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Abstract. Substandard caviar of cod, pike perch and pollock with varying degrees of maturity was used as a raw material
for the preparation of caviar fish products. The essence of the technology of caviar fish products was to separate the egg
film from the caviar raw materials, followed by heating it to 80 °C and mixing it with a collagen-containing additive (CA)
obtained from pike perch scales. The resulting mixture was further cooled to 50 °C, various ingredients were added to the
resulting caviar mass and homogenized, then the homogeneous mixture was packaged in glass jars, hermetically sealed
with lids, cooled and stored at a temperature of 4 + 2 °C in the refrigerator. In order to optimize the conditions for obtain-
ing and improving the quality of finished caviar products, formulations have been developed with the addition
of various additives, such as shrimp, pickled cucumber, red pepper, smoked paprika, dill, avocado, mayonnaise, etc. Ac-
cording to the developed recipes, experimental batches of samples from various types of caviar raw materials and a mass
ratio (hydromodule) have been developed CA and added water (used in the processing process to prevent the caviar mass
from sticking to the walls of the container during heat treatment, as well as to improve the quality characteristics of the
finished product) in the range from 1 : 4 to 1 : 10, where the proportion of caviar raw materials, respectively, ranged from
60.7 to 4.5%. Rheological (dynamics of immersion of the cone of the penetrometer), as well as organoleptic characteris-
tics of samples of finished caviar products are investigated. It has been experimentally determined that the optimal hy-
dromodule (CA : added water), which contributes to improving the quality characteristics (more delicate consistency, at-
tractive appearance and taste) of finished fish caviar products, is a ratio of 1 : 10.
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AnHoTanusi. HekoHIMIIMOHHAs MKpa TPECcKH, Cyldaka M MUHTAsl C PA3IMYHON CTEIEHBIO 3pesIOCTH ObLIa MCIOIb30BaHa
B KAueCTBE CHIPbS I NMPUTOTOBJICHHSI NKOPHBIX PHIOHBIX m3nenid. CyIHOCTh TEXHOJIOTHN MKOPHBIX PHIOHBIX M3IEINi
3aKJII0YaNIach B OTIENICHHUH SICTBIYHOM IJICHKU OT MKOPHOTO CHIPhS € MOCeayomuM ero Harpesom 110 80 °C u cmenmBa-
HHEM C KoJuIarencojepxaieit nobaskoii (K1), nomydennoit u3 gemryn cynaka. O6pa30BaBIIyIOCs: CMECh Aallee OXJIax/a-
m 0 50 °C, B NOJIy4EHHYIO HKOPHYIO Maccy A00aB/SUIM Pa3IM4YHbIC HHTPEIUSHTHl 1 TOMOI€HU3HPOBAIIH, JaJiee OJJHO-
POIHYIO cMeCh pac(acoBBIBANM B CTEKIISIHHbIE OaHKH, TEPMETHIHO 3aKPBIBAIH KPBIIKAMH, OXJTKAAIN U XPAHUIU MPH
temueparype 4 £ 2 °C B xonoawibHuke. C LEIbI0 ONTUMU3ALUK YCIOBUI MOTYy4YECHUS M YIIydIICHHs KauyecTBa FOTOBOM
HMKOPHOW MPOIYKIMH OBUIM pa3paboTaHbl PELENTyphl C BHECCHHEM Pa3INIHBIX 100aBOK, TAKMX KaK KPEBETKA, COJICHBIH
Ooryperl, KpacHsbIi mepell, KomdeHas! ManpyKa, yKpoIl, aBokajio, Maifone3 u ap. CoriacHo pa3paboTaHHBIM PELENTypPaM Bbl-
paboTaHb! ONBITHBIE TAPTUH 00PA3IOB M3 PA3JIMIHOTO BHJIA HKOPHOTO CHIPhS M MACCOBBIM COOTHOIIEHHEM (THAPOMOY-
nem) KJI u mo6aBneHHOI BOABI (MCIIONB3YeMOM B Iporiecce 00paboTKH ISl IPeOTBPAIIeHNsT HAIHITAHHUS HKOPHON MaccChl
K CTEHKaM €MKOCTH TpU TEPMHUIECKOi 00paboTKe, a TakKe I yITyqIIeHUs] KAYECTBEHHBIX XapaKTePUCTUK FOTOBOH Mpo-
IyKiuH) B quarna3one ot 1 : 4 o 1 : 10, rae 1oy HKOPHOTO CBIPhsI, COOTBETCTBEHHO, cocTaBmia ot 60,7 mo 4,5 %. Uccie-
JIOBAaHBI PEOJIOTHYCCKHE (JIMHAMUKA TTOTPYXKEHNS! KOHyca IIEHETPOMETPa), a TAKKEe OPraHOJNCITHIECKHE XapaKTePUCTHKH
00pa3IoB TOTOBOH HKOPHOM MNPOAYKIUM. OKCHEPUMEHTANBHO OINpPEAETICHO, YTO ONTUMAIBHBIM THAPOMOIYJIEM
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(K[ : nobaBneHHast Bozia), CIOCOOCTBYIOIIMM YIy4IICHUIO KaueCTBEHHBIX XapaKTepUCTHK (Oosee HeXHasi KOHCUCTEHIIHS,
TIPHUBIICKATEILHBIA BHEITHUI BHJI M BKYC) TOTOBOI PHIOHOW MKOPHON MPOIYKINH, SIBIsIeTCs cooTHomenue 1 : 10.

