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A b s t r a c t   
 

One of the trends in the biological control of pests is the use of bacteria belonging to the 

genus Bacillus and, first of all, entomopathogenic strains of Bacillus thuringiensis. Of great interest to 

industrial biotechnology are studies related to the search for optimal cultivation conditions that can 

improve the manufacturability of the production of microbiological preparations and their effectiveness. 

Previously, the nutrient media for the production of microbiological preparations based on B. thurin-

giensis which include natural organic components have been developed. Nevertheless, during the pro-

duction of biopreparations based on this bacterium, the foaming of the culture frequently occurs and 

expensive filters of bioreactors have to be replaced. Also, during the treatment of plants, working 

solutions containing organic components of the liquid medium can clog the nozzles. This effect com-

plicates the treatment process. In addition, organic cultural media components are not standard and 

depend on the quality and source origin. In this regard, it is important to carry out the screening of 

optimal synthetic media that could eliminate these shortcomings. Our study was aimed at selecting the 

optimal synthetic media and evaluating the effectiveness of the obtained preparation samples in labor-

atory and field conditions. The objects of study were the cultures of B. thuringiensis var. thuringiensis 

800/15 (BtH1 800/15) and B. thuringiensis var. darmstadiensis 25 (BtH10 25). The composition of the 

culture media was as follows: CCY medium — 0.5 mM MgCl2Ł6H2O, 0.01 mM MnCl2Ł4H2O, 

0.05 mM FeCl3Ł6H2O, 0.05 mM ZnCl2, 0.2 mM CaCl2Ł6H2O, 13 mM KH2PO4, 26 mM K2HPO4, 

20 mg /l glutamine, 1 g/l casein hydrolysate, 0.4 g/l yeast extract, 0.6 g/l glycerol; MBt medium: 7 g/l 

casein hydrolyzate, 6.8 g/l KH2PO4, 0.12 g/l MgSO4Ł7H2O, 0.0022 g/l MnSO4Ł4H2O, 0.014 g/l 

ZnSO4Ł7H2O, 0.02 g/l Fe2(SO4)3, 0.18 g/l CaCl2Ł4H2O; LB medium: 10 g/l trypton, 5 g/l yeast 

extract, 10 g/l NaCl; modified semi-synthetic medium MMBt (modified MBt): 7 g/l casein hydroly-

zate, 6.8 g/l KH2PO4, 0.12 g/l MgSO4Ł7H2O, 0.0022 g/l MnSO4Ł4H2O, 0.014 g/l ZnSO4Ł7H2O, 

0.02 g/l Fe2(SO4)3, 0.18 g/l CaCl2Ł4H2O (25), glucose (1.0 %), Na citrate (2 g/l). Yeast polysaccha-

ride media (YPM) for BtH1 and BtH10 served as a reference. Bt strains were cultivated in 750 ml 

Erlenmeyer flasks filled with 40-50 ml of medium on a shaker at 220 rpm and 29 C for 48-72 h until 

the maturation of culture, accompanied by the formation of spores and crystalline endotoxin. On the 

basis of BtH1 800/15 and BtH10 25 strains, batches of liquid preparations were obtained, the effective-

ness of which was evaluated in 2020 and 2021 on potatoes (Solanum tuberosum L.) of the Yantar variety 

in the Far East (Ussuri district of Primorsky Krai) against Henoseplachna vigintioctomaculata Motsch 
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and on potatoes of the Emelya variety in the Tambov region against Leptinotarsa decemleniata Say. In 

the experiments, liquid preparations obtained on YPM and MMBt were used, which were used at 

consumption rates of 15 and 20 l/ha. The biological effectiveness of the preparations was calculated 

according to the formula W.S. Abbot. The antifungal activity of the preparation BtH10 25, obtained on 

MMBt and YPM, was determined by the method of agar blocks in vitro in Petri dishes. The control 

medium was used without the addition of drugs. Fungi Botrytis cinerea Pers (strain C-5) and Bipolaris 

sorokiniana (Sacc.) Shoemaker (strain C-20) served as test cultures. The inhibitory activity was calcu-

lated according to the W.S. Abbot. Cultivation of BtH1 800/15 and BtH10 25 strains on different 

nutrient media showed that on semi-synthetic media MBt and LB CFU titers were 2 times lower than 

on YPM, while on CCY medium they were 10 times lower. Their activity, determined by the content 

of exotoxin, was also lower, but on the MBt medium it was slightly inferior to YPM for BtH1 800/15. 

