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The effect of different levels of L-isoleucine
in compound feeds on the growth of tilapia
(Oreochromis niloticus)

ABSTRACT

Four diets were developed, including the control (main diet), which actually contained 34.00% crude
protein, while the other three contained protein close to this value, taking into account the measurement
error, and isoleucine in groups 2, 3 and 4, 4.9%, 8.51% and 12.12%, respectively. The study of the effect
of L-isoleucine additives in compound feeds on the growth of tilapia (Oreochromis niloticus) showed that
varying the concentration of this amino acid has a significant effect on fish growth rates. Adjusting dosages
makes it possible to achieve more efficient use of feed in aquaculture conditions. It was found that when
the amino acid isoleucine is introduced into the diet, feed conversion decreases by 0.64 points with an
additional concentration of 1.42 g/kg of feed (4.9%), by 0.88 points with additional administration of
isoleucine by 1.55 g/kg of feed (8.51%), by 0.76 points with an additional concentration of 1.68 g/kg of feed
(12.12%). It was shown that the best group with the lowest feed conversion rate was the 3rd group, in which
the amino acid isoleucine was introduced into the diet by 8.51% more than in other groups. The optimal
level of isoleucine administration in tilapia feed is 1.55 g/kg of feed (8.51%). It was found that the ash
contentin the carcass of O. niloticus increased by 0.8%, fat — by 1% in muscles compared with the control.
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BnunsiHue pasHbiX ypoBHeu L-nsonenuymHa
B KOMOUKOpMax Ha pocT Tunanumn (Oreochromis
niloticus)

PE3IOME

Bbinv pa3paboTaHbl YeThIPE PaLLMOHa, BKITIOYAOLLME KOHTPOJIb (OCHOBHOW PaLMOH), KOTOPLIN hakTUYecku
conepxan 34,00% cblporo npoTeuHa, B TO BpeMS Kak OCTasibHble TpW copepxanu 6enok, 6amskuii k
[AHHOMY 3HAYEHWIO C YH4ETOM NMOrPELIHOCT USMEPEHUS, 1 U30NENUWH B 2-i, 3-11 n 4-i4 rpynnax 4,9%,
8,51% 1 12,12% cooTBETCTBEHHO. M3yyeHne BnmsaHUS fo6aBok L-n3oneiumHa B KoOMOUKOPMax Ha pocT
mnanun (Oreochromis niloticus) noka3ano, 4TO BapbMPOBAHWE KOHLEHTPALMM 3TOW aMWUHOKUCAOTHI
0Ka3blBaeT 3HAYMTENBHOE BIUSHWE Ha nokasaTenu pocTa pbibbl. KoppekTupoBka [0O3MPOBOK NO3BONSET
noctnib 6onee aHEKTUBHOrO MCMONL30BaHUS KOPMOB B YCJIOBUSIX aKBaKyJbTYphbl. YCTaHOBMEHO, YTO
npy BBEAEHUM B PaLMOH aMWHOKMCNOTbI M30MenumnHa KOHBepcust kopma cHuxaetcs Ha 0,64 nyHkTa
npy SONOMHUTENbHON KOHUEHTpaumu Ha 1,42 r/kr kopma (4,9%), Ha 0,88 nyHkTa npu AONOAHUTENBHOM
BBEAEHUN n3oneiiuyHa Ha 1,55 r/kr kopma (8,51%), Ha 0,76 nyHKTa Npv AONONHUTENBHON KOHLEHTpaLMn
Ha 1,68 r/kr kopma (12,12%). MNoka3aHo, 4TO Ayyllei rpynmnor C CambiM HU3KUM KOIDPULMEHTOM
KOHBepcueii kopma bbina 3-5 rpynna, B KOTOPOW aMMHOKMCOTa N30NeiUnH BBEAEHA B PaLMOH Ha 8,51%
6onbLue, YeM B Apyrux rpynnax. OnTyMabHbIi YPOBEHb BBELEHUS M30ELMHA B KOPM AJS TUISNUM —
1,55 r/kr kopma (8,51%). Bbino obHapyxeHo, 4To coaepxaHune 30nbl B Tywwke O. niloticus ysennyneaetcs
Ha 0,8%, xupa — Ha 1% B MbILLLAX MO CPABHEHWIO C KOHTPONEM..

