUIM 3HAUUTEIbHbIE CTPYKTYPHbIE MI3MEHEHMsI
opraHa (PucyHok 8). Ha 60nbIIMHCTBE MCCIeoyeMbIX MTPerapaToB OTMe-
YyeHo yBenmyeHye 1MMOonIHbIX QOIMKY/ ¢ HelpaBuIbHbIMY (hopmamy,
HepaBHOMEePHO TOMIIMHBI U CHYDKEHMeE B 2 pasa IIomaay QOoiKyIoB 110
cpaBHeHMIO ¢ KoHTposneMm (Tabmuia 7). Kak cienyet u3 Tabmuiisl 7, B JaH-
HOJ1 TPyTIIie MbIlIeil B pe3y/ibTaTe JOCTOBEPHOTO YMeHbUIeHNSI TUIOIaAN
(ONIMKYIOB OTMEYEHO CyIIeCTBeHHOe CHYDKeHMe TOMIIMHBI Iepuapre-
pUaNbHBIX TMMOVIHBIX My(T 11 pa3MepOB repMVHATHBHBIX LIEHTPOB I10
CpaBHEHMIO C TAKOBBIMY B MHTAKTHOJ IpyTire skuBOTHBIX (p < 0,05). BmecTe
C TeM COOTHOILIeHVe MeXy BTOPUYHBIMM 1 IIePBUYHBIMU TMMPOVUITHBIMUI
y3eJIKaMM Ha Imperaparax cefe3eHKM Mbliiei coctaBuio 1:1 B ogHOM 1ose
3peHMst OKy/sIpa MUKpocKkomna. TakuM 06pa3oMm, BBeIeHVEe a3aTUOIIPUHA
BBISIBUJIO PEe3KOe CHIDKEHME YPOBHSI aKTMBHOCTYM OpraHa C BbIPaKeHHOI
rureprIuiasueit 6esoii mysbIbl cefie3eHKN (PUCYHOK 8).

Ha cpe3ax cene3eHky skuBOTHBIX [II rpymimsl, momyyaBmmx purovan Ha
dhone nMmyHOCyTIpeccun, B 6e10¥i my/bIie BUIHBI JOCTATOYHO KPYITHbIE
mMbougHbIe GONIMUKY/IBI KaK CO CBET/IBIMY FepMUHATUBHBIMM IIeHTpa-
MM, Tak U 6e3 Hux (PucyHox 9). [Ipy 3TOM B JaHHOI TPYIIe KMBOTHBIX
Ha GONBUIMHCTBE CPe30B HAOGIIONANIOCH CIMSIHME KPYIMHBIX (GOIMKYI
C JIOCTOBEpPHBIM YBelIMUYEHMEeM pPa3MepOB TIepMMHATUBHBIX LEHTPOB
110 cCpaBHEHMIO ¢ TakoBbIMM Bo II rpynme. Taxke oTMeyasoch MOBbIIIIe-
HMe cpepHeit romaay GomumkynoB u tommuabl [TAJIM 1o cpaBHeHUIO
¢ aHHbIMU I1 TPYTIBI, ¥ pasMepbl 6bUTH GIM3KM K JOCTVKEHUIO COOTBET-
CTBYIOIIMX BEeIMUMH MHTAKTHO rpymiel (Tabmuia 7). CemoBarenbHO, 3a
CueT yBeluJeHysI Lo/ GesIoi IyJIbIIbI ¥ BBUAY GOJIbIIel BBIPDaXKeHHOCTH
MX TePMMHATUBHBIX [IEHTPOB YCUIMBAIOCh 06pa30oBaHMe HOBBIX IMMGO-
VUIHBIX y3eIKoB (PucyHOK 9).

BBenenue ¢urouas kMBOTHBIM IV Ipymnmbl He NPUBEIO K 3HAUM-
TelbHBIM M3MEHEHMSIM B MMUKDOAHATOMMUM CTPYKTYDHBIX 31€MEeHTOB
Ce/le3eHKM IO CPaBHEHMIO C KOHTPOJIbHOI rpymmoii. M3 Pucynka 10
BUJHO, YTO IOJABJIsIOIIee GONbIIMHCTBO IMMPOUAHBIX (Ho/mumKyn co-
Jlep>kaT repMMHaTVBHbIE IIeHTPhI C He3HAUMUTeIbHbIM yBelndeHneM ux

AT

PucyHoK 5. 'mcrocpes Tumyca B III rpynme
(asatuonpuH + ¢urouaii). OKpacka
reMaTOKCUJIMHOM ¥ 303MHOM. VB.006.
(PL10x/0,25)

Figure 5. Histological section of the thymus
of the 3" group (azathioprine + herbal tea).
Staining with hematoxylin and eosin. magni-
fication/ objective (PL10x/0.25)

PucyHox 6. I‘Mc'rocpe3 THMYyCa B IV rpyimie
(dbuTouait). OKpacka reMaTOKCUIVNHOM
¥ 303uHOM. VB. 06 (PL yB.06. 10x/0,25)
Figure 6. Histological section of the thymus of the
4'h group (herbal tea). Staining with hematoxylin
and eosin. magnification/ objective (PL10x/0.25)

PI/IcyHOK 7. Mm(pocpes cene3eHKy 1 rpyrmbl
(KOHTpONB): 1 — mumdbongHbi PoLTUKYIT;
2 — repMMHaATUBHBIN LEHTP; 3 — MaHTUIIHAs
30Ha; 4 — nepuapTepuanbHas MMMbonUIHaS
mydTa; 5 — MapruHaibHas 30Ha; 6 —
KpacHasi my/biia. OKpacka reMaTOKCHM/IMHOM
¥ 303uHOM. (PLyB.06 40%/0,65)

Figure 7. Microsection of the spleen of the 15
group (control). 1 — lymphoid follicle; 2 — ger-
minal center; 3 — mantle zone; 4 — periarterial
lymphoid sheath; 5 — marginal zone; 6- red pulp.
Staining with hematoxylin and eosin. magnifica-
tion/ objective (PL10x/0.25)

Ta6nuua 7. MopdomeTpuueckue moxkasaTesy 0eIoii IyJIbIIbI cejie3eHKu Mbireii, Me (Q1-Q3)
Table 7. Morphomentric indicators of white pulp of the mouse spleen, Me (Q1-Q3)

CrpyKTypa
cejle3eHKI MbIIeit

CpenHss miomanb GoUTMKYIOB 6€/10i MyIbITbl, MKM> 220,0

TomnuyHa rnepuapTepuanbHoi MMMPOUIHO! My(DThI, MKM 3 éi% 0)
20,0

InameTp MMMQONIHBIX Y3€JIKOB, MKM (15,0-19,5)

JlyameTp repMUHATUBHBIX EHTPOB, MKM “, 86128 5)

I rpynmna (KOHTPOJB)

(185,0-255,0)

I'pynmnsI >KUBOTHBIX

II rpynma III rpynna IV rpynna
(AsaTuonpuH) (A3 + duTouarit) (PuTouaii)
108,0+402 160,0 226,0
(68,0-148,0) (110,0-195,0) (171,0-281,0)
3,0 4,0 4,5
(2,2-3,9) (3,5-4,5) (3,0-6,5)
15,0 30,00 17,0
(13,5-17,0) (21,5-38,5) (15,0-21,0)
3,0% 6,0° 6,5
(2,5-4,5) (4,8-1,5) (5,0-8,0)

IIpumeuanue: 6ykBamu a 1 b yka3aHbI OTKIIOHEHNSI CTaTUCTMNYECKY 3HAUVIMbIe 10 OTHOLIEHMIO COOTBETCTBEHHO K 1 11 2 rpynmam (p < 0,05).
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Pucynok 8. Mukpocpes cene3eHku II rpymnmst
(azaTuonpuH). OKpacka reMaTOKCUIMHOM
¥ 303uHOM. (VB.06. PL40x/0,65)

Figure 8. Microsection of the spleen of the 2"
group (azathioprine). Staining with hematoxylin
and eosin. Magnification/ objective (PL10x/0.25)

i a :
PucyHnoxk 9. Mukpopes cenesenku III rpymnmns:
(asaTuonpuH + purouair). Cinssuue
dommmkyn. OKkpacka reMaTOKCUIMHOM
u 303uHOM. (PLyB.06. 40%/0,65)

Figure 9. Microsection of the spleen of the 34
group (azathioprine+ herbal tea) Fusion of
follicles Staining with hematoxylin and eosin.

Pucynoxk 10. Mukpocpes ceie3eHKU
IV rpynmsl (burtouait). OKpacka
reMaTOKCM/IMHOM ¥ 303MHOM.
(PLyB.06. 40%/0,65)
Figure 10. Microsection of the spleen of the 4™
group (herbal tea). Staining with hematoxylin and
eosin. magnification/ objective (PL10x/0.25)

g ¢

Magnification/ objective (PL10x/0.25)

pa3mepos, u mpu 3ToM TonuyHa [TAJIM COOTBETCTBYeT IMOKa3aTeslsM
KOHTPOJIbHOM Tpymbl Mbiieit. Kak BuaHo u3 Tabmuiibl 7, pesynbTaTbl
MopdomeTpruyeckux M3MepeHMii MpenapaTtoB cene3eHKM [V rpymrbl
MBIIIell He BBISBWIN MPUHIUIIMAIBHBIX OTINUMIA UCCIeLyeMbIX CTPYK-
TYpPHBIX 2/IeMEHTOB OpraHa II0 CPaBHEHMIO C KOHTPOJIbHOJ TPYIIOi
(Ta6muua 7, PucyHok 10).

Takum 06pa3oM, B pe3yibTaTe MPOBEAEHHbIX MCCIeNOBaHMIi yCTa-
HOBJIEHO, YTO IIOC/Ie TIepOpaJbHOTO BBeJeHMS a3aTUOIpMHA B TUMYyCe
U cesie3eHKe MbIIIei OTMeYaayuch 3HAUMTeNIbHbIe MOP)ODYHKIMOHATb-
Hble M3MEHEeHUs], CBUJETENbCTBYIOLIE O CHIDKeHUM (GYHKIMOHATbHOMN
aKTMBHOCTY MCCI€AyeMbIX OPraHoOB. B TMMyce Ha6III0[aI0Ch YMeHble-
HMe KOJIMYecTBa M Pa3sMepoB TMMMUECKMX Tesell [accansi, cHUKeHMe
SIAPOCOMIEPKAIINX KIIETOK, & B CeJie3eHKe OTMEeYasIu JOCTOBEPHOE YMeHb-
nieHue cpenHeit romany GouMKyI B 2 pasa U CHMKEHME TONIIVHbI
repMUHATUBHBIX LIEHTPOB, 10 CPaBHEHMIO C TAKOBBIMM B MHTAKTHOI
IpyIIIe XXUBOTHBIX. O6 aHAJIOTMYHBIX I€CTPYKTUBHBIX TPOLIECCcax B cese-
3eHKe MblIleli ¥ MHBOJIOTYBHBIX M3MEHEeHMSIX B TUMYycCe IpU AeiiCTBUM
MMMYHOJIETIPeCCaHTa a3aTUOIPUHA CBUIETENbCTBYIOT U JTUTePaTypHbIe
naHHble [48,49]. BBegenue ¢urouast KMBOTHBIM Ha (OHE BO3AEICTBUS
a3aTMOIPMHA CIIOCOOCTBOBAIO YBEIMUEHUIO KOPKOBO-MO3IOBOIO COOT-
HOIIIeHMSI B TUMYyCe. A aHa/lIN3 CPe30B Cele3eHKN I0Ka3as JOCTOBepHOe
yBeIMUeHNe TOMIIMHBI GOIMKY B 2 pa3a Mo CPaBHEHMIO C TAKOBBIMM BO
II rpymire sxuBOTHBIX. 13 IpecTaBIeHHBIX BbIIe JAHHBIX BULHO, UYTO He-
KOTOpbIe MoKa3aTeNlM CTPYKTYPHBIX 3/IeMEeHTOB Tumyca U cesneseHku 111
TPYIIITBI SKUBOTHBIX JOCTUIM BeJIMYMH MHTAKTHO rpymibl. CienyeT OT-
METHUTh, YTO B IV rpyIine XKMBOTHbBIX, KOTOPBIM BBOAWIM GUTOYAIA, TIPO-
M3OLLIN JIMIIb He3HAUNTETbHbIE U3MEeHEeHMS UCCTIeyeMbIX CTPYKTYPHbIX

ApanToreHsbl

PactutenbHoe Cbipbe

BeIMYMH MCCIeAyeMbIX MMMYHHBIX OPraHoB, T. €. GuTOYail IPOSIBIISI
CBOEe afaNTOreHHOe AejiCTBME NTPeUMYIEeCTBEHHO Ha (JOHe 3KCTpeMaib-
HOTrO BO3ZeicTBUS (IMTOCTAaTMKA a3aTMOIPIHA), UTO COOTBETCTBYET Of-
HOMY 13 (OpMasIbHBIX TPeGOBaHMI K alalITOTeHaM.

IMomyueHHbIe JaHHbIe COIIACYIOTCSI C AaHHbIMM [lanpumkoBoit H. A.
M COAaBTOOB [43], KOTOPBIMU OBbLIIO M3YYEHO BIVSIHME MONMUGbEHOTbHbIX
coenuuennit ([IOC) M3 MaHKETKM 06BIKHOBEHHO Ha OpraHU3M KMUBOT-
HBIX, IO BEPTHYTBIX CTPECCUPYIOLIMM BO3[eiicTBMIM. BogHbI pacTBOp
npenapara [IOC B fo3e 10 MI/Kr Macchl Tejla B YCIOBMSIX BO3AENCTBYS
HM3Koit TemnepaTypbl (—10°C) B TeueHue 7 CyTOK IO 22 Y. eXKeJHEBHO
CII0COGCTBOBAI BOCCTAHOB/IEHVIO (YHKLUMOHAIBHOM aKTUBHOCTY JIMM-
(OMIHBIX OPraHOB, B YACTHOCTH, TUMYCA. Y SKMBOTHBIX OIIBITHOJ I'PYIIIIBI
ycunuBasach nponudepanyst mpy 3HaYUTEIbHO MeHee BhIPaykeHHOIi Jie-
CTPYKLMYU TMMQOLUTOB B KOPKOBOM BelllecTBe Tumyca [43].

TakuMm 06pa3oM, aJanTOreHbl SIBJSIOTCS MEepPCIeKTUBHOM IPYIIIOi
JIeKapCTBEHHBIX CPENCTB, M M3YyUeHMe MX GUMOXMMMIYECKOro IOTeHIa-
JIa VIMeeT He TOJIbKO NMPUKIALHONM, HO U (yHIAMeHTaIbHbI Xapakrep,
T. K. cTpecc-GaKkTOpbl SBISIIOTCS. HEOTheMIEMOM 4acTbl0 SKU3HU Yello-
Beka [50]. [TOCKOMBKY K OTHEIbHBIM aIanTOreHaM MOXKET Pa3BMBATHCS
Pe3UCTeHTHOCTb, aKTyaJbHbIMM M HAayYHO 3HAUMMBIMM SIBJISIIOTCS MC-
C/IefOBaHMSI MHOTOKOMIIOHEHTHBIX (MTOamaNnTOreHHBIX KOMILIEKCOB,
OCHOBaHHbBIX Ha MPMHIMIIE PAlYOHATbHOTO COYETaHMsI B3aMMOJOIOIN-
HSIIOLIMX TI0 IeliCTBMIO GMONIOrMYecKy aKTMBHBIX BelecTB. [[pyMeHeHNe
HEeCKOJIbKMX aJalTOTeHOB B COCTaBe OFHOM ¢uTodopMyssl MO3BOISET
BO3/1e/ICTBOBATh HA OPraHM3M, He BbI3bIBasl IPMBbIKaHMS [51].

Ilo [aHHBIM JIMTEPATypbl, afalTOreHHble IperapaTbl OKa3bIBAIOT
MHOKecTBO 6uonornveckux addexros [52] (PucyHok 11).

- MosblleHue YyCTOHYMBOCTH K NOBPEXAAOLUM U HeBnaronpUaTHLIM (hakTopam BHeLUHElN cpeapbl.
- MoBblLeHne YCTOHYMBOCTH K TUNOKCUU (QHTUFMNOKCUYECKOE AelicTBUE).

- MNosbiLweHe yMCTBEHHOI U U3nyeckolt paboTocnocobHOCTU.

- MoBblLeHe NEPEeHOCUMOCTU XPOHUUECKUX CTPECCOBBIX BO3AEHCTBUIA.

- YcKopeHue BOCCTaHOBMNEHUS Nocrie NOpaXeHWW LeHTpanbHol HEpBHOW CUCTEMbI, NPU HEPBHO-
MblLLUEYHbIX 3a60neBaHusX.

- UMmyHocTUMYnUpYtoLee AelicTBUe, NOBbILLEH e YCTOIYMBOCTH K UH( EKUUOHHBIM 3a60NeBaHNsAM.
- MNoBblLeHKHe YyCTOHYUBOCTH K ONepaLUOHHOIl TpaBMe, LLOKy pa3fMyHOro reHesa.

- AHTHOKCUAHTHOE AelicTBUE.

- MoBblLeHue YCTOHYMBOCTH K AelCTBUIO TOKCUKAHTOB.

- PenapaTtuBHo-BoCCTaHOBUTENBHOE AelicTBUE.

- AHTUMYyTareHHoe, aHTHKaHLeporeHHoe AelcTBUE.

- AKTMBaLUUSA CUHTE3a HYKNEUHOBbIX KUCMOT, NPOTEUHCUHTE3a.

Pucynok 11. Cxema geiictBusi ¢puTOaZanTOreHOB HA OPraHMU3M YeJI0BeKa
Figure 11. Scheme of action of phytoadaptogens on the human body
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B Bonpocax u3ydeHus BAMSIHUS aJallITOT€HOB PACTUTEIbHOTO IIPOMC-
XOXKIEeHMsI Ha OpraHu3M HeoOXOAVMO IPOBeZieHNe NalbHenX ucce-
IIOBaHU, TIOCKOJIbKY CYILIECTBYET OOMbIIO) NepeueHb Hey3yYeHHbIX pa-
creHnit. Kpome Toro, 1ienecoo6pasHo pacuMpuTh METObI MCCIELOBAHMS
TTOBe,eHMS )KUBOTHBIX U UX AVHAMUKU.

MorneKxy/sipHO-K/IeTOUYHble MeXaHM3Mbl, obeclieuMBaollye afarnTa-
LIMOHHbIE CBOJiCTBa (uTOUas, elle MpescTOUT M3yunTb. Ha ocHOBaHUM
CpaBHEHMSI Pe3y/IbTAaTOB MCCIeN0BaHMI MEXaHM3MOB ITOBbILIEHUS PYHK-
LIMOHAJIbHBIX BO3MOXKHOCTEJ OpraHM3Ma KIacCu4eCKMM afarnToreHaMmu
u otpenbHbIMU [IOC MOKHO CIenaTh HECKOJIbKO MPeAIionoxkeHuii. B oc-
HOBe MX OGUOTIOTMYECKOro JeiCTBUS JIKUT aHTUOKCUIAHTHAS aKTUB-
HOCTb ¥ BO3MOYKHOCTb OKa3bIBaTb BJIVMSIHME Ha CUTHAaJIbHbIE ITPOLECCHI
B KJIETKAaX, CTAOMIM3UPYS B TOM uucie GyHKIUY TUIIOTaIaMO-TUodu-
3apHOIi cucreMsl [53,54]. MHOTOUMC/IEHHbBIE UCCIEOBAHMUS TI03BOJIMAIINA
06006IIMTh POIb PA3INYHBIX MeAMAaTOPOB CTPECCOBOI peakuyu Ha IOBYX
YPOBHSIX MeTaboaMuecKkoil peryasiiuu ¢ MOMOIIBIO aJalTOreHOB: ypo-
BeHb I1epPBbIli — BeCh OPraHK3M, aJallTOreHbl IOAAePXKUBAIOT TOMEOCTa3
U HelpOSHIOKPMHHYIO Pperyaslyio TUIOTaTaMo-IUIo(pu3apHO-Haj-
TTOYEeYHMKOBOJ CUCTeMBbI; YPOBeHb BTOPOJ — KJIETOUHBIN, aJaliTOreHbI
MOZY/IMPYIOT 3KCIIPECCHIO TeHOB KII0UeBbIX MeaTOPOB BHYTPUKIIETOY-
HBIX KOMMYHMKaIVi, y9acTBYIOLIIMX B MyTSX Mepefaul CUTHAIOB, BbI3-
BaHHBIX CTPeECCOM, BKJIIOUasi aKTUBMpPyeMble CTPECCOM IPOTEMHKMHA3BI,
6eJIKM TeIlJIOBOrO 1I0KA, HejtporenTtus Y u ap. [43].

4. BbeIBOABI

Ilo pe3yabraTaM MCC/IeIOBaHU yCTAHOBIEHO, UTO BBegeHue (GUTo-
yas MpU MMMYHOCYIIPECCHM, BbI3BAHHOI a3aTMOIPUHOM, ITPUBOIMIIO
K BOCCTAHOBJIEHUIO CTPYKTYPbI ¥ QYHKI[MM OPraHOB MMMYHHOJ CUCTEMBbI
(TMMYycCa ¥ cele3eHKM MBIIIeit), TPY 3TOM HAGIIONAICs MOLYIMPYIOLINIA
adext. BoccraHoBneHMe (QYHKIMOHAIBHOTO COCTOSIHMSI OpraHu3Ma
COIMPOBOXKIANOCH TTOBBINIEHVEM [BUTaTeNIbHOM ¥ KOTHUTUBHOM aKTUB-
HOCTeJ, CHUKEHMEM YPOBHSI TPEBOXKHOCTH, MOBBIILIEHVEM (U3UUYECKO
BBIHOCJIVBOCTM OKCIIEPUMEHTATbHBIX SKMBOTHBIX. O BOCCTAaHOBJIEHUU
MeTaboamueckux 1 Gpusnonornyecknx GyHKIMI opraHnsMa CBUIETeb-
CTBYIOT pe3y/IbTaThl MCCAEJOBaHMIT HA KI€TOYHOM M OPraHM3MEeHHOM
YpOBHSIX. BoccraHOBIeHMe HecrnenuduUyeckoil pesMCTeHTHOCTY oOpra-
HM3Ma SKCIIePUMEHTATbHBIX KMBOTHBIX, TOJBEPTHYTHIX UMMYHOCYIIpEC-
CUU, TT0-BUAMMOMY, CBSI3aHO C AaHTMOKCUIAHTHOM aKTUBHOCTHIO 610JIO-
TMYECKM aKTUBHbIX BEIECTB, BXOJSIIVX B cOCTaB duTouast. [[puMeHeHmne
aHTMOKCHMAAHTHBIX BAJl mpemcTaBisieT MepCreKTMBHOE HallpaBiieHue
IIJIST BOCCTAHOBJIEHUS (PM3MUECKOi BBIHOWIMBOCTY M PabOTOCIIOCOGHOCTI
10C/Ie MHTEHCUBHBIX HArPY30K, [IJIs IOBbIIIEHNSI KOTHUTUBHBIX (DYHKI[MIT
U IS CHYSKEHMST SMOIMOHATIBHOTO CTpecca.

AHTHMOKCHUIAHTHbIE CBOIMCTBA U afanToreHHast 3pGeKTUBHOCTh pas-
paboTaHHOI KOMITO3ULIMK GUTOUAss OTKPBIBAIOT MEePCIIeKTUBBI €ro Miu-
POKOTO TIPAaKTUYECKOTO MPUMEHEHMS P pa3paboTKe MPOAYKIUY CIie-
LUMaIM3MPOBAHHOTO MATAHMSI.
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ITOJIVYEHUE U UCITIOJIb30BAHUE BEJIKA
13 CTBOPOK PAKOBUH MUJIUM B CYXOM PIBHOM COYCE

I'myxapes A. 10.*, Bopausiu B. B., Kysuna T. [I., Kyunna 0. A., lepkau C. P.

MypmaHCKMIi apkTnuyeckuii yausepcuret, MypmaHck, Poccus

KJIFOYEBBIE CJIOBA: AHHOTALIUA

coycel, nuujessle Llenbio paboThI SIBJISUIOCH MTOTyYeHMe GeTKOBBIX MHIPEIMEHTOB 13 CTBOPOK PAKOBMH MUIMI U M3yueHre BO3MOXKHOCTHU UX MC-

KOHYeHmpamol, Muouu, ToIb30BaHMSI B TEXHOIOTUM CYXOr0 COyCa C yUETOM BJIMSIHUS HA OPTaHOJIeNTHYeCKie, GU3UKO-XMMIIECKIe [IOKa3aTe/ U Ha pe-

CMBOPKU PAKOBUH, oJornyecke cBoiicTea. OpraHMyecKast 4acTb CTBOPKM (KOHXMC) IIPEVMYIIECTBEHHO COCTOUT U3 OeJTKOBBIX BEIeCTB, 00/1aJal0I X

KOHXUC, 010K HM3KOI1 CTereHbI0 pacTBopuMocTy B Boge (14,86% mipu pH = 7), pa36aBieHHbIX pacTBopax KucioT (13,56% mpu pH = 3 u 13,06%
nipu pH = 5) u wenouveii (16,51% npu pH = 9 u 28,48% nipu pH = 11). ®epmeHTaTNBHASI 06pabOTKA KOHXMCA C MICIIONB30BaHUEM
MaHKpeaTVHa MO3BO/IW/IA TIOYYUTh TMAPOIM3AT C BBICOKMM COZI€PyKaHVeM JIETKOLOCTYITHBIX GelKOBbIX BelnecTB (53,19%) u co
CTeMeHbI0 TUIPONN3a, PaBHOI 17,54%. 17151 M3yyeHMs BAMUSHUS JO3UPOBKY TUIPOIM3aTa HA CBOJICTBA coyca 6bUIO IIPUTOTOBIEHO
yeTbIpe 06pasiia npoaykra (1 — ¢ qobasnenvem 3% rupponusata, 2-6%, 3-9%, 4—12%) v ooyiH KOHTPOIbHBIN 06pasel]. Pe3yib-
TaThl [TOKAa3aJIi, UTO CyXMe COYChI ¢ Io6aBIeHMeM TUIPOIM3aTa uMenu 6ojee BbICOKOe comepykanme 6enka (17,97; 18,21; 18,71;
19,01% B 1, 2, 3 1 4 06pasiiax COOTBETCTBEHHO) 10 CPAaBHEHUIO C KOHTPOIbHBIM 06pasiiom (17,60%). C TOMOIIbI0 OPTaHOeNTH-
YeCKOJ1 OLIeHKM OIIPe/ie/IeHO BIMSIHME IYIPo/3aTa Ha BHEIIHMIA BUJI, LIBET, BKYC ¥ IIOC/IEBKYCHeE, 3aTlaX M KOHCUCTEHIIMIO TIPUT0-
TOBJIEHHBIX COYCOB: CaMble HU3KMe OLeHKM (6asIbl) momyuni 4 o6pasels coyca, a caMmble BbICOKMe — 1 o6pasell. PekomeHmyemast
II03MPOBKA TMAPON3ATA B PelenType coyca BapbupyeTcs oT 3 10 9%. [lokazaHo, UTO TMAPOIM3aT He OKa3bIBAeT 3HAUUTETHHOTO
BJIVSIHMSI HA PEOJIOTMYecKye CBOJCTBA IIPUTOTOB/IEHHBIX COycoB. [TosryueHHbIe pe3y/ibTaThl CBUAETENbCTBYIOT O BO3MOXKHOCTM T1e-
pepaboTKY PAKOBMH MOJITIOCKOB B I[@HHBI 6eIKOBbII MHIPEIVEHT, TPUMEHMMbIi B TEXHOIOTMY CyXUX COYCOB.
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ABSTRACT

The objective of the study was to obtain protein ingredients from mussel shell valves and to examine their potential applica-
tion in the production of dry sauce with regard to the impact on organoleptic and physicochemical parameters, and rheologi-
cal properties. The organic component of the shells, designated as conchix, is primarily composed of proteinaceous substances
with low solubility in water (14.86% at pH 7), as well as in diluted solutions of acids (13.56% at pH 3 and 13.06% at pH 5) and
alkalis (16.51% at pH 9 and 28.48% at pH 11). The enzymatic treatment of conchix with pancreatin resulted in the production
of a hydrolysate with a high content of readily available protein substances (53.19%) and a degree of hydrolysis of 17.54%. Four
product samples with varying proportions of hydrolysate added (1-3% of hydrolysate, 2-6%, 3-9%, and 4—12%) and a control
sample were prepared to investigate the impact of hydrolysate dosage on sauce characteristics. Dry sauces with hydrolysate
supplementation had higher protein concentrations (17.97%, 18.21%, 18.71%, and 19.01% in samples 1, 2, 3, and 4, respective-
ly) than the control sample (17.60%). An organoleptic evaluation was conducted to ascertain the impact of the hydrolysate on
the appearance, color, taste and aftertaste, odor and consistency of the prepared sauces. Sample 4 scored lowest, while sample
1 scored highest. The recommended dosage of hydrolysate in the sauce formulation is between 3 and 9%. The hydrolysate had
no significant impact on the rheological characteristics of sauces. The obtained results indicate the possibility of processing
shellfish shells into a valuable protein ingredient applicable in the technology of dry sauces.