KuroueBsbie ciioBa: HUKOpPHBIC pr6HbIe U3 acus, KoJUutareHcoaepKanias Z[O6aBKa, HKpa TPECKU, UKpa CyJlaKka, UKpa MHUHTast

st untupoBanusi: Yepueza O. I1., Bopobwves B. U., Bacunvesa M. B. Pa3paboTka TEXHOJIOTHH U PELENTYP HKOp-
HBIX PBIOHBIX M3IENUH ¢ KoJUIareHcozepikamei nobaskoif / BecTHHK AcTpaxaHCKOTO rOCYAapCTBEHHOTO TEXHHUE-
ckoro yHuBepcurera. Cepust: PrioHOE X03s1iicTBO. 2024. Ne 3. C. 86—94. https://doi.org/10.24143/2073-5529-2024-3-

86-94. EDN JGNMRE.

Introduction

Caviar fish product is a food fish product made of
whole or cut into pieces of caviar or from fish roe,
mollusks and echinoderms, with the addition of com-
ponents of food products (food ingredients), ready for
consumption [1].

Due to the non-simultaneous maturation of different
populations of pollock and, as a consequence, the delay
in spawning time, in the process of its processing a sig-
nificant amount (up to 40% of the total mass of eggs) of
substandard caviar of different maturity levels is
formed, characterized by the “fluidity” of the eggs [2].
The use of substandard pollock roe to produce tradition-
al pierced caviar is inexpedient due to the significant
losses of raw materials, so the optimal way of its pro-
cessing is the production of caviar pastes or emulsions.
Various hydrocolloids of vegetable or animal origin are
used to bind “excess” liquid in the production of fish
and caviar pastes and emulsions.

The technology of paste from substandard pollock
roe (5th stage of maturity) with the use of sodium algi-
nate (with a molecular weight of about 20 kDa as
a gelatin-forming agent (optimally 4% of the total mass
of the roe) is known, and flavoring additives (vegetable
oil — 5.0%, salt — 2.5%, sugar — 1.0%) and preservative
(sodium benzoic acid — 0.1%), with a shelf life of
4 months, at temperatures from —6 °C to —8 °C [3].

Significant cost of the used plant hydrocolloids
with high molecular weight, which have little nutri-
tional value (no or low protein content), as well as low
flavor characteristics of the resulting finished products,
limit the production of fish and caviar pastes on an
industrial scale.

An economically acceptable technology of high-
molecular collagen-containing additive (CA) from
underutilized fish scales (without the use of hydrolysis
process) based on simple physical methods of pro-
cessing has been developed [4, 5]. Containing additive
has been used as a component of formulations in the
preparation of various food products (bakery products,
culinary semi-finished products, meat and fish minced
meat, food dispersions, etc.) [6-10].

Involvement in industrial production of substandard
roe of pollock, cod, pike-perch and their waste, as well
as CA from underutilized fish scales will contribute to
reducing the deficit of dietary protein, expanding the
range of new products with a functional orientation and
reducing the ecological load on the environment.

