114 HUnnosayusnvix Evpaszus yhueepcumeminin Xabapwwicol. 2020. Ne 2 1SSN 1729-536X

DOI: https://doi.org/10.37788/2020-2/114-120
YK 633.111.1
V.A. Goyenko, undergraduate
Innovative University of Eurasia (Pavlodar, Kazakhstan Republic)
E-mail: goenko@rubikom.kz
E.B. Nikitin, doctor of veterinary science, Professor of Veterinary Science, Professor of food technology
Innovative University of Eurasia (Pavlodar, Kazakhstan Republic)
E-mail: prorpau@mail.ru

The study of nutritional values and organoleptic properties
of poly-grain extruded mixture

Annotation. Among many environmental conditions that affect a person, the most important factor is
nutrition. Today, there is no doubt that there is a direct link between nutrition, health and disease. Proper
nutrition ensures normal growth and development of a person, contributes to the prevention of diseases, has a
positive impact on life expectancy and creates conditions for adaptation to the environment. A very actual topic
for public catering in the Republic of Kazakhstan, namely for fast food companies, is the development of new
recipes and culinary products from relatively inexpensive vegetable raw materials, as well as qualitatively new
food products with a purposefully changed chemical composition. One of the main ways of solving problems of
expanding the production of products for quick service, as well as products for dietary and therapeutic and
preventive nutrition is the use of sprouted grains and beans.

In this article, poly-grain mixtures of sprouted wheat and extruded soy beans in different ratios are
studied and considered. Poly-grain mixtures developed by us are balanced in nutrients, vitamins and amino
acids. The research was carried out on the basis of the accredited testing laboratory of RUBICOM enterprise
LLP and the scientific laboratory of the Innovative Eurasian University.

The purpose of this work is to study a promising method for increasing the nutritional value of grain
mixtures by extruding them at different temperature conditions. To achieve this goal, the following tasks were
planned:

— to study the grain of soy beans and sprouted wheat on the organoleptic characteristics and chemical
composition of the poly-grain mixture;

— examine the chemical composition of the poly-grain mixture before extrusion;

— choose the optimal mode of the extrusion process;

— study and analyze the chemical composition of poly-grain extruded mixture;

It should be noted that we have developed for the first time the optimal technological mode of extrusion
of poly-grain mixture from sprouted wheat and soy beans, and the physical and chemical composition of the
poly-grain mixture was studied.

The results of the research presented in this paper are the basis for the development of recipes and
technologies for fast food products.

The reliability and validity of scientific statements is confirmed by the choice of modern methods of
chemical composition analysis.

Key words: New types of food, poly-grain mixture, extrusion, formulation, assortment, grain raw
materials, soy bean, sprouted wheat, wheat, food industry, humidity, smell, colors, weed admixture in the whole
grain, testing laboratory, extruder, extruder mixing zone, catalyst, raw ash, raw protein, soluble protein.

Introduction. An important task of the modern food industry is to study and develop scientific,
theoretical and practical bases for the production of new types of food. In this regard, the expansion of the range
of food production is definitely a new direction. In this article, poly-grain mixtures of sprouted wheat and
extruded soy beans in different ratios are studied and considered. The mankind understood long ago that wrong
nutrition linked with poor ration and exception from it products, being popular earlier, is the cause of many
diseases of the century, such as atherosclerosis fattening, diabetes, peptic ulcer and others.

To improve the structure of nutrition it is necessary to increase the part of consume products that have
high nutrient and biological value.

But, in spite of growing production of agricultural products, fish products and traditional food products
in some parts of the world the problem of lack of consuming protein and protein of high quality in particular
stays unsolved

The problem of lack of the protein and amino acids should be solved with the help of approach that
includes wider use of traditional sources of nutrition application of improved technological methods and using
new sources of protein.

The last approach gives the possibility to use potential sources of protein for nutrition in biosphere.

