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Introduction
The Russian meat industry produces about one million 

tons of secondary meat and bone raw materials annually. 
About 20% of this amount is industrially processed, while 
bone waste is practically not used for production of value-
added products1. Today, more than 150 enterprises have been 
working in the Kaliningrad region in the sphere of beef hus-
bandry accumulating from 20 to 50% of secondary material 
weight (bones, skin, viscera), which use is also problematic. 
The most acute problem is the processing of cattle bone raw 
materials characterized by an increased content of highly 
mineralized collagen tissues (tibia, fibula and costal bones). 
This raw material is often utilized by different methods in-
cluding incineration causing ecological damage to nature2.

An increased use of the potential of collagen-containing 
waste from meat raw material processing is a topical task 

 1 Kravchenko V. Meat market in Russia: results of 2019 and prospects. – 
Meat and by-products, press-releases. Retrieved from https://specagro.ru/
news/202003/rynok-myasa-v-rossii-itogi-2019-g-i-perspektivy Accessed Janu-
ary 30, 2021. (In Russian)
 2 Kaliningrad region in figures. 2020: Brief statistical  digest / Kaliningrad-
stat-Kaliningrad, 2020 — 142 p. Retrieved from https://kaliningrad.gks.ru/
storage/mediabank/2020(%D0%BA%D1%80%D0%B0%D1%82%D0%BA%D
0%B8%D0%B9)(1).pdf) Accessed January 20, 2021. (In Russian)

in many slaughterhouses, poultry factories and enterprises 
of processing and food industries of many countries in the 
world [1,2]. The experience in the processing of collagen-con-
taining waste from poultry factories shows that feeding meal 
and different additives, nitrogen-containing media for micro-
bial biotechnology, organic fertilizers, polymer compositions 
for textile production, collagen dispersions used in feed and 
food industries are produced today from poultry feather raw 
materials [3,4,5,6,7]. A rational way for solving the problem 
of using fish bone raw materials including those that are un-
acceptable for feeding purposes (scales, smoked fish heads) 
is producing food additives of the protein, fat and protein-
mineral composition by deep hydrolysis [8,9]. Today, highly 
mineralized meat and bone raw materials (waste from cattle 
processing), which differ from poultry and fish waste by the 
increased strength and specific amino acid composition of 
collagen proteins, are mainly used for animal feed [10].

It is important that all types of collagen-containing ani-
mal raw materials are a valuable source of natural proteins, 
amino acids, lipids, macro- and microelements, nucleic 
materials and other natural biologically active substances 
(BASs). Isolation of these BAAs and the fullest use of their 
potential for humans are an aim of many scientific stud-
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ies. At present, many scientific developments suggest using 
the products of secondary raw material processing in the 
food technology as food additives and BAAs to food, in the 
composition of multicomponent premixes, protein con-
centrates [1,2,3,4,5,6,7,8,9,10]. Protein compositions ob-
tained by deep hydrolysis of bone and meat raw materials 
are constituents of pharmacological compositions, micro-
biological media, constructive tensides [11,12]. It is promis-
ing to use a potential of collagen-containing resources in 
aquaculture as sources of amino acid and fatty nutrition 
[10]. It is important that nowadays domestic feedstuff for 
industrial fish production is critically deficient and this 
is the main problem in the development of domestic fish 
farming [13]. Today, many farming enterprises engaged in 
poultry and pig breeding suffer from a deficiency of the 
highly assimilable natural protein feedstuff. The task of us-
ing the potential of collagen-containing raw materials in 
the food industry is not less important. With guaranteed 
food safety and proved biological effectiveness of recov-
ered biologically active substances, it seems expedient and 
rational to use them in a composition of new generation 
products —  specialized and functional products intended 
for strengthening the locomotor system of the body, in 
sports nutrition, gerodietetic products, curative nutrition 
for patients suffering from collagenosis and so on [14,15,16].

Recovery of valuable organic components from second-
ary meat and bone raw materials is based on their destruc-
tion, which is performed by different methods. The main 
methods for degradation of highly mineralized raw mate-
rials are based on tough hydrolysis, which is carried out 
using chemical reagents (acids, alkali) as well as by enzy-
matic, thermal or combined ways [2,17,18,19,20,21,22,23]. 
However, acids and alkali destroy several valuable amino 
acids, reduce the biological value of proteins and peptides, 
hydrolyse lipids. With that, the process is accompanied by 
formation of salts and chemical pollution of effluents, ex-
cludes the use of other fractions of organic raw materials 
(lipids, minerals) for food purposes [12,18,22].

It is also necessary to note that the investigated enzy-
matic methods for protein production from meat and bone 
raw materials are not effective enough for industrial use of 
end products of hydrolysis in food systems [17,18,19]. It was 
established that enzymatic hydrolysates of animal raw mate-
rial waste often contain emulsion-type protein-fat mixtures, 
which are often suitable only as a biodiesel fuel, as well as 
in the composition of feedstuff for animals, fertilizers for 
soil, as a carbohydrate and nitrogen source for microbial 
synthesis. The latter is promising for the development of in-
dustrial microbial biotechnology, since a complex process 
that includes enzymatic biodegradation of waste and pro-
duction of enzymes at a single stage is possible in this case 
[1,2,10,13]. It should be noted that today even the most active 
proteolytic enzymes with the collagenase activity hydrolyze 
strong framework structures of meat and bone raw materi-
als only by 30–40%; then, the process attenuates. With that, 
in its entirety, the process is characterized by long duration, 
a necessity to inhibit enzymes and often is accompanied by 

formation of non-protein components that cause unpleas-
ant odor and increased microbial contamination, which ex-
cludes using end products of hydrolysis for food purposes 
[21]. Another problem of enzymolysis is a necessity to take 
into account specificity, activity and also costs of enzymes, 
which price is steadily rising in the modern market [13].

