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Abstract. The article presents the results of studying the functional and technological properties of the dried product
“KalmaKS” made from the skin of Commander squid. Technological properties such as water-retaining capacity
(WRC), fat-binding capacity (FBC), fat-emulsifying capacity (FEC), critical gel concentration (CGC), foaming capac-
ity (FC), foam stability (FS), and protein solubility in water have been analyzed as well. The determination of WRC,
FBC and FEC has been carried out at different temperatures of the system “KalmaKS — water”: 25 + 2 and 75 + 2 °C.
It has been ascertained that the product from squid’s skin has a high WRC, reaching 162% at a temperature of 25 °C,
it has also been proven that “KalmaKS” binds water significantly better when the temperature rises to 75 °C. The re-
search has shown high values of “KalmaKS’s” FBC (110%); it has been found out that an increase in temperature
leads to an increase of this index to a level of 210%. The product made from squid’s skin has a fairly high (44.5%)
FEC, slightly increasing with increasing temperature (up to 53%). High indices of CGC (30%) and FS (80%), low
values of FC (3%), as well as high indicators of protein solubility (44.5%) have been ascertained. There has been
made the conclusion about the possibility of using the product from squid’s skin, “KalmaKS”, in the production of
food produce as a structure regulator with water-retaining, fat-binding and gel-forming properties.
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AHHOTamus. [IpuBOIATCS pe3ynbTaThl UCCIENOBAHHS ()YHKIHOHAIEHO-TEXHOJIOIHYECKHX CBOMCTB CYIIEHOTO IIPO-
nykra «KaneMaKS» U3 Ko>kH KOMaHIOPCKOro KanbMmapa. M3ydanuch Takue TEXHOJIOTHYECKHE CBOMCTBA, KaK BIAro-
yrepxuBatommas criocobnocts (BYC), sxupocssi3piBatomast criocobHocTs (JKCC), »KUposMynbrupyromnias CriocOOHOCTh
(OK32C), kpurnueckas konueHtpamus reieodpazoBanus (KKI'), menooOpasyromas crmocobHocTh ([IOC), crabmib-
Hoctb neHs! (CII), a Taxxe pacTtBopuMocTh Oenka B Bojie. Onpenenenne BYC, XKCC n JKOC npoBoauim npu pa3HbIX
Temmneparypax cucreMsl «KanbmaKS — Boga»: 25 £2 u 75 £ 2 °C. YCcTaHOBICHO, YTO MPOAYKT U3 KOXKH KalabMapa
nmeeT Bbicokyro BYC, nocruraromryro 162 % npu temneparype 25 °C, takxe gokaszaHo, uro «KampmaKS» 3Haun-
TEJBHO JIy4llle CBA3BIBACT BOJAY IIPU MOBBILIEHUU TeMmneparypsl o 75 °C. MccienoBaHus mokas3aiad BbICOKHE 3HaYe-
uusg XKCC «KamsmaKS» (110 %), ycTaHOBIICHO, UTO yBEIHYEHHE TEMIIEPATypsl IPHBOIHUT K POCTY ITOTO IOKA3aTels
1o ypoBas B 210 %. [IpoayKT U3 KOKH KaJbMapa UMEET JIOCTaTOYHO BEICOKYHO (44,5 %) JKOC, HeMHOTO BO3pacTaro-
IIyI0 IIPH MOBBIIMICHUH TeMiepatypsl (10 53 %). Ycranosiens! 3Hauntensuble nokasarens KKIT (30 %) u CIT (80 %),
nmskue 3HageHns [I0C (3 %), a Taxke BBICOKHE MTOKA3aTeNN pacTBOpUMOcTH 6enkoB (44,5 %). CnenaH BBIBOX O BO3-
MOXKHOCTH HCIOJIb30BaHUS NMPOAYKTa U3 KOXkH KanbMapa «KanemaKS» npu npousBoacTse MuIeBbIX TPOAYKTOB B Ka-
YeCTBE CTPYKTYPOPETYISTOpa, OONAJaroLIero BOJOYAEPKHUBAIOUIMMH, XHPOCBA3BIBAIONIMMHE H Teleo0pa3yomuMu
CBOMCTBaMHU.
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Introduction

The goal of the development strategy of the Russian
Federation’s fish industry complex for the period up
to 2030 is the provision for the average per capita con-
sumption of fish and fish products with the total amount
of 22-27 kg/p.c. annually. To achieve the goal, it is nec-
essary to increase the operational efficiency and depth
of water biological resources processing, which can be
done by means of production flexibility and manage-
ment of new product output, by nonwaste production
and product quality increase. Providing the population
with ecologically clean and safe produce can be
achieved by a deeper usage of raw material resources.