Therefore, MBt medium was chosen for further studies, and the composition of this medium was 

modified by adding glucose (1.0 %) and Na citrate (2 g/l). The resulting MMBt medium made it 

possible to achieve a significant increase in titers, activity, and the rate of culture development com-

pared to the initial MBt. In 2020 in the Tambov region, the effectiveness of the preparation based on 

BtH1 800/15 obtained on YPM was high against the Colorado potato beetle and on the 5th day was 

95.3 %, slightly inferior to the chemical standard. In the case of preparation obtained on MMBt, it 

was slightly lower (83.3 %), but the protective effect lasted longer, and on day 15 the efficiency was 

73.7 %. In 2021, the efficacy of BtH1 800/15 was lower than in 2020. In the preparation obtained on 

MMBt, it was slightly inferior to the effectiveness of the preparation obtained on YPM, amounting to 

75.3 and 67.7 %, respectively, on the 5th day after treatment. The effect of the BtH10 25 preparation 

obtained on MMBt was weaker than in the variant with BtH1 800/15 (47.7 % on day 5). In Primorsky 

Krai, the high efficacy of liquid preparations against H. vigintioctomaculata was also noted. In 2020, at 

a rate of application of the BtH1 800/15 preparation of 15 l/ha, the effectiveness in the YPM and 

MMBt variants was 60.5 and 63.9 %, respectively, on day 5. Similar data was obtained in 2021. The 

inhibitory activity of the BtH10 25 preparation obtained on MMBt was 12 % higher on day 5 than that 

of the preparation obtained on YPM, and was 72.3 and 60.8 % for B. sorokiniana and 78.9 and 67.4 % 

for B. cinerea. On day 10, this trend persisted, but for the preparation produced on YPM, a decrease 

in the inhibition of the growth of B. sorokiniana and B. cinerea colonies, respectively, to 57.3 and 

44.3 % was noted. Thus, preparations based on Bacillus thuringiensis obtained on the MMBt medium 

were only slightly inferior in terms of effectiveness against pests to preparations obtained on YPM, 

while their effectiveness against phytopathogens was higher than that of preparations with YPM. The 

MMBt medium is promising for agricultural biotechnology, since its use reduces the time required for 

the formation of spores and crystalline protein endotoxin by increasing the growth rate of the B. thu-

ringiensis culture. Thus, on the MMBt medium, this process ends after 48 h, and on the YPM medium, 

after 72 h, which makes it possible to reduce energy consumption. 
 

Keywords: biopreparation, Bacillus thuringiensis var. thuringiensis, Bacillus thuringiensis var. 
darmstadiensis, Bipolaris sorokiniana, Botrytis cinerea, Colorado potato beetle, potato ladybug, inhibi-

tory activity, cultural medium 
 

Biologicals against plant pests and pathogens are extremaly relevant for 

modern agrobiotechnologies. Optimization of cuture to ensure higher efficiency 

and manufacturability of microbes-based drugs is of particular importance. Envi-

ronmentally friendly pest control products that are an alternative to chemical pes-

ticides are in the focus. Microorganisms, primarily entomopathogenic bacteria of 

the genus Bacillus are the most promising for creating insect control agents [1]. 

Bacillus thuringiensis is the basis for 90% of biopesticides used commercially to 

control pests [2]. These drugs are active against insects of the orders Lepidoptera, 

Diptera, Coleoptera, Hymenoptera and nematodes [3, 4]. For biocontrol, three 

pathovars are most widely used, i.e., A (var. thuringiensis, var. dendrolimus, var. 

galleria, var. kurstaki) mainly against Lepidoptera, B (var. israelensis) as a producer 

of larvicidal drugs, and C (var. tenebrionis, var. darmstadiensis) against beetles [5]. 

Microbiologicals based on these bacteria are highly toxic to certain groups of in-

sects, safe for humans and have minimal impact on the environment [6-9], reduc-

ing the chemical load on the environment. 

B. thuringiensis are multifunctional. Along with entomocidal activity, they 

possess antifungal activity against numerous pathogens that cause dangerous dis-

eases in crops [10-12]. The wide range of B. thuringiensis properties is due to a 

repertoire of genes encoding the synthesis of various protein toxins, minor protein 
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virulence factors, and various low-molecular metabolites [13]. 

