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OPTIMIZATION OF PROTEIN HYDROLYSIS
CONDITIONS TO INCREASE THE NUTRITIONAL AND
FUNCTIONAL VALUE OF SAUSAGES

Abstract. The study included control samples without the enzyme and experimental
samples with the addition of 6 ml of the enzyme, hydrolyzed at temperatures of 30°C, 40°C
and 50°C for 1, 2, 3 and 4 hours. The results showed that the introduction of the enzyme
significantly increases the content of amine nitrogen, especially at a temperature of 40°C
and a duration of 3 hours, which was determined as optimal conditions. Under these
conditions, the maximum amine nitrogen content of 2.10 mg/g was achieved. The
prototypes obtained under optimal conditions demonstrated excellent organoleptic and
functional properties. The hydrolysate has good fluidity and uniform texture, which is
important for its further use in food products. The introduction of hydrolysate into sausages
can lead to a number of improvements, such as an increase in nutritional value by enriching
the product with easily digestible amino acids and peptides, an improvement in texture due
to moisture binding and an increase in viscosity, as well as an improvement in taste
qualities without changing the traditional taste and appearance of the product.

Keywords: protein, wool by-products, processing, secondary meat products,
enzymatic hydrolysis.
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Introduction. The study of amine nitrogen during the hydrolysis of the legs
of cattle (cattle) to obtain protein hydrolysate is relevant for several reasons.
Firstly, protein hydrolysates are widely used in the food industry, medicine and
sports nutrition due to their high nutritional value and easy digestibility [1].
Secondly, the use of cattle legs, which are a byproduct of the meat industry,
contributes to the rational use of resources and waste reduction [2]. An important
aspect is that protein hydrolysis makes it possible to obtain peptides and amino
acids, which can have various functional properties, including antioxidant and
antimicrobial activity [3]. In addition, hydrolysis methods can affect the degree of
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hydrolysis and the composition of amine nitrogen, which directly affects the
quality of the final product [4].

To date, the study of optimal hydrolysis conditions, including the choice of
enzymes and reaction conditions, is key to improving the efficiency of protein
hydrolysate production [5]. It is also important to note that amine nitrogen is one of
the important indicators reflecting the degree of hydrolysis and bioavailability of
proteins [6]. In the context of growing demand for high-quality protein products,
the development of effective methods for obtaining protein hydrolysates from
cattle legs is of great importance. Moreover, such research can contribute to the
creation of new products with improved functional properties, which meets current
trends in healthy nutrition and sustainable development.

Materials and methods. The following were used as the starting material
for the study: beef legs with a putty joint (purchased at the specialized butcher shop
"Green Market" in Almaty), the enzyme BLT 7 (produced by the National Center
of Biotechnology, Astana, Republic of Kazakhstan) and commercial Protease from
Bacillus licheniformis (P4860, Sigma, Denmark). The PH value was determined
using acid-base indicators according to GOST 51478-99. The mass fraction of
proteins was determined according to GOST 25011-2017. The organoleptic
assessment according to GOST 6658-2016 is based on determining the compliance
of organoleptic indicators of product quality with the requirements of regulatory
and technical documentation.

Research results. Enzymatic hydrolysis was carried out for 1,2,3,4 hours at
a temperature of 30°C, 40°C, 50°C. To begin with, we weigh a 500 ml flask on the
AMPUT brand electronic scales, then fill it with a sample of the product (crushed
tissues of cooked beef legs) in the amount of 33 grams, evenly distributing the
sample over the flask. Next, distilled water with a volume of 65 ml is poured, 1% is
added with BLT 7 enzyme (in 2 flasks), PS. The fermentation time was determined
according to objective indicators. It is mixed with a glass stick. Thus, we get 6
flasks with experimental samples. 2 experimental samples treated with 1% BLT 7
enzyme are placed in a TS-1/80 SPU thermostat preheated to 45°C. 4 experimental
samples treated with 1% BLT 7 enzyme, and PS enzyme are placed in a Climo-
Shaker ISF1-X brand shaker preheated to 45°C with 150 rpm (rpm). After the
expiration of the time of 1, 2, 3, 4 hours of enzymatic hydrolysis, samples are taken
into test tubes and centrifugation is carried out to separate particles from the
solution at a temperature of 40°C for 30 minutes at a rate of 10.8 rcf using a
Centrifuge 5415 R brand device. The determination of the dry matter content in the
product under study is carried out by drying at a temperature of 90°C to a constant
mass for 30 minutes using a VIBRA brand device (Fig. 1).