The use of CA in paste formulations based on subs-
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tandard roe of pollock, cod and pikeperch, taking into
account the significant amounts of low-utilized raw
materials formed in the process of fish cutting, is of
considerable practical interest.

The aim of the work is to develop technology and
recipes of caviar fish products obtained from cod,
pikeperch and pollock caviar of different maturity lev-
els with the use of CA from pikeperch scales.

To achieve the goal the following tasks were
solved:

— development of technology of caviar fish prod-
ucts with the use of CA applied to different types of
caviar raw materials;

— production of pilot batches of samples according
to the developed technology from caviar raw materials
of different fish species;

— development of recipes of caviar fish products
with CA;

— study of the influence of CA on rheological and
organoleptic properties of finished fish caviar products.

Materials and methods

Raw materials for caviar fish products were sub-
standard frozen pollock roe and chilled cod and pike-
perch roe of different maturity levels. As an additive to
the raw material was used CA from pikeperch scales
(insoluble in water) with a total chemical composition:
water — 9.8%; protein — 71.2%; ash — 24.0%; fat — 1.7%.
The appearance of CA obtained in laboratory conditions
is presented in Fig. 1.

Fig. 1. Appearance of collagen supplement (CA)
from pikeperch scales

The material for research were also experimental
samples of caviar fish products with the addition of the
following ingredients: food salt of the highest grade
according to SS R 51574-2018 “Food salt. General
technical conditions”; citric acid according to SS 908-
2004 “Food citric acid monohydrate. Technical condi-
tions”; avocado according to SS 34270-2017 “Fresh
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avocado fruit. Technical conditions”; pickled cucum-
ber according to SS 34220-2017 “Pickled and sour
vegetables. Technical conditions”; mayonnaise Slo-
boda Provencal 67% according to SS 31761-2012
“Mayonnaise and mayonnaise sauces. General tech-
nical conditions”, fresh dill according to SS 32856-
2014 “Fresh dill. Technical conditions”, red pepper
according to SS 34325-2017 “Sweet pepper fresh.
Technical conditions” and seasoning ‘“Paprika with
smoke” according to TC 9199-022-57097479-11.

The total chemical composition of the control sample
of cod caviar fish products with CA and CA additive
was determined in the certified testing laboratory Kali-
ningrad Testing Center LLC in accordance with the
normative documentation: SS 7636-85 (mass fraction of
moisture, protein, fat, ash); MG No. 4237-86 from
29/12/86 (mass fraction of carbohydrates); SS 26188-
2016 (determination of pH); TR TS 022/2011 Annex 4,
MG No. 4237-86 from 29/12/86 (energy value) [11-14].

determination, and for phosphorus — spectrophotometry
with molybdenum ammonium oxide in the presence
of hydroquinone and sodium sulfite.

Penetration of experimental samples of caviar fish
products with CA from cod and pollock caviar was
determined according to SS R 50814-95 “Meat prod-
ucts. Methods for determining penetration by cone and
needle indenter”.

Organoleptic evaluation of experimental samples
of caviar fish products with CA was determined by
color, smell, taste, consistency by standard and gener-
ally accepted methods [15].

The experiments were carried out in the laboratory
of the Department of Food Technology of Kaliningrad
State Technical University.

Results and discussion
In the process of research, a technological scheme
for the production of caviar fish products with CA was

Atomic absorption spectrometry was used for calcium  developed, presented in Fig. 2.

Reception of frozen and chilled raw
materials

v

Preparation of vegetable raw

Defrosting and washing

Preparation of dry

materials and bulk ingredients

| Extraction of ca}iar from fish cores |

Water dosing | | Mixing caviar with salt and water e Salt dosing |
| Heat treatment (heating up to 80 °C) |‘—| Dosage and application of |CS |

Heat treatment (heating at 80 °C
for 20 minutes with constant stirring)
| Cooling the mixture to 50 °C |
| Homogenizttion mixture |
¥
mg?:;:;i:giﬁg:ig :gethe > Mixing of mixture components Cg;;igf:;g :i%ﬁﬁ:;;: ;ceic;:;ilge
recipe

v

| Dosing into jars and capping |

| Cooling to 20 °C |

¥

| Storage in refrigerator at 4 £ 2 °C |

Fig. 2. Technological scheme of caviar fish products production with CA

According to the technological scheme (Fig. 2) and
the recipe of caviar product (cod roe 58.7 g, water —
27.0 g, salt — 0.8 g, KD — 11.5 g, mayonnaise — 2 g, at
a mass ratio of CA : water (1 : 4)) was produced a pilot
batch of caviar fish product appearance of which is
shown in Fig. 3.

