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RESUMO

O objetivo do presente trabalho é determinar a capacidade do farelo de trigo de eliminar o cheiro
desagradavel de peixe através da conversdo de substancias volateis em n&o volateis, bem como o efeito do
farelo de trigo no valor nutricional de amostras tratadas termicamente de tecido muscular picado de peixe. Os
principais métodos de pesquisa incluem o método Kjeldahl, para determinar o conteudo de extratos nitrogenados,
a cromatografia gas-liquido para determinar a composig¢éo de acidos graxos e o organismo de teste de ciliado de
Tetrahymena pyriformis para determinar o valor biolégico relativo. Como resultado, a capacidade das fibras
alimentares de eliminar um cheiro desagradavel de peixe pela conversao de extrativos nitrogenados volateis em
nao volateis foi demonstrada pelo exemplo do farelo de trigo: uma série de experimentos realizada para identificar
a dependéncia do conteudo de 6xido de trimetilamina e nitrogénio de bases volateis em amostras de tecido
muscular picado da navaga, dependendo da propor¢ao de farelo de trigo adicionado, verificou-se que em todas
as amostras ha uma diminuicdo no conteudo de extrativos com um aumento na fragcdo de massa de farelo de
trigo. Além disso, o farelo ndo moido contribui mais ativamente para o processo de neutralizagdo do odor. Foram
identificadas a composi¢céo dos acidos graxos dos lipidios da navaga do Extremo Oriente Eleginus gracilis, farelo
de trigo e sua mistura, e o efeito no valor biolégico relativo determinado no organismo de teste de amostras
experimentais apoés tratamento térmico (escaldamento e fervura).

Palavras-chave: farelo de trigo, extrativos nitrogenados, composi¢ao de lipidios dos acidos graxos, valor
biologico relativo.

ABSTRACT

The aim of the present work is to determine the ability of wheat bran to eliminate an unpleasant fish smell
by converting volatile extractive substances to nonvolatile ones, as well as the effect of wheat bran on the
nutritional value of thermally treated samples of minced muscle tissue of fish. The main methods for research
include the Kjeldahl's method for determining the content of nitrogenous extractives, the gas-liquid
chromatography for determining the composition of fatty acids, and the test organism of Tetrahymena pyriformis
ciliate for determining the relative biological value. As a result, the ability of dietary fibers to eliminate
an unpleasant fish smell by converting volatile nitrogenous extractives into nonvolatile ones has been shown by
the example of wheat bran: in a series of experiments to identify the dependence of the content of trimethylamine
oxide and nitrogen of volatile bases in samples of minced muscle tissue of the navaga, depending on the
proportion of added wheat bran, it has been found that in all samples there is a decrease in the content of
extractives with an increase in the mass fraction of wheat bran. Moreover, unmilled bran more actively contributes
to the process of neutralizing odor. The fatty acid composition of the lipids of the Far Eastern navaga Eleginus
gracilis, wheat bran and their mixture, and the effect on the relative biological value determined on the test
organism of experimental samples after thermal treatment (scalding and boiling) have been identified.
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AHHOTALUNUA

