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Objective. To study the trends of microbiological processes, changes in the level of acidity and 
the ratio of accumulated organic acids in preserved corn rolled grain due to the influence of select-
ed strains of Bacillus subtilis, promising for the creation of biological preservatives on their basis. 
Methods. Microbiological, zootechnical. Results. Grain processing with suspensions of the test 
strains of B. subtilis promotes the intensive development of epiphytic lactic acid bacteria in feed at 
day 15 of preservation, with subsequent gradual decrease at day 30 and 70 of the experiment. The 
number of lactic acid bacteria at day 14 after opening samples of preserved corn rolled grain is a 
tenfold higher than in the control variant (without the additional application of microorganisms). 
The dynamics of yeast growth in the feed due to the effect of the test strains of B. subtilis is charac-
terized by their intensive development at day 15 with a gradual decrease in the number in all vari-
ants at day 30 and 70 of preservation. The number of moulds in the control variant exceeds the 
maximum allowable level (up to 5×104 CFU per 1 g feed) and is 2×105 at day 7 and 6.2×105 at day 
14 after opening and access of air to the thickness of the preserved mass. In experimental variants, 
the number of moulds is smaller compared with the control both in the process of preservation and 
after opening the feed. The optimum pH and the ratio of organic acids at day 14 after opening has 
been registered in the rolled grain treated with B. subtilis B1, B. subtilis B6y and B. subtilis 44-p. 
Conclusion. The use of selected B. subtilis strains to preserve moist corn rolled grain promotes the 
establishment of the optimum level of acidity of the feed and the ratio of organic acids, inhibition of 
the development of undesirable microorganisms. 

Key words: Bacillus subtilis, corn rolled grain, biological preservatives, yeasts, moulds, 
preservation. 

Introduction. The preparation of grain col-
lected in the early stages of maturation at a 
moisture content of 35–40 % is a promising, 
low-cost way of producing feed, since such a 
grain is an inexpensive source of nutrients, well 
fed and digested by animals [1–7]. However, the 
increased moisture content of raw materials cre-
ates optimal conditions for the development of 
moulds and putrefactive bacteria. Preventing 
loss during the storage of preserved rolled grain 
can be done using microbial preservatives. 
However, feed production in Ukraine is not ful-
ly provided with effective biological domestic 
preservatives. 

Analysis of the recent studies and publi-
cations. When selecting strains of microorgan-
isms for the development of biopreservatives for 
moist rolled grain, it is important to take into 
account: their technological efficiency and safe-
ty; osmotic tolerance (ability to withstand in-
creased osmotic pressure and reduced humidi-
ty); the ability to synthesize organic acids (pri-
marily lactic acid), production of antibiotic and 
antifungal substances [8–13]. It is also im-
portant to assess the impact of the strains of mi-
croorganisms promising for production of bio-
preservatives on the trends of microbiological 
processes in the preserved rolled grain. 
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It is known that representatives of Bacillus 
subtilis possess high antagonistic and antifungal 
activity, on the basis of which both probiotics 
and biopreservatives are developed [14–16]. In 
addition to these properties, the mechanism of 
preservation action of B. subtilis lies in their 
ability to produce enzymes [17], which break 
down carbohydrates, which are further trans-
formed into organic acids (primarily lactic acid) 
[18]. 

Objective. To study the dynamics of the 
development of microorganism populations in 
the preserved corn rolled grain under the influ-
ence of strains of Bacillus subtilis, promising 
for the creation of biological preservatives. 

Materials and methods. The study of the 
influence of strains of aerobic bacilli on the dy-
namics of the development of microorganism 
populations in the preserved corn rolled grain 
was conducted in the Laboratory of Probiotics at 
the Institute of Agricultural Microbiology and 
Agroindustrial Manufacture of the National 
Academy of Agrarian Sciences of Ukraine. 

Study objects were 4 strains of B. subtilis 
from the collection of microorganisms of the 
Laboratory of Probiotics: B1, B6y, B32, 44-p, 
possessing high enzymatic activity [17], show 
antagonistic and antifungal activity [18]. 