Usual methods of food production are connected with large amount of waste and loosing of potential
protein
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Analyzing the problem testifies the great scientific and practical attention to the necessity of solving the
problem, great success in real finding of new sources of protein, in developing technologies of getting nutrient
forms and study of high quality composition, digestibility and other properties of the products confirm that
fact [1, 2].

Materials and methods. The research was carried out on the basis of an accredited testing laboratory of
RUBICOM enterprise LLP, according to the following methods of GOST: GOST 13586.5-2015 Grain. Method
for determining humidity, GOST 10967-2019 Grain. Methods for determining smell and color, GOST 30483-97
Grain [3,4].

2 samples of poly-grain mixture were taken for the study. The formula of poly-grain mixtures is shown
in table 1.

Table 1 — The formula of poly-grain mixtures

Ne of the sample soy beans sprouted wheat wheat
Sample Ne 1 30 % 50 % 20 %
Sample Ne2 50 % 20 % 30 %

1 sample — 30 % of extruded soy bean, 20 % of wheat, 50 % of sprouted wheat.

2 sample — 50 % of soy bean extruded, 30 % of wheat, 20 % of sprouted wheat.

Previously, the samples were examined for the following indicators: humidity, color, smell, and the
content of weed admixture in the whole grain. Results of determination of humidity, color, smell, total and
fractional content of weed and grain impurities; content of small grains and size are presented in table 2.

Table 2 — Results of research on humidity, color, smell, and weed content in the whole grain.

Ne of the sample Humidity Color Smell determination of weed impurity in the
whole grain
soy beans wheat sprouted
wheat
Sample 1 14 light yellow proper 3,8 1,3 1,8
Sample 2 13,8 Light yellow proper 5,2 1,6 2,2

The extrusion process is a technology for producing extrudates as a result of obtaining raw materials
from the feedstock under the influence of high temperatures and pressure, and then pushing it through the
forming hole with a disk screw. All grains and beans, without exception, can be extruded, which leads to
improvements in technological, biochemical and chemical properties. For the extrusion of grain raw materials in
this experiment, a screw extruder, TRN 200D type (produced in China, Myang) was used. It consists of a drive
section, a loading hopper for grain raw materials and a cylindrical shaft, inside which the auger is located in the
working chamber. At the end of the housing is a head with a molding hole. The extruded grain raw material, pre-
prepared, through the loading hopper, enters the working chamber, where the extrusion process takes place, and
is given to the auger. Crushed grain raw materials are moved along the screw channel of the auger, additionally
being able to be homogenized and crushed. This zone of the working chamber of the extruder is called the
mixing zone (figure 1). The capacity of this equipment is 1200-2000 kg / hour. During extrusion, under the
influence of pressure (2-3 MPa) created by the screw, the pressure of the poly-grain mixture gradually increases,
and under the influence of friction of grain raw materials on the screw, its temperature increases, resulting in the
process of tearing the protein structure. As a result of extrusion, a poly-grain mixture was obtained for sprouted
wheat-Biosafety, for soy beans-reduction of the trypsin inhibitor and improvement of protein digestibility. The
temperature of the grain mixture in the mine zone reaches 90-110°C. In the dosing zone (picture 1), the heated
raw material is homogenized. The temperature of the material in the mine zone reaches 120-150 °C. When it
leaves the matrix under the influence of a sharp change in pressure (from 3-5 MPa to atmospheric), there is
almost instantaneous evaporation of both free and part of the bound moisture, and a change in the physical
structure of the poly-grain mixture, in particular, a sharp increase in its volume and porosity, which leads to the
final formation of the extruded product [5,6].

The experiment method was as follows: pre — prepared crushed grain mixture was given to the receiving
hopper of the extruder and was exposed to extrusion at several fixed values:

1-the temperature in the shaft of the mine is 120 C, the pressure is 3 MPa, the capacity is 1000 kg /
hour,;

2-the temperature in the shaft is 140 C, the pressure is 3 MPa, the productivity is 1800 kg / hour.