Control Samples Without Enzyme Experimental Samples With Enzyme
1.0 C

C 5°C, Lhour
+— 95°C 95°C, 1hou

Ammenia Nitrogen, mg/g

300 325 350 375 400 425 450 47.5 50.0 300 325 350 37.5 400 425 450 47.5 50.0
Hydrolysis Temperature, °C Hydrolysis Temperature, °C

Fig. 1. Investigation of amine nitrogen in the obtained hydrolysates
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To assess the depth of hydrolysis, the method of formal Serensen titration
was used, which allows us to determine the content of amine nitrogen in samples.
The experiment was carried out at different temperatures and duration of
hydrolysis, both with and without the addition of the enzyme. For control samples
hydrolyzed at a temperature of 65°C, a decrease in the content of amine nitrogen is
observed with an increase in the hydrolysis temperature. At 95°C, the amine
nitrogen content remains stable at temperatures of 40°C and 50°C. The addition of
the enzyme significantly increases the content of amine nitrogen. At 65°C, the
maximum content of amine nitrogen (2.10 mg/g) is achieved at 3 hours of
hydrolysis and temperatures of 40°C and 50°C. At 95°C, the maximum content Of
amine nitrogen (1.82 mg/qg) is achieved at 3 hours of hydrolysis and a temperature
of 50°C. With longer periods of hydrolysis (3 hours), the maximum content of
amine nitrogen is achieved.

Organoleptic studies have shown positive consumer properties of the
resulting protein hydrolysate. Volumetric hygroscopic powder of homogeneous
mass, pleasant light color, with a slight noticeable smell of raw materials. Based on
the conducted research, a technological scheme for the production of protein
hydrolysate from wool by-products is proposed (Fig. 2).

| wool by-products |

v

| Cleaning, washing |

| grinding m=80-100g |

| degreasing t=60-65°C, 45-50 min |

| Cooling to t=45°C |
v

| Enzyme hydrolysis t=40°C, t=3 h | —> | 1% BLT 7

Inactivation of the enzyme complex
t=95+2°C, 1 = 30 min

| Obtaining protein hydrolyzate |

Drying
Entrance t=135-140°C
Output t=85-90°C

Fig. 2. Technology for the production of protein hydrolysate from wool by-
products

During the hydrolysis of meat and bone raw materials, one of the main
criteria is fat content, with a fat content of 15-20%, the process of obtaining protein
hydrolysates becomes more complicated. One of the most common ways to
degrease bones is heat treatment. Heating the raw materials denatures the proteins,
making it easier to extract fat from the bones. During experimental studies, the
shins of horses, cows, and sheep are stored at a temperature of 0-6°C and, no later
than 8 hours after cleaning from bones, they are handed over for degreasing. If
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necessary, these secondary products can be stored at a temperature of -18°C for no
more than two months. Taking into account the peculiarities of the preparation of
raw materials, the technological process was processed and a technological scheme
for obtaining protein hydrolysate was proposed.

Samples of cow, horse and sheep paws were selected for experimental
studies. As the optimal criteria for choosing an enzyme preparation for the purpose
of shin hydrolysis, the pH value was determined to reflect the activity (pH 7-9)
corresponding to the range of raw solutions containing collagen. According to the
instructions for use of the enzyme preparation Bacillus licheniformis, the home
proteolytic enzyme BLT 7 (Bacillus licheniformis) and the commercial protease
Bacillus licheniformis have an optimal pH value of 7.5. the temperature optimum
for both enzyme preparations is 45°C.To study the effect of enzyme preparations
on connective tissue raw materials, beef, horse and sheep shins processed using
traditional processing technology of meat and bone by-products used in meat
processing enterprises were used. The shins are cut with a band saw into discs 15-
20 mm wide and weighing 80-100 g. Since the reaction of enzymatic hydrolysis of
proteins in an aqueous medium occurs on the basis of literature data, in this
dissertation work it was decided to degrease meat bone raw materials in a wet way.
200 ml of distilled water was added to 100 g of shin and the suspension was heated
at a temperature of 60-65°C for 40-45 minutes. Waste oil was isolated. The fat-free
bones were separated, and the meat part was sent to a fermentation container.

