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Abstract. The technology of chips production from aquatic biological resources of a polycomponent composition
is considered, the formulations of minced meat and curing mixtures for their production are developed. An assess-
ment of the quality of finished products was carried out. Chips were made from crushed tissues of hydrobionts.
Recipes for minced meat for chips production were developed. It became possible to manufacture products with
high nutritional value. Various salting mixtures were prepared for the processing the minced meat. The functional
and technological properties of minced meat were improved. There were obtained products with a variety of or-
ganoleptic characteristics. Modes of exposure of minced meat in salted mixtures are substantiated: the ratio
of minced meat and salted mixture is 2 : 1, the duration of salting is from 60 to 90 minutes (depending on the reci-
pe of the minced mixture at a temperature of 15 °C). The modes of drying in a convection drying chamber at
a temperature of 55 °C, air velocity of 0.8 m/s, air humidity of 50%, for 5-6 hours are substantiated. The chemical
composition of the finished product was studied: it contained of 51.3-63.7% protein, 1.5-7.2% lipids, 0.4-2.5%
carbohydrates, 15.3-19.4% minerals, 16.5-23.2% water depending on the formulation. The energy value of chips
was determined: it amounted to 259.40-295.2 kcal. It is substantiated that he shelf life of chips packed in bags
of polymeric materials under vacuum and without it does not exceed 6 months. The product was assessed by mi-
crobiological parameters and by the content of heavy metals, radionuclides, pesticides, and other chemical pollu-
tants in it, which showed its compliance with the requirements and norms of the current technical regulation. The
organization's standard for finished products STO 00471515-082-2020 “Dried-cured products from aquatic biolog-
ical resources” was developed and approved.
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TexH010rusA ¥ Ka4eCTBO CYyLICHO-BAJICHON NPOAYKIUH
U3 BOJHBIX OMOJIOTHYECKHUX PeCypPCOB MOJUKOMIIOHEHTHOI0 COCTaBa

Hamanva Banepveena /lemenmoesa

Janvueeocmounvlii 20Cy0apCmeeHHblll MEXHUYeCKUll pblOOX03AUCHEEHHbIIL YHUSEPCUMEN!,
Braousocmok, Poccus, dnvdd@mail.ru