Despite available scientific technological developments, 
the question of the full and effective use of the biological 
potential of meat and bone raw materials has no economi-
cally efficient solution up to now. Proposed processing 
methods allow recovering the most valuable protein frac-
tion from different collagen raw materials at a level of 50–
60% of the weight of contained protein; with that, the com-
plex and non-waste processing is not achieved [13,21,23].

To solve the problem of the complex and rational use 
of secondary meat and bone raw materials and to increase 
sustainability of meat processing productions, it is expedi-
ent to use modern biotechnologies that allow processing 
raw materials using the principles of their deep molecular 
conversion based on combination of enzymatic and ther-
mal destruction. This principle of raw material processing 
positively showed itself in comparative investigations of 
different methods for destruction of mineralized colla-
gen-containing fish scales [8]. The method is based on the 
preliminary action of specific proteolytic enzymes of new 
generation on raw materials with the following high tem-
perature processing. This allows deep destruction of highly 
mineralized protein components (collagen, elastin, reticu-
lin), hydrolysis of connective tissues liberating all organic 
fractions including fatty and mineral [9]. With that, valu-
able amino acids of protein fractions are preserved, includ-
ing essential (lysine, valine, tryptophan, cystine, cysteine 
and others), as well as amino acids of the osteotropic ac-
tion (proline, oxyproline, glycine, alanine); high molecular 
weight complexes are destroyed with formation of protein-
mineral compositions (calcium, phosphorous, magne-
sium, potassium). The following recovery and purification 
of each fraction enable their use as natural food and feed 
additives. Finally, it is possible to obtain three composi-
tions of natural biologically active components (protein, 
fatty and mineral-protein) with the high physiological po-
tential from problematic meat and bone raw materials.

The most important fraction produced by combined 
hydrolysis of meat and bone raw materials is the protein 
fraction, which according to its potential can be assigned 
to natural functional nutriceuticals having the biological 
activity and required by the body, first of all, for the ana-
bolic and energy purposes. Deep enzymatic thermal hy-
drolysis enables obtaining low molecular weight peptides 
(1–100 kDa) from collagen-containing animal tissues. The 
most valuable is the fraction with a molecular weight of 
1–10 kDa, which is assigned to the so-called active pep-
tides and comprises di-, tri-, and tetra-peptides with novel 
physiological properties [23]. It was established that low 
molecular weight peptides of animal origin are effective 
antioxidants, antiseptics, have the immunomodulatory, 
hypotensive, regenerative, reproductive activities, exert the 
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cytotoxic effect on several cancer cell lines, inhibit angio-
tensin-converting enzymes [11,12,25,26,27].

The valuable protein potential of collagen tissues from 
meat and bone raw materials and their use in food technolo-
gies were confirmed by results of multiple studies [1,2,10,11
,13,14,17,18,19,20,22,27]. Low molecular weight products of 
collagen protein destruction are a promising bio-material 
for food, pharmaceutical, medical, microbiological, feed 
industries as they have increased assimilability and can in-
fluence effectiveness of many biological processes. It was 
proved that di- and tri-peptides with the amino acid se-
quence -Pro-Hyp- and -Pro-Hyp-Gly- have notable stimu-
lating ability of collagen synthesis, which is important for 
wound healing processes [11,12,25,26,27]. It is important that 
oral and enteric consumption of collagen peptides favorably 
affect joints, rate of wound and ulcer healing [1,26]. When 
consuming peptides of collagen origin, patients with joint 
degenerative diseases showed the growth in the mineral 
density of bone tissues [27]. It was established that food with 
“collagen pieces” improves the structure and composition of 
hair and fingernails, facilitates an increase in the size of col-
lagen fibrils in the Achilles tendons, induces the strength of 
fibroblasts and collagen fibrils in derma of human skin [1].

To recover and use proteins from highly mineralized 
collagen-containing beef raw material, it is necessary to 
take into consideration peculiarities of its composition, 
namely, high structural strength conditioned by the high 
content of calcium and the procollagen form of proteins. 
For tissue degradation, therefore, it is topical to use high 
temperature hydrolysis in the aqueous medium carried out 
at elevated pressure and with the preliminary action of spe-
cific proteolytic enzymes (endo- and exopeptidases). This 
method of hydrolysis proved its effectiveness in processing 
highly mineralized fish heads, scales and backbones that 
are accumulated in fish canning enterprises as waste [8,9].

The aim of the work was production of protein components 
from highly mineralized beef meat and bone raw materials by 
the extraction hydrolytic method with enzymatic thermal hy-
drolysis and assessment of their potential for using as food and 
biologically active additives —  protein nutriceuticals.

The main tasks of the study were to substantiate rational 
regimes for deep hydrolysis of beef tibia, fibula and costal 
bones for obtaining protein products and determine their 
targeted quality indicators that suggest their biological and 
physiological value, functionality and processability.

Objects and methods
The experiments were carried out in the Center for 

Advanced Technologies of Protein Use of the Department 
of Food Biotechnology of the Kaliningrad State Technical 
University.

Beef tibia and fibula with heads provided by the Gol-
ubevsky meat processing plant “LEAR” and beef costal 
bones from the slaughterhouse in the Dobroye settlement 
(Kaliningrad region) were used as raw materials.

Proteolytic enzyme preparations with the collagenase 
activity Alcalase 2,5 L and Protamex (Novozymes, Den-

mark), Protosubtilin G3x and pancreatin (Sibbiopharm 
Ltd., Russia) were used for enzymolysis.

The generally accepted, traditional, standard and au-
thors’ methods were used in the experiments. The pro-
tein content was determined by GOST 25011–20173, 
fat by GOST  23042–20154, ash by GOST 31727–2012 
(ISO 936:1998)5. The depth of hydrolysis was assessed by 
accumulation of formol-titrated nitrogen (FTN) or amino-
ammonia nitrogen (AAN) according to GOST R55479–
20136. The amino acid content was determined by GOST 
32195–2013 (ISO 13903:2005)7. The fractional molecular 
composition of peptides was determined by the methods 
of high performance liquid chromatography (HPLC) us-
ing an exclusion chromatographic column Yarra from Phe-
nomenex (Yarra 3u SEC-2000).