These results show the same effect as the commercial PS enzyme and the
BLT 7 enzyme extract. Examination of control and experimental samples
(determination of pH). Studies have shown that a processed enzyme extract of 1%
BLT7 and commercial PS were achieved for protein hydrolysis after 3 hours in all
samples. When the hydrolysis time was increased by more than 3 hours, the
samples had a foreign odor. Thus, as a result of a series of experiments, 1% BLT 7
was selected as an enzyme extract for the production of protein hydrolysate. After
completion of the hydrolysis process, the substrate is heated to a temperature of 95
+ 2°C for 30 minutes to inactivate the enzymes and thermocoagulate the residual
protein. The resulting protein hydrolysate is filtered and sent to dry. The drying of
the hydrolysate was carried out on a spray dryer Spray Dryer NSP-1500. Mode:
drying temperature is 135-140°C at the inlet and 85-90°C at the outlet. The results
of the organoleptic evaluation of protein hydrolysate are presented in Table 1.

Table 1
Results of organoleptic evaluation of protein hydrolysate

Name of indicators Description

Appearance Dry product with hygroscopic uniform powder-like
consistency

Colour Light blond color

Smell The smell of the resulting raw materials is characteristic,
not pronounced

Thus, the effectiveness of using 1% BLT 7 as an enzyme extract preparation
is justified, which ensures the hydrolysis of beef leg proteins. The technological
scheme for obtaining protein hydrolysate from wool by-products has been
improved and proposed.

Discussion of scientific results. The resulting hydrolysate has good
flowability and uniform texture, which is important for its further use in food
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products. Hygroscopicity indicates the ability of the product to absorb moisture
from the environment, which may require additional packaging to prevent
clumping. The light color of the hydrolysate indicates minimal changes in proteins
and the absence of significant thermal effects that could lead to darkening of the
product. This is a positive indicator, since the light color facilitates the use of
hydrolysate in various food products without changing their appearance. The
unobtrusive smell is a positive quality, as it allows the use of hydrolysate in a wide
range of food products without the risk of changing their flavor. This is especially
important for products where preserving the original taste and smell is critical.

Protein hydrolysate obtained under optimal conditions (40°C, 3 hours, 2.10
mg/g of amine nitrogen) has high functional and organoleptic properties, which
makes it an excellent additive to sausage products. The introduction of hydrolysate
into the sausage formulation can lead to the following improvements, such as:
increased nutritional value: hydrolysate enriches the product with easily digestible
amino acids and peptides, improving its biological value; texture improvement:
hydrolysate can help improve the texture of sausages by binding moisture and
increasing viscosity; improved taste qualities: the unobtrusive smell and light color
of the hydrolysate allow it to be used in sausages without changing their traditional
taste and appearance.

Conclusion. The study showed that the introduction of the enzyme
significantly increases the efficiency of protein hydrolysis. The optimal conditions
for the hydrolysis of protein hydrolysate from the legs with a putty joint of cattle
were determined as a temperature of 40°C and a duration of 3 hours, at which the
maximum amine nitrogen content of 2.10 mg/g is achieved. This hydrolysate can
be effectively used in sausage products to improve its nutritional and functional
properties.
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A.M. ¥3akos!, M.O. Koxaxuesa', M.9. Kangapbekosa?, K.K. MakaHnranun?

LAamamel mexHonozuaneik yHusepcumemi, Aamamel K., KazakcmaH
2C. CeligpynnuHa amoiHOarbl Ka3axk azpomexHUKasbIK 3epmmey yHusepcumemi,
AcmaHa K., KazakcmaH

LUYKbIKTAPAbIH, TAFAM/bIK, }KOHE GYHKLUMOHANAbIK KYHABIbIFbIH APTTbIPY
YLUIH AKYbI3 TMAPONU3IHIH, LUAPTTAPbIH OHTAMNIAH/bIPY