ACKNOWLEDGEMENTS: Authors thank the Russian Ministry of Science and Higher Education for the support of the Laboratory of Chemistry and
Technology of Marine Bioresources founded as part of the national project «Science and Universities» (FENR-2024-0001, agreement No. 075-03-2024-
024/1 of 15.02.24).

1. BBegeHue

B Hacroslee BpeMsI HayyHble COOBIIECTBA U CIIELMAIUCTBI PHIGHOM
MIPOMBILUIEHHOCTH YAENSIOT GOMbIIoe BHYMAaHME COBEPUIEHCTBOBAHUIO
MeTO[0B IepepaboTKM N0ObIBaeMbIX BOILHBIX 6uopecypcos (BBP), uto
[JIaBHBIM 06pa3oM 0GYC/IOBIeHO 06pa30BaHMeM GOMBIIOrO KOMMYEeCcTBa
MO6OYHBIX MMPOAYKTOB [1]. OHM c/1a60 3aeiiCTBOBAHbI B HAPOIHOM XO03sIii-
CTBe U B GOJBIIMHCTBE CIy4aeB MIPOCTO YTUIMU3UPYIOTCS MIIU UCIIONb3Y-
I0TCSI B KOPMJIEHUM ITYIIHBIX 3BePeit, CelbCKOX0351/CTBEHHbIX KMBOTHbIX
¥ nTul. B pamkax peamysauyy «CTpaTermyi pasBUTHSI PHIGOXO3SIACT-

IOJId UUTUPOBAHUN: I'myxapes, A. 10., BopausH, B. B., Kysuna, T. [I., Ky-
unHa, 10. A., lepkau, C. P. (2025). [TonyueHye 1 UCIIONb30BaHNe GeKa U3 CTBO-
POK PaKkOBMH MUAMIL B CYXOM PBIGHOM coyce. ITuujessie cucmemot, 8(1), 134-143.
https://doi.org/10.21323/2618-9771-2025-8-1-134-143

BeHHOro komiuiekca P® Ha nepuog 1o 2030 roga» ogHOM M3 OCHOBHBIX
3ajiay, CTOSIIMX ITepeli OTeUeCTBEHHOI phiGoriepepabaThIBaIOIIEei Po-
MBIILJIEHHOCTBIO, SIBJISIETCSI Pa3BUTHE TIPOM3BOJCTBA MPONYKLIMY TTy60-
Koii mepepaboTkyu BBP!. Takoe passuTye Mano- 1 6€30TXOJHBIX TEXHO-
JIOTMIA, BKITIOUAIOIIVX B Ce6s1 TNTyOOKOe pasiebiBaHye 06beKTOB BOZHOTO

106 yrBepskmennu Crparteruy TOBBIIEHYS KauecTBa MMUIIEBOi MPOIYKIMN
B Poccuiickoii ®enepauyy 1o 2030 ropa [D71eKTPOHHBIN pecypc]: pacnopsbkeHyne
IpaButenbctBa Poccuiickoit ®enepaunn ot 29.06.2016 N2 1364-p. D1eKTPOHHBIN
pecypc: https://docs.cntd.ru/document/420363999. ara foctyma: 19.11.2024

FOR CITATION: Glukharev, A. Yu., Bordiyan, V. V., Kuzina, T. D., Kuchi-
na, Yu. A., Derkach, S. R. (2025). Production and use of mussel shell protein in
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MIPOMBIC/IA U UICTIO/Ib30BaHMe HeMMILeBbIX YacTeli B KaueCTBe BTOPUYHBIX
ChIPbEBBIX PECYPCOB, MOKET 3HaUUTEIbHO YCUIIUTD IIPOJIOBOIbCTBEHHYIO
6e30macHOCTb P 11 5KOHOMUKY CTPaAHBI.

TTo6ouyHbIe TPOAYKTHI, OOpasylolluMecss B pesyiabTaTe MepepaboT-
ku BBP, MoryT BhICTYyIIaTh B KaueCTBe BTOPUYHBIX ChIPbEBbIX MICTOUHM-
KOB JIJISI TIOMy4YeHMsI TTPOJYKTOB C BBICOKOH 06ABIEHHO! CTOMMOCTBIO
(TIBMIC), obnamarmoumx psoM IT0JIe3HbIX CBOMCTB. OHM MCITOIb3YIOTCS
B KauecTBe 6MOMaTepMasoB, MMEIOIMX IIMPOKYIO 06IacTbh MpyUMeHe-
Hys (MeIMLMHA, aHTUMUKPOOHBIE CPECTBA U CPENCTBA IJIsl NOCTaBKU
JIeKapCTB, MUIeBas ¥ KocMeTHuuyecKkas IPOMBILUIEHHOCTH [2]), a Takke
BBICTYIIAIOT KaK LieHHbIe MUIeBble MHIPeAMeHThl. B pabore [3] coBpe-
MEeHHBIMY MeTOAAMM (TOMOTeHMU3AIMeli C BbICOKMM YCUJIMEM CIOBUTA
U yIbTPa3BYKOBOI 06pabOTKOI) M3BIEKaIM U3 BHYTPEHHUX OPraHOB
nipecHoBozHOTO coma (Clarias magur) MUIEBO PbIGUIA SKUP C BHICOKUM
comepskaHMeM ITOJIMHEeHACHIIeHHbIX JKMPHBIX KUCIOT. BeTkoBbIe BelecT-
Ba M3 maHUupei kKpeBeTok Vannamei (Litopenaeus vannamei) MCIIOIb30-
BaJIMCh [ TIOJIyYeHUsT apOMaTU3MPOBAHHOrIO MOpoIIKa [4]. ABTOpamMu
Kaushik u gp. [5] paccMOTpeHbI BO3MOKHbIE ITYTU UCIIOTb30BAHMS TIPO-
IYKTOB I1epepaboTKy PbIOBI ISl TTOMYYeHMsT GETKOBBIX I'MIPONN3ATOB
¢ 6uoakTUBHBIMU CBoVicTBaMu. Mcmonb3oBanue takux [IBIC mist 060-
raneHust XMMINIeCKOro COCTaBa MUILEBbIX ITPOAYKTOB MacCOBOTO CIIpoca
C LIeThI0 KOPPEKTUPOBKYM PALVIOHA PA3IMYHbIX I'PYIINT HACETIEHNS U YI0B-
JIETBOPEHMSI TIOTPEGHOCTEH B MUIIEBBIX BEIECTBAX, IHEPTUY, BUTAMU-
Hax M MMHepasax SBJsSeTCs aKTyaJIbHON 3a1aueii.

MOJUIIOCK]/I, B YaCTHOCTU MUIOVN, OTHOCSTCSI K ODHUM U3 HaI/I6OJ1€e eH-
HbIX BBP: MX MSICO CJIY’KUT OTJIMUHBIM MCTOYHMKOM OETKOBBIX BEIECTB,
MO/VHEHACBII@HHBIX KMPHBIX KMUCIOT, BUTAMIUHOB ¥ MUHEPA/IbHBIX 371e-
MEHTOB, & CTBOPKY — MCTOUYHMKOM TPUPOFHOTO Kabliysi. AKBaKyIbTypa
MOJUTIOCKOB aKTMBHO Pa3BMBAETCS, YTO TIPUBOIUT K 3HAUUTEILHOMY yBe-
JIMYEHMIO UX TTPOM3BOZCTBA, KOTOPOe 10 cocTostHMIo Ha 2018 rox cocTaBu-
710 17,5 MutH TOHH (0K0JI0 15% OT 06111ero 06bemMa Ipou3BeIeHHOI B 9TOM
ropy nponykuum) [6]. B cBoio ouepenb, CTBOPKM PAaKOBMH, OCTAIOLIVECS
rocsie 1epepaboTKyY JBYCTBOPYATBIX MOJUTFOCKOB ISl ITUIIEBBIX LeJIeid,
SIBJISTFOTCSI GOJIBINOM TIPOBIEMOIT /1J1sT IPOVU3BOAUTENIEN, TIPOJABIIOB U 110~
TpebuTeseit MOJUTIOCKOB, KaK C ITPaKTUUECKOI, TaK U ¢ (GMHAHCOBO TOUKM
3peHus [7]. B 3aBuCHMOCTHM OT B MUV Ha OO PAKOBYH MOXKeT IIPU-
xoauthbest oT 70 mo 80% oT 061ieit Macchl MOGOYHBIX MTPOTYKTOB, OCTAI0-
LIMXCSI OCTIe TTepepaboTKY JaHHOTo opranusma [8,9].

CTBOPKM PAKOBMH MMM SBJISIIOTCS TPOAYKTOM GMOMMHEpaTU3aLii,
cocTosiiuMm Ha 95-99% u3 kap6oHara Kasbiust (CaCOsz) u Ha 1-5% u3s op-
rauyyeckoyt matpuipl [8,10], HaspiBaeMmoli kouxuc [11]. OHu paccmaTpu-
BAIOTCSI [IPEVMYILECTBEHHO KaK MCTOYHMK Kanblys [12,13], B TO BpeMs Kak
VIX KOHXVC IIPUBJIEKAET MaJIO BHUMaHMS, XOTS ABJISI€TCSI MICTOYHMKOM 66]1-
KOBBIX BellleCTB, MMKOIONMcaxapua0B, XUTUHA, TUTINIOB Y IUTMEeHTOB [8].
TU BelecTBa MPeCTaB/SIIOT 0COObI HAyYHbII MHTEPeC U SIBIISIIOTCS LieH-
HBIMU MUIIEBBIMU MHIPEIMEHTAMM [JIS1 TIONTYYE€HUST TIPONYKTOB IIUTaHMUS,
a TaKkKe TEXHNYECKIX, JIEKAPCTBEHHBIX ¥ KOCMETUUECKIX ITPerapaTos.

OCHOBHOe BeIeCTBO B OPTaHMUYECKOI MaTpuile PAKOBMH MOJITIOCKOB
MIPeOCTaBIeHO KOHXMOMMHOM. [laHHOe BelecTBO OTHOCUTCS K CKJIepo-
nporeuHam (puGPUIISIPHBIM GeslkaM), KOTOpble 06pa3yloT HapysKHbIA
CJIOJ paKOBMHBI MOJIJTIOCKOB — TI€PMOCTPAKyM, a Takke BXOAST B JiBa
JPYTUX 1051, BKIIOYAKOMMX B ce6s1 KapOOHAT KaJIbLVSI: OCTPAKYM U THU-
rocrpakym [14,15]. B pab6ote Zhang u ip. [10] ycTaHOBIEHO, YTO 60bLIAS
YacTh aMMHOKVCIOTHBIX OCTATKOB B COCTaBe GEIKOB KOHXMOIMHOB Opra-
HMYECKOI MaTpPHUIIbl PAKOBUH MOJUTIOCKOB MTPUXOIUTCS HA acraparuHo-
BYIO KUCJIOTY, NIMLIMH U CEPVUH, MeHbIIIasl — Ha TPOJIMH U IUCTeuH. [Ipy-
MMM aBTopamu [16] mokasaHo, UTo IMULUMH (29%), BanuH (24%), neiiuyuH
(8,3%), musuu (21%) 1 apruauH (4,3%) cocTaBsioT 87% OT 0OLIEro KO-
YyecTBa AMUHOKMCIIOT B 6eike pakKOBMH MOJUTIOCKOB. Takum 06pa3om, 13-
BJIeUeH)e OpraHNyecKoi MaTpulibl U3 PaKOBYH MULUIA U U3yUeHMe BO3-
MOXXHOCTU ITPUMEHEHMUS ee 6eJIKOBbIX BelleCTB B [TMINEBbIX TEXHOJJIOTUIX
SIBJISIIOTCSI aKTYaJIbHBIMM 3aZjauaMi B CBSI3Y C Pa3BUTHEM 6e30TXOLHBIX
TeXHOJIOTUH U ¢ pocToM feduiyuTa nuieBoro 6enka B mupe [17].

CoycChbl SIBJISIFOTCST BaKHBIM KOMITOHEHTOM Pa3/IMUHBIX BULOB OIIION
M IUILEBbIX MPOAYKTOB. OHU CO3[AI0T MIMPOKMIA CITEKTP BKYCOBBIX U apo-
MaTUYeCKMX XapaKTePUCTUK TOTOBOTO IPOAYKTa, GOPMMPYIOT OIpese-
JIEHHBIN 1IBET Y HEXKHYIO KOHCUCTEHLIMIO, YYUIIAIOT BHEIIHUI BT, G110~
[1a, TIOBBIIIAIOT €ro MUTATEeTbHYI0 IEeHHOCTb. COyChbl MOTYT OGJIETYMUTD
rpolecc notTpebieHns TBepoii MUY, HapuMep, CHeKoB [18].

Coychl MMeIT GOJBIIYIO MOMY/ISIPHOCTD, Kak B Poccum, Tak u 3a py-
6exxom [18]. 3a mepuop c 2022 mo 2023 rr. mpojaxku coycoB B Poccuu
yBenMumMiIuch Ha 5,7%: ¢ 1,21 mo 1,28 muH ToHH; a B 2024 romy npogaxn
coctaBuay 1,35 MJIH TOHH, COITIACHO TMOCAeSHMM JaHHBIM BusinesStat®.

2 Amanms pbIHKa coycoB B Poccun B 2020-2024 rr, mporHos Ha 2025-2029 rr.
CtpyKTypa po3HnuHO# Toprosian. M.: BusinesStat, 2025. — 90 c. neKTpOHHBbII1 pe-
cypc: https://businesstat.ru/. Jata goctyma: 19.11.2024.

Coychbl TIOIpA3eNsIOTCsl Ha ABe GOJblle TPYIIbl — ropsiune U Xo-
nonHble. TeXHONIOTVSI TOPSIYMX COYCOB, B OCOOEHHOCTM IPUTOTOBIEHHBIX
Ha Oy/IbOHAX (MSICHBIX VUM PBIOHBIX), HA HAII B3IVISIA, SIBJISIETCSI Hauboiee
TpymoeMKkoi. OHa COCTOUT U3 psiila TEXHOIOTMYECKMUX OIepauuii: mpu-
roToB/eHMe OyIbOHA; Bapka C AeKCTPMHM30BAHHOI IMIIEHUYHON MYKOIA,
Hape3aHHbIMM M I1aCCMPOBAHHBIMM PACTUTENbHBIMU MHTPEAMEHTaMMU;
CMelIVBaHMe C MPSTHOCTSIMM, CaXapoM M IMILEBOJ CONbIO; MPOLIeKUBA-
HYe U IoBeJleHMe 0 KUIIeHys. B 1onoHeHe K 9TOMY KyJIHapHbIe COyCbl
006/1a1aI0T HU3KMM CPOKOM F'OGHOCTH (0 48 4acoB Ipy TeMIiepaTtype xpa-
nenus 4 °C). Takum 06pa3oM, 3aCTYKMBAIOT 0COO0T0 BHMMaHMSI IIUIIEBbIE
KOHLIEHTPATh! KYJIMHAPHBIX COYCOB GBICTPOTO MPUTOTOBJIEHMSI, MMeIOoIe
orpe[e/ieHHble MPeVMYLIeCTBa 10 CPABHEHUIO C TPAAMLMOHHBIMU COY-
camu. OHM TIPECTaBIISTIOT OO0 MOPOIIKOO6Pa3HbIA MTPOAYKT, KOTOPbIA
COCTOUT U3 MHIPEAMEHTOB JKMBOTHOI'O M PACTUTEIBHOI'O IIPOMUCXOXKIEHWMST
€ pa3Hoi1 cTerneHblo M3MenbueHus. Cyxye KylayHapHbIe COYChbl MMEIOT 1IN -
TeJTbHBIN CPOK TOAHOCTH (OT 6 10 12 MecsITeB) 1 TOTOBSITCS B TeueHue 1-10
MuH. [ToMmuMo 9TOro, 3aTpaThl Ha YIIAKOBKY, TPAHCIIOPTUPOBKY ¥ XpaHe-
HMe CyXMX COyCOB 3HAUUTE/JIbHO MEHbIIIEe. Takke X MOXXHO MCII0/Ib30BaTh
B KauecTBe MHIPe/I¥eHTa BO MHOTYMX IIPOAYKTaX MATaHMSL.

Ipoliecc HeNpepbIBHOIO COBEPIIEHCTBOBAHMSI TEXHOIOTUU COY-
coB [19,20], a Takke oboraimieHyue UX LIEHHbBIMYU HyTpueHTamu (6Moax-
TUBHBIMM COEIMHEHMUSIMM) II03BOJISIIOT CO3/4aBaTh HOBbIe IPOIYKTBI,
KOTOpBIe MOTYT GbITh MHTEPECHBI C TOUKY 3PEHNST YITyILIeHUS 30,0POBbS
yesloBeKa 1 pelieHus mpobieM, CBSI3aHHBIX C POCTOM DPsJia alMMeHTap-
HBIX 3a60meBanmii [21].

Coycbl o6oraranm Iporoanucom [22], IKCTpakTamy Maces TMMHA U 1Tep-
11a [23], 94TO MMO3BOJISIIO ITOBBICUTD NMIIEBYIO LIEHHOCTD, a TaloKe MPUIATh
MPOIYKTY aHTMOKCUIAHTHbIE CBOJCTBA. IIOPOLIOK M3 KOCTOYeK (GMHMKOB
JCTIONb30BAJICSI B KaYeCTBe VICTOUHMKA MMIIEBbIX BOJIOKOH B KeTUyIle, YTO
BMeCTe C IOBbILIEHMEM IMIIEBOJ IIeHHOCTM Y/Iy4lIaJo peosornyeckue
XapaKkTepUCTUKM rponykTa [24]. Wang u ap. [25] ucronb30Baiu rpauyisi-
puio (Gracilaria) 1yt M3MeHeHMsI BKYCOBBIX XapaKTePUCTUK COeBOTO coyca
3a CYET YBEIMYEHHOTO COMIeP)KaHYsI B TIPOAYKTE MMPA3MHOB, HEHACHIIEH-
HBIX CITUPTOB, JKUPHBIX KUCJIOT 1 CBOGOIHBIX aMUHOKMCIIOT.

Bormpock! BeizesieHust 3CCEeHIMATbHBIX KOMITIOHEHTOB (BelecTB QyHK-
LIMOHA/IbHOM HANpaBJIeHHOCTY) U3 MOOOYHBIX MTPOLYKTOB IepepaboTKu
MUIUIA U JajdbHeNIIero uxX UCIOoJb30BaHUs B COyCax pacCMaTpPUBAOTCS
HEeIOCTaTOYHO IIMPOKO, MMEIOTCS ITPOGesbl B 3TOH ob6nacty 3HaHMit. Ta-
KM o6pasom, ucnonbzoBanue IIBIC n3 BBP (B 0co6eHHOCTY 6eTKOBBIX
BellleCTB M3 OPraHMYecKoy MaTpULbl PAKOBMH MOJUIIOCKOB) B TE€XHOJIO-
MM CYXUX COYCOB SIBJISIETCSI BOCTPeGOBAHHOI M aKTYalbHOI 3amaueit
B paMKaX KOMIUIEKCHOTO VCIIONb30BaHMS GMOJIOTMYECKUX DEeCcypcoB,
a Takke IOBBILIEHMST KAUeCTBEHHbBIX XapaKTePUCTUK ITPOSYKTA.

B 3TOM mccienoBaHuy B KauecTBe 06beKTa ObLIM BBIOPAHBI MU
Mytilus edulis L., cobpaHHble Ha IUTOpaIbHOI 30He Kosmbckoro 3anmsa,
B psife ry6 3amagHoro 1 BocrouHoro nmo6epexxnst bapeniesa mopst (Myp-
MaHcKast o6sactb, Poccust). OHM BCTpeUaloTcsl TIOBCEMECTHO Ha JIMTopa-
7I; MX 6omMacca focTuraet 1o 2,5 kr/m2 u 6osee. B kauecTBe T0604HOTO
MPOAYKTa GBIV MCIIOb30BaHbl PAKOBYHBI MUIMIA.

TpenpIaymMu MCCIeSOBAHUSIMY GbUIO ITOKA3aHO, UTO IeMUHEPAI-
3a1ysl PaKOBMH MMM C UCIIOAb30BaHMEM IMHATPUEBOM COMYU STUIIEH-
IVaMUHTeTPAayKCYCHO KMUCIOTHI (TpUIOHA B) IM03BOJIsSIeT COXpaHUTh Ha-
TUBHYIO CTPYKTYPY CBSI3yIOIe}i OpraHM4eckoyl MaTPULbI ¥ BTOPUYHYIO
CTPYKTYPY ee IleHHbIX 06enKoB [26]. B maHHOI paboTe Gblaa mocTaBieHa
Clenylomast 1eib: MOMYYUTh BBICOKOOETKOBble MHIPeAMEHThbl (KOHXMC
Y TMAPONN3AT) U3 CTBOPOK PAKOBVMH MUIUIL U OIIpeie/IUTh BO3MOXKHOCTb
MX VICTIONIb30BaHMS B TEXHOJIOTMM CYXOTO KYJIMHAPHOTO Coyca C y4eTOM
BAVSIHUSI Ha OpraHoJIenTuyeckue 1 GU3MKO-XMMUYeCKue MOoKa3aTemn,
a TaKke Ha PeosiornyecKye CBOMCTBA TOTOBOTO IIPOJYKTA.

2. O6'BbeKTHI ¥ METOABI

2.1. O6Bekmol uccnedo8aHus

B KauecTBe 06BEKTOB MCC/IENOBaHNUS ObIIVM BHIOPAHBI CTBOPKM PaKO-
BMH MUJIMI1, KOHXVC U3 CTBOPOK PAKOBUH MMM, 6ETKOBbIN TMAPOIN3aT
13 KOHXMCa, COYCHI C JICIIOJNIb30BaHMEM GelKOBOTO ruaponusara (Cyxue
CcMecH ¥ IPUTOTOBJIEHHbIE).

[y IoTyyeHys1 KOHXMCa 6bLIM UCIIOIb30BaHbl CTBOPKY PAKOBYVH, I10-
JIy4eHHbIe Tocie pasnenku munuit Mytilus edulis L. Mugyu 6b11u cobpa-
HbI B JIETHUI 1epuop (MIOHb-UIONb) Ha MypMaHCckoM BocrouHom (ry6a
Tepubepckas) u 3anmagHom (ryosr [leuenra, Ypa) nobepesxnsix bapeHiiesa
mopst (Poccust) M XpaHMINUCh O 1epepaboTKY B MOPO3WJIBHON KaMepe
B TeueHue 2—-3 MecsliieB Ipu Temmeparype munyc 25 °C.

17151 IpoM3BOACTBA CYXOT0 COyCa MCTI0b30BaIy ClIeIyIoIyie MHIPeIieH-
ThI: MyKY MIIEHNYHYIO BBICLINIT COPT, MUILIEBOI KOHLIEHTPAT PhIGHOTO GyITh-
OHa, 6eJIKOBBII IMAPONN3AT U3 KOHXMUCA, COMb MUIIEBYIO KCTPa, caxap-Iie-
COK, JIYK-CYILI€HbI}i, YeCHOK-CYILIeHbIli, MOPKOBb-CYLIEHYI0, ITepel] YePHbII
MOJIOThIN, TayTamaT HaTpus (E621), muMoHHYI0 K0Ty nuieByio (E330).
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[u1eBoit KOHIIEHTPAT PHIOHOTO GY/IbOHA GBI MTOTYYEeH B 1abopaTop-
HBIX YCIOBUSIX U3 CBEKEMOPOKEHOro Habopa Jish yX1, U3TOTOBJIEHHOTO
B COOTBETCTBUU C poccuiickum crangapTom (TOCT 21607-20213) u co-
CTOSIIIETO U3 PhIGHBIX MUIEBBIX OTXOZOB OT Pas/Ieiky J0cocs 1 dhopean
(TI7IeYeBBIE Y TIO3BOHOUHBIE KOCTY C IIPUPE3SIMIU MsICa, TPUXBOCTOBBIE Ya-
CTU ¥ cpe3ku Msica). [ToyueHHbIi MUIeBOoi KOHIEHTPAT PHIOHOTO 6YJIb-
OHA XapaKTepu30BaJICs CAeAYIOUIMM XMMUUECKUM COCTaBOM: MaccoBast
nmosist Bombl — 7,91%, 6enka — 73,06%, skupa — 1,46%, 30mb1 — 15,55%,
yrineBonos — 2,01%.

2.2. TexHonozuueckuil npoyecc

TexHOIOTMYECKNIT TPOIece MOMyYeHNsT KOHXMca 3aK/IJascs B Je-
MMHepaaM3alumu CTBOPOK PakoBMH MuAuit B pactBope TpuioHa B
(000 «2Heproxum», Poccust) ¢ KoHUeHTpaumeit 174 r/nm3 u pH 7,25.
Iporiecc MOATOTOBKYU ChIPbsI BKIIOUAN B Cebsi: MPUEMKY M XpaHEHUe
SKUBBIX MUAMii (1-2 CyTOK) B UMCTOI MOPCKOI BOIe MpU TeMiepaTy-
pe 5-7°C, MoJiKy, cTeKaHue, COPTUPOBKY U 3aMOpPakKMBaHME MPU TEM-
neparype munyc 25°C. Ilepen monyyeHueM KOHXMCA 3aMOPOKEHHbIE
MMM PasMOPAKUBAINUCh TpU Temieparype 3-5°C, IpOMbBIBAINChH
¥ pasfenbIBalNCh, CTBOPKYM MPOMBIBAINCH, COPTUPOBAINCH 110 pa3Me-
PY ¥ OKpacke (MCIOIb30BaIUCH 1e/Ible PAKOBMHbBI TEMHOTO 1[BETa, IJIN-
HO¥1 OT 3 10 5 cM). 3aTeM CTBOPKY MUAUM CYLIMINCH IIPU TeMIIepaType
20-25 °C 1 HanpaB/sUINCh Ha JeMyHepaau3aiuio. OTaoeeHHbIe OT MsICa,
IIPOMBITHIE ¥ BBICYLIIEHHbIE CTBOPKY MTOMEIIAIN B CTEKISTHHYI0 €MKOCTh
¢ pactBopoM TpusoHa B, py 3TOM COOTHOLIEHME CTBOPOK K pacTBOpY
cocraBsio 1:8 (Macca: o6bem, r: cm®). B mporecce meMuHepanusayn
npu Temneparype 20-25°C pacTBOp MepUMOAMYECKY Ie€peMelIBaICcs
¢ ucnonb3oBanueM meiikepa LS-110 (LOIP, Poccusi) (8 u — mepememin-
Banme mpu 120-130 06/MuH, 16 1 — penakcanyst). Kaxkmgpie 24 4 CTBOPKU
M3BJEKaaM M3 pacTBopa M MPOMBIBaIM BOJOIL. 3aTeM Ipoliecc AeMuHe-
panusauuy IpoLo/IKaIM ¢ HOBBIM pactBopoM TpmtoHa B. ITpomomku-
TeJIbHOCTB Mpoliecca feMuHepanm3sanum cocrasisiia 120 4. [TomyuyeHHbI
KOHXMC TIPOMBIBAJICSI BOJO M BBICYIIMBAJICSI B €CTECTBEHHBIX YCIOBUSIX
ripu Temrneparype 20-25 °C B TeueHMe CyTOK.