Preparations active against beetles are widely used against the most com-

mon and dangerous pests of crops, such as the Colorado potato beetle (Leptino-

tarsa decemleniata Say) and the 28-spot potato ladybug (Henoseplachna vigintioc-

tomaculata Motsch). The Colorado potato beetle lives everywhere. It has high 

fertility, easily adapts to a variety of external conditions and biotic factors. Differ-

ent stages of the beetle feed throughout the growing season. Crop losses can reach 

30-50% or higher, up to complete loss, if the pest is not controlled and its popu-

lation increases significantly [14]. 

In the Far East, where about 5% of potatoes in the Russian Federation 

are produced, along with the Colorado potato beetle, the 28-spotted potato lady-

bug (Henoseplachna vigintioctomaculata Motsch, 1857) causes significant damage 

to the crop [15]. It can damage 20 to 100% of the leaf surface, resulting in signif-

icant yield losses [16]. 

For the production of B. thuringiensis based preparations, nutrient media 

have been developed, which include corn and soy flour, starch, protein-vitamin 

concentrate (PVC) and other natural organic ingredients. Some ingredients may 

be deficient. Good results were obtained when using pea, barley and oat flour as 

a source of nitrogen [17]. Preparations obtained in these media are highly active, 

but there are some disadvantages. Foaming of the culture often occurs and as a 

result expensive filters in fermenters become clogged and require replacement. 

Difficulties also arise during treatments, since solutions containing organic com-

ponents of the medium clog the nozzles. In addition, nutrient media of natural 

organic composition depend on the quality and origin of the raw materials. Hence, 

a request arose to develop novel media based on relatively inexpensive and stand-

ard, mainly synthetic, components to ensure the best growth and biosynthesis of 

metabolites which in turn would reduce the cost of biopesticide production. 

It is known that culture media containing predominantly synthetic com-

ponents include carbon and nitrogen sources, the derivatives of natural compo-

nents that increase spore formation and production of protein crystalline endo-

toxin toxic to insects [18, 19]. Yeast extract [20] and casein hydrolysate as a source 

of protein [21] are the most commonly used nitrogen sources. Glycerol and glu-

cose predominate as carbon sources [22, 23]. 

In this work, for the first time, we submit the improved optimal modified 

semi-synthetic medium MMBt (Modified MBt). The improved medium ensures 

the production of effective and technologically advanced biologicals based on var-

ious serovars of B. thuringiensis. 

The purpose of the work is to search for optimal nutrient media for Bacillus 

thuringiensis (Bt) to produce and use Bt-based biologials. 

Materials and methods. The study involved gram-positive bacteria B. thu-

ringiensis var. thuringiensis 800/15 (BtH1 800/15) and B. thuringiensis var. darm-

stadiensis 25 (BtH10 25). 

The culture media was as follows. CCY contained 0.5 mM MgCl2Ł6H2O, 

0.01 mM MnCl2Ł4H2O, 0.05 mM FeCl3Ł6H2O, 0.05 mM ZnCl2, 0.2 mM 

CaCl2Ł6H2O, 13 mM KH2PO4, 26 mM K2HPO4, 20 mg/l glutamine, 1 g/l casein 

hydrolysate, 0.4 g/l yeast extract, 0.6 g/l glycerol [24]. MWt medium contained 

7 g/l casein hydrolyzate, 6.8 g/l KH2PO4, 0.12 g/l MgSO4Ł7H2O, 0.0022 g/l 

MnSO4Ł4H2O, 0.014 g/l ZnSO4Ł7H2O, 0.02 g/l Fe2(SO4)3, 0.18 g/l CaCl2Ł4H2O 

[25]. LB medium was 10 g/l tryptone, 5 g/l yeast extract, 10 g/l NaCl [26]. Mod-

ified semi-synthetic medium MMBt was 7 g/l casein hydrolyzate, 6.8 g/l KH2PO4, 

0.12 g/l MgSO4Ł7H2O, 0.0022 g/l MnSO4Ł4H2O, 0.014 g/l ZnSO4Ł7H2O, 0.02 
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g/l Fe2(SO4)3, 0.18 g/l CaCl2Ł4H2O [25] + glucose (0.5, 1.0 or 2.0%) and Na 

citrate (2 g/l). Yeast polysaccharide media (YPS) for BtH1 [27] and BtH10 [28] 

served as a standard. 