Llenbto paboTbl SBNSNOCH onpegeneHMe cnocobHOCTU MWEHNYHbIX OTPYOen yCTpaHATb HEMPUSATHBIN
pbIOHBIV 3anax NyTem nepeBoda NeTy4Mx 3KCTPaKTMBHbIX BELLECTB B HENETy4YMe, a Takke BNUSHNE MWEHNYHbIX
oTpyber Ha NULLEBYH LEHHOCTb TepMMYECKM 00paboTaHHbIX 0OpasLoB M3 M3MENbYEHHOW MbILLEYHON TKaHU
pbiObl. B kayecTtBe OCHOBHbIX METOOOB ANA MPOBEAEHUS UCCrefoBaHuM Obinn BbibpaHbl: pekomeHaaumm
Kenbgana pgna onpeaeneHnss CoaepXaHusi  9KCTPaKTUBHBbIX  a30TUCTbIX  BELUECTB, ra3oXWOKOCTHas
XpomaTorpadus ans onpegeneHns coctaBa XXUPHbIX KUCIOT, TeCT-opraHn3m nHdysopus Tetrahymena pyriformis
Ons onpegeneHus OTHOCUTENbHOM BuonorMvyeckon LeHHocTu. B pesynbtate Obina moka3aHa CnocobHOCTb
NULLEBBLIX BONTOKOH Ha MpUMeEpPE MEHNYHbLIX OTPYOEen YCTpaHATb HEMPUSATHLIA PbIOHbIA 3anax nyTemM nepesoga
a30TUCTLIX NeTy4YMX IKCTPAKTUBHbIX BELLECTB B HeneTyydnme: B CEpPUM ISKCMEPUMEHTOB MO BbIABMAEHUIO
3aBMCMMOCTM CodepXaHus TpuMeTUNaMmMHoKcnaa M a3oTta NneTyumx OCHOBaHuM B obpasuax u3 naMerb4eHHOM
MbILLEYHOW TKaHW HaBaru, B 3aBUCUMOCTHY OT Aonun JobaBnsiemMbix NeHNYHbIX oTpy6er, Bbino yCTaHOBNEHO, YTO
BO BCex 0Opa3suax HabngaeTcs CHXKEHNE coaepKaHus 9KCTPaKTUBHbIX BELLECTB C YBENTUYEHNE MACCOBOMN 40U
MWEeHNYHbIX OoTpyben. [lpnyem HeuamenbyeHHble OTpybn ©Gonee akTMBHO CMOCOGCTBYKOT —MpoLeccy
HenTpanusaumm 3anaxa. OnpeaeneH XMPHOKUCMOTHLIA COCTaB NMNUOOB OanbHEBOCTOYHOW HaBaru Eleginus
gracilis, MWeHN4YHbIX OTpybGEem u Mx CMecu, U BIUSTHUE HA OTHOCUTESIbHYK OMOMOrMyecKyrd LEHHOCTb,
OnpefeneHHyld Ha TecT-opraHuM3aMe, 9KCnepuMeHTanbHbiX o0bOpasuoB nocre Tepmuyeckon ob6paboTku
(bnaHwwnpoBaHue 1 Bapka).

KntoueBble cnoBa: rweHu4YHbie ompybu, a3omucmbie 3KCMpPaKmMUHbIe 8eU,eCcmaa, XUPHOKUCIOMHbIU cocmas
nunudos, omHocumersibHasi buosioauyeckasi UeHHOCMb.

1. INTRODUCTION

The development of the technology of
products from minced fish is promoted by the wide
possibilities of carrying out various modifications
on its basis with the aim of regulating nutritional
value and creating enriched and functional food
products. The traditional raw materials for minced
meat production are fish with predominantly light
muscle tissue, low-fat content, and high content of
myofibrillar proteins (Hagen and Johnsen, 2016;
Murthy et al., 2017; Gongalves and Salas-
Mellado, 2018; Cardoso et al., 2019; Chen et al.,

2020; Gu et al., 2020).

The authors had carried out the studies
which allowed establishing that when using two
indicators: the conditional protein coefficient (Cp —
the ratio of nitrogen of the protein salt-soluble
fraction to nitrogen of the water-soluble fraction)
and the structure formation coefficient (Cst — the
ratio of the nitrogen content of the salt-soluble
fraction to total nitrogen), it was possible to qualify
how much fish was suitable for minced meat
production (Bidenko and Rambesa, 1978). With
Cp < 1 and Cs < 0.2, poorly formed minced meat
with rigid consistency (e.g., pollock, blue whiting,
cardinalfish) is obtained. At C, 1 — 1.2 and Cst ~
0.2, the formability of minced meat increases (e.qg.,
Baltic cod, Macrourus icefish, The best raw
material for obtaining well-formed minced meat
with a high ability to hold water is fish with C, > 1.2
and Cs; > 0.2. These species include herring, ivasi,

horse mackerel, and scomber mackerel. These
are just those types of objects that contain a
significant amount of dark muscle tissue. Unlike
light muscles, dark ones consist of thin dark fibers,
the space between which is filled with sarcoplasm
with a high content of glycogen, myoglobin,
cytochrome C, i.e., substances that accelerate the
oxidation of lipids (Kolakovskii, 1991; Lee, Seki,
and Kato, 1990; Obatake, 1985). The total lipid
content in dark muscles is 5 to 20 times greater
than in light ones.

All this, including high iron content (up to
75 %), which is not part of the myoglobin heme,
and increased enzymatic activity contribute to the
susceptibility of dark muscles to rapid oxidation,
and to the formation and rapid growth of an
unpleasant odor. Moreover, the deeper the degree
of dressing of raw materials is, the longer the
contact with atmospheric oxygen is, and the more
intense the oxidation processes are (Boitsova,
Doroshenko, and Shipova, 2001).