BenkoBbIii rUApPOAU3AT ObLT TMOMYYeH U3 KOHXUCA (epMEHTATUB-
HBIM CITOCOOOM THUApOIM3a C wucronb3oBaHmem mnaHkpeatnHa (ICN
Biochemicals, CH.IA)“. Konxuc usmMenbuaayu B MeJbHUIIE M CMENIMBAIN
€ BOJOJ B MaccoBoM cooTHouieHum 1:10, moBopunm pH peakuMoHHOM
cpenpl 1o 8,5 exn. pacrBopom NaOH (0,1 M) u mogHMMaIU TeMIIepaTypy
1o 50°C, BBomwiu hepMeHTHbI mpernapart B Konuyectse 10 r/200 T KOH-
xuca. [Maponus IpoBOAWIN B TeueHue 5 yacoB mpu temieparype 50 °C
U TIpU TIOCTOSTHHOM IepeMeliyBaHuu. I1o OKOHUaHMM TIpoliecca peak-
LMOHHYI0 CMech HarpeBanu ao temrmepartypsl 85-95 °C u BoigepsKuBammn
B TeueHue 5—10 MUH AJ1 MHAKTUBAIMM (epPMEHTHOTO TIperapara, rnocjie
yero ¢GuabTpoBanu yepes OGyMaxkHblii GuiabTp. GviibTpaT (OYMILEHHbIN
pacTtBOp rumponusara) HeiitpainsoBaau go pH 6,8-7,0 en. u 3amopa-
SKUBa/M 1py MuHYC 25 °C, 3aTeM cyunwuiM B 1MobmibHOM cynmike BK-
FD10T (BioBase, Kurait) mpu temneparype muuyc 60 °C 1 oCTaTOYHOM
nasiaeHun 1-5 Ia.

TexXHONIOTMYECKMIT TIPOLIECC TTOMyUeHMsI CyXMUX PbIGHBIX COYCOB BKITIO-
yasi B cebsl Cieqylouye ornepauyn: TepMUIeckyio 06paboTKy (mekcTpu-
HM3AIUIO) TIIEHWYHOV MYyKU B CYLUIWJIBHOM IIKady IpuU TeMIiepaTy-
pe 100-110°C mo Gemoro (clerka KpPeMOBOTO) IIBETa M O BJIAKHOCTU
8,0-9,5%; oxnaxxpenne myku (mo 45°C); MOACYIIKY CYIIEHBIX OBOIIE
(IO BIaKHOCTYU 6%) M MUILEBOI COMM (IO BIAKHOCTU 1%); IPUTOTOBIIE-
HYe MUIIEeBOr0 KOHIIEHTPAaTa PhIGHOTO GY/IbOHA M3 PHIOHBIX MUIIEBbIX OT-
XOJIOB; M3MeJIbUeHMe U MTPOCEMBAHME CYXUX MHTPEUEHTOB; COCTaB/IeHME
PeLIenTypHOIi CMecH U TepeMelliBaHe KOMIIOHEHTOB B TeueHue 5 MuH
IO OJHOPOLHOV MacChl; YIIaKOBbIBaHME M MapKuMpoBaHue. BoccraHosie-
HMe KyJIMHAPHBIX COYCOB TPOBOAWIIN CIEAYIOIIMM 06pa3oM: CMeIIBaIn
CYXy10 CMeCh C XOJIOAHO BOJ0¥1 B MaccOBOM cooTHouieHmu 1:10 1 joBoau-
JIU ee 10 KUTIeHMs], TePYOANYECKY TTOMEeIIVBAs [JIs TyUIlIero PacTBOPEHMS
CyXMX KOMITOHEHTOB, ITOC/Ie 3TOTO Bapwiu 1 MuH Ha c1abom orxe. [lanee
OXJIAXKIAJTU COYC IO TEMIIepaTyphl ofgaun — He MeHee 75 °C.

2.3. Memodst uccnedosarus
OT60p MPO6 /IS MCCIeJOBAHMIT OCYIIECTBIISI/IN B COOTBETCTBUM C CY-
mectBylomumu crangapramu (TOCT 31339-2006°, TOCT 15113.0-779).
OU3UKO-XUMMUYECKMe TIoKasaTean (MaccoBble MOJMM: BOMbI, JKKpa,
00111ero ¥ aMMHHOIO a30Ta, 30JIbl, XJIOPMCTOTO HATPUS, XUTUHA) MCCIIe-

3 TOCT 21607-2021. «HaGops! U3 PHIGHI A/Is yXi MOpOskeHble. TeXHrdecke
ycoBusi». M.: Cranpaptuadopm, 2021, — 13 c.

4 OnrumanbHble yCI0BMS 17151 paboThl (hepMeHTHOTO MpernapaTta, COrIacHoO Ta-
CIIOPTHBIM JIaHHBIM: Temrepartypa 45-50°C u pH 7,8-8,5.

3> TOCT 31339-2006. «Pbi6a, HepbIGHbIE 0GBHEKTHI ¥ IPOAYKIS 13 HUX. IpaBy-
J1a IPUEeMKM ¥ MeTopl 0T6opa mpob». M.: Crangaptundopm, 2010. — 4 c.

® TOCT 15113.0-77. «KoHIeHTpaThl muiieBble. [IpaBuia NpueMKu, O0T6Op
¥ TIOATOTOBKA po6». M.: UTIK M3parenbcTBO cTaHaapTos, 2003. — 6 c.

JIyeMbIX 00pa31i0B OIpeJesisiii B COOTBETCTBUM C POCCUIICKUM CTaHAAP-
tom (TOCT 7636-857). MaccoByIo JOJII0 BOIbI B MCCIEoyeMbIX 06pasiax
ompeeNnsii MeTOIOM BbICyIMBaHus pu Temmepatype 100-105 °C B cy-
IIVIBHOM LIKady 0 TTOCTOSTHHOV MacChl; MacCOBYIO OO KUPA — IKC-
TPaKUMOHHBIM MeTOoZoM B amnmapate CokcieTa (C MCIIONIb30BaHMEM JIU-
3TWIOBOrO 3¢upa, Y. 1. a.); 0011ero a3oTa (C MocaeqyoLUM I1epecyieToM
Ha Ge/KOBbIE BellecTBa C MCIONb30BaHMeM Koadduimenra 6,25) — ma-
KpoMeTonoM (MeTonom Kbesbaass); aMMHHOTO a30Ta — MeTooM (dop-
MOJIBHOTO TUTPOBAHMSI; 30/Ibl — METOJOM CKUTaHMSI HaBeCcKM obpasiia
B MydenbHoit meun mpu 550+ 10 °C; XJIOPUCTOTO HATPUSI — apreHToMe-
TPUYECKMM METOJIOM; XUTUHA — METOJOM BbIIE€JEeHUS] YaCTUL, XUTHHA
U OTIpefiesieHMs B HUX a30Ta MaKpPOMeTOLOM.

@ororpadun MOBEPXHOCTHOTO CJIOSI AeMUHEPATN30BAHHBIX CTBO-
POK PaKOBMH MMIMII (KOHXMCA) ITONyYaayd METOLOM OITUYECKON MMU-
KPOCKOIMM C MCIIONb30BaHMEM CBETOBOIO ONTMYECKOTO MMKPOCKOIa
Olympus CX43 (Olympus Corporation, SImouust) ¢ ¢hoTOHaCaaKOI Mpu
yBeNIN4YeHuu 4.

ConepskaHMe TSDKeNIbIX MeTa/UIOB M MbILIbSIKA OIpefieNsiii MeTOA0M
MacC-CIIeKTPOMeTPUM C MHIYKTUBHO-CBSI3aHHON Tu1a3Moit. 3amepeHnst
npoBomwn Ha Macc-criekrpomerpe ELAN9000 DRC-e (Perkin Elmer,
CIIA) ¢ MHAYKTUBHO-CBSI3aHHOJ aprOHOBOJ IJIa3MOJ ¢ 3aMKHYTOM CH-
CTeMOit oxaxkneHusi. BBereHne o6pasiia OCyIIeCTBISIOCh C TOMOIIBIO
MepUCTAIbTUYECKOTO Hacoca 1 npobonopaTunka AS-93+.

BpIxXop, MCXOOHOrO CBIPbS (CTBOPOK DAaKOBMH MMIMI) U IPOLYKTOB
(KoHXMCA U GEIKOBOTO I'MIPOJIM3aTa) pacCunThiBamu mo popmyne, % (1):

m
Boixod = A 100, 1)

Ie M — Macca CTBOPOK PaKOBUH MUV, KOHXMCA UV GETKOBOTO TUIPOIU-
3ara, T; M — Macca Muanii (pa3MOPOSKEHHBIX), CTBOPOK MJIM KOHXUCA, T.

Crenenb runponnsa (CI') paccunTsiBanu o dopmyie, % (2):

AA
Cr= 5100, @)

roe AA, OA — MaccoBble oIy aMUHHOTO U 0611ero a3ora, %.

Maccosyto gomo yrieBozos (V) paccunTeiBaiu 1o hopmyie, % (3):

Y=100-(B+B5+JXX+3), 3)

rae B, B, X, 3 — maccoBbie 1071 BOAbI, 6e/Ka, KMpa U 30716l B IIPOJYKTE COOT-
BETCTBEHHO, %.

OmpepenieHre PacTBOPUMOCTY B PACTBOPAX C PA3IMYHON KUCIOTHO-
cTbi0 (pH) 1 epeBapyBaeMoCTb ONpeessiv 110 CTaHAAPTHBIM MeTOAaM
(TOCT 7636-857, TOCT P 55987-20148).

CTpyKTYpHO-MeXaHNuecKkye Iokas3aTeny (CKaTue U JIUIKOCTb) MC-
ctenoBanuch Ha TekcrypomeTpe FRTS-50N (IMADA CO., LTD, Inonus).
[Toka3aTenyu «cskaTue» M «JIUIIKOCTb» OINPeNessiy C MCIO0Nb30BaHM-
em auckoBoro uugenTopa FR FR-HA-20] (IMADA CO., LTD, fdnonus).
[lpu ompeneneHuy IOKa3aTeNsl «CKaTue» WHIEHTOP IOTPYsKaICs
B MCIIBITYeMblii 06pa3sel; Ha ITyOMHY 5 MM C ITOCTOSIHHO!M CKOPOCTBIO
(2 MM/ceK), TpM 3TOM AATYMKOM COTIPOTUBIIEHNST GUKCUPOBAIACh MaK-
cuManbHas Harpyska. [Ipy onpeneneHuy nokasaTesns «JIUIIKOCTb» UH-
IIEHTOP TOrPY>KaJICS B UCITBITYEMbIi 06paselr ¢ TOCTOSTHHOM CKOPOCTbIO
(1 mm/cek) n o pocrskenuio yeyuus B 0,1 H oH npekpaian norpy-
sKeHye M HauMHaJ MOJHMMATHCS, IIPU 3TOM (GUKCHMpPOBasach HarpysKa
(ycuine OTphIBa), KOTOPYI MHIEHTOP 3aTpauMBaeT HA BO3BpalleHNue
B MCXOJHOe MOoJoKeHMe. V3MepeHMs MPOBOOMINCH B CTaHAAPTHBIX
yemoBusix. TemmnepaTtypa u3ydaeMbIX 06pa3ioB B MOMEHT M3MepeHUs
cocrasisiia 25 °C.

Peonoruueckne cBoiicTBa 00bEKTOB U3yuaanch Ha peomerpe Physica
MCR302 (Anton Paar, ABCTpusI) C MCTIOJIb30BaHMEM M3MePUTENbHOI sTYeli-
KU «KOHYC-TITOCKOCTh» CP50-1 (auameTp mockocT — 50 MM, yToJl MEXIY
KOHYCOM U I1acTuHoii — 1°). [lepen npoBeeHyeM aHaiu3a IPUTrOTOBIEH-
Hble 00pasIibl COyCOB C TeMIiepaTypoit 65—75°C mporyckanu yepes me-
TaJ/TMYECKOe CUTO € pa3mepoM stueek 100 Meln Ajist yianeHus pasanaHbIX
BKJIIOYEHMI (OBOIIHBIX KOMIIOHEHTOB, KOMOYKOB U AP.), ITOC/IE Yero OXJia-
KAam 0 TeMriepaTypbl usMmepenuit T = 20%0,03 °C, nogaep>xuBaeMoit
MOCTOSIHHO¥ Tipy oMoy snemeHTa Ilenbrbe P-PTD200/GL. KpuBbie Te-
YeHMsI COYCOB IONTyYai B peskyMe YCTaHOBMBILETIOCsI TeUeHMsI [P CKO-
pocTsiX caBura B auamnasode 1-100 ¢!, AMIVIMTYIHbIE ¥ YaCTOTHbIE 3a-
BUCMMOCTY JMHAMMUUECKUX MOJy/Ieli (COXpaHeHMs! U I10Tepb) U3Mepsn

7 TOCT 7636-85. «Pbi6a, MOPCKIE MJIEKOMUTAIOIIME, MOPCKIE GECIIO3BOHOU-
Hble ¥ TIPOAYKTHI MX MepepaboTku. MeToapl aHammsa». M.: CraHmapTuHbOpMm,
2010. — 123 c.

8 TOCT P 55987-2014. <Kopma, KOMGUKOPMOBOE ChIpbe. MeToJ| Ompeene st
MepeBapMMOCTY MYKU U3 TUAPOJM30BAHHOTO mepa in vitro». M.: CTtaHmapTuH-
dbopm, 2020. — 8 c.
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B pexuMe KoiebaTeNbHbIX VCIIBITAHMIA: NP TOCTOSIHHOM YIJIOBON Ya-
cTore o = 6,28 paz/c B nuarna3oHe 3HaYEHUI aMIUTUTYbI AedopManymn
ot 0,01 mo 100%; npu mocTosiHHOI amruTyne Aedopmaunu y = 0,05%,
COOTBETCTBYIOLIEI 06IACTU JTMHENHON BSI3KOYIIPYrOCTH, B IUara3oHe
vacror 1-100 ¢~!. OTHOCUTe/IbHAS IOTPeLIHOCTD IIPUOOPa COCTABIISIA He
6oee 10%.

doTtodukrcainio 06pasoB OCYIECTBISIN C UCIIONb30BaHMEM KaMe-
psl cmaptdona (Apple, CIIA). O6pasibpl MOMeIanuch Ha JUCT HUib-
TPOBaJIbHOI Gymaru, ¢oToCheMKa MPOU3BOAUIACH O], TIPSIMBIM YIJIOM
K T1ockocTu dotorpadmpyemMoro o6beKkTa € MCII0Ib30BaAHMEM MCKYCCT-
BEHHOTO OCBeIleHMs (XOIOAHbIN 6esblii cBeT). PaccTostHME OT KaMephbl 10
00beKTa HaXOAMIIOCh B Tipefenax ot 10 1o 15 cm.

OpraHosenTnyeckast oreHKa MpoBOAMIach B COOTBETCTBUU C Tpebo-
BaHMSAMU MEKIOCyJapcTBeHHoro crangapra (TOCT 15113.3-77%) ¢ uc-
10JIb30BaHVeM GaJUIbHOI LIKaJTbL. [IeTyCTaIMI0 BOCCTAHOBIEHHBIX COYCOB
MIPOBOAVIIN TIPU TeMItepaType o6pasios 65-75 °C.

DKcrepyMeHTalbHble paboThl ObUIM BBITOTHEHbI HAa 6a3e HayuyHO-
MCCIeIOBATENbCKOM J1TabopaTopumu «XMMUSI M TEXHOJIOTUS MOPCKUX OM1-
opecypcoB» MypMaHCKOTO apKTMYeckoro yHuBepcurera. OmpegeneHne
CozlepsKaHMsI TSDKEJIbIX METAJIJIOB M MBIIIbSIKA MPOBOIWIN B VIHCTUTYTE
XUMUM Y TEXHOJIOTUM PEIKUX JIEMEHTOB ¥ MUHEPATbHOTO ChIPbSI UM.
W. B. TananaeBa — 060co6eHHOe rtofpasaenene ®IBYH dexnepanbHo-
ro MCCIe0BaTenbcKOro LeHTpa «Kombckuii HayuHblii LeHTp Poccuiickoit
akagemuy Hayk» (MXTPOMC KHII PAH).

Bce sKcriepuMeHTHI MPOBOIMINCH B TPEXKPATHO MOBTOPHOCTU. Pe-
3y/IbTAThl BBIPAXKAIU B BUIE CpeJHero aprudMeTHUecKOrO 3HAUeHMUS
M CTAaHJAPTHOTO OTKJIOHEHMs. JloBepuTe/bHAsI BEPOSITHOCTh OblIa yCTa-
HOBJIeHa Ha ypoBHe P>0,95. [Ijis1 cTaTUCTUYECKOii 06pabOTKY KCIIepu-
MEHTaIbHbIX JaHHBIX MCIIOTb30BAIY OGHOGMAKTOPHBIN AVICIIEPCUOHHDIN
aHamu3 (ANOVA). Pasnuuust MeXxay CpefHUMU 3HaYeHUSIMU CUUTAINCh
3HAUMMBIMM TTpU BepossTHOCTH P < 0,05. CTaTucTnuecKuit aHaImu3 IIpoBo-
IIAJIU C UCITONIb30BaHMeM mporpammsbl Microsoft Office Excel 2021.

3. PesynbTaThl M 00CYKAEHME

Muguu SIBASIIOTCS M3BECTHBIMU (GUWIBTPYIOIMMU cecTOHOdaramm.
Haxopsich B He6IaronpusiTHOM OKpysKaloleii cpeie, OHU CIIOCOOHbI CHM-
3KaTh YPOBEHb 3arpsi3HeHMST IPUOPEKHBIX BOZ, OT TPUPOAHBIX TOKCUHOB,
a TakoKke OT TSDKeNbIX MeTa/UIOB M OT APYTMX TOKCUYHBIX BeLIeCTB, IPU
9TOM HaKaIuI¥Basl UX B CBOEM Tejle ¥ CTBOpKax [27]. lleneHanpasieHHast
IeMMUHepanu3alus CTBOPOK MUIUM MO3BOJSIET YAAIUTD U3 HUX 3HAUU-
TeJIbHYIO0 YaCTb MMHEPAJIbHbBIX BellleCTB [26], B TOM 4MC/ie ¥ HeXKenaTelb-
HBIX MMKPO3/IeMeHTOB (PTYyTb, CBMHeEL, KaAMUIi U AP.).

B cBsI3M ¢ TeM, 4YTO MUAMM ObIIM COOPAHBI B €CTECTBEHHOI Ccpefie 06-
UTAHN, HEO6XOIII/[MI)IM YCI10BMeEM OJ1s1 MCITOJIb30BaHMS X CTBOPOK C 1ie-
JIbIO TIepepabOTKY U MOTyUeH s IUIIEeBO MPOAYKIMM GblIa oljeHKa 6e3-
OTacHOCTU. [IJIs1 O1leHKY 6€30IaCHOCTY MCITO/Ib3yeMbIX CTBOPOK PAaKOBUH
MOJUIIOCKOB U TIOTYY€HHOTO B pe3y/ibTaTe AeMMHepaau3aluy KOHXMca
ObUI TPOBEIIEH aHAIN3 COEPKAHMSI B HUX TOKCUYHBIX 9JIEMEHTOB: TSIKe-
JIBIX METa/JIOB ¥ MbILIbsiKA. Pe3ynbTaThl McCIef0BaHU MTpefCTaBleHbl
B Ta6nuie 1.

VI3 naHHbIx Tabauilpl 1 cieyeT, YTO COePsKaHME TSKEIbIX METAJIJIOB
U MBIIIBSIKA B CTBOPKAaX MUAMI, COGpaHHbIX Ha MypMaHCKOM mo6Gepeskbe
bapenueBa mops (Poccust), u B KOHXMCe He IIpeBbIlIaeT PeJelbHO A0Iy-
CTUMBbIe YPOBHM, yCTaHOBJIEHHbIe B TexHMYeckoM pernaMeHTe TaMoXKeH-

Ta6nuia 1. ComepskaHye TSHKeIbIX META/UIOB M MBIIIbSIKA
B CTBOPKaxX paKOBMH MU ¥ KOHXMICE
Table 1. Heavy metal and arsenic content in mussel shell valves and conchix

CopepskaHue 3JIeMeHTOB, MI/KT
CTBOPKM PaKOBUH MUIMI

Kouxuc

dnemenT ny MecTo c60pa MO/UIIOCKOB U3 CTBOPOK

ry6a Tepu- ryoa ryoa p;l;O];I;;[H

Gepckas ITeuenra Ypa A

PryTp (Hg) 0,2 wmenee 0,10 menee 0,10 menee 0,10 meHnee 0,10
Kanmmnii (Cd) 2,0 wmenee 0,10 wmenee 0,10 menee 0,10 wmenee 0,10
Csunen (Pb)* 10,0 0,11+0,01 0,27%£0,03 0,44+0,04 wmenee 0,10

Mbimibsk (As)* 5,0 0,38+0,02 2,53%#0,05 2,07+0,06 0,29%0,02

IIpumeuanue: mipefenbHO nomyctumble ypoBHM (IIY) yKasaHbl COIVIaCHO
TP TC 021/2011. [TaHHble MpeAcTaBASIOT co60ii cpemune apudmeTnueckme
3HAUEeHVsI + CTaHAAPTHOE OTKIOHEHME OT CPeIHero apudmMeTnueckoro 3Have-
HUS IS TPYIIIBL N = 3 TIpU DOBepuUTeNbHON BepositHocTi P>0,95. CpenHue
3HAUEHMsI B CTPOKAX He MMEIOT 3HaUMMbIX Pa3Inuyii, KpoMe CTPOK CO 3Hau-
KoM «*» (P < 0,05).

HOTO co3a «O 6e30macHoCTV NuIeBoi mpomykuym» (TP TC 021/2011)10.
Takum 06pa3oM, HaHHbIE IOKasaTeau 6e30MacHOCTM COOTBETCTBYIOT
Tpe6OBaHMSM, MPEIBSIBISIEMbIM K ChIPbIO, UCIIONb3YEMOMY [IJIsl TTPOMU3-
BOJICTBA MUILLEBO TPOLYKIMMN.

TMocie moaTBEpKAEHMST 6e30MaCHOCTM MCIIONb3YeMOrO ChIpbsl ObUTU
M3y4yeHbl CBOJCTBA JleMMHePaaM30BaHHBIX CTBOPOK — KOHXMca. [leMu-
Hepaiu3alys IpUBOAMIA K U3SMEHEeHMSIM B CTPYKTYpE U 1iBeTe CTBOPKU
paxkoByHbI Myugun (PuCyHOK 1).

Kak BupHO 13 PucyHka 1, mepBoHauyalabHO MCXOAHAs MOBEPXHOCThb
CTBOPKM OblIa BBIMYK/ION, [[BET YEPHBIA, a 1MOCIe MPOBeIeHMs TeMMI-
Hepanu3aluy OHa CTajla IUIOCKOIA, I[BEeT KeaTO-KOPUUHEBBII, TPU 3TOM
pasMep INpakTU4YecKy He OTIMYAICS OT UCXOLHOV cTBOpKU. KoHxuc He
o6s1afan BbIPa)KEHHBIM 3araxoM M ObICTPO BOCCTAHABIMBAJICS B BOJE,
MMeJl XOPOUIYI0 31aCTUYHOCTb. JTOT OPraHMYecKmii MaTPUKC, OCTa-
IOLMIACS TTOC/Ie JeMMUHepanu3aluyuy, B OCHOBHOM COCTOUT M3 CIOYKHBIX
6eKOB KOHXMONMHOB. OKpaliXBaHMe PACTBOPOM KyMacCu 3TO TIOA-
TBEPAMIIO: B KOHXMCe NPeobiaialoT GeIKOBbIe BeIllecTBa, II03TOMY BCSI
ero CTPyKTypa OKpacuiach B CHMHMII LIBET, IIPU 3TOM MHTEHCUMBHOCTHb
OKpalLIMBaHMs 3aByUCeNa OT TOMMHBI c1osi. B pabore Ehrlich u gp. [11],
MMOCBSIIEHHOM eMMHepaiu3auuy pPakoBUH MOJUTIOCKOB (P. nobilis,
L. elliptica, M. galloprovincialis, H. tuberculata v np.), HabIOAAINUCH aHa-
JIOTMYHbBIE Pe3yabTaThl.

BenkoBble BelllecTBa KOHXMCA (KOHXMOIMHBI) OTHOCSTCS K CKJIEPOITPO-
TenHaMm — GeJikaM, He paCTBOPMMBIM B BOJIe U B pa36aBIeHHBIX PACTBO-
pax cojieit, KCIIOT U 1esioueit. Takske 9T 6eJIKM B HATUBHOM COCTOSTHUM
He TIOJBepraloTCcsl PACIIeIUIeHMIO IPOTeoNUTHIeckuMiu (hepmeHTaMu
[28]. Ha PucyHke 2 npepncraBieHa pacTBOPMMOCTb KOHXMCA B pacTBOpax
C Pa3aMYHON KUCIOTHOCTBIO. BBIIO OTMeYeHOo, UTO pacTBOPMMOCTb KOH-
X1Ca YBeMYMBAETCS B IEJIOUHOM cpene: 16,5% mpu pH 9,0 u 28,5% nipu
pH 11. Camast Hu3Kast pactBopuMocTb (13,1%) 3abukcupoBaHa B paitoHe
pH m3o3anekTpuyeckoi Touky 6enka — ripu pH 5 [1].

Ianee AJis1 OLIEHKM CTETeHM MTepeBapMBaeMOCTH KOHXMCA GbUIMA CMO-
JlelIMPOBaHbl yCJIOBUSI NUILleBapUTeIbHOrO Tpakra (in vitro). CremeHb
repeBaprMBaeMOCTY XapaKTepM3yeTcsl CKOPOCTbIO aTaKyeMOCTV GeKOB

PucyHoK 1. BHenIHMii BUA, CTBOPKY PaKOBMHBI Muauu a0 (A) u nociie nemuHepamsanuu (B); onTuueckoe nso6pakenue kouxuca (B),
OKpalIeHHOT'0 PacTBOPOM KyMaccH, IOTy4eHHOe C yBeIudeHneM 4 x
Figure 1. Appearance of mussel shell valves before (A) and after (b) demineralization; optical image of conchix (B) stained with Coomassie solution,
obtained with 4x magnification

9 TOCT 15113.3-77. «KonueHnTpaTs! nuiesbie. MeTObI ONIpeie/ieHNsI OPTaHo-
JIENITUYECKIX TIOKa3aTesieit, FOTOBHOCTY KOHIIEHTPATOB K YIIOTPEGIEHIIO 1 OL[eHKI
NIVCIIePCHOCTH cycrieH3um». M.: UTTK M3patenbcTBO cTanmapTos, 2003. — 2 c.

10 TP TC 021/2011 Texumaeckuii permament TaMOXEHHOIO coio3a «O Gesomac-
HOCTY MUILEBO¥ MPOAYKLMM» (C M3MeHeHusiMM Ha 8 aBrycrta 2019 roga), MpUHSTHIN
Pemrennem Komuccnu TamoskeHHOTo coio3a oT 9 mexabpst 2011 roma N2 880.
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PucyHok 2. PacTBOpMMOCTBh KOHXMCA B PacCTBOPax C pa3jinyHOM
KMCIOTHOCTBIO
Figure 2. Solubility of conchix in solutions with different acidity

PacTBOopuMocCTh KoHXHCA, Y0

MpoAykTa (epMeHTaMy >KeNyIOYHO-KUIIEUHOrO Tpakra. B akcrepu-
MeHTe C MCII0/Ib30BaHMeM IeICMHa KOHXMC [10Ka3al llepeBapuBaeMoCTb
HUXKe cpenHero — 41,9%.