When grinding, hard meat and bone raw materials 
were restructured step-by-step. Initially, a press was used, 
which crushed bones into 20–50 mm size pieces. Then, this 
mass was transformed into ground mixtures consisted of 
3–5 mm size particles in special containers using the “ro-
tating knife” method.

In the experiments on hydrolysis, 100 g of ground 
raw materials were initially placed into hermetical glass 
jars with lids, mixed in warmed water in a ratio of 1:1 by 
weight at a temperature of 50–55 °С. Then, the samples 
were introduced into a shaking apparatus for enzymolysis 
during a preset time period. After the end of enzymoly-
sis, recovered fat was removed adding hot water into the 
ground mass. After holding for 30 min., fat was separated 
by centrifugation. Thermal hydrolysis of the fermented 
mass was carried out in a thermal reactor with a rotating 
mixer at a temperature of 130–160 °С within the mass for 
one hour; then, the content was cooled and fractionated 
by centrifugation. After centrifugation, three fractions 
were obtained —  fatty (upper), water soluble (medium) 
and mineral-protein (sedimentary, lower). The complex 
scheme of processing highly mineralized collagen-con-
taining beef raw materials with production of protein nu-
traceuticals and accompanying fatty and protein-mineral 
additives is presented in Figure 1.

The water soluble protein fraction, which was freeze-
dried with preliminary thickening by the vacuum evapora-
tion method, was analyzed.

Results and discussion
Initially, the most effective enzyme preparation and ra-

tional regimes of its use for enzymolysis of meat and bone 
raw materials were selected. This would allow maximum 
transformation of highly mineralized high molecular 
 3 GOST 25011-2017 “Meat and meat products. Protein determination 
methods”. Moscow: Standartinform, 2018. — 14 p. (In Russian)
 4 GOST 23042-2015 “Meat and meat products. Methods of fat determina-
tion”. Moscow: Standartinform, 2019. — 8 p. (In Russian)
 5 GOST 31727-2012 (ISO 936:1998) “Meat and meat products. Determina-
tion of total ash”. Moscow: Standartinform, 2019. — 11 p. (In Russian)
 6 GOST R 55479-2013 “Meat and meat products. Method for determination of 
amino-ammonia nitrogen”. Moscow: Standartinform, 2019. — 8 p. (In Russian)
 7 GOST 32195-2013(ISO 13903:2005) “Feeds, compound feeds. Method for de-
termination of amino acids”. Moscow: Standartinform, 2020. — 23 p. (In Russian)
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weight proteins from beef bones into the dissolved state 
[12,13,14,17,19,20,21,22]. The results of the experiments car-
ried out using various enzyme preparations with varied 
doses are presented in Table 1.

The obtained data (Table 1) indicate that enzymolysis 
performed after thermolysis allows a 2–2.5-fold increase 
in the hydrolysis depth as demonstrated by the growth in 
FTN. With that, the following regimes can be considered 
rational: EP doses of 0.75% and 1% for Alcalase 2.5 and 
Protosubtilin G3x with process duration of 4 hours.

The experimental data obtained earlier [13] were 
used for objective optimization of enzymatic processing 
of meat and bone raw materials. The data were processed 
by methods of mathematical statistics to establish sig-
nificant dependencies between the quantity of gener-
ated products of protein enzymatic degradation, doses 
of  enzyme preparations, temperature and enzymolysis 
duration.

As an optimization parameter, FTN was used, which 
value demonstrates the concentration of amino acids, di- 
tri- and other oligopetides with the free amino group in a 
hydrolysate. Creation of enzymolysis models allows regu-
lating the process depth depending on a raw material type, 
enzyme preparation and process duration.

To this end, initially, the experimental values of FTN 
obtained in the beef samples at different EP doses and du-
ration were analyzed (Figure 2, [13]). It is seen from the 
data that this dependence can be described by exponential 
function (1):
 FTN(t, EP) = FTP0 + (FTN∞(EP) – FTN0) ×	
	 × (1 – exp(–ψ(EP) ⋅ t), (1)
where FTN∞(EP) and ψ(EP) are empirical functions that are to 

be determined using the experimental data.

When grinding, hard meat and bone raw materials were restructured step-by-step. Initially, a press was used, 
which crushed bones into 20–50 mm size pieces. Then, this mass was transformed into ground mixtures consisted of 3-
5 mm size particles in special containers using the “rotating knife” method.  

In the experiments on hydrolysis, 100 g of ground raw materials were initially placed into hermetical glass jars 
with lids, mixed in warmed water in a ratio of 1:1 by weight at a temperature of 50-55 ºС. Then, the samples were 
introduced into a shaking apparatus for enzymolysis during a preset time period. After the end of enzymolysis, 
recovered fat was removed adding hot water into the ground mass. After holding for 30 min., fat was separated by 
centrifugation. Thermal hydrolysis of the fermented mass was carried out in a thermal reactor with a rotating mixer at a 
temperature of 130-160 ºС within the mass for one hour; then, the content was cooled and fractionated by 
centrifugation. After centrifugation, three fractions were obtained – fatty (upper), water soluble (medium) and mineral-
protein (sedimentary, lower). The complex scheme of processing highly mineralized collagen-containing beef raw 
materials with production of protein nutraceuticals and accompanying fatty and protein-mineral additives is presented in  
Figure 1. 
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L  
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0.5 0 357.4 0.75 0 243.6 
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Table 1. Results of the assessment of the hydrolysis depth of beef rib proteins using various enzymatic preparations (EP)  
in hydrolysates obtained by thermal hydrolysis at 130 °С over 1 hour

