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Bone processing is an urgent task of rational use of meat industry waste. Disposal of cattle bones can 

be carried out by different methods. Various methods are used for processing bone raw materials, such as 

mechanical processing, chemical hydrolysis, ultrasonic processing, etc. Processed meat and bone raw 

materials in meat and bone paste are chemically exposed to ascorbic acid (0.05 M, 1 h, 25 ° C) and pepsin (pH 

2.0, t=10...40 ° C, τ=1...8 h). This allows you to reduce the mass of bone particles in meat and bone paste by 

70%. Meat and bone paste subjected to enzyme processing can be used in the technology of meat products. 
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Сүйекті қайта өңдеу ет өнеркәсібінің қалдықтарын ұтымды пайдаланудың өзекті міндеті болып 

табылады. Ірі қара малдың сүйектерін кәдеге жарату әртүрлі әдістермен жүзеге асырылуы мүмкін. Сүйек 

шикізатын өңдеу үшін механикалық өңдеу, химиялық гидролиз, ультрадыбыстық өңдеу және т.б. 

Өңделген ет-сүйек шикізаты ет-сүйек пастасына аскорбин қышқылы (0,05 м, 1 сағ, 25ºС) және пепсин (рН 

2,0, t=10...40ºС, τ=1...8 сағ) химиялық әсер етеді. Бұл ет және сүйек пастасындағы сүйек бөлшектерінің 

массасын 70% азайтуға мүмкіндік береді. Ферментті өңдеуге ұшыраған ет және сүйек пастасын ет 

өнімдері технологиясында қолдануға болады. 

 

Негізгі сөздер: ет-сүйек пастасы, пепсин, ІҚМ сүйектері, тағам қауіпсіздігі, аскорбин 

қышқылы. 
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Переработка кости является актуальной задачей рационального использования отходов мясной 

промышленности. Утилизация костей крупного рогатого скота может осуществляться разными 

методами. Для переработки костного сырья применяются различные методы, такие как механическая 

переработка, химический гидролиз, ультразвуковая переработка и др. Переработанное мясокостное сырье 

в мясокостную пасту подвергается химическому воздействию аскорбиновой кислотой (0,05М, 1 ч, 25ºС) и 

пепсином (pH 2,0, t=10…40ºС, τ=1…8 ч). Это позволяет уменьшить массу костных частиц в мясокостной 

пасте на 70%. Мясокостная паста, подверженная ферментной обработке, может быть использована в 

технологии мясных продуктов. 

 

Ключевые слова: мясокостная паста, пепсин, кости КРС, пищевая безопасность, 

аскорбиновая кислота. 
 

Introduction  

One of the essential reserves for 
increasing the output of useful products and 

increasing production efficiency in the processing 

industries is the use of low-waste technologies. In 

the meat industry, this is primarily about the 
rational use of bone [1].  
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Disposal of cattle bones can be carried 

out in different ways. Depending on the type 
of waste, animal bones are processed in the 

following ways: 

1. Bones with a high fat content are 

subject to preliminary defatting, and then - the 
production of bone fat from it. 

2. Tubular bones are processed by 

defatting, which results in bone meal with a fat 
percentage of less than 10%. 

3. Bones from the thoracic, vertebral and 

sacral regions become the basis for the production 

of semi-finished meat products. They can also be 
processed by mechanical deboning [2].  

Due to the inherent hardness of cattle 

bone as a connective tissue, not all grinders 
provide fine uniform grinding and it is possible 

to find bone particles in meat and bone paste. 

Fermentation and chemical processing 
technologies are used to dissolve these bone 

particles. In some foreign works, methods of 

processing bone tissue are described. There are 

known method such as ultrasonic pretreatment 
to promote enzymatic extraction of chicken 

bone protein [3].  

The authors Jun Cao and others proposed 
a method for acid treatment and extraction of 

collagen with pepsin from the waste of the skin 

and bones of the golden pompano, a genus of 
marine ray-finned fish [4]. Scientists from 

Indonesia studied the isolation of collagen from 

goat bone and determined its characteristics using 

enzymatic hydrolysis by pepsin in various 
concentrations [5]. Kuderinova N. A. developed a 

technology for dissolving bone raw materials 

without residue using a biological product of 
active curd serum to obtain a food component of 

paste consistency [6].  

Chemical hydrolysis is a method of 

using acidic materials in the hydrolysis process 
[7]. Depending on the concentration of the acid 

used and the hydrolysis temperature, the 

processing time can vary from 3 to 24 hours. 

