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Abstract. The results of experimental feeding of juvenile rainbow trout in a cage farm using mixed feeds with full and
partial replacement of fish oil, incorporating an alternative protein source — barohydrothermally treated (BHTO) white
lupine seeds are presented. Based on the results of the experiment, it was found that the use of the traditional source of
lipids — fish oil in the compound feed for trout led to a significant increase in the final weight (582 g) of fish, as well
as a decrease in the feed conversion ratio (1.21). The second experimental formulation also had a positive effect on the
growth rate of rainbow trout, increasing the absolute growth rate by 20%. Clinical examination and control dissection
showed that all experimental individuals exhibited no pathological disorders and had high marketable qualities. In
both experimental groups, a significant increase in the indicators of protein metabolism in blood serum was revealed
(total protein up to 54.7 g/L). In the first experimental group, a reliable decrease in the relative number of monocytes
and basophils was recorded. Calculation of economic efficiency showed that the experimental formulation with the in-
clusion of protein and fatty acid sources in the form of white lupine and flaxseed oil is more cost-effective (at a cost of
161.32 rubles/kg) compared to feeds with fish oil only, as well as feeds using rapeseed oil and fish oil. The presented
data indicate that the investigated feed formulations can be used in the industrial cultivation of rainbow trout without
loss of nutrient characteristics of feed, fish-biological parameters, and meat quality.
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AHHoTanus. [IpuBeneHs! pe3ynbTaThl KCHEPHMEHTATBHOTO KOPMIICHHS MOJIOJH PamyKHOH Qopemn B ycroBHsx
CaJIKOBOT0 XO3sIHCTBa KOMOMKOPMaMH C MOJIHOM M YaCTUYHON 3aMEHOM PhIObEro jKMpa U BBEICHUEM aJIbTEPHATHBHO-
ro UCTOuHMKa Oenka — Gaporuaporepmudecku odopadorannsix (BI'TO) cemsin Gesoro monuna. [To pe3ynbraram orbl-
Ta OBUIO YCTaHOBJIEHO, YTO UCIIOIB30BAHKE TPAJAUINOHHOTO HCTOYHHKA JIUMUAOB — PHIOBETO KHUPA — B COCTABE KOM-
O6ukopMa it Gopesi MPUBOAUT K CYIICCTBCHHOMY YBEJIMUCHHIO KOHCUHOM Macchl (582 1) phIObI, a TaK)Ke CHUYKCHHIO
kopMmoBoro ko3¢ ¢urnmenta (1,21). Bropas onbITHas perentypa Takke OKa3blBaja MOJIOKUTEIBHOC BIUSHUE HA CKO-
POCTB pocTa paxykHOH (openu, yBeanunBas abcomoTHbIH nmpupocT Ha 20 %. Knuumdeckuii ocMOTp U KOHTPOJIBHOE
BCKPBITHE TT0Ka3aJ1, YTO BCE IKCIIEPUMEHTAIbHbIE 0COOM HE UMEJH MaTOJOTMYeCKUX HapyLIeHHH U 00J1aaan BhICO-
KUMH TOBapHBIMHU KauecTBaMHU. B 00enx ONBITHBIX IpyIax ObUIO BBISBICHO JOCTOBEPHOE YBEIMYCHHUE MOKa3aTeneil
0eKoBOTO OOMEHa B CHIBOPOTKE KpoBH (00mmuit 6enok 1o 54,7 r/m). B mepBoii onbITHOM rpyme Obu1o 3adukcuposa-
HO JIOCTOBEPHOE YMCHBILIEHHUE OTHOCHTEIBHOI'O KOJIMYECTBA MOHOLMTOB U 6a3o¢uios. Pacyer skoHOMuUueckon 3¢h-
(EeKTUBHOCTH ITOKa3aJl, YTO OIBITHAS PELENTypa ¢ BKIIOYSHHEM UCTOYHUKOB Oenka U )KUPHBIX KucioT B Buae BI'TO
0eJIoro JIIOMMHA U JTHHIHOTO Macia MpeIcTaBisieTcs 0oee BRIroHOH (mpu ctomMoctd 161,32 py0./kr) B cpaBHEHHU C
KOPMaMH TOJIBKO C PBIOBHM JKHPOM, a TaK)ke KOPMaMH C HCIIOJIb30BAaHUEM PAIICOBOTO Maciia u pbiOobero xupa. [Ipu-
BEJ/ICHHBIC JIAHHBIE TI0KA3bIBAIOT, YTO MCCIIEJOBAaHHBIE KOPMOBBIE PELIENTYPhl MOTYT HPHUMEHSTHCS IIPU UHIAYCTPUAIb-
HOM BBIPAIIUBAHUH PATyKHOU (openu 6e3 moTepn HyTPHEHTHBIX XapaKTePUCTHK KOPMa, PHI00BOJHO-ONOTOTHIECKIX
MoKa3zareJiel 1 KauecTa Msca.