Figure 2-Results of physical and chemical studies in the mode: the temperature in the shaft of the mine
is 120 C, the pressure is 3 MPa, the capacity is 1000 kg / hour.

Studies of raw protein were conducted in accordance with GOST 32044.1-2012 (1SO 5983-1: 2005)
Feed, mixed feed, feed raw materials. Determination of the mass fraction of nitrogen and calculation of the mass
fraction of crude protein. The essence of the method consists in ashing of the organic matter of the sample with
sulphuric acid in the presence of a catalyst, alkalization of the reaction product, distilling and titration of
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releasing ammonia calculate the mass fraction of nitrogen and calculation of mass fraction of crude protein by
multiplying the result by the conversion factor of the mass fraction of nitrogen to mass fraction of crude protein
is 6.25. Soluble protein was determined according to GOST 13979.3-68 Qil- press cake and meal.

Method of determining the total mass fraction of soluble proteins: The essence of the method is in
isolating water-and alkali-soluble proteins and quantify them using the Kjeldahl method. Determination of the
ash indicator was carried out by testing in accordance with GOST 10847-74 Grain.

Methods for determining ash content. Ash content is called the number of mineral substances expressed
in percents, remaining after the complete combustion of organic substances.

The essence of the method is in ashing of organic substances of the analyzed sample, processing of the
resulting ash with a solution of hydrochloric acid, sediment of calcium in the form of oxalate.

Determination of phosphorus was carried out according to the method of GOST 26657-97, the interstate
standard for feed, compound feed, feed raw materials.

Picture 1 — Ext_ruder
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Picture 2 — Results of physical and chemical studies in the mode: the temperature in the shaft of the
mine is 120 C, the pressure is 3 MPa, the capacity is 1000 kg / hour



Becmnux Unnosayuonnozo Eepasutickozo ynusepcumema. 2020. Ne 2 1SSN 1729-536X 117

Methods for determining the phosphorus content. Photometric method for determining the phosphorus
content (main method). The essence of the method consists in the mineralization of the sample by dry or wet
ozolization with the formation of orthophosphoric acid salts and the subsequent photometric determination of
phosphorus in the form of a yellow - colored compound-heteropolyacid, formed in an acidic environment in the
presence of Vanadate and molybdenum.
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Picture 3 — Results of physical and chemical studies in the mode: temperature in the shaft 140 C,
pressure 3 MPa, productivity 1800 kg / hour

Results. As a result of the study, 2 types of poly-grain mixture with different content of soy beans, class
3 wheat and sprouted wheat were compiled. These samples were examined for the following indicators:
humidity, color, smell, and the content of weed admixture in the whole grain. According to the results of the
study, samples of wheat of class 3 and soy beans met the standards, according to GOST. These samples were
exposed to extrusion process with multiple operating modes, in the result positive results on the model of poly-
grain mixture No. 2 was obtained under the conditions of the technological regime — the temperature in the shaft
120 C, pressure 3 MPa, a capacity of 1000 kg/hour.

Discussion. During the extrusion process, the mixture has undergone profound changes in the structure
of nutrients, which has increased its energy value and taste:

— starch gelatinizes and its digestibility increases;

— protein digestibility increases and availability of amino acids due to the destruction of secondary
bonds in protein molecules;

— due to the short duration of the process, the amino acids and vitamins contained in the mixture are
preserved to a greater extent; the energy value of the mixture increases due to the rupture of the walls of fat cells,
the stability of fat increases;

— increases the digestibility of fiber due to attrition and crushing it during the extrusion process;

— pathogenic micro flora is destroyed,;

— the taste of the finished product improves due to the decomposition of starch into simple sugars, the
formation of aromatic substances, the elimination of a specific smell characteristic of soy beans, the formation of
a homogeneous porous structure of the product, more accessible to the effects of enzymes.

