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Abstract: The study is aimed at developing a pilot industrial method for producing a biofungicide based on the
fungus of Trichoderma genus. The cultivation was carried out by submerging in a pilot industrial bioreactor line
with an inoculation bioreactor having a total volume of 10 litres and a working bioreactor with a total volume of
100 litres. Czapek’s modified nutrient medium was used with yeast extract and molasses replacing sucrose,
g/L: molasses — 20; yeast extract — 7; NaNOs — 2; KzHPO4 — 1; MgSO4 — 0.5; KCI - 0.5; FeSO4 — 0.01. Cultivation
was carried out maintaining the following parameters: temperature — 27+0.5 °C; culture medium mixing speed
— 600 rpm; aeration intensity — 1 L of air per 1 L of culture medium per min. The inoculum was grown on a
nutrient medium of a similar composition in rocking flasks with a total and a working volume of 750 and 100 mL,
respectively. Inoculated flasks were incubated using an Innova 40R shaker incubator (New Brunswick, USA) at
200 rpm for 22—24 h until a dry biomass index of 6.5-7.5 g/L was achieved. Conidia concentration was calcu-
lated using a Goryaev camera. Liquid cultivation was selected due to its relatively short process time. In addi-
tion, unlike solid-phase, the submerged cultivation provides for the accumulation of nhumerous secondary me-
tabolites having antagonistic activity against phytopathogens in the finished form of the preparation. The object
of the study was the Trichoderma asperellum RNCIM F-1323 strain with antagonistic activity against many
phytopathogens. From a technical and economic point of view, the culture transfer to an inoculation bioreactor
in an amount of 5 % vol. was established to be justified as a result of the experiments. The effect of various time
values for cultivation in inoculation bioreactor on the growth rate of micromycetes in a working bioreactor was
studied. The optimal time for transfer to a working bioreactor was determined to be within 20—24 h. At the end
of the cultivation process, the conidia concentration was equal to 1.9-108 conidia/mL.
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FMyOonHHOe KynbTuBMpoBaHMe MUKpoMULeTa
Trichoderma asperellum BKIM F-1323
B OMNbITHO-MPOMbILUNEHHbIX YCIIOBUAX
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Pe3rome: Llenb daHHO20 uccnedosaHusi — pa3pabomka orbIMmHO-MPOMbIWIEHHO20 Memoda rnosy4yeHus: 6uo-
¢yHeuyuda Ha ocHoge epuba poda Trichoderma. KynbmusupogaHue nposodusiockb 251ybUHHbIM criocobom 6
OMbIMHO-MPOMbIWIIEHHOU NTUHUU (hePMEHMEPOB8 C (hepMeHmMePOM-UHOKYIsmopom obwum obvemom 10 51 u
paboyum cpepmeHmepom obuwum obremom 100 n. B kayuecmee numamernbHOU cpedbl bbina ucrosib3oeaHa
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modugpuyuposaHHas cpeda Yaneka ¢ dobasneHuem OpPOXXKe8020 3KCmpakma U 3aMeHol caxapo3bl Ha Me-
naccy, e/n: menacca — 20; dpoxxeeou akcmpakm — 7; NaNOz — 2; KozHPO4 — 1; MgSO4 — 0,5; KCI - 0,5; FeSO4
— 0,01. KynbmueuposaHue rpogodusiocb € rnoddepxxaHuem crnedyrouux rnapamempos: memrepamypa —
27+0,5 °C; ckopocmb rnepemewiugaHusi KyrbmyparsnsHoU cpedbi — 600 06./MUH; UHMeHcUusHOCMb aspayuu —1 1
8030yxa Ha 1 51 numamernbHoU cpedbl 8 MUH. VIHOKyniam eblpaujusarsics Ha numamesibHol cpede aHaoauy-
HO20 cocmasa 8 Kayasio4Hbix Kornbax obbemom 750 mn ¢ pabodum obbemom 100 mi. MIHOKynuposaHHbIe
Konbbl UHKybuposarnuck Ha welikepe-uHKkybamope Innova 40R (New Brunswick, CLLA) npu 200 06./MuH 8 me-
yeHue 22—-24 4 0o docmuxkeHusl nokasamersi cyxol buomaccsi 8 npedenax 6,5-7,5 e/n. [Nlodcyem KoHUeHmMpa-
yuu KOHUGUU ocyujecmerisifiu ¢ UCrosib308aHUeM Kamepbi ['opsiesa. B kayecmee memoda Ky/ibmueupo8aHUsi
6561510 8b16paHO XUOKOCIMHOE 8 C853U C €20 OMHocumesibHo bbicmpbiM npomekaHuem. Kpome mozo, 8 omiiu-
yue om meepdoghazHo20 KynbmueupoeaHus 2i1ybuHHOE M03680s19emcst akKyMynuposams 8 20moeoli mosap-
Holi ¢hbopme ripernapama MHO204UCIIEHHbIE 8MOPUYHbIE Memabonumel, obnadaruwjue aHmazoHUCmMu4eckol
aKmugHOCMbH 110 OMHOWEHUI K humonamozeHaMm. B kauecmee o6bekma uccriedoeaHusi 8bicmyrnar wmamm
Trichoderma asperellum BKIM F-1323, obnadarowuli aHmazoHUCmMu4ecKol akmueHOCMbIO 110 OMHOWEHUI0
KO MHoeum ¢humonamozeHam. B pe3dynbmame rnpogedeHHbIX 3KCrepuMeHmos 6bi1o yCmaHo8/IeHo, Ymo ¢
MEeXHUKO-3KOHOMUYECKOU MOYKU 3peHuUsi 060CHO8aHO 8HeCceHUe Kynbmypbl O 3acesa hepMeHmepa-uHoOKy-
nssmopa e kKonuvyecmee 5 % 06. U3yvyeHo enusHue pasnuyHol rpodormKumebHOCMU KynbmueuposaHusi 8
epmeHmepe-UHOKYIAmope Ha CKOpOoCmb pocma Mukpomuuema 8 paboyem gpepmeHmepe. OrnpedesneHo,
4Ymo onmumarlibHoe 8peMsi 01151 nepecesa 8 pabo4yuli pepmeHmep Haxodumcs 6 rpedesnax 20—-24 . [1o OKOH-
YyaHuu fpouecca KynbmueuposaHuUsi KOHUeHmpauus KoHuouti cocmasuna 1,9-108 koHudul/mr.