Bt strains were cultured on a shaker (220 rpm) at 29 C in 750 ml Erlen-

meyer flasks with 40-50 ml of medium for 48-72 h until spores and crystalline 

endotoxin complete formation. The cell number and exotoxin amount, expressed 

in LC50 for the housefly Musca domestica Linn. Larvae were determined as de-

scribed by S.D. Grishechkina et al. [29]. The experiment was arranged in triplicate. 

Based on strains BtH1 800/15 and BtH10 25, batches of liquid prepara-

tions were produced in fermenters at the Ecos branch of the All-Russian Research 

Institute of Agricultural Microbiology (St. Petersburg-Kolpino). The drug field 

effectiveness was assessed on potato (Solanum tuberosum L.) in 2020 and 2021, on 

Yantar variety in the Far East (Primorsky Territory, Ussuriysk Province) against 

H. vigintioctomaculata and on Emelya variety in the Tambov Province against 

L. decemleniata. Liquid preparations produced using YPM and MMBt were tested. 

The experiments were carried out in 4 replicates on 10 m2 plots. No treatment 

was carried out in the control; the chemical standard against the Colorado potato 

beetle was the drug Borey (JSC August, Russia; 0.1 l/ha). The pests were counted 

on days 5, 10 and 15 after treatment. The rates of liquid preparations against 

Colorado potato beetle was 20 l/ha, against potato ladybugs 15 and 20 l/ha. The 

number of pests per plant was calculated (4 replicates of 10 plants). 

Biological effectiveness (BE) of drugs was calculated according to Abbot’d 

formula [30]: 

BE = (C  T)/C ½ 100%, 

where C is the number of the pest before treatment, T is the number of the pest 

after treatment. 

The antifungal activity of the BtH10 25-based drug produced in MMBt 

and YPM was determined in Petri dishes by the in vitro agar block method [31]. 

The preparations (10% concentration) were added to a molten and cooled to 40 С 

potato agar. Blocks 0.8 cm in size cut from a 7-day culture of fungi, were placed 

on the solidified agar. In the control, the medium was without the drugs. Test 

fungi cultures were Botrytis cinerea Pers. (strain C-5) and Bipolaris sorokiniana 

(Sacc.) Shoemaker (strain C-20). There were 4 dishies for each treatment in 4-

fold biological repetitions. 

Inhibitory activity was calculated by the Abbot’s formula [30]: SI (the 

degree of fungal colony growth inhibition) = (Dc  Dt)/Dc ½ 100%, where Dc and 

Dt are the diameter of the fungal colony in the control and the test, respectively. 

The statistical significance of differences was assessed using two-way anal-

ysis of variance with Bonferroni correction for multiple comparisons. Means (M), 

standard deviations (±SD) and standard errors of the means (±SEM) were calcu-

lated. Data on the effectiveness of drugs against pests were processed by analysis 

of variance with a 95% confidence interval [32]. 

Results. BtH1 800/15 and BtH10 25 culturing showed that in semi-syn-

thetic media MBt and LB the titers were 2 times lower than in YPM, and in CCY 

medium the titers were 10 times lower. The exotoxin concenteration also turned 

out to be lower, but for BtH1 800/15, in the MВt medium it was inferior to YPM 

(Table 1), so the MВt was chosen for further studies. According to K.W. Nikker-

son et al. [33], glucose and sodium citrate added to the nutrient medium promotes 

microbial growth and crystal formation. In this regard, we studied the effect of 

different glucose concentrations (0.5, 1.0 and 2.0%) on the development of B. thu-
ringiensis cultures. It was found that at 0.5 and 1.0% glucose the development of 

the culture ended after 48 hours, but the titers at a 0.5% concentration were lower 
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than at 1.0%. When 2.0% glucose was added, the development of the culture was 

inhibited and the sporulation ended after 72 hours. Having determined the optimal 

glucose concentration of 1.0%, we added sodium citrate (2 g/l) to the medium as 

an additional source of carbon. The titers in the MMBt medium increased in BtH1 

800/15 to 1.95 CFU/ml (by 21.8%), in BtH10 25 to 1.8 CFU/ml (by 12%) (see 

Table 1). Activity rates also increased. In the MMBt medium, culture growth 

accelerated and sporulation and the crystalline protein endotoxin formation ended 

after 48 hours, whereas in YPM it ended after 72 hours. 

