Vestnik of ASTU. Series: Fishing Industry. 2022. N. 3. ISSN 2073-5529 (Print), ISSN 2309-978X (Online)
Technological processes, machines and apparatus for processing aquatic bioresources

Original article

UDK 69.51.31.15.31
https://doi.org/10.24143/2073-5529-2022-3-123-128
EDN CXAUYF

Chemical composition of food product “KalmaKS”
produced from dried squid skin

Maya V. Blagonravova™, Viadimir S. Volkov, Alexander V. Samokhin

Kamchatka State Technical University,
Petropavlovsk-Kamchatsky, Russia, mblagonravova@mail. ru™

Abstract. Proteins are structure-forming agents most widely used in food technology. The most abundant protein in
nature is collagen. Squid skin is remarkable for the high content of collagen. Taking into account a considerable stock
of squid, the development of collagen-containing produce with the prospect of its usage in making moldings, presents
itself as a promising field of research. Squid skin is known to be characterized by high biological value — it contains
well-assimilated proteins, lipids, microelements and vitamins. Presumably, the usage of the like additive will make it
possible both to stabilize the structural-mechanical properties of products and to enhance their biological value.
A developed by the authors technology of producing a dried product “KalmaKS” from squid tegumental tissue implies
drying the skin followed and grinding it to a powder. “KalmaKS” is a pulverized product with pleasant taste, colour
and fragrance. The skin of the Commander Islands squid Berryteuthis magister (Berry, 1913) is the most numerous
representative of Gonatidae squid family in the North Pacific and one of the few molluscs cephalopoda caught by the
fishing companies in the Russian Federation and used as a raw material. The objective of the research was to envisage
the perspectives of using a dried food product “KalmaKS” from squid skin in food technologies. For this purpose the
chemical composition of “KalmaKS” was studied. The chemical composition of the dried food product from the skin
of the Commander Islands squid is rich in protein and polycomponents. Mass fraction of protein in the developed
product reaches 80.8%. The amount of lipids comes to 7.0%, mineral substances — 6.1%. It is demonstrated that the
dried food product from squid skin is remarkable for the considerable amount of collagen (18.654%). It is proved that
the food product from squid skin contains all the essential amino acids; at the same time, it is ascertained that the ami-
no acid composition is not balanced. Among the nonessential acids, glycine (18.46 g per 100 g of the product) and
proline (9.74 g per 100 g of the product) have the largest mass fraction. It has been inferred that the food product from
squid skin can be used as a dresser to enrich food products, as well as an organic structure-regulating agent.
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AnHoTamusi. benku — Hanbonee MUPOKO NMpUMEHsEMbIe B MUIIEBOH TEXHOJIOTHH CTPYKTypooOpaszoBarenu. CaMbiM