TakuM 06pa3oM, KOHXMC IpeJCTaBisieT co60ii MepCcreKTUBHOe Chl-
pbe 151 pa3paboTKM Ha €ro OCHOBE BBICOKOGETKOBBIX MPOAYKTOB M CO-
OTBETCTBYIOIIMX N06ABOK, OHAKO MPK 3TOM B eCTeCTBeHHOIi hopme oH
o6ajaeT HU3KOI PacTBOPUMOCTBIO U CTEINEHbIO TepeBapuBae€MOCTHU.
[TosyueHHbIe Pe3yIbTAThl CBUIETETbCTBYIOT O TOM, YTO HEOOGXOIMMO
MPOBECTU TUIAPOIU3 KOHXMCA IJIsT TIOyUYeHUsI PACTBOPUMBIX MENTUL0B
¢ syyiei QyHKIMOHAIBHOCTbIO, KOTOPbIe MOXKHO OyIeT MCIIOIIb30BaTh
B [IPOM3BOACTBE IPOAYKTOB IuTanus [29,30].

[IpenBapUTENbHBIMY 3KCIIEPUMEHTAMU OIIPEIETIEHO, YTO Haumbosee
MPEATIOUTUTENbHBIM  SIBJISIETCST (pepMEHTATUBHBIN TI'MAPOIN3 KOHXMCA
C MCHonb30BaHueM (DepMEeHTHOTO CpPeACTBA JKMBOTHOTO ITPOUCXOXKIe-
HUsT — MaHKpeaTrHa. Ha PucyHKe 3 nipe/icTaB/ieH BHEIIHWIT BU, 6€JTKOBOTO
IUIponu3aTa, oayueHHOTo 113 KOHXMCA C MCII0Ib30BaHMeM IaHKpeaTHHa,
B CpaBHEHMM C UCXOIHBIM ChIPbEM (CTBOPKAMM M KOHXMCOM). [maponmsar
MPeACTaB/IsUT COO0i MOPOIIOK € BKIIOUEHUSIMY HEGOMbIIMX XJIOMbEB KO-
(eiiHorO 11BETA C 3a11aX0OM, CBOICTBEHHBIM TMIPOIM3aTaM, 6e3 [OCTOPOH-
Hero apomara. [maponusar B Bume 1% pactBopa 061afan BKycOM, CBOMCT-
BEHHBIM I'MPOIN30BaHHOMY 6eIKy, 6e3 MpUBKyca ropeun.

BbUT M3yUYeH XMMMUUYECKUIT COCTAB U OIpeiesieH BhIXO CTBOPOK PaKo-
BUH MUIMI, KOHXMCA U3 CTBOPOK MUIMIT U GEIKOBOTO TUIPOIM3aTa U3
Kkouxwuca (Tabnuia 2).

B Ta6muiie 2 BUIHO, YTO CTBOPKM 3aHSUIM UyTh GOJIbINE ITOJOBMHBI
OT Macchl LeJIOV MUAMM, UX BBIXOZ, cocTaBmiI 55,3%. CTBOpPKM XapakTe-
PU3YIOTCST BBICOKMM cofiepykaHmeM 307bl — 95,5%, KoTopoe rociie mpo-
BeJleHMsI JleMMHepaiu3aluy CyLeCTBEHHO CHIDKaeTcs. YhaleHue u3
CTBOPOK 3HAYMTEJILHOTO KOJMYECTBA MUHEPAIbHbIX BEILeCTB ITPUBOIUT
K IOJTyUEHUIO OPraHMYecKkoi MaTpuilpl (61OMoNMMMepa), COCTOSIIEN Ha
87,5% 13 6enKoB, a TaKKe BKIIIOUAIONIel B cebst HeGObIlIoe KOTMYECTBO
xutuHa (2,7%) 1 0CTaTKX MUHEPAIbHbIX BelecTB — 30ibI (3,0%). O6pa-
60TKa (rMApoNM3) KOHXMCA [MaHKPEATVMHOM IT03BOIWIA MOTYYUTh IIPO-
IIYKT, KOTOPBI/l OTIMYAETCS BBICOKMM COJIep)KaHMeM JIeTKOJOCTYITHBIX
6enkoBbIX BelecTB (53,2%) co crerneHbio ruaponusa 17,5%. O6pasosa-
HMe xJopuctoro Hatpus (28,8%) B rugponusaTe CBSI3aHO C TEXHOJIOTU-
YeCKMMM YCIOBUSIMU TTOMyYeHNsT JTaHHOTO MPOLYKTa: IOC/Ie JOBelLeHMs
pH BomHOI (ha3sl 10 ONTUMAIbHbIX 3HaUeHN 1151 9 HeKTUBHOI paboThI
epmenTHOrO Mpemnapara (7,9-8,5 ex.) cinemyer cTanus HelTpanM3auUn
OUMIIIEHHOTO pacTBopa ruaponusata (no pH 6,8-7,0 en.), mpu KOTOpOit
BBIZIEJISIETCS XJIOPUJL, HATPMsI. BbIXOM KOHXMCA cocTaBuI 4,3%, 6IKOBOTO

PucyHOK 3. BHenIHmii BUJ, CTBOPOK PaKOBMH Muauii (A), kouxuca uenoro (B) u usmenpueHHoro (B), 6eIKOBOro rupoiamsara

u3 kouxuca (I)
Figure 3. Appearance of mussel shell valves (A), whole (B) and crushed (B) conchix, protein hydrolysate from conchix (T')

ruaponusaTa — 33,7%. IlomydeHHbI TUApOAU3aT Geka MpeCTaBseT
0cOo6YI0 LIEHHOCTD JJIs1 pa3paboTKM 06OTaleHHBIX MTUIEBbIX IIPOLYKTOB
¥ KOPMOBBIX 06ABOK C y4eTOM JieueOGHO-TIPOPMIAKTUUECKUX U PYHK-
LMOHATBHBIX CBOMCTB GMOMOTMYECKY-aKTUBHBIX MEMTUIOB, BXOISIIIX
B COCTaB IMAPONN3aToB 13 Mmuauii [30].

Crnenymoomuii aTan uccaefoBaHus ObUI MOCBSLIEH pa3paboTKe CyXUX
PBIGHBIX KYIMHAPHBIX cOycoB. B Tabimile 3 mpeCcTaBlIeHbl PeIeNTypbl
TSI TIPUTOTOBJIEHNST 06Pa31[0B COYCOB C Pa3JIMYHbIMY TO3MPOBKaMM Gest-
KOBOTO TUApoin3arta u3 Kouxuca (ot 3 mo 12%) u 6e3 Hero. ['maponusar
6eKa BBOOWIM B PELIENTYPy MPOAYKTa BMECTO MUIIEBOTO KOHIEHTpaTa
PBIGHOTO GY/IBOHA, TAKKe GbITIO CKOPPEKTMPOBAHO KOIMYECTBO MUIEBO
COJIM B peLleNIType C yUeTOM ee CoflepsKaHMs B Iuiponmsare.

Ta6muua 2. XMMMU4YeCcKuii COCTaB ¥ BBIXOJ, CTBOPOK PAaKOBUMH MUAWIA,
KOHXVCA U3 CTBOPOK PAaKOBMH MMUAMI ¥ OEIKOBOTO rMapoin3ara
U3 KOHXMCca

Table 2. Chemical composition and yield of mussel shell valves, conchix from
mussel shell valves and protein hydrolysate from conchix

CTBOpKM Konxuc BenkoBbIit
IToxkasaTenn PaKkOBMH M3 CTBODOK pa- IMAPOIM3AT
MU KOBUH MMIMI U3 KOHXMCA
1\_4“;2;‘;';? Ao, %6 MeHee 1 8,63+0,13 7,50+0,07
— obmero a3zora (OA)* 0,49+0,03 14,00+0,03 8,51+0,03
— aMMHHOTO a3o0Ta (AA) - - 1,49+0,09
— 6Genka (OA-6,25)* 3,08+0,18 87,53+0,20 53,19+0,16
— 30ibl* 95,46%0,01 2,97+0,01 39,22+0,01
— XJIOPUCTOTO HATpusl - - 28,84+0,20
— skupa MmeHee 1 meHee 1 -
— XutuHa* meHee 1 2,74+0,04 -
Boixon, %™ 55,25+2,51 4,26+0,97 33,68+1,35

IIpumeuarue: BIXO[, OTIpeZiesieH pacueTHbIM MeTonoM 1o dopmyse (1). JaH-
HbIe TIPELICTaBISIOT cO60i cpemHMe apubMeTryecKue 3HAUEHNS + CTaHapT-
HOe OTKJIOHeHMe OT cpe/iHero apudmMeTnUeckoro 3HaYeHus JJist TPYIIIIbI n = 3
NPy JOBEPUTENIbHON BepossTHOCTH P>0,95. CpenHye 3HaUeHMsI B CTPOKAX He
MMeIOT 3HAaUMMBbIX Pa3Inuuii, KpoMe CTPOK CO 3HAUKOM «*» (P < 0,05).

Ta6muua 3. PerenTypHbIii COCTaB AJ1s1 IPUTOTOBIEHMS CYXUX
PBIGHBIX KYJIMHAPHBIX COYCOB
Table 3. Recipe for making dry fish culinary sauces

KonmnuecTBo 6eJIKOBOrO IMAPO-
nM3aTa B peuenTtype coyca, %

WUurpenyieHT 0 3 6 9 12
JT031pOBKA MHIPEJVIEHTOB,
r/100 r mpoayKTa

Myka niieHuYHast BBICIINIL COPT 68,00 68,00 68,00 68,00 68,00
[InieBoii KOHIIEHTpAT prIOHOTO 6yboHa 12,00 10,00 8,00 6,00 4,00
BenKOBBIN rMAPONN3aT M3 KOHXMUCA — 3,00 6,00 9,00 12,00
Conb nuieBas 9KCTpa 8,00 7,00 6,00 5,00 4,00
Caxap-mecok 3,00 3,00 3,00 3,00 3,00
JIyK-CyIIeHbI MOJIOTBI 4,50 4,50 4,50 4,50 4,50
YeCHOK-CYIIEHbIV i MOTOTbIN 1,50 1,50 1,50 1,50 1,50
MoOpPKOBB-CyLIIeHAs MOJIOTAast 2,00 2,00 2,00 2,00 2,00
Tlepe11 uepHbIit MOJOTBIN 0,30 0,30 0,30 0,30 0,30
Inyramar Hatpust (E621) 0,50 0,50 0,50 0,50 0,50
JlumonHas kuciora nuuiesast (E330) 0,20 0,20 0,20 0,20 0,20
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Tabmuua 4. XMMUYeCKUil COCTaB CYXMX PBIOHBIX KYJIMHAPHBIX COYCOB
Table 4. Chemical composition of dry fish culinary sauces

KonnuecTBo 6e/IKOBOIO IMApOIN3aTa B perenrtype coyca,%

IToka3arenb
0 3

MaccoBbie gonu:

— BOJIBI, %* 8,65+0,10 8,78+0,05
— OGenka, %* 17,59+0,12 17,97+0,15
— xupa, % 0,75%0,06 0,73%0,05
— 30Ibl, %* 10,49+0,01 10,25+0,01
— YIJIeBOLOB, % 62,52 62,27

6 9 12
8,95+0,12 8,35+0,09 8,72%0,04
18,21%0,18 18,71+0,20 19,01£0,16
0,71+0,08 0,69+0,09 0,73+0,01
9,86%0,01 9,48+0,01 9,22%0,01

62,27 62,77 62,32

Ipumeuarue: MaccoBast 07Is YITIEBOZOB OIIpe/ie/ieHa pacueTHbIM MeTofoM 1o dopmyrte (3). [laHHbIe IPeCTaBISIOT C060ii cpefiHMe apubMeTHUecKe 3HaUe-
HUS * CTAaHJAPTHOE OTKJIOHEHUE OT CPESHEro apubMeTHUeCKOro 3HAYEeHNS! JJIst TPYIIIIBI 1 = 3 [IpU IOBEPUTENbHON BeposiTHOCTH P>0,95. CpeqHne 3HaUeHMS
B CTPOKAxX He MMEIOT 3HAUMMBbIX Pas/Inyuuii, KpoMe CTPOK €O 3HAUKOM «*» (P < 0,05).

PrucyHOK 4. BHeIHMIt BUI, IPUTrOTOBIEHHBIX COYCOB: A — Ge3 Jo6aBieHs 6eIKOBOro rMAPOIN3aTa; ¢ Ko6aBaeHnemM 6eIKOBOro
rugpomsara: b — 3%,B — 6%, — 9%, 1 — 12%
Figure 4. Appearance of prepared sauces: A — without addition of protein hydrolysate; with addition of protein hydrolysate: b — 3%, B — 6%,
T — 9%, I — 12%

BB M3yueH XMMMUYECKMIT COCTaB CYXMX PhIOGHBIX KyJTMHAPHBIX COYCOB,
MOJTyuYeHHbIe Pe3y/lbTaThl MpeAcTaBieHbl B Tabmuie 4. OTMeUeHO, 4TO
yBeJIMYeHue MO3MPOBKM GEIKOBOrO TMApOIM3aTa B PELENType COyCOB
MIPUBOAMT K HEGOJBIIOMY YBEJIMYEHMIO MaccoBOit nonu 6enka ¢ 17,6% 1o
19,01% ¥ K cHUKeHMUIO MaccoBoit Jomu 30ibl ¢ 10,49% no 9,22% B mipo-
nykre. ComepskaHye BOIbI, K1pa, YIJIEBOAOB B 06pasijax coyca ¢ pasiny-
HOJ 03MPOBKOI I'MApOIM3aTa OCTAeTCsl Ha OJHOM YPOBHE.

BbIJIO MPUTOTOBIEHO 5 06pPa31l0B COYCOB IO pelenTypaM, IpeicTaB-
yeHHbIM B Ta6muiie 3: 1 — KOHTPOJIb, 6e3 [06aBIeHMsT 6eTKOBOTO IMAPO-
nm3ara, 2 — C BBefleHMeM 3% rujaposmnsaTa K Macce cMecy, 3 — C BBeleH!-
eMm 6% rumponusara, 4 — ¢ BBegeHnem 9% rumponnsara, 5 — ¢ BBe[leHeM
12% rupponusara. Takke 6bUIM NPOBEIEHbBI UCCIENOBAHNUSI OPraHoen-
TUYECKUX TIOKa3aTesiell U PeoornuecKux CBOMCTB TOTOBOTO IPOAYKTA.

Ha Pucynke 4 npeficTaB/ieH BHEIIHWI BUJ IPUTOTOBJIEHHBIX COYCOB.
Coychbl IPeACTaBIIsIOT c060i OMHOPOAHYIO IYCTYI0 MacCy ¢ BKparuieHU-
SIMM OBOIIHBIX KOMIIOHEHTOB. C yBelIMueHueM JO3MPOBKM GEIKOBOTO
TUOPONM3aTa B PELENType MPOAYKTa HaOMIONaeTcsi U3MEeHeHue IBeTa
06pasIoB coyca OT CBETIIO-KPEMOBOTO 0 KeJITO-KopuuHeBoro. Ha et
KOHEYHOr'0 IIPOJAYKTa MOTYT BIMSTb pasiauyHble dakTopsl. [Ipemnonara-
€TCsl, UTO TaKkyue M3MEeHEeHMs IIBeTa MOTYT ObITh 0OYCJIOBIEHbBI TE€M, YTO
B CTBOPKax PaKOBMH MUIUU COAEPsKaTCs MPUPOIHbIE IUTMEHTDI, OTHO-
csiyecs K IpyIie KapoTMHOMAOB [31], KOTOpble B pe3y/nbTaTe Iepepa-
GOTKM MCXOIHOTO ChIPBSI IT€PENUIN B TUAPOII3aT.

IoGaBieHue pas3INYHbIX KOHLEHTpalMil GEelKOBOrO TI'MIpONM3aTa
B pPeIenTypy coyca OKa3bIBaeT BAMSHME KaK Ha COCTaB FOTOBOTO IMTPOIYK-
Ta, TaK M Ha ero opraHojenTuyeckue rnokasarenn. [Ipy sTom HeKOTOpbIe
IMIPON3aThl 06/1aal0T TOPbKMM BKYCOM 13-3a HaJIMUMSI B UX COCTaBe
cneryduueckux nenTuaos [32]. [loaToMy BecbMa BasKHbIM TPeGOBaHMEM
SIBJISIETCS] U3yUyeHMe OpraHO/MeNTUUeCKMX MoKasaTesleii coyca B 3aBUCU-
MOCTHY OT ero COCTaBa.

Pe3ynbTaTbl OpraHONENTUYECKO) OLIeHKM IPUTOTOBIEHHBIX COYCOB
rpescraBieHbl Ha PrucyHke 5. OnpeqiesnieHo, UTO JO3MPOBKA TUAPOIM3aTa
B KO/MYeCTBe OT 3% 10 9% He OKa3bIBaeT HEraTMBHOIO BAMSHMS Ha BKYC
U TIOC/IeBKYyCHe, Ha 3aIax, a Takke Ha KOHCUCTEHLMIO 06pa3lioB COYCOB.
IIpy 9TOM YCTaHOBJIEHO PSIMOE BJVSIHVME AOGABIEHMUST TUAPONM3ATa Ha
LIBET COYCOB, UTO OBIIO OTMEUEHO JerycraTopamu. HecMoTpst Ha He3HauM-
TelIbHOE CHIKeHMe HEKOTOPbIX OPraHOMeNTUYeCKX IT0Ka3aTeseil, OTMe-

BHeSLuHHﬁ BUJT ——A(0%)
------ B (3 %)

——B(6%)

Koucucrennus

HOCJIEBKYCHE

PUCYHOK 5. Pe3y/IbTaThl OPraHOIEeNTUYECKOI OLIeHKU
IIPUTOTOBIEHHBIX COYCOB: A — Ge3 106aBIeHNsI GETKOBOro
TUAPONIU3aTa; C JOOaBIEeHMEM OeJIKOBOro rMAPOIM3aTa:
b—3%,B—6%,T —9%,0— 12%

Figure 5. Results of organoleptic evaluation of prepared sauces:

A — without addition of protein hydrolysate; with addition of protein
hydrolysate: B — 3%, B — 6%, T — 9%, I — 12%

YaloTCsI TOCTAaTOYHO BLICOKME 3HAUEHMsI OlleHOK — He Hipke 4,1 (82%). Ca-
Mble HM3KMe OLIeHKM Iomyum obpasel] ¢ BBegeHneM 12% rupponusata.
Takym 06pa3oM, MakKCHMMaIbHO PeKOMeH/IyeMas O3MPOBKa IMAPOIM3aTa
B pelienType MPOLYKTa MOKET COCTABISITh 9%, a MUHUMAaIbHAsT — 3%.

Vi3yueHne peosornyeckmux CBOVICTB COYCOB UIPAaeT BasKHYIO POJIb B I10-
HMMaHMM TOTO, KaK BIMSIOT MULIEBbIE VHIPEAVEHTDI, ChIPbE Y TeXHOJIO-
rMyecKkye mapaMeTpsl MX 00pabOTKY Ha CTPYKTYPY TOTOBOTO MPOLYKTA
Y Ha ero KaueCTBeHHbIe XapaKTepPUCTUKMU.

Ha cnemyroomem stane ucciaenoBaHus Oblla IIPOBeeHa OLE@HKa
CTPYKTYPHO-MeXaHNUYeCKMUX CBOJCTB 06pasIOB COYCOB C MCIIOJIb30Ba-
HMEM TeKCTypoMeTpa. BbUIo yCTaHOB/IEHO, UTO GETKOBBIN TMAPOIN3AT,
JCIONb3yeMBIii B pelieNiType MPOLyKTa B NO3UPOBKe 3—12%, He OKa3bl-
BaeT CYIECTBEHHOIO BJIMSIHMSI HAa M3MeHeHMe CTPYKTypHO-MexaHudye-
CKUX TOKa3aTesieifi MpUroToBlIeHHbIX coycoB (Tabmuia 5). Pe3ynbraTsl

Ta6nuua 5. Pe3yabraThl M3yUYeHUsI CTPYKTYPHO-MeXaHMIEeCKMUX IT0Ka3aTeieli IPUroTOBIeHHBIX KyJIMHAPHbBIX COYCOB
Table 5. Results of the study of structural and mechanical properties of prepared culinary sauces

KosmuecTBo 6€1KOBOro rMApOIMn3aTa B peenType coyca, %

ITokasaTenn
0 3
Cxkatue, H 0,10+0,01 0,11+0,01
Jlunkocts, H -0,05+0,01 -0,05+0,01

6 9 12
0,10+0,01 0,110,01 0,110,01
-0,06+0,01 -0,06+0,01 -0,06+0,01

IIpumeuaHue: faHHbIE IPEJCTABISIOT CO607 cpenHNe apupMeTHUeCcKue 3HaYeHNs + CTaHJapPTHOe OTKJIOHEHNME OT CpefHero apupMeTN4ecKoro sHaYeHus sl
IPYIIILI 1 = 3 TIpY I0BepuTeNbHOI BeposTHOCTY P>0,95. CpeHMe 3HAUeHNSI B CTPOKAX He MMeIoT 3HauMMbIX pasnnunit (P < 0,05).
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PUCYHOK 6. 3aBUCUMOCTb: A — BA3KOCTU; B — HaIpsOKeHMsI CABUIa IIPUTrOTOBIEHHBIX KyJIMHAPHBIX COYCOB C o6aB/IeHeM 6eIKOBOro
TUAPOIU3ATA OT CKOPOCTH cABuUra: 1 — coyc ¢ gobasneHuem 3% GeJIKOBOro rMApoIu3saTa; 2 — coyc ¢ Jobasiennem 12% GeIKOBOro
ruapoamusara; jaHHble b annpokcuMmupoBaHsl ypaBHeHyeM (4); T = 20°C
Figure 6. Dependence of the viscosity (A) and yield stress (B) of prepared culinary sauces with the addition of protein hydrolysate on the shear rate:

1 — sauce with the addition of 3% protein hydrolysate; 2 — sauce with the addition of 12% protein hydrolysate; data b is fit to the equation (4); T = 20°C

uccieJ0BaHMsI TokasaTesieli «CKaTue» U «JIUIKOCTb» HaxXoguMJInch Ha
OJHOM YpPOBHe ISl BceX 06pasloB B Ipenenax IOIyCTMMON IOrpell-
HoCTM Tpubopa. [TomydeHHbIe pe3yIbTaThl MOKHO OOBSICHUTb T€M, UTO
IJIaBHYIO POJIb B 3aryllleHMM COyCOB UTPAIOT BellecTBa IONMCAXapUgHON
TIPUPOJIBI, B OCOGEHHOCTY KpaxMaJl, HaXOASIIMIACS B COCTaBe IIIeHNY-
HOJI MyKH, a Taioke kamenu [33]. B paboTax [34,35] 6bUI0 [TOKA3aHO, YTO
KOHLIeHTpalLus Kame/leii OKa3bIBaeT 3HaUMTeIbHOEe BIMSIHME Ha M3MeHe-
HMe€ CTPYKTYPBI COYCOB (B YACTHOCTMU, GbIJIa YCTAHOBJIEHA MTOJIOKUTETbHAS
KOppemsius MeXy peoorniyecKyMy Iokas3aTensiMy U KOHLIeHTpauyeil
nmo6aBieHHOTOo nomicaxapuia). Takum 06pa3om, OTCYTCTBYE MI3MEHEHU
JIAaHHBIX ITOKa3aTesieil B HacTosIeit pabore 06yCIOBIEHO UCIIONb3yeMOit
IO3VPOBKOJ MYKM, KOTOpas B UCCeLyeMbIX 06pa3iiax COyCOB OCTAeTCs]
TIOCTOSIHHOVA.

[lanee mjig M3ydeHMs] PeOlOrMUeCcKMX CBOJCTB COYCOB Ha peoMeTpe
GBIV B3SITHI IBa 0Opasiia: 1 — ¢ BBemeHueM 3% rumaponusara K macce
cMecH, 2 — ¢ BBeeHueM 12% ruaponnsarta.

Ha PucyHKe 6 mpuBeneHbI KpyBble TeueHNsI B GopMe 3aBUCHMOCTHI
BSI3KOCTY ¥ HAIPSDKeHMS CABUTA MPUTOTOBJIEHHBIX COYCOB OT CKOPOCTU
coBura. lccinemoBaHHble 06pasibl JT€MOHCTPUPYIOT HEHBIOTOHOBCKOE
MoBefieHNe, 3aK/I0Yaolieecs: B MI3MeHEeHUN BSI3KOCTU CUCTEMBI IPU 13-
MeHEeHUM CKOPOCTH ee AedopmManym, YTO COOTHOCUTCS C TUIIMYHBIM I10-
BeZleHVieM MHOTUX APYTUX COYCOB (MaiioHe3a [36], ciagkoro [37] u abpu-
KOCOBOTO COYCOB [38]).

BsI3KOCTB MCCIenyeMbIX 00pa3I[oB COYCOB BO3HVMKAET B CBSI3Y C HAJIU-
yyeM B 06beMe eIVHMULL TeUeHUs] HaJMOIeKY/ISIPHOTO pasMepa — Mpeu-
MylIeCTBEHHBIM 00pa30M arperaToB MakpOMOJIEKy/ Kpaxmasa, BbIIIOI-
Hstomero GyHKUuMio 3aryctutens [39]. TIockonbKy BSI3KOCTb COyca Mpu
pocTe CKOPOCTM COBMUIa YMEHbIIAeTCsl, MOKHO TOBOPUTH O CABUTOBOM
PasKVKeHUY CUCTEeMbI, YTO TaKkKe HAG/IIONANIOCh B MCCTELOBAHUM CUC-
TeM Ha OCHOBe KpaxmMasia ¥ MOJIOUHBIX G€/TKOB HAPSIAY C TUKCOTPOITHBIMU
cBorictBamu [40].

B cBs3M C ompepensiooleii poiblo KpaxMaia B CUCTeMe KpPUBBbIE Te-
YeHUs] MOTYT OBITh alIPOKCMMUPOBAHBI CTEIIEHHOM (GyHKIMel (3aKoH
OctBanppa-ne Baarne), ucrnonb3yeMoii Ojsi ONMCaHUST B3aMMOCBSI3M Ha-
MIPSDKEeHMS ¥ CKOPOCTH CABUTA KpaxMaicomepsKaluux cucrem [41]:

c=K-y. @

BenmuuHbI MHIEKCOB TeUeHUS] 06eUX CUCTEM YIOBJIETBOPSIOT YCIO-
BMIO N < 1, KOTOpOE BBINOIHACTCS [JIs1 TICeBJOIUIACTUYHBIX KUIKOCTe
", B YaCTHOCTH, JIJIS APYTUX COYCOB C J0oOaBIeHMEM MTOIMCaXapyuIoB B Ka-
yecTBe 3aryctureneli [42]. HeHbBIOTOHOBCKMII XapaKkTep TeueHusl coyca
¢ 12% BBemEHHOTO TMAPOIN3ATa BEIPAXKEH 6osiee sIPKo. ITO 0OBSICHSIETCS
3aTPyAHEHHOJ OpMeHTal el 4acTul, Kpaxmana B IOTOKe PV BBICOKO
KOHIIEHTpAIY GEeKOBBIX MOJIEKYJ, TO eCTh He TOJBKO yBeIMYeHVeM
KOHIIEHTpaLMy TBEPAOro BelecTBa, HO M BO3MOXHBIM 06pa3oBaHUEM
arperaTos, BKJII0Yasl MHTepIOAMMepHble [43].

VccnenoBaHo BSI3KOYIIPYTOe MOBe/ieHMe 06pa3iioB COyCOB, OTPaKkalo-
Iee KOMOMHAIVIO KaK TBEPZO-, TaK U KMIKOOGPA3HBIX CBOJCTB 06pa3-
LIOB COYCOB Ha OCHOBE Kpaxmaja C Job6aBieHueM GelKOBOrO TMAPOIN-
3aTa. [lolyueHbl 3aBMCHMOCTM KOMIIOHEHTOB KOMIUIEKCHOTO MOZIYJIS
YIIPYTOCTY OT aMIUIUTYBI HedopMaiyy B pekyMe rapMOHMYECKMX T1e-
puoaMyeckux ociysiunii (PucyHox 7).