AHHoOTanus. PaccMoTpeHa TEXHONOTUs MPOU3BOICTBA YUIICOB U3 BOJHBIX OHOJIOTMYECKUX PECYPCOB MOIMKOMIOHEHTHO-
o cocTaBa, pa3paboTaHbl perenTypsl (apiueii 1 MOCOIOUHBIX cMeceit Uit UX npou3BocTBa. [IpoBeeHa oleHKa KayecTsa
roTOBOI MpoXyKuuy. YHIICkl M3rOTAaBIMBAIN U3 H3MENbUEHHBIX TKaHEH THIPOOHOHTOB. B KauecTBe ChIPbs HCIIONB30BAHbI
pasnu4HbIe BUIBI PHIO, PRIOHAs UKpa, HEPHIOHBIE OOBEKTHI MPOMBICTA (MUAUH, YCTPHULIBL, KPEBETKA, OCBMUHOT, KaJIbMap),
MOpcKHe Bojopoci. PazpaGorans! penenTyps! ¢apiuei 1yt Iporn3BOICTBA YHIICOB, TO3BOJIIOIINE MOIYIUTh IPOJIYKIHIO
C BBICOKOW IMHINEBON IEHHOCTHIO. I10ATOTOBNICHBI pa3sHBIC TOCONBHBIE CMECH I 00paboTKy (apiel, MO3BOJIIOMINE
YIy4mHTh (QYHKIMOHAIBHO-TEXHOJIOTHIECKHE CBOMCTBA (hapIIeBbIX CHCTEM U IOIYYUTh IIPOIYKIHIO C Pa3HOOOpa3HBEIMU
OpraHOJIENTHYECKUMH TT0Ka3aTesiMi. OOOCHOBAHBI PEXKUMBI BBIIEPKKU (hapIiel B MOCOIBHBIX CMECSX: COOTHOLICHUE
(apra 1 ocoNIbHOI cMecH 2 : 1, IPONOIDKUTENFHOCT pocaniBanms ot 60 1o 90 MuH, B 3aBUCHUMOCTH OT PELEHTYpPHI
(apmeBoii cmecu, npu Temneparype 15 °C. OO0CHOBaHBI PEXUMBI CYyIIKA B KOHBEKIIMOHHOM CYIIMIBHOW Kamepe Mpu
temneparype 55 °C, ckopoctH ABWKeHHs Bo3ayxa 0,8 M/c, BiaxkHocTH Bo3zyxa 50 %, B Teuenue 5-6 4. Mccnenosan xu-
MHYECKHH COCTaB TOTOBOM MPOAYKLHMH, KOTOPBII MOKa3all, 4To B Hel comepxutcs 51,3—63,7 % Oenxa, 1,5-7,2 % numnu-
1oB, 0,4-2,5 % yriesonos, 15,3—19,4 % MuHepalbHBIX BELIECTB, OT 16,5 10 23,2 % BOIbI B 3aBUCUMOCTH OT PELETITYPHL.
OnpenerneHa SHepreTuiecKas IIEHHOCTh YHIICOB, KOTOpas cocTaBuia 259,4-295.2 kkan. OO0OCHOBaH CPOK TOJJHOCTH YHII-
COB, YITAKOBaHHBIX B ITAKETHI U3 IOJMMEPHBIX MaTepHaJIOB, 0] BAKYyMOM U O3 HEro, He IpeBbIIIatonnii 6osee 6 Mec.
INpoBenena oneHKa MPOIYKIHUHN [0 MUKPOOHOIOTHIECKIM IOKa3aTeIsIM 1 110 COJEPIKAHUIO B HEH TSDKENBIX METaJUIoB, pa-
IMOHYK/IMIOB, MECTUIUIOB M APYTUX XUMUUYECKHX 3arps3HHUTENCH, KOTOpas MOKa3aja ee COOTBETCTBHE TPEOOBAHMSIM
1 HOpMaM JeHCTBYIOIIET0 TEXHHYECKOTO peryiaMenTa. PaspaboTaH u yTBep KIeH CTaHAApT OPraHU3alUd Ha TOTOBYIO MPO-
nykiuio CTO 00471515-082-2020 «CymeHo-BsiieHast IPOILYKIMS U3 BOIHBIX OMOJIOTHYECKHX PECYPCOBY.

KiioueBble ciioBa: TEXHOJIOTUA, pLI6HbI€ YUIICBI, XUMUYECKUI COoCTaB, NOKa3aTeIiu 0e30macHOCTH

s nutupoBanus: [emenmoesa H. B. TexHOIOrHs 1 KaueCTBO CYyIIEHO-BSICHOH NMPOAYKLUH U3 BOAHBIX OHOJIOTHYE-
CKHX PECYpCOB HOJIMKOMIIOHEHTHOTO COcTaBa // BecTHHK AcCTpaXaHCKOTO TOCYAapCTBEHHOTO TEXHHYIECKOTO YHHBEPCHU-
tera. Cepust: PeiOHoe xo3siictBo. 2023. Ne 3. C. 106-112. https://doi.org/10.24143/2073-5529-2023-3-106-112.

EDN BTWNBM.

Introduction

The fishing industry produces a fairly diverse range
of products from aquatic organisms which is constant-
ly expanding. The innovations are being introduced
into production, the quality of products is improving,
which helps to increase consumer demand [1-3].

Undoubtedly purchasing capacity for dried-cured
products from aquatic biological resources is growing.
For its production the different types of fish, mollusks,
crustaceans, and other aquatic organisms are used.
There are dried-cured products of different shapes: in
the form of sticks, medallions, plastics, straws, etc.

Drying is an ancient method of raw materials pre-
serving in aquatic industries, which occurs as a result
of contained moisture transfer in the semi-finished
product into steam and its removal into the external en-
vironment. This operation makes it difficult for micro-
organisms to develop and the products get preserved for
a long time. Dried products are made from chilled, fro-
zen or salted raw materials, have a small amount of wa-
ter and are characterized by a certain food specificity
and taste, determined by pre-processing methods (salt-
ing, boiling, and baking).
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Non-traditional types of finished products of this type
include fish chips [4]. For their production the crushed
raw materials are used which are the base to obtain
minced fish intended for chips production. To do this
different hydrobionts (in their chemical composition and
the content of biologically active components) are com-
bined [5]. The raw materials for the production of dried-
cured products are mainly skinny fish species and other
non-fish species that have a low fat content [6].

