Vestnik of Astrakhan State Technical University. Series: Fishing industry. 2025. N. 3
ISSN 2073-5529 (Print), ISSN 2309-978X (Online)
Technological processes, machines and apparatus for processing aquatic bioresources

Original article

UDK 664.95.08(06)
https://doi.org/10.24143/2073-5529-2025-3-91-98
EDN LUVRDQ

Method of obtaining preventive orientation curd product

Viktor I. Vorob’ev'™, Tatiana V. Safronovad’,
Elena V. Nizhnikova’, Olga P. Chernega®

3 *Kaliningrad State Technical University,
Kaliningrad, Russia, viktor.vorobev@klgtu.ru™

’Lomonosov Moscow State University,
Moscow, Russia

Abstract. Research on the use of components of pike-perch (Sander lucioperca) scales in the form of fibrous collagen-
containing additive (CA) and powder additive containing mainly calcium hydroxyapatite (HAp) as components of formu-
las, when obtaining curd products, has been carried out. Experimental and control samples of curd products and milk
whey separated at their reception, according to three similar formulations, differing in that to their main components
(milk and kefir) in the formulation No. 1 was added calcium chloride powder (control), in the formulation No. 2 — a solu-
tion of CA in lemon juice, in the formulation No. 3 — a solution of HAp in lemon juice. The results of the study
showed that CA used in formulation No. 2 increases the yield of curd product (220 g) compared to the control (217 g)
and the experimental sample with HAp (194 g). The curd product with the addition of CA has an increased mass frac-
tion of protein, fat, and more optimal ratio of calcium and phosphorus for their assimilation by humans, and separated
whey has a reduced mass fraction of protein (1.73%) compared to the control (2.69%) and experimental sample with
HAp (4.32%). The curd product with the addition of CA also has a more elastic, elastic and dense consistency without
perceptible particles of milk protein compared to the control and experimental sample with HAp, sour-milk saturated
taste and smell, without extraneous flavours and odours, white colour with a creamy tinge. On the basis of empirical
data obtained with the use of CA, a method of obtaining curd product of preventive orientation was developed.
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AnHoTanms. [IpoBeneHsl HcciIeqOBaHHUA 110 HCIOJIB30BAHUIO COCTABIAIOUIMX 4Yellyn cypaka (Sander lucioperca)
B BHJIC BOJIOKHHUCTOH KoJtareHcoaepkamer nooasku (KJ) n mopomkoBoii 106aBky, ConepKaIiei MpenMyIeCTBCHHO
ruapokcuanatut kaibiys (I'AIT), B kauecTBe KOMIIOHEHTOB PELENTYP IPH MOJIyIeHHH TBOPOXKHON MPOIyKuu. beimm
MIPUTOTOBIICHEI ONBITHBIE M KOHTPOJIBHBIE 00pa3lbl TBOPOXKHBIX MPOIYKTOB M OTIEIEHHBIX IIPU HX IOIYYECHHU MO-
JIOYHBIX CBHIBOPOTOK, COTJIACHO TPEM aHAJIOTMYHBIM PEHeNnTypaM, OTJIHYAIOMNUMCS TeM, YTO K OCHOBHBIM HX KOMIIO-
HeHTaM (MOJIOKO U Kedup) B peuentype Ne 1 O6bu1 100aBiieH MOPOLIOK KaNbIHs XJIOpUAA (KOHTPOIb), B PEeLENType
Ne 2 — pactBop K/l B numonHOM coke, B perentype Ne 3 — pactBop 'All B tumoHHOM coke. Pe3ynbrarel nuccnenona-

© Vorob’ev V. L, Safronova T. V., Nizhnikova E. V., Chernega O. P., 2025

91



Bopoo6ses B. 1., Cadponosa T. B., Huxuukosa E. B., Uepnera O. I1. Ctoco0 nosy4eHus: TBOPOKHOTO MPOIYKTa MPO(UIAKTUIECKOW HAPaBICHHOCTH

Becmuuk Acmpaxanckozo zocyoapcmeennozo mexnuueckozo ynugepcumema. Cepusa: Peionoe xozaiicmeo. 2025. Ne 3

ISSN 2073-5529 (Print), ISSN 2309-978X (Online)

Texnonoeuueckue npoyeccol, MAuWUHbl U aAnNapamvl 015 nepepadbomKu B0OHbIX OUOPecypcos