[peBbIieHNe BeMMUMHBI MOAys coxpaHeHus (G’) Haj BeNMUMHOIN
mopy/st motepb (G’) B 061acTM MasibIX aMIUIUTYL CBUIETEIbCTBYET

0 MperMYyLIeCTBEHHO TBepI006pa3HOM MoBeleHM 06pasLoB. B JTaHHOM
[Mana3oHe 3HaYeHMs] KOMIIOHEHTOB KOMIUIEKCHOTO MOZYJISI YIIPYrOCTU
He 3aBUCST OT aMIUIUTYIbI ieopMaLuy; B TO ske BpeMst HeGobLIast n-
pUHA oyana3oHa MOXeT ObITh BbI3BaHa HecHOPMMPOBAHHOCTBIO CETKU
YCTOVMUMBBIX 3allellJIeHNi I MeXIy ydyacTKamy MaKpOMOJIEKys Kpaxmasa
[39]. 3aTeM uMeeT MeCTO CHMKeHMe 3HaUeHUI MOAyst HakoIuieHus. [Ipu
HEKOTOPOM 3HaYeHMM aMIUTUTYAbI gedopmanyy HabmomaeTcs nepece-
YeHMe aMIUIUTYIHBIX 3aBUCHMOCTEN MOJIY/ISI COXpaHEHUS M MOAYJIS 110~
Tepb. Touka nepeceuenust moxyineii (G’ = G’’) npepcrasisieT co60Ii TOUKY,
B KOTOPOJI BHYTPEHHSISI CTPYKTypa paspyliaeTcsl. OTO NMPUBOIUT K Te-
YeHMI0 MaTepyuaa, uTo CBUIETEIbCTBYET O Iepexose K npeobiaalaHnio
SKMKOOOpa3HbIX CBOCTB. HajokeHme morpenrHocTei sHaueHmit 060mx
MOJLyJ/Ieit B 3TO¥ 06/1acTH, @ TaKKe MOJIYJIS [TOTePb BO BCEM MCC/IeJOBAH-
HOM aMIUIMTYJHOM Jyarna3oHe yKasblBaeT Ha TO, YTO JOOABKM T'MAPO-
J3aTa OKa3bIBAIOT IIPEMMYIECTBEHHOE BIMSHYE Ha TBEPL006Pa3HOCTh
CBOJICTB 06pasiia.

YacToTHbIe 3aBUCYMOCTY JUHAMUYECKUX MOJLYy/Ieii Py MOCTOSIHHO
aMmIumnTyzge nedopmanyy, BbLIGPaHHO B TIMHETHOM BSI3KOYIIPYTOM Aya-
rna3oHe, IpyuBeIeHbl Ha PucyHke 8.

B u3yyaemom pAmama3oHe 4YacTOT 3HAuYeHMsI MOJIY/ISI COXPaHEHMS
BbIIIIe MOJYJISI IOTEPb, YTO CBUIETEIbCTBYET O IIPeUMYIIeCTBEHHO TBep-
006pa3HOM IOBeJeHNM — IIpeobsalaHuyl YIPYTOCTH HaJl BSI3KOCTBIO
B MOBeeHNM 06pasiioB COyCOB. B TO ke BpeMst xapaKTepHasi Ijisl Tejeit
6MOIONMMEPOB CO CTAOMIbHOM BHYTPEHHE! TPexXMepHOi CTPYKTYpOit
06J1aCTh MOCTOSTHCTBA 3HaUeHuit G’ B 06/1aCTU MaJIbIX CKOPOCTE CABUTa
orcyTerByeT. Takasi peosioruyeckast KapTyHa Habmo1aeTcst py BbICOKOM
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PucyHok 7. 3aBucuMocTb Mozyieii coxpaHeHus (G)
¥ notepsb (G”’) OT aMIUIMTYIbI AJIs1 00PA3I[0B COYCOB,
rae 1 — coyc ¢ Jo6asnenrem 3% GeIKOBOroO rMAPOIN3aTa;
2 — coyc ¢ po6aBieHueM 12% 6eIKOBOro rMaApPOIN3aTa;
T =20°C, o = 6,28 pan/c
Figure 7. Dependence of the storage (G’) and loss (G’’) moduli on the
amplitude for sauce samples, where 1 is the sauce with the addition of 3%
protein hydrolysate; 2 is the sauce with the addition of 12% protein
hydrolysate; T = 20°C, » = 6.28 rad/s
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PucyHoxk 8. 3aBucumocts moayieii coxpanenus (G’)
u niotepsb (G’’) OT YacTOThI JJIsk 06pa3LOB COyCoB, rae 1 —
coyc ¢ Jo6aBieHneM 3% 06eIKOBOro IMApoan3ara; 2 — coyc
¢ no6asnennem 12% GenkoBoro rugposnusara; T = 20°C, y = 0,05%
Figure 8. Dependence of the storage (G’) and loss (G’’) moduli on the
frequency for sauce samples, where 1 is the sauce with the addition of 3%
protein hydrolysate; 2 is the sauce with the addition of 12% protein
hydrolysate; T = 20°C, y = 0.05%

MOJBVKHOCTY MaKPOMOJIEKY/ISIPHBIX I[eTIeil ¥ JUHAMUYECKOii CTPYKTYpe,
06pa30BaHHO KpaxMaioM B cocTaBe coyca [39]. B HeMOHOTOHHOCTb U3-
MeHeHus1 G’ B crydae coyca ¢ mobasieHnemM 12% 6eKOBOTO IMIposm3a-
Ta BKJIaJ BHOCUT BO3MOXKHASI CEAMMEHTALMS B YCIIOBUSIX SKCIIEPUMEHTA
KPYITHBIX KPaXMaJIbHbIX 1 GeJTKOBbIX arperaToB. B pa6ore [41] mogo6HbIi
XapakTep BSI3KOYIIPYrOro IOBeJeHNs] JeMOHCTPUPOBAIM BOIHBIE IVI-
criepcuy Kpaxmasa, IoJiBepraBIumecsl peBapuTeabHOl TeIIoBoii 06-
paboTke. CxomHbie (GOPMbI aMIUIUTYJHbIX M YACTOTHBIX 3aBUCUMOCTEN
LU KPaxXMaJICOLepsKalluX COyCOB IPUBOASATCS Takke B [42]. DTo mox-
TBEPsKIAEeT ONpeesiolInii XapakTep KpaxMasia B OTHOIIEHUY PeoJIoTy-
YeCKOro MOBeJeH!s M3yUYeHHBIX 00pa3IioB.

B TO ke BpeMs MOyuyeHHbIe AAHHbIE CBUIETEIbCTBYIOT O BJIUSHUU
BBOAMMOTO I'MAposu3ara (B T. Y. €ro KOJMYeCTBa) HA Peosoruueckue
XapaKTEePUCTUKY COYCOB. TO BIVSIHME BbIPAKAETCSI B YBEJIMUEHUY BSI3-
KOCTH, HAIpsDKeHUS M OMHaMuUueckux mopynei. OgHako IeTaabHOe
omucaHue 3TOro mpoiiecca TpeGyeT Gosee MOAPOGHOTO MCCAEIOBAHMS

MeXaHNYeCKOTO TOBeIeHNsI MOJIeNbHbIX CUCTEM, T. K. B3aMMOJECTBYSI
pasaMYHOI MPUPOABI MEKIY MAaKPOMOJIEKy/IaMy Kpaxmasa 1 6eJKOBOro
runponusara [43] YCIOKHSIOT XapakTep TeUeHMs U MPeaCcKa3yeMOoCTb UX
BSI3KOYIIPYTUX XapakTepucTuK [40]. [Ipy n3sMeHeHMU comepskaHumsI GeKo-
BOTO TMIPOJN3aTa B COyCax BapbUPYETCs M COLepKaHMe IPYIUX KOMIIO-
HEHTOB — KOHILIEHTpPaTa PHIGHOTO GY/IbOHA U MUIIEBOI COMY, UTO TAKXKe
MOYKET OTPAKAaThCSI Ha PEOIOTMIECKUX CBOJICTBAX.

Takym 06pa3oM, Ha OCHOBAHMM Pe3Y/IbTATOB, IIOTyYEHHBIX IIPY BBI-
TIOJTHEHY KOMIUIEKCHBIX MCC/IeNOBaHNii, GblIa ompeneneHa BO3MOXK-
HOCTb TTOJTYY€HUST BBICOKOGEIKOBBIX MHTPENUEHTOB (KOHXMCA U TUAPO-
JM3ara) U3 CTBOPOK PAKOBMH MUAMIA Y MCTIONb30BaHMUS X B TEXHOTIOTUU
CYXOro KyJIMHapHOTO coyca. JJaHHbIe pe3y/abTaTbhl MOTYT ObITh IepCIieK-
TUBHBI C TOYKY 3PEHUS PA3BUTHUSI KOMIUIEKCHBIX TEXHOIOT I IiepepaborT-
K TOGOYHBIX MTPOLYKTOB akBaKy/abTypsl B [IBJIC, a Takke pacuMpeHmus
aCCOPTMMEHTa MHHOBAIVOHHBIX MPOAYKTOB MUTaHUSI C 3aJaHHBIMU
CBOJCTBaMM, YTO GyZeT CIIOCOGCTBOBATH Pa3BUTMIO IMIIEBOI OTEUeCT-
BEHHOI oTpacin. IIpuMeHeHMe KOMIUIEKCHBIX TEXHOJIOTUI Ha NNIIEBbIX
npennpusITHsIX B cdepe rnepepa6oTkyu BBP 1mo3BOMMUT M3BI€Yb U3 BTO-
PVYHOTO CBIPbSI ¥ MTOGOYHBIX [TPOLYKTOB LieHHbIE IMyTaTeIbHbIe U 610-
JIOTMYECKY aKTVIBHbIE BEIECTBA, IIOyYNTh QYHKIMOHAIbHBIE [TUIeBbIe
VHTDEIMEHTBI.

4. BeIBOIBI

BbuM TOMyYyeHbl MHIPEAVEHTHl C BBICOKMM COZepXXaHMeM Oeska
(KOHXMC ¥ TUAPONU3AT) U3 CTBOPOK PakoBUH muauit Mytilus edulis L.
U oIpejieJieHa BO3MOXKHOCTb MX MCIIOb30BaHMS B TEXHOJIIOTUM CYXOTO
KyJIMHapHOro coyca. KoHXMc B CBSI3M C HU3KOI PaCTBOPMMOCTBIO U TJIO-
XO0J1 TlepeBapyBaeMOoCThI0 GbUI MOABEPTHYT epPMEeHTATUBHOMY IMIPO-
JIM3y C MCIIO/NIb30BaHMEM IaHKpeaTuHa. Pe3ynbTaThl 3KCIEePUMEHTOB
[10Ka3an, 9TO MCIIONb30BaHMe GeTKOBOrO I'MIPOIM3aTa B TeXHONOI N
CYXMX COYCOB IIO3BOJISIET yBEIMYNUTb COZep)KaHyue Gelka B IOTOBOM
npoaykre. Ha OCHOBaHMM OpraHoNeNTUYeCKONM OLEHKM YCTaHOBJIe-
Ha peKoMeHJyeMasl I03/POBKa GeNKOBOIO TMAPONM3aTa B pelenType
MPOJIyKTa, KOTOpasi BapbupyeTcs oT 3 0o 9%. JlosupoBKa 3% MOXKeT
MCIIO/Ib30BaThCS [IJIsI IIPUTOTOBJIEHMSI COyCa, KOTOPBIN [0 OpraHoJerl-
TUYECKUM T0Ka3aTesIM OyseT GJIM30K K TPaAULIMOHHBIM PBIOGHBIM COY-
cam. Jo3upoBKa 9% rnonoiaer Ajist 06orarieHus IPOLyKIUY e HHbBIMU
U JIETKOJOCTYIHBIMM aMMHOKUCIOTaMM U TIOMUIIENITUAAMU U3 MULUIA.
OrnpeneneHo, YTO JO3MPOBKA ruaponusaTa go 12% He oKa3bIBaeT Cy-
LIeCTBEHHOIO BJIMSIHMS Ha PeoIornyeckye CBOJCTBAa MPUTOTOBIEHHBIX
coycoB. Pe3ynbTaThl JaHHBIX MCCIELOBAHNI TO3BOJSIT PACIIMPUTD 6asy
3HAHMIT 0 BO3MOKHBIX CIIOCOOAX IONYYeHMs ¥ VICIIONb30BaHMS GeIKo-
BBIX BEIeCTB 13 CTBOPOK PaKOBMH MMV B NMILEBBIX IIPOAYKTAX, UTO
MOXET GbITb MOJIE3HO JJIS PA3BUTUSI TEXHOIOTMIT TepepaboTKu m0604-
HBIX ITPOJYKTOB akBaKkyaAbTyphl B [IBJIC.
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OEPMEHTATUBHBIE THAPOJIN3ATHBI 3EPHA U ITPOJAVYKTOB
ETO ITIEPEPABOTKU. OB30OP ITPEAMETHOTO I10JIsA

Buron U. C.*, MenemkuHa E. IT.
Bcepoccuiickuit HayYHO-1MCCIeA0BATEIbCKII MHCTUTYT 3€pHA U MMPOAYKTOB ero nepepaborku, Mocksa, Poccus

KJIFOYEBBIE CJIOBA: AHHOTALIA
3€pHO U NPOOYKMal IpencraBieH 0630p HAyYHBIX ITyOIMKAIIVIA, TOCBSIIIEHHBIX MCCIEAOBAHMIO NEMCTBYS (DePMEHTHBIX MPENapaToB M UX KOM-
e20 nepepabomxu, TO3UIMIi Ha Pa3INuHbIe 3ePHOBbIE CYOCTPATHI, TOTYUYEHNIO (PePMEHTATUBHBIX IMIPOU3ATOB U CTPYKTYPHO-MOAMMULIPO-
3epHo8ble BaHHbIX BTOPUYHBIX POAYKTOB MepepaboTKM 3€pHA. B 3aBMCMMOCTY OT TIOCTaBJAEHHbIX 1[eJIeii, [TTaBHast U3 KOTOPbIX — WH-
2udponusamel, IyCTpUAaIbHOE MCII0b30BaHMe MTPOAYKTOB (hepMEHTaTUBHO MOAM(UKAIIMMA, TPEIJIOKEH CIIOCO0 pasaeieHNs I'IPOI3aTOB
(epmermHbvie Ha JIBe IPYIIIIbI: TepBasi — C BbIJEI€HMEM U OUMCTKOM Oejka OT 6a//IaCTHBIX COeAVHEHMI C MTOCTeAYIOIIUM TUAPOIN30M; BTO-
npenapamet (PII), past — 6e3 ImpeaBapuUTeIbHOIO BbieaeHus 6eyika. HacTosmmit 0630p IMOCTPOEH Ha OCHOBE Pe3yIbTaTOB MCCIeIOBaHMIT OTe-
MYJILMUIHIUMHDBLE YeCTBEHHBIX U 3apYOEKHBIX aBTOPOB C MCITOJIb30BAHMEM PECYPCOB IMOMCKOBBIX ccTeM U 6a3 maHHbIX: eLibrary, CyberLeninka,
komnosuyuu (M3K), Google Scholar, ScienceDirect, Springer open, PubMed. AHanu3 pegMeTHOTO T0JIsi CBUIETeIbCTBYET 06 OU€Hb IIMPOKOM JiMa-
6uoxamanus rasoHe MyGIMKaLmii 10 XapakTepucTvke GepMeHTATUBHBIX TUAPOIM3aTOB, /sl TIONyYeHMsT KOTOPbIX B KauecTBe cyocTpaTa
MCTIONb30BaJIY GMOIOMMMEPDI SKUBOTHOTO ¥ PACTUTEILHOTO ChIPbsl. 3a MOC/IeIHEe AEeCTUIETHE CYLIeCTBEHHO YBEeTUIMIOCh
KOJIMYECTBO paboT 1Mo GepMeHTaTUBHOM MOAM(UKAILNM Pa3TIMUHBIX BUIOB 3€PHOBBIX U GOGOBBIX KYJIBTYDP, KOMIIO3UTHBIX
3epHOCMeceit; U3y4eHbl BO3MOKHOCTM MX VMCIIOb30BaHMS B KauecTBe 060ramaniimnx, GyHKIMOHATbHO-TEXHOIOTMYECKUX
¥ PYHKIMOHAIBHBIX KOMIIOHEHTOB KOPMOB M IMUIIEBBIX TPOAYKTOB. BO3pOXKAE€HIE MUKPOGMOIOTMYECKOI OTPACIIN, B TOM UM -
CJle IPOM3BOJICTBA OTEUECTBEHHBIX (DepMEHTHBIX ITpernapaToB, 6a3upyeTcsl Ha SKCIIEPUMEHTATbHBIX MCCIEN0BAHMUSIX IO TTOU-
CKY HOBBIX IITAMMOB-ITPO/IYIIEHTOB ¥ COBEPIIEHCTBOBAHMIO METO/IOB BbIJEJIEHNSI, OUMCTKY U cTabumn3anum hpepmMeHTOB. Bee
MCCIIeJOBAHMSI OTEUECTBEHHBIX U 3aPYOEKHbBIX aBTOPOB IMOATBEPKIAIOT aKTYyaIbHOCTD M XOPOIIIYIO TEPCIIEKTUBY PaCIIMPEHMS
[IMarnasoHa IpuMeHeHusT GepMeHTaTUBHBIX IMIPOIM3aTOB, OTYYEHHbBIX 13 36PHOBOTO ChIPbsI i BTOPUYHBIX ITPOAYKTOB €r0
repepaboTKy B pa3JIMUHBIX 06JIaCTIX KOPMOIIPOM3BOICTBA, MTMIIEBOI MHAYCTPUM, hapMaKoIOTun.

OUMHAHCHMPOBAHUE: CTaThsl NOATOTOB/IIEHA B paMKax BBIIOTHEHMSI TOCYLapCTBEHHOTO0 3a1aHusI BcepoccuiickM HayqYHO-MCCeA,0BaTeIbCKUM VH-
CTUTYTOM 3epHa M IIPOAYKTOB ero rnepepaborku (BHMU3) o Teme FGUS-2025-0002.
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ENZYMATIC HYDROLYSATES OF GRAIN AND PRODUCTS
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ABSTRACT

The paper presents a review of scientific publications devoted to investigation of an action of enzyme preparations and their
compositions on various grain substrates, production of enzymatic hydrolysates and structurally modified secondary products
of grain processing. Depending on the set goals, the main of which is the industrial use of products of enzymatic modification,
a method is proposed for separation of hydrolysates into two groups: (1) with isolation and purification of protein from ballast
compounds with the following hydrolysis and (2) without preliminary isolation of protein. The present review is based on the
results of studies by national and foreign scientists with the use of search systems and databases: eLibrary, CyberLeninka, Google
Scholar, ScienceDirect, Springer open, PubMed. Analysis of the subject field shows a very wide range of publications related to
characteristics of enzymatic hydrolysates produced using biopolimers of animal and plant raw materials as a substrate. Over the
last ten years, the number of studies on enzymatic modification of various types of grain and leguminous crops, and composite
grain mixtures has increased significantly; the possibilities of their use as enriching, functional-technological and functional
components of feedstuff and food products have been studied. The revival of the microbiological branch, including production
of domestic enzyme preparations, is based on experimental studies on the search for new producer strains and improvement of
methods for isolation, purification and stabilization of enzymes. All studies by national and foreign authors support the topi-
cality and good prospects of increasing a range of the use of enzymatic hydrolysates obtained from the grain raw material and
secondary products of its processing in various areas of the feedstuff production, food industry and pharmacology.

FINANCING: The article was prepared as part of the state assignment by the All-Russian Research Institute of Grain and its Processed Products
(VNIIZ) on topic FGUS-2025-0002.

1. BBegeHue

Vicrionb3oBaHme pepMeHTAaTUBHOIO KaTaun3a Kak COBPEMEHHOTO MH-
CTpyMeHTapusI ITy60KO# epepaboTKy PacTUTETbHOTO ChIPbsI, B TOM 4M-
CJ1e 38PHOBBIX KYJIBTYD, ITOAYUYMIO HOBBI MMITY/IbC PasBUTHS Graromapst
ycriexam 6MOTeXHOIOTUY B MPOU3BOACTBE HOBBIX BbICOKOI(D(PEKTUBHBIX

OJId UUTUPOBAHNSA: Buron U. C., Menemkuna E. I1. (2025). ®epmenTa-
TUBHbBIE TUAPOIU3ATHI 3ePHA 1 IIPOAYKTOB €ro nepepaboTku. 0630p MpeamMeTHOro
nonst. ITuwesvie cucmemst, 8(1), 144-152. https://doi.org/10.21323/2618-9771-
2025-8-1-144-152

MMKPOGHBIX (DepMEHTHBIX MpernapaToB pasinyHOi CHelubUIHOCTI
nmericrsus [1,2,3].

I[loMumo TOrO, UTO pasiuMyHble (GepMeHTaTHBHbIE ITPOIECChHI Jie-
3KaT B OCHOBE MHOTMX COBPEMEHHbIX MPOU3BOACTB [4] (Xx1e6omneueHue,
BUHOJe/Me, MMBOBapeHye, MPOU3BOACTBO CIIMPTA, COKOB, ChIpOAeNe,

FOR CITATION: Vitol I. S., Meleshkina E. P. (2025). Enzymatic hydrolysates of
grain and products of its processing. A review of the subject field. Food Systems, 8(1),
144-152. https://doi.org/10.21323/2618-9771-2025-8-1-144-152
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MIPOM3BOACTBO OPTaHMUYECKUX KUCIOT, Yasi, aMMHOKMCIIOT, BUTAMMHOB,
QHTUMOMOTUKOB) [5-7], depMeHTaTUBHBIE IMIPOINU3ATHI KaK CaMOCTOS-
Te/bHbIN IPOAYKT B HACTOsIIIee BpeMsl 3aHMMAIOT CBOIO HUIIY Ha PbIH-
Ke TMMILEBBIX J06ABOK, 000raliaoinx 1 6MOJIOrMUYeCcKy aKTUBHBIX MH-
rpenyeHTOB. VccnenoBaHMs MPOBOASTCS 0 PasHbIM HaIlpaBIeHMSIM,
YTO IO3BOJISIET UCIIONb30BaTh NMOOGOYHbIE IIPOAYKTHI IlepepaboTKy pa-
CTUTENIBHOTO ChIPbS [JIS1 TIOJTYYeHMsI LI@eHHBIX MUILEBbIX MHIPEMEHTOB.
3TO TaxKe OTKPbIBAET HOBble BO3MOXKHOCTY UX IPUMEHEHMSI He TOJIbKO
B IIPOM3BOACTBE KOPMOB [8—10], HO ¥ B MMIIEBOI MHIYCTPUM JIJIs1 obora-
LIeHMs] MUILEBBIX MTPOAYKTOB JIerKOYCBOSIEMbIMY KOMIIOHEHTaMU U ISt
puAaHus UM QYHKUMOHATBHBIX CBOVCTB [11-13]. [ToMmumo 3TOrO, He-
KOTOpBIe TMIPONIM3AThI COLEPKAT GUONOTrMYEeCKM aKTUBHBIE TEITU[BI,
obnajamiiye xXopomnM (GapmMaKkoIorMueckuM MoTeHuuanom [14-16].
B 9T0i1 CBSI3M MOBBILIIEHHOE BHMMAaHMe UCCIefoBaTesNelt 1 Mpou3BoayuTe-
neit hepMeHTHBIX MpernapaToB JTO/DKHO YIENSITbCS BOIIPOCcaM KOHTPOJIST
MX KauecTBa 1 6e301acHoro npumeHenus [17-19].

AHanu3 npenMeTHOrO IOJSI CBUETENbCTBYeT 00 O4YeHb LIMPOKOM
[IuanazoHe MyOGaMKauMii 10 TIOMYYeHMI0 UM XapakTepuctuke depmeH-
TATUBHBIX TMIPOIM3ATOB, IIPU ITOM B KauecTBe CyOCTpaTa MCIONb3YIOT
610IIOIMMEPBI SKMBOTHOTO M PACTUTEIBLHOTO ChIPbsi: Msico [13,14], moso-
KO ¥ IIPOJYKTBI UX repepaboTku u ap. [20-22]; 3nakosble [23-25], 6060-
Bble [26], MacIM4YHbIe KYJIbTYPbI ¥ 3epHOCMecH [27,28], III0A0BO-SrogHoe
coipbe [29,30], a Takke 6uomaccy mpoxokeit [31]. Ilpu 3TOM aKLEeHT ge-
JIaeTcs Ha T060YHbIE IIPOAYKTHI TPOM3BOLCTBA, KOTOPBIE SIBJISIOTCS LieH-
HBIM BTOPUYHBIM CbIpbeM. OUeBMUIHO, YTO MMEHHO CY6CTpAaT, ero 61oXu-
MMYecKyie 0COGEHHOCTH OIPEeNeNsIOT BhI6OD MUKPOGHBIX (hepPMEHTHBIX
rpernapaToB pasjINyHO CrIenUPUUHOCTY 1eiCTBUSL.

3a nocienHee necATuIeTHe 3HAYUTEIBHO BO3pOCIa JOJST MCCIel0Ba-
HU#1 110 pa3paboTKe crioco60B hepMeHTaTMBHO MOAMGbYKALIMY 36 PHOBBIX
KYJIBTYD M 3€PHOBBIX CMeceii, OIyOIMKOBaHHBIX B HAYYHOI1 JIMTEpaType.
AKTMBHO M3Yy4YalOTCSl BO3MOYKHOCTM MCIIONIb30BaHMSI 3€PHOBBIX TUIIPO-
JIM3aTOB B KayecTBe 06OraIaronyx, GyHKIMOHATbHO-TEXHOIOTMYECKUX
" yHKIMOHAIBHBIX KOMIIOHEHTOB KOPMOB U MUILIEBBIX IIPOLYKTOB.

JlaHHBIV 0630p MOCBSIEH aHAIN3Y HAYYHbIX MTOXON0B K MOTyYeHUIO
(bepMeHTaTUBHBIX I'MIPOIM3ATOB OEIKOB 3epHA M CBS3AHHBIX C HUMU
coeMHEHUI (HeKpaxMaJbHBIX MOMMCAXapuioB, GUTUHA U APYTUX Be-
IECTB), @ TAKKE U3YUEHMIO X XapaKTePUCTUK U 061acTeil MpuMeHeHusI.

2. O6'BeKTHI ¥ METOABI

HacTrostimmit 0630p BKIIOYaeT HayuHble MyOaMKaIy, B KOTOPBIX ITPe -
CTaBJIeHbI Pe3Y/IbTaThl IKCIIEPUMEHTATbHBIX MCCIEIOBAHNIA, 1 0630PHbIE
CTaTby OT€UECTBEHHbIX 1 3apy6esKHBIX aBTOPOB, ONy6iMKoBaHHbIe ¢ 2011
o 2024 roppl. CTpaTerus MomcKa BKIOYaia 6a3bl JAHHBIX TaKUX ITOUC-
KOBBIX cucteM, Kak eLibrary, CyberLeninka, Google Scholar, ScienceDirect,
Springer open, PubMed, v yicrionb30BaHMe KITIOUEBbIX CJIOB: 3€PHO U TIPO-
IYKTbI €ro nepepaboTKM, 3epHOBbIE I'MIPONN3AThI, PepMeHTHbIE IIpe-
rapaTbl, MyJIbTUOH3MMHbIe KOMIO3UIMY, 61oKaTanu3. [IoMuMo 3TOrO,
K TIOMCKY GBIV IIPUBJIEYEHbI BeIyllye POCCUICKIE Y MHOCTPAHHbIE XKYP-
Hasbl 1o Hanpasienuio «food science», u3ydeHsl mybIMKanum B C6OpHM-
Kax MEeXKIYHApOOHbIX KoHdepeHIMI u 6ubamorpadgum mpucraTeitHbIX
cnckoB. OTo6panbl 88 MCTOYHMKOB. Kputepusimu ot60pa my6aKamin
SIBJISUTMCD aKTyaJIbHOCTD, TpaKTMYecKasi 3HaUMMOCTb, MHIEKCalMs B pOC-
CUICKMX Y MEXKIYHAPOJHBIX HAYKOMETPUUECKUX 6a3ax JaHHbIX.