Knrodeenie cnoea: anybuHHoe KynbmuguposaHue, Trichoderma, 6uogyHauyud, OrnbIMHO-NPOMbIUIEHHOE
KynbmueuposaHue

Ungpopmayus o cmamse: [Jama nocmynneHus 16 mapma 2019 e.; 0ama npuHamus K nedamu 25 ¢gpesparns
2020 e.; dama oHnauH-pasmeweHuss 31 mapma 2020 a.

Ana yumupoearus: 3vraHwud O.1., Eropwuna A.A., JlykesaHueB M.A., CupoTtknH A.C. TMy6uHHOE KynbTUBK-
poBaHue MukpomuueTa Trichoderma asperellum BKIM F-1323 B OMbITHO-NPOMBILLMEHHbIX YCNOBUSX. M3ge-
cmusi 8y3oe. [lpuknadHass xumusi u 6uomexHonoeus. 2020. T. 10. N 1. C. 39-47. https://doi.org/10.

21285/2227-2925-2020-10-1-39-47

INTRODUCTION

In all developed countries today, a tendency is
observed towards the limitation of chemical pesti-
cide use in agriculture. As a consequence, research
effort is actively aimed at the development of bio-
logical products forming an alternative to chemical
pesticides. As a general rule, these biological prod-
ucts are formed on the basis of natural strains of
microorganisms having useful properties for appli-
cation in agriculture. Families of biological products
used as biopesticides currently presented on the
market are described by researchers [1, 2].