1. Characterization of preparations based on Bacillus thuringiensis var. thuringiensis 
800/15 (BtH1 800/15) and B. thuringiensis var. darmstadiensis 25 (BtH10 25), 
gown on different nutrient media (М±SD) 

Strain 

Medium 

YPM MBt MMBt  CCY LB 

1 2 1 2 1 2 1 2 1 2 
BtH1  

800/15 3.35±0.10  2.4±0.2 1.60±0.10 3.0±0.1 1.95±0.20 2.8±0.2 0.38±0.10 6.9±0.1 1.30±0.10 6.3±0.2 

BtH10 25 3.0±0.2 2.5±0.2 1.5±0.1 4.2±0.1 1.8±0.1 3.4±0.2 0.3±0.1 7.9±0.2 1.1±0.1 6.7±0.2 

N o t е. 1 — titer (CFU/ml), 2 — activity by LC50 for 2nd instar larvae Musca domestica. For a description of the 

media composition and sample sizes, see the Materials and methods section. 
 

Previously, when culturing B. thuringiensis in yeast-polysaccharide media, 

we selected the doses of inoculum. It was found that doses from 0.2 to 1.0% did 

not significantly affect the strain productivity [17]. The same range of inoculation 

(0.2; 0.5; 0.8; 1.0%) turned out to be insufficient for MMBt, and the Bt titers 

were low. An increased doses of inoculum (4.0; 6.0; 10.0%) showed the best results 

for 10% inoculum from the nutrient medium volume, which is consistent with the 

data of V.V. Biryukova [34]. 

An assessment of the liquid preparation effeciacy against the Colorado 

potato beetles on the Emelya variety potatoes (the Tambov Province) showed a 

significant dependence on the number of the pest, which, in turn, depended on 

weather conditions and averaged 9 bettles per bush in 2020 and 33 bettles per bush 

in 2021. 

2. Bioeffectiveness of liquid preparations based on Bacillus thuringiensis var. thurin-

giensis 800/15 (BtH1 800/15) and B. thuringiensis var. darmstadiensis 25 (BtH10 

25) cultures in different nutrient media against Colorado beetle (Leptinotarsa de-

cemlineata Say) on potato (Solanum tuberosum L.) cv. Emelya (N = 4, n = 10; 

Tambov Province, 2020-2021) 

Treatment 
Dosage, 

l/ha 

Average larvae number per plant  Bioeffectiveness, % (М±SD) 

before  

treatment 
after treatment 

day 5 day 10 day 15 
day 5 day 10 day 15 

2 0 2 0   
BtH1 800/15 (YPM) 20 8.05 0.38 2.00 3.38 95.3±1.6 74.4±3.1 58.8±4.4 

BtH1 800/15 (MMBt) 20 14.80 2.38 4.98 3.85 83.3±5.0 65.4±8.7 73.7±8.7 

Chemical standard 

Borei 0,1 4.70 0.25 0.88 2.05 100 81.4±4.4 56.2±2.9 

Control  No tretment 7.10 3.08 2.52 1.30    

LSD05      7.7 16.0 14.9 

2 0 2 1   

ВtH1800/15 (YPM) 20 36.30 8.96 14.2 8.97 75.3±6.3 60.7±7.7 47.7±3.6 

ВtH1 800/15 (MMBt)  20 35.20 11.4 16.2 20.3 67.7±2.1 53.7±5.5 42.5±5.0 

ВtH10 25 (MMBt)  20 30.45 16.8 18.0 18.5 47.9±3.1 40.8±3.9 39.4±4.9 

Chemical standard 

Borei  0,1 35.10 3.75 6.0 11.3 89.3±5.6 82.8±6.1 69.4±4.9 

Control  No tretment 25.90 29.4 19.5 10.1    

    LSD05      12.0 8.9 13.6 

N o t е. The use of drugs produced in the MMBt medium did not lead to clogging of the nozzles, unlike the drugs 

obtained in the YPM. 