AHpartna. 3eptreyre 1, 2, 3 xoHe 4 cafar iwiHae 30°C, 40°C xaHe 50°C
TemnepaTypasa rmaponunsaeHeTiH 6 ma depmeHT KocbinFaH depmeHTcis b6akbliay yarinepi
MeH npoTtoTunTep Kipai. Hatuxkenep ¢epmeHTTi €eHrisy amuH a30TblHbIH, KypaMblH
anTap/IbIKTal apTTblpaTbiHbIH KepceTTi, acipece 40°C TemnepaTypaga *KaHe y3aKTbifbl 3
cafaT — OHTaMNbl Kafdalnap peTiHAe aHblKTanabl. byn kafaali4a amuH a30TbiHbIH,
MaKkcumanabl Menwepi 2,10 mr/r Kypaiabl. OHTalAbl »Kafdainapaa anblHFaH
NPOTOTUNTEP KEPEMET OPraHONENTUKANBIK KaHe PYHKLUMOHaANAbIK KacueTTepai KepceTTi.
TMaponnsaT »KaKCbl CYMbIKTbIKKA oHe OipKenki KypblibiMfa ue, 6yn OHbl Tamak,
eHimaepiHae ofaH api manganaHy ywiH maHbi3abl. LyXbIKTapFa rMapoAn3aTTbl eHrisy
OHIMAj OHaM CIHETIH aMUWHKbIWKbIIAAPbI MEH NENTUATEPMEH BalbITy apKbl/ibl TaFamAblK,
KYHAODbI/IbIFbIH apTTbIpy, blAfanabl 6aiinaHbICTbIPy KaHE TYTKbIPAbIKTbI apTTbipy apKblibl
KYPbIJIbIMAbI KAKCAPTY *KOHE OHIMHIH, A9CTYpAi A3Mi MEH CbIpTKbl TypiH e3repTnecTteH
O3MAI KaKCcapTy CUAKTbI BipKaTap KakcapTynapFa aKenyi MyMKiH.

TipeK ce3pep: akybi3, XyHAi cybeHimaep, eHAey, KailTanama eT eHiMmAaepi,
dbepmeHTaTUBTI TMAPOAU3.

A.M. Y3akos!, M.O. Koxkaxuesa', M.A. Kanpapbekosa?, K.K. Makanranu?

LAamamuHckuii mexHonoz2uvyeckul yHusepcumem, 2. Aamamel, KazaxcmaH
’Kasaxckull azpomexHuyeckull uccnedosamensckull yrusepcumem um. C. Celigpynnuna,
2. AcmaHa, KazaxcmaH

ONTUMU3ALMA YCIOBUIA TMOPONU3A BEIKOB 414 NOBbILEHWUA MUTATE/IbHOWM
N ®YHKLMOHANLHOMN LLEHHOCTU KONBACHBIX U3AENUIA

AHHOTaumMA. UccnegoBaHue BKIOYANO KOHTPOJ/IbHble 06pasubl 6e3 depmeHTa U
onbiTHble 0bpasybl ¢ AobaBieHnem 6 ma depmeHTa, TMAPOAN3YEMbIE NMPU TemnepaTypax
30°C, 40°C mn 50°C B TeyeHnue 1, 2, 3 n 4 yacoB. Pe3ynbTaTbl MOKa3anu, 4Yto BBEAEHME
depmeHTa 3HauMTENbHO MOBbLIWAET COAEpPaHME aMMUHHOrO a3oTa, 0cobeHHo npwu
TemnepaTtype 40°C M nNpoao/KUTENbHOCTM 3 4aca, 4YTo Obl0 onpeaeneHo Kak
onTMMasbHble ycnoBuA. Npu 3TUX YCNOBMAX AOCTUIHYTO MAKCMMasbHOE coeprKaHue
aMMHHOrOo a3oTa 2,10 mr/r. OnbITHble 06pa3ubl, NONYYEHHbIE MPU ONTUMAJIbHBIX YCIOBUSAX,
NPOAEMOHCTPUPOBA/IM OT/IMYHbBIE OpPraHofenTUYeckne W OyHKUMOHANbHbIE CBOMCTBA.
MaponnsaTt obnagaer xopolwen TEKy4ecTblo U O4HOPOAHON TEKCTYPOM, YTO Ba*KHO ANA
ero [JajibHellero WCNo/sb30BaHMA B MULLEBLIX NPOAYKTax. BeBeaeHwe ruaponusata B
KonbacHble M34ennA MOXET NPUBECTU K pPAAdYy YAYYWEHMUI, TakUX KaK MOBblIEHUE
NUTaTeNIbHOM LLEHHOCTM 3a c4eT oboraweHna npoayKTa Jerko yCBauBaembiMU
AMMHOKUCNIOTaMU M NenTUAAMMU, yaydlleHne TeKCTypbl 6iarofnapa cBA3bIBAHUIO BAaru m
YBENMYEHUIO BA3KOCTM, a TaKKe YJ/yylleHue BKYCOBbIX KayecTB 6e3 M3meHeHus
TPaAULMOHHOIO BKYCa U BHELWHEro BMAa NpoAyKTa.

KnioueBble cnoBa: NpoTenH, WepcTHble cybnpoayKTbl, nepepaboTka, BTOPUYHbIE
MSACHbIE NPOAYKTbl, GepMeHTaTUBHbIN FMAP0n3.
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