At the same time, certain fish species with
predominantly light muscles, low-fat content, low
enzymatic activity, and practically not subject to
oxidation, are also not suitable for the production
of good quality minced meat. Thus, a typical
representative of codfishes, pollock (Theragra
chalcogramma), is characterized by a high content
of trimethylamine oxide in the light muscles
(TMAO up to 10.80 mg/g). Immediately after
catching, the TMAO breaks down into
trimethylamine (TMA) and formaldehyde in muscle
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tissue of pollock, which have a significant effect on
the specific taste and aromatic properties of
minced meat (Crapo and Himelbloom, 1994;
Greene and Bernatt-Byrne, 1990).

These specific features of pollock are
among the reasons for the undesirable use of
pollock for obtaining unwashed minced meat, and
it is used only for the production of surimi.

Surimi technology involves mincing fish
muscle tissue and washing it with water to remove
water-soluble components: sarcoplasmic (water-
soluble)  proteins,  enzymes, nitrogenous
extractives, including TMAO, TMA, and
formaldehyde. Surimi practically consists only of
myofibrillar (salt-soluble) proteins, has no negative
smell and taste. Surimi is the main raw material for
the production of structured analog products.
However, its output is only from 12 to 15 % by
weight of the whole fish (Li and Chen, 2009;
Filomena-Ambrosio et al., 2016; Iwashita et al.,
2016; Li et al., 2016; Konno, 2017; Houjyo et al.,
2017; Sipailiene, 2017; Zhang et al., 2017; Ma et
al., 2017; Jin et al., 2018; Gao et al., 2018).

It is known that dietary wheat fiber, wheat
bran (WB), has a sorption ability, including in
relation to a number of metals (Guillon and
Champ, 2000; Lin et al., 2019; Zhang, Huang and
Ou, 2011).

It has been suggested that substances
adding an unpleasant smell to minced fish
products can also be absorbed by dietary fiber. In
addition, there are a number of works devoted to
the introduction of dietary fiber into the
composition of minced meat of surimi from other
fish species: Alaska pollock (Alakhrash, Anyanwu,
and Tahergorabi, 2016; Debusca, Tahergorabi,
Beamer, Matak, and Jaczynski, 2014), silver carp
(Yin et al., 2019), bighead carp (Alipour, Rezaei,
Shabanpour, and Tabarsa, 2018, 2019).

The purpose of these studies is to
determine the ability of WB to eliminate
an unpleasant fish smell by converting volatile
extractive substances to nonvolatile ones, as well
as the effect of WB on the nutritional value of
thermally treated samples of minced muscle tissue
of fish.

2. MATERIALS AND METHODS

For the model system, minced meat of the
muscle tissue of the Far Eastern navaga (Eleginus
gracilis) as an object containing light and dark
muscles, up to 0.002 mg/g of formaldehyde, and
05 — 14 % of lipids, was selected. These

components, in addition to the formation of an
unpleasant odor, contribute to a decrease in the
water-holding ability of the protein due to the
binding of amine groups and the formation of
methylene-amine complexes.

WB was used as a sorbing complex, part
of which had been preliminarily milled to sizes less
than 250 microns, and the other part had been left
to industrial production. The main part size was
from 350 to 600 microns.

The content of nitrogenous extractives was
determined by Kjeldahl’'s method (Regenstein and
Regenstein, 1984). It was based on the organic
matter oxidation during combustion in sulfuric acid
in the presence of a catalyst, the distillation of
ammonia formed by steam, trapping it with a
solution of sulfuric acid and determination of the
nitrogenous substances content by titration.

To determine the composition of lipid fatty
acids, hydrolysis of lipids isolated by the Bligh-
Dyer method (Bligh and Dyer, 1959) and
methylation of higher fatty acids by the method of
Metcafe and Schmitz (Metcafe and Schmitz,
1961) were performed. The obtained fatty acid

methyl esters were analyzed by gas
chromatography on a G-180 Yanako device
(Japan) and a Shimadzu gas-liquid

chromatograph using Argon gas. lIdentification
was carried out according to the methods of Miwa
(1963); Cfrreau and Dubacqg (1978).

To determine the relative biological value,
the test organism of the Tetrahymena pyriformis
ciliate was used. The ciliate has small body sizes:
20 by 50 microns, the weight of one tetrahymena
is 1.8:10° g. It gives 7.51 divisions per day, which
is directly dependent on such vital factors as
growth and stimulation of vital processes. The
ciliate is cultivated on a protein nutrient medium,
and the optimal cultivation temperature is 25 °C.
For the analysis, 0.02 ml of a three-day culture and
1 — 3 g of the test product were used. The duration
of the analysis was four days.