3. depMeHTaTMBHBIE TMPOIN3aTHI: NOJyYeHUe, CBOJICTBA,

npuMeHeHue

B Hacrosiee BpeMsI 3HAUUTEIBHO YBEIMUMIOCh YMCIIO MCCIeA0BaHMI
OTeuyeCcTBeHHbIX (PepMEHTHBIX ITPeIapaToB, IPUMEHSIEMbIX JJIS [IOTyIeHVsT
IMAPOIN3ATOB. DTO CBSI3aHO C YXOAOM C POCCUMIICKOTO PbIHKA MHOTUX 3apy-
6exxHbIX hrpM — mponsBopMTeNneil GepMeHTHBIX ITPerapaToB AJIsl PA3HBIX
oTpac/ieit MUIEeBoi MHAYCTpUU. JJONST HAYYHbIX ITyOIMKAIMIA 110 TIOUCKY
HOBBIX IIITAMMOB-TIPOAYLIEHTOB MUKPOOHBIX (hepPMEHTOB, COBEPIIEHCT-
BOBAHMIO TEXHOJIOTMY BBIIETIEHNS, OUMCTKY ¥ cTabym3anym GepMeHTOB,
BXOISIIMX B COCTaB ()epMEHTHBIX IIperapaToB 3HAUMTEIBHO BO3POC/IA 3a
rnocsefHee gecsatmierve. Kpome Toro, BbICOKasl 3aMHTEPECOBAHHOCTb CO
CTOPOHBI ITPOM3BOAMTENIE}] TAKKe CII0COGCTBYET pa3paboTKe HOBBIX CIIOCO-
60B (epMeHTaTUBHOI MomydUKaLVK ChIPbsL. B TO JKe BpeMs 3aBUCHMOCTh
0TeyeCcTBEHHOIO PbIHKA OT MMIIOpPTa (bepMEHTHBIX IperiapaToB OCTAETCS
BBICOKOJ1 (TI0 PasHBIM OLIeHKaM, POCCUIICKVe TIPOU3BOANTENN TTOKPbIBAIOT
JIMIIB 0KOJO 10% phIHKA); TPV 9TOM HAGIIONAETCS 3aMellleHNe TIPerapaToB
MPOM3BOJCTBA 3anafHbIX Ghupm Ha DI, mpousseneHHbie B Kurae u Uuaym.

3.1. Budst 2udponusamos u ux uHoycmpuansHoe npumeHeHue

Mo maHHBIM G6MOTEXHOJIOrMYecKoii Kommauuu «Cumbuo»! (Poccus),
K OCHOBHBIM TMApOJM3aTaM 6eka, IMPUCYTCTBYIOUIMM Ha IIO6aJIbHOM
PBIHKE, OTHOCSTCS CIeAyIolIyie BUIbI: MSICHbIE/PbIGHBIE — IMIPOIMU3ATHI
KypuHOro 6esika, KojulareHa, KepaTuHa, PhIOHbIN, IEUeHOYHBI 1 TOBSI-

1 CUMBUO — https://symbiotech.ru/fermentativnye-gidrolizaty-belkov

KU TMAPONM3aThl; MOJIOYHbIe — IUIPOIN3aThl Ka3eMHa, CbIBOPOTOUHBIX
6eJIKOB; pacTUTeNIbHbIe — IMAPOIN3AaThI [IIOTeHa (KIeiIKOBUHBI), COeBOTO
¥ TOPOXOBOTO GeJKa.

HanbGonplee pacpocTpaHeHyue U NMpYMeHeHVe MOKa IOTyYIi Th-
IIPOJV3AThI SKMBOTHBIX GEIKOB — MOJIOUHBIX, MSICHBIX ¥ PBIGHBIX. OTHAKO
B IOC/IeAHYE TOAbI Y TUAPOIMU3ATHI GENIKOB PACTUTETBHOTO MPOUCXOXK-
JEeHUsI HaXOOsT BCe 60]1])]].[88 NpMMEeHEeHMEe B Pa3JIMYHBIX O6HaCTﬂX -
IeBOi MHIYCTPUM. DTO CBSI3aHO C JOCTYITHOCTBIO U 6oJiee HMU3KOIL cebe-
CTOMMOCTBIO PACTUTENBHOTO ChIPbSI, & TAKKe C yBeIMUeHNeM CerMeHTa
PBIHKA BereTapyMaHCKUX M BeraHCKMX IPOSYKTOB U HAIIUTKOB.

OCHOBHBIMM HallpaB/lIeHMSIMM MHAYCTPUAIBHOTO NpMUMeHeHus dep-
MEHTATMBHBIX IMAPONN3aTOB GesKa SIB/ISIOTCS:

1) npou3eodcmeo npodykinoe numatus. Vicrionb3oBaHue 6eIKOBbIX
IUIPONN3ATOB KaK (YHKIMOHATbHbIX KOMIIOHEHTOB HEOOXOAMMO JIIst
MPOM3BOACTBA CIELMAIN3MPOBAHHBIX IPONYKTOB IMTaHMS, BKIIOYAS
(dbyHKUMOHAIBHBIE, IeUeOHO-TTPOGMIAKTUYECKMEe Y TePOHTOIOIMYEeCKMe.
Kpome TOro, OHM HEOGXOAMMBI IJISl MOBBIIEHNS] GMOIIOrMIeCKOi IeH-
HOCTM ¥ YIy4LIeHMs] IOTPEOUTENbCKUX CBOJMCTB IIPOAYKTOB MacCOBOTO
roTpe6enus. Tak, B xyie60riedeHn 6eJIKOBbIe TUIPOIN3aThl OKa3bIBAIOT
671arOTBOPHOE BJIMSIHME HA PEeosIorMyeckye CBOMCTBA TecTa (YIPyrocTb,
IIACTUYHOCTb, 91aCTUYHOCTD, BS3KOCTD) [32].

IIpy MpOMU3BOACTBE IPOTEMHOBBIX TMIIOAIEPIeHHbIX HAallUTKOB U3
3epHOBBIX KY/JIbTYD ¥ HAUTKOB Ha OCHOBE COKOB JJ06aB/IeHVe GeTKOBbIX
I'UIPONN3AaTOB HMKAK He OTpaskaeTcsl Ha BKyCe, HO TPU 9TOM COIEPKUT
TOBBIIIEHHOE KOMMYECTBO IIPOAYKTOB paciervieHus 6emka [33].

B MsicHOIT 1 nTUIeTIepepabaThIBaloLel MPOMbIIUIEHHOCTY (hepMeH-
TaTUBHbIE TUAPONIN3ATHI KYPUHOTO 6esika, 06/1afaoliye ONnTUMaIbHbIM
aMMHOKMCIOTHBIM COCTAaBOM ¥ BBICOKOJ YCBOSIEMOCTbIO, TPYMEHSIIOTCSI
B COCTaBe PACCOIbHBIX IPErapaToB ISl ITOCOIA ChIPbsl, a TakKe KOM-
IUIEKCHBIX MUIIEBBIX NO6ABOK AJISI PA3IMYHBIX (apIieBbIX IMPOLYKTOB
(monmyabpuKaToB, KOMOGACHBIX Y KyJIMHAPHBIX U3AeNit) [34,35].

BesKky MOJIOUHOI CIBOPOTKM SIBJISIIOTCSI II€PCIIEKTUBHBIM ChIpbEM JJIsI
rnmosyyeHus: epMeHTAaTUBHBIX TUAPOIMU3ATOB, HMIMPOKO MPUMEHSIEMBIX
B IETCKOM, CIIOPTMBHOM ITUTAHWUY, [IPU CO3LAHUM ITIPOSYKTOB Ipoduax-
TUYECKOTO M TepaneBTUYeCKoro Ha3HaueHMs. YUUTBIBAsI, YTO OCHOBHbIE
6eJIKM MOJIOYHOJ CBIBOPOTKM — B-JIAKTOIIOOYIVH U o.-IAKTaabOyMMUH —
00/71aJalI0T CMIBHBIM MMMYHOTE€HHBIM IIOTEHIMAIOM, IJIS MCIIOIb30-
BaHMSI MX B KayecTBe KOMIIOHEHTOB (YHKUMOHAIBHOTO M CIIEIVayn-
3MPOBAHHOTO MUTaHUsI TPeOyeTcsl MpoBefeHye IITy60KOTo I'MIpon3a,
06ecreuynBamIIero pacliieryieHre OCHOBHBIX OelKOBbIX (pakiuil 10
HU3KOMOJIEKY/ISIDHBIX ITIeNTUIOB M CBOGOAHBIX aMMHOKMUCIOT [36,37].
BkiloueHVe B peLenTypy TMAPOIU3aTOB MOJIOYHBIX GEIKOB YIydlIaeT
TeKCTypy M OpraHOJeNTHYeckyue CBOJCTBA JIOTYPTOB U IONOKUTENTbHO
BMSIET Ha )KM3HECITOCOOHOCTD TPOOGMOTUKOB [38].

2) npou3eodcmeo Kocmemuueckoli npodykuyuu. benkoBbie TUAPO-
JIM3aThl VICIIONb3YIOT B KauecTBe GMONIOTMYECKM aKTUBHBIX COeIMHEHUN
B KOCMeTHYeCKMX MPOAyKTax I/ perylIsipHOTO yXo/a U B eKOPaTUBHO
KocMmeTuke [39,40].

3) Kopma cenbCcKoXo3ATliC6eHHbIX HCUBOMHBIX. BellkoBble I'MIpo-
JIM3aThl, BXOJMIIME B COCTAaB KOPMOB B BMJE MPEMMKCOB WIIM KUIKUX
KOPMOBBIX J106aBOK, 3HAUMTETBHO YIYYIIAIOT GMOTOTMYECKYIO IEHHOCTH
TOTOBBIX KOPMOB. OHM XOPOILO yCBaMBAIOTCS M JIMIIEHbl aHTUATMMEH-
TapHO aKTUBHOCTH [41].

4) 6 Kauecmee KOMNOHEHNO06 NUMamMenbHoIX cped 08 MUKpPOOUO-
Jlo2udecKux npou3eodcmse. I'aponu3atel GeKa UCIIOIb3YIOT B KAUeCTBe
MCTOYHMKA aMMHHOTO a30Ta B COCTaBe Pa3/MYHbIX MUTATeNbHBIX CPer,
IIJISI KyJIbTMBYIPOBAHMSI OIIpele/IeHHbIX MYUKPOOPraHM3MOB [42,43].

B Hacrosiiee BpeMst Haubosbliiee IPUMeHEHUsT GeTKOBbIE TMIPOJIN-
3aThl HAXOMAT B IIPOM3BOJCTBE MPOOGMOTUKOB IS MUIEBOI, hapmarieB-
TUYECKOJ ¥ KOPMOBOJi OTpacieil; MUKPOOMOIOrMueckux ymobpeHmii;
CTapTOBBIX KYJIBTYP IJISI MOJIOYHOM M MSICHOM IPOMBILUIEHHOCTH; dep-
MEHTOB ¥ BaKIVH; GMONPOAYKTOB /ISl OYMCTKY MHAYCTPUATBHBIX U ObI-
TOBBIX CTOUHBIX BOJI,.

Bce mccienoBaHMsl Kak OTeYeCTBEHHBIX, TaK M 3apyGesKHBIX aBTOPOB
HaIpaB/IeHbl HA HAYyYHOe 0O0CHOBaHMe MpUMeHeHMs (epMeHTATUBHOTO
KaTaaM3a U Ha pacliMpeHie CrieKTpa BO3MOXKHbBIX 061acTeil mpyMeHeHust
(epMeHTaTUBHBIX ITMAPONN3ATOB, IIOTYYEHHbIX 13 ChIPbS SKUBOTHOTO U pa-
CTUTETBHOTO ITPOUCXOKIEHNS, B IEPBYI0 OUYepelib, 3 BTOPUUHBIX TPOIYK-
TOB UX IepepaboTKy. [Ipy 3TOM B GOJBIIVHCTBE CIyYaeB UCCIeL0BaTeNN
O1IeHMBAIOT 3G GEKTUBHOCTD Cpa3y HecKoMbKMX DI, a Tak)ke KOMITO3UIIA
Ha MX OCHOBe, TOHMMAsI, YUTO MMEIOT JIeJI0 C TeTEePOreHHBbIM CYyGCTPaTOM,
M PACCYMTBIBAsI HA ONpeJeNeHHbI cuHepretnaeckuii adpdekr [25,44,45].

3.2. ITonyuerue 6enK08b1X 2u0PONUZAINOB: HAYUHO-060CHOBAHHbIE NOOX0b!

@epmeHTaTVBHAS MOAMMUKAIMS 6elTKOB PAaCTUTEIBHOTO ChIPbS,
B TOM U4¥C/Ie GEJTKOB 3€PHOBBIX ¥ 6060BBIX KYJIbTYD, IIPENCTaBIISIET CO6O0T
BaKHBII 3Tall B MEePCIEKTUBHBIX TEXHOJIOIMSIX MIYOOKOI rmepepaboTKu
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PacTUTENHHOTO ChIPbsi. DepMEHTATUBHbIN CTIOCO6 MOAM(UKALIY PACTH-
TeJIbHBIX 6EJTKOB, 0COOEHHOCTSIMU KOTOPOTO SIBJISTIOTCST MSITKME PEXKMMbI
MpOBeeHys] peaKiyii, BOSMOKHOCTb PeryaMpOBaHMsI CTelleH) ITUADPOIN-
3a, OTIpe/ie/IeHHAas! HaIlPaBJIeHHOCTh M COXpaHeHMe 6MOIOTMYEeCKOIi 1IeH-
HOCTHU, TIPeJIIOUTUTEeIbHee (PU3MKO-XMMUYecKoii MonuduKaluum 1 B Ha-
crosiiiee BpeMs LIMPOKO usydaetcs [4,46,47].

B 3aBMCMMOCTH OT Liefieit CyliecTByeT IO MeHbllleil Mepe IBa MOAXO-
1 K TIOMyYeHMI0 GeNKOBBIX TMAPOIM3ATOB: MEPBbIii — BbifeneHne 6ei-
Ka, ero O4YMCTKa OT Ga/JIaCTHBIX COEAVHEHMI U AaJbHENIINil TUAPOIU3;
BTOPOI — IMOTy4eHMe TUAPOIN3aTOB 6e3 MpeBapuTeIbHOTO BbIIEIeHS
6enka. B mepBoM cTydae IosyyaeMble THMAPOIM3AThl MMEIOT TOCTaTOYHO
BBICOKYIO CTeIeHb OUMCTKU OT COIMYTCTBYIOUIVMX KOMIIOHEHTOB, XOPOIIe
MepCIeKTUBBI UCIIONb30BaHMS B IUILEBOI IPOMBIIIJIEHHOCTM ¥ BBICOKUI
(byHKIMOHANIBHBIN MTOTEHILIMAJ, B YaCTHOCTHM, NP CO3MaHUM CITEIMaIN-
3MPOBAHHBIX MTPOAYKTOB [JIsI AETCKOTO M TepOHTOJIOTMYECKOTO MUTAHMS.
Bo BTOpOM Citydae mosnydaemble TMIPONIM3AThI COXPAHSIIOT BeCh (GUTOIIO-
TEHIIMa MCXOLHOTO ChIPhsSI U MIPEICTABSIIOT MPOAYKT C Pa3INUHOI cTere-
HbIO TUIPOJIN3a He TOIbKO GEJTKOB, HO ¥ HEKPaXMasIbHbIX TOIMCaXapuI0B
(K7IeTYaTKM, TeMULIEIUTIONO3bI, TIEKTMHOBBIX BEIeCTB), a Takke QUTUHA
(nHO3MTONMTEKCAGOChOPHAs KUCTIOTA) B 3aBUCMMOCTH OT CIENUGUIHOCTI
MpUMeHsIeMbIX (hepMEHTHBIX MperapaToB U YCIOBUIl MpoBeneHus dep-
MEHTATMBHOJ peakiuyu. B 3TOM cyyae MPOAYKTaMM TMApPOIM3a OyAyT
3€PHOBbIE TUAPOIU3ATHI ¥ CTPYKTYPHO-MOAUGUIIMPOBAHHbIE TTPOMYKThI
repepaboTKy 3epHa (pasHbIX BUIOB MYKM, OTPYOeit) ¢ OmpenereHHbIMU
(byHKIIMOHATBHO-TEXHOIOTMYECKMMM U (PYHKIIMOHATBHBIMIM CBOCTBAMIA.
Vx ucnionb30BaHMe BO3MOXKHO IO HECKOJIbKMM HalpaBIeHMSIM: B KauecT-
Be oboratuTeseii MMUIIEBbIX MTPOAYKTOB M KOPMOB, KaK MCTOYHMKM a30T-
HOTO ¥ (OCHOPHOrO MUTAHUST APOSKSKEN B TEXHONOTUSIX OPO’KEHMs, KaK
KOMIIOHEHTbI IUTATEeNbHbBIX Cpef, AJIs1 KyIbTUBMPOBAHMSI MUKPOOPraHU3-
MOB-TIPOAYLIEHTOB Pa3AMUHbIX GMOIOTMYECKM aKTUBHBIX BelecTB (dep-
MEHTOB, aMUHOKUCIOT, OPTaHNYECKUX KUCIOT, BUTAMUHOB U JIP.).

VcTaHOBIIEHO, UTO JIJISI TPYMeHEeH s 6e/TKOBBIX TMIPOJIM3aTOB He BCeraa
TpebyeTcst BbICOKAsK CTEINEHb IMIPOJIN3a, TOCKOIbKY IEMTHUIbI JOCTATOUHO
XOPOLIO YCBaMBAIOTCSI OPraHU3MOM uesioBeka [5,8]. B ocHOBe neneHus ru-
JIPONM3aTOB GETKOB Ha JIBe I'PYIIIbI JIEKUT Hanbonee BasKHbIA KPUTEPUIA,
a MMEHHO ITyOMHA TMIPOJN3a, CJIeJCTBMEM KOTOPOTO SIBJISIIOTCS T€ MU
VHbIe CBOJCTBA MOTyYaeMbIX MPOAYKTOB TUAPOIN3a; MOCAeIHNE, B CBOIO
ouepe[b, OTIPeesISIIOT 00/1acTh VX MpuMeHeHus. [Maponmsarel 1-ii rpym-
TTbI (TIOJTHOCTBIO TUAPOIM30BaHHbIE OETKM) CoflepskaT CBOGOAHbIE aMUHO-
KUCTIOTbI ¥ KOPOTKME TENTUIbI, XapaKTepU3yIoTCsl HU3KOI aHTUTe€HHOM!
AKTMBHOCTBIO ¥ MOTYT ObITb MCIIOIb30BAHbI B IUITOA/UIEPTeHHbBIX IMETAX.
I'Maponu3aTel 2-it TPYMIIbI (YACTUYHO TUAPOIM30BaHHbIE GETKI) COmePXKaT
HIMPOKMUI CIEKTP TPOAYKTOB TUAPOIM3a: (Gpakiysi CBOGOAHBIX aMUHO-
KUCJIOT U KOPOTKMUX TEIMTHUAO0B; JOCTATOUHO GOJIBIIIOE KOJMYECTBO OJIUTO-
MeNTUA0B U BbICOKOMOJIEKY/ISIPHBIX ITPOAYKTOB IMAPOIM3a. [MApOnn3aThl,
OTHOCSILMECS] K 9TO¥ IpyIIie, MCIOIb3YIOT B KaueCTBe JIETKOYyCBOsIEMOrO
JMICTOYHMKA aMMHHOTI'0 a30Ta B CllellMalN3/POBaHHbIX AMeTax [2,8,12].

Ins QepmeHTAaTMBHON MOAMOUKALUY OCHOBHBIX OMOIIOIMMEDPOB
3ePHOBOTO ChIPbS, B TOM UMCJIe ¥ 3€PHOBBIX OTPY6eit, MPUMEHSIOT dep-
MeHTHbIE TIPenapaThl KUBOTHOTO, PACTUTEIBHOTO, HO Yallle MUKPOGHOTO
MIPOVCXOKAEHUS C Pa3IMYHOI Crienn(pUIHOCThIO AeiicTBUS. B pesymbra-
Te hepMeHTaTUBHO MoAM(UKAIY 3HAYUTETbHO MOBbIIIAETCS] YPOBEHD
repexoja KOMIIOHEHTOB CbIPbSI B PACTBOPUMOe COCTOsiHMe [46,47]. TIpu
9TOM MOTYT GBITh ITOMYYEHbI TTPOAYKTHI TUAPOIN3A C 3aJaHHBIM COCTa-
BOM, HalpuMep, C OMpeNeSeHHbIM MpoduaeM MeNTUA0B U Habopom
aMMHOKMCIIOT, o61ajaonye creunuduueckumu cBoiicramu [25,48].

Bosbilioe KOMMUYECTBO MyOAMKAIMi, MTOCBSIIEHHBIX MOUCKY MPOIY-
LeHTOB (epMeHTOB, MX BbiAeneHuo [49,50], onTUMU3ALMU YCIOBUI
rpoBeneHust GepMeHTaTUBHOTO I'MIPOIN3a U X UCTIONb30BaHMSI JJIsI TIO-
JIydeHUsl 3epHOBBIX ruaponn3satoB [10,51], cBsi3aHO C McCIemOBaHUSIMMA,
npoBoguMbiMy Bo BHUU muieBoit 6uotexHonorun — uimana OULL
nutanus u 6uorexHonoruu (BHUUIIBT, Mocksa).

Moz, pyKOBOACTBOM Ipodheccopa, JOKTOpa XMMUIeCKUX HayK CUHUIN-
Ha A.T1.[50,51] mpoBeneHsb! MCCIen0BaHMSI 10 CO3LaHUIO 1 OlleHKe b dex-
TUBHOCTHU OTeYeCTBeHHbBIX (hepPMEHTHBIX ITperapaToB HOBOTO MTOKOIEHNS.

VcraHoB/IEHO, YTO 3G(EKTUBHOCTb TUAPOJINM3a 3€PHOBOTO ChIPhS
(p>ku, TIIEHUIBI, TPUTHUKAJIE, 3ePHOBOI OCIECITMPTOBOI Gapabl) KOM-
rieKcHbIM @I TTeHUIM/IIONeNCcH, 00/1amaomyM IPOTEOIUTUUECKO
U TeMULeJUTIONONUTUYECKON (KCUIaHA3HO) aKTMBHOCTBIO, BBILIE I10
CPaBHEHMIO C KOHILEHTPMPOBAHHBIMM KOMMEpPUECKMMM IperapaTamu
kemnanasoii ([Manmdop 2) u kucoit mporeasoit (Acid Protease). 9To cBu-
JIeTEIbCTBYET O 11eJ1eC006PasHOCTY MpUMeHeHus IleHMIM/UIonencuHa
MIpY IPOM3BOACTBE KOPMOB Ha OCHOBE 3€PHOBBIX KynbTyp [10].

Kpome sroro, B ®emepasbHOM MCCIEIOBATENIbCKOM I[EHTPE OMOTeX-
Honoruu PAH coBmectHO ¢ OO0 «ArpodepmeHT» pa3paboTaHbl HOBbIE
epmenTHbIe npenapaTsr: Arpokcwt npevMuyM (AKC) n Arporennt rutoc
(AL) [11], a Takke Arpocu muitoc [9], obnagaroiiye HeJUTIoNIa3HON U KCK-

JIAHA3HOJ AKTUMBHOCTBIO M CIIOCOOHBIE 3(GGEKTUBHO pacUIeIUIsiTh He-
KpaxMaJibHbI€ TOIMCAaXapUIbl 36PHOBBIX KYJIbTYD U MOBBIIIATH ITepeBa-
pUBaeMoCTb 1 ycBoeHye KopMoB [50].

[MoMumo QepMeHTHBIX IpernapaToB, XOPOLIO 3apeKOMEeHOBAaBIINX
cebst B KOPMOITPOU3BOJICTBE, paspaboTanbl 1 arpobuposansl ®IT HOBOro
TTIOKOJIEHVS JIJIS1 COKOBOVJA [6] IPOMBIIIZIEHHOCTY V¥ BUHOA e [7].

BOHpOCbI, CBsI3aHHbIE C ITOVMCKOM HOBBIX IMPOAYLIEHTOB JIUIIA3 U IIPO-
Teas, a TakKe ChIPbS JJ151 KY/IbTMBYPOBAHMS MUKPOOPTaHM3MOB, I3yUeHbI
B pabote yueHbix BHUU nuieBsix no6aBok — duaman @HILL nuimeBbix
cucrem uMm. B. M. Top6atoBa PAH (CaukT-IleTep6ypr). ABTOpBI OTMeYa-
0T, YTO PATICOBBIN JKMbIX, comepskaiuii 6omee 10% sxupa n 32-45% rpo-
TeMHA, MOKET SIBJIATHCS CYOCTPATOM JIjIsl 6MOCHHTE3a PepMEeHTOB JIUIIO-
JIUTUYECKOTO U MPOTEOTUTUIECKOTO NeiCTBuUS [45].

3.3. ®epmenmamueHsle 2u0pONU3AMDbL, NOJIYUEHHBIE
¢ npedsapumenvHuiM 8bloesieHUeM beKa

K nepBomy monxony rnomydeHus: 6eKOBBIX IMIPOIN3ATOB, KOTOPBIi
3aK/II0YAeTCsI B BbIIeIEHUY OelKa, ero OYMCTKE U JaabHeleM ruaposu-
3e, CleflyeT OTHEeCTU paboThl, CBS3aHHbIE C TIONyYeHMEeM IMIPOIU3aTOB
KJIE/IKOBMHHBIX O€JIKOB.

B pa6ore [52] yuenble HULL «KypuaTtoBckuit MHCTUTYT» — [ocHUU-
reHetyka (MOCKBa) OTMeYalOT, YTO TPaIMIMOHHOE MCIIOIb30BaHNe
MMIIeHNYHOI KJIeMKOBMHbBI (IJII0TeHa) — oboraineHue caaboit mo cuie
MYKM IIPU MPOM3BOACTBE XJe6a 1 x/1e606yI0UHbIX U31ennii. PacupuTb
06/1aCTh IPUMEHEHMSI KJIEIKOBYHBI BO3MOKHO C TTIOMOIIbIO ee Moaudu-
Kauuu, B TOM 4ucie U GpepMeHTATUBHON. [Maponm3aTbl KIeiiKOBUHBI,
IOTyYeHHbIe C IIOMOLIbIO TIPOTe0IN3a, 0061aJaI0T PSLOM IIPeMMYIIeCTB
110 CPAaBHEHMIO C HETUJPOIM30BAHHONM K/IeIKOBMHON. OHM XapaKTepu-
3YIOTCS GOMBILIET PAaCTBOPUMOCTBIO, JTyYLIeii YCBOSIEMOCTBI0 — ITTyOOKMIA
IUAPONN3 KIEKOBMHBI II03BOJISIET ITOTYyYUTh CBOOOLHbIE AMIHOKVCIO-
TbI, KOTOPbIe MOKHO VICITOJIb30BaTh B CIIOPTMBHOM M JUETUUECKOM ITM-
TaHuU. Bbicokasi meHoo6pa3youasl CiocOOHOCTh U CTAGMIIBHOCTD TIEHbI
10Ty4aeMbIX TMIPOIN3ATOB — CBOVICTBA, KOTOPbIE BaXKHBI He TOJBbKO IPU
MIPOM3BOACTBE MPOAYKTOB MUTaHWUSI, HO U TIPU CO3MaHMuM Gyuopasiarae-
MBbIX [TEHOMAaTepyasaoB.