For the production of dried-cured products of a mul-
ticomponent composition based on minced meat com-
positions (in order to enrich this type of product with
high-value proteins and polyunsaturated fatty acids) it is
possible to obtain minced meat with minimal inclusion
of raw materials with a high lipid content. For the ra-
tional use of hydrobionts, secondary food waste from
cutting of various types of seafood (shrimp, mussels,
squid, etc.) can also be added to the recipes [7]. Aquatic
organisms modeling in formulations will contribute to
the production of finished products with varied taste
characteristics and high nutritional value [8-10].

In the process of chips production to pre-process the
combined minced meat it is necessary to develop com-
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positions for salting the semi-finished product, includ-
ing natural flavoring and aromatic substances. There is
also a need to improve and adjust the drying regime.
Fulfillment of the assigned tasks will make it possible to
obtain products with new organoleptic characteristics
and will help to improve their quality and shelf life.

The goal of the study was to improve the technolo-
gy of dried products of multicomponent composition
and to evaluate their quality.

Objects and methods of study

For chips production the different types of raw mate-
rials were used in accordance with AUSS (all-Union
State Standard) 32366-2013 “Frozen fish. Technical
specifications”; Frozen Pacific herring according to
AUSS 32910-2014 “Frozen herring. Technical specifi-
cations”; frozen Pacific salmon with spawning changes
according to AUSS 32342-2013; Frozen Pacific squid
according to AUSS 20414-2011 “Frozen squid and
cuttlefish”; shrimp according to AUSS 20845-2017
“Frozen shrimp. Technical specifications”; mussels ac-
cording to AUSS 32005-2012 “Boiled and frozen mus-
sel meat. Technical specifications”; frozen octopus ac-
cording to TS (Technical specifications) 15-01-212-80;
oysters — raw according to TS 9253-044-33620410-04;
frozen sea cabbage according to AUSS 31583-2012;
frozen caviar according to TS 10.20.26-015-37676459-2019;
Frozen salmon caviar according to AUSS 31793-2012;
Frozen pollock caviar according to TS 9264-021-26191641-06.

In addition to the main raw materials the following
auxiliary materials were used: table salt according to
AUSS R 51574-2000 “Table salt. Technical specifica-
tions”; granulated sugar according to AUSS 33222-2015
“White sugar. Technical specifications”; ground papri-
ka according to AUSS R ISO 7540-2008 “Ground
paprika. Technical specifications”; dried ground cori-
ander according to AUSS 29055-91 “Spices. Corian-
der. Technical specifications”; soy sauce according
to AUSS R58434-2019 “Soy sauces. Technical speci-
fications”; rice and apple cider vinegar according
to AUSS 32097-2013 “Vinegars from food raw mate-
rials. Technical specifications”; Linden honey accord-
ing to AUSS R 54644-2011 “Natural honey. Technical
specifications”; lemon according to AUSS 4429-82
“Lemons. Technical specifications”; garlic according
to AUSS R 55909-2013 “Fresh garlic. Technical
/specifications”; ground red pepper according
to STO 23613946-002-2009; dried parsley according
to TS 10.39.13-710-37676459-2014 “Dried parsley
(greens). Technical specifications”; curry seasoning
according to AUSS ISO 2253-2015 “Curry powder.
Technical specifications”; fresh onions according
to AUSS 34306-2017 “Fresh onions. Technical
specifications”;  frozen lingonberries according
to AUSS 33823-2016, AUSS 29187-91 “Quick-frozen
fruits and berries. General technical specifications”;
ginger according to AUSS ISO 1003-2016 “Spices.
Ginger. Technical specifications”.
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The content of total nitrogen, minerals, and table
salt was determined according to AUSS 7636-85
“Fish, marine mammals, marine invertebrates and their
processed products (methods of analysis)”. Determina-
tion of the mass fraction of lipids was carried out using
the express method according to AUSS 28829-86. An
ML-50 moisture meter was used to determine the mass
fraction of water.