The relative biological value and biological
activity of the ciliate were compared with the whole
milk. The essence of the method for determining
biological activity is to establish the moment of the
growth stationary phase of the ciliate at the limiting
level of samples of the studied and standard
samples and to determine the rate of reproduction
in the studied sample in comparison with the
standard one. Exact quantitative accounting of the
grown individuals was carried out in the Gorjaev's
count chambers. The samples that had not shown
death or other pathological changes in
tetrahymena within four days were left for further
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incubation for up to seven days to identify the
possibility of long-term negative consequences
(Ignatiev and  Myagkov, 1980; Mohr, 1981;
Shulgin, Shulgina, and Petrov, 2006, pp. 83-95).

The reliability of the obtained experimental
data was ensured by the method of mathematical
statistics. Reliability is 0.90 — 0.95 (P), and the
confidence interval is £5 %.

3. RESULTS AND DISCUSSION

In a series of experiments to identify the
dependence of the content of TMAO and volatile
base nitrogen (VBN) in samples of minced muscle
tissue of navaga, depending on the proportion of
added WB, it was found that there was a decrease
in the content of extractive substances with an
increase in the mass fraction of WB in all samples
(Figure 1, Figure 2). Moreover, unmilled bran more
actively contributes to the process of neutralizing
odor than milled one up to a size of 250 microns,
despite the large sorption surface. Obviously, this
is due to the violation in the milling process of not
only physical dimensions but also the chemical
structure of bran, which affects their ability to sorb
volatile bases and TMA.

Wheat bran also has a positive effect on
the fatty acid composition of the minced meat. The
nutritional value of fish lipids is characterized by
the presence of higher polyunsaturated fatty acids,
which are necessary for normal human life. There
are about 49 % of them in the navaga lipids (Table
1). Moreover, such types of thermal treatment as
boiling in water and scalding practically do not
influence the reduction of their quantity. The
recorded fluctuations are within the error limits.
WBs themselves also contain polyenoic acids,
especially a large amount of linoleic acid (18:2w6
— up to 51.88 %), which is characteristic of plant
raw materials.

The addition of 5 % of WB to the minced
muscle tissue of navaga leads to an increase of
four times in the mass fraction of linoleic acid, and
of linolenic acid (18:3w3) — 1.5 times. The content
of other polyunsaturated fatty acids (arachidonic
20:5w3, eicosapentaenoic 22:5W3, and
docosahexaenoic  22:6w3) s practically
unchanged and does not depend on the thermal
treatment method.

The presence of WB practically does not
affect the content of saturated fatty acids. Their
total amount decreases somewhat when scalding
and, to a greater extent, when cooking in water,
apparently due to the transition of the fat fraction
into the broth.

Among monoenoic fatty acids, the oleic
one (18:1w9) and its isomer (18:1w7) are the most
characteristic of fish. Their ratio should be 2:1, and
this ratio, despite natural minor losses during
thermal treatment, remains unchanged.

Considering that the properties of odor are
determined by organoleptic sensations,
experimental samples of minced muscle tissue of
navaga with the addition of 5 % of WB have been
prepared. Products of 6x3x3 size were formed
from the mixture and were thermally treated. Other
components of the formulation were not involved
in the experiment.

The results of the organoleptic evaluation
confirmed the data of the chemical tests. Tasters
noted a pleasant smell with a bread aroma and a
meat-like taste.

The relative biological value of the
experimental samples in comparison with the
standard one (whole cow's milk), determined on
the test organism, shows a slightly lower result
(Table 2). However, the addition of WB only
slightly reduces the relative biological value
compared with the muscle tissue of fish without
WB (by 2 — 6 %). At the same time, the thermal
treatment of the experimental samples (scalding,
frying) promotes more active cell growth.

4. CONCLUSION:

It has been found that wheat bran sorbs
volatile extractive nitrogenous compounds (TMAO
and VBN), contributing to the neutralization of fish
smell. In this case, additional milling of WB is not
required. Moreover, the addition of WB leads to an
increase in the mass fraction of essential linoleic
and linolenic fatty acids, which is characteristic of
plant raw materials. In this case, the content of
other polyunsaturated fatty acids is practically
unchanged and does not depend on the thermal
treatment method. The obtained results and the
established VBN suggest that ready-made foods
made from minced muscle tissue of fish with the
addition of WB will have high nutritional value.
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Table 1 - Composition of fatty acids of navaga muscle tissue (MT) and WB, in % of the total fatty

