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ABSTRACT

Feed enrichment with valuable nutrients for animals is a priority for the
agricultural industry of Kazakhstan. This paper presents the technology of grain
processing into feed preparation using lactic acid bacteria. Enzymatically
hydrolyzed grain was a growing medium for the growth of lactic acid bacteria of the
genus Lactobacillus. Cultivation of L.plantarum and L.salivarius bacteria in the
saccharified grain hydrolysate helped to increase the total protein content in
preparations by 26-45% and the enrichment of the feed preparation with glucose,
lactic acid, and vitamins. This technology of grain processing into the feed
preparation would be useful in terms of deep processing of grain and obtaining feed
preparations containing important nutrient ingredients.

Keywords: bacterial protein, enrichment, grain, feed preparation, lactic acid
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INTRODUCTION

According to the Statistics Committee of the Ministry of National Economy of the
Republic of Kazakhstan in 2017, the sown area of agricultural crops amounted to more than 21.0
million hectares in Kazakhstan. The main share in the sowing structure is occupied by cereals up
to 70%. The wheat accounts for about 55% of the dominating share. Against the background of
available data on yield, the proportion of processed products from grain crops remains very low.
The existing enterprises conducting the deep processing of grain make it possible to process no
more than 120 thousand tons of grain. For the transition of the industrial economy of Kazakhstan
to a new technological level, the Government of the Republic of Kazakhstan was tasked to bring
the volume of deep processing of grain to 1 million tons by 2021. This indicator is expected to be
achieved through the modernization of existing and construction of new enterprises in the grain-
sowing regions of the country. By 2021, the volume of deep processing of grain is expected to
increase 9 fold, and the volume of export of products will amount to 300 million US dollars.

Whereas the 1% and 2™ class wheat has a high value in the food industry, the 3" and 4™
class wheat is mainly used in the feeding of farm animals. It is known that wheat is characterized
by a high starch content (60%), second only to corn (65%) in this indicator, but the content of
digestible vegetable protein (at the level of 15%) is not enough for a full-fledged human and
animal diet. In agriculture, the current shortage of feed resources for mammals, birds and fish is
aggravated by a significant global shortage of feed protein in the range of 45-57 million tons per
year. The main sources of feed protein currently are soybean and sunflower meal, feed yeast,
bone meal and fish meal. A rather considerable alternative to existing technologies of enriching
feed with protein preparations can be a bacterial protein characterized by a high degree of
assimilation.


https://classinform.ru/udk/664.7.html

The aim of the work is to obtain a feed preparation based on grain enriched with bacterial
protein, glucose, lactic acid bacteria and products of their metabolism.

Materials and methods

The grains of the 3rd and 4th grade from domestic production of the 2018 harvest were
used in this research. The lactic acid bacteria Lactobacillus plantarum and Lactobacillus
salivarius from the laboratory collection, isolated from sauerkraut and the gastrointestinal tract
of chicken, respectively, were used in the work. Enzyme preparations Amylosubtilin and
Glukavamorin (Sibbiopharm) containing thermostable amylase and glucoamylase from Bacillus
subtilis and Aspergillus awamori, respectively, were used. The qualitative determination of
starch was carried out with a starch iodine starch test under standard conditions (+ 37°C, 10 min)
[1]. The glucose content in the samples was performed using the glucose oxidase method [2]
using the commercial kit “Vital”. The content of lactic acid in the samples was determined by the
lactate oxidase method [3] also using the commercial kit “Vital”. Determination of total protein
content was carried out according to the Kjeldahl method [4] in Astana branch of the Kazakh
Research Institute of Processing and Food Industry LLP. The titer of lactic acid microorganisms
was determined by Koch method on MRS agar medium and expressed in colony-forming units
per gram of sample (CFU/Q).

Obtainment of grain hydrolysate

1 kg of each grade of grain was milled to obtain particles of a size of not more than 500
microns. Hereafter, prepared ground grain was added to 3 liters of hot water (+ 90°C) in order to
obtain a hydronic module 3:1. The solution was incubated for 1 hour with constant stirring and a
temperature of + 85°C - +90°C. After incubation, the solution was cooled to a temperature of
+75°C and 1 gram of Amylosubtilin was added. Starch liquefaction was carried out for 1.5
hours, after which the temperature was lowered to +60°C and 1 gram of Glukavamorin was
added. The saccharification step was carried out for 2 hours.