 

In 2020, the effectiveness of the BtH1 800/15-based drug produced in the 
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YPM was high and reached 95.3% on day 5, being practically not inferior to the 

chemical standard (100%). The effectiveness of the BtH1 800/15-based drug pro-

duced in MMBt was slightly lower (83.3%) but the protective effect lasted longer. 

On day 15, the effectiveness was 73.7% vs. that recorded for the drug produced in 

the YPM and for the chemical drug Borei, 58.8 and 56.2%, respectively. In 2021, 

the effectiveness of the drugs was lower compared to 2020 and on day 5 after 

treatment with BtH1800/15 it differed slightly for MMBt and YPM media (67.7 

and 75.3%, respectively). When using the drug BtH10 25 produced in MMBt, the 

effectiveness was inferior to BtH1 800/15 and on day 5 reachrd 47.9%. In all 

variants, the effectiveness decreased on day 15 (Table 2). 

3. Bioeffectiveness of liquid preparations based on Bacillus thuringiensis var. thurin-

giensis 800/15 (BtH1 800/15) and B. thuringiensis var. darmstadiensis 25 (BtH10 

25) cultures in different nutrient media against 28-spotted potato ladybird (Heno-

seplachna vigintioctomaculata Motsch, 1857) on potato (Solanum tuberosum L.) cv. 

Yantar (N = 4, n = 10; Primorsky Krai, Ussuriysk District, 2020-2021) 

Treatment 
Dosage, 

l/ha 

Average larvae number per plant 
Bioeffectiveness, % (М±SD) 

before  

treatment 

after treatment 

day 5 day 10 day 15 day 5 day 10 day 15 
2 0 2 0   

ВtH1 800/15 (YPM) 15 2.7 1.2 0.6 0.2 60.5±7.0 79.5±5.0 86.4±4.9 

ВtH1 800/15 

(MMBt) 

20 3.2 0.9 0.6 0.2 70.5±5.4 84.3±7.1 90.3±3.8 

ВtH1 800/15 

(MMBt)  

15 3.0 1.2 0.5 0.4 63.9±6.7 78.5±4.1 76.2±5.6 

Control  No tretment 3.9 4.3 2.8 2.1    

LSD05      9.4 15.5 13.2 

2 0 2 1   

ВtH1 800/15 (YPM) 15 4.3 1.8 1.0 1.0 76.8±6.4 79.2±4.1 81.0±5.2 

ВtH1 800/15 

(MMBt)  

15 5.7 2.3 1.2 1.2 78.5±5.7 80.4±3.6 82.7±6.9 

ВtH10 25 (YPM) 15 6.5 3.5 1.5 0.7 72.1±4.9 76.8±5.9 89.6±6.7 

ВtH1025 (MMBt)  15 9.3 3.0 1.5 1.4 83.0±4.0 86.2±6.0 86.0±5.7 

Control  No tretment 3.9 7.9 5.2 4.9    

LSD05      7.6 9.7 13.0 

 

The high effectiveness of liquid preparations produced in different media 

was also shown when treating potato plantings against the 28-spotted potato lady-

bug in the Primorsky Territory. In 2020, with the BtH1 800/15 application rate of 

15 l/ha the effectiveness for YPS and MMBt media on day 5 was 60.5 and 63.9%, 

respectively. For MMBt, an increase in the application rate to 20 l/ha increased 

the efficiency to 70.5%. Similar data we obtained in 2021 (Table 3). 

In 2021, along with the drug BtH1800/15, the effectiveness of BtH1025 

was studied. On day 5 after treatment, for the preparation in the MMBt medium, 

the effectiveness was slightly higher than for YPM, up to 83.0% compared to 

72.1%. On day 15, the activity of the drugs increased. 

Thus, field trials on potatoes against the Colorado beetle and 28-spotted 

ladybird showed the advantage of MMBt for production of the biologicals. 

On day 5 in in vitro tests with BtH10 25, the inhibitory activity of the 

MMBt-based liquid preparation was 12% higher than that of the YPM-based, for 

B. sorokiniana 72.3 and 60.8%, respectively, for B. cinerea 78.9 and 67.4% (Fig.). 

On day 10, this trend continued. The growth inhibition of B. sorokiniana decreased 

to 57.3%, B. cinerea to 44.3% for YPM preparation while for MMBt, the inhibitory 

activity was not reduced. In the control, on day 5, B. sorokiniana and B. cinerea 

showed approximately the same growth rates but differences occurred on day 10. 