Hydrolysate
samples at 130 °С

Dose of EP, % of 
hysrolysate mass

Enzymolysis 
duration, hours

FTN, 
mg/100 g Samples Dose of EP, % of 

hysrolysate mass
Enzymolysis 

duration, hours
FTN, 

mg/100 g
Control 

(without EP) 0 0 212.8 Control 
(without EP) 0 0 193.2

With EP Alcalase 
2.5 L

0.25

0 238.7

with EP 
Protosubtilin 

G3x

0.5

0 224.0
2 322.0 2 299.6
4 351.4 4 305.2
6 371.0 6 316.4

0.5

0 357.4

0.75

0 243.6
2 337.4 2 347.2
4 403.6 4 408.8
6 410.2 6 411.6

0.75

0 290.3

1.0

0 268.8
2 351.4 2 414.4
4 406.0 4 495.6
6 417.2 6 498.4

Figure 2. Changes in FTN depending on duration of beef rib enzymol-
ysis at different doses of EP Alcalase 2,5 L: 1–0%, 2–1%, 3–2% (points 
are experimental data, lines are points of calculation by equation (1)

FTN

t, min
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The value of the coefficient ψ was found from equation (1):

 ψi = – 1
180

 ⋅ ln(1 – 
FTNi 180 – FTN0

FTNi 360 + FTN0

 (2)

The values of coefficient ψ found by the equation (2) 
were also changed according to the exponential depen-
dence and can be presented by empirical functions (3) and 
(4), which can illustrate the enzymolysis process using EP 
Alcalase 2,5 L by means of equation (1):

 FTN∞(EP) = 47.4 + 367 ⋅ (1 – exp(–1.657 ⋅ EP)), (3)

 ψ(EP) = 0.0910 + 0.0720 ⋅ (1 – exp(–3.214 ⋅ EP)). (4)

The use of the regression model (1) in respect to the ex-
perimental data on enzymolysis with EP Protosubtilin G3x 
is reflected in Figure 3.

Obtained dependencies that link the quantity of enzy-
molysis products of collagen-containing beef raw materials 
with regulated process factors allow optimizing its dura-
tion with the use of the given EP, above which it is inexpe-
dient to carry out the process as the indicators of protein 
destruction depth (FTN) change insignificantly. It was es-
tablished with their use that all enzyme preparations were 
close in terms of effectiveness for beef rib enzymolysis. To 
increase quality of protein degradation, it is recommended 
to use EP compositions (endo- and exopeptidases) com-
bining EP Аlcalase 2,5 L, Рrotamex and Protosubtilin G3x. 
With that, rational duration is 240–250 min., total dose of 

enzyme preparations should be close to 3% of raw material 
weight.

As a result of experiments on the established recom-
mended values of enzymolysis of preliminarily defatted 
meat and bone raw materials, the samples of freeze-dried 
protein hydrolysates were obtained, which overall chemi-
cal composition is presented in Table 2.

Analysis of the obtained data (Table 2) shows that in the 
combined method of hydrolysis (enzymolysis + thermoly-
sis) from beef meat and bone raw materials, it is possible to 
obtain protein compositions in a dry form with the protein 
content from 69.45% to 89.57%, fat from 0.78% to 9.2% 
and minerals from 3.62% to 15.8%. The highest protein 
content (about 90%) was in the samples obtained in com-
bined hydrolysis of beef ribs with preliminary processing 
with EP Аlcalase 1% over 1 hour with the following enzy-
molysis with EP Protosubtilin 1% over 2 hours and thermal 
treatment at 140 °C.

The obtained data allow proposing a processing tech-
nology for highly mineralized collagen containing meat 
raw materials based on regulated hydrolysis, which en-
ables production of water soluble powders containing 
over 70% of highly assimilable proteins  —  protein nu-
traceuticals potentially suitable for food purposes. The 
principle technological scheme of processing collagen-
containing meat raw materials and balances of the main 
chemical substances at the main operations upon produc-
tion of protein food additives (the main product), fatty 
and mineral-protein compositions (additional products) 
are presented in Figure 4.

The technological scheme (Figure 4)  presents the 
chemical composition and calculated values of a recovery 
degree for the main raw material components (dry mat-
ter, protein, fat and minerals) at the key operations of the 
hydrolytic technology (moist semi-finished products, dry 
finished products). The technological scheme illustrates 
the chemical transformation of raw materials into food ad-
ditives by the example of the enzymatic-thermal hydrolysis 
of the beef bone mixture (tibia, fibula and costal bones). It 
is seen that when processing using these scheme, 85.2 kg 
of the freeze-dried protein powder can be obtained from 
1000 kg of raw materials without waste. This protein pow-
der contains 83.3% of protein (yield of proteins from raw 

Figure 3. Dependence of FTN in beef rib enzymolysis on process du-
ration at different doses of EP Protosubtilin G3x: 1–0%, 2–1%, 3–2%, 
4–3%. Points are experimental data, lines are points of calculation by 
(1), (3), (4)

FTN

t, min

Table 2. Chemical composition of freeze-dried protein hydrolysates obtained using different EP by various regimes of hydrolysis 
of collagen-containing beef raw materials

No. Characteristics of raw materials and hydrolysis conditions
Protein hydrolysate, indicators, % wt

Water Dry substances Fat Minerals Protein
1. Beef tibia and fibula: enzymolysis, EP Аlcalase 1% (2 hours) + 
EP Protosubtilin 1% (2 hours) 7.55 92.45 3.24 13.48 75.73

2. Beef tibia and fibula: enzymolysis, EP Аlcalase 0.5% (2 hours) + 
EP Protosubtilin 0.5% (2 hours) + thermolysis 140 °C (1 hour) 5.48 94.52 9.24 15.83 69.45

3.Beef rib: enzymolysis, EP Аlcalase 0.5% (2 hours) +  
EP Protosubtilin 0.5% (2 hours) + thermolysis 140 °C (1 hour) 5.43 94.57 4.02 4.41 86.14

