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Functional and technological properties of dry fish vegetable concentrates
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Abstract. The studies of the functional and technological properties of dry fish-vegetable concentrates (DFVC) jus-
tifing the technology of their use in food products are presented in the article. The important functional and technolog-
ical properties that determine the consistency of products obtained by using dry concentrates are the degree of swell-
ing and the kinematic viscosity of the mixtures. The samples for the study were dry fish vegetable concentrates from
Sardinella (S. maderensis) based on minced fish fillet, minced fish fillet with carrots, minced fish fillet with corn flour
and minced fish fillet with powdered okra. We studied the process of swelling of dry fish vegetable concentrate sam-
ples. According to the type of kinetic curves it was found that dry fish vegetables are characterized by limited swell-
ing, which ends with the absorption of the solvent by natural biopolymers. In the course of the experiment it was
found that the highest degree of swelling in dry fish vegetable concentrate was with okra (180%), the smallest — in dry
concentrate from minced fish without herbal additives (140%). The degree of swelling of samples of dry fish and veg-
etable concentrate with okra and cornmeal is higher than that of dry fish vegetable concentrate with carrots. The high-
est kinematic viscosity was observed in solutions of DFVC with corn flour (3.03 mm?s and okra (2.86 mm?s), the
lowest in the control sample without vegetable ingredients (2.21 mm?*s). Thus dry fish concentrates with okra and
cornmeal are recommended for use in the preparation of sauces, pureed soups and molded culinary products.
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AnHoTamus. IIpencraBieHBl HCCIENOBAHUS IO ONPENETIeHHIO (YHKIMOHAIBHO-TEXHOJIOTUUCCKHX CBOHCTB CYXHX
prroopactutensHbix KoHIeHTpaToB (CPK) ¢ menbio 000CHOBaHMS TEXHOJIOTHH HX HCIIOIBb30BAHHS B IHINEBBIX IIPO-
IyKTax. BakHBIME (QyHKIIMOHAIBHO-TEXHOJIOTUUECKUMH CBOMCTBAMH, ONPEIEIISIOMNMI KOHCUCTEHIUIO MPOIYKTOB,
MOJIy4aeMbIX C MCIIOJIb30BAaHUEM CYXUX KOHILIEHTPATOB, SBIIIOTCS CTEHNECHb HAOYXaHMS M KMHEMAaTH4ECKas BA3KOCTh
pacTBOpoB. B kauecTBe 00pa3loB Ul MCCIEIOBAHUSA ObUIM BBIOpaHBI CyXHE PHIOOPACTUTENIbHBIE KOHLEHTPATHI M3
capaunesl (Sardinella maderensis) Ha ocHoBe (apiia u3 ¢uie peiObl, dapiua u3 duie peiObl ¢ MOPKOBBIO, (aprira
u3 ¢use peiObl ¢ MyKOH KyKypy3HOH, (apiua u3 ¢uie peiobl ¢ 6amueii. M3yden npouecc HaOyxaHust 00pa3IoB CyXxoro
PBHIOOPACTHTENBHOTO KOHIEHTpaTa. 10 THITy KMHETHYECKHX KPUBBIX YCTAHOBICHO, UTO AJISI CyXHUX PHIOOPAcTUTENb-
HBIX KOHIIGHTPATOB XapaKTEPHO OrpaHMYCHHOE HAaOyXaHHe, KOTOpOE 3aKaHYMBAETCs IOTJIONICHHEM PacTBOPUTEIS
NIPUPOJHEIME GHOTIOIMMepaMu. B Xoze sKcliepiMeHTa yCTaHOBIICHO, YTO HAHOOJIbIIAsk CTENICHb HA0YXaHUs y CyXOTro
prrbopacTuTenpHOTO KOHIEeHTpaTa ¢ Oamueit (180 %), HauMeHbIIas — y CyXoro KOHIEHTpaTa U3 peIOHOTO (apmra 6e3
pacturenbHbIX 100aBokK (140 %). Ctenens HabyxaHuUst 00Pa3IOB CyXOro pelOOPACTUTENBHOIO KOHIIEHTpaTa ¢ Oamuei
U KYKYPY3HO# MYyKOii BBIIIE, 4YeM Y CYyXOr0 phIOOPAaCTHTEIFHOTO KOHIICHTPaTa ¢ MOpPKOBbIo. Hanbonbias kuHemaru-
deckasi BSI3KOCTh HaGmomaercst y pacteopoB CKP ¢ kykypysHoii mykoit (3,03 mm%/c) u Gamueit (2,86 mm*/c),
HAMMEHBIIIAsA — Y KOHTPOIBHOTO 06pasia 6e3 pacTHTeIbHBIX HHrpeaieHToB (2,21 Mm%/c). TakuM 06pasoM, CyXue phi-