One of the most promising directions in the de-
velopment of biological protective agents consists
in the creation of biofungicides based on microor-
ganisms characterised by antagonistic activity
against plant pathogens. Thus, many fungal cul-
tures of the Trichoderma genus are distinguished by
their effectiveness against diseases of legumes,
grains and fruit crops caused by other fungi and
bacteria, resulting in the expediency of developing
biological products based on Trichoderma genus
micromycetes [3—6].

Biological products created on the basis of
Trichoderma genus fungi typically have a dry com-
modity form, for example: Sternifag SP and Gliokla-
din SP (Agrobiotechnology CJSC), RootShield
(Green Methods, Cuba), GMax Tricon (Creen Max
AgroTech, India) and others. However, during the

preparation of a dry fungus product, a native solu-
tion is formed as a waste product with many sec-
ondary metabolites having antagonistic, cellulolytic
and growth-promoting activity [7—10]. In this regard,
a liquid commodity form of Trichoderma genus fungi
is advisable in creation of biological products on
their basis. At the same time, in order to create a
stable biological product with a sufficient shelf life in
this form, maximum conidium formation with simul-
taneous hydrolysis of the mycelium is necessary to
be ensured during the cultivation [11]. Therefore,
the present study was aimed at the development of
the technology of submerged cultivation of the
Trichoderma genus fungus for obtaining a biofungi-
cide.

EXPERIMENTAL PART

The Trichoderma asperellum RNCIM F-1323
strain (Organic Park LLC, Republic of Tatarstan,
Russia) with antagonistic activity against many
phytopathogens represented the object of the
study [12].

The cultivation was carried out in a pilot in-
dustrial bioreactor line with an inoculation biore-
actor having a total volume of 10 L and a working
bioreactor having a total volume of 100 L (Bl Bio,
China).

During the cultivation, the following parameters
were controlled: temperature — 27+0.5 °C; cul-
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ture medium mixing speed — 600 rpm; aeration inten-
sity — 1 L of air per 1 L of culture medium per min.
Continuous measurement was carried out using Met-
tler Toledo 405-dpas-sc-k8s/120 potentiometric sen-
sors and InPro 6820/12/120 polarographic sensors
(Switzerland) without adjusting the pH of the medium
or the concentration of dissolved oxygen (pOz2).

A modified Czapek nutrient medium was
used with yeast extract and molasses replacing
sucrose, g/L: molasses — 20; yeast extract — 7;
NaNOs — 2; K2HPO4 — 1; MgSO4 — 0.5; KCI — 0.5;
FeSO4 - 0.01[13].

The inoculum was grown on a nutrient medium
of a similar composition in rocking flasks with a total
and working volume of 750 and 100 mL respectively.
Inoculated flasks were incubated by an Innova 40R
shaker incubator (New Brunswick, USA) at 200 rpm
for 22-24 h until a dry biomass index of 6.5-7.5 g/L was
reached.

Determination of absolutely dry biomass was
carried out according to a known method [14] using
an Ohaus Advanturer Pro AV 264 C analytical bal-
ances (China) and an Eppendorf 5804 R centrifuge
(Germany).

Micromycete conidia were calculated according
to the standard method presented in [15] using a
Goryaev camera with 50-fold sample dilution.

RESULTS AND DISCUSSION

The amount of culture required for inoculation
was determined at the initial stage of the work. Cul-
ture volume values of 1, 5 and 10 % of the nutrient
medium volume in the bioreactor were selected.
Moreover, cultivation was carried out only in inocu-
lation bioreactors without subculturing to working bi-
oreactors.

Taking into account that, throughout the entire
cultivation process, the bioreactors maintain a con-
stant temperature, the intensity of mixing and aeration
of the medium, as well as the concentration of dis-
solved oxygen, can be considered as one of the con-
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trol parameters of cultivation, since the value of this
parameter decreases with increasing concentration of
viable cells actively consuming oxygen and increases
following the start of conidia formation and hydrolysis
of mycelium due to a decrease in concentration of aer-
obic cell culture. Thus, it is is possible to estimate the
growth phase of the microorganism according to the
obtained concentration plots for dissolved oxygen. In
this case, a weak or absent change dynamics in the
oxygen concentration immediately following inocula-
tion is a possible means of indicating the culture being
in a lag phase associated with growth retardation fol-
lowing subculturing in fresh nutrient medium [16]. A
short lag phase duration is evidence of the activity of
the culture and the presence of young cells in it.