4. Beef rib: enzymolysis EP Аlcalase 1% (2 hours) +  
EP Protosubtilin 1% (2 hours) + thermolysis 140 °C (1 hour) 6.03 93.97 0.78 3.62 89.57
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Figure 4. Technological scheme and mass post-operational balances of the main chemical substances in enzymatic thermal hydrolysis of the beef 
bone mixture (tibia, fibula and costal bones)

Initial raw materials
% kg

DM 60.6 606.3
Minerals 21.9 219.0
Protein 16.6 166.3
Fat 22.1 221.0
Water 39.4 393.7
Total 1000.0

Mixture
% kg

DM 48.5 606.3
Minerals 17.5 219.0
Protein 13.3 166.3
Fat 17.7 221.0
Water 51.5 643.7
Total 1250.0

Material input
1000

Water
250

Heating  60 °C 0.5 h

DecanterFat
Total 121

Mixture
% kg

DM 43.0 485.3
Minerals 19.4 219.0
Protein 14.4 166.3
Fat 8.9 100.0
Water 57.0 643.7
Total 1129.0

Mixture
% kg

DM 25.8 485.3
Minerals 11.7 219.0
Protein 8.9 166.3
Fat 5.3 100.0
Water 74.2 1393.7
Total 1879.0

Water
750

Thermolysis  135 °C 1 h

Hydrolysate
% kg

DM 25.8 485.3
Minerals 11.7 219.0
Protein 8.9 166.3
Fat 5.3 100.0
Water 74.2 1393.7
Total 1879.0

Decanter

Fat
Total 32

Solid phase
% kg

DM 58.9 269.0
Minerals 47.0 214.6
Protein 9.1 41.8
Fat 2.8 12.7
Water 41.1 188.0
Total 457.0

Protein phase
% kg

DM 11.3 135.0
Minerals 0.5 5.5
Protein 10.5 125.0
Fat 0.4 4.5
Water 88.7 1060.0
Total 1195.0

Steam treatment

Protein phase
% kg

DM 7.8 135.0
Minerals 0.3 5.5
Protein 7.2 125.0
Fat 0.3 4.5
Water 92.2 1597.7
Total 1732.8

Water
1647.55

Freeze-drying 

Protein powder
% kg

DM 90.91 77.5
Minerals 3.89 3.3
Protein 93.34 71.0
Fat 3.68 3.1
Water 9.09 7.7
Total 85.2

Material 1000
Protein powder 85.20
Yield 8.52

Yield of minerals, kg 3.31
Minerals, kg 219.00
Yield, % 1.51
Yield of protein, kg 71.01
Protein, kg 166.30
Yield, % 42.70
Yield of fat, kg 3.14
Fat, kg 221.00
Yield, % 1.42

Material 1000
Fat 153.00
Yield 15.30

Yield of fat, kg 153.00
Fat, kg 221.00
Yield, % 69.23

Air drying 

Dry protein-mineral sediment
% kg

DM 98.18 265.93
Minerals 75.27 203.87
Protein 17.68 47.89
Fat 5.23 14.17
Water 1.82 4.93
Total 270.86

Material 1000
Dry mineral residue 270.86
Yield 27.09

Yield of minerals, kg 203.87
Minerals, kg 219.00
Yield, % 47.89
Yield of protein, kg 47.89
Protein, kg 166.30
Yield, % 28.80
Yield of fat, kg 14.17
Fat, kg 221.00
Yield, % 6.41

input output
DM 606.3 496.39
Protein 166.3 118.90
Fat 221 170.30
Minerals 219 207.19

Water
186.1
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materials 71%), 221 kg of fat (yield of fat from raw materi-
als 69.2%) and 270 kg of the dry mineral-protein additive 
containing 75.3% of minerals, 17.7% of proteins, 5.2% of 
fat. Therefore, the rationality and high workability of pro-
cessing highly mineralized collagen-containing beef raw 
materials according to the proposed hydrolytic technology 
was demonstrated.

To assess the nutritional value of the protein fraction 
of the obtained water soluble beef hydrolysates, its quality 
was assessed by determining the amino acid composition, 
molecular weight and fractional composition of peptides, 
as well as their functional-technological properties by 
standard indicators.

The results of the amino acid composition of the pro-
tein formulations obtained by different hydrolytic meth-
ods and illustrating their anabolic potential are presented 
in Table 3.

As shown in Table 3, the amino acid composition in all 
samples was close irrespective of their production method, 
and corresponds to collagen meat raw materials by its ami-
no acid composition [1,2,4,7,9,10,14,16]. Glycine accounts 
for the main quantity of amino acids in the hydrolysates 
(23.1–23.5 g/100 g protein), which indicates a possibil-
ity to use them in the composition of biologically active 
products of the neuroprotective direction as glycine is a 
functional neurotransmitter and is recommended for the 
use in the composition of neuroprotective BAAs [1,10,24]. 
The obtained hydrolysates are of conditionally full-value 

by the amino acid composition as they contain all essen-
tial amino acids (without regard for tryptophan); although, 
in significantly lower amounts compared to ideal protein. 
The crucial essential amino acid in hydrolysates is lysine 
(3.55–4.20 g/100 g protein), which has many important 
functions in the body (anabolic material for muscles, im-
munomodulator, facilitates calcium assimilation, has a 
sedative effect). The lysine content in these hydrolysates is 
also important because its content in plant proteins (from 
cereals, legumes) is, as a rule, lowered. This means that it 
is rational to use the obtained hydrolysates in the compo-
sition of combined products with plant components. In 
regard to the absolute content, high amounts of non-es-
sential amino acids are present in the hydrolysates of beef 
meat and bone raw materials. After glycine, proline stands 
out among quantitatively prevalent amino acids (11.6–13.1 
g/100 g protein) being a peculiar kind of the collagen tissue 
indicator. Also, increased amounts of alanine (9.6–10.2 g/ 
100 g protein), glutamic and aspartic acids, arginine (10.6–
11. 6 g/ 100 g protein and 5.8–6.3 g/ 100 g protein; 7.6–7.9 g/ 
100 g protein) were established in the hydrolysates. These 
amino acids also have important physiological effects in 
the body [1, 24,26]; with that, it is important that they are 
in the assimilable form.