KnioyeBsbie crnoBa: L-n3oneiiuyH, TANANWS, BIMSIHUE, KOPMa, aKBakysbTypa, poCT

Ana yntuposanns: Canex X., Xameu M.H. BansiHue pasHbix ypoBHel L-n3oneinumHa B KOMOUKOPMaXx Ha
poct Tunanuu (Oreochromis niloticus). ArpapHast Hayka. 2024; 386(9): 54-59. (in English)
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Introduction

Aquaculture is a key industry in a number of countries
and its development will continue as demand for fish and
seafood increases! [1].

It is important to many coastal communities along
the coast of Gibraltar. It extends from the south coast
of the UK to the Faroe Islands, Iceland, the Baltic Sea and
to the Russian border in the north. With the growing demand
for quality fish, the importance of aquaculture could become
even more significant in the coming years [2, 3].

Fish consumption in developing countries is projected to
increase by 57%, rising from 62.7 million metric tonnes in
1997 to 98.6 million tonnes by 2020 [4]. At the same time,
according to projections by A. Tacon and M. Halwart (2007),
fish consumption in developed countries will increase
by about 4%, from 28.1 million metric tonnes in 1997
to 29.2 million tonnes by 2020 [5].

Similar to traditional forms of livestock production,
fish feeding is a key factor in intensive aquaculture as it
affects not only production costs but also the amount
of waste generated [6]. It is important to know the nutrient
requirements of specific fish species and fulfil them
with balanced diets and appropriate feeding practices.
Research over the last twenty years has greatly increased
our understanding of the nutritional requirements of farmed
fish [7, 8].

In aquaculture system, 40-60% of costs are associated
with fish feed production. Therefore, it is necessary
to continue to reduce feed costs in the future [9, 10].
To ensure high quality fish aquaculture products, it is
important to focus on the development of technologies
to control the amino acid composition of feeds according
to the needs of specific fish species [11].

Recent studies allow to accurately determine the optimum
level of crude protein addition, as exceeding this level leads
to economic losses and environmental damage [12, 13].
Numerous studies have shown that the optimum protein
percentage depends on various factors such as fish species,
age and physiological condition.

For successful culturing, it is important that fish receive
protein in a balanced and continuous manner throughout
the rearing period. Water temperature, presence
of contaminants and pathogens also significantly affect the
ability of fish to digest protein from the feed mixture [14].

Recently, scientists have paid special attention to
the study of the influence of branched side chain amino
acids on the balancing of diets for different fish species.
Of particular interest is the amino acid isoleucine, which has
various systemic physiological effects that contribute to the
productivity of fish at different stages of ontogenesis.

It is known that fish need twenty amino acids for protein
synthesis. They can synthesise ten of them independently
if they are not available in the feed, but the other ten amino
acids must come from the feed mixture. Deficiency of one
or more of these amino acids results in reduced protein
synthesis, which in turn causes weight loss [15, 16].
Therefore, there is a need for balanced feed mixtures with
high protein content [17-19].

The percentage of branched-chain amino acids (BCAAs)
infish feeds depends on many factors including fish species,
growth stage, environmental conditions, protein level in
the feed and target parameters such as growth rate and
general health. BCAAs are typically found in natural protein
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sources such as fish, grains, legumes and supplements.
To determine the optimum ratio of these amino acids, a
balance between fish needs, production requirements and
the nutritional value of feeds must be considered [20-22].

For example, in the early stages of growth, fish may
require a higher percentage of branched-chain amino
acids to ensure rapid growth and development of healthy
tissues. Whereas adult fish may need less of these amino
acids, more geared towards maintaining overall health and
productivity. The optimal proportions of branched-chain
amino acids in the diet also vary among fish species, as
different species have their specific protein and amino acid
requirements [23].

Although many factors influence the optimal ratio
of branched-chain amino acids (BCAAs) in tilapia feed,
some studies indicate that it is usually between 20% and
30% of the total protein in the feed. However, other studies
and dietary guidelines suggest that the optimal ratio
of isoleucine in tilapia feed is often between 4 and 5% of the
total protein in the feed. This ratio is considered common
and may be suitable for most production conditions [24].

The aim of the study was to investigate different levels
of added branched amino acids, including isoleucine, in
the diets of tilapia O. niloticus on productive parameters
in ontogeny.Today, industrial cultivation of tilapia implies
exclusively cultivated Indian tilapia which show the most
productive qualities.

Materials and methods

The experimental work was carried out in 2024 on the
basis of the Department of fish breeding of Volgograd
State Agrarian University.

Before the beginning of the experiment the fish were
acclimatised for a fortnight. 200 O. niloticus juveniles with
an average body weight of 12.0 £ 0.63 g and body length
of 9.0 £ 0.37 cm participated in the experiment.