An important direction in the development of the
fish processing industry is the introduction of non-waste
technologies providing for the high degree of raw mate-
rials' potential used, with the maximum extraction
of valuable substances from the waste products. In par-
ticular, the depth of processing such a valuable resource
as squid, remains at present at a low level — not higher
than 65%, unchanging for the last decades, which testi-
fies to the low degree of hydrobionts processing and the
absence of innovations in the fish processing industry.
Waste disposal methods used by fish processing enter-
prises have an environmental burden on the ecosystem,
worsening its condition.

Fish processing enterprises of the Kamchatka Ter-
ritory, engaged in squid production, face the most
acute issue of its deep processing. The efforts of the
scientific community both in the Russian Federation
and abroad are aimed at solving the problem of in-
creasing the depth of processing. Taking into account
ample evidence of significant biological value of the
waste from processing squid which is caught by fish-
ing enterprises in Kamchatka, the use of this waste in
food production technologies seems to be a highly
promising and relevant area. It should be noted that the
highest concentration of high added-value compounds,
such as proteins, essential amino acids, lipids, polyun-
saturated fatty acids, vitamins, minerals, is often found
in parts of marine organisms that are not used for food
purposes and are simply discarded.

Commander squid Berryteuthis magister, a repre-
sentative of the Gonatidae family, is the only species
of cephalopods in the waters of Russia, developed on
a large scale. The skin yield in mechanical cutting
of the B. magister squid can reach 10% of the raw
product mass. With the existing catch volumes, the
possible yield of integumentary tissues is 3 thousand
tons, which is a significant underutilized raw material
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resource, not inferior to food raw materials in terms
of its chemical and biological characteristics.

It seems a well-grounded approach based on the use
of squid processing waste, in particular, skin, as a struc-
ture-regulating, enriching and flavoring additive. The
integumentary tissues of squids contain a large number
of stromal proteins — collagen and elastin, the amount
being 4 times more than that in muscle tissues [1-3]. It
is advisable to use leather products, in particular, dried
ones, in the production of new types of food products.

At present, there is a rather limited number of devel-
opments aimed at deep processing of waste from cutting
squid, in particular, skin [1, 4-9]. E.g. scientists have
proposed a technology of obtaining collagen from the
skin of squid. Squid by-products can be sent to the pro-
duction of hydrolysates, biologically active additives, as
well as technical products. There is a way to obtain fat
from the entrails of squid (liver and gonads), the fat
content of which reaches 10-30% [10]. A technology
of obtaining fat from squid liver has been developed,
and a method for obtaining fat from squid liver by heat-
ing it in water is also known [11]. A method for the
production of dietary supplements for food of hypocho-
lesterolemic and hemostimulating action “Squid oil” is
proposed [12]. There is a technology of obtaining leci-
thin from squid gonads [13]. A technology has been
developed for the production of additives from waste
from commercial squid species [1].

