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The study of the influence of Bacillus subtilis 44-p on the chemical composition, nutritional
value and microbiological parameters of preserved flattened moist corn grain. Using B. subtilis 44-
p, the contents of lactic acid bacteria at day 70 of preservation was 5.6 x 10%-6.0 x 10° CFU, which
is 35.7-40 % higher than the corresponding control parameter. The contents of butyric acid
bacteria in samples from B. subtilis 44-p at day 70 of preservation decreased to 0.3 x 10°-0.5 x
10° CFU relative to control, where their number was 1.2 x 10® CFU. The use of B. subtilis 44-p
facilitated decrease of contents of micromycetes in the raw materials by 90-95 % compared to
control. Upon the use of B. subtilis 44-p in the flattened moist corn grain, contents of the raw
protein increased by 0.24-0.25 %, crude fiber — by 0.51-0.57 % compared to the results obtained
upon the use of chemical preservative — ammonium carbonate (AC), where this parameter
decreased by 0.23 % relative to control. Losses of dry matter were at the level of 1.15-1.5 % (in the
control — 1.8 %). It was established that the use of B. subtilis 44-p stimulates the development of
lactic acid bacteria and inhibits the growth of unwanted microorganisms in the preserved mass,

facilitates the accumulation of lactic acid, ensuring retention of the feed nutritional value.
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In recent years, the technology of preserving flattened corn grain in the early stages of
maturation is becoming widespread. Flattened grain procurement is a promising, low-cost way of
producing feed, since the product obtained has a high content of nutrients, is well consumed and
digested by animals [1].

The process of preserving flattened corn grain is similar to the silage of the green mass of
plants, based on natural lactic fermentation. However, content of sugars in the grain is much smaller
than that of green mass, and gradual conversion of grain starch during the rolling and fermentation

into sugar, and then to lactic acid contributes to its silage [2, 3].
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The quality of grain preservation is influenced by the composition of groups of epiphytic
microorganisms in the raw material, the amount of lactic acid bacteria. Unfavourable feed storage
conditions also affect the development of microorganisms undesired for preservation, with a
significant loss of food-value and quality of feed [3, 4].

The use of preservatives prevents the development of putrefactive bacteria, moulds and
yeast, creates conditions for the accumulation of lactic acid. In recent decades, as an alternative to
chemical preservatives, the use of which is associated with a number of shortcomings, microbial
preparations are used for the preservation of plant material. The guarantee of the success of the use
of biopreparations is the ability of microorganisms in their composition to restrain the growth of
butyric bacteria, micromycetes, as well as pathogenic and opportunistic microorganisms that can
adversely affect the health of animals and humans [5-8]. Traditional microorganisms used for silage
are lactic acid bacteria, but from literary sources it is known that the preservation of nutrients and
the improvement of the quality of silage and haylage are significantly influenced by representatives
of the species Bacillus subtilis [9].

In view of the above and in order to improve the quality and maintain food-value of feed
upon the use of biological preservative, the effect of B. subtilis 44-p on the chemical composition,
food-value, and microbiological parameters of preserved moist grain of flattened corn grain.

Materials and methods. The study was carried out at the Animal Feeding and Feed
Technology Laboratory of the Institute of Agriculture of the Carpathian Region of the NAAS, as
well as at the Laboratory of Probiotics of the Institute of Agricultural Microbiology and
Agroindustrial Manufacture of the NAAS. In 2016, preservation of corn grain with a moisture
content of 30.2 % using preservative B. subtilis 44-p was performed under the laboratory settings
(in the glass amphora). The strain was isolated from the gastrointestinal tract of livestock, deposited
at the State Scientific and Control Institute of Biotechnologies and Microorganism Strains under
No. 141.

The experiment provides four variants: 1 — without processing (control); 2 — preservation
using chemical preservative — ammonium carbonate (AC); 3 — preservation using B. subtilis 44-p
(normal range 1 — consumption of working suspension of bacteria — 5 mL/kg of raw materials), 4 —
preservation using B. subtilis 44-p (normal range 2 — consumption of working suspension of
bacteria — 10 mL/kilogram of raw material). The titre of the bacterial suspension was
7*10° CFU/mL. Samples were stored at room temperature in a dark place.

In 5, 15, 30 days of storage, the study of the number of microorganisms was carried out
according to generally accepted methods [10, 11]. In 5, 15, 30 and 70 days, chemical composition

and food-value were determined according to generally accepted methods [12].