pacnpocTpaHeHHBIM OEJIKOM B IPHPOJE SIBISIETCS KOJUIareH. BBICOKMM copepKaHHeM KoJllareHa OTIMYaeTcsl Koxa
kanpMapa. C ydeToM 3HAaYUTEeNBHBIX 3aMacoB KalbMapoB Pa3paboTKa KOJUIAreHCOAepIKaIeil MpogyKIHU ¢ IepCHek-
THBO HCIONB30BaHMS €€ B IIPOU3BOACTBE (DOPMOBAHHBIX M3AENUI IPEACTaBISIETCS MEPCIEKTHBHBIM HAIllPaBICHUEM
uccienoBaHuil. V3BecTHO, 4TO KOXa KajbMapa XapaKTepH3yeTCs BBICOKOW OMOJIOTMYECKOi LIEHHOCTBIO — COJCPIKUT
XOpOIIO yCBOsIEMbIE OCIKH, JIMIMUABI, MUKPOIJIEMEHTH H BUTAMUHBL. BeposTHO, HCIONB30BaHNE MOZO00HOH 100aBKH
MO3BOJIUT KaK CTAOMIM3HPOBATH CTPYKTYPHO-MEXaHUIECKHE CBOMCTBA MPOIYKTOB IIPH €€ BHECEHNH, TaK W MOBBICHTH
OMOJIOrNYECKYIO0 LIEHHOCTh MpOayKTa. Pa3paboTaHHas aBTOpaMH TEXHOJIOTHS IPOU3BOACTBA CYLICHOTO NPOIYKTa U3
MOKPOBHBIX TKaHeil kampMapa «KampmaKS» mpearmonaraer cymky KOXHd ¢ IOCIEAYIOIINM H3MEJIbUSHHEM [0 TIOPOIII-
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KooOpaszHoro coctosHus. «KanpmaKS» npezncrasiser co6oil mopomkooOpas3Hblii IPOAYKT C MPUSATHBIM BKYCOM, LiBe-
TOM M apoMarToM. B kadecTBe CBHIpBSI HCHONB3yeTCsl KOKa KOMAaHIOPCKOTo KameMmapa Berryteuthis magister (Berry,
1913) kak Hanbosee MaccOBOro MpeacTaBUTeNs KambMapoB cemelictBa Gonatidae ceBepuoit [Tanuduku u ogHoro u3s
HEMHOTHUX 3KCIUTyaTHPYEMBIX pbIOOm0OBIBatOIIMMH opranusanusiMu Poccuiickoit denepanuy BUIOB TOJOBOHOTHX
MOJUTIOCKOB. 1leNbI0 HACTOSIIEro HCCIEeNOBaHNUs SBIIIOCH PACCMOTPEHHE IEePCIEKTHB HCIIOIb30BAHUS CYIICHOH ITH-
MeBOl MpoayKuuu U3 Koxku kanemapa «KamemaKS» B mumieBeix TexHosorusx. IIpoBesieHo n3ydeHne XUMHYIECKOTO
cocraBa «KanemaKS». YcTanoBneHo, uTo nuieBas CymeHasi IpOAyKLHUs U3 KOXKH KOMaHAOPCKOro kanbmapa «Kanb-
MaKS» oTHOCHTCS K BBICOKOOENKOBBIM U ITOJMKOMIOHEHTHBIM. MaccoBast noist Genka B pa3pabOTaHHOM HPOJYKTe
nocturaet 80,8%, comepxanue munuaoB — 7,0 %, muHepanbHbIX BeuiecTB — 6,1 %. Iloka3zaHo, 4TO cylieHas IpOIyK-
1S U3 KOXKH KaJlbMapa OTJIMYAeTCsl 3HAYUTEIbHBIM cojiepanueM kosuiareHa — 18,654 %. JlokazaHo, 4TO B MUIICBOM
MIPOJYKTE N3 KOXKH KalTbMapa COJeprKaTcsl Bce He3aMEHHMBIE aMHHOKHCIIOTHI, B TO JK€ BPEMs yCTAHOBIICHO, YTO aMH-
HOKHCJIOTHBIH cocTaB He cOanaHcupoBaH. Cpeay 3aMEHMMBIX aMHHOKHCIIOT HaHOOJIBIIYI0 MAaCCOBYIO JIOJIO MMEIOT
rauuuH (18,46 r Ha 100 r npoxykra) u npoiuH (9,74 Ha 100 r npoaykta). Crenan BBIBOJ O MEPCIEKTUBHOCTH HC-
TIOJTb30BAHMS MHIIEBOTO MPOAYKTa U3 KOXKH KalbMapa B KauecTBe 000raTUTEINs IPOAYKTOB MUTAHUS, a TakKe B Kade-
CTBE HaTypaJIbHOTO CTPYKTYPOPETYINPYIOIIETO areHTa.

KinrodeBble cj10Ba: XUMHUYECKUH COCTaB, aMHUHOKHCIOTHBIM COCTaB, KOMaHJIOPCKUH KajbMap, CyLIeHas IHIIeBas
TIPOJYKIIHsI, OHOJIOTHYecKasi IEHHOCTb, CTPYKTYPOPETYIUpYIOIye 100aBKH, aMHHOKUCIOTHBIH CKOP
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Introduction

In making food products, an important task is the
stabilization of their function-technological properties,
which allows to obtain stable food systems possessing
the composition and properties that meet the consum-
ers’ demands. With the aim to create moldings, struc-
ture-forming agents are widely used [1].