There is a profound interest in the processing of of-
fal from squid all over the world. E.g. studies have
been carried out on the possibility of using protein
hydrolysates from squid offal as a taste-functional in-
gredient [14]. The functional protein hydrolyzate from
dried squid head has been found suitable for use in
food products, especially as an antioxidant. Ezquerra-
Brauer et al. showed that protein hydrolysates prepared
from by-products of the giant squid (Dosidicus gigas)
had high biological activity [15]. Giménez et al. re-
ported that the antioxidant activity of gelatin films
could be improved by adding squid hydrolysates, alt-
hough this also affects the mechanical properties [16].
Cuevas-Acuia et al. included hydrolysates obtained
from squid gelatin skin by enzymatic hydrolysis into
chitosan films and found out that the resulting films
had increased antifungal activity [17]. The studies car-
ried out by Abdelmalek et al. [18] showed that gelatin
obtained from the skin of the squid Loligo vulgaris
could form a thermoreversible gel; it exhibited the
capacity to foam and emulsify, as well as water-
binding and fat-retaining properties.
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Thus, the development of cost-effective produce
from squid processing waste is a promising scientific
line. Based on the research conducted at Kamchatka
State Technical University (KamchatGTU), a technol-
ogy of the production of the dried product “KalmaKS”
from squid skin [19], considered as a promising natu-
ral food dresser, has been developed. It is established
that the new product has attractive organoleptic char-
acteristics, as well as high biological value, due,
among other things, to a high protein content, largely
consisting of collagen. Probably, the “KalmaKS” has
the properties of a structure regulator, which is indi-
rectly evidenced by the data on the chemical composi-
tion (in particular, the high content of proline and hy-
droxyproline) [20].

In studying the functional and technological prop-
erties of the dried food product from the skin of the
squid, the “KalmaKS”, for the first time, the presence
of water-retaining, fat-binding and gel-forming proper-
ties was experimentally established.

Research objective — the analysis of the prospects
for the use of dried food product from the skin of the
commander's squid, “KalmaKS”, in food technologies
as a structure regulator.

The study of the functional and technological prop-
erties of dried food product “KalmaKS” made from the
skin of Commander squid.

Materials and methods

The major object of the research is the technology
of obtaining dried food produce from the skin of the
Commander squid, “KalmaKS”. The food product
“KalmaKS” has been obtained at the Department
of Food Production Technologies of the Federal State
Budgetary Educational Institution of Higher Education
“KamchatGTU” from the skin of the Commander squid
Berryteuthis magister by drying at the temperature
of 45-55 °C for 7 hours, followed by grinding to the
particles’ size of not more than 0.25 mm. The subject
of the research is dried produce from the skin of the
Commander squid, “KalmaKS”.

The sampling of the dried produce from squid’s
skin has been carried out under Federal standard 31339
“Fish, non-fish objects and the products from them.
Acceptance rules and sampling methods”.

To determine the functional and technological prop-
erties (FTP) of the dried product “KalmaKS” made
from the skin of Commander squid, its water-retaining
capacity (WRC), fat-binding capacity (FBC), fat-
emulsifying capacity (FEC), critical gelationg concen-
tration (CGC), foaming capacity (FC) , foam stability
(FS), and protein solubility in water, have been studied.

Water-retaining capacity has been determined by the
amount of water that the protein can bind and retain dur-
ing centrifugation [21, 22]. To this end, 10 cm?® of water
was added to 1 g of the product tested and heated to
20 °C, followed by infusion, then it was centrifuged for
5 min, and the free water was carefully poured off. The
WRC was calculated from the difference between the
mass of the test-tube with the hydrated sample after wa-
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ter drain and the initial mass of the sample.

The FBC has been determined by the amount of oil
absorbed per mass of the dried product [23]. To this end,
2 g of the product tested was placed in glass centrifuge
test-tubes, and from 0.5 to 2.5 g of vegetable oil was
added at the interval of 0.5 g. The contents of the test-
tubes were mixed, whereupon the test-tubes with the
preparation’s suspensions were kept in the thermostat at
the temperature of 74-76 °C for 15 min. After thermo-
stating, the test-tubes were cooled with cold water to
room temperature and centrifuged for 15 min. The max-
imum amount of added oil, at which no separation of the
oil phase was observed during the test, in terms of 1 g
of the preparation, was taken as the value of the FBC.

To determine the FEC, there was used a method ac-
cording to which a weighed sample of the tested product
in the amount of 7 g, mixed with 100 cm?® of distilled
water, was suspended for 1 min. Then 100 cm?® of sun-
flower oil was added to the mixture and emulsified for
5 min. Thereafter the emulsion was poured equally into
four calibrated centrifuge test-tubes and centrifuged for
5 min. The FEC was characterized as the ratio of the
volume of the emulsion layer to the total volume of the
mixture of oil and suspension [24].