© Koroma Ibrahim, Zolotokopova S. V., Kovenkin B. E., Pyanova E. S., 2023

113



60pacm1‘enbﬂmx KOHILICHTPATOB

-TEXHOJIOTUYECKHUE CBOMCTBA CYXUX PbI

Kopoma Hbpaxum, 3omotokonosa C. B., Kosenbkus b. E., [IbsnoBa E. C. dyHKIIMOHAIBHO

Becmnuk Acmpaxanckozo zocyoapcmeennozo mexuuieckozo ynueepcumema. Cepus: Poionoe xoszaiicmeo. 2023. Ne 3

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

Texnonozuueckue npoyeccovl, Mauwiunsvl U annapamal ons nepepaﬁom}cu B0OHBIX 6u0pecypcoe

OopacTHTeNbHBIE KOHIIEHTPATHI ¢ OaMuel 1 KyKypy3HOH MYKOH peKOMEHIYIOTCS [UISl MCHONIB30BaHHs IIPU IIPHTOTOB-
JICHHHU COYCOB, CYIIOB-IIIOpPE M ()OPMOBAHHBIX KYIHHAPHBIX M3ISITHH.

KaroueBrble cioBa: capaunema (Sardinella maderensis), cyxoi ppIOOpaCcTUTENBHBIN KOHIIEHTPAT, KYKypy3Has MyKa,

6amMusi, MOPKOBb, HAOyXaHHEe, KHHEMAaTHYECKast BASKOCTD

Jas nuruposanusi: Kopoma Hopaxum, 3onomoxonosa C. B., Kosenvxkun b. E., Ilvanosa E. C. OyHKINOHATIBHO-
TEXHOJIOTMYECKHE CBOHCTBA CYXHX PhIOOPACTUTENbHBIX KOHIEHTPATOB // BECTHUK ACTpaxaHCKOTro rocyAapCTBEHHOTO
TexHnueckoro yunusepcurera. Cepusi: PeiOHoe xo3siictBo. 2023. Ne 3. C. 113-118. https://doi.org/10.24143/2073-

5529-2023-3-113-118. EDN DREQPZ.

Introduction

According to national nutrition studies in Sierra Leo-
ne, there is a lack of protein consumption by the popula-
tion [1-3], which necessitates improvement of raw mate-
rial processing technologies and the expansion of the
range of food products from low-value fish species [4, 5].
The priority direction of the state policy of Sierra Leo-
ne in the field of healthy nutrition of the population is
the creation of a range of new food products that have
the properties to improve human health in modern
conditions [4]. One of the promising directions for
solving these problems is the development of technol-
ogies based on the principles of food combinations for
obtaining highly nutritious dry fish and vegetable con-
centrates intended for use in pasta, sauces and soups.

The most common fish caught in Sierra Leone rich
in protein and available to the general population is the
sardinella (Sardinella maderensis), and there is need to
develop a processing technologies for which will en-
sure the food security of the country. Sardinella (Sar-
dinella maderensis) refers to a high-protein raw mate-
rial capable of forming thick plastic mixtures when
crushed into minced meat [6].