KuroueBbie c10Ba: akBaKy/nbTypa, KOPMIICHHE PBIO, JIEHSIHOE MAcJIo TOPSUero OTKUMA, KUPHBIE KUCIIOTBI, PaLy)KHas
(doperns, baporuaporepMIyeckas 00padoTKa

Jas marupoBanus: Kyuuxun FO. A., baxapesa A. A., Pasmouaes E. A., Cepeasuesa O. JI. DPPeKTUBHOCTD 100aBie-
HUS Maclia JIbHSHOTO TOpsiYero OTKUMa M 0eJIoro JII0NHMHA, IPOIIEAIIEro 6aporuipoTepMUIECKyIo 00paboTKy, B KOM-
OuKopMa JJst paxykHOi Gopern (Oncorhynchus mykiss) // BecTHUK ACTpaxaHCKOTO TOCYyJapCTBEHHOTO TEXHUYECKO-
ro yauBepcutera. Cepusi: PriOHOE X03s1iicTBO. 2024. Ne 3. C. 42-49. https://doi.org/10.24143/2073-5529-2024-3-42-
49. EDN SUEYTQ.

Introduction

Rainbow trout farming in industrialized conditions
has proven to be the most profitable branch of aquacul-
ture. This type of fish can be cultivated both in natural
water bodies (cage fish farming) and in recirculating
aquaculture system (RAS). The greatest source of costs
in fish production is quality feeds that ensure optimal
fish growth and high-quality fish products [1]. Feed
production is based on the use of fishmeal as the main
protein component, which has a high cost and varies
considerably in terms of quality and quantity [2]. The
main task of modern aquaculture is to find ways to re-
place fishmeal with cheaper components, including
plant-based ingredients.

White lupine (Lupinus albus) is a leguminous crop
that is also grown in the Russian Federation. Its unde-
manding growing conditions and high protein content
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in the fruits of the plant make it a viable alternative to
fishmeal, meat and bone meal, and other protein com-
ponents of feed [3]. However, the disadvantage of this
type of raw material is the poor bioavailability of nu-
trients without pre-treatment.

Barohydrothermal treatment (BHTO) is a method
of processing grain in which the raw material is loaded
into a chamber, the chamber is sealed, and steam is
pressurized into it. After a preset time has elapsed, the
chamber is instantly depressurized, and the raw material
is moved with excess pressure to the receiving hopper
and bloated. This treatment leads to the destruction
of the natural polymers that make up the grain under
the action of thermal, mechanical, and chemical pro-
cesses [4]. Since white lupine beans contain a large
number of alkaloids [5], it is impossible to use them in
pure form without a loss of feed quality. The majority
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of alkaloids are contained in the shell, and this techno-
logical process allows the beans to be made available
for use in compound feeds for aquaculture facilities.

The second important component of feeds for
coldwater fish species is essential fatty acids and phos-
pholipids [6]. Fish oil, like fishmeal, is a scarce product
with a short shelf life and susceptibility to oxidation.
Various vegetable oils, which have a similar fatty acid
composition and relatively low cost, can serve as substi-
tute sources of fatty acids of animal origin [7]. Linseed
oil is particularly capable of replacing fish oil in com-
plex formulations for aquaculture facilities in terms of
fatty acids [8]. Linseed is used both for the production
of plant fibers and for the production of high-quality
oils. Along with the widely used rapeseed oil, imported
feed companies also use linseed oil in their formulations
due to its more complete fatty acid composition [9].
However, the volume of raw products of this oil in Eu-
rope cannot meet the needs of the feed industry. Since
fish oil significantly increases the cost of feed [10], in-
corporating a vegetable fat component will improve the
economic efficiency of cultivating commercial aquacul-
ture products.

The goal of this study is to evaluate the effective-
ness of the complex use of hot-pressed linseed oil with
white lupine BHTO in the feed composition for juve-
nile rainbow trout in a cage cultivation environment.