Results and discussion. The livestock analysis of the feed determines the actual content of
nutrients, minerals and biologically active substances. The main parameters of livestock analysis
that help assess the quality of feed are moisture, dry matter, crude protein, crude fat, crude fibre,
crude ash and nitrogen-free extractive substances (NFES). Table 1 provided data of the analysis of
the influence of B. subtilis 44-p on the preservation of the food-value of preserved flattened corn

grain.

Table 1. Chemical composition of samples of control and experimental variants of flattened
wet grain of corn, %
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Initial raw materials 30,20 69,80 7,05 2,15 2,01 0,75 57,84

5™ day 30,10 69,90 7,02 2,15 2,11 0,80 57,82

Without -
_ 15" day | 30,40 69,60 7,03 2,14 2,13 0,82 57,48
processing -
30" day | 30,70 69,30 7,05 2,15 2,16 0,84 57,10
(control)

70" day 31,40 68,60 7,00 2,12 2,48 0,80 56,20

Ammonium | 5"day | 29,70 | 7030 | 7,31 | 212 | 2,00 | 083 | 5804

carbonate 15" day 30,00 70,00 7,37 2,12 2,05 0,85 57,61

(AC) 30™ day 30,60 69,40 7,40 2,12 2,12 0,88 56,88

70" day 30,90 69,10 7,35 2,10 1,78 0,87 57,00

B. subtilis 5"day | 30,30 | 70,00 7,20 2,13 2,12 0,79 57,76

44-p 15"day | 30,70 | 69,30 | 7,21 2,14 2,14 0,78 | 57,03
(normal range | 30" day 30,80 69,20 7,25 2,15 2,16 0,80 56,84
1) 70"day | 31,20 | 68,80 7,29 2,14 2,58 0,79 56,00

B. subtilis 5"day | 30,30 | 69,70 | 7,19 2,12 2,10 0,77 | 57,52
44-p 15"day | 30,40 | 69,60 | 7,23 2,14 2,12 0,79 | 57,32
(normal range | 30™day | 30,60 | 69,40 | 7,23 2,16 2,13 0,80 | 57,08
2) 70™day | 31,00 | 69,00 | 7,30 2,16 2,52 0,82 | 56,20

The main parameter that characterizes food-value is the content of dry matter in it. The
food-value of feed is the higher, the more dry matter in it exists. In this case, regardless of the type
of feed material, the food-value of the unit of dry matter in the quality flattened corn grain should

be close to the raw material. The analysis of the results obtained at day 5, 15, 30 and 70 of




preservation indicates a decrease in the dry matter content in all experimental samples. Comparative
analysis of the chemical composition of samples of flattened most corn grain found that the loss of
dry matter at day 70 of preservation under treatment of raw materials with suspension of B. subtilis
44-p (normal range 1) was 1.5 %, and in samples of the variant with the normal range 2 — 1.15 %.
Control variant showed the highest losses of dry matter in the feed, and they comprised 1.8 %.
Preservation of nutrients in the variant with a chemical preservative (1.1 %) was virtually at the
level of the parameter obtained under the use of bacteria in the double normal range.

The content of crude protein in all studied samples exceeded parameters of the feedstock at
day 5 of preservation. Thus, at day 70 of preservation, the level of crude protein increased by 0.3 %
in the variants with a chemical preservative, and in variant with B. subtilis 44-p (normal range 1) —
by 0.24 %, and by upon the use of the double normal range of B. subtilis 44- p — by 0.25 %. Control
is the only exception, where studied parameter decreased.

An important role in animal digestion, especially ruminants, is played by fibres: upon its
lack, microbial processes in tripe slow down, and thus digestion is disturbed. Throughout the entire
preservation process, we observe a gradual increase in the content of crude fibre in the studied
samples. It should be noted that the main increase of this parameter occurred in the period from 30
to 70 days of preservation, with the only exception for chemical preservative, in which during this
period the level of crude fibre decreased by 0.23 % in comparison with the baseline parameters. The
content of crude fibre at day 70 in variants using B. subtilis (normal range 1) and B. subtilis (normal
range 2) exceeded the baseline by 0.57 % and 0.51 %, respectively.