Conclusion. Soy in its composition differs favorably from other legumes. Soy grain contains 85.6 % of
dry matter, including 32.0 % of protein, 17.4 % of fat, 5.7 % of fiber and 4.6 % of ash. Soy protein is a full-
fledged amino acid content, and sprouted wheat is a storehouse of vitamins A, E, and B. This mixture can be
used to balance diets for protein and amino acids. According to scientific research, due to intensive processing in
the extruder, the carbohydrate composition changes — in the extruder, the starch content decreases by
1.6-3.2 times, the dextrin content increases by 1.5-6.2 times, and the sugar content increases by 1.2-2.1 times.
Carried out researches have allowed to obtain basic recipe of poly-grain mixture for making product, the grain
mixture of the sample 2 has the highest quality in terms of indicators, under the conditions of experiment 1. The
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extrudates of the poly-grain mixtures are characterized by a high content of metabolizable energy, crude protein
and fat. The technological operation of extrusion allows you to process effectively new types of plant raw
materials. The purpose of this study was to expand the range of extruded products of complex shapes that meet
the standards of balanced nutrition.
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Ilonusznaxkmol IKCmMpyoman2an KOCNAHbLIH, Ma2amMOblK, KYHObLIbI2bl MEH OP2AHONENMUKATbIK
Kacuemmepin 3epmmey

Aoamea acep ememin KonmezeH IKOJOSUSIBIK HCAZOAUAAPObIY TWiHOe MaMakmany @axkmopvl ome
Manwiz0ul. Byeinei mawda mamaxkmanuy, 0eHcayivlk nem ayvlpyobly apacublHoa mikenel oaiuiauvic o6ap exenoici
KYMaH myobipMaiiob.

Hypvic mamagmany adamuvly Kalbinmvl OCYi MeH OaMYblH KAMMAMACH3 emedi, aypyiapovly anoblH
anyza viknan emeoi, oMip Cypy Y3aKmbvlebiHa OH acep emedi dicone Kopwiazan opmaza Oeuimoenyee dHcazoail
arcacaiiovl.  Kazaxcman PecnybnuxacvlHoly  Ko2amoblKk MAMAKMAHYbIHOG, aman aumxanoa gacm-gyo
KaCINopuIHOapbl Yulin ome 03eKmi maKblipbli - CANbICMbIPMATbL MypOe ap3aH OCIMOIK MaAmMepuaioapbiHaH JHaya
peyenmmep MeH ACRA30bIK OHIMOEPOI, COHbIMEH Kamap XUMUSILIK KYPAMbl 032epeeH CAndibl Jcana mamax
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oHiMOepin dcacay. Kvnoam Kvizmem Kopcemy Yuwlin oOHIMOep OHOIDICIH KeHelimy, COHbIMeH Kamap OUuemaivlk
JHcoHe eMOIK mamMaKmaHy eHOIpICiH KeHellmy Maceneiepin ueulyoiy He2izel 20icmepiniy 0ipi - 6CKiH 0aHOI JHcane
oypuiaxmel 0aKpli0apobl NAUOAIAHY.

bByn maxanaoa ap mypai nponopyusoa ecipineen buoaii MeH SKCMpYyOMan2an cosa0aH AlbIHAH NOIUCTA2
Kocnanapel sepmmendi. biz oicacazan nonu-sicapma Kocnanapvl KOpekmik sammapod, 0dapymeHnoepoe JiCoHe
amMuHKbluKbLI0apoa meneepimoi. 3epmmeyiep «PYBUKOMy JKIIC akkpeoummenzen CbiHAK 3epMXAHACHL
arcone MUnnosayuanvix Eypasus yHueepcumeminiy 2ol1blMu 3epmMxXaHacsl He2izinoe cypeizinoi.