For example, hydrolysis in the presence of 
sulfuric acid iscarried out for 3÷5 hours at a 

temperature from plus 100 to 130 °C and a 

pressure of 2÷3 atmospheres; in the presence of 
hydrochloric acid – for 5-24 hours at the boiling 

point of the solution under low pressure [8].  

Under the action of acid, hydrolysis of 

proteins reaches the maximum level of protein 
breakdown and excludes the possibility of 

bacterial contamination of the hydrolyzate, 

which is especially important in the food 
industry. However, this method has a drawback 

– under such severe conditions of hydrolysis, 

not only the amount of amine nitrogen increases 
due to the formation of low molecular weight 

peptides and free amino acids, but also 

ammonia, which indicates the destruction of the 

amino acids themselves [9].  
Enzymatic hydrolysis is also used, in 

particular by using pepsin as an active enzyme 

[10]. Pepsin is a globular protein with a 
molecular weight of about 34500. A pepsin 

molecule is a polypeptide chain that consists of 

340 amino acids, contains 3 disulfide bonds (—
S — S—) and phosphoric acid. Pepsin is an 

endopeptidase, that is, an enzyme that cleaves 

the central peptide bonds in protein and peptide 

molecules to form simpler peptides and free 
amino acids. Pepsin hydrolyzes peptide bonds 

formed by aromatic amino acids – tyrosine and 

phenylalanine with the highest rate, however, 
unlike other proteolytic enzymes – trypsin and 

chymotrypsin, it does not have strict specificity 

[11].  
 

 
 

Figure 1. Pepsin formula 

Pepsins play a significant role in digestion 
in mammals, including humans, being an enzyme 

that performs one of the important stages in the 

chain of converting food proteins into amino acids. 

Pepsin is involved in the digestion of 
proteins in the gastrointestinal tract. It has a fairly 

broad specificity in the hydrolysis of proteins and 

polypeptides. It breaks down almost all proteins of 
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plant and animal origin, with the exception of 

protamines (globular proteins) and keratins [12]. 
Pepsin is contained in the gastric juice of 

mammals, birds, reptiles and fish. It is formed 

mainly in the cells of the glands in the gastric 

mucosa as an inactive precursor-pepsinogen, 
which, after cleavage of a peptide consisting of 44 

amino acid residues, turns into an active enzyme. 

Pepsin is most stable at pH 5; at pH above 6, it is 
rapidly and irreversibly inactivated. Optimum 

catalytic activity of pepsin during protein 

hydrolysis at pH 1.5-2.0. At the same time, one 

gram of pepsin in two hours can break down ~ 50 
kg of egg albumin, curd ~ 100,000 liters of milk, 

dissolve ~ 2000 liters of gelatin [13, 14].  

Processing of secondary raw materials 
and waste from the meat processing industry is 

an urgent task of the food industry. Based on the 

scientific research of foreign scientists on the 
breaking up of bone particles of various species 

of animals and fish, the choice of an enzyme 

method and preliminary acid treatment of 

breaking up is justified, since this method is 
close to the natural environment of the digestive 

tract of animals and humans. 

The purpose of this work is to study the 
effect of enzyme treatment on the degree of 

breaking up of bone particles in meat and bone 

paste from cattle bones.  

Materials and research methods  

The objects of the study were meat and 

bone paste from cattle bones.  

Meat and bone raw materials are pre-
frozen for 60 minutes at a temperature from minus 

18 to 20 ºC in freezers. Freezing provides long-

term storage at low temperatures. It is aimed for 
preventing of the development of microbiological 

processes and a sharp decrease in the rate of 

enzymatic and physicochemical changes. 

The next stage is feeding the frozen raw 
materials to the hopper of a chopper cutter with 

a hole diameter of the output mesh of 8 mm. 

After grinding, the resulting meat and bone 
mass is frozen to a temperature from minus 18 

to 20 °C and again crushed at the chopper cutter 

with a hole diameter of the output mesh of 5 
mm. Ice water is added to the resulting meat and 

bone mass in the ratio of raw materials to water 

1:0.5 to be frozen for 1 hour. 

The resulting meat and bone mass were 

stirred and crushed again at the chopper cutter 
with a hole diameter of the output mesh of 3 mm.  

The resulting meat and bone mincemeat 

is frozen for 1 hour to a temperature of ((-18) ºC 

- (-20) ºC). After freezing, meat and bone 
mincemeat is sequentially crushed on a micro-

grinder «Supermasscolloider» with the 

following gaps between grinding circles: 0.25 
mm, 0.10 mm, 0.02 mm.  