The total chemical composition (including phos-
phorus, calcium, caloric content and pH) of the exper-
imental sample of caviar fish product (from cod roe)
with the addition of CA is presented in Table 1.
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Fig. 3. Appearance of a prototype
of caviar product (cod) with CA
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Table 1
Total chemical composition (including phosphorus, calcium, caloric content and pH)
of a prototype caviar product (cod) with CA (with hydromodule CA : water 1 : 4.0)
Food Mass fraction, % Caloric
. carbo- pH value,
product water protein fat hydrates ash Ca P keal/100g
o0 v N
] o — ) 3 <
Caviar - ;\: g - g ha) g g .
product g < g < j,i - 2 & S
(cod) o 0 ~ S o ) N -

At temperatures above 30 °C, caviar fish product
had mobility “fluidity” (which is convenient when
pouring caviar mixture into glass jars), and at lower
temperatures (4 = 2 °C) lost mobility, its consistency
significantly thickened (gelatinized). The finished
product held its shape, had a yellowish-cream color,

rather dense consistency and elasticity, taste peculiar
to caviar, but with less perceptible “bitterness”, com-
pared to the original caviar without additive (control).

The developed technology (Fig. 1) was also used in
the production of caviar products from substandard
pikeperch caviar (Table 2).

Table 2
Recipes of caviar products (pikeperch) with CA (with hydromodule CA : water 1 : 5.5)
. Weight (samples), g

Ingredients Control | _No. 1 No. 2 No. 3 No. 4 No. 5 No. 6
Pikeperch caviar 60.7 57.8 50.6 46.7 553 57.8 59.5
Water 26.7 25.5 22.3 20.6 24.3 25.5 26.2
Salt 0.8 0.7 0.6 0.7 0.8
CA 11.5 10.9 9.6 8.9 10.4 10.9 11.2
Caviar base: 99.7 95.0 83.2 76.8 90.7 95.0 99.7
citric acid; 0.3 0.2 0.3
dill; - | 47 -
avocado; — 16.6 —
prawn; — 23.0 —
pickled cucumber; - — 9.0 -
ground red pepper; — 4.7 —
smoked paprika — — 2.0

Output finished product 100.0

The amount of added water was increased in the
recipe (Table 2), where the mass ratio of CA : water
was | : 5.5 and flavoring additives were used.

The obtained caviar fish products were evaluated
by organoleptic indicators: appearance (color and size
of the ingredients and caviar base, uniformity of their
distribution), taste, smell, consistency (Fig. 4-6).

Fig. 4. Appearance of ready-made caviar products
(pikeperch) with CA and additives, hydromodule
CA : water 1 : 5.5 (I — prawn; 2 — pickled cucumber;
3 — red pepper; 4 — smoked paprika; 5 — dill; 6 — avocado)

Fig. 5. Appearance of ready-made caviar products
(pikeperch) with CA and additives:
control; / — smoked paprika; 2 — prawn;
3 —pickled cucumber; 4 — avocado; 5 — red pepper; 6 — dill
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Control ---Dill Avocado
Prawn = e Pickled cucumber =~ — —Red pepper
----- Smoked paprika

Fig. 6. Organoleptic profile of experimental caviar products
(pikeperch) with CA

All samples of caviar fish products had an attractive
appearance, dense and elastic consistency, and retained
their shape. Product sample No. 6 had a pleasant greenish
color and a more delicate consistency similar to pate due
to avocado. Sample No. 1 had an orange color due to the
addition of smoked paprika. The control, samples No. 2,
3, 5 and 6 were cream-colored with the incorporation of
various ingredients according to the recipes (Fig. 4).
Taste and odor were typical of caviar fish products with
the taste and aroma of the added ingredients, without
extraneous taste and odor except for the sample with
added shrimp and paprika. The flavor of shrimp was not
perceived in the sample, while paprika was pronounced.

