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К – константа скорости сорбции 
кислорода; 

С - концентрация кислорода; 
n - порядок реакции по кислороду (0 һ 1); 
Е эф- эффективная (кажущаяся)  энергия  

активации процесса окисления; 
При этом величина =  

, входящая в решение урав-
нения (10) определяет предельное условие  
стационарности процесса, т.е. Ԛ1 = Ԛ2        (12) 

Ԛ1 – тепло, выделяющееся за счет реак-
ции окисления  материала; 

Ԛ2 - тепло, рассеивающееся путем теп-
лопроводности и конвекции.  

Такую модель можно реализовать на 
современных компьютерах, с целью выбора 
эффективного в технологическом и экономи-
ческом отношениях режима промыщленного 
хранения зерна. 

Заключение 
1. Установлен энергетический уровень 

активационного барьера Еа=123 кДж/моль 
зерновой массы, как термодинамической сис-
темы, при достижении которой в ней обра-
зуется устойчивый внутренний источник теп-
ла. При этом, за счет анизатропии и порис-
тости зерна и зерновой массы и под влиянием 
конвективных потоков в течение 3…6 суток 
происходит спонтанное возникновение оча-
гов самосогревания. 

2. Аддитивность перечисленных процес-
сов активизируют ферментные системы алейро-
нового слоя, которые в присутствии кислорода 
усиливают экзотермические процессы, гидро-
лизуют и расщепляют макромолекулы эндо-
сперма зерна, включая клетчатку и, переводят 

зерновую массу из состояния покоя к активной 
жизнедеятельности и самосогреванию. 

3. Для учета основных факторов и 
прогнозной оценки возможных экзотерми-
ческих процессов и предотвращения само-
согревания зерна (на токах, в элеваторах, при 
транспортировке, хранении и т.д.) предла-
гается использовать имитационную матема-
тическую модель.  
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This research aims to study the degree of hydrolysis, determining the nature of protein 

hydrolyzates, which determine their size and molecular weight by the method of electrophoregram. In 
this research, a camel pancreas suspension was used to hydrolyze proteins from camel shanks. 
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Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was used to monitor the 
distribution of proteins and evaluate their molecular weights at different incubation times. 
Electrophoregram processing using the BioCapt program (Vilber Lourmat, France) determines the 
nature of the hydrolysis of protein and peptide profiles among hydrolyzates and the hydrolysis time for 
8 hours shows the most significant accumulation of low molecular weight compounds with a 
molecular mass of <20 kDa, which is a favorable result for the potential activity of peptides. 

 
Keywords: camel shanks, pancreas, electrophoregram, protein hydrolyzates, low molecular 

weight peptides. 
 

ЭЛЕКТРОФОРЕГРАММА ӘДІСІ АРҚЫЛЫ ТҮЙЕ СИРАҒЫНЫҢ АҚУЫЗ 
ГИДРОЛИЗАТТАРЫН ЗЕРТТЕУ 
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Бұл зерттеудің мақсаты электрофореграмма әдісі арқылы ақуыз гидролизаттарының 
табиғатын, олардың өлшемімен молекулалық массасын анықтайтын, гидролиз дәрежесін 
зерттеу болып табылады. Бұл зерттеуде түйе сирағынан ақуыздарды гидролиздеу үшін 
түйенің ұйқы безінің суспензиясы пайдаланылды. Ақуыздардың таралуын бақылау және әр-
түрлі инкубация кезеңдерінде олардың молекулалық салмағын бағалау үшін полиакриламидті 
гельдегі натрий додецилсульфаты электрофорезі (SDS-PAGE) пайдаланылды. BioCapt (Vilber 
Lourmat, Франция) бағдарламасын қолдана отырып электрофореграмманы өңдеу гидроли-
заттар арасындағы ақуыз және пептидті профильдердің гидролизінің табиғатын анық-
тайды және 8 сағатқа созылатын гидролиз уақыты молекулалық массасы <20кДа төмен 
болатын молекулалық қосылыстардың ең көп жинақталуын көрсетеді, бұл пептидтердің 
ықтимал белсенділігі үшін қолайлы нәтиже болып табылады. 