AHTVIOKCHAHTHBIE, TelaTONPOTEKTOPHBIE CBOJCTBA, CIIOCOGHOCTD
K VMHTMOMPOBAHUIO aHTMOTEH3MHITPEeBpAIlaoIero GpepMeHTa, KOTOPbI-
MM, KaK [TOKa3aay pe3ylbTaThl UCCIEOBAHYS, 00/1aJaI0T OIIpee/ieHHbIe
dbpakuuy rugpoan3aToB KIEeMKOBMHHBIX OEIKOB, NAIOT OCHOBaHME IIPO-
HO3MPOBATB ellle OHO HarpaBjeHMe BO3MOXKHOIO MCIIONIb30BaHMUs I'1-
JIPONIM3aTOB K€ IKOBMHBI — ITPOM3BOACTBO JIeKapCTBEHHbIX IIPerapaToB.

B npyrux pa6oTax OTeUecTBEHHBIX M 3apyOeKHBbIX JICCIefoBaTe-
neit [53,54] oTMeuaeTcs, YTO TOMCK MPOTEONUTUYECKUX (EePMEHTOB,
BBIOOD MX KOMOMHALINIA, @ TAKKE OMTUMMU3AIST TEXHOTOTMUECKOTO TTPO-
1ecca MO3BOJIST MOMYYUTDb ITPOSYKTHI TUAPOIN3A KI€KOBMHHBIX 6EJIKOB
¢ TpebyeMbIMM XapaKTePUCTUKAMU, PaCIIMPUTD cdhepy MX MpuMeHeHMsI
B IIPOMBIIIEHHOCTY M CHU3UTDb Ce6eCTOMMOCTb IIPOLIecca.

Uccnenosareny CTamM6y/IbCKOTO TeXHMUECKOro yHMBepeuTera (Ctam-
6yu1, Typuyst) VICCIe0BaN BIAVISIHME PA3/INYHBIX TUIIOB IIPOTEOIUTHAYe-
ckux dhepmenTtosn (Flavourenzyme, Savinase, Subsitilin and Savinase) Ha
TeXHOJIOTMYeCKMe M GMOAKTMBHBIE CBOWCTBA TMAPOAM3ATa [IIOTEHMHA.
ABTOpBI OTMEYAIOT, YTO CTEeIeHb I'MIPONu3a GEeKOB ITIIOTeHMHA pPas-
Myanach B 3aBUCUMOCTM OT TuIla (pepMeHTa: B LIe7I0M, THMAPOIU3ATHI
C HM3KO} CTeIeHbI0 I'MIPOoIM3a 06afany JYYIMY TeXHOIOTMUeCKM-
MM CBOJCTBaMM (KMPOIOMIOIIAIONIAS CIOCOGHOCTh, I'MAPOGOGHOCTS,
9MY/IBIVPYIOIAsT CIIOCOGHOCTD M CTAaGVMIBHOCTD SMYJIBCHUY) IIO0 CpaBHe-
HMIO C TUAPOIM3ATaMU ¢ Gosee BBICOKOI CTerneHblo ruaponnsa. Kpome
TOTrO, aHTMOKCUIAHTHASI CIIOCOOGHOCTb IIIOTEHMHA 3HAYUTETbHO YBesu-
YyJIach B pesysbTaTe GepMeHTaTMBHOIO rugponusa [53].

Vuennle BHUU nuiueBoii 6uotexHonorun — dumman OULL nutanus,
6moTexHomorMM M GesomacHocTy muiu U QUL «DyHAamMeHTaIbHbIE
OCHOBBI 6uoTexHonorum» PAH B cBoeit pa6ote [54] o6paiiaioT BHMMA-
HMe Ha TO, YTO (hepMeHTaTUBHbIE TUAPOIN3ATHI MIIEHNYHON KIIeHIKOBI-
HBI, SBJISISICH ICTOUHMKOM He3aMEeHVMbIX aMUHOKNUCIOT U 6]/[0&KTI/IBHI)IX
TMeMNTUI0B, IIMPOKO UCIIOIb3YIOTCSI B KAUECTBE MUIIEBBIX JOOABOK U yCU-
muTeneil BKyca. Ilmy6okmit GepMeHTaTUBHBIN TMAPOIU3 CIOCOOCTBYET
CHIDKEHVIO aJl/IepPreHHOCTM KIIeIKOBYHHBIX GelKOB, KOTOpasi CBs3aHa
C BBICOKMM COfIep>kaHMeM IPOJIMHA, TOCKOJbKY TeTUIHbIe CBSI3Y C ero
y4yacTyieM He [TOAAIOTCS IVIPOIN3Y IMIeBapUTeIbHBIMU GepMeHTaMM.
IIpy 3TOM OH B LI€JIOM TIOBBIIIAET UX OMOMOTMUYECKYIO LIEHHOCTh M PACIIN-
psieT 06/1aCTh IPMMEHEHNUS B ITUIIEeBOH TPOMBIIUIEHHOCTHU.

VccnenoBanme komIuiekcHoro @II, comepskaliero 3HA0- M 9K30Iel-
TUZAA3BI, 1T0KA3a710, YTO 3PPEeKTUBHBI I'MOPOIU3 KIeiKOBMHBI obec-
IeuMBaeTCsl 3a CYeT MX CUHepreTudyeckoro mejictsusi. [IporoopmsuH
LAP ycriemrHo 3aMeHsu1 coBMmectHoe feiictBue @II Flavourzyme 1000L
u Alcalase 2.4L, 4TO 1MOKa3bIBaeT MEPCIEKTUBHOCTD €r0 MCIIOTb30BaHMS
TIpY [IOJTyYeHUY TUIPOIN3ATOB MIIEeHNYHO KJIeIKOBMUHBI.
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HekoTopble oTeyecTBeHHbIe [55] 1 3apyOeskHbIe [56] yueHble B CBOUX
MCCIelOBaHMSIX OTMeYaloT, UTO IIoXasi PaCTBOPUMOCTD B BOAE, IMYJlb-
rupyioulye 1 reHoobpasyolye CBOMCTBA IIOTEHOBOrO 6eka orpaHm-
YyBaIOT ero mnpyumeHeHue. CTPyKTypa K/IEMKOBMHBI IOAEPKMBAETCS
KOBaJIGHTHBIMMU (OyCyIb(UIHbIE CBSI3M) ¥ HEKOBAJIEHTHBIMMU CBSI3SIMU
(BomoponHble, MOHHBIE, TUAPOGOOHbIE CBSI3M), KOTOPbIE IOABEPKEHBI
M3MEHEeHMsIM TpU pasInyHbIX 06paboTkax. Moamdbukaims Mo, aeicT-
BueM (epMEeHTOB CIIOCOGHA M3MEHSTh OIpe[elieHHbIe CBOMCTBA KIIeii-
KOBMHBI U KOCBEHHO OKa3bIBaTh B/IMSHIME Ha peojornyeckue CBOICTBA
TecTa, YIy4lIasi ero KauecTBo. B paborax uccienyercst BIusHMe HEKOTO-
PBIX TUIPOIUTIYECKUX (ePMEHTOB (IIPOTeasbl U MeNTHUA3bI, KCYIaHA3bI
U 1IeJ/UTI0NIa3bl) Ha peosornyeckue, GyHKUIMOHAIbHbBIE, KOHDOPMaLMOH-
Hble CBOJCTBa K/IeJKOBMHBI 1 TECTA, a TAK)Ke PACCMATPUBAETCSI BO3MOXK-
HOCTb MCIIONb30BAHMS TIPOTEONUTUYECKUX (DepMEeHTHBbIX IpernapaToB
” bepMeHTaTUBHBIX I'MIPOIN3AaTOB KIEHKOBVHBI B COCTaBe KOMIUIEKC-
HOJi Tepanuu LeJlnaKkui.

UccnenoBaTtenn MOCKOBCKOIO TOCYAapCTBEHHOIO YHMBepCUTETa I-
meBbIX Mpon3BoAcTB (HbiHe «POCBUOTEX», MockBa) mpenjiokmin He-
CKOJIBKO BapMAHTOB IMOJYYeHUs] IUApoan3aTa Geska M3 PUCOBOM MYyKM.
B mpepioskeHHBIX CrI0co6ax Ha dTare SKCTPaKIyy 6bUIM npyumeHeHbl OIT
KCWJIaHa3bl ¥ aMMUJIa3bl C TOCIENYIOUIM MCIIONb30BaHeM SH0IIPOTeasbl
VIV CMECH SHIO- U 3K30TMpoTeas?. VisyueHne neiicTBus 9K30- 1 SHIOIPO-
TeyHa3 Py I'YIPOJN3e CyXOi IMIIIeHNYHO KIe/IKOBYHBI BBISIBUJIO CJIE[IyI0-
Iyie 3aKOHOMEePHOCTH: YeM KpeITue K/IejiKOBJHa, TeM ITy6yKe IIpOTeKal ee
IUAPOIN3 o, mevicTBueM sHponporennas (Neutrase 1,5; Protamex), a ajist
6osee 1aboit KIeiKOBMHBI 3(hGhEKTUBHEE OKa3bIBaIOCh NECTBME KOM-
IIeKca HIOMpoTeas M dk3omnenTtuaas npenapara Flavourzyme 500 [57].

VHTepec mpezcTaBiseT MyoaMKanysl yueHbIXx POCCHIICKOTO XMMMKO-
TeXHOJIOTMYecKoro yuusepcurera umenn . . Menpeneea (Mocksa),
KOTODBIE 11e/IbI0 CBOE}i PaBGOThI ITOCTAaBUIN MTOLGOD YCIOBUIA TTOMyYeHMS
6e/IKOBBIX M30/IATOB U (DepMeHTATMBHBIX TMAPOIU3ATOB, 06IaIa0NIX
3aJaHHBIMM (DYHKIVIOHAJIBHBIMM CBOJMCTBAMM, M3 Da3/IMUYHBIX BUIIOB
PacTUTEIBLHOTO ChIpbsi. ABTOpaM ymanoch moctuub 90%-ro Beixoma Ges-
KOBBIX BeIECTB U3 JIbHSIHOM, KYKyPY3HOJi, OBCSIHOJ U TOPOXOBOW MYKU
1 06ecreunTh MaKCMMAaAbHYIO MOTHOTY I'MIPOJIN3a C UCIIOIb30BaHMEM
dbepmenTHoro npemnapara ITankpeatyH. Hauaydmmmm sMyabrupyroniein
¥ 1IeHoo6pasyolleii CrIoCOOHOCTSMM 06JIaaay JTbHSIHbIE IMPOIN3ATbI
riocsie 60 1 90 MMH TMAPON3a COOTBETCTBEHHO [58].

Ha ocHOBe MeTOIOB MaTeMaTM4ecKkoro IVIaHMPOBaHUS MCCIefoBaTe-
71 BocTouHO-CHGMPCKOrO rOCyAapCTBEHHOTO YHMBEPCUTETa TeXHOIOIMI
v ynpasienys (Ynan-Yaa, Poccust) onpenenyiy ONTMMasIbHble IToKa3aTenn
rporiecca hepMeHTaTMBHOM KOHBEPCUM U30MISATA COEBOTO Geska C MCIO/b-
30BaHMeM (hepMeHTHBIX TpPerapaToB MUIIEeBAPUTEIbHBIX MPOTEMHA3 —
MericMHa M TPUIICHHA. BbuM M3yueHbl ABa mapamerpa GepMeHTaTUBHOMN
KOHBEPCUM COeBOro Genka (coeBblii M30msT, Kurtait): BpeMs rumponusa
u epmeHT-Ccy6CeTpaTHOE COOTHOIIEHNEe. ONTUMM3aLyIO Pe3yIbTaTOB MIPO-
BOIV/IN C IPYMeHeHVeM MeTOZO/OTMY TIOBEPXHOCTY OTK/IMKA B Ipodec-
croHasbHOI iporpamme MathCad 15. BbIsiBlIeHHbBIE ONTUMAaJIbHbIE TEXHO-
JIOTMYecKMe rapaMeTpbl OOHO- U JIBYXCTaJUIHOIO Ipolecca IMApoIn3a
TTO3BOJIVJIY TIOJTYYUTh TUIPOIA3AT CO CTEIEeHbI0 ruapom3a 88%. Hanbosb-
1Iasi cyMMapHasi aHTMOKCU/IAaHTHAsI aKTUBHOCTD Obl/Ia OTMeYeHa uepes 5 4
TUIPOJM3a 1 cocTaBuiia okoso 250 mr/100 mt. [JanbHesiime ucciegoBaHmst
Oy/IyT HATIpaBJIeHbl HA M3yYeHMe OCTATOYHOM aHTUIeHHOCTY IMAPONU3aTa
M OPYrUX MoKa3saTeseit ero GyHKIMOHAIbHO aKTUBHOCTH [26].

Uccnenosatenu LizsiHcyHbckoro yHuBepcureta (L3sHcy, KHP) nsyua-
M GU3MKO-XMMUYecKye ¥ aHTMOKCUAAHTHbIE CBOVICTBA I'MIPONN3ATOB
6enKkoB 6060B Maia. [TomyyeHHbI GeTKOBBIA M3OMAT TUAPOIU30BAIN
KOMMepuecKMMy Ipenapatamu GpuiyHa v 6pomernanHa, UCIIOIb30BaHNe
[I0C/IeHEro eMOHCTPUPYeT GObLIyI0 ITyOMHY ruaponnsa. Kpome Toro,
YCTaHOBJIEHO, UTO IMIPOIM3aThl 6enka 6060B Malla MPOSIBIISIIOT CII0CO6-
HOCTb CHVDKATH OKMCIEHMS JIMIIUOO0B, UYTO MOXKET 6bITb II0JIe3HO B IN-
1IeBOJ TIPOMBIIIIEHHOCTY IS IPOM3BOACTBA OOOTAIeHHBIX MUIIEBbIX
poAYyKTOB [59].

Bonbiiast 0630pHast craThsi, onybnukoBaHHast yueHbiMyu BHUUIIBT,
BKJIIOUAEeT TeOpeTHUecKyue OCHOBBbI (epMeHTAaTMBHOIO ruaponusa Gern-
KOB JKMBOTHOT'O ¥ PAaCTUTEIbHOTO TPOVCXOKAEHMS IIPOTEOUTUYECKIMU
bepmenTamu pasHoit criennduaHOCTH AeiicTBusi. O60CHOBaHA 11e/1eCo0-
6pasHOCTb (pepMEeHTATMBHOI 00pabOTKM MIPOTea3’aM OCHOBHBIX BUIOB
BTOPUYHOTO GETOKCOEPIKAILETO ChIPbS ISl CHUKEHUS UX aHTUT€HHOCTY
M yCTpaHeHMsI aHTUaIMMeHTapHbIX CBOJCTB. DTO TAakKe TO3BOJISeT yIy4-
mnTh (GyHKUMOHAIBHBIE M OPraHONENTUYeCKMe IOKa3aTenu sl Mpu-
MeHEeHMs] B IIPOU3BOACTBE CIelaa3/POBAHHBIX MUILEBbIX MPOIYKTOB
Jie4yeGHOTO U MPObIUIaKTUIeCcKOro uTaHus [60].

2 Marent Pd. N2 2012147113. Konnakosa, B. B., ®an Kyunup Yam, Uymuxkuxa,
JI. B. Crioco6 mosyueHus Tupo3aTa 6enka M3 pucoBoii Myku (BapuaHTel). Omy-
6:mkoBano 20.05.2014. Bron. N@ 14.

B onHOIt 13 nocnegHUX 0630pHbIX My6GnuKaimii [47] yaensimu BHUNU
KpaxMmasa ¥ repepaboTKy KpaxMacofiepskaliero cbipbsi — dhunmana de-
JlepajbHOTO MCCIe0BaTebCkoro ueHTpa kaprodens umenn A. I. Jlopxa
(BHUMK, MocKkoBcKast 06/71aCTh) CHCTeMATU3MPOBAHBI MCCIIEIOBAHMS OTe-
YeCTBEHHBIX ¥ 3apyOeKHBIX YUEHbIX, KaCaolyecs IIOyYeHNsT IUIIEeBbIX
6eJTKOBBIX TIPENapaToB M3 Pa3IMYHbIX BUAOB PACTUTETHHOTO ChIPbSI, Pa3-
JIMYHBIMM CIIOCO6aMM MX MOAMGUKALIMM, & TAKKe B3aMMOCBSI3U (QYHK-
LMOHAIbHO-TeXHOJIOTMYECKUX CBOWCTB CO CTPYKTYPHbIMU U (husuKo-
XUMUIECKUMM OCOGEHHOCTSIMMU GeNKOB. B 0630pe MoguepKMUBaeTCsl, YTo
(YHKIMOHATIbHBIE CBOJICTBA GETKOB MOTYT OBITh YIYYIIE€HBI C TIOMOIIBIO
Pas3IMYHBIX GMOTEXHONIOTMYECKUX MOOMONKALMii, B TOM YMCIe 32 CUeT
orpann4yeHHoro npoteosnusa ¢ OI1 kuBoTHOro (TpUNcuH, XMMOTPUIICKH,
MMencun) [61-63], pactutenbHoro (IlamanH, BpomenanH) [64-66] mnun
MUKpoOMoIornueckoro (Ankanasa, ®maBosum, [Iporauuns u Ap.) Mpo-
ucxoxgeHus [64,67]. B kadecTBe cybcTpaTa O6bLIM MCIONb30BAHBI Oerl-
K ropoxa [61,62], KoHCKMX 6060B [67], OBCa, OBCSHBIX OTpy6eii [62,64],
apaxuca [65], monuHa [66], HyTa [68]. AHaMM3 KCIIePUMEeHTaIbHBIX UC-
C/Ief0BaHMIA, OTPaKEeHHBIX B ITyGIMKALSIX, I03BOIMI aBTOPAM CAEeNaTh
clenyiolee 3aKal0YeHye: CBOJCTBA TUIPONN3aTOB 3aBUCST OT CTeIeHN
IUIOPONN3a, OT BuAa HepMeHTOB (IHI0-, HIK30MPOTEasbl) U OT MPUPO-
Ibl cy6erpara. Pe3ynbraToM TMApOIM3a Hapsily CO CHMKEHUEM Moie-
KYJSIDHBIX MaccC SIBJISIETCSI yBelIM4YeHMe MOHM3MPOBAHHBIX TI'PYIIT MU
ruapodOoGHBIX YUACTKOB, UTO IIPY ONpeleNeHHON ITyOGuHe TMApPONu3a
MOJIOKUTEIBbHO OTPaskaeTcsl Ha PacTBOPMMOCTM M Ha APYIMX QyHKIM-
OHAJIbHO-TE€XHOJIOTMYECKMX CBOMCTBAX, TAKMX KaK BOAOCBSI3bIBAIOLIAS
(BCC) u skupocsizbiBatomiast (J)KCC) crioco6HOCTHM, a TaKKe JKUPOIMYITb-
rupytoutast (JK3C) u neHoo6pasytouias cioco6uoctu (IIOC) [47].

B pa6orax [69,70] oTMeueH elle OOVH BaXXHbIN acIeKT, CBSI3aHHbIN
¢ geiicTBreM MUKPOOGHBIX (epMEeHTHBIX MpemnapaToB. Hekoropble Gern-
KOBbIe TVIPOIM3aThl IPUOOPETAIOT TOPhKUI BKYC M3-32 BBICBOOOXKIE-
HMS TIPOJIMHA U TUAPO(GOBHBIX aMUHOKMCIIOT, IO3TOMY BaskHOI 6MOTEX-
HOJIOTMYECKO 3amaueil siBseTcsl pa3paboTka Croco60B yMeHbIIeHMSI
WJIN TIOJTHOTO HUBEJIMPOBAHMS TOpeun. ABTOpr I10/1ararT, 4YTO OOHUM
M3 MyTeil pelieHust 3Toi Mpo6IeMbl SIBISIETCS. MCIIONb30BaHMe CIely-
bryeckux NMPONMIIHIONENTHIA3 (CEPUHOBBIE MPOTEMHA3bI), KOTOPbIe
CIIOCOGHBI K OTPaHMUEHHOMY IIPOTEON3Y 0 MPOINUI-TeATHOBBIM Iell-
TUJIHBIM CBSI3SIM ¥ OCTaTKaM Ir'MApPOGOGHBIX aMUHOKWCIIOT.

Ipu rmaponuse coeBbix 00060B (GepMeHTHbIE IperapaThl AjKkaa-
3a, IlernicuH, [TanauH 1 ®naBo3um Hambosee 3GGEKTUBHO PACIIEIUISIN
6eIKy 10 HU3KOMOJIEKYIISIPHBIX TIeNTUIO0B. IIpy 3TOM TMAPOIN3aTHI, M10-
JIy4eHHbIe C [TOMOIIbIO AJKasia3bl, XapaKTepu30BaIMCh HaMOObIIIe ro-
peublo, yMepeHHasi ropeub HabIoganach mpu ucronab3oBanuu Corolase
2TS, Corolase 7089 u Heitrpa3ssl. Miconb3oBaune ®naBo3uma u [TamanHa
[103BO/IMJIO MOMYYUTb IMAPOAN3AThI C HAaMMEHbILeli ropeublo, a TUApO-
3 1o AelictBueM [lerncuHa yBelMuMBaa MEeHOOPA3YIONYI0 CIOCO6-
HOCTb TMIPOAU3aToB B 35 pas [69,71].

@depMeHTaTUBHbIE TMAPOIM3AThI CeMSH KOHOIIM aKTMBHO M3Y4aloTCs
B CBSI3Y C IIMPOKUM CIIEKTPOM GMOIOTMYECKOTO e CTBYSL. DTO HALLIO OT-
pakeHMe B aHAIUTUYECKOM 0630pe MccienoBareseii Poccuiickoro 61orex-
Honornueckoro yHusepcureta («<POCBMOTEX», MockBa) u yueHbix OHI]
rmuieBsix cucrem um. B. M. Top6aToBa PAH (MockBa), ITOCBSIIIIEHHOM CITO-
cobaMm repepaboTKy U MOMYUYeHMI0 6ejika M3 CEMSIH U JKMbIXa MPOMBIIII-
JIEHHOVi KOHOTI/IV JIJIS1 MCTIO/Ib30BaHM B IUILIEBOJ TPOMBILIIEHHOCTH [46].

3apy6GeskHbIMM yYEHBIMM B T'MIPONM3ATAX CeMSIH KOHOIUIM OOHAapy-
SKeHBI OMOJIOTMYECKM aKTMBHbBIE MENTHUIbI, IPOSIBISIONIVE CUIbHbIE aH-
TUOKCUAHTHBIE CBOVICTBA [72], aHTUIUIIEPTEH3UBHYIO aKTUBHOCTB [73],
a TaKKe MHIYOGYMPYIOIIYI0 aKTVBHOCTD 110 OTHOLIEHNIO K 0.-ITTIOKO31a3e,
YTO 3aMezIsieT 06pa3oBaHye ¥ BcacblBaHMe ITIOKO3BI [74]. Kpome Toro,
HEKOTOpbIe MeNTHUAbI 06/1a1al0T CITIOCOGHOCTHIO MHTMOMPOBATD alleTUII-
XonuHacTepasy (AX3), upe3aMepHO BbICOKAsI aKTMBHOCTb KOTOPOJi Xapak-
TepHa Ji/Isl HelipoJiereHepaTUBHBIX ITPOLeCccoB [75].

Tunpony3saTsl 6eKa KOHOIUIN, COmepsKaliye 610NIornIeckyl aKTUBHbIE
MeNTHUIBI, TAKKe 06/1aal0T HECKOIBKYMM PerylIsiTOpHbIMM 3dderTamu,
BKJIIOUAsl MMMYHOMOZAY/IMpPYIOLee NejicTBMe, IIPOTUBOBOCIIAINTEIbHbIE
3¢ deKThI U MONOKUTETbHOE BIMSHME TPU HAPYLIEHUSIX JTUTTUIHOTO 00-
MeHa [75]. ABTOpbI 0630pHOII y6auKayy [46] OTMeYaroT, 4YTO UCIIOb-
30BaHMe I’MAPOaN3aToB 6esika KOHOIIIM OTKPbIBAET HOBbIe BO3MOXKHOCTU
TSI IPOU3BOAMTeEIIEIA, T03BOJISISI CO34,aBaTh MHHOBALIMOHHbIE ITPOYKTBI,
o6rafaolye BbICOKOH 610I0rMYecKoii LIeHHOCTBIO.

3.4. QepmenmamusHsle 2udpoU3AMbL, NOSyUEHHbIE 63
npedsapumenvHozo 8vl0esieHUs OenKa
Bropoii mopxon K MomydeHuio GepMeHTaTUBHBIX I'MIPOIM3aTOB —
9TO MOJyYeHNe TUIPOIN3aTOB 6e3 IperBapuTeIbHOrO BbloeneHus Ge-
Ka. Takoil NOAXOX NPVUMEHSIeTCS B MEPBYI0 ouepelb K PacTUTETbHOMY
CBIPBIO M TO3BOJISIET COXPAHMUTH Bech (uromoTeHuyMan. IIpy 3TOM OH
JIaeT BO3MOXKHOCTb TIPOBOAMUTb (hpepMEHTATUBHBIN TMAPOINU3 Cpasy IO
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HeCKOJIIbKMM HANpaBlIeHMUSIM, WUCIIONb3ysS KOMIIO3ULMU (HepMEeHTHbIX
MpernapaToB Pas3aINyHOl CIenubUIHOCTY OeiCTBUSI — HAIlpUMep, aMMu-
JIONIATUYECKOTO, LIeJUTIOIOIUTUUECKOTO, TPOTEOIUTUIECKOTO U HDUTA3HO-
ro — IS TIOBBILIEHNUS CTeIIeHM U [IYOMHBI TUIPOIN3a 3a CUeT CUHepre-
Tudeckoro 3¢ dexra.

B cBSA3M € 3TMM OUEBMIHYIO aKTyaJbHOCTh MPEACTABIISIOT CO60I MC-
CIeIoBaHMs 10 pa3paboTke Croco6oB hepMeHTaTUBHON MomubuUKammm
3ePHOBOTO ChIPBSI: 37TAKOBBIX, 6000BbBIX, MACTMYHBIX KY/IBTYD, a TAKXKE 3€P-
HOCMeceil Ha MX OCHOBE ¥ BTOPUYHBIX MPOLYKTOB MX IepepaboTKu. ITO
HaIIJIO OTPakeHMe B IIMPOKOM CIIEKTpe MyOIMKAINiL TI0 3TOMY BOIIPOCY.

B pa6ote poccuiickux yuensix (BHUUIIBT u OULL «DyHIaMeHTab-
Hble OCHOBBI GuoTexHomorny» PAH) sKcriepyMMeHTaaIbHO YCTAaHOBIEHO
TTOJIOKUTENIbHOE [eficTBIe GuUTa3 Mpyu BO3AENCTBUYM Ha 3ePHOBOE ChIPbe,
KOTOpOEe TIPOSIB/ISIETCSI B YBEJIMUYEHUNM KOJMMUYECTBA CBOOOAHBIX (hocdat-
MOHOB, YJIYYIIEHUM TePeBapMBAeMOCTY KOPMOB, MOBBILIEHUN MSICHOI
MMPOSYKTUBHOCTY SKMBOTHBIX M TTHUIBI. ABTOPBI OTMeEUaloT, YTO COB-
MeCTHOe AeiicTBue GUTOIUTUYECKUX U MPOTEONUTUIECKUX HepPMEeHTOB
Ha TOJIMMepbI 3epHa MIIeHUIbI ¥ KYKYPYy3bl CIIOCOOCTBYET MOTYYEHUIO
060ralieHHOr0 3€pHOBOTO CYC/Ia C XOPOLIMMM PEOIOTMYEeCKMMMU CBO-
crBamy. O6paboTka 3epHa KOMILIEKCOM (epMeHTOB, KOTODPbIA Hapsay
¢ a-ammnasoit (Amylex 5T, Genencor, CIIIA), rmokoammiasoii (Diazyme
X5, Genencor, CIIIA) u kcunanasoit (TegazymeRT 75L, Lyven SA, ®paH-
umst) Brmouan cdurady (Phytaflow, Novozemes, aHus) u mporeasbl
(TlporoopwmsuH, BHUUIIBT, Poccust), crioco6cTBOBaa MOBBILIEHUIO CTe-
MeHM KaTaJuTU4ecKoi NecTPyKUMUM. B MIIeHMYHOM M KYKypy3HOM Cy-
CJle KOHIIEHTpalusl PeoylUMUpYIOIIMUX YIIeBOAOB yBeauumiach Ha 16,8
n 18,8%, amuuHoro azora — B 1,7 1 1,9 pasa, BI3KOCTb CHU3MIaCh Ha 41,7
n 44,7% [76].