Byn  oicymbicmuly  maxcamvl  — acmulk  KOCHACLIH 2P MYpAi  MeMnepamypa  icaz0aublhod
IKCMPAOUYUSNAY APKbLLILL ONAPObIY KOPEKMIK KYHObLIbIZbIH apmmulpyObiy nepcnekmusmi a0icin sepmmey. Ocul
MaKcamya jxcemy Yulin Keaeci Minoemmep JcoCnapianobl: Op2aHOIenmMUKAIbIK CURAMMAamMacyl JcaHe NOIUCIa2
KOCHACLIHbIY XUMUANBIK KYpAMbl YWiH ocipiieen coa Oypuakmapsl MeH ouoail 0oHOepin 3epmmey; IKCMpY3usl
anobIHOA NOUCAA2 KOCHACHIHbIY XUMUANbIK KYPAMbIH 3epmmey, dKCMpY3us Npoyeciniy OHmailivl pexlcuMi
manoay, nOIUCIa2 IKCMPYOMan2an KOCNaHbIY XUMUSALLIK KYPAMbIH 3epmmey JHCoHe manoay.

Kopsvimvinovinaii kene, 613 aneaw pem noauenaz KOCRACbIH ocipiieen 6uoat mex cos OYpuagblHan 6enin
anyovly OHMAUIbLl MEXHOIOSUSILIK PEHCUMIH HCACAOBIK, NOIUCAA2 KOCHACLIHbIY DUIUKA-XUMUSILIK KYPAMbl Od
3epmmendi.

Kymvicma ycvlHblizan 3epmmey Hamudicenepi e30iKk acnaszovlK 6HIMOepoiy peyenmmepi MeH
MEXHONOUACHIH Jcacaya Hezi3 60abln mabwbliadbl.

Fouimu  epedicenepoiy ceHimoiniei men He2i30iniei XuMUAIGIK KYpamovl manoayovly 3aMaHayu
20icmepin mayoay apKwlivl pacmaiaobl.

Tyiin ce3dep: A3svik-mynikmiy dcaya mypiepi, NOAUNAK KOCRACHL, IKCMpYyouprey, peyenmypa,
accopmumenm, AcmulK WUKi3amvl, OYpUaK coscvl, ocKeH Oudail, mamax OHepKaciOi, bli2andvlk, uic, myc,
JHCANNBL OIHHIY aAPAMWONMI KOCHACHI, CbIHAK 3ePMXAHACHL, IKCMpyoep, IKCmpyoep apaiacmulpy auMagyl,
Kamaauzamop, WuKi Ky, WUuKi npomeuH, epumin nPOmeuH.
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Hccneoosanue nuwuyesoii yeHHOCmMu u 0pP2aHoIenMUYeCKUX ce0licme
ROIU3NAKO0BO ICMPYOUPOBAHHO CMecU

Cpeou muozux ycrosuil okpysicaroujell cpeobl, KOmopvle GIUAIOM HA UeN08eKd, HaAuboaee BadICHLIM
Gaxmopom sensiemcs numanue. Ce200HA Hem HUKAKUX COMHEHUU 8 TMOM, YMO CYwecmeyem npsamds C6A3b
Mmexncoy numanuem, 300pogvem u 6oaesuamu. llpasuarbnoe numanue obecneyusaem HOPMATHBIL POCM U
paszeumue uenogexd, cnocoocmeyem npouiakmuke 3a001e6anull, OKA3bIBAEM NONONCUMENbHOE GIUSAHUE HA
NPOOOIACUMETLHOCHIb JHCUSHIL U CO30aem YC08us Ol adanmayuu K okpyscarouell cpede. AkmyanbHou memot
ona obwecmeennozo numanusi 6 Pecnybnuxe Kaszaxcman, a umenno ons npeonpusimuii 6bicmpo20 NUMAaHUs,
A6718eMcs paspabomKa HOBbIX peyenmos U KyIUHAPHBIX U30eAUll U3 OMHOCUMENbHO He00PO2020 PACIUMENbHO20
ChIPLA, A MAKIHCEe KAYECMBEHHO HOBbIX NPOOYKMO8 NUMAHUSL C YeNeHANPABIeHHO UMEHEHHbIM XUMUYECKUM
cocmagom. OOHUM U3 OCHOBHBIX CHOCOD08 pewenus npobieM pacuupenus npousgoocmed NPoOYyKmos OJisl
bbIcmpo20 0OCIYIUCUBAHUS, A MAKICE NPOOYKMOEG Ol OUEMUYECKO20 U JIeYeOHO-NPOGUIAKMUYECKO20 NUMAHUS
A6IAEMCA UCHOIb308AHUE NPOPOUEHHBIX 3epeH U 60008.