 
Негізгі сөздер: түйе сирақтары, ұйқы безі, электрофореграмма, ақуыз гидролизаттары, 

салмағы төмен молекулалық пептидтер. 
 

ИССЛЕДОВАНИЕ ГИДРОЛИЗАТОВ БЕЛКОВ ВЕРБЛЮЖЬИХ ГОЛЯШЕК 
МЕТОДОМ ЭЛЕКТРОФОРЕГРАММЫ 
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Целью данного исследования является изучение степени гидролиза, определяющего при-

роду гидролизатов белков, обусловливающих их размер и молекулярную массу методом электро-
фореграммы. В этом исследовании использовалась суспензия поджелудочной железы верблюда 
для гидролиза белков из верблюжьих голяшек. Электрофорез в додецилсульфате натрия в 
полиакриламидном геле (SDS-PAGE) использовали для наблюдения за распределением белков и 
оценки их молекулярных масс в разное время инкубирования. Обработка электрофореграммы с 
помощью программы BioCapt (Vilber Lourmat, Франция) определяет характер гидролиза белка и 
пептидных профилей среди гидролизатов и время гидролиза в течение 8 часов показывает 
наибольшее накопление низкомолекулярных соединений с молекулярной массой <20 кДа, что 
является благоприятным результатом для потенциальной активности пептидов. 

 
Ключевые слова: голяшки верблюда, поджелудочная железа, электрофореграмма,  

гидролизаты белков, низкомолекулярные пептиды. 
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Introduction 
The growing well-being of the population, 

rapid growth, and urbanization require improved 
use of existing protein sources along with the 
development of new and sustainable food 
production. World protein demand is expected to 
double by 2050. This is due to the growing 
recognition of the critical role of protein in 
healthy eating in general, and especially for 
children and a growing elderly population. Meat 
products are essential sources of protein in the 
human diet and contain essential amino acids, 
minerals, and vitamins [1]. 

Proteins, components necessary for all orga-
nisms, are integrated into cellular structures and 
perform certain functions, as in the case of 
hormones, antibodies, and enzymes [2]. Secondary 
products of fish, livestock and poultry processed 
are a source of protein and other vital nutrients with 
potential biological active properties, suitable for 
further processing and improving the value of other 
products. These include heads, bones, carcasses, 
blood, skin, viscera, hooves, and feathers. There are 
many possible solutions to extract valuable nut-
rients from these substances, and one of the most 
effective and promising is to obtain a protein 
hydrolyzate. 

Recent scientific evidence suggests that 
dietary proteins not only serve as nutrients but 
can also modulate the physiological functions of 
the body [3]. Protein hydrolyzates of meat by-
products represent an exciting alternative to soy 
flour, since there are no nutritional factors or 
allergenic proteins, and large amounts of all 
essential amino acids are present [4]. 

Protein hydrolysates can be obtained by 
hydrolysis of meat products or secondary raw 
materials under the action of proteolytic enzymes 
or chemical agents. These hydrolyzates are 
composed of protein fragments: peptides of 
various sizes; poly-, three- and dipeptides and 
free amino acids, which are effectively absorbed 
in the intestine, and also significantly affect the 
taste of food [5]. Enzymatic hydrolysis is 
preferred among hydrolysis methods and has 
advantages associated with the internal 
characteristics of enzymes, such as selectivity for 
substrates, and processes carried out under 
milder thermal conditions [6, 7]. 

During enzymatic hydrolysis, the 
molecular weight of intrinsic proteins and 
peptides decreases, and the number of ionized 
groups increases, which leads to the appearance 
of new peptides that are less and more soluble in 

water. Enzymatic hydrolysis can be carried out 
either by using endogenous enzymes that are 
found naturally in the substrate or by adding 
commercially available exogenous enzymes [8]. 

The hydrolysis process involves several 
variables; specificity and activity of the enzyme, 
the ratio of the enzyme/substrate, pH, temperature, 
time, and the interaction between the nutrients 
present in the feed during hydrolysis [6]. 