The indicators of the amino acid balance of protein 
hydrolysates obtained by different methods that were cal-
culated by conventional equations [9] are presented in 
Table 4.

Table 3. Comparative amino acid composition of protein hydrolysates of beef ribs obtained by different regimes

Amino acids (AA)

Amino acid content in protein hydrolysates of beef ribs,
g / 100 g of protein

Thermolysis:
140 °С, 1 hour

Enzymolysis: EP Аlcalase 0.5% 
(2 hours) + EP Protosubtilin 0.5% 

(2 hours) + thermolysis 140 °C, 1 hour

Enzymolysis: EP Аlcalase 1% 
(2 hours) + thermolysis 135 °С, 

1 hour

Aspartic acid (Asp) + asparagine (Asn) 6.1 ± 0.80 6.3 ± 0.8 5.8 ± 0.8

Glutamic acid (Glu) + glutamine (Gln) 10.9 ± 1.20 11.6 ± 1.3 10.6 ± 1.2

Histidine (His) 1.09 ± 0.30 1.18 ± 0.32 1.20 ± 0.33

Serine (Ser) 3.16 ± 0.28 3.39 ± 0.31 3.11 ± 0.28

Arginine (Arg) 7.9 ± 0.80 7.7 ± 0.70 7.6 ± 0.70

Glycine (Gly) 23.1 ± 2.30 23.1 ± 2.30 21.5 ± 2.20

Threonine (Thr) 1.88 ± 0.15 2.19 ± 0.18 2.05 ± 0.17

Alanine (Ala) 9.6 ± 1.00 10.2 ± 1.10 9.9 ± 1.10

Tyrosine (Tyr) 0.8 ± 0.23 1.01 ± 0.29 0.97 ± 0.28

Valine (Val) 2.66 ± 0.35 3.30 ± 0.40 3.05 ± 0.40

Methionine (Met) 0.70 ± 0.08 0.75 ± 0.09 0.84 ± 0.10

Proline (Pro) 13.1 ± 2.00 11.6 ± 1.70 12.2 ± 1.80

Isoleucine (Ile) 1.59 ± 0.13 1.79 ± 0.14 1.70 ± 0.13

Phenylalanine (Phe) 2.16 ± 0.29 2.52 ± 0.34 2.45 ± 0.33

Leucine (Leu) 3.44 ± 0.32 4.27 ± 0.39 4.12 ± 0.38

Lysine (Lys) 3.55 ± 0.34 4.20 ± 0.40 3.95 ± 0.38

Cystine (Cys) < 0.035 0.091 ± 0.019 0.082 ± 0.017

Tryptophan (Trp) was destroyed upon sample preparation
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It is seen from Table 4 that despite a low content of 
essential amino acids in the hydrolysates, they are quite 
balanced relative to ideal protein, which is indicated 
by the values of the biological value (BV) in a range of 
67.47% to 73.88%. With that, the best calculated amino 
acid balance was noticed in hydrolysates obtained with 
thermolysis (73.88%). On the other hand, the best val-
ue in terms of the utility (U) indicator was in the hy-
drolysates obtained by the combined method using EP 
Аlcalase with preliminary enzymolysis with the follow-
ing thermal hydrolysis.

The obtained data demonstrate the prospects of us-
ing obtained protein hydrolysates of meat and bone raw 
materials as food additives both in the composition of 
multicomponent food products and as biologically active 
additives. In the latter case, the nutritional effect will be 
conditioned by the presence of the amino acids glycine, 
proline, alanine, aspartic acid and glutamic acid having 
the physiological action, including the osteotropic effect 
[1, 25].

The physiological functionality of the obtained protein 
hydrolysates was assessed by detection of the molecular 
weight and fractional composition of the contained low 
molecular weight peptides with the molecular weight of 
less than 100 kDa [10]. In these investigations, a special at-
tention was paid at the quantitative and qualitative identi-
fication of the low molecular weight peptide fractions with 
the molecular weight less than 10 kDa that are assigned to 
active functional peptides with proved functional effects 
[11,12].

The solubility index of protein hydrolysates indicating 
their transition into the dissociated state and, thus, assimi-
lability in the body was studied in the preparation opera-
tions. The summarized results of the fractional molecular 

composition of the freeze-dried hydrolysates by peptide 
groups with a molecular weight of up to 100 kDa are pre-
sented in Table 5, Figure 5 and Figure 6.

Table 5. Characteristics of solubility of freeze-dried protein 
hydrolysates and their differentiation by the fractional molecular 
composition of low molecular weight peptides
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1 90.4 94.18 4.99 0.83 0

2 95.4 93.78 5.27 0.95 0

3 99.7 47.38 36.95 9.19 6.48

4 100.0 43.61 38.02 10.60 7.77

It can be seen from Table 5 that solubility of the ob-
tained protein products is high (more than 90%) and is 
determined by a degree of raw material grinding. In case 
of using tubular bones, when fine grinding was difficult, 
solubility of obtained protein hydrolysates was lower 
(90.4–95.4%). When grinding less strong costal bones, 
protein hydrolysates with increased solubility (99.7–100%) 
were obtained. It is necessary to note that the quantity of 
low molecular weight peptides with a molecular weight of 
less than 10 kDa in the soluble part of the hydrolysates was 
significantly higher than in the similar samples from costal 
bones (93.78–94.18%).