The most common foods consumed in Sierra Leone
on a daily basis and everywhere by all groups of chil-
dren and adults include cereal products: corn, rice,
bread, etc. In this group, cereal-based foods are most
common, including soup concentrates, plassa (first and
second lunch courses) [2]. Taking into account the
traditions of Sierra Leone, in the consumption of soups
and cereals, the use of dry fish vegetable concentrates
enriched with micronutrients can make a significant
impact to the deterrence of macro- and micronutrient
deficiencies in children and adults [1, 7]. An important
technological point in this case is to ensure the optimal
distribution of ingredients of animal and vegetable
origin to enrich the mass of the product and improve
its organoleptic properties [8].

Okra, a readily available nutritious vegetable crop in
Sierra Leone rich in various trace elements and polysac-
charides, capable of forming viscous aqueous suspen-
sions due to the content of mucous substances which is
important in the preparation of soups and sauces.

Solving the problem of rational use of low-value fish
raw materials involves the development of technologies
for its complex processing into food products; in partic-
ular, dry fish vegetable concentrates that are stored for
a long time and have a small weight, which allow them
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to be used by various groups of the population in areas
with a lack of food resources and long trips.

There are no systematic studies of the functional and
technological properties of dry fish and vegetable con-
centrates in literatures. The combination of fish raw
materials and vegetable fiber in the composition of dry
fish and vegetable concentrates pursues several im-
portant tasks:

— improving the organoleptic properties of the dry
concentrate;

— formation of specified technological properties;

— increase in nutritional value, ensuring the physio-
logical content of dietary fiber necessary to maintain
the normal functioning of the digestive system [9].

Thus, the study of the functional and technological
properties of dry fish concentrates to substantiate the
directions of their use in food technology is an urgent
and timely task.

Goal of the work — to study the functional and
technological properties of dry fish vegetable concen-
trates in order to justify their use in food products. To
achieve this goal, it is necessary to solve certain tasks:

— to substantiate the effect of vegetable raw materi-
als in dietary fibers of fish raw materials in the compo-
sition of dry fish vegetable concentrates of various
dispersions on their swelling in aqueous solutions;

— to investigate the kinematic viscosity of solutions
of dry fish vegetable concentrates;

— to substantiate the promising directions for the
use of the developed dry fish vegetable concentrate in
the preparation and production of food products.

Objects and methods of research

The object of the study is dry fish vegetable concen-
trates (DFVC) from sardinella (Sardinella maderensis)
based on minced fish fillet, minced fish fillet with car-
rots, minced fish fillet with corn flour, minced fish fillet
with okra. To obtain dry fish vegetable concentrates, the
fish was cut into fillets, which were then crushed on
a cutter and mixed with corn flour or okra powder in
a ratio of 3 : 1. Peeled carrots were passed through
a cutter along with minced meat in a ratio of 1 : 3. Then
the minced meat with vegetable components were dried
at a temperature of 100 °C for 60 minutes.

In order to determine the ways of further use of dry
fish vegetable concentrates, their functional and tech-
nological properties (swelling and kinematic viscosity)
were studied. Experimental studies were carried out in
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the research laboratory of the department “Technology
of goods and commodity science” of the Astrakhan
State Technical University. The swelling of dry test
samples was determined by the following method:
identical weighed portions of the product (3 g) were
placed in chemical beakers with a capacity of 100 cm’,
poured with distilled water in a ratio of 1 : 10 and
kept at a temperature of 20 °C. At regular intervals
of 20 minutes, the contents of the beakers were trans-
ferred to funnels with a folded filter and the solvents
were allowed to drain to the last drop. The swollen
samples were transferred to pre-weighed bottles and
weighed. The degree of swelling of the samples were
calculated using the following formula:

o= (m—my)/ my,

where o — degree of swelling; m — is the mass after
swelling; m, — dry weight; or by the formula:

o= (m—mg)/ my- 100,

where o — swelling percentage, %.