HUs nokaszany, yto KJI, ucrnons3yemas B peuentype Ne 2, ciocoOCTBYET YBEIHUEHHIO BBIXOa TBOPOKHOTO MPOIYKTa
(220 r) o cpaBHeHHIO ¢ KOHTpOseM (217 1) u onbiTHEIM 06pa3noM ¢ ['AIl (194 r). TBopoXXHBII TPOIYKT ¢ KoOaBie-
HueM KJI MMeeT MOBBILIEHHYI0 MAacCOBYIO JOJIIO Oelika, )upa 1 0ojiee ONTHMalIbHOE COOTHOLIGHNE KalbLus U (oc-
¢dopa Il X yCBOCHUS YEIOBEKOM, a OTJICJICHHAsh MOJIOYHAs CHIBOPOTKA — IMOHMKEHHYIO MAacCOBYIO JOJIO Oenka
(1,73 %) o cpaBHeHHUIO ¢ KOoHTpoJIeM (2,69 %) u ombsiTHEIM 00pasiom ¢ ['AIl (4,32 %). TBOpOKHBIH TPOIYKT € J0-
6asnennem KJI taxoke mmeer Gojee 3JIaCTHYHYIO, YIPYTYIO M INIOTHYIO KOHCHCTEHIIMIO, 0€3 OIIyTHMBIX YacTHI[ MO-
J0YHOTO OeJika, 10 CPaBHEHHWIO ¢ KOHTPOJEM M ONBITHBIM oOpasnoMm ¢ I'AIl, KuCIIOMOJIOYHBIH HACHIIIEHHEIH BKYC
U 3amax, 6e3 MOCTOPOHHUX MPHUBKYCOB H 3aMaxoB, O€JIbIi IBET ¢ KPEMOBBIM OTTEHKOM. Ha 0CHOBaHMH SMITHPHYECKUX
JaHHBIX, HONyYeHHbIX ¢ npuMeHenneM KJI, Obu1 pa3paboTaH croco6 moydeHus] TBOPOKHOTO MPOAYKTa mpoduiiak-
TUYECKON HANpaBJIEHHOCTH.

KiroueBbie ci10Ba: yelys cyaka, KoJUlareHcoepikaias 100aBKa, THIAPOKCHANATUT KaJbLKs, TBOPOXKHBIN MPOIYKT,
MOJIOYHAs CBIBOPOTKA

Jas mutupoBanusi: Bopoobves B. U., Cagponosa T. B., Husxcnuxosa E. B., Yepneea O. I1. Crioco0b moirydeHus TBO-
POXKHOTO HPOAYKTa NPO(MIAKTHYECKOH HANpaBIeHHOCTH // BecTHHK ACTpaxaHCKOTO roCyAapCTBEHHOTO TEXHHYE-
ckoro yHuBepcutera. Cepusi: PridHOe x03siicTBO. 2025. Ne 3. C. 91-98. https://doi.org/10.24143/2073-5529-2025-3-

91-98. EDN LUVRDQ.

Introduction

The population of most countries consumes insuffi-
cient amounts of calcium (daily physiological require-
ment for children (400-1 200 mg), adults (1 000 mg)
and the elderly (1 200 mg) with food products, which is
one of the main reasons (along with collagen deficiency,
with a recommended intake of 5-10 g/day) for the risk
of widespread osteoporosis and osteoarthritis [1, 2].

Milk and its products, whose consumption per cap-
ita in the world tends to decrease, as well as hydrobi-
onts are the main sources of calcium intake [2, 3].

To prevent calcium deficiency in the human diet, it
is necessary to enrich food products (including dairy
products) with calcium salts.

The problem of introduction of calcium ions into
dairy products is associated with poor solubility of
traditionally used inorganic salts (CaCl,, CaCOs;) and
their interaction with proteins during thermal pro-
cessing, leading to coagulation and reduction of nutri-
tional value of finished products, so research is being
conducted to find the most acceptable forms of calci-
um for use [3, 4].

Calcium hydroxyapatite nanoparticles (HAp) with an
optimal mass ratio of phosphorus and calcium 1.0 : 1.67
are the main mineral component of teeth, bones, and are
also found in the blood of mammals, which indicates its
significant biological value [5].