It should be noted that the diameter of the B. sorokiniana and B. cinerea 

colonies on days 5 and 10 differed (p < 0.0001) both in the YPM- and MMBt-
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based liquid preparations vs. control and betwee each other (see Fig., B). 
 

 

Growth (day 5) of Botritys cinerea Pers. C-5 (A) and Bipolaris sorokiniana (Sacc.) Shoemaker C-20 

(B) and the diameter of colonies (days 5 and 10) (B) on potato agar after treatment with a Bacillus 

thuringiensis var. darmstadiensis 25 (BtH10 25)-based preparation: a — control (without treatment), 

b — culture in the YPS medium, c — culture in the MMBt medium (see the description in the 

Materials and methods section). 

* The differences between the treatments are statistically significant at p < 0.0001. 
 

The MMBt medium had a significant advantage over the yeast-polysac-

charide media widely used for the production of liquid forms of drugs. Since Ba-
cillus thuringiensis is one of the most widely used bacteria in biotechnology [35, 

36], optimization of media for their growth is of significant interest. Thus, complex 

substrates such as molasses, corn extract, corn flour [37)], soy flour, etc. [38] are 

used as organic ingredients. Note, an important factor in the production of bio-

logicals is the lower cost of culture media, and soybean flour is one of the cheap-

est components [39]. However, its use often leads to foaming of the culture 

during preparation production, requires filter replacement, ultimately increasing 

the product price. 
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A number of studies have also shown the importance of balancing carbon 

and nitrogen sources in media to achieve optimal sporulation efficiency in Bt 

cultures. It was found that the higher concentration of glucose in the medium, the 

higher is optical density of the culture, while increasing the yeast extract concen-

tration suppresses sporulation [40]. Other nitrogen sources can have either stimu-

latory or inhibitory effects, depending on the culture growth stage [41]. Moreover, 

a recent study that provided appearantly the most detailed comparative up-to-date 

analysis of the influence of nitrogen and carbon balance in the culture medium 

on Bt sporulation showed that the highest sporulation occurs when the carbon to 

nitrogen ratio in the medium is 5:1 [42]. It is noteworthy that when bacteria of 

the genus Bacillus are used for the production of enzymes (the vegetative culture 

stage), increasing the nitrogen concentration, on the contrary, can have a benefi-

cial effect [43]. Thus, the selection of media components to optimize bacterial 

growth significantly depends not only on the systematic position of the microorgan-

isms, but also on the stage of the life cycle (vegetative or spore). Yeast autolysates 

traditionally used in Bt culture media delay sporulation. In addition, complex or-

ganic components reduce the processability of the resulting media. 

So, the modified semi-synthetic medium (MMBt) we developed, which 

consists of casein hydrolyzate and a standard set of salts supplemented with 1% 

glucose and 2 g/l Na citrate as carbon sources, eliminates shortcomings discussed 

hereinabove. MMBt is suitable for the production of Bacillus thuringiensis-based 

liquid preparations and has advantages over yeast-polysaccharide media (YPS). 

Thus, the use of the MMBt medium can ensure the production of B. thuringiensis 
biologicals that are quite effective and more convenient for use. In MMBt me-

dium, the growth rate accelerates and less time is required for the formation of 

spores and protein crystalline endotoxin. E.g., in the MMBt medium, the for-

mation ended after 48 hours vs. 72 hours in the YPS medium that reduces energy 

costs. In field trials, there was no clogging of the equipment nozzles for MMBt-

based preparations while the YPS-based preparations require washing of the spray-

ing equipment due to contamination with organic particles. Field trials confirm 

that B. thuringiensis var. thuringiensis 800/15 and B. thuringiensis var. darmstadiensis 
25 preparations in MMBt are not inferior to YPS preparations in effectiveness and 

have a longer insecticidal effect against the Colorado potato beetle (the Tambov 

Povince) and the 28-spotted potato ladybug (the Far East). The use of the devel-

oped medium contributed to enhancing the activity of the drug based on B. thu-
ringiensis var. darmstadiensis 25 against plant pathogenic fungi. In general, the 

MMBt is a promising and more technologically advanced alternative to yeast-

polysaccharide media, avoiding the use of additional organic components which 

in some cases can be non-standard and difficult to acquire. 
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