As a result of the conducted organoleptic studies, it
was found that the maximum number of points was
scored by samples No. 2, 4 and 6. The consistency of all
caviar fish products was quite dense, which was noted
by tasters.

The addition of citric acid in the formulation is asso-
ciated with its preserving properties, and improvement
of organoleptic parameters of finished caviar products.

Rheological properties of experimental samples of
caviar fish products with mass ratio of CA : water
1 : 5.5 at different storage temperatures were also inves-
tigated. The appearance of the penetrometer with the
sample before cone immersion is shown in Fig. 7.

Fig. 7. External view of the penetrometer
with the sample before immersion of the cone

Penetration values were calculated based on the
depth of immersion of the cone (mm) in the control
and experimental product samples for 180 seconds.

Table 3 and Fig. 8 show the changes in shear
strength of experimental samples with hydromodule
1 : 5.5 as a function of storage temperature character-
ized by penetrometer immersion depth and ultimate
shear stress (USS).

Table 3

Dynamics of cone immersion in control and experimental samples of caviar product (pikeperch)
with CA for 180 seconds, at hydromodule CA : water 1 : 5.5

. Dynamics of cone immersion, mm, at product temperature
Samples of caviar S o
fish products 20°C | 8°C
Without weight Weight m =100 g Weight m =200 g
Control 22.67+1.0 8.65+0.6 1247 +0.2 14.51+£0.5
No.1 21.90£2.1 8.9 +0.8 126+1.2 1499 £0.6
No. 2 23.60+1.4 8.9 +0.8 1244 £0.2 148+1.2
No. 3 23.00+1.2 9.05+0.8 1249+04 142+1.2
No. 4 22.07+1.1 8.8 +0.8 12.77£0.8 1453 £1.6
No. 5 2224 £2.1 9.0+0.8 12.57 £0.6 146 +2.0
No. 6 2290+1.4 12.67+£0.3 14.6+2.0
SERE
s

<

% 2000 E \

2 N

1500 tH %

1000 E Q

500 ik §

0 i N

Without weight (8°C) Weightm=100g (8°C) Weight m=200g(8°C) Without weight (20 °C)
MControl  BSamplel @OSample2 @Sample3 HSample4 OSample5 & Sample6

Fig. 8. Variation of USS of caviar samples (pikeperch) with CA,
with hydromodule CA : water 1 : 5.5, as a function of temperature
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When the temperature was reduced from 20 to
8 °C, the shear strength of all experimental samples
increased and the immersion depth of the pinetrometer
cone decreased (Table 3, Fig. 8).

Taking into account the tasters' wishes, in order to

give a more “delicate” consistency to the product sam-
ples, taking into account the moisture content in the
caviar and the added water (hydromodule), the ratio of
CA : water 1 : 6.5 was taken in the control and exper-
imental samples (Fig. 9).

Fig. 9. Finished samples of caviar products (pollock) with CA and hydromodule CA: water 1 : 6.5:
1 —control; 2—No. 1; 3—No. 2; 4—-No. 3; 5—No.4; 6—-No. 5

Water was added when heating the caviar raw ma-
terial in order to prevent it from sticking to the walls of
the container and to better mix the recipe components.
Further, when developing caviar fish products, it was
taken into account that when adding an ingredient (av-

ocado) containing fat (sample No. 4), the finished
product has a more delicate consistency compared to
other samples. Later, a small amount of mayonnaise
was added to the recipes (Table 4).

Table 4
Recipes of caviar products (pollock) with CA, at hydromodule CA : water 1 : 6.5
. Weight (samples), g

Ingredients Control No. 1 No.2 |  No.3 No. 4
Pollock caviar 30.4 25.3 27.7 27.6
Water 57.0 47.5 51.9 51.8
Salt 0.8 0.7
CA 11.5 9.6 10.4
Caviar base: 99.7 83.1 90.7 | 90.5
avocado; — 16.6 -
mayonnaise; - 9.0
pickled cucumber; — | 9.0 — —
smoked paprika; — 0.2
citric acid 0.3

Output finished product 100.0

Samples of finished caviar products with CA are
presented in Fig. 9.