Materials and methods

Studies were performed in the aquaculture enter-
prise Ladozhskaya LLC (Republic of Karelia). Year-
lings of Donaldson's rainbow trout bred from Ag-

uasearch Fresh (Denmark) eggs with an average
weight of 250 g were used as an object in the studies.
Fish rearing was carried out in cages with a diameter
of 12.7 m, installed in the water area of Lake Ladoga.

For the experiment, 45,000 rainbow trout (On-
corhynchus mykiss) individuals were selected and di-
vided into 3 groups: 2 experiments and control. The
fish were fed manually twice a day, with the ration
equally divided into evening and morning feeding.
Daily feeding was calculated depending on biomass
and water temperature using special feeding tables.
The measurements were carried out using the Milwau-
kee MW605 MAX oximeter and the TP700 electronic
thermometer with a measurement error of 1 °C. The
average weight was determined on platform scales
VSP-5KS with a measurement error of + 10 grams.
The average weight was determined by hanging 100
individuals in 5 replicates. 2% was taken as the error
for water and mucus. Efficiency indicators were evalu-
ated by fish-biological indicators, economic feasibility
of product introduction, biochemical indicators of se-
rum and clinical blood picture.

Fish feeding was conducted using mixed feed of
the Aquarex trade mark produced by Melcombinat
JSC (Russia, Tver). Before the beginning of the exper-
iment both groups of fish were fed with control feed.
The mixed feeds of the experiment group were pro-
duced on the basis of feeds of the control group for
maximum reliability of the obtained data. Biochemical
parameters of feed for the groups of experience and
control are given in Table 1.

Table 1

Biochemical composition of feeds for rainbow trout

Parameter Control Group 1 Group 2
Moisture 6.44 6.20 6.30
Crude Protein 44.00 44.20
Crude Fat 23.00
Raw Fiber 1.29 1.34 0.99
Raw Ash 5.34 5.80 4.32

The use of lupin and fish oil in the production of
BHTO formulations resulted in an insignificant change

in the amino acid composition of feed, the data on
which are shown in Table 2.

Table 2

Amino acid composition of rainbow trout feeds

Parameter Control Group 1 Group 2
Lysine 3.23 3.29 3.38
Methionine 0.82 0.80 0.87
Threonine 1.80 1.62
Arginine 2.20 2.15 2.07
Isoleucine 1.50 1.42 1.61
Valin 2.29 2.28 1.89
Histidine 1.27 1.29 1.09

The design of the research is presented in Table 3.
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Table 3

Research design

Parameter Control | Group 1 Group 2
Lupin BHTO, % 0 5
Fish oil, % of dusting 50 100 35
Rapeseed oil, % of spraying 50 0
Linseed oil, % of spraying 0 | 65

The control formulation included fish oil as a pro-
tein component, and rapeseed oil was used as a source
of fatty acids. In the first experimental formulation
only fish oil was used, and in the second a combina-
tion of lupin BHTO, fish oil and linseed oil was used.

Spraying percentage means spraying of liquid part

by vacuum sprayer during mixed fodder production. In
this table the composition of liquid part of mixed fod-
der was taken as 100% spraying. Quality indicators of
hot-pressed linseed oil, rapeseed oil and fish oil are
given in Table 4.

Table 4

Fatty acid composition of lipids and quality characteristics of feed components

Parameter Fish oil Rapeseed oil Flaxseed oil
Myristolein, % of LC amount 7.34 0 0.05
Myristolein, % of total LCs 0.17 0
Pentadecane, % of LC amount 0.36 0
Palmitic acid, % of LC amount 16.37 5.46 5.52
Palmitoleic acid, % of LC amount 11.45 0.45 0.07
Stearic acid, % of total LC 3.01 2.2 3.22
Elaidonic, % of the sum of LCs 3.94 0
Oleic acid, % of total LC 15.06 57.48 15.1
Linoleic, % of total LC 1.12 19.49 15.09
Alpha-Linolenic, % of the total LC amount 0.94 9.88 60.2
Gondoic acid, % of total LC 5.75 0 0.26
Erucic acid, % of GI amount 1.99 0.19 0
Ecosapentaenoic, % of the total LC amount 20.1 0 0.2
Nervonic, % of LC amount 0.63 0 0.06
Docosahexaenoic, % of the total GI amount 10.71 0 0.23
Acid number, mg KON/g 12.7 4.70 0.1
Peroxide number, % J/g 0.076 0.027 0.001

To assessment the physiological state of the reared
fish, hematological parameters were analyzed. Blood
preparations were made according to the standard tech-
nique [11], dried for 2-3 minutes and fixed in Nikiforov's
mixture (1 : 1, methyl alcohol : diethyl ether). The stain-
ing was performed with azur-ecosin by Romanovsky-
Giemsa for 10 minutes. The following cellular elements
were counted on the prepared preparations: relative
number of white blood cells (leukocytes), relative num-
ber of monocytes, neutrophils, basophils and platelets.