Chips were dried in convection dryer Tabai PER-
FECT OVEN - ORIGINAL PV-110.

Determination of microbiological parameters
was carried out according to AUSS 10444.15-94,
AUSS R 52816-2007, AUSS R 52815-2007,
AUSS  29185-2014, AUSS R  52814-2007,
AUSS R 51921-2002, AUSS 10444.12-2013.

The content of toxic elements was determined
according to AUSS 26927-86, AUSS 26930-86,
AUSS 26932-86, AUSS 26933-86, AUSS 30178-96,
AUSS 30538-97, AUSS R 51301-99, AUSS R 51766-2001,
AUSS R 51962-2002.

The content of nitrosamines was carried out ac-
cording to MUK 4.4.1.011-93, the content of pesti-
cides was according to MUK No. 2142-80 and
MU 2482-81. The content of polychlorinated biphen-
yls was carried out according to MUK 4.1.1023-2001.
Radionuclide content was carried out according
to MUK 2.6.1.1194-2003. Determination of microbio-
logical parameters — according to AUSS 10444.15-94,
AUSS R 52816-2007, AUSS R 52815-2007, AUSS 29185-
2014, AUSS R 52814-2007, AUSS R 51921-2002,
AUSS 10444.12-2013.

Results and discussion

A technology for the production of chips from
aquatic organisms was developed in the previous re-
search. The technological process was carried out as
follows: raw ice cream was defrosted in water (tem-
perature was not higher than 20 °C) with a raw materi-
al to water ratio of 1 : 2. Then the raw materials were
washed with clean, fresh water. The washed raw mate-
rials were kept in containers with perforated bottoms
to allow dripping moisture to drain off. Thawed raw
fish was cut up, non-food parts of the body, waste,
entrails, blood clots, and black film were removed.
The fish was cut into fillets without skin. Seafood and
seaweed were cleaned of sand and foreign matter and
washed with water.

The washed raw materials were sent for grinding
on a grinding grinder with a grid diameter of 2-3 mm.
It was experimentally determined that grinding raw
materials less than 2 mm led to weight losses of the
order of 8-11%. If the grating diameter was more than
3 mm, then acquiring the necessary structure for the
product was difficult and the resulting finished product
acquired a non-uniform structure.

Minced meat from raw materials for the production
of chips was prepared according to the developed reci-
pes (Table 1).
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Table 1
Minced meat recipes for the production of chips
Components Recipes, kg per 100 kg of raw materials

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
Pollok 70 | 35 — 75 - 65 — 70 | 10 | 45 | 70 - — - -
Cod - 35 | 15 — - — 50 - - 10 - 40 — 15 -
Mackerel - 10 — — - — 10 - 15 — - - — - 10
Saffron cod — — 15 — — — 10 — — — - 10 — 15 -
Perch — greenling - - 15 | - - - 10 | — — 15 — — - — —
Pacific herring 15| - — 15|15 15| - 15| - — — 15| - — 10
Pink salmon - - 10 10 — — - 20 — - 10 | 10 | 15 -
Char - - — — - — — - 10 — - - 10 - -
Chum salmon — — — — 10 — — — — — 5 10 - 15
Coha salmon — — — — — — — — 10 — - - 10 - -
Red salmon - - — — 10 — — - — - 5 — - -
Squid - 10 | 10 | 10 - — 5 5 - — 10 5 10 - -
Shrimp 15 | - 10 | — — — — 5 — — 10 | 5 — 15 | -
Mussel — — 5 - 10 | 20 - 5 - — 10 - 10 -
Octopus — — — — 15 — 5 — — — — - 10 | 10 -
Oyster - - — — - — 10 - 10 | 10 - - — - 10
Japanese kelp — 10 | 10 | — 10 | — — — 5 — — 5 — 15 110
Fucus — — — — 10 — — — — - - - - 5
Nori — — — — — — — — 5 — — — - - 5
Chuka - - — — - — — - 5 — - - - 5 5
Substandard salmon caviar | — - 5 — - — — - 5 10 - - — -
Pollock caviar - - 5 — — — - 5 — - - 15 5 -
Herring caviar - - - - 5 - - - - - - — 15 —
Cod caviar — — — — 5 — — — — 10 - - - 5 -