To determine the kinematic viscosity of the liquid
a capillary glass viscometer type. VPZh-2 was used; the
study was carried out in accordance with GOST 33768-2015
“Method for determining the kinematic viscosity and
calculating the dynamic viscosity of transparent and
opaque liquids” [10]. To obtain the necessary solutions
for the study, all samples were crushed to 0.01 mm,
weighed in 3 grams, mixed with 30 ml of water at a tem-
perature of 100 = 50 °C. The samples were infused for
10 minutes. To determine the kinematic viscosity
of a liquid, the solutions were filtered through filter pa-

per. Based on GOST, the essence of the method for de-
termining the kinematic viscosity of a liquid is to meas-
ure the time of expiration of a certain volume of the test
product under the influence of gravity with a glass capil-
lary viscometer. The kinematic viscosity is calculated as
the product of the measured product flow time and the
viscometer constant. The kinematic viscosity of liquids
show how easily a given substance is able to flow. The
calculation of the kinematic viscosity of the liquid was
carried out according to the formula:

V=(g/9.807)- T-K,

where V' — is the kinematic viscosity of the fluid in
mm?/s; g — is the acceleration due to gravity at the place
of measurement in m/s; 7 — is the liquid outflow time in
seconds; K — viscometer constant, 1.025 mm?/s.

Research results and discussion

As a result of multifaceted research, the authors
have developed a DFVC technology based on the
complex processing of low-fat small fish raw material
Sardinella in combination with vegetables. The study
of the technological properties of DFVC and possible
directions for their use in the food industry is an urgent
task. It is necessary to provide a wide range of various
high-quality products that retain the beneficial proper-
ties of natural products to the maximum, the nutrients
of which are in an easily digestible form [11].

Table 1 according to the literature [12] shows the con-
tent of starch and dietary fiber in vegetables and cereals.

Table 1
The content of soluble and insoluble dietary fiber and starch in cereals and vegetables, g per 100 g products
Dietary fiber
Name of products Hemicellulose Cellulose Pectin Total Starch
Corn flour 4.2 2.1 — 6.3 56.9
Okra 1.2 3.2 0.4 4.8 0.3
Carrot 0.3 1.2 0.6 2.1 0.2

Table 1 shows that corn flour contains the largest
amount of starch, while okra contains more fiber. Con-
sidering that, a promising field of application of dry
fish vegetable concentrates is the preparation of puree
soups, sauces, pates, salad dressings, and mould culi-
nary products. The functional and technological prop-
erties of the ingredients used have a great influence on
the quality and organoleptic desirability of the finished
products. The ability of dry fish vegetable concentrates
to swell, regulate hydration, viscoelastic and adhesive
properties play the role in solving certain technological
problems, which affect the consistency and organolep-
tic characteristics of the finished product.

One of the most important indicators for assessing
the quality of a dried product (material) is its reducibil-
ity, 1. e. the ability to bind moisture and swell during

cooking (soaking). This ability depends on the differ-
ence in the structure of the material, the content
of hydrophilic colloids, osmotic active substances and
a number of other reasons. With various methods and
modes of preliminary heat treatment of raw materials,
as well as with various methods and modes of drying,
phenomena can occur that leads to denaturation
of colloidal systems, changes in the structure of the
material, its porosity (shrinkage), which changes the
conditions for the penetration and binding of moisture
inside a piece of dried product.

It is known that one of the most important indica-
tors of quality assessment is the juiciness and con-
sistency of reconstituted dry products which depend on
swelling. In the course of the research the degree
of dry fish swelling and vegetable concentrates were
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studied. Minced fish fillet (sardinella) without vegeta-
ble additives was taken as a control sample. The
changes in the dry fish concentrate (DFC) and dry fish

vegetable concentrates (DFVC) during swelling de-
pending on time are shown in Table 2.

Table 2
Mass of samples of DFC and DFVC during swelling
Swelling duration, o Mass of samples, gC c
min . DFVC from minced DFVC minced DFVC minced
DFC minced fish fish with corn flour fish with carrots fish with okra
0 1.0£0.01 1.0+ 0.01 1.0+ 0.01 1.0+ 0.01
20 2.2+0.01 2.6+0.02 2.5+0.02 2.7+0.01
40 2.3+0.02 2.8+0.01 2.6+0.01 2.8+0.02
60 2.5+£0.01 3.0+0.02 2.84+0.02 3.1+0.01
80 2.5+0.02 2.7+0.01 2.6+0.01 2.9+0.02
100 2.4+0.01 2.7+0.02 2.5+0.02 2.8+0.01