Total serum protein (TSP) and albumin were de-
termined by the colorimetric method [12]. Globulin
was calculated mathematically. Glucose level was es-
timated using specialized kits Bio-Merieux (France),
according to the manufacturer's instructions. Aspar-
taminotransferase, alanine aminotransferase, creati-
nine, urea, glucose, total/direct bilirubin, lactate dehy-
drogenase, and alkaline phosphatase in serum were
determined using a CS-T240 biochemical analyzer
(China) using ready reagents (kits) supplied by Spinre-
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act Co (Spain), following the manufacturer's instruc-
tions. The Ritis coefficient and albumin/globulin ratio
were calculated mathematically.

The results of the research were subjected to statis-
tical analysis [13]. Statistical data were processed us-
ing Rsoftware (v3.5.2)/RStudio. The economic effi-
ciency of cultivation was calculated according to the
methodology proposed by the USSR Ministry of Agri-
culture and Lenin All-Union Academy of Agricultural
Sciences [14].

Results and discussion

During the entire period of the experiment in the
cages, the fish showed normal feeding behavior, ac-
tivity, and had no pathological disorders during control
rounds. On the 90th day of cultivation, the size and
weight indices of rainbow trout were evaluated, and
fish-biological parameters were calculated. Fish-
biological parameters are given in Table 5.
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Table 5

Fish-biological parameters of growing rainbow trout on mixed feeds
with replacement of fish oil and introduction of alternative protein source

Parameter Control | Group 1 | Group 2
Initial mass, g 250+ 19.6
Final weight, g 566 +34.1 582+37.4 649 +40.8
Absolute gain, g 316 332 399
Average daily gain, g 3.51 3.68 4.43
Feeding coefficient, units 1.24 1.21 1.09
Survival rate, % 98.66 98.68 98.79

During the cultivation period, the fish reached
marketable weight at which it can be sold.

In the control group, the average weight of fish
reached 566 g, with a feed coefficient of 1.24. The
absolute gain in the control was 316 g. Fish that re-
ceived only fish oil as part of the feed, at the end of the
experiment, had a mass of 582 g, with a feed coeffi-
cient of 1.21. In the second experimental group, with
the addition of lupine BHTO at a concentration of 5%
and the replacement of 65% of fish oil with linseed oil,
the highest absolute weight gain was recorded — 399 g.
The feed coefficient in this experimental group was at
the level of 1.09. The survival rate in all experimental
groups did not differ significantly (~ 98%).

Evaluation of clinical characteristics showed the ab-
sence of visible pathological disorders in both control
and experimental groups. Pathoanatomical dissection
revealed that the internal organs of the fish corresponded
to species characteristics and had no disorders. A large
amount of visceral fat deposits was observed in experi-
mental individuals, covering most of the stomach and
pyloric appendages. Signs of intestinal inflammation
were not detected in any of the experimental groups.

Evaluation of hematological parameters of experi-
mental rainbow trout revealed some significant differ-
ences between the control and experimental groups
(Table 6).

Table 6

Hematological indices of blood of rainbow trout raised on mixed fodder
with fish oil replacement and alternative protein source

Parameter Control Group 1 Group 2
Lymphocytes, % 83.54 £4.11 84.68 £4.22 84.21 £4.32
Monocyte, % 5.55+£247 4.7£0.96* 4.87+£1.77
Neutrophil, % 5.64+1.29 6.91 £2.18 6.71 £3.59
Basophil, % 5.27+1.66 4.72 £0.93 5.81£2.49
Thrombocytes, % 0.55+0.21 0.44 +£0.14 0.48 £0.14

In particular, a significant decrease in the relative
number of monocytes was observed in the experimental
groups compared to the control. Additionally, a signifi-
cant decrease in the relative number of basophils was
detected in experimental group 1, with a number 10.4%
lower than the control. The frequency of other blood
cells was similar in all experimental groups. The above
data indicate that experimental feeds do not lead to the

development of a nonspecific immune response in fish.
The decrease in these forms of leukocytes can be asso-
ciated with the adaptation of fish to the feed formulation
and, most likely, has a temporary nature.

In addition to evaluating hematological blood pa-
rameters, serum was taken from experimental rainbow
trout for biochemical analysis, the results of which are
shown in Table 7.