The minced meat was mixed for 10 minutes to give  for treatment with a salting mixture (Table 2) in order
the minced meat mixture a uniform consistency. to increase water-binding capacity, viscosity, and

The prepared minced meat was immediately sent  stickiness.
Table 2

Recipes for salting mixtures for processing the minced meat intended for the production of chips

Recipes, kg per 100 kg of raw materials
Components Recipe

No. 1 No. 2 No. 3 No. 4
Coriander 2.0 3.1 — —
Ground red pepper 0.6 — 1.0 -
Paprika 3.1 - 2.5 2.0
Curry - 4.0 - -
Ginger — — 3.0 —
Dried parsley — 0.4 — —
Table salt 20.0 20.0 20.0 20.0
Sugar — sand — 28.0 — 15.0
Fresh onion — — — 8.0
Fresh garlic — 9.5 5.5 —
Linden honey 26.5 — 27.0 —
Lemon juice — 10.0 9.0 —
Frozen lingonberries - - - 17.0
Soy sauce 48.0 — 32.0 25.0
Rice vinegar (4%) — 25.0 — —
Apple vinegar — — — 13.0

The ratio of minced meat and salting mixture was 2 : 1.
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To speed up salting, the minced meat was stirred pe-
riodically. Processing of minced meat with the salting
mixture was carried out at a temperature of 15 °C. The
duration of salting ranged from 60 to 90 minutes, depend-
ing on the recipe of the minced meat mixture. As a result
of this processing, the forming ability of minced meat and
the consistency of the finished product improved.

The prepared minced meat was sent for molding.
The minced meat mixture was laid out on a layer
0f 0.3-0.5 cm thick, shaped into various shapes (triangu-
lar, oval, square, round, etc.) in the form of chips meas-
uring of 2.0-5.0 cm in width, 3.0-6.0 cm in length and
sent to the dryer. The duration of the drying process
depended on the thickness of the semi-finished product
layer; a thickness of more than 0.5 cm increased the
drying process by 1.5-2 times.

Drying was carried out in a convection drying
chamber at a temperature of 55 °C, air speed of 0.8 m/s,
air humidity of 50%, for 5-6 hours. Removing the mois-
ture at a given temperature contributed to the preserva-
tion of vitamins, preservation of the natural color, taste,
and aroma of drying products. Properly dried products
had a clean surface, a hard, dense, but not crumbly or

hard consistency and a pleasant taste and smell charac-
teristic of dried fish products.

After drying, the chips were kept in a chamber at
a temperature of 15-20 °C for 1 hour to cool. The tem-
perature of the chips after cooling was 20-25 °C. Then
they were sorted, non-standard products were removed
and sent for packaging.

The chemical composition and caloric content of the
finished products were determined. Depending on the
recipe, they contained 51.3-63.7% of protein, 1.5-7.2%
of lipids, 0.4-2.5% of carbohydrates, 15.3-19.4%
of minerals, 16.5-23.2% of water. The energy value
of the chips varied from 259.4 to 295.2 kcal. Studies
have shown that they can be classified as high-protein
foods with low lipid content.

The development of regulatory documentation for
finished products was carried out, and the organization
standard STO 00471515-082-2020 “Dried products
from aquatic biological resources” was approved.

The organoleptic and physicochemical characteris-
tics of the chips met the requirements of the standard
(Table 3).