No less important factor affecting the quality of preservation of flattened moist corn grain is
the peculiarities of fermentation processes. According to the studies conducted, in the period from
day 5 to 15 of preservation, the number of pathogens lactic acid fermentation is the highest in

variants using B. subtilis (Fig. 1).
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Fig.1. Number of lactic acid bacteria in the control and experimental variants of flattened wet

grain of corn



It should also be noted that in the period from day 15 to 30 of preservation, there is a gradual
decrease in the number of lactic acid bacteria in all variants, which is explained by the accumulation
of lactic acid, amount of which in relation to the sum of organic acids in the samples ranged from
89 % in the control variant to 94 % in variant with double normal range of B. subtilis cells.

The intense development of lactic acid bacteria contributes to inhibition of butyric bacteria —

the smallest parameters of the number of representatives of this group of microorganisms are
observed in variants with B. subtilis (Fig. 2).
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Fig.2. Number of butyric acid bacteria in control and experimental variants of flattened wet grain
of corn

In variants using B. subtilis, the lowest number of fungi and yeast is observed (Fig. 3).
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Fig.3. Number of micromycetes in the control and experimental variants of flattened wet
grain of corn

At the stage of maturation of preserved flattened moist corn grain from day 5 to 30, an
important condition for obtaining a quality feed is the low number of micromycetes, since aerobic
damage to the feed begins at their active development. According to the studies conducted, the
lowest number of fungi and yeast is observed in variants with preservation of grain using B. subtilis

(Fig. 3), which in our opinion, is due to the synthesis of antifungal substances by these bacteria.



The use of AC provides suppression of virtually all studied microorganisms, including lactic
acid bacteria.

Thus, the positive influence of B. subtilis 44-p on separate elements of the process of
preservation of flattened moist corn grain has been experimentally established. The action of the
experimental bacterial strain contributes to the preservation of the food-value of the feed virtually at
the level with AC chemical preservative. However, the use of B. subtilis, in contrast to the chemical
preservative, promotes the intensive development of lactic acid bacteria and is safe for animals and
humans. Strain B. subtilis 44-p is promising for creating biopreservative and requires testing upon

harvesting of flattened moist corn grain under production conditions.
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KOHCEPBUPYIOIIASA CITIOCOBHOCTbDb
BACILLUS SUBTILIS ITPU 3ATOTOBKE
IJIIOINEHOI'O BJIA’KHOI'O 3EPHA
KYKYPY3bl
KpaBuenko H.A.l, YymaueHKO C.I.2
Ilepenepuii M. r.t
! NHCTUTYT CENIbCKOXO035IIICTBEHHOM
MHUKPOOHOJIOTHH U arpoIPOMBIIIICHHOTO
npousBoactBa HAAH, r. Uepuuros
2 HNuctutyt cenbckoro xo3siicrea Kapnarckoro
peruona HAAH, c. O6pomuHo
[TycTombITOBCKUH p-H, JIbBOBCKas 001.

Hccneoosano eénusnue Bacillus subtilis 44-
P HA XUMUYEeCKUll coOCmas, NumameibHOCmy U
MUKpobuonocuuecxue noxkazamenu
KOHCEPBUPOBAHHO20 — NIIOWEHHO20  BILANCHO2O
3epHa Kykypy3wvl. IIpu ucnonvsosanuu B. subtilis
44-p codeporcanue MONOUHOKUCTBIX bakmepuli Ha
70 cymku xoHcepsuposanus cocmasuio 5,6 x10°
- 6,0 x10° KOE, umo npesvruiaem na 35,7—40%
coomeemcmeayowull nokazamenib 6 KOHMpOoJe.
Cooepoicanue  MaACIAHOKUCTLIX — Oakmepuil 8
oopasyax c¢ B. subtilis 44-p una 70 cymxu
KOHCepsuposarus ymeHvuiuiocob 0o 0,3 x108 —
0,5 x10% KOE ommnocumenvio KOHMpOsl, 20e Ux
uucnennocms  cocmagnina  1,2x10°  KOE.
Hcnonvzosanue B. subtilis 44-p cnocobcmeosano
CHUDIICEHUIO cooepcanus 8 cbipve
muxkpomuyemos na 90-95% no cpaeuenuio c
koumponaem. Ilpu npumenenuu B. subtilis 44-p &
NAOUeHOM GIAJCHOM ~ 3€pHe  KYKYPY3bl
cooepacanue Ccolpo20 HNPOMEUHa BblPOCIO HA
0,24—-0,25%, cwipou  Kiemuamku — —  Ha
0,51-0,57% no cpasnenuto c pezyrbmamamu,
NOJYYEHHBIMU NPU UCNONb30BAHUU XUMUYECKO20
KoHcepeanma — yeaeammoHutinot coau (YAC),
20e Oanuwlll noxaszamenvb ymenvuuicsa Ha 0,23%
omuocumenvHo Kouwmpons. Ilomepu cyxoeo
sewjecmea Haxoounuco Ha yposue 1,15—1,5% (s