Table 4. Comparative assessment of biological value indicators in protein hydrolysates from beef ribs obtained by different methods

Essential
amino acids (AA)

AA content 
in protein FAO 
WHO, g / 100 g

Hydrolysates from beef ribs obtained by different methods

Thermolysis:
140 °С, 1 hour

(4/73)

Enzymolysis: EP Аlcalase 0.5% 
(2 hours) + EP Protosubtilin 
0.5% (2 hours) + thermolysis

140 °C, 1 hour

Enzymolysis: EP Аlcalase 1% 
(2 hours) + thermolysis 135 °С, 

1 hour

AA content,
g / 100 g protein AA score, % AA content,

g / 100 g protein AA score, % AA content,
g / 100 g protein AA score, %

Ile + Leu 9.10 4.99 54.83 6.06 66.59 5.82 63.96
Lys 4.80 3.55 73.96 4.20 87.5 3.95 82.29
Val 4.00 2.66 66.50 3.30 82.5 3.05 76.25
Met + Cys 2.30 0.73 31.96 0.84 36.52 0.92 40.00
Thr 2.50 1.88 75.20 2.19 87.6 2.05 82.00
Phe + Tyr 4.10 2.96 72.19 3.53 86.10 3.42 83.41
Trp 0.60 — — — — — —
Total: 27.40 16.77 20.12 19.21
Coefficient of amino-acid score 
difference (CAASD), % 26.12 32.52 26.84

Biological value (BV), % 73.88 67.47 73.16
Coefficient of utility, U, unit fractions 0.51 0.49 0.56
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Figure 5. Fractional distribution of peptides by molecular weight in the freeze-dried protein hydrolysate produced by enzymolysis of beef ribs 
(Аlcalase 1% (2 hours) + Protosubtilin 1% (2 hours)
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Analysis of the obtained data on molecular fractional 
distribution of peptides in the water soluble parts of freeze-
dried hydrolysates of meat and bone beef raw materials 
(Table 5, Figure 5 and Figure 6) allows making a conclusion 
that these protein products can be considered concentrates 
of low molecular weight active peptides. It is known that 
these peptides are highly functional in the body, and by 
a degree of assimilability, they can be assigned to protein 
nutraceuticals that exert positive physiological effects. It is 
important that the number of peptides with the molecular 
weight of less than 100 kDa was close to 100% in all sam-
ples. With that, the content of the especially important low 
molecular weight fraction with the molecular weight of less 
than 10 kDa (active peptides) was 43.61 to 94.18% depend-
ing on a hydrolysis method. Maximum quantity of active 
peptides was in protein products obtained by the enzymol-
ysis method without thermal treatment (Figure 5). This hy-
drolysate is basically a mixture of pure amino acids, di- and 
tripetides that have the immunomodulating, antioxidant, 
anabolic and other physiological effects [1,2,24,27]. These 
peptide nutraceuticals can be recommended for using in 
the composition of food BAAs that increase the immune 
status of the body.

To substantiate recommendations on the use of freeze-
dried protein nutraceuticals in the food systems, their 
functional technological properties were assessed by in-
dicators that demonstrate their structure-forming abilities 
in the multicomponent systems. The emulsifying capacity 
(EC), water holding capacity (WHC), water binding capac-
ity (WBC) and fat binding capacity (FBC) were measured 
in the test samples. The obtained results are presented in 
Table 6 and Table 7.

Results of the analysis of the data in Table 6 and Table 7 
show that freeze-dried protein hydrolysates produced by 
thermolysis of tubular bones during one hour at tempera-
tures of 140–160 оС, have the high emulsifying capacity 
(200–220% of the mass of the used oil). With that, the de-

veloped emulsion was very stable, was not separated upon 
centrifugation at 2700 rpm, and retained its stability (was 
not separated into layers) up to 4 days of holding at a tem-
perature of about 20 оС.

Protein hydrolysates produced by the combined method 
(enzymolysis with different enzyme preparations + ther-
mal hydrolysis) as well as enzymolysis with pancreatin did 
not have the high emulsion stability upon the high emulsi-
fying capacity (190–230%). Emulsions obtained with their 
use were separated into the oil and water fractions in all 
cases upon centrifugation at 2700 rpm and settling.

It is obvious that enzymatic treatment by a complex of 
enzymes alcalase and protosubtilin in different combina-
tions allows obtaining protein hydrolysates from both 
types of raw materials. These protein hydrolysates have the 
high quantity of low molecular weight peptides and free 
amino acids, and possess the emulsifying capacity due to 
an increased number of opened functional groups. With 
that, however, their decreased molecular weight does not 
allow formation of a stable structure in the emulsion and 
it is quickly separated into the fatty and aqueous fractions.

Table 7. Water holding capacity (WHC), water binding capacity 
(WBC) and fat holding capacity (FHC) of freeze-dried protein 
hydrolysates from beef tibia and fibula obtained at different 
regimes of thermolysis

Raw materials Regime 
of hydrolysis
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Beef tubular bones
(tibia and fibula)

Thermolysis 1 hour,
140 °С 66.6 0.89 82.3

Beef tubular bones
(tibia and fibula)

Thermolysis 1 hour,
150 °С 43.3 0.97 118

Beef tubular bones
(tibia and fibula)

Thermolysis 1 hour,
160 °С 33.3 0.98 197

Table 6. Results of assessing the emulsifying capacity (EC) of freeze-dried protein hydrolysates produced from different collagen-
containing beef raw materials at different processing regimes

Raw materials Regime of hydrolysis Volume of 
emulsion, ml EC, % Stability of emulsion, %

Beef tibia and fibula Thermolysis: 140 °С, 1 hour 110 220 100
Beef tibia and fibula Thermolysis: 150 °С, 1 hour 100 200 100
Beef tibia and fibula Thermolysis: 160 °С, 1 hour 110 220 100

Beef tibia and fibula
enzymolysis, EP Аlcalase 1% (2 hours) + EP 
Protosubtilin 1% (2 hours) + thermolysis:

140 °С, 1 hour
115 230 Emulsion was separated upon 

centrifugation and settling

Beef ribs
Enzymolysis, EP Аlcalase 0.5% (2 hours) + EP 

Protosubtilin 0.5% (2 hours) + thermolysis 140 °C 
(1 hour)