The dynamics of changes in the acidity of the cul-
ture fluid appear to be no less important for the analy-
sis of the cultivation process. In the lag phase of the
cultivation process, no change in pH value is observed
or else it changes very slightly due to the low activity
of microorganisms; this is also true of the concentra-
tion of dissolved oxygen. Subsequently, a sharp acid-
ification of the medium occurs due to the active con-
sumption of, first of all, glucose metabolised in aerobic
respiration to acetyl-CoA entering the Krebs cycle with
the formation of organic acids [17]. Excess acid is re-
moved from the cell into the culture fluid, resulting in
the acidification of the latter. A further increase in pH
may indicate the use of synthesised acids in terms of
a carbon source due to the exhaustion of glucose in
the nutrient medium, as well as the synthesis of sec-
ondary metabolites, including antibiotic substances.

Figures 1 and 2 depict the changes in the me-
dium acidity and the concentration of dissolved oxy-
gen during cultivation. It should be noted that a de-
crease in the inoculum volume from 10 to 5 % slightly
increases the lag phase of the cultivation process. A
further decrease in the volume of the inoculum to 1%
of the nutrient medium volume leads to an increase in
the duration of the lag phase by 6 hours as compared
to 10 % of the inoculum.

coceces 50l  wm e 10h

Fig. 1. pH change in the medium during the cultivation of T. asperellum RNCIM F-1323

Puc. 1. 'smeHeHue pH cpedbl 8 npouecce kynbmusuposaHusi T. asperellum BKIMM F-1323
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Fig. 2. Change in the concentration of dissolved oxygen pO:z during the cultivation
of T. asperellum RNCIM F-1323

Puc. 2. IsmeHeHuUe KOHUeHmpayuu pacmeopeHHo20 Kucropoda pO2
npu KynbmusuposaHuu T. asperellum BKITM F-1323

In Figure 3, the concentration of biomass
during cultivation is shown. According to the data
obtained, the difference in the values of abso-
lutely dry biomass between the 10 and 5 % vari-
ants of the inoculum volume was within the statis-
tical error throughout the entire measurement
time. When using a 1 % inoculum volume, bio-
mass accumulation occurred more slowly. Thus,

ACB, r/n
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after 24 h of cultivation, the ADB value for 1 % of
inoculum was on average by 27 % lower as com-
pared to 10 % of inoculum. It is important to note
that the total fermentation time directly depends
on the rate of biomass accumulation, since a
larger amount of biomass utilises the existing
substrate faster; accordingly, the cultivation pro-
cess is completed more quickly.

24:00 32:00 40:00 48:00

Cultivation time, h:min

=500 =@=1%

Fig. 3. Dependence of the absolutely dry biomass content on the inoculum volume during
the cultivation of T. asperellum RNCIM F-1323

Puc. 3. 3asucumocmb codepxkaHusi abcornomHo cyxoli buomaccsi om obbema UHOKyIsima
8 rnipouyecce KynbmueuposaHusi T. asperellum BKIMM F-1323

Thus, the accumulation of biomass by the
T. asperellum micromycete in the inoculation bio-
reactor was established to occur faster in the
case of an inoculum volume of 5-10 %, with no
significant difference being observed between the
amounts of 5 and 10 %. A decrease in the volume
of the inoculum to 1 % negatively affects the rate
of biomass accumulation. Therefore, from an eco-
nomic point of view, a 5 % inoculum value is op-
timal.