Obtaining protein hydrolyzates is a 
promising alternative to add value to meat 
products. Also, protein hydrolyzates can improve 
and change the functional, physicochemical, and 
sensory properties of meat products [9]. 

Objects and methods of research 
Camel shanks, samples of liquid and dry 

hydrolyzate were the objects of research. 
The following techniques were used in the 

research process: 
- Determination of protein by the Bradford 

method; 
 -The fractional composition of protein 

hydrolyzates was determined on an 
electrophoregram BIO-RAD Consort EV265; 

- Electrophoregrams of the studied 
samples were analyzed on a densitometer. 
Electrophoregram processing was done using the 
BioCapt program (VilberLourmat, France). 

The collagen hydrolyzate of camel shanks 
was obtained by the enzymatic method. The 
homogenate of the pancreas of camel and cattle 
was used as an enzyme-containing raw material. 

Before hydrolysis, purified, crushed onto 
disks weighing 50 g and mixed with distilled 
water in a ratio of 1:2 were decreased in a 
thermostated glass at a temperature of 95-98°C 
for 50-55 minutes in a water bath. After cooling, 
the released fat was separated - 2.3-2.8% of the 
mass of camel shanks. 

To obtain a suspension, the camel’s pancreas 
was crushed on a top with a hole diameter of 2-3 
mm, homogenized with distilled water at an 
enzyme: substrate (hydro module) ratio of 1:0.5, 
then ethanol in an amount of 2% was added to the 
resulting suspension as a preservative. 

Protein isolates were hydrolyzed with a 
pancreatic suspension at an enzyme: substrate 
ratio (protein ratio) of 1:15. Thermostatic was 
carried out at a temperature of 45°C and a pH of 
7.0 for 4, 5, 6, 7, 8, 9 hours until the proteins 
were completely dissolved. To inactivate the 
enzyme complexes and thermocoagulation the 
extra protein at the end of the hydrolysis, the 
obtained substrate enzyme complexes were 
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cooked at a temperature of 90±2°С for 20 
minutes with further cooling in ice water to 0°С. 
The crude hydrolyzate consists of three phases: 
aqueous, solid, and fat. The solid phase contains 
bones and insoluble proteins. The fat phase is 
0.2-0.5% by weight of the original fat. The 
aqueous phase is a water-soluble protein 
hydrolyzate, which is then further processed. 

The biological activity of the hydrolyzate 
depends on the size of the particles and their 
solubility. The biological and nutritional 
properties of protein hydrolyzates are determined 
by the average molecular weight [9, 10, 11]. 

Determination of protein by the method of 
Bradford.12 μl was taken from the fresh 
hydrolyzate, dried in a thermostat, or using 
freeze-drying, then 80 μl of urea was added to 
the precipitate, buffer for diluting samples with 
2-mercaptoethanol 30 μl, after stirring, was kept 
in a thermostat at 95 degrees 45 min. Further, 10 
μl of a fresh sample was used for electrophoresis. 
Then electrophoresis was performed on PAGE 
12%, and staining was performed according to 
the Bradford method. 

Analysis of proteins by electrophoresis in 
SDS-PAGE (polyacrylamide gel with sodium 
dodecyl sulfate). The initial hydrolyzed, soluble and 
insoluble fractions were analyzed by 
electrophoregram in 12% SDS-PAGE according to 
the method of U.K. Laemmlietal using an apparatus 
for vertical electrophoresis (Bio-Rad, USA). Well-
cleaned washed and fat-free glass plates (7x10) were 
installed using gaskets and clamps. The space 
between the plates was poured with a solution for a 
separating gel consisting of 3.5 ml of 30% 
acrylamide; 3.1 ml of 1% bisacry-lamide; 7.5 ml of 
1.5 M Tris-HCl (pH 8.7); 6.5 ml of distilled water; 
0.03 ml 10% SDS; 0.001 ml TEMED and 0.01 ml 
10% ammonium persulfate. After polymerization of 
the lower gel, the remaining space is poured into the 
solution to concentrate the gel. The solution is 
prepared as follows: 1 ml of 1% bisacrylamide;1 ml 
of 30% acrylamide is mixed; 5.35 ml of distilled 
water; 2.5 ml 0.5 M Tris-HCl (pH 6.8); 0.01 ml 10% 
SDS; 0.05 ml 10% ammonium persulfate and 0.005 
ml TEMED. Immediately after pouring the concen-

trating gel, a comb was set until complete 
polymerization. 