106 212
Emulsion was stable upon 
settling, but was separated 

upon centrifugation

Beef ribs
Enzymolysis, EP Аlcalase 0.1% (2 hours) + 

thermolysis 130 °С (1 hour) + enzymolysis EP 
Аlcalase 1% (2 hours) + thermolysis 130 °С (1 hour)

115 230 Emulsion was separated upon 
centrifugation and settling

Beef ribs Enzymolysis, EP pancreatin: 0.5%; 0.75%; 1% 
(2 hours)

95
in all three 

samples

190
in all three 

samples

Emulsion was separated upon 
centrifugation and settling in 

all three samples
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Analysis of these hydrolysates regarding functional-
technological properties (Table 6)  shows that high tem-
perature thermolysis enables obtaining protein products 
with quite high structure-forming capacities. For example, 
WHC of hydrolysates at a level of 33.3% —  66.6% points 
to a potential possibility to retain 33% —  66% of water by 
these hydrolysates, while WBC of these samples was close 
to one (0.89–0.98) indicating high strength capacities of 
bound water retention. However, the hydrolysates showed 
the highest indicators of technological functionality in fat 
sorption. It is known that FHC at a level of 100g/g is typical 
for pure protein preparations [3], while protein products 
obtained by thermal hydrolysis at 150–160 оС are superior 
to them by fat holding capacity (118–197 g fat/g).

Analysis of functional-technological properties of pro-
tein hydrolysates (Table 7) also shows that with an increase 
in a thermolysis temperature from 140 to 160 оС, a decrease 
in the water holding capacity (WHC) and an increase in wa-
ter binding (WBC) and fat holding (FHC) capacities were 
observed. This dependence can be explained by intensifica-
tion of protein molecule destruction reflected in the values 
of molecular weights of obtained peptides. The higher the 
hydrolysis temperature, the lower the molecular weight of 
generated peptides and the higher the weight fraction of 
low molecular weight peptides in the protein mixture (Ta-
ble 4, Figure 5). With that, the WHC values in hydrolysates 
dropped from 66.6% (thermolysis at 140 оС) to 33.3% (ther-
molysis at 160 оС), and WCC and FHC in the same samples 
grew from 0.89 to 0.98 g water/g and from 82.3 to 197 g 
fat/g hydrolysate. It is necessary to note the positive effect 
of the thermolysis temperature growth on an increase in the 
fat holding capacity (FHC) of the hydrolysates, which rose 
more than twofold in the protein products obtained at 160 

оС compared to hydrolysates generated in thermolysis at 140 

оС. This property can be applied when using freeze-dried 
hydrolysates in food systems with the increased fat content.

The obtained results indicate prospects and rationality 
of using dry protein nutraceuticals in different food sys-
tems. They correspond to the requirements for food addi-
tives in terms of sensory properties, chemical composition 
and safety. All protein nutraceuticals have a natural color 
from beige to light-brown, weak meat odor and meat fla-
vor with mild gelatin tint, do not bring off-flavor or un-
pleasant flavor to other products. When consumed orally, 
protein compositions with prevalence of peptides with the 
molecular weight of less than 10 kDa have insignificant bit-
ter off-flavor, which is necessary to take into account in 
developing corresponding food systems. In this case, it is 
recommended to introduce them in the encapsulated form 
as food BAAs or consume them with food ingredients hav-
ing compensatory favor characteristics.

The normative documentation “Food technological ad-
ditive. Collagen hydrolysate” was developed for produced 
protein nutraceuticals. In the special experiments, several 
recipes were developed using these additives. In particu-

lar, consumers gave high scores to specialized restructured 
meat products (souse, wiener-type sausages) with the os-
teotropic direction. Protein additives obtained from beef 
bones by combined hydrolysis were additionally intro-
duced into the recipes of these products in an amount of 
2–3% of food weight. Enriched products had high sensory 
properties and were recommended to the elderly as gero-
dietetic nutrition intended for strengthening the locomo-
tor apparatus.

Based on the obtained results, recommendations on 
the use of the obtained protein nutraceuticas in food pro-
duction were developed. It is recommended to use protein 
additives from collagen-containing beef raw materials as a 
source of functional amino acids with the osteotropic di-
rection in the composition of specialized and personalized 
enriched food products designed for specific population 
groups (for example, patients suffering from collagenosis). 
These products will be beneficial for broad layers of the 
population for prophylaxis and strengthening of the loco-
motor apparatus. In the latter case, they can be especially 
in demand among the elderly, sportspersons, workers with 
increased physical loads and others. The use of low mo-
lecular weight protein nutraceuticals is promising in the 
composition of several protein multicomponent BAAs as a 
source of active peptides intended for compensation of de-
ficiency in the amino acids —  neurotransmitters (glycine, 
alanine) and others increasing physiological and immune 
functions of the body [1,2,13,17,18,24,27].

Conclusion
As a result of the experimental study, the rational ways 

of obtaining low molecular weight protein components 
(peptides, oligopeptides and amino acids) from highly 
mineralized collagen-containing beef raw materials (beef 
tibia, fibula and costal bones) by enzymatic, thermal and 
enzymatic-thermal methods. These protein components 
are recommended for using as food and biologically active 
additives —  protein nutraceuticals.

The rational technological scheme and optimal regimes 
of deep hydrolysis of beef raw materials were established 
for producing low molecular weight protein nutraceuti-
cals. The molecular fractional composition, amino acid 
composition and indicators of amino acid balance were 
determined; emulsifying, water holding, water binding 
and fat binding capacities were established in the protein 
compositions. The obtained results indicate the high bio-
logical value, functionality and processability of protein 
nutraceuticals from meat and bone beef raw materials.

The recommendations on the use of protein nutraceu-
ticals from beef raw materials in the composition of food 
BAAs were substantiated for increasing physiological and 
immune status of the body and as a source of multifunc-
tional amino acids. Protein nutraceuticals are promising 
enriching agents in specialized and personalized food 
products with the osteotropic direction.
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