Stock bacterial cultures were obtained un-
der the use of standard digest media – meat-
peptone broth (MPB) and MPA for 24 hours at 
(37 ± 0.5) °C. Further cultivation of aerobic ba-
cilli was carried out on a synthetic medium con-
sisting of water-soluble starch, MPB, treacle, 
and salts of magnesium, potassium and ammo-
nium for 24 hours at (37 ± 0.5) °C. 

Preservation of corn grain with a moisture 
content of 30.2 % was carried out under the la-
boratory conditions in 3 L polyethylene con-
tainers. The following variants were tested: 1 — 
without bacterial treatment (control); 2 — 
treatment with B. subtilis B1; 3 — B. subtilis 
B6y; 4 — B. subtilis B32; 5 — B. subtilis 44-p. 
Suspensions of these strains were introduced at 
a rate of 8×109 CFU/kg raw material. Samples 
were stored at room temperature in a dark place. 

Preliminary microbiological and zootech-
nical study of moist corn grain was performed 
before the bacterial processing of raw materials. 

Samples of corn grain to determine the total 
number of microorganisms, the amount of lactic 
acid bacteria, micromycetes, clostridia, the con-
tent of organic acids and pH were collected by 
conventional methods [19] at day 15, 30 and 70 

of preservation, as well as after opening samples 
of preserved rolled grain at day 7 and 14. 

The number of microscopic fungi and yeast 
was determined on Sabouraud medium by sur-
face inoculation, followed by cultivation for 3– 
4 days (7–8 days, if necessary) at (28 ± 0.5) °C. 
The number of clostridia was determined on the 
iron sulphate agar by the number of black colo-
nies that grew up in the depths of the medium 
for 24 hours of cultivation at (37 ± 0.5) °С. The 
total number of microorganisms on the pre-
served rolled grain was determined on MPA 
with deep inoculation, followed by cultivation 
for 5–7 days at (37 ± 0.5) °С. The presence of 
lactic acid bacteria was determined on MRS and 
cabbage agar with chalk, counting the number 
of colonies in 2–7 days of cultivation at 
(37 ± 0.5) °C [20]. 

Determination of active acidity (pH) was 
carried out by potentiometric measurement of 
the activity of hydrogen ions using pH-meter 
(pH-150 MI) [19]. 

The number of free and bound organic ac-
ids was determined by the Lepper-Flieg method 
[19]. 

The results obtained are statistically pro-
cessed using the Microsoft Office application 
package and presented in the form of means and 
their errors (M ± m) [21]. 

Results and discussion. Under conducting 
studies on the total number of microorganisms 
in the preserved moist corn rolled grain after 
treating strains of aerobic bacilli in three vari-
ants (B. subtilis B1, B32, 44-p), the peak of their 
development was determined at day 15 of 
preservation, then it was gradually decreasing 
(Fig. 1) In general, in variants under treatment 
of grain with suspensions of aerobic bacilli, the 
total number of microorganisms reduced a ten-
fold compared with this parameter in the control 
at day 30 day and hundred fold – at day 70 of 
preservation. 

The smallest parameters of the total number 
of microorganisms at day 14 after opening sam-
ples of the preserved corn rolled grain were 
found in variants of B. subtilis B1, B6y and 
B32 and amounted to 1.5×108, 1.8×108 and 
1.6×108 CFU/g, respectively, versus 2.8×109 
CFU/g in the control variant. 

The number of epiphytic lactic acid bacteria 
(LAB) in the control variant at day 15 of preser-
vation increased tenfold compared with this para-
meter in the raw material (from 1.0×108 CFU/g 
to 3.1×109 CFU/g) (Fig. 2). 
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Fig. 1. Influence of B. subtilis on the dynamics of development of microorganisms (total num-
ber) in the preserved moist corn rolled grain. 
Note: * — the day of preservation; ** — the day after the opening. 