At the next stage, the time optimal for the
transfer of the culture from the inoculation to the
working bioreactor was determined. The volume of
the inoculum was set to 5 % of the nutrient medium
volume in the working bioreactor. For the purposes
of the study, cultivation times of 16, 20, 24 and 28 h
were selected for the inoculation bioreactor.

Figures 4 and 5 depict changes in the medium
acidity and the concentration of dissolved oxygen
during the cultivation process.
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Fig. 5. Change in the concentration of dissolved oxygen during the cultivation
of T. asperellum RNCIM F-1323

Puc. 5. ViameHeHue KOHUeHmpauyuu pacmeopeHHO20 Kucriopoda
npu KynbmueuposaHuu T. asperellum BKIIM F-1323

As can be seen from the data presented in
Fig. 4 and 5, the optimal time range for subculturing
is 20—24 h, while an increase in cultivation time in
the inoculation bioreactor has a greater negative ef-
fect on the duration of the lag phase than its de-
crease in the working bioreactor. In the case of a
short cultivation time (16 h) in the inoculation biore-
actor, the lag phase duration in the working biore-
actor can be assumed to increase due to insufficient
biomass. At the same time, with an increase in cul-
tivation time in the inoculation bioreactor to 28 h, the
conidiation process starts to result in additional time
required for the culture transition to the active
growth phase following transfer to the working bio-
reactor.

In Figure 6, the change in the concentration of
absolutely dry biomass during cultivation in the work-
ing bioreactor is provided.

As can be seen from the plots presented in Fig. 6,
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when the inoculum is incubated before subculturing
for 20-24 h, the most rapid biomass accumulation pro-
ceeds in the working bioreactor. Moreover, under
these inoculum subculturing conditions, a steady de-
crease in the biomass concentration is observed after
48 h of cultivation; this is probably due to hydrolysis of
the mycelium. In the case of inoculum incubation for
16 h, biomass accumulation was slower compared to
the incubation time of 20—24 h. The slowest accumu-
lation of biomass to its maximum values, starting only
from the 48th day, was observed when the inoculum
was incubated for 28 hours prior to subculturing.

The obtained data are comparable with
changes in the acidity of the medium and the con-
centration of dissolved oxygen (see Fig. 4 and 5),
as well as with the nature of the change in the con-
centration of conidia during cultivation (Fig. 7). The
number of conidia was counted using a Goryaev
camera.
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Fig. 6. Absolutely dry biomass concentration during the cultivation
of T. asperellum RNCIM F-1323
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Fig. 7. Conidia concentration during the cultivation of T. asperellum RNCIM F-1323

Puc. 7. 1ameHeHue KoHUeHmMpauuu KoHUouU 8 rpouecce Kyrnbmusuposarus T. asperellum BKIM F-132

From the moment of inoculating the working
bioreactor to the start of the conidium formation
process, the shortest time of 32 hours passed for
cultivation times in the inoculation bioreactor of
20 and 24 hours with the difference between
these two options was within the statistical error
during the entire cultivation process. When the
cultivation time in the inoculator is reduced to
16 hours, the conidiation process begins 4 hours
later. Following 72 hours of cultivation in the
working bioreactor, the concentration of conidia is
lower by an average of 10 % compared with the
24-h cultivation of the inoculum. In the case of in-
oculum cultivation for 28 hours, the conidiation
process begins later. In addition, at the end of the
experiment, the concentration of conidia was
19.2 % lower compared to the best option.

CONCLUSION

According to the results of the experimental
study of submerged cultivation of Trichoderma
asperellum RNCIM F-1323 under experimental
industrial conditions, the following recommenda-
tions can be proposed:

- the amount of inoculum should be 5 % of
the nutrient medium volume in the inoculation bi-
oreactor;

- the cultivation time for Trichoderma
asperellum RNCIM F-1323 in the inoculation bio-
reactor should be between 20 and 24 hours;

- the optimal cultivation time for Trichoderma
asperellum RNCIM F-1323 in the working biore-
actor is 72 hours with a 1.9-108 conidia/mL co-
nidia concentration or 1.9 times higher than the
declared titer of the preparation.
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