The resulting meat and bone paste is 

stored at a temperature of 2-4 °C until the next 

research [15]. 
The determination of the total chemical 

composition was carried out by the method of one 

portion of the test sample. The method consists in 
sequential determination of moisture, fat, protein 

and ash content in one sample of the product using 

a device for determining the moisture and fat 
content of meat and dairy products by an 

accelerated method [16]. Energy value was 

determined by the calculation method. 

To determine the granulometric 
composition and reveal the size of bone particles, 

the microstructure of bone particles of meat and 

bone paste was investigated. The bone particle 
sizes were measured using a “JSM-6390LV” 

scanning electron microscope (JEOL, Japan) [17].  

For the breaking up of bone particles in 
meat and bone paste, the method of chemical 

hydrolysis based on preliminary acid treatment 

of raw materials with organic acid and further 

action of the enzyme is used. 
The experiment is aimed at studying the 

effect of ascorbic acid and pepsin treatment on 

the decomposition of the rib bones of cattle in 
meat and bone paste.  

As pepsin, the rennet-beef enzyme 

VNIIMS SG-50 is produced from calf 

abomasum and the mucous membrane of the 
rennet of adult cattle. 

The rennet VNIIMS SG-50 is an 

environmentally friendly product of animal origin, 
has a high degree of purification and a stable level 

of activity. 

The share of rennet chymosin is 50%, 
the share of beef pepsin is 50%. 

Based on the results of the study of 

scientific literature, the following research 

scheme has been developed (Figure 2).  
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Meat and bone paste  

m (bone particles)=5g in 100g of meat and bone paste  

↓ 

Ascorbic acid  

(0,05 М, 1 h, 25 ºС) 

↓ 

Pepsin  

(pH 2,0), t=30 ºС, τ=4 h  

↓ 

Extraction of bone particles  

(21 ºС, 1М NaOH) 

 

Figure 2. The scheme of the experiment 

 

Results and their discussion 

Physicochemical analysis of meat and 

bone paste from rib bones of cattle before 

fermentation indicates a high protein content –

12.1 g/100g and energy value –103.2 kcal/100g 

(table 1). 
 

Table 1. Physical and chemical analysis of meat and bone paste  

 

Name of indicators, units of measurement  
Meat paste  

(rib bones)  

Protein, g/100g  10,1 

Fats, g/100g  6,7 

Carbohydrates, g/100g  0,5 

Mass fraction of moisture content, % no more  76,7 

Mass fraction of ash content,% no more  12 

The energy value, kcal/100g  103,2 

 

Microstructure analysis revealed the presence of bone particles ranging in size from 0.05 to 1 
mm (Figure 3).  

 

 
                       

                                                                bone particle size 

 

Figure 3. Microstructure of meat and bone paste from cattle bones 
 

The dependence of the breaking up of 

bone particles of meat and bone paste from rib 
bones by ascorbic acid and pepsin at the 

temperature regime was determined, so cleavage 

occurs most actively at the temperature range from 
30 to 40 ºC (table 1). If at a temperature of 10 ºC 

the mass of bone particles is 0.369 g per 10 g of 

meat and bone paste, then at a temperature of 35 
ºC the mass of bone particles 0.113 g, which is 70 

% less than the mass obtained at 100C. This is due 

to the optimal temperature of pepsin activity equal 
to 37-40 ºC [18].  
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Table 2. The effect of temperature on the level of splitting of bone particles by calculating their mass 
 

Temperature, 
0С 

The mass of bone particles in 10 g of 

raw material after fermentation, g  

10 0,369 

15 0,357 

20 0,156 

25 0,147 

30 0,132 

35 0,113 

40 0,126 
 

Another factor affecting the effectiveness 
of the enzyme is the processing time. 

So, at an optimal temperature of 35 ºC, 

a significant decrease in the mass of bone 

particles in the samples under study is observed 
after 4 hours (figure 4): 
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Figure 4. Change in bone mass versus duration of pepsin exposure 

 
The organoleptic assessment of meat 

and bone paste found that the overall structure 

of the paste is uniform, the consistency is dense, 
elastic, without obvious signs of looseness, light 

brown in color. 

Microstructural analysis of meat and 

bone paste of rib bones after fermentation (t=30 

ºС, τ=4 h) showed the absence of bone particles 
(Figure 5). 

 

 
 

Figure 5. Microstructures of meat and bone paste after fermentation 
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Thus, the meat and bone paste has high 
physical and chemical characteristics. As a result 

of the impact on the meat and bone paste of 

ascorbic acid and pepsin at a temperature of 30 °C 
for 4 hours, after fermentation was established 

absence of bone particles, which indicates the 

possibility of further use of meat and bone paste in 

the technology of meat products.  

This research was funded by the 

Ministry of Agriculture of the Republic of 

Kazakhstan (BR10764970). 
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