It is known that HAp is the equivalent of natural
nanoparticles of colloidal calcium phosphate contained
in milk localised mainly inside casein micelles and
linking individual casein molecules into a globule,
which indicates their structuring function [6, 7].

During the production of dairy products (curd,
cheese, etc.) hydroxyapatite nanoparticles do not dis-
sociate in solution (unlike CaCl,), but are centres of
aggregation of paracasein molecules, which provides a
change in the structure of the milk clot, accompanied
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by a change in its physicochemical properties, in addi-
tion, they contribute to the binding of whey proteins
and accelerate the process of syneresis of the gel [7].

As a cheap natural source of HAp and collagen in
dairy products can be used components of fish scales;
collagen-containing additive in the form of fibre and ad-
ditive containing gyroxyapatite in the form of powder [8].

It is of interest to use HAp and collagen additives
from little-used scales formed in significant quantities
during the processing of fish raw materials to obtain
curd products of functional orientation.

Purpose of the study: evaluation of the possibility
of using components of fish scales in the form of addi-
tives, in obtaining curd products used for preventive
purposes.

Materials and methods

The objects of research were curd products, as
well as milk whey formed during their production, ac-
cording to three different recipes. As components of the
recipes were used: milk “Nezhinskoye” according
to ISS 31450-2013 “Drinking milk. Technical condi-
tions” fat content of 2.5%; kefir “Nezhinsky” according
to ISS 31454-2012 “Kefir. Technical conditions” with
fat content of 2.5%; collagen-containing additive (CA)
obtained from pikeperch scales (Sander lucioperca);
calcium-containing additive mainly in the form of HAp,
obtained from pikeperch scales; calcium chloride (sub-
stance) for the production of medicines JSC “Karpov
Chemical Plant” (Mendeleevsk); lemon juice.

The components of CA and HAp formulations were
obtained in laboratory conditions of the Chemistry De-
partment by researchers of Kaliningrad State Technical
University (Kaliningrad) from fish scales, according to
the previously developed technology [8, 9]. The ap-
pearance of CA and HAp from pike-perch scales is
presented in Fig. 1.
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Fig. 1. Appearance of CA (a) and HAp () additives obtained from pikeperch scales

The total chemical composition of CA and HAp
(including calcium and phosphorus) from pikeperch

scales, is presented in Table 1.

Table 1
Total chemical composition of the components of the formulations
of cottage cheese products CA and HAp from pikeperch scales (including calcium and phosphorus)
Components Mass fraction of substance, %
of recipes water protein fat ash Ca P
CA 9.20+0.7 67.40 +0.28 3.75+£0.56 22.40+0.01 6.56 +1.11 3.77 £ 0.63
HAp 6.90 +0.7 25.78 £0.28 2.42 +0.49 63.58 +£0.01 17.41 £2.96 3.71 £0.62

Table 1 shows that CA has a mass fraction of pro-
tein 67.4% and ash 22.40%, while HAp contains
25.78% protein and ash 63.68%.

Production of experimental and control samples of
curd products, as well as their physical and chemical
analyses were carried out in the conditions of the De-
partment of Chemistry and certified laboratory “Kali-
ningrad Testing Centre” (Kaliningrad). The total chemi-
cal composition (including phosphorus and calcium)
was determined according to the current normative doc-
umentation. Mass fraction of moisture was determined
according to ISS R 54668-2011 “Milk and dairy prod-
ucts. Methods of determining the mass fraction of mois-
ture and dry matter”, fat according to ISS 5867-90
“Milk and dairy products. Methods of determination of
fat”, protein ISS 34454-2018 “Determination of the

mass fraction of protein by the Kjeldahl method”, total
ash according to ISS R 54607.10-2017 “Determination of
the mass fraction of total ash”, carbohydrates according
to MG No. 4237-86 from 29.12.86 (calculation method),
calcium according to ISS R 55331-2012 “Titrimetric
method for determination of calcium content”, phospho-
rus according to ISS 31584-2012 (ISO 9874:2006) “Milk.
Spectrophotometric method for the determination of the
mass fraction of total phosphorus”, acidity according to
ISS R 54669-2011 “Milk and milk products. Methods of
determination of acidity”, hydrogen pH indicator ac-
cording to ISS 26188-2016 “Fruit and vegetable pro-
cessing products, canned meat and meats. Method of
determination of pH”.
Recipes of curd products are presented in Table 2.