To evaluate the gelling properties of the squid skin
product, the analysis of the critical concentration of gel
formation has been carried out [25, 26]. A series of so-
lutions was prepared with a step of solids concentration
of 5%, 10 test-tubes. The resulting suspensions were
homogenized for 5 min, until a homogeneous consisten-
cy was obtained, and transferred into glass test-tubes.
The test-tubes were placed in a thermostat and kept for
15 min at a temperature of 74-76 °C. After heating, the
test-tubes were cooled with cold water to room tempera-
ture, placed in a refrigerator, where they were kept for
16-18 hr at the temperature of 4-6 °C. Lead balls with
an average mass of 0.64 g were placed on the surface
of the suspension and kept for 2 hr at the temperature
of 4-6 °C. The gel formation was fixed by the position
of a lead ball. As the critical concentration of gel for-
mation, there was taken the concentration of the tested
preparation corresponding to the sample in which the
gel formation was noted.

The FC has been determined, according to the meth-
od proposed by the Department of Plant Proteins and
Biotechnology of the All-Russian Research Institute
of Fats, by the height of the foam formed after shaking
a sample of the product ground with water [24].
A weighed portion of the test-sample was placed in
a beaker, 25 cm? of distilled water was added, whereupon
the portion was triturated until a homogeneous mass was
obtained. Then the mass was transferred into a measuring
cylinder with a capacity of 500 cm® with a sealing plug,
washing off the residue in the glass with distilled water,
and bringing the total volume of liquid in the cylinder up
to 300 cm?. In the course of 1 min, each sample was
shaken, the cylinder being in the horizontal position
(60 shakes). The amount of foam was measured by its
height above the liquid level. The stability of the foam
has been assessed by the capacity to keep its foam struc-
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ture, to maintain its volume for a certain period of time,
until complete destruction [27, 28].

Protein solubility in water has been determined un-
der Federal standard 7636 “Fish, marine mammals,
marine invertebrates and products of their processing.
Methods of analysis” by a method based on the extrac-
tion of the water-soluble fraction from the protein,
dehydration of the insoluble part by centrifugation,
evaporation, drying and its weight determination.

The statistical treatment of the findings has been
done on the basis of calculating average values and
arithmetic error. To treat the received data and to draw
graphical dependence, the operational system Mi-
crosoft Windows 2016 and the software Microsoft
Office 2016 (incl. Word 2016, Excel 2016), have been
used. In this paper, arithmetic values are represented
by average values; their assurance (P) is 0.95 at the
confidence interval (CI) of £ 10%.

Results and discussion

The correctness of conducting technological pro-
cessing and the quality of the finished produce is
largely determined by the properties of the raw materi-
al, in particular, by its FTP. The knowledge of the
FTPs of dried product from squid’s skin will determine
the prospects for its use in the course of technological
processes, it will bring the understanding of the “Kal-
maKS” influence on the quality and stability of food
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products structure. Functional properties are usually
understood as physicochemical characteristics that
determine the behavior of an ingredient when it is add-
ed to food products, and provide the desired structure,
technological and consumer properties of the finished
product [21, 22, 29]. The most important functional
properties include solubility, water-retaining, gelling,
emulsifying and FC. These characteristics reflect the
influence of substances on the formation of food pro-
duce’s consistency, determine the level of its digesti-
bility and consumer properties.

An important property of products is the capacity
to bind and retain moisture. This capacity is character-
ized by a whole range of FTP [21, 30]. Equally im-
portant FTPs include properties that make it possible
to bind fats, to form foams, gels, fat emulsions. There
are a number of methods for determining FTP, such as
WRC, FEC, FBC, CGC, FC, FS, and protein’s solubil-
ity in water; the methods have been used to determine
these characteristics in the “KalmaKS” product. In
order to study the effect of temperature on the FTPs,
the determination of WRC, FEC and FBC has been
carried out at different temperatures of the “KalmaKS”
system — the water: 25 + 2 and 75 +2 °C.