Proteins are structure-forming agents most widely
used in food technology. The structure-forming agents
of animal origin include, in particular, fish protein
concentrates and isolates. In making these compo-
nents, complex technological schemes are used, which
means the usage of costly equipment, treatment by
chemical agents (ethanol, isopropane, ethylene dichlo-
ride et al.), and strict temperature conditions.

Collagen is the most widespread protein in nature.
It is the very protein that determines the structure
of skin and bones [2, 3]. This property, undoubtedly,
provokes much interest on the part of researchers. The
technologies of its extraction from fish skin, fins and
heads imply grinding, defatting, maceration, caustic
treatment of collagen-containing raw product.

Squid skin is remarkable for high content of colla-
gen. Taking into account the considerable stocks
of squid (in the Russian Federation the annual squid
catch of the Pacific Todarodes pacificus and the Com-
mander Islands Berryteuthis magister reaches up to 200
thousand tons [4, 5]), the development of collagen-
containing products with the prospect of its usage in
making moldings, is becoming a promising field of re-
search. It is known that squid skin is characterized by
the high biological value: it contains well-assimilated
proteins, lipids, microelements and vitamins. Presuma-
bly, the usage of the like additive will make it possible
both to stabilize the structural-mechanical properties
of products and to enhance their biological value.

The technology of producing a dried product
“KalmaKS” from squid tegumental tissue developed
by the authors implies drying the skin followed by its
grinding to a flowable powder [6].
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“KalmaKS” is a pulverized product with a pleasant
taste, colour and fragrance. As raw material there is
used the skin of the Commander Islands squid Berry-
teuthis magister (Berry, 1913), which is the most nu-
merous representative of Gonatidae squid family in the
North Pacific and one of the few mollusca cephalopo-
da caught by Russian fishing companies. By safety
indices, the dried product from squid skin corresponds
to the requirements TR EEU (Technical Regulation
of the Eurasion Economic Union) 040/2016 “On safe-
ty of fish and fish products” and TP TC — TR CU
(Technical Regulation of the Customs Union)
021/2011 “On safety of food products”.

It has been experimentally proved for the first time
that the developed technology of producing dried food
product from squid skin, “KalmaKS”, makes it possi-
ble to obtain a high-protein product containing essen-
tial and nonessential amino acids including those gen-
erating its jellying properties.

The research objective is to envisage the perspec-
tives of using dried food produce from squid skin,
“KalmaKS”, in food technologies.

The task for the current stage of research is to
study the chemical composition of the dried food
product “KalmaKS” from squid skin.

Materials and methods

The major object of research is the technology
of obtaining a dried food product from squid skin. The
subject of research is the dried product obtained from
the skin of squid Berryteuthis magister caught in the
Commander Islands. Sampling of the dried product
from squid skin is carried out under Federal standard
31339 “Fish, non-fish objects and the products from
them. Acceptance rules and sampling methods”.

The estimation of protein and collagen mass con-
centration in the dried products is carried out by stand-
ard methods under Federal standard 33692 “Animal
fibroproteins. General specifications”. The estimation
of the protein content is done by burning a sample
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with concentrated sulphuric acid followed by titration
with hydrochloric acid to estimate the quantity of am-
monia, and the calculation of nitrogen mass concentra-
tion in the product sample, based on the quantity of the
ammonia formed.

To estimate the ratio of the collagen mass to the
general protein mass, in the sample of acid hydrolysate
oxiproline was liberated, the hydrolysate was neutral-
ized and oxidized with T-chloramine forming a com-
pound of red colour, photometric measurement of the
optical density with the wave length (558 + 2) nm was
taken followed by the recalculation for collagen.