Fig. 2. Influence of B. subtilis on the dynamics of development of epiphytic lactic acid bacteria 
in the preserved moist corn rolled grain. 
Note: * — the day of preservation; ** — the day after the opening. 

When treating grain with suspensions of the 
test strains of microorganisms, the maximum 
number of epiphytic lactic acid bacteria in the 
feed was registered at day 15 of preservation in 
the variant of B. subtilis B6y — their number 
increased to 1.5×1010 CFU/g (in the control var-
iant — 3.1×109 CFU/g), and in the future began 
to decrease. In two other variants (B. subtilis B1 
and B32), the number of lactic acid bacteria 
continued to increase till day 70 of preservation 
and was higher than the corresponding parame-
ters in the control variant, and in the sample 
from B. subtilis B1, it exceeded the control val-

ues tenfold (1.2×1010 CFU/g vs. 7.4×109 CFU/g, 
respectively). At day 14 after opening samples 
of preserved corn rolled grain, the parameters of 
the number of lactic acid bacteria in experi-
mental variants were tenfold higher than in the 
control. 

The stability of feed to the process of aero-
bic deterioration depends on the number of 
yeasts in the preserved mass [22]. The dynamics 
of the number of yeasts under the influence of 
the test strains of aerobic bacteria indicates their 
rapid development at day 15 of preservation — 
1.25 to 2.96-fold increase, compared with the 
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initial raw material, and a gradual decrease in 
their number in all experimental variants at day 
30 and 70 (Fig. 3) At the same time, in the con-
trol variant, the number of yeasts intensively in-
creases (tenfold at day 70 of preservation) and 
continues to increase after the opening of the 
feed. 

At day 7 after opening preserved corn 
rolled grain, yeast growth rates increase, most 
(tenfold) in two variants (B. subtilis В1 and 
В6у). The minimum number of yeasts at day 14 
day after opening samples is registered in vari-
ants with B. subtilis B6y, B32 and 44-p 
(1.0×104, 1.4×104 and 1.3×104 CFU/g, respec-
tively), indicating greater resistance to aerobic 
deterioration of preserved corn rolled grain. 

The development of moulds in the pre-
served mass leads not only to deterioration of 
feed but also to the accumulation of mycotoxins 
dangerous to the animal health, which makes 
the feed unsuitable for feeding [22; 23]. The re-
sults of the study of the dynamics of the devel-
opment of moulds in preserved moist corn 
rolled grain under the influence of strains of 
aerobic bacilli showed that their number in ex-
perimental variants up to day 30 of preservation 
is reduced and amounted to 1.0–2.5×103, and is 
virtually not detected (0.12–0.22×103 CFU/g) at 
day 70 of preservation (Fig. 4). 

At the same time, under access of air to the 
depth of preserved mass, when the feed is 
opened, the number of moulds increases, most 

Fig. 3. Influence of B. subtilis on the dynamics of yeast development in the preserved moist 
corn rolled grain. 
Note: * — the day of preservation; ** — the day after the opening. 

Fig. 4. Influence of B. subtilis on the dynamics of mould development in the preserved moist 
corn rolled grain. 
Note: * — the day of preservation; ** — the day after the opening. 
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of all in the control variant — 4-fold at day 7 
and 12.4-fold at day 14 (2×105 and 6.2×105, 
respectively). In experimental variants, these 
parameters are shown within the ranges of 
acceptable contamination with microscopic fun-
gi (the maximum allowable range — up to 
5×104 CFU per 1 g feed) [24] that is 0.1–2×104, 
suggesting better aerobic stability of the moist 
corn rolled grain under treatment with test 
strains of B. subtilis. The lowest number of 
moulds after opening was registered in the vari-
ants of B. subtilis В1 and В6у. 