The fish were divided into 4 groups with the same
number of individuals. Fish weight was monitored from the
time of stocking the tanks. Fish were reared in rectangular
glass aquaria of 100 litres filled with dechlorinated water’.
The daily feeding rate was determined according to fish
body weight and water temperature in accordance with the
rearing technology [25, 26]. Feeding of fish was carried out
manually 4 times a day.

According to the experiment variants, the groups were
reared with the same planting density.

The experimental conditions included maintaining
the same level of cleanliness of the internal and external
environment in all experimental groups. Individual lights
were installed above each aquarium where Indian tilapia
were grown. Water aeration was used throughout the
experiment using Hidom AP-1200 pumps, 13 W and 800 I/h
(China).

Feed residues accumulating on the filters were removed
manually several times a day. The hydrochemical condition
of the water was monitored daily. The water in the aquari-
um was changed daily at 10-20% manually. Water tem-
perature was maintained at 28 = 1 °C using thermostatically
controlled immersion heaters such as the 300 W adjustable
glass heater SHANDA SDH-318, manufactured by SHANDA
(China).Oxygen content, water temperature and pH were
recorded daily using a professional digital dissolved oxygen
meter (oximeter) AR8406 (Chanfong, China).

" Mobsby D., Steven H. A., Curtotti R. Australian fisheries and aquaculture outlook 2020. https://doi.org/10.25814/5e4377eb3eea?
2TOCT 34088-2017 PyKoBOACTBO MO COAEPXAHMIO 1 yX0fy 3a NabopaTopHLIMY XUBOTHLIMY. [1paBuna CoaepXaHnsa 1 yxoaa 3a CeNbCKOX03ANCTBEHHBIMI
XnBoTHbIMM (GOST 34088-2017 Guidelines for the maintenance and care of laboratory animals. Rules for the maintenance and care of farm animals).
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Water quality was monitored daily using VladOx screening
tests from MEDOSA LLC in Russia to assess pH, ammonia,
nitrite, nitrate and carbonate hardness levels. Water quality
parameters were within the desired range for tilapia:
pH 6.9-8.0, ammonia (NH3) 0.08-0.21 mg/I, nitrite (NO,)
0.17-0.36 mg/I, nitrate (NO3) 4.28-5.71 mg/I, and dissolved
oxygen within 5.9-7.4 mg/I [27, 28].

The main tests were carried out at the collective use
Centre: amino acid analysis according to GOST 321953,
chemical parameters of fodder were determined
according to standardized methods: moisture according
to GOST R 570594, crude ash was determined according
to GOST 262265, crude protein GOST 13496.45, crude fat
according to GOST 7636.

The scheme of the main parameters of the experiment is
presented in Table 1.

Results and discussion

Four diets were formulated including a control diet
(main diet) containing actually 34.00% crude protein, while
the other three diets contained protein close to this value
considering the measurement error.

Growth performance for O. niloticus fed according to the
four diets is presented in Table 4.

No mortalities were recorded during the study period.
A statistically significant difference (p < 0.05) was found in
terms of final mean body weight and body length in fish that
received diets 1 (control diet), 2, 3 and 4 compared to the
control group.

The highest mean body weight was recorded in fish that
were additionally fed isoleucine at 8.51% level, being
42.59 g.

| Figure 1. Mean body length of fish
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Table 4. Dynamics of body weight, feed conversion when using experimental diets

of O. niloticus (M — mean value * SD standard deviation, n = 5)
Diet options

1 (control) 2 3

12.94+2.16 12.65+1.12 12.56+1.18

Indicators

Average initial weight (g)
Average final weight (g)

¢ — 4th to 2nd group; d — 4th to 3rd group.

30.46+3.98 35.64+1.72 42.592+1.58%P 41.972+1.6520¢

Increase in body weight (g) 17.52+0.55 22.99+0.062 29.532+0.612:P 27.31P+1,57ab.c
Note: Validity (p > 0.05) here and below: a — to 1st control group; b — 3rd to 2nd group;

| Table 1. Scheme of the main parameters of the experiment

Water Period Initial Density planting Feedin
Indicators volume, studies, juvenile density of fish, meth 03
| days weight, g pcs/m?
Option 1:con 100 14/30 12/18 300/250 Manually
Option 2: Ex 100 14/30 12/21 300/250 Manually
Option 3: Ex 100 14/30 12/27 300/250 Manually
Option 4: Ex 100 14/30 12/25 300/250 Manually