Table 7
Biochemical indices of blood serum of rainbow trout of control and experimental groups
Parameter Control Group 1 Group 2
Total bilirubin, kmol/L 3.11+0.26 2.95+0.21 3.16+0.13
Bilirubin, kmol/L 0.25 +0.06 0.29 £ 0.05 0.31 £0.09
AST, units/l 531.25+76.88 565.0 £44.62 582.6 +122.5
ALT, units/l 24.4 +4.66 3498 £3.47* 26.33 £4.34
Urea, pmol/L 2.36 +£0.43 2.68 +£0.23 2.35+0.28
Creatinine, umol/L 25.60+1.11 26.44 +£5.28 28.59 +£6.40
Total protein, g/l 34.84 +£3.22 50.80+2.1 5472 £8.16
Albumin, g/l 18.16 £3.2 25.14+£1.6 32.68 £4.32
Alkaline phosphatase, units/L 264.4 +33.98 298.24 +73.6 265.0 £77.25
Glucose, pmol/L 2.524+0.25 2.95+0.15 291+0.34
LDH, units/l 736.6 £125.6 826.6 +45.3 765.3 £124.60
Globulin, g/l 16.68 +1.44 2436+1.19 26.13 +£3.44
Albumin/globulin ratio 1.08 £1.13 1.03 £1.28 1.25+£2.12
Ritis coefficient 21.77 £3.55 16.15 +£4.64 22.10+4.25
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A significant increase in ALT activity in experi-
mental group 1, up to 34.98 units/L, was found. Signif-
icant increases in protein metabolism parameters (total
protein, albumin, globulin) relative to the control were
observed in the fish of the experimental groups. In
particular, in experimental group 2, the concentration
of total protein reached 54.72 g/L, which is 57% high-
er than that of the control group.

A similar pattern was revealed in trout raised on
mixed feed with fish oil. It is also worth noting the
increase in glucose content in the blood of fish in this
variant. Other blood biochemical parameters did not
show significant differences and were within the nor-
mal range for this fish species under conditions of in-
tensive fish farming [15].

To assess the economic efficiency of linseed oil
use in combination with BHTO, the feed cost coeffi-
cient was applied, which has proven to be 3-5% lower
than in other variants of the experiment. It is important
to note that factors such as feed washing away by the
flow and technical losses during hand feeding were not
separately accounted for in this experiment, as these
losses are already included in the indicator used, which
is calculated as the ratio of the mass of used feed (kg)
to fish growth (kg).

Comparison of fish growth rates showed a signifi-
cant increase in the growth rate in the second experi-
mental group compared to the control and first exper-
imental group. As a result of control weighing at the
end of the experiment, the average weight of trout in
the second experimental group was 10.33% more than
in the first group and 12.79% more than in the control
group. Survival rates did not differ significantly be-
tween the groups. Based on the data obtained, it is

possible to conclude that positive results on the effec-
tiveness of the use of hot-pressed linseed oil in combi-
nation with white lupine BHTO in complex formula-
tions of mixed feed for rainbow trout have been found.

Based on the estimated cost of feed (control —
151,000 rubles per ton, experiment 1 — 188,000 rubles
per ton, experiment 2 — 148,000 rubles per ton), it is pos-
sible to calculate the cost of producing one kilogram of
biomass for each group. In the control group, the cost of
one kilogram of biomass is 187.4 rubles/kg, in experi-
ment 1 the cost is 227.48 rubles/kg, and in experiment 2
the cost is 161.32 rubles/kg. The cost of feed with the
introduction of hot-pressed linseed oil and white lupine
BHTO is 2.01% lower than the cost of feed with a com-
plex content of rapeseed oil and fish oil and 21.28%
cheaper than feed with traditional fish oil. Such an in-
crease in economic efficiency is possible due to the high
quality of linseed oil and its low cost.

Conclusions

The use of mixed feed with the introduction of
white lupine (5%) and linseed oil (65%) increases the
absolute weight gain of rainbow trout by 20% and re-
duces the feed coefficient to 1.09 units.

The replacement of 50% of fish oil with rapeseed
oil led to a decrease in fish-biological parameters. The
absolute growth of trout consuming rapeseed oil with
feed was 30% lower than that of fish fed with barohy-
drothermal lupine and linseed oil.

All investigated mixed feeds allow the cultivation
of rainbow trout in cage farm conditions without re-
sulting in the development of pathological diseases
and providing high marketable qualities of fish.
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