Obtainment of samples

On the medium MRS-broth production HiMedia (pepton 1%, meat extract 1%, yeast
extract 0.5%, glucose 2%, tween-80 0.1%, ammonium citrate 0.2%, sodium acetate 0.5%,
magnesium sulphate 0.01%, manganese sulphate 0.005%, sodium hydrogen phosphate 0.2%)
bacteria of L.plantarum and L.salivarius strains were grown at a temperature of +37°C to
achieve a titer of 10° CFU/mI. 200 ml cultures of each type of bacteria were added to the grain
hydrolysate. The culture of L.plantarum was introduced into the hydrolysate obtained from grain
of the 3rd grade, and the culture of L.salivarius was introduced into the hydrolysate obtained
from the grain of 4th grade. Cultivation of bacteria on grain hydrolysate was carried out in a dry-
air thermostat, without aeration, at a temperature of + 37°C for 60 hours. Upon completion of the
cultivation, the substrate treated with bacteria was separated by centrifugation (10,000 x g, + 4°
C, 30 minutes), the fractions were dried: the spray-dried supernatant LPG-5 (Zonten
Engeniering) at + 80°C - 90°C, sediment in a ShS-80-1 dry-heat cabinet at a temperature of + 70
°C or under vacuum by freeze drying in a BETA 2-8 LD plus lyophilizer (Christ). At the final
stage, the dry fractions were mixed to obtain two preparations: Preparation No. 1 — hydrolysate
of grain grade 3, treated with L.plantarum bacteria, and Preparation No. 2 — hydrolysate of
grain grade 4, treated with L.salivarius bacteria. The obtained samples were analyzed for starch,
glucose, protein, lactic acid. The titer of lactic acid bacteria was counted in lyophilisates.

RESULTS AND DISCUSSIONS



Determination of glucose and starch contents in the samples showed that after treatment
of the grain with hot water, the starch releases effectively (Table 1). After hydrolysis and
conversion, the presence of residual starch in the supernatant and sediment is not observed.

Table 1. Starch and glucose content in samples

Sample Starch Glucose
Steamed milled3™ grade grain + -
Steamed milled 4™ grade grain + -
Precipitate 0f3™ gradegrain’s hydrolysate - +
Supernatantof3™ grade grain’s hydrolysate - +
Precipitate of4" grade grain’shydrolysate - +
Supernatantof4™grade grain’s hydrolysate - +

Quantification of glucose in the samples showed that average glucose yield is 2.6-3.3% for
precipitation and 58% for supernatant (Table 2).

Table 2. Starch content in fractions

Sample Glucose, %
Hydrolysate of 3 precipitation dried at + 70°C 3.3
rade grain —
g g Lyophilisate 3.2
Supernatant 58.0
Hydrolysate of 4 Precipitation dried at + 70°C 2.8
grade grain —
Lyophilisate 2.6
Supernatant 58.0

After mixing the dry components and obtaining the preparations, the total protein content
in the initial grain and preparations was 10.0-10.3% and 12.6-14.9%, respectively (table 3).

Table 3. Crude protein content in preparations according to the method of Kjeldahl.

Samples Protein content (%)
3" grade grain 10.3 %
Processed L. plantarum hydrolysate of 3™ grade grain 14.9 %
4™ grade grain 10.0 %
Processed L.salivarius hydrolysate of 4™ grade grain 12.6 %

Table 4 illustrates the summary data on the content of glucose and lactic acid, the titer of
lactic acid bacteria in the preparations, the data on the change of protein. The content of lactic
acid microorganisms was about 10°-10" CFU/g in the lyophilisates received. The protein content
was increased of 26-45% in preparations received. The preparations contain lactic acid, which is
a product of the metabolism of lactic acid bacteria at the level of 0.25-0.26%.

Table 4. The titer of lactic acid bacteria, glucose and lactic acid content, increasing the protein content.

Preparation Classes | Bacterium Titre, Content Protein
of GFU/g Glucose Lactic Protein | increasing
grain acid
Preparation1 | 3 L.plantarum 1.2*10’ 30% 0.25% | 14.9% | For45%
Preparation2 | 4 L.salivarius 0.7*10’ 30% 0.26% | 12.6% | For 26%




CONCLUSION

It is known that the preliminary stage of starch processing is its release from grains with
hot water or steam treatment at pressure (90°C-105°C). Using a duty of water of 3:1 with hot
water (+ 90°C) allows to release starch from the grain without steam. At the stage of starch
liguefaction, which is a dextrinization - hydrolysis of the substrate with a-amylase, the end
products of this stage are maltodextrins. Control on the content of residual starch by iodine
dough showed that the proposed regime allowed hydrolysing grain starch as much as possible.
The use of lactic acid bacteria for the treatment of the saccharified hydrolysate made it possible
to obtain a preparation enriched with bacterial protein, lactic acid, glucose and lactic acid
bacteria capable to act as probiotic microorganisms. The final product yield was: 755 grams of
preparation No. 1 of 1 kg of grain class 3, fermented L. plantarum and 747 grams of preparation
of No. 2 of 1 kg of grain class 4, fermented L.salivarius. The final titer of lactic acid
microorganisms was 106-107 CFU/g. The total glucose content in both preparations is 30%. The
analysis shows that increase of protein in preparations of 26%-45% occurs mainly due to the
bacterial mass of lactic acid bacteria, and not due to the protein from the growing medium. The
calculation demonstrates that the addition of protein from the growing medium provides in the
amount of less than 0.5% (in terms of the total weight of the drug: proteose peptone - 0.2%; meat
extract 0.2%; yeast extract 0.05%). The calculation shows that the addition of protein from the
growing medium in the amount of less than 0.5% (in terms of the total weight of the drug:
pepton - 0.2%; meat extract 0.2%; yeast extract 0.05%). The calculation shows that the addition
of protein from the growing medium gives less than 0.5% (based on the total weight of the
preparation: proteose pepton - 0.2%; meat extract 0.2%; yeast extract 0.05%). The preparations
contain a significant amount of lactic acid (0.25-0.26%) and vitamins, which are products of
metabolism of lactic acid bacteria [5]. This technology of grain processing into the feed
preparation is interesting in terms of deep processing of grain, enriching the feed with bacterial
protein, low molecular weight metabolites, vitamins, and probiotic microorganisms.
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TYUIH