Table 2

Recipes of curd products

Components of curd product recipes Recipes
P P P No. 1 (control) | No. 2 (experience) | No. 3 (experience)

Milk “Nezhinskoye”, fat content 2.5%, ml 1 000

Kefir “Nezhinsky”, fat content 2.5%, ml 200

Collagen-containing additive (CA), g 10 -
Calcium-containing additive (HAp), g B 10
Calcium chloride, g 4.4 - -

Lemon juice, ml — 40 40
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As can be seen from Table 2, the formulations dif-
fer from each other only by the introduction of calcium
and collagen-containing additives in dry or liquid (pre-
dissolved in lemon juice) form.

The process of obtaining curd products was carried out
as follows. To develop a control sample (recipe No. 1)
milk “Nezhinskoye” fat content of 2.5% in the amount of
1 000 ml poured into a container and heated on a gas
cooker to 36-37 °C. To the heated milk was added kefir
“Nezhinskiy” with fat content of 2.5% in the amount of
200 ml and 4.4 g of calcium chloride powder (CaCly),
then the obtained mixture was heated up to 90 °C by stir-
ring and in hot form was poured into a lavsan bag for sep-
aration of liquid part (milk whey) in the process of self-
pressing of the formed clot (curd product) and its cooling
within 2-3 hours, the pressed curd product in the amount
of 217 g was placed in the refrigerator (4 = 2 °C). The
mass of separated whey was 1 003 g.

The process of obtaining curd products according
to the recipes No. 2 and 3 was similar to the control
(formulation 1), except that instead of using calcium
chloride in the recipe No. 2, a solution of CA (10 g) in

40 ml of lemon juice, pre-cooked and heated to 60 °C,
which was introduced into the heated mixture of milk
and kefir, was used. In recipe No. 3, a solution of HAp
(10 g) in 40 ml of lemon juice was prepared, which
was pre-incubated (due to the very poor solubility of
calcium hydroxyapatite) for 7 days in a refrigerator at
4 °C, then it was heated to 60 °C and added to the heat-
ed mixture of milk and kefir.

Results and discussion

It is known that calcium chloride has a significant
industrial application in cottage cheese production,
where it is used to increase the yield of finished prod-
ucts [10, 11]. On this basis, when obtaining experi-
mental samples of products, as a comparison (control)
used samples of recipe No. 1, where calcium chloride
was added to the milk.

The total chemical composition of curd product
and whey (including Ca and P), as well as their acidity
and pH obtained with the use of calcium chloride in
the form of powder (control), according to the present-
ed recipe No. 1, is shown in Table 3.

Table 3

Total chemical composition of curd product and whey (including Ca and P),
as well as their acidity and pH obtained with calcium chloride powder (control)

. . Results
Indicator to be determined Curd product Whey

Mass fraction of water, % 60.9+0.3 93.8+0.8
Mass fraction of protein, % 15.21+£0.15 2.69+0.1
Mass fraction of fat, % 16.00+0.3 less than 0.1
Mass fraction of carbohydrates, % 6.1+0.8 32+1.0
Mass fraction of ash, % 1.809 + 0.009 0.295 £ 0.009
Mass fraction of calcium, % 0,390 £ 0.005 0.132 £ 0.005
Mass fraction of phosphorus, % 0.319 £ 0.005 0.045 £ 0.005
Acidity, °T 92.0+3.5 31.0+1.9
Hydrogen index / pH, units pH 5.69 +£0.24 5.77+£0.24

As can be seen from Table 3, the mass ratio of calcium
to phosphorus (0.390 : 0.319) in the curd product is 1.22.

The yield of the finished curd product in the con-
trol was 217 g, while the whey separated during its
self-pressing process was 1 003 g.

The total chemical composition of curd product
and whey (including Ca and P), as well as their acidity
and pH obtained with the use of CA in the form
of fibrous particles, according to the presented recipe
No. 2, is shown in Table 4.