kowmponre — 1,8%). Ycmawnoeneno, umo
npumernenue B. subtilis 44-p cmumyrupyem
pazeumue  MOJOYHOKUCAbIX — Oakmepuii U
nooasnsem pocm HedCenamenbHbIX
MUKPOOP2AHU3IMO8 6 KOHCEePB8UPOBAHHOU Macce,
cnocobcmeyem HAaKONJIeHUIo MONIOYHOU
KUciomal, obecneuusaem COXPAHHOCMb

numamejlbHocmu Kopma.

Kirouesrle cioBa: njaroweHoe 6J1a’2@#CHoe
3epro KYKYpy3bl, KoHcepsuposaHue,
numamenbHOCmyb,  Mukpoopearuzmsl, Bacillus
subtilis.

KOHCEPBYIOYA 3JIATHICTb BACILLUS
SUBTILIS ITPHU 3ATOTIBJII
IVIIOIEHOT' O BOJIOI'OI'O 3EPHA
KYKYPYA3U
Kpasuenxo H.O.!, Uymauenko C.I1.%
Ilepenepiit M. I 2
Yncruryr cinseskorocnonapeskoi MikpoGiomorii
Ta arponpoMuciioBoro BupooHuirtea HAAH,
M. UepHiris
2[HCTHTYT CLIbCHKOTO FOCIIOAAPCTBA
Kapmnarcekoro periony HAAH, ¢. O6pommmHo
[TycTomuTiBCchbKUH p-H, JIbBIBChKa 00I.

Hocnioanceno enaus Bacillus subtilis 44-p

Ha  XIMIYHUU ~ CKAAO,  NOJMCUBHICMb — ma
MIKpODIONOCIYHI  NOKA3HUKU — KOHCEPBOBAHO20
NIIOWEH020 80102020 3epHa KyKypyosu. Ilpu
BUKOPUCTNAHHI B. subtilis 44-p emicm
Monounoxkucaux — oakmepii  na 70 000y

KOHcep8ysaHus cmanosug 5,6 < | 06—6,0 x 10°
KYO, wo nepesuwye na 35,7-40% eionogionuii
NOKA3HUK y KOHmMpoai. Bmicm macnsanokucaux
baxmepitl y 3pazkax 3 B. subtilis 44-p na 70 oo6y
KOHcepgyeaHus smeruugcs 0o 0,3 x 1 06-0,5 X

10° KYO  sionocro Kowmpoao, oe  ix
yycenvrnicmos cmanosuna 1,2 x [ 0® KYoO.
Buxopucmanna  B.subtilis  44-p  cnpusino

3HUINCEHHIO 6MICMY 6 CUPOBUHI MIKDOMIYEmi6 Ha
90-95%  nopisuano 3  koumpoaem. Ilpu
sacmocyeanni B. subtilis 44-p y nmowenomy
8011020M)  3€pHi  KVKYPYO3U 6MiCm  CUpO20
npomeiny 3pic na 0,24-0,25%, cupoi knimxoeuru
— na 0,51-0,57% nopisnsano 3 pesynomamamu,
OMPUMAHUMU ~ 3d  BUKOPUCMAHHA  XIMIYHO20
KoHcepeanmy — gyeneamonitinoi coni (BAC), oe
Oanuti noxkasnux smenwuecs na 0,23% eionocto
KOHMPOI0. Bmpamu cyxoi  pedosuHu
3Haxoounuce na pisui 1,15-1,5% (y konmponi —
1,8%). Bcmanoeneno, w0  3aCmMoOCy8aHHs
B. subtilis 44-p CMUMYTIOE  PO3BUMOK
MOJIOYHOKUCAUX Oakmepill ma npucHiuye picm
HeOaXdCcanHux MIKpoOp2aHizmié y KOHCEep8OBaHill
Maci, cnpuse HaKONUYEeHHIO MOJLOYHOI KUCIOmU,
3a6e3neuye 30epercenicmsb NONCUBHOCI KOPMY.

Kito4oBi croBa: nirowene onoze 3epHo
KYKYpYO3U, — KOHCEPBYBAHHS,  NOJNCUBHICMb,
mikpoopeanizmu, Bacillus subtilis.