Table 2 shows that the maximum change in mass
occurs after 60 min of the experiment. The greatest
change in mass is observed in samples with corn flour
and okra. The lowest value is for the control sample
of dry fish concentrate from minced fish without vege-
table additives. The process of swelling of dry samples
take place in two stages: penetration of the solvent into
the product and direct swelling of the polymers [6, 8].
Native starch is practically insoluble in cold water and
forms a suspension. However, it is hydrophilic and can

absorb up to 30% of moisture by weight due to adsorp-
tion. Since the starch contained in corn flour and the
fiber contained in okra are biopolymers, the mass
of samples of dry fish concentrate with corn flour and
okra changed more significantly than in the control
sample from minced dry fish concentrate.

Table 3 shows the calculated degree of swelling
of samples of dry minced fish and dry minced fish
vegetable concentrates respectively.

Table 3

The degree of swelling of minced dry fish and minced dry fish vegetable concentrates

S Sample weight Sample weight after Swelling degree, Swelling percentage,
ample . . o
before swelling, ny, g swelling, m, g o, g a, %
DFC minced fish 2.5+0.1 1.4 140
DEVC minced fish 28402 15 150
with carrots
DFVC from minced 1.0£0.1
fish with corn flour 3.0£02 17 170
DFVC minced fish
with okra 3.1+£0.1 1.8 180

Table 3 shows that the highest degree of swelling
of dry fish vegetable concentrate with okra (180%), the
smallest in dry concentrate from minced fish without
herbal additives (140%). The degree of swelling
of samples of dry fish vegetable concentrate with okra
and cornmeal is higher than that of dry fish vegetable
concentrate with carrots. Since it is known that corn
flour contains a large amount of starch and at high tem-
perature starch is able to absorb water through adsorp-
tion and form structured systems. Okra contains a large
amount of fiber and mucous substances represented by
glycosaminoglycans which increase in volume when

exposed to hot water.

When preparing soups, purees, sauces, molded cul-
inary products, the ability of the system to gelatiniza-
tion and the formation of viscous solutions is of great
importance for the consistency of the product. Viscosi-
ty is the desired parameter, which is one of the funda-
mental qualities that characterize the flow behaviour. It
is a measure of a fluid's ability to resist movement
when shear stress is applied. The results of determin-
ing the fluid outflow time and kinematic viscosity are
presented in Table 4.

Table 4

Kinematic viscosity of solutions of DFC and DFVC

Name of solutions Liquid outflow time, s Kinematic viscosity of liquid, mm®/s
DFVC minced fish with okra 2.96 £0.02 2.86 +0.02
DFC minced fish 2.27+£0.02 2.21£0.02
DFVC minced fish with carrots 2.41+£0.02 2.36 £0.02
DFVC from minced fish with corn flour 3.08 £0.02 3.03 £0.02
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Table 4 shows that the kinematic viscosity of solu-
tions of dry fish vegetable concentrates is higher than
that of the control sample without vegetable additives.
The highest kinematic viscosity is observed in solutions
of DFVC with corn flour (3.03 mm?s) and okra
(2.86 mm?/s), the lowest in the control sample without
vegetable ingredients (2.21 mm?/s). Thus, dry fish con-
centrates with okra and cornmeal are recommended for
use in the preparation of sauces, pureed soups and
moulded culinary products.

Conclusion
Thus in the course of the research of the functional
and technological properties of dry fish vegetable con-

centrates it was found that the process of DFVC swell-
ing occurs in two stages: the penetration of the solvent
into the product and the direct swelling of polymers, the
largest mass of dry fish vegetable concentrate placed in
an aqueous solution is achieved after 60 minutes of in-
fusion. The use of vegetable raw materials increases the
degree of swelling of the dry fish concentrate and the
kinematic viscosity of its solutions. It has been con-
firmed that plant polysaccharides affect the kinematic
viscosity of DFVC solutions, corn flour and okra have
the greatest influence. The obtained research results can
be used in the development of food production technol-
ogies using DFVC and allows developing the optimal
parameters of the manufacturing process.
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