A sample dilution buffer was prepared as 
follows: 0.25 ml of 2-mercaptoethanol was 
added to 0.315 ml of 1M Tris-HCl (pH 6.8); 0.5 
ml glycerol, 0.115 ml 10% SDS; 0.05 ml of 0.1% 
bromophenol blue and distilled water were added 
to a volume of 5 ml. Then, the obtained samples 
were diluted in a ratio of 1:1, boiled in a water 
bath for 3-5 minutes and then cooled. 

Electrophoresis was performed at a current 
of 20 mA per chamber. At the end of the process, 
the gel was removed from the plates, staining 
was carried out for 1 hour in a CoumassyR-250 
solution, then washed several times with a 
bleaching solution until the initial background 
color disappeared. 

The liquid protein hydrolyzate was 
centrifuged at 10,000 G on an Eppendorf 
Centrifuge 5810 R for 20 minutes. After 
separation of the solid phase, the supernatant was 
dried on a NanBei spray dryer.  The temperature 
at the inlet to the dryer ranged from 138 to 141°C 
and the temperature at the outlet ranged from 58 
to 60°C. The yield of dry hydrolyzate was 6.5-
6.8% by weight of camel shanks. The resulting 
hydrolyzate is a homogeneous finely divided 
powder of light beige color, with a weak specific 
odor, readily soluble in water. 

Results and their discussion 
The degree of hydrolysis determines the 

nature of hydrolyzates, determining their size and 
molecular weight. The fractional composition of 
protein hydrolyzates obtained with the use of the 
enzyme complex SPL of camel, depending on the 
duration of hydrolysis, was determined on an 
electrophoregram BIO-RAD Consort EV265. 
Electrophoregrams of the studied samples were 
analyzed on a densitometer. Electrophoregram 
processing was done using the BioCapt program 
(Vilber Lourmat, France). 

Figure 1 shows the electrophoresis profiles 
of sodium dodecyl sulfate in polyacrylamide gel 
(SDS-PAGE) for protein hydrolyzates taken at 
different incubation times.  
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Figure 1 - Electrophoregram separation of the hydrolyzate on a 12% polyacrylamide gel 
Note: 
Lane 1 - Molecular Marker - kDa, (Kaleidoscope™ Prestained Protein Standards, Bio-Rad) 
Lane 2 – Sample 1, 4 hourshydrolysis, Lane 3 – Sample 2, 5 hourshydrolysis 
Lane 4 – Sample 3, 6 hourshydrolysis, Lane 5 – Sample 4, 7 hourshydrolysis 
Lane 6 – Sample 5, 8 hourshydrolysis, Lane 7 - Sample 6, 9 hourshydrolysis 
 
The results indicate that protein hydrolysis 

continues with an increase in incubation time. 
But the hydrolysis time for 8 hours shows the 
most significant accumulation of low molecular 
weight peptides. Precise profiles of protein 
hydrolysates show that they have mixed peptides 
in small amounts. Low molecular weight pepti-
des (2–20 amino acids) are more biologically 
active than their parent polypeptides/proteins, 
which are more significant [14]. The process of 
enzymatic hydrolysis is mainly determined by 
whether the type of protease involved is 
endopeptidase or exopeptidase [15]. 
Endopeptidase and exopeptidase are two types of 
peptidase enzymes. They cleave peptide bonds in 

protein molecules. A pancreatic suspension 
releases these peptidases to maximize protein 
breakdown. Endopeptidase cleaves peptide 
bonds within protein molecules and leads to the 
formation of peptide chains, rather than 
monomers. Exopeptidase cleaves peptide bonds 
at the ends and leads to individual amino acids 
[16]. Thus, the activity of endopeptidase and 
exopeptidase contributed to the further phased 
hydrolysis of proteins. 