Butyric acid bacteria of the genus Clostrid-
ium, which produce butyric acid and contribute 
to the loss of energy up to 20 %, are undesirable 
in the process of silage [17; 18]. In the study of 
the number of butyric acid bacteria of the genus 
Clostridium in the preserved moist corn rolled 
grain only in some variants (from B. subtilis 
В6у, В32, 44-р), isolated colonies were detected 
at day 15 of preservation. At day 30 and 70, no 
growth of butyric acid bacteria was detected in 
any variant, which indicates the accumulation of 
a sufficient amount of lactic acid and a decrease 

in acidity to an optimal level. In addition, in the 
control variant, butyric acid bacteria were de-
tected at day 15 of preservation and after the 
opening of the feed. 

Study of the dynamics of reducing the level 
of acidity, accumulation of organic acids and 
their ration in the preserved mass is important to 
evaluate the factors affecting the efficiency of 
fermentation processes and maintenance of pre-
served corn rolled grain, along with microbio-
logical parameters. 

In the course of study, it was established 
that in the control variant (without treatment of 
raw materials by suspensions of microorgan-
isms) the ratio of organic acids in the process of 
preservation varied as follows: at day 15 the 
proportion of lactic acid in the acid content was 
more than 83 %, at day 70 — more than 76 %, 
and after opening at day 14 — only 10 % (Tab- 
le 1). At the same time, the proportion of butyric 
acid in this variant at day 14 after opening was 
over 89 %, indicating that the preserved mass 
created favourable conditions for the rapid de-
velopment of butyric acid bacteria. 

Table 1. Accumulation of organic acids in preserved moist corn rolled grain under the influ-
ence of B. subtilis strains, М ± m 

Variant of experiment 

Organic acids 
Control 

B. subtilis strains 

В1 В6у В32 44-р 

La
ct

ic
 a

ci
d,

 %
 Day 15 of preservation 83.1 ± 0.1 81.7 ± 0.3 84.9 ± 0.1 79.4 ± 0.2 80.5 ± 0.2 

Day 30 of preservation 84.3 ± 0.3 83.9 ± 0.1 85.8 ± 0.2 85.4 ± 0.1 81.7 ± 0.4 
Day 70 of preservation 76.5 ± 0.2 95.6 ± 0.3 86.3 ± 0.2 91.7 ± 0.1 86.0 ± 0.3 

Day 7 after opening 70.6 ± 0.3 80.9 ± 0.2 78.7 ± 0.1 80.4 ± 0.3 77.1 ± 0.1 
Day 14 after opening 10.2 ± 0.2 78.5 ± 0.1 76.3 ± 0.1 79.7 ± 0.1 72.0 ± 0.2 

A
ce

tic
 a

ci
d,

 %
 Day 15 of preservation 16.9 ± 0.1 18.3 ± 0.1 15.1 ± 0.1 20.6 ± 0.3 19.5 ± 0.2 

Day 30 of preservation 15.1 ± 0.1 16.1 ± 0.3 14.2 ± 0.1 14.6 ± 0.1 18.3 ± 0.3 
Day 70 of preservation 23.5 ± 0.1 4.4 ± 0.1 13.7 ± 0.2 8.3 ± 0.1 14.0 ± 0.1 

Day 7 after opening 29.4 ± 0.1 19.1 ± 0.1 21.3 ± 0.3 19.6 ± 0.2 22.9 ± 0.1 
Day 14 after opening 0.5 ± 0.1 21.5 ± 0.3 23.7 ± 0.2 20.3 ± 0.1 28.0 ± 0.3 

B
ut

yr
ic

 a
ci

d,
 %

 Day 15 of preservation 0 0 0 0 0 
Day 30 of preservation 0.6 ± 0.01 0 0 0 0 
Day 70 of preservation 0 0 0 0 0 

Day 7 after opening 0 0 0 0 0 
Day 14 after opening 89.3 ± 0.2 0 0 0 0 

Note. Probability level of difference with control is Р ≤ 0.05. 
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However, in experimental variants (with the 
treatment of grain with suspensions of aerobic 
bacilli strains), the proportion of lactic acid at 
day 14 after the opening of the feed was an av-
erage of 76.6 % in all variants in the absence of 
butyric acid. It should be noted that the acidity 
of the feed (Fig. 5) in the preservation process 
in the experimental variants was significantly 
lower in relation to the control and ranged from 
pH 3.5 to pH 3.6 versus pH 5.6 in the control at 
day 15, and pH 3.6 to pH 4.1 versus pH 5.3 in 
the control at day 70 of preservation. 