Estimating the content of water, lipids and mineral
substances was carried out by standard methods under
Federal standard 7636 “Fish, sea mammals, sea inverte-
brates and the products of their processing. Analysis
techniques”. The water mass part was estimated by dry-
ing off till the constant mass in the drying cabinet, the
mineral substances — by ashing in the muffle furnace.
The estimation of the lipid content was carried out by
the extraction method in the Soxhlet's apparatus.

To estimate the amino acid composition of the pro-
tein of the squid dried product, the standard method
given in the Federal standard 34132 “Meat and meat
products. The method of estimating the animal protein
amino acid composition” was used. To state the indi-
vidual amino acids mass part, the protein acid hydrol-
ysis was performed with the following chromato-
graphic estimation.

The statistical treatment of the findings was done
on the basis of calculating average values and arithme-
tic error. To treat the received data and to draw graph-
ical dependence, the operational system Microsoft
Windows 2016 and the software Microsoft Office
2016 (incl. Word 2016, Excel 2016) were used. In this
paper the arithmetic values are represented by average
values; their assurance (P) is 0.95 at the confidence
interval (J]) of £ 10%.

Results and discussion

At this stage of research, the chemical composition
of the dried product obtained from the skin of the
Commander Islands squid, the “KalmaKS”, is studied.
The chemical potential makes it possible to forecast
the expedience of using the developed produce in the
technologies of food products.

The content of macronutrients in the product
“KalmaKS” made from the Commander Islands squid
coating tissue is represented in Table 1.

Table 1

Content of macronutrients in the dried food
product “KalmaKS” made from
the Commander Islands squid skin

Name of the index Index value, %
Water mass part 6.0 +0.025
Mineral substances mass part 6.1 +0.0003
Protein mass part 80.8+0.2
Including collagen mass part 18.654 £ 0.077
Lipids mass part 7.0 £ 0.067
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The data presented in Table 1 indicate that the devel-
oped product belongs to the high-protein products (pro-
tein content reaches 80.8%), which is conditioned by the
composition of the feedstock — squid skin. Besides, the
new product contains a significant amount of collagen —
up to 18.654%. The test sample had a high mass part
of mineral substances — 6.1%, and of lipids — 7.0%.

The high collagen content makes it possible to fore-
cast the possibility of using the product made from
squid skin as an organic structure-forming agent in food
technologies. Collagen is known to reveal the properties
of food fibres. It is able to enhance the gastrointestinal
motor activity, to influence the protective functions
of human organism against the environmental hazards.
These facts testify to enhancing the biological value
of food products by introducing the “KalmaKS” [7-11].
When deciding on the expediency of using the new de-
velopment, one should take account of the fact that the
collagen in hydrobionts is assimilated well by the hu-
man organism, for — by its structure and range
of fundamental properties — it is much closer to man’s
collagen (to 96%) than to animals’. Of no small im-
portance is the capacity of hydrobionts’ collagen for
absorption and restoration [12—-16].

The nutritive value of proteins is known to be de-
termined by the qualitative and quantitative ratio
of separate amino acids forming the protein. Of great
interest is the amino acid composition of the products
from squid skin, the “KalmaKS” (Table 2).

Table 2

Amino acid composition of the dried products from
the Commander Islands squid skin, the “KalmaKS”

. . Amino acid content, g per
Name of amino acid 100 g of the pro ducgt’l‘)
Nonessential amino acids
Asparaginic acid 5.55+£0.83
Glutaminic acid 6.30£0.95
Serine 2.89+043
Histidine 1.33+£0.20
Glycine 18.46 +2.77
Arginine 6.54+£0.98
Alanine 494 +0.14
Tyrosine 0.89 £0.13
Cystine 0.31+0.05
Proline 9.74 £ 1.46
Oxyproline 2.31+0.01
Essential amino acids
Isoleucine 1.63 +0.24
Leucine 6.16 £0.92
Lysine 4.20 £ 0.63
Methionine 2.05+0.31
Phenylalanine 1.34+0.20
Threonine 2.29+0.34
Tryptophan 0.47 +0.09
Valine 3.26 +0.49

* The research was carried out in Federal State Budgetary Sci-
entific Institution “Federal scientific centre of food systems
n. a. V. Gorbatov” of RAS in 2022.