Table 3

Organoleptic and physicochemical characteristics of the chips

Indicator Characteristics
Appearance The surface is dry, clean, without external damage and signs of mold
Color From brown to straw in various shade.s or to light brown in various shades
or to greenish brown
Consistency Dense, firm, but not harsh

Smell and taste

Characteristic of this type of product, moderately salty with a pronounced aroma
of spices, without the damaging odors of dampness and mustiness

Dimensions, mm

2.0-5.0 in width, 3.0-6.0 in length

Mass fraction of table salt, % no more

6

Mass fraction of moisture, % no more

30

The chips were packaged in polymer bags under
vacuum and stored for 6 months at a temperature
of 0-6 °C, humidity of 65-75%. Microbiological pa-
rameters were determined every month. Studies have
shown that during the entire storage period in chips,
the quantity of mesophilic aerobic and facultative an-

aerobic microorganisms (QMAFAnM) did not exceed
the maximum permissible level (5.0 - 10* CFU/g) and
ranged from 2.7 - 10° to 1.5 - 10*. Tests of chips for the
content of coliform bacteria (coliforms), S. aureus,
sulfide-reducing clostridia, Salmonella yeast, and mold
fungi showed a negative result (Table 4).

Table 4
Microbiological indicators of chips
Indicator Acceptable indicators | Determined indicators

Qualntity of mesophilic aerobic and facultative anaerobic 5. 10 from 2.7 - 10°
microorganisms (QMAFAnM), CFU/g, no more to 1.5 - 10
Coliform bacteria (coliforms), not allowed in the product mass, g 0.1
Staphylococcus aureus (S. aureus), not allowed in the product mass, g 1.0
Sulfite-reducing clostridia, not allowed in the product mass, g 1.0
Pathogenic agents, including salmonella and L. monocytogenes, Not detected

; 2.0
not allowed in the mass of products, g
Mold, CFU/g, no more 50
Yeast, CFU/g, no more 100
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The presence of chemical contaminants such as
heavy metals, polychlorinated biphenyls, nitrosamines,
pesticides, and radionuclides was determined in the

chips. All indicators did not exceed the maximum
permissible standards (Table 5).

Table 5

Chips safety indicators

Indicator

Permissible content level, mg/kg,
(for radionuclides — Bq/kg), no more

Determined content level, mg/kg,
(for radionuclides — Bq/kg), no more

Toxic elements:

strontium-90 -

lead; 1.0 0.16 £0.05

arsenic; 5.0 0.014+0.01

cadmium; 0.2 not detected

mercury 0.5 not detected

Histamine 100 (mackerel, salmon, herring) 30 (mackerel, salmon, herring)

Nitrosamines:

sum of NDMA and NDEA 0.003 0.001

Dioxins 0.000004 -

Pesticides:

hexachlorocyclohexane (a, f3, y-isomers); 0.2 not detected

DDT and its metabolites 0.4 not detected
2.0 (salmon, fatty herring)

Polychlorinated biphenyls 2.0 not detected

Radionuclides:

cesium-137; 260 not detected

not detected

The shelf life of chips packaged in bags made of pol-
ymer materials has been determined. In months, no more
than: 1 — at a temperature from 0 to +6 °C; 4 — at temper-
atures from 0 to —8 °C; 5 — at a temperature not higher
than—18 °C.

Shelf life of chips packed in polymer bags under
vacuum, in months: no more than: 3 — at a temperature
from +2 to +20 °C; 6 — at temperatures from 0 to +6 °C.

Shelf life is recommended for storing the finished
products at a relative air humidity of 65-75%.

Conclusion

Thus the technology of hydrobiont chips based on
combined minced meat has been improved. Kinds
of minced meat have been developed for the production
of dried-cured products, which provide for the combina-
tion of several types of aquatic organisms, which makes
it possible to increase the nutritional value and diversify
of the organoleptic characteristics of the finished prod-
uct. New compositions of salting media have been de-
veloped for pre-processing minced meat, helping to

improve the rheological and organoleptic characteristics
of the minced meat system. The duration of preliminary
exposure of minced meat in salting media before mold-
ing was experimentally determined to be 60-90 minutes
at a temperature of 15 °C.

The modes of drying chips were substantiated. Based
on research results the following drying regime for
dried-cured products from aquatic biological resources is
recommended: air speed — 0.8 m/s, humidity — 50%,
temperature — 55 °C, at which the average drying time
for chips is 5-6 hours.

The shelf life of chips packed under vacuum and
without it has been experimentally determined not more
than 6 months.

An assessment of the quality and safety of the fin-
ished product showed its compliance with the require-
ments and norms of the current standard and technical
regulations.

STO 00471515-082-2020 “Dried products from
aquatic biological resources” has been developed and
approved.
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