UccnepoBatensimu OMCKOTO TOCYZApPCTBEHHOTO arpapHOTO YHUBED-
cureta uM. I1. A. Cronbinmna (OTAY, OMCK) 1 ANTaliCKOro rocygapCcTBeH-
HOT'O TexHMYecKoro yHusepcuteta um. U. U. IonzyHosa (AI'TY, BapHayn)
6BLTIO M3yYeHO KoMIIeKCHOe Bo3zericTBue DI1: [mokoJloke A (1%), Amu-
noJTioke ATC (0,5%), LemnoJTiokcA (0,5%) u [IpoTeasa kucias u bruobepm
(39,52 MrI/T CBIpbST) HA GMOIOIMMEpBI MIIEHUYHBIX OTPYyOeii. YeTaHOBIIe-
HO, YTO KOMITO3UIMSI epPMEeHTHBIX IIperapaToB Ha OCHOBe AMmIoJIroKc
ATC, Buodepm u npernapara [IpoTeasa Kuciasi Crioco6cTByeT 06pa3oBa-
HMIO B TU/IPOIM3ATAX PACTBOPUMBIX O€IKOBBIX COemVHeHMii [77].

B wmccnepoBanuu [78] mpencraBieHa pa3paboTaHHAs KOMIUIEKCHAST
OGMOTEXHOIOTMS MOTyYyeHMsT (PYHKIVOHAIbHBIX MHTPEJVMEHTOB C aHTU-
OKCMIAHTHOM ¥ MPe6MOTUYECKOii aKTMBHOCTHIO ITyTeM 61oIpeo6paso-
BaHMs MIIEHMYHBbIX U DPXKAHBIX OTPyOeii hepMEeHTHBIMM IperapaTamu
I'MIPOJIa3 Pa3HOi crenupUUHOCTY [eiiCTBUSI. ABTOPbI OTMEYAIOT, YTO
Mo6GOYHbIE TPOAYKTHI MepepaboTKM 3epHa — OTPy6M, Myduka M 3apo-
JIBILI — TOPA3Z0 JIy4llle COOTBETCTBYIOT TPeOGOBAHMSIM, PEIbSIBISIEMbIM
K (DyHKIMOHAIBHBIM MPOAYKTAM, YEM MYKa. DTU MPOAYKTHI MOTYT CITy-
SKUTB OCHOBOJ! JJ1sI TTOJTyYeHNSI HOBBIX (PYHKIIMOHATbHBIX MHTPEIVIEHTOB,
TaKMX KaK yIIIeBOHO-6eIKOBbIE KOHIIEHTPATbI, MMIIeBbIe BOJIOKHA, 6110-
JIOTMYECKY aKTUBHbBIE BEIeCTBa, MOMM(EHOIbI ¥ KCUIIOOTUT0CaXapUIbI.

VuensiMu BHUU 3epHa u NpomykToOB ero mepepaborku (BHUN3,
MockBa) IpoBeleHbl UCCIeNOBAHMS M Pa3paboTaHbl CrIOcoObl hepmeH-
TATUMBHOJ MOAMMUKALMM Pa3IUUHBIX BUIOB OTPY6Eit: MIIeHUIHBIX
M PKaHbIX [25], TPUTUKATIEBBIX [24], MIIEHUYHO-TbHSHbIX [27], MII€HNY-
HO-4YeueBUUYHO-JIbHSHBIX [48] C MCIONb30BaHMEM LIMPOKOTO CIeKTpa 3a-
PY6GEKHBIX ¥ OTeUeCTBEHHBIX (hePMEHTHBIX ITperapaToB MPOTeONUTHYe-
CKOTO U 11eJUTIONIONIUTUYECKOTO J1e/iCTBMSL.

B cBoeii pabore uccienosateny BHUN3 [79] o6palualoT BHUMaHue Ha
BaKHOCTb MTPABWJIBHOTO MOAX0AA K paboTe ¢ hepmeHTaMu, HepMEHTHBI-
MM IIperapaTamMy ¥ UX KOMIIO3UIMSIMU: BO-IIEPBbIX — M3y4YeHNe XVUMMU-
YeCKOro COCTaBa U 6MOXMMUUYECKMX 0COOEHHOCTE MPUPOILHBIX CYyOCTpa-
TOB; BO-BTOPBIX — BbISIBJIEHME ONITUMAJIbHBIX YCJI0BUIi nelicTBus @IT Ha
CTaHJAPTHBI M MPUPOLHBIE CYOCTPAThl HA OCHOBE M3YyUeHUSI OCHOBHbIX
KUHEeTUYeCcKux xapakrepuctuk OI1 v a¢dheKTMBHOCTY UX IeiCTBUS (CIIO-
COGHOCTY aKTUBHO TUIPOIN30BaTh COOTBETCTBYIOIIME CYOCTPaThl — Gesi-
KU, HEKpaxMaJibHble MOMcaxapuabl, GUTUH) MPU ONTUMATbHBIX YCIO-
BUSIX; B-TPeTbUX — CO3JaHMe MYJIbTUIH3UMMHBIX KoMmnosuumii (M3K)
C y4yeToM CreuubuUIHOCTU JeiCTBUS, ONTMMYyMOB DH, TemmepaTypbl
u 3G GEKTUBHOCTU; B-UETBEPTHIX — OI[€HKA CTENeHU aBTOIUTUUYECKUX
[TPOLIECCOB IOJ [IeiCTBYEM COGCTBEHHBIX (SHAOTeHHBIX) (epMEeHTHBIX
cyUCTeM M BO3MOXKHOCTHM cuHepreTudeckoro addexra npu geiicreum OI1
pasHoii creruyHOCTU (Harpumep, OII Ie/UTIONIOMUTUYECKOTO U TIPO-
TEOJIUTUYECKOTO JIeICTBUS).

OcoOblif MHTepec MPeACTABISIIOT dKCIEPUMEHTalbHble JaHHbIE I10
dbepmeHTaTMBHOM MOAMDUKALIVIN ABYX- Y TPEXKOMIIOHEHTHBIX OTPYOeii.
VHUKAIBHBIN COCTAB KOMITO3UTHBIX OTPYGEi, TOTyUYeHHBIX TPY COBMECT-
HOM DasMoJie 3epHOCMeCei, CBUIETeIbCTBYeT O BO3MOXHOCTU UX UC-
0/Tb30BaHMSI HEe TOJBKO KaK 000rallaloliero KOMIIOHeHTa Py CO3JaHI
HOBBIX COATAHCUPOBAHHBIX TIPOJYKTOB, B TIEPBYIO OUepelib, Ha 3ePHOBO

OCHOBe, HO U JIJIs1 Ja/IbHeIli1eit ITy60Koi mepepaboTKM C UCIIOMb30BaAHM-
eM MeToz10B hepmeHTaTMBHOrO Karanusa [80,81].

Kaxk oTmeualoT aBTOpPbI, HA OCHOBE ITOJTyYeHHBIX JAAHHBIX 110 OCHOB-
HBIM KMHETMYECKMM XapakTepuctukam ¥ 3ddekTuBHOCTU IeiicTBUS
OTIeNbHBIX ()epMEHTHBIX MpPenapaToB Ha IIIEeHNYHO-JIbHSIHbIE OTPYyOU
6bUTM pa3paboTaHbl 7 BAPMAHTOB MY/JIbTUIH3MMHBIX KOMITO3UIMit. OHNU
roKasaay BbICOKYI0 3(deKTMBHOCTb NPy HefiCTBUU Ha GMOMOIMMepPbI
MIIeHNYHO-JIBHSHBIX OTpPy6eii, mpeBocxopsuyio 3hGdeKTMBHOCTh OT-
JleNIbHBIX (hepMEeHTHBIX MpernapaToB. TO CBSI3aHO C MOCIe0BATETbHBIM
JIeJICTBMEM LIeJUTIONOMUTUYECKUX Y TPOTEOIUTUYECKUX (epMeHTHBIX
rpernaparos, Jerpajauyeii HeKpaXMaJbHBIX IMOJIMCAXapUAOB, YTO IIO-
BbIIIAET JIOCTYITHOCTb OeJNKOB ISl JeiCTBUSI MPOTEONUTUIeCKux dep-
MeHTOB. IlonydeHHble HaHHbIE MO (QYHKIMOHATbHO-TEXHOMOIMYECKUM
cBOJiCTBAM 6MOMOAM(DUIIMPOBAHHBIX OTPYOeii CBUIETEIbCTBYIOT 006 UX
3aBUCKMMOCTH OT coctaBa MIK, 4To JaeT BO3MOKHOCTb IIPOTHO3MPOBATh
M perylIMpoBaTh MX CBOJCTBA 1JIs Iie/leHalpaBJIeHHOTO MCIIOIb30BaHMS
B Pa3/IMYHbBIX IUIIEBbIX TEXHONOTUAX [27].

VI3BeCTHO, YTO 3epHOBOe ChIpbe, OCOOEHHO 3€pHOBbIe OTPYOM, CO-
Jlep)kaT 3HauMTelbHOe KomuyecTBa (DMTMHA, KOTOPBI NepBOHAYAIbHO
cocpeioToueH B nepudepuitHoOi yacTy 3epHOBKM U MEPEXOIUT B OTPY-
6u Tpu repepaboTKe 3epHa Ha MYKOMOJBHBIX NMPEINPUITUSIX. B cBs3K
C 9TUM IIpY NOTyYeHUM 3ePHOBBIX I'MIPOIN3ATOB M3 LIeIbHOCMOJIOTOrO
3epHa, OJHO- M TIOJIMKOMIIOHEHTHBIX OTpyOeii 1e1ecoo6pasHO Hapsioy
C LeJTIoonuTnIeckumm u nporeonutndyeckumu OII ncnonbp3osats OII
durassl, runponusyomyii GuTuH. B 9T0M C1ydae obecriednBaeTcs rnepe-
xor utmHa B pactBopumylo hopmy (pocdat-moHbI), YTO MOTOKUTETHHO
CKa3bIBAeTCS Ha MX YCBOEHUM Apoxckamy popa Saccharomyces. Takum
06pa3oM MOKHO JIOCTMYb COATAHCMPOBAHHOTO a30TuCTOro 1 hochopHo-
IO IUTAHMSI JJ1s1 APOSKSKet, UTO MPUBOAUT K MUHTEHCUUKALMY IIPOLLeCCOB
B TEXHOJIOTUSX GposkeHmst [25,44,48].

CoBMmecTHbIe uccnenoBauust BHVM3 u BHVU nuBoBapeHHOI, Ge3ai-
KOTOJIbHOJ M BMHOZeNbUecKoii npombiiuieHHoctu (BHUUIIBuBII, Mo-
CKBa), MPOBeJeHHbIE Ha OJHOKOMITOHEHTHBIX (TIIIIEHNYHbIE, P)KaHbIe) [25]
Y MTOJIMKOMITOHEHTHBIX OTPYOSIX (ITILIeHNYHO-TbHSHBIX, INIIIeHUYHO-Yeye-
BUYHO-JIbHSIHBIX) [48] C 1cIonb30BaHMeM ABYX BapuaHToB MOK nokasa-
JIM, YTO KOJIMYECTBO PelyLMPYIOLIMX BellecTB ¢ MUCIonb3oBaHueM M3IK
BO3pocyo B 2,3-3,5 pasa; pactBopumoro 6enka — B 3-6,4 pasa; pocdart-
JMIOHOB — B 3 pa3a I10 OTHOILIEHMIO K COOTBETCTBYIOIEeMY KOHTpos0. Me-
TOIOM rejib-xpoMaTtorpaduy yCTaHOBJIEHO 3HauuTeabHOe (B 3—4 pasa)
MOBBIIIEHME JIO/Y HU3KOMOJIEKY/SIDHBIX NeNTUIO0B Y aMUHOKMUCIOT
(M. m. < 1000 [Ta). KoHiieHTpaiiust Hamnbosee eHHbIX [IJIs1 a30THOT'O ITi-
TaHUSI APO3CKell aMMHOKMUCIOT — aclaparMHOBOW KUCIOTHI U apruHu-
Ha — B OIBITHBIX TMIPOIV3ATaX OLHO- Y TPEXKOMIIOHEHTHBIX OTpyGeii
(o maHHpIM BOXKX) moBbImasiach B cpenHeM B 2,5-3 pasa, a BaanHa —
B 4-5 pa3 10 CPaBHEHMIO C UCXOLHBIM ChIpbeM. ComepskaHue TUCTUAN-
Ha M M30JeiIMHA B 3TUX 06pasiax yBelIMunBaaoch B 2—-2,5 pasa. OTo
MO3BOJIMJIO aBTOPaM IMO3UIMOHMPOBATh MOTyYeHHbIE TaKMM 06pazsom
3epHOBBIE TMAPOAM3aThl KaK aJbTepHATUBY MMIIOPTHBIM aKTMBATOpPaM
GpOsKEHMST HA OCHOBE aBTOJIM3ATOB OCaJOYHbIX APOsKIKei [25,48].

JleiicTBME MYJIBTMIH3UMMHBIX KOMITO3MLIMIA, BKIIOYAIOIINX HepMeHT-
Hble ITpernapaThl Le/TI0N0IUTIYECKOT0, TPOTEOIUTIUYECKOro U GUTA3HO-
rO IeCTBUS, GBIIO MCCIeN0BaHO NIPY MCIIONb30BaHNM B KauecTBe Cy6-
CTpaTa L[eIbHOCMOJIOTBIX CEMSIH COU, TOPOXa, HyTa U YyeueBUIbI [82].

BrioueHne ceMsiH G0GOBBIX KY/IBTYD M IIPOAYKTOB UX IepepabOTKU
B PeLIeNTYPY XJ1e600yTOYHbIX M MyYHbIX KOHIUTEPCKUX U3eIuit 06YCI0B-
JIEHO, TIPe3K/Ie BCero, 60raTbIM COCTaBOM 3TUX CEMSIH, COLlepyKaIluX Heob-
XOIVIMBI 1JIs1 OpraHM3Ma KOMIUIEKC MaKpo- I MUKPOHYTpMeHTOB. Kpome
TOTO, 5TO CBSI3aHO C PACTYLIMM CIIPOCOM Ha BereTapyaHCKyue U BeraHCKue
MIPOZLYKTHI, & TAKKe C Pa3pabOTKO Crienaan3MpoBaHHOM ITPOAYKLIAN IS
oTpeduTeseli ¢ LeInaKkueit 1 caxapHbIM 11abeToM 2-TO THUIIA, IJIST KOTO-
PBIX MYUHbIE M3JEeMVsI U3 MIIeHNYHO! MYKM BBICIIETO COPTa 3arpelieHbl
WIM CYILIeCTBEHHO OTPaHMYeHbI 110 MeIMIIMHCKMM ToKazaHusm [83-85].

B TO ke BpeMsi B ceMeHax 6GOOOBBIX KYJIbTYD CONEPKATCS MOIHbIE
6eIKOBble MHIMOUTOPDI MUIEBAPUTENbHBIX (HepMEHTOB (XMMOTPUIICK-
Ha, TPUIICMHA, 0.-aMMUIa3bl), TeKTUHBI — NIMKOMPOTENUIBI, CIIOCOGHbIE
HapyliaTb BCaCbIBaHME HYTPMEHTOB M BbI3BIBATh arryIlOTMHALUIO 3pU-
TPOLUTOB KPOBU, GUTUH — IeMMHepAIU3UPYIOLINiT HaKTOp, CIOCOOHDIN
Heo6paTMMO CBSI3bIBATDb MOHBI KLV, MATHMS, JKeJle3a, LIMHKA U MeJIN.
ITU coeAVHEeHMsT MIPUHSITO OTHOCUTDb K aHTMATMMEHTApHbIM (akTopam
nuTanus. @epMeHTaTVBHas MomudMKanyusi ceMsSH G0GOBBIX KYJIBTYD
C JICTIO/Ib30BaHMEM KOMITO3MIINIT hepMeHTHBIX IIperapaToB pa3Hoii CIie-
UMOUIHOCTM IeMCTBUS MTO3BOJISIET HE TOIBKO COXPAHUTDh (PUTOIOTEHIIN-
aJl UCXOHOTO ChIPbSI, HO M YCTPAHUTb HEraTMBHOE BMSIHME aHTUAJIN-
MeHTapHbIX KOMIIOHEHTOB [26,86,87].

Pe3ynbraThl NPOBENEHHBIX MCCAENOBAHMII BbISIBWIN YBeJIMYEHMe
KOMYeCTBa PenyLVPYIOIIMX BeIlecTB, PacTBOPMMOro 0Oenka ¥ pac-
TBOpMMoOro ocdopa B uccaenyemMbIX IMIPOIU3ATaX 10 CPABHEHUIO
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C aBTONM3ATAMM BCEX UCCIeNyeMbIX KyabTyp. Hanbosnbliee yBennueHue
IIOJTV PACTBOPMMBIX BeIlleCTB OTMEUEHO B I'MIPOIM3aTax ueueBuLbl: PB —
B 3-3,5 pasa; pacTBopumoro 6enka — B 4—5,8 pa3sa. [losiss paCTBOPMMOrO
docdopa yBenuumiace B cpesHeM B 3,6 pasa. HauMeHbllee yBeanueHue
IIPY UCIIONIb30BaHMM yccienyemMbix MOK BbISIBIIEHO B IMIPOIM3aTaxX CON:
PB — B 2 pasa, pacTBopuMoro 6enka — B 2,5-3 pa3sa, pacTBopumoro doc-
dbopa — B cpennem B 2,5 pasa.

OreHKa MpOAYKTOB MPOTeo3a hepMeHTATUBHBIX I'MIPOJIN3aTOB, I10-
JIYUEHHBIX C UCITob30BaHMeM MK meTomoM resib-xpomarorpadun, gana
CJIeyIoNIye pe3yabTaThl: COOTHOLIEHNS (DpaKiuii MPOJYKTOB MTPOTEONM3a
C pasIMYHOI MOJIEKY/ISIPHOIM Maccoii 3aBUCST Kak OT cy6eTpaTa (Buaa 60-
60BOJ1 Ky/IBTYPBI), €I0 JOCTYITHOCTM AJISI TPOTEONUTUYECKUX (hepMeHTOB,
TaK ¥ OT MCIIOIb3yeMOoro npoTteonmutuyeckoro ®I1, Bxoxsinero B cocTa
MBO3K. Hamborbiiiee KOIMYECTBO HM3KOMOJIEKYIISIPHBIX TIPOIYKTOB IIPOTE-
0/T13a OTMEUYEHO B TUAPOIM3aTax YeUeBUIIbI, TIONYYEHHBIX C UCIIOIb30Ba-
Hyem M2K 1-28,78% 1 MK 2-28,80% ot ob61ero kommyecrsa. HamMeHb-
11ee KOmm4eCTBO HU3KOMOJIEKYIAPHDBIX a30TUCTBIX COE)IVIHEHM]‘;I OTMEUYEeHO
B rupponmsaTax ropoxa (19,28%) u uyra (18,87%), momyuyeHHbIX C UCTIONb-
3oBanueM M3K 1. [TokasaHO CyleCTBEHHOE CHMKEHVE aKTUMBHOCTM GeJ-
KOBBIX MHTMOUTOPOB TPUIICMHA B VICC/IEIOBAHHBIX Tuaponmsarax [82].
Takum 06pa3om, UCIIOIb30BaHMe KOMITO3ULINIA (hepMEHTHBIX IIPernapaToB
obecrieunBaeT CMHepreTnIeckuit 3G QexT u rmyorHy rMapou3a.

Ponb dutasel (PII ArpoduT), BeposiTHO, CBSI3aHA C TEM, UTO I'MIPO-
3 ¢utKuHa ¢ o6pasoBaHMeM MHO3UTONA U (PocdaT-1MOHOB, BO-TIEPBHIX,
BbICBOGOXKIAET YaCTh OEIKOB M TeMULE/UIIONIO3 U3 CBSI3AHHOTO COCTOSI-
HUSI (CJIOKHBIE KOHIJIOMEPaThl KOMILIEKCOB (hutaT-6e/10K 1 dhutart-yrie-
BOJIHbIE KOMIIJIEKCBI), UTO JeJIaeT UX 6oJiee JOCTYITHBIMM [JIsl TeiCTBUSI
LLEJUTIONIONIUTUYECKYX Y TIPOTEONUTUYECKUX (DepMEHTOB; BO-BTOPBIX, G-
TUHOBAsI KMCJIOTA SIBJISIETCS MHTMOUTOPOM MHOIUX (DePMEHTOB, IIO3TOMY
ee ruApoOAM3 obecrieunBaeT Takxke coxpaHeHue 3(PPEeKTUBHOCTU [Ieii-
ctBust ®IT 6e3 yBenMueHMUss BHOCUMMOIi J03MpoBKU. Kpome Toro, putuH,
6rarozapsi MHOTOCTYIIEHUYATOM AVCCOLMAIIVY, TIPOSIB/ISIET CBOVICTBA KaK
CUJTBHBIX, TAK ¥ OU€Hb CJIa0bIX KMCIOT. B HeliTpaabHOII cpeme docdaTHbie
IpynIbl GUTUHOBOM KMCIOTHI JUCCOLMUPYIOT JIMILIb YaCTUYHO, TpUobpe-
Tast OOVH WM IBA OTPULIATETbHBIX 3apsia.

IpomyKThl TUAPONM3a GUTHMHA: MHO3UTON KAK MHOTOATOMHBIN CITUPT
obnasaer c1aboKUCION peakumeit; docdaT-MOHBI, B 3aBUCUMOCTU OT
TOTO, C KAKMM KaTMOHOM OHM BCTYTISIT B PEaKLMI0, MOTYT ITPOSIBJISITh Kak
cabolesouHble, TaK U ¢J1abOKVC/IbIe CBOMCTBA. B reTeporeHHoit cpene
npu GepMeHTaTMBHOM TMApPOJM3€e 3ePHOBBIX OTPyOeit OHM IOIOTHM-
TeJIbHO YBEJIMUMBAIOT 6y(hepHYI0 eMKOCTh MHKYOAIMOHHOV CMeCH U CTa-
OUIN3UPYIOT YCIOBUS IS 1eicTBUS (DepMEeHTHBIX IperapaToB

[MonyueHHbIe pe3yIbTaThl TO3BOJIMIIY AaBTOPaM CHhopMyIMpoOBaTh BO3-
MOKHbIE 06/1aCTY TPYMEHEHMS TIONYYeHHbIX TUAPOJIM3aTOB: BO-TIEPBBIX,

B TEXHOJIOTMSX OpPOXKEeHMSI B KauecTBe aKTMBATOPOB ApPOskeii [25,48];
BO-BTODBIX, B KAUeCTBe 060ralaoix KOMIOHEHTOB B IIMPOKOM CIIEKT-
pe nMIIeBbIX IPOLYKTOB [82].

B CeBepo-KaBkasckom enepanbrom yuusepcurere (CKOY, CraBpo-
TI0/Ib) UCCIEOBAIM CHOCOGBI MOMyueHMs: hepMeHTaTUBHBIX I'MIPOJIN-
3aTOB 00€3KMPEHHOI COeBOI MyKM U KYKYpPY3HOTO IJIIOTEHA C MCIIONb-
30BaHMeM KoMIUIekca hepMeHTHbIX IperapaTtoB IIpotocyoTuans I'3X,
Lenno/lioke F, ITaHKpeaTMH OTeYeCTBEHHOTO IPOM3BOACTBA. ABTODBI,
OLlIeHMBas IIOJIyYE€HHbI€ pe3yJabTaTbl, MPUIIJIM K BbIBOAY, YTO IIpUMe-
HeHMe KoMmIulekcHOro @Il ¢ mpoTeonuTHMYecKuM M LeIII0IUTIIe-
CKMM J[eJCTBYeM JaeT Hauaydylinii pe3yabTaT — IIOBBIIIAET CTeleHb
bepmMeHTaTUBHOTO TMAPOIN3a GEKOB 33 CYET MX BBICBOOOXKIEHMS U3
CBSI3aHHOTO COCTOSIHMSI U CIIOCOOCTBYeT ITOBBILIEHMIO MUIIEBOJ LIeHHO-
CTU TI0JIy4aeMbIX IMAPONN3aTOB. B 3aKk/IioueHye aBToOpbl OTMeUaloT, UTO
MonmduKaLMs 6eTKOBBIX CUCTEM 3a CUYeT IIPUMeHeHMs crienduueckux
epmeHTOB — oiMH 13 3P PEKTUBHBIX ITyTelt palOHATbHOTO UCIIONb30-
BaHMsI BTOPUYHOTIO CbIpbs [88].

4. BbIiBOaBI

AHanu3 mpesMeTHOTO MOJs, MpeCcTaBIeHHbIi B 0630pe, MOATBep-
KOAeT aKTyaJlbHOCTh MCC/IENOBaHUI B 3TOi 06/1acTH, mpuueM 0coboe
BHIMMaHMe YYeHBIX COCPeOTOUEHO Ha PACTUTEIbHOM ChIPbe — B YaCTHO-
CTU, HA 3ePHOBBIX KYJIbTypaxX Kak BO30OHOBIISIEMOM pecypce ¢ 6oiee Hu3-
KOJi ce6eCcTOMMOCTBIO M0 CPAaBHEHMIO C IIPOLYKTaMM JKMBOTHOBOZACTBA.

B pa6orax, HpeACTaBJe€HHBIX B MyOIMKALMAX, M3YYE€H IIMPOKUIL
crekTp (epMeHTHBIX MPEernapaToB OTEUECTBEHHOIO U 3apyOexXHOro
MIPOM3BOACTBA  (LE/UTIONIONUTUYECKOTO, IIPOTEONUTUIEeCKOoro, Quras-
HOT0, aMWJIOINTUYECKOTO ¥ JIUIIOJIUTUYECKOIO ,[Lef/’[CTB]/IfI), a TakKxKe ux
KOMITO3MLUM KaK MHCTPYMEHTapuii IJis1 HalpaBIeHHOTO GymoKaTannsa
Y TIOy4YeHMs] TMIPONIM3ATOB C 3aZaHHBIMM (DYHKIVIOHAIBHO-TEXHOJIO-
IMYECKVMY CBOJICTBAMU. B psijie ciryuaeB Takye rUIpONMU3aThI COOepKaT
GMOIOTMYECKM aKTUBHBIE MENTUAbI, 06Iafarol/e 3HAUUTeNbHbIM dap-
MaKOJIOTMUECKUM [TOTEHIIMAIOM.

CchopMMpoBaHHbIiT 3a AEeCATUIEeTHe 3HAUUTETbHbI HayYHbII TOTeH-
L[MaJT OKayKeTCsI [TOIe3HBIM CIIeIaIiCTaM He TOMbKO IS TVIaHUPOBAHMS
JANbHENIINX UCCIeTOBAHUI, HO M JJi pelleHMs] KOHKPeTHbIX JKCIIe-
PUIMEHTAIbHBIX ¥ MPAaKTUUECKMX 3a1a4 B 9TO o6nactu. OH 06ecreunT
repexor K CJIeNyIolieMy 3Tally — MaclITabyMpoBaHMIO HAYYHBIX paspa-
6OTOK B peasbHbIX IIPOU3BOJCTBEHHBIX YCI0BUsIX. O630p OymeT moneseH
CreLMancTam, paboTallyM B 061acTy epepaboTKU 3epHa, 61IOXMMMU-
KaM, 3H3VMOJIOTaM, CIelManucTaM B 061acTu GpepMeHTaTMBHOTO KaTa-
JIM3a Y MPOU3BOIUTEISIM IMUIIEBbIX MPOAYKTOB CIIeLMaIM3UPOBAHHOTO
¥ GYHKUMOHATBHOTO HAIlPaBJIeHNUs], TOTOBBIM K BHEIPEHVIO MHHOBAIIM-
OHHBIX Pa3paboTOK.
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