Table 4

Total chemical composition of curd product and whey (including Ca and P),
as well as their acidity and pH obtained with fibre particle CA

Indicator to be determined Curd product Results Whey

Mass fraction of water, % 60.7£0.3 93.3+0.8
Mass fraction of protein, % 17.69£0.15 1.73 £0.1
Mass fraction of fat, % 16.50+0.3 less than 0.1
Mass fraction of carbohydrates, % 4.1+£0.8 43+09
Mass fraction of ash, % 0.987 £ 0.009 0.637 = 0.009
Mass fraction of calcium, % 0.397 £ 0.005 0.144 = 0.005
Mass fraction of phosphorus, % 0.222 +0.005 0.071 £0.005
Acidity, °T 114.0+3.5 53.0+1.9
Hydrogen index / pH, units pH 5.24+0.24 4.93+0.24
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As can be seen from Table 4, the experimental sam-
ple of curd product at approximately the same moisture
content as the control (Table 3), had an increased mass
fraction of protein, fat and reduced carbohydrates and
total ash, with almost the same calcium content, alt-
hough the amount of added minerals in the curd product
in the experimental sample of recipe No. 2, was less
(2.24 g based on the chemical composition of CA) than
in the control — 4.4 g. It is important to note that the
ratio of calcium to phosphorus (0.379 : 0.222) in the
obtained curd product is 1.788, which is closer to the
optimum 1.67 for human assimilation, compared to the
control (1.222), which will contribute to better assimila-
tion and functionality of its mineral component. The

separated milk whey of the experimental sample No. 2
is more transparent and has a lower mass fraction of
protein (due to binding products of collagen hydrolysis
of whey proteins and fat), with an increased content of
carbohydrates and total ash, compared with the control,
which also confirms the higher nutritional value and
functional properties of the proposed curd product. The
yield of the finished curd product was 220 g, and the
resulting milk whey was 1 026 g.

The total chemical composition of curd product
and whey (including Ca and P), as well as their acidity
and pH obtained with the addition of HAp in the form
of powder, according to the presented recipe No. 3, is
given in Table 5.

Table 5

Total chemical composition of curd product and whey (including Ca and P)
and their acidity and pH obtained with the addition of HAp in powder form

. . Results

Indicator to be determined Curd product Whey
Mass fraction of water, % 59.7+0.3 93.5+0.8
Mass fraction of protein, % 15.87+0.15 4.32+0.1
Mass fraction of fat, % 16.00 £ 0.3 0.2
Mass fraction of carbohydrates, % 4.1+£0.8 43+09
Mass fraction of ash, % 4.543 +0.009 0.526 + 0.009
Mass fraction of calcium, % 0.395 £ 0.005 0.159 £ 0.005
Mass fraction of phosphorus, % 0.717 £ 0.005 0.049 £ 0.005
Acidity, °T 112.0£3.5 350+1.9
Hydrogen index / pH, units pH 5.59+£0.24 5.83+£0.24

According to Table 5, the experimental sample of
curd product has similar values of mass fraction of
water, protein and fat with reduced carbohydrate con-
tent and increased total ash compared to the control.
Milk whey has increased mass fraction of protein, fat,
carbohydrates and total ash as compared to control.

The yield of finished curd product was 194 g,
which had less elastic, elastic and dense consistency

compared to experimental sample No. 2. The separated
milk whey (1 039 g) was opaque and had a pro-
nounced whitish colour, indicating the presence of
suspension of calcium particles in the liquid.

The appearance of the obtained samples of curd
products, as well as milk whey separated during their
obtaining, is presented in Fig. 2 and 3.

Fig. 2. Appearance of obtained curd products with separated whey (glasses):
a — control (with addition of CaCl,); b — with addition of HAp; ¢ — with addition of CA
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Fig. 3. Appearance of separated milk whey at obtaining curd products:
a — control (with addition of CaCl,); b — with addition of CA; ¢ — with addition of HAp

From Fig. 2 and 3, it can be seen that the experi-
mental sample of curd product obtained with the addi-
tion of CA has a more dense, elastic and elastic con-
sistency with less crumb as compared to the control
and experimental sample with HAp, and the separated
whey is more transparent.

The conducted studies have shown that CA used in
obtaining curd product (recipe No. 2) contributes to an
increase in the yield of curd product (220 g) compared
with the control (217 g) and experimental sample with
HAp (194 g). Curd product with addition of CA has
increased mass fraction of protein, fat, and more opti-
mal ratio of calcium and phosphorus, and separated
whey has reduced mass fraction of protein (1.73%) in
comparison with control (2.69%) and experimental
sample with HAp (4.32%).