Kanyapjaapra apHaJraH a3bIKThbl KYHIbl KOPEKTIK KOMIIOHEHTTepPMEH
O0aiibiTy Ka3akcTaHHBIH aybll HIAPYAIIBLIBIFbI OHEPKICIOIHIH 0achbiM OarbIThI
0oabIn Ta0bLIAABLI. By KymbIcTa CYTKBIIKBUIABI OaKTepusIapabl NaigaiaHa
OTBIPbIN, Aa3bIKTHIK TMpenaparka acTbIKTbl KaiiTa eHaey TeXHOJOTHUsSIChI
YCHIHBLUIFAH. ACTBIKTBIH (pepMeHTATHBTI ruapoJm3arbl Lactobacillus Tekrec cyr
KBIINIKBLIbI 0aKTepHusJIap YIIiH ocipylni KopekTik opra 60Jabl. L.plantarum xkone
L.salivarius 6akrepusiiapblH KAaHTTAIFAH ACTHIK I'IPOJIH3AThIHAA KYJILTUBHPIIEY
npenaparrapiaarbl JKalanbl aKYbI3 KYPaMbIHbIH 26-45%0-Fa yJIFaloblHa JKOHe
a3bIKTHIK MpenaparTarbl IJI0K03a, CYT KbIIIKbUIBI K9He BUTAMHUHIEPAiH
0albITYbIHA BIKNAT €TTi. A3BIKTBIK Npenaparka acTbIKTbl KalWTa OHAeyAIH OCbl
TEXHOJIOTHSCHI ACTBIKTBI TEPeH OHJey KIHe KYpPaMbIHAa MaHbI3Abl KOPEKTIK
HHIPeJHEHTTEePi 0ap a3bIKTBIK NPenaparrapra KoJl KeTKi3y KarblHaH Nauaajibl
00J1bII1 TAOBLTABI.

Herisri ce3aep: 0akTepusiIbIK aKybI3, 0albITY, aCTBIK, JKeMAIK Npenapar, cyT
KbIIIKBUIIbI 0aKTepHsIap
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ABCTPAKT

OOoramenne KOPMOB ULEHHbIMM NUTATEJbHBIMH KOMIIOHEHTAMH IS
’KUBOTHBIX SIBJISIETCS] NIPUOPUTETHBIM HAINPABJEHHEM VISl CEJIbCKOX0351lCTBEHHOM
npombinieHHocTH Kasaxcrana. B naHHoii padore mnpeacraBieHa TeXHOJOTHUS
nepepadoTKU 3epHA B KOPMOBO# Npenapar ¢ HCNOJb30BAHHEM MOJIOYHOKH CJIBIX
O0akrepuii. ®epMeHTATUBHBIA THIPOJU3AT 3€pPHA ABJSJICS NUTATEJbHOW cpenoii
A pocTa MOJOYHOKHCIBIX Oakrepmii poma Lactobacillus. KynsruBupoBanue
oaktepuii L.plantarum wm L.salivarius B ocaxapeHHoOM ruapoju3aTe 3epHA
CIoCco0CTBOBAJIO YBEJIUYEHHIO COEP KAHUsA 001Iero 0ejika B mpemnaparax Ha 26-45



% " o0orameHHI0 KOPMOBOIO Ipenapara TIJK030i, MOJOYHONH KHCJI0TON H
BUTAaMHUHAMH. JlaHHAsi TEXHOJIOTHS MNepepadOTKH 3epHA B KOPMOBOH mpemnapar
NPeICTABJISACTCH MHTEPECHOH B IUIaHe IIy0OOKO# nmepepad0TKU 3epHA U MOJYyYeHHUs]
KOPMOBBIX IIPENapaToB ¢ COAePKAHHEM BAKHbBIX NMTATEJIbHbIX HHIPEAHECHTOB.

KarwueBble ciioBa: OakrepuajbHbId 0€JI0K, OOoramieHue, 3epHO, KOPMOBOIi
npenapar, KHCJIOMOJIOYHbIe 0aAKTepPHH.