Thus, the positive effect of Bacillus subtilis 
on the trends of microbiological processes in 
preserved corn rolled grain has been established. 
The action of the test strains of bacteria pro-
motes the intensive development of lactic acid 
bacteria, inhibits growth and development of 
micromycetes. Preservation of moist corn rolled 
grain without supplementation of bacilli does 
not ensures stability of microbiological parame-
ters of the feed after its opening (there is the de-
velopment of yeasts, moulds, and butyric acid 
bacteria), which leads to formation of moulds 
and putrefaction. Application of the test strains 
of aerobic bacillus to preserve the moist corn 
rolled grain provides the establishment of the 
optimum level of acidity of the feed, the desired 
ratio of organic acids. 

Conclusion. Optimal microbiological pa-
rameters, level of acidity and the ratio of organ-
ic acids are registered in the variant of feed 
under application of B. subtilis B1. The above 
bacterial strain is promising for creation of bio-
preservatives for moist corn rolled grain. 
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СПРЯМОВАНІСТЬ МІКРОБІОЛОГІЧНИХ ПРОЦЕСІВ 
У КОНСЕРВОВАНОМУ ПЛЮЩЕНОМУ ЗЕРНІ КУКУРУДЗИ 

ЗА ВПЛИВУ БАКТЕРІЙ BACILLUS SUBTILIS 

М. Г. Передерій, Н. О. Кравченко, Л. В. Божок, О. М. Дмитрук 
Інститут сільськогосподарської мікробіології та агропромислового виробництва НААН, м. Чернігів 
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Мета. Дослідити спрямованість мікробіологічних процесів, зміни рівня кислотності та 
співвідношення накопичених органічних кислот у консервованому плющеному зерні кукурудзи 
за впливу селекціонованих штамів Bacillus subtilis, перспективних для створення на їх основі 
біологічних консервантів. Методи. Мікробіологічні, зоотехнічні. Результати. Обробка зер-
на суспензіями досліджуваних штамів B. subtilis сприяє інтенсивному розвитку епіфітних 
молочнокислих бактерій у кормі на 15-у добу консервування з подальшим поступовим зни-
женням на 30 та 70-у добу експерименту. Чисельність молочнокислих бактерій на 14-у добу 
після відкриття зразків консервованого плющеного зерна кукурудзи на порядок вища, ніж у 
контрольному варіанті (без додаткового застосування мікроорганізмів). Динаміка росту 
дріжджів у кормі за впливу досліджуваних штамів B. subtilis характеризується їх інтенсив-
ним розвитком на 15-у добу з поступовим зниженням чисельності в усіх варіантах на 30 та 
70-у добу консервування. Чисельність плісеневих грибів у контрольному варіанті перевищує 
максимально допустимий рівень (до 5×104 КУО в 1 г корму) та становить 2×105 на 7-у добу 
і 6,2×105 на 14-у добу після відкриття та доступу повітря у товщу консервованої маси. 
У дослідних варіантах чисельність плісеневих грибів є меншою проти контролю, як у процесі 
консервування, так і після відкриття корму. Оптимальні рівень рН та співвідношення орга-
нічних кислот на 14-у добу після відкриття відзначено у плющеному зерні, обробленому 
B. subtilis В1, B. subtilis В6у та B. subtilis 44-р. Висновки. Застосування селекціонованих 
штамів B. subtilis для консервування плющеного вологого зерна кукурудзи сприяє встанов-
ленню оптимального рівня кислотності корму та співвідношення органічних кислот, пригні-
ченню розвитку небажаних мікроорганізмів.  

Ключові слова: Bacillus subtilis, плющене зерно кукурудзи, біологічні консерванти, дріж-
джі, плісеневі гриби, консервування. 
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