The curd product with the addition of CA, has
a more elastic, elastic and dense consistency without
perceptible particles of milk protein compared to the
control and experimental sample with HAp, sour-milk
saturated taste and smell, without extraneous flavours
and odours, white colour with a creamy tinge through-
out the mass.

This allows us to conclude that the use of CA in
curd product production contributes to increasing its
nutritional value and giving it preventive (functional)
properties due to enrichment with collagen and prod-
ucts of its hydrolysis formed during heating of milk
mixture, as well as HAp of natural origin, while ex-
panding the range of curd products. 100 g of curd
product (see Table 4) contains 397 mg of calcium
(39.7% of daily human requirement) and about 2.45 g
(24.5-49.0% of the recommended daily allowance) of
collagen determined by calculation method (100 g of
curd product contains 3.06 g of fish protein (6.74 g of
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protein (CA) : 2.2), where approximately 80% is col-
lagen). The curd product of preventive orientation is
recommended for middle-aged and elderly people.

The obtained control and experimental samples are
related to curd products, as they are produced using
cheap starter microflora of kefir fungi (in the form of
kefir, which is a probiotic and one of the main compo-
nents of the therapeutic diet), containing lactic acid
microorganisms (lactococci, lactobacilli, leuconostoc-
ci), acetic acid bacteria and yeast [12-14]. Kefir fungi
are known for numerous functional properties which
produce microbial polysaccharides that promote the
immune system and have radioprotective, antigenotox-
ic, antimutagenic, antioxidant, hypotensive, hypogly-
caemic, anti-inflammatory and wound healing, antimi-
crobial, anti-allergic and other effects [15, 16]. The
introduction of kefir as a cheap starter with high bio-
logical potential and functionality, as well as colloidal
solution of CA particles in lemon juice (increasing the
acidity of the mixture), heated to 60 °C, contribute to
the acceleration of the process of clot formation and
better separation of the formed whey from it.

The amount of lemon juice required was deter-
mined empirically, where the main criterion was the
complete immersion of fibrous particles of CA in the
liquid, taken in mass ratios of 1 : 4.1 respectively.

Lemon juice, acting on CA when heated to 60 °C,
transforms it into a partially soluble (colloidal) state
before introduction into the milk mixture. Experimen-
tally, it was found that the temperature of 60 °C is the
optimal temperature for heating, providing the transi-
tion of suspension into a colloidal solution, at which
fibrous particles of CA become insusceptible when
chewing the finished product.
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The obvious advantage of the proposed method is
the use of only natural components in obtaining curd
product, as well as the fact that its implementation will
contribute to the involvement of significant amounts of
virtually unused scales of hydrobionts formed in the
process of fish processing in the industrial production
of food products, while reducing the negative ecologi-
cal load on the environment.

Conclusion

The possibility of using CA obtained from pike-
perch scales in the form of fibrous particles in obtaining
curd product of preventive purpose has been established.

It was determined that the use of CA having a mass
fraction of protein 67.4% (mainly collagen) and total
ash 22.4% (mainly consisting of calcium hydroxyap-
atite) in obtaining curd product, contributes to an in-
crease in its mass fraction of protein, fat and a de-
crease in carbohydrates and total ash, with almost the
same content of calcium and moisture in the finished
product, compared to the control (curd with the addi-

tion of calcium chloride (CaCl,).

It is noted that the ratio of calcium to phosphorus
(0.379 : 0.222) in the obtained curd product is 1.788,
which is closer to the optimal 1.67 for human assimila-
tion, compared to the control (1.222), which contributes
to better assimilation of its mineral component. The yield
of curd product is slightly higher than in the control.

It is revealed that the waste whey was more trans-
parent and had a reduced mass fraction of protein
(1.73%), with increased carbohydrates (4.3%), com-
pared with the control, respectively, 2.64 and 3.2%.

It is shown that the use of HAp obtained from pike-
perch scales in obtaining curd product is inexpedient,
due to insignificant yield of finished products com-
pared with the control and, accordingly, significant
losses of raw materials together with waste milk whey.

As a result of research, developed a method of ob-
taining curd product of preventive orientation, where
its obvious advantage is the simplicity of obtaining the
finished product using cheap natural components
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