acids
Fatty acids MT MT MT after MT MT with MT with WB
after scalding with  WB after WB after
boiling WB boiling  scalding
1 2 3 4 5 6 7 8
12:0 0.1 0.12 0.10 0.10 0.10 0.14 0.03
14:0 1.80 1.94 1.65 1.38 1.28 1.85 0.12
i-15:0 0.14 0.14 0.12 0.10 0.10 0.12 0.02
15:0 0.63 0.61 0.57 0.52 0.47 0.55 0.12
i-16:0 0.13 0.14 0.14 0.12 0.11 0.12 0.01
16:0 19.69 19.52 19.31 19.05 19.03 20.20 16.47
i-17:0 0.38 0.33 0.35 0.29 0.28 0.26 -
ai-17:0 0.35 0.36 0.33 0.29 0.28 0.26 0.04
17:0 0.61 0.60 0.58 0.54 0.50 0.51 0.10
i-18:0 0.19 0.18 0.17 0.15 0.15 0.10 -
18:0 4.26 4.75 4.25 3.72 3.54 4.02 1.50
19:0 0.10 0.1 0.12 0.12 0.12 0.12 0.19
20:0 0.14 0.14 0.1 0.12 0.12 0.17 0.10
Amount of 28.53 29.04 27.80 26.50 26.08 28.48 18.74
saturated
14:1 0.14 0.13 0.10 0.10 0.10 0.13 0.08
15:1 0.23 0.12 0.10 0.10 0.10 0.10 0.05
16:1w7 4.75 4.74 4.50 3.99 3.68 3.97 0.37
16:w5 0.28 0.28 0.26 0.25 0.24 0.23 -
17:1 0.70 0.65 0.63 0.56 0.53 0.53 -
18:1w11 0.24 0.27 0.24 0.23 0.22 0.22 -
18:1w9 8.42 8.72 8.72 9.05 9.91 11.35 23.46
18:1w7 4.36 4.67 4.29 411 3.78 3.60 0.70
1 2 3 4 5 6 7 8
18:1wb 0.21 0.26 0.20 0.19 0.18 0.17 0.02
19:1 0.25 0.12 0.18 0.17 0.20 0.10 0.03
20:1w11 0.29 0.30 0.23 0.22 0.18 0.30 0.21
20:1w9 0.37 0.36 0.28 0.36 0.39 0.53 0.34
20:1w7 0.21 0.16 0.19 0.22 0.16 0.21 -
22:1w11 0.46 0.36 0.37 0.32 0.24 0.53 -
24:1 0.27 0.26 0.34 0.25 0.32 0.32 -
Amount of 21.18 21.40 20.63 20.12 20.23 22.29 25.26
monoenoic
16:2w4 0.78 0.79 0.58 0.67 0.61 0.64 -
18:2w9 0.18 0.18 0.17 0.19 0.19 0.21 -
18:2w6 1.17 1.24 1.06 4.49 10.94 11.46 51.88
18:2w4 0.22 0.23 0.19 0.22 0.17 0.14 0.04
18:3w6 0.10 0.11 0.10 0.13 0.18 0.16 0.07
18:3w3 0.42 0.46 0.41 0.66 1.08 1.14 3.82
18:4w3 0.48 0.53 0.49 0.46 0.41 0.39 -
20:2w6 0.29 0.36 0.31 0.31 0.28 0.27 0.12
20:3w6 0.17 0.12 0.17 0.15 0.1 0.10 -
20:4w6 4.07 4.26 4.20 4.02 3.60 3.06 -
20:3w3 0.16 0.15 0.17 0.16 0.14 0.10 -
20:4w3 0.33 0.33 0.36 0.31 0.28 0.23 -
20:5w3 15.65 16.20 16.19 15.31 13.75 12.09 -
21:5w3 0.19 0.18 0.22 0.21 0.16 0.14 -
22:4w6 0.29 0.30 0.35 0.33 0.30 0.20 -
22:5w6 0.62 0.54 0.69 0.64 0.56 0.42 -
22:5w3 1.64 1.55 1.73 1.62 1.42 1.21 -
Amount of 48.20 49.14 50.27 51.73 52.96 48.43 55.93
polyene
Amount of w6 6.71 6.93 6.88 10.52 15.97 15.67 52.07
Amount of w 3 40.31 41.01 42.45 40.13 36.02 31.77 3.82
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Table 2 - Relative biological value of the samples

Sample for Number of ciliates during Biological activity of Relative

research the transition to the stationary the object, cells/hour  biological value,
phase, cells %

Scalded 53 -55 0.73-0.76 69-73

Fried in oil 48 — 50 0.67 — 0.69 63 — 66

Scalded with WB 49 — 51 0.68 —0.71 65— 68

Fried with WB 4548 0.64 — 0.66 62 — 64

Whole cow's milk 75-77 1.04 -1.07 100
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