The functional and technological characteristics
of the product “KalmaKS” from the skin of the Com-
mander Islands squid are presented in the figure and in
the Table.

B

FEC
BTemperature 75 °C

Functional and technological characteristics of the dried product from squid’s skin,
“KalmaKS” depending on the temperature of the system “KalmaKS — water”

Functional and technological characteristics of the dried product from squid’s skin “KalmaKS”, %

Name of the index Index value
Critical gelling concentration (CGC) 30.0
Foaming capacity (FC) 3.0
Foam stability (FS) 80.0
Protein’s solubility in water 44.5
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The quality of a product largely depends on the ca-
pacity of its components to retain water during pro-
cessing and storage, and therefore one of the most sig-
nificant functional properties is WRC. Water-retaining
capacity characterizes the properties of products to
absorb and retain water due to the presence of hydro-
philic groups in them [14]. The index studied is deter-
mined by the amount of water that the protein can bind
and retain during centrifugation.

The knowledge of the WRC makes it possible to de-
sign the composition of products with specified rheolog-
ical and water-retaining properties, to maintain a stable
structure throughout the entire shelf life, and to increase
the yield of the final product. In the production of food
products, based on WRC value, it is possible to calcu-
late the amount of the ingredient in the receipt, which
provides the necessary rheological properties, to stabi-
lize the structure of the product during storage, and to
reduce losses during processing [31, 32]. The analysis
of the results of the research carried out allows us to
state that the product from squid’s skin has a high
WRC, reaching 162% at the temperature of 25 °C; it has
also been found that “KalmaKS” binds water much bet-
ter when the temperature rises to 75 °C (see the figure).
Obviously, such a high level of “KalmaKS’s” WRC is
due to the significant content of protein in it, capable
of hydration and swelling. The research results show the
possibility of using the developed dried product as
a water-retaining ingredient in food receipts.

The FBC of products is connected with the adsorp-
tion of fat due to hydrophobic groups that promote fat
binding. The studies have shown high values of “Kal-
maKS’s” FBC (110%); it should be noted that an in-
crease in temperature leads to an increase in this index
to a level of 210% (see the Figure). The high FBC of the
product from squid’s skin is obviously due to its finely
ground structure, which allows the binding of free fat, as
well as to the good accessibility of hydrophobic parts.

The analysis of the results obtained in studying
FEC has shown that “KalmaKS” has a fairly high
(44.5%) FEC, slightly increasing with increasing tem-
perature (up to 53%). Obviously, significant WRC and

FBC affect the thickening and stabilizing properties
of the new product, which, in their turn, contribute to
significant FEC values (see the figure).

The critical gelation concentration (CGC) character-
izes the maximum level of substance hydration and is
defined as the minimum concentration of a gelling agent,
at which the entire surrounding liquid binds up to form
a gel. Sufficiently high CGC values (30%), presented in
the table, testify to a significant gelling capacity of the
product from squid’s skin with a high content of proteins
and, in particular, collagen, which has a positive effect
on the value of the index studied [7].

To study the foaming properties of substances, the
amount of foam obtained and its stability are deter-
mined [6]. The results obtained showed the “Kal-
maKS’s” low FC (3%), indicating the impossibility
of obtaining significant foam masses when using the
developed products (see the table). At the same time,
the studies of the FS have shown that the formed foam
keeps its structure for a long time and does not fall off —
the FS reaches 80%, which is probably due also to the
high protein content in the product.

The authors have conducted the study of the solu-
bility of the “KalmaKS's” protein, showing the high
capacity of the new product’s proteins to dissolve
(44.5%), which testifies to the preservation of its native
properties and the rationality of the selected technologi-
cal modes of processing raw material (see the Table).

Conclusion

The results of studying the functional and technolog-
ical properties of “KalmaKS” have demonstrated that
the product from squid’s skin can be used in food re-
ceipts as a water-retaining, fat-binding and gel-forming
component. Together with a high content of biologically
active substances, as well as marked attractive taste,
smell and color, the data obtained make “KalmaKS”
a promising natural ingredient in food products that
makes it possible to regulate the structure, to increase
the nutritional value, and also to impart new organolep-
tic characteristics.
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