The results of the quantitative determi-
nation of protein fractions performed using the 
BioCapt program (Vilber Lourmat, France) are 
shown in table 1. 

 
Table 1 - Molecular weight of protein fractions of hydrolyzates, kDa 
 

 
 

From a comparison of densitograms, we 
can conclude that the most assimilable low mole-
cular weight peptide fractions with molecular 
weights of 8–25 kDa of 53.4 and 39.6% (samples 
6 and 7) were obtained by enzymatic hydrolysis 

of the camel pancreatic suspension by the 
enzyme complex for 8–9 hours respectively. 

Qualitative indicators of the obtained dry 
enzymatic hydrolyzate of proteins from camel 
shanks are presented in table 2. 
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Table 2 - Physic-chemical parameters of dry protein hydrolyzate from camel shanks 
 

Name of indicator Characteristic 
Appearance Dry product of homogeneous consistency in the form of 

loose powder, hygroscopic 
Color Light beige 
Smell Intrinsic to the raw material of which it is made, odorless 
Moisture content, % 7,0 
Mass fraction of protein,% 80,0 
Mass fraction of fat,% 0,15 
Mass fraction of ash,% 5,0 

 
Thus, the resulting protein hydrolyzate 

containing low molecular weight protein 
fractions and amino acids with nutritious 
properties will be used in further work to enrich 
meat products for the elderly. 

Сonclusion 
Research results of the nature of protein 

hydrolysis and peptide profiles among 
hydrolyzates confirmed that the enzymatic 
hydrolysis of camel shanks by a camel pancreas 
suspension was useful for producing low 
molecular weight compounds with a molecular 
weight of <20 kDa, which is a favorable result 
for the potential biological activity of peptides. 

In general, the hydrolysis process 
improves the digestibility of the protein, 
increases the bioavailability of amino acids, and 
leads to improved nutritional value. Protein 
hydrolyzates will be used as alternative 
ingredients of high nutritional quality with 
potential use for the production of meat products 
for herodietic purposes. 
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Қазақстанда сапалы құс еті мен жұмыртқаға сұраныстың өсуіне байланысты эколо-

гиялық таза өндіріске көшу өзекті болып табылады. Құс фабрикаларында пробиотиктерді 
қолдану өнімнің қауіпсіздігі мен экономикалық тиімділікті қамтамасыз етуге мүмкіндік бе-
реді. Бұл мақалада әлемде және отандық құс шаруашылығында пайдаланылатын пробиоти-
калық препараттарды қолданудың тиімділігі туралы деректер келтірілген. Пробиотиктерді 
енгізу арқылы ет, жұмыртқа және құс қаңқасының сапасы жақсаратыны, антибиотик-
терге төзімділік концентрациясы 1,5-2%-ға және иммунитеті жоғарылайтыны, азықтың 
конверсиясы 5-7%-ға жақсаратыны, бақылау топтарымен салыстырғанда тауықтардың 
дене салмағы 1,1%-дан 3,9%-ға дейін артатыны дәлелденді. Зерттеу жұмысының тәжі-
рибелік маңызы қазақстандық құс фабрикаларында қолданылатын шетелдік пробиотиктер 
нарығын және олардың тиімділігін зерттеу болып табылады. 

 
Негізгі сөздер: пробиотикалық препараттар, құс шаруашылығы, құс өнімділігі, азық-
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В связи с растущим спросом на качественное мясо птицы и яйца в Казахстане переход 

на экологически чистое производство является как никогда актуальным. Применение про-
биотиков на птицефабриках может обеспечить безопасность продукции и экономическую 
эффективность. В данной статье представлены данные об эффективности применения 
пробиотических препаратов, используемых в мире и в отечественном птицеводстве. Дока-
зано, что за счет внедрения пробиотиков улучшается качество мяса, яиц, и каркаса птиц, 
повышается иммунитет и устойчивость к антибиотикам 1,5-2%-ной концентрации, улуч-
шается конверсии корма на 5-7%, увеличивается вес живой массы тела от 1,1% до 3,9% по 