The obtained samples of caviar fish products were
evaluated by organoleptic parameters: appearance
(combination of color, size of ingredients and caviar
base, uniformity of their introduction), taste, smell,
consistency. All samples of caviar fish products had an
attractive appearance, were dense, elastic consistency,
retained their shape. The consistency was less dense
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compared to samples with hydromodule 1 : 5.5. More-
over, samples with mayonnaise had a more tender con-
sistency compared to samples without mayonnaise. In
terms of taste, smell and color, all samples except the
control were highly rated by tasters. The control had
excessive “dryness” of the caviar product.

Changes in shear strength of experimental samples
depending on storage temperature with hydromodule
CA : water 1 : 6.5 are presented in Table 5 and Fig. 10.
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Table 5
Dynamics of cone immersion in control and experimental samples of caviar product (pollock)
with CA for 180 seconds, at hydromodule CA : water 1 : 6.5
Samples of caviar Dynamics of coni immersion, mm, at product temperature _
fish products 8°C 20°C
P Without weight Weight m =100 g Weight m =200 g Without weight
Control 10.3+0.8 114+0.3 124+1.0 18.3+0.5
No. 1 9.8+1.0 11.1+£0.4 114+1.0 20.5+0.6
No. 2 10.9+0.6 11.3+0.6 12.2+0.8 18.2+0.8
No. 3 11.9+1.2 124+1.0 144+2.0 30.1 £0.8
No. 4 12.1+0.8 13.4+0.8 14.5+£2.1 249+1.2
§ g 8o
RS
6000 g 23885,
£ 5000 < 4 § g8 28y
¥ 4000 ] o w g 5w
£ 3000 o & og R R
2000 = o ]
1000 %% BRE = &
0 ] =T== 1o T==]

Without weight (8°C) Weight m=100g (8 °C) Weight m=200g (8 °C) Without weight (20 °C)

m Control

BSample 1

B Sample 2 & Sample 3 B Sample 4

Fig. 10. Variation of USS of caviar products samples (pollock)
with CA, at hydromodule CA : water (1 : 6.5), depending on temperature

Table 5 and Fig. 10 show that samples with mayon-  (noted by tasters), a pilot batch with a hydromodule of
naise had the greatest depth of cone immersion com- CA : water 1 : 10 was developed.

pared to other samples, which is consistent with their

Recipe and appearance of caviar products samples

organoleptic characteristics (more tender consistency). (pollock) with CA, with hydromodule CA : water 1 : 10
Due to a slightly increased density and elasticity  are presented in Table 6 and Fig. 11.

Table 6

Recipe of caviar products (pollock) with CA, at hydromodule CA : water 1 : 10

. Weight (samples),
Ingredients Control i i ¢ Sample No. 1

Pollock caviar 4.9 4.5
Water 85.4 77.6
Salt 0.8 0.7
CA 8.6 7.9
Caviar base: 99.7 90.7
citric acid; 0.3

mayonnaise — | 9.0

Output finished product 100.0

b

Fig. 11. Appearance of samples of ready caviar products (pollock) with CA, at hydromodule CA: water 1 : 10:

a — control; b — sample No. 1
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Fig. 11 shows that the caviar base from pollock cav-
iar and caviar base with mayonnaise (10% to the caviar
base weight) with hydromodule CA : water (1 : 10), also
retained their shape, but had a more delicate consistency
similar to the consistency of soufflé. When chewed, the
samples quickly melted in the mouth. The most delicate
consistency and homogeneous structure had samples
with the addition of mayonnaise. Based on the above,
the amount of added water can be increased to the ratio
of CA : water 1 : 10.

Conclusion

Addition of CA, allows to level excessive “bitter-
ness” characteristic for caviar products, as well as in-
herent in caviar “dryness” (in the absence of oil addi-
tion), and to give the finished product a sufficiently

attractive (tender) consistency, allowing to distribute it
evenly on a sandwich while maintaining the shape.

It has been experimentally determined that to ob-
tain caviar fish product with tender consistency and
homogeneous structure the mass ratio (hydromodule)
of CA and water should be 1 : 10.

Innovativeness and commercial attractiveness of
the developed technology of caviar fish products con-
sists in the use of two sources of raw materials (sub-
standard caviar and CA from fish scales) insufficiently
used on an industrial scale, the involvement of which,
in an economically acceptable way, in the industrial
production of food products will allow to obtain pro-
tein delicacy products of functional orientation with
high added value, to reduce environmental pollution
by fish waste due to their effective food processing.
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