B cmamuve uzyuenvt u paccmompenst nOIU3NAKOBbIE CMECU NPOPOCUIEN NUMEHUYbL U IKCIMPYOUPOBAHHBIX
coesbix 00006 8 pasnuuHblx coomHouleHusx. Paspabomannvie namu noausiakoevie cmecu cOANAHCUPOBAHBL NO
NUMAMENbHbIM — BeUeCmEaM, BUMAMUHAM U  amuHoKuciomam. Hccredosanue npoeoouiocs Ha 6aze
axkkpeoumosannou ucnvimamensrou rabopamopuu TOO «IIpeonpusmue PYSUKOM» u nayunoti rabopamopuu
HUnnosayuonnozo Eepasutickoeo ynusepcumema.

Lenvio Oanmoti pabomuvl A6nAemMCs uU3yueHue NePCHeKmuUeHO20 Memooa NOBbIUEHUA NUMAMeNTbHOU
YEHHOCIU 3ePHOBbIX CMecell Nymem UX IKCMpYyOUpOSaHus Npu pasiuuHblx MemMnepamyphuix ycirosusax. s
00CcmudiCers Mot yeau ObLIU 3aNIAHUPOSAHbL CledyIoujUe 3a0ayu. U3Y4Ums 3epHa coesbix 606086 u npopoculell
NUEHUYbL 10 OP2AHOJIENMUYECKUM NOKA3AMENAM U XUMUYECKOMY COCHABY MHO203ePHOG0U CMEeCU;U3yyumo
XUMUYeCKUuli cocmag NOIU3EPHOBOU cMecu neped IKCMpY3uell;eblopams ONMUMANbHBIL pedcum npoyecca
SKCMPY3UL; U3YUUMb U NPOAHATUIUPOBANE XUMULECKUTI COCIAE MHO203EPHUCOT SKCMPYOUPOSAHHOU CMECU.

Cnedyem ommemumbs, 4mo HAMu 6nepgvie paspaboman ONMUMANLHLII MEXHON0SUYECKULl PedCUM
SKCMPY3Ul NOIUZEPHOBOU CMecU U3 NPOPOUeHHOU NUleHUYbl U coesbix 00008, a makdice UsyueH QuU3UKo-
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XumMudeckuii cocmae noau3epHosoll cmecu. Pezynbmamer ucciredosanuii, npedcmagientsvie 6 dMou cmamoe,
ABNAIOMCA OCHOBOU OISl paA3paboOmKU peyenmos U mexHono2uti 01 npooyKmog ObiCmpozo NPUSOMOBLEHUSL.
Hocmoseprnocmb 1 000CHOBAHHOCMb HAYYHLIX YMBEPAHCOCHUL NOOMEEPICOAEMCsT BLIOOPOM COBPEMEHHBIX
Memo008 aHAIU3a XUMUYECKO20 COCIMA8A.

Kniouesvle cnoga: Hoevie 6udbl npooykmoe numauus, NOAU3NAKOBAS CMeCh, IKCMPYOuposamue,
peyenmypa, accopmumenm, 3epHOsoe cbipbe, o 6000645, NPOpoCWIAs NUleHUYd, NuleHuyd, nuujesads
NPOMBIUIEHHOCMb,  GNAJICHOCMb, 3aNax, Y6emad, COPHASL NPUMeChb 6 UeloM 3epHe, UCHbIMAMeNbHAs.
nabopamopus, sKkcmpyoep, 30HA CMEWUBAHUA DKCMpYoepd, Kamaiuzamop, culpas 30.1d, Cblpoli NPOMmeut,
pacmeopuMblil RPOMeuH.