Analyzing the amino acid content by the research
results presented in Table 2, there should be men-
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tioned the presence of the proline and oxyproline ami-
no acids, which are most important for the jellying
effect, because their total content reaches to 12.05 g
per 100 g. The findings make it possible to assume
that the developed product possesses structure-
regulating properties, which allows to use it as a struc-
ture-regulator.

For the normalization of the human organism’s ac-
tivity, the basic factor is the quantity of the protein
incoming with the food, especially its quality charac-
terized by the balance of the amino acid content (the
content of essential amino acids and their correspond-
ence to the optimal ratio recommended by WHO). For
the substantiation of the product’s general biological

value, the nonessential amino acid content in the pro-
tein is important as well. From Table 2 data, one can
see that squid skin contains all the essential amino
acids. Among the nonessential acids, glycine (18.46 g
per 100 g of the product) and proline (9.74 g per 100 g
of the product) have the largest mass fractions. In
smaller quantities, protein contains the nonessential
amino acids: asparaginic, glutaminic, serine, histidine,
arginine, alanine, tyrosine, cystine, and oxyproline.

After estimating the amino acid balance of “Kal-
maKS” (Table 3), it can be seen that the limiting ami-
no acids are phenylalanine and tyrosine, isoleucine,
tryptophan, threonine, methionine and cystine, valine,
lysine.

Table 3

Amino acid score in the total protein of the dried food product “KalmaKS”
made from the Commander Islands squid skin

Amino acid Content of essential amino acids in total Amino acid score, Data from WHO,

food additive protein, g/100 g of protein | % relative to the scale by WHO g/100 g of protein
Isoleucine 2.02 50.5 4.00
Leucine 7.62 108.85 7.00
Lysine 5.20 94.55 5.50
Methionine + Cystine* 2.54 72.57 3.50
Phenylalanine + Tyrosine* 1.66 27.67 6.00
Threonine 2.83 70.75 4.00
Tryptophan 0.58 58.00 1.00
Valine 4.03 80.6 5.00

* The human organism’s requirement for methionine is satisfied to 80-89% by nonessential cysteine amino acid, for phenylalanine —
to 70-75% by nonessential tyrosine amino acid, so amino acid data are estimated summarily.

The prevailing limiting amino acids are phenylala-
nine and tyrosine (the amino acid score is 27.67%).
Thus, the protein of the food produce from squid skin
contains all the essential amino acids, but its amino
acid composition is not balanced.

On the whole, the developed product can be
a source of nonessential and essential amino acids,
well-assimilated collagen. Besides, taking into account
a considerable amount of proline and oxyproline, one
can assume the “KalmaKS”’s high jellying capacity,
which holds much promise for using it as a structure-
regulator in making food products.

Conclusion

The results of studying the chemical composition
of the dried food product “KalmaKS” made from the
Commander Islands squid skin proved that the devel-
oped product is rich in protein and polycomponents.
The protein mass fraction in the product reaches
80.8%. The amount of lipids accounts for 7.0%, min-
eral substances — for 6.1%. It is demonstrated that the

dried food product from squid skin contains a consid-
erable amount of collagen (18.654%).

Analysis of the amino acid composition has shown
that the protein of the dried product “KalmaKS” con-
tains both nonessential and essential amino acids, which
makes it promising for being used for the enrichment of
food products, despite the disbalance of its amino acid
composition. The presence of proline and oxyproline
amino acids provides the product’s jellying properties.

The results obtained are very promising in terms
of including the dried product from squid skin into
people’s food as a source of animal protein containing
nonessential and essential amino acids, as well as li-
pids, mineral substances and collagen. The product’s
composition makes it feasible to use it in food tech-
nologies for enhancing the food nutritive value. The
presence of collagen in the product as well as the as-
certained content of proline and oxyproline acids make
it possible to forecast the possibility of using “Kal-
maKS” as an organic structure-regulating additive.
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