Table 2. Summaries the analysis of the main food ingredients
carried out before the experimental diets were formulated.
Composition of the basic ration by mass fraction, %

l:‘a":,g'i'tlzr;arls Theoretically — Recipe Fact — after analysis
Damp 13.80 12.60
Crude protein 33.10 34.00
Crude fat 8.00 9.65
Crude fibre 4.84 4.81

Table 3. Content and ratio of main amino acids with branched side
chain of protein component of the basic diet and variants

Indicators mzlass:kfeg::l?ign, frl\ang;gn Mass fl:actign Ratio

% of valine, % of leucine, % Iso:Val:Leu
Option 1: con 1.29=1 1.51=1 2.31=1 1:1:2
Option 2: Ex 49=3.79 1.51=1 2.31=1 3:1:2
Option 3: Ex 8.51=6.59 1.51=1 2.31=1 6:1:2
Option 4: Ex 12.12=9.39 1.51=1 2.31=1 8:1:2

The fish supplemented with isoleucine at 12.12% and
4.9% levels had a mean body weight of 41.97 gand 35.64 g,
respectively, while the control group with 1.29% isoleucine
had a mean body weight of 30.46 g (Table 4).

As shown in the above figure, the final body length of the
fishes ranged from 10.32 to 12.92 cm.

The highest length was recorded in group 3 and was
13.45 cm, while the lowest value was recorded in control
groups 2 and 4 where the length was 10.32 cmand 11.66 cm
respectively and in group 4 where the length was 12.92 cm.

The data presented in Table 4 explains that the highest
weight gain among the experimental groups was recorded in
group 3 which was 29.53 g which was slightly higher than the
gain compared to the other two groups of group 2 and 4 where
the gain was 22.99 g and 27.31 g respectively compared to
the control group where the weight gain was 17.52 g.

The results for specific growth rate (SGR%) further
confirmed this trend, reflecting the highest specific growth
rate of SGR in group 3, which was 1.45%. In groups 4 and
2, the specific growth rate was slightly lower at 1.42% and
1.23%, respectively, while the control group had 1.05%.

The SGR values for groups 2 and 1 were 1.23% and
1.19%, respectively, and were statistically significantly
different (p < 0.05) from all other groups.

The increase in body weight was also
significantly higher in groups 3 and 4
compared to the other groups. Fish fed
experimental feeds (Groups 3 and 4)
were well consumed except for fish
fed diets from Groups 1 and 2 which
contained 34.0% protein and isoleucine
at 8.51%, respectively. With these diets,
the total feed intake per fish was 47.76 g

4
12.66+0.93

3TOCT 32195-2013 Kopma, kombukopma. MeTog, onpeaeneHus coaepxaHus ammHokvcnoT (GOST 32195-2013 Feed, compound feed. Method for

determination of amino acid content).

4TOCT P 57059-2016 Kopma, komBrkopMa, KOMBMKOPMOBOE Chipbe. SKcnpecc-meTo  onpeaenenns snarv (GOST R 57059-2016 Feed, compound feed,

feed raw materials. Express method for determining moisture).

5TOCT 26226-95 Kopma, komBukopmMa, KOMBMKOPMOBOE Chipbe. MeToapl onpefenenus cuipoii 3obl (GOST 26226-95 Feed, compound feed, feed raw

materials. Methods for the determination of crude ash).

6 TOCT 13496.4-2019 Kopma, KoM61kopma, KOMBUKOPMOBOE Chipbe. MeTozbl ONpeaeneHs CoAepXaHns a3oTa 1 CbIporo npotenHa (GOST 13496.4-2019
Feed, compound feed, feed raw materials. Methods for determining nitrogen and crude protein content).

7TOCT 7636-85 Priba, MOPCKME MAEKONUTAIOLLME, MOPCKME 6ECMO3BOHOYHbIE

1 NpoAayKThl nx nepepaboTtkn. Metoasl aHanuaa (GOST 7636-85 Fish, marine mammals, marine invertebrates and products of their processing. Methods

of analysis).
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and 45.50 g, respectively, which was significantly lower
(p < 0.05) compared to that of groups 3 and 4, which were
48.341 g and 48.21 g, respectively (Table 5).

The best values of feed conversion ratio (FCR) to body
weight were 1.65, 1.77 and 1.89 for groups 3, 4 and 2,
respectively, compared to the control group where FCR was
2.53. Protein efficiency ratio (PER) also varied significantly
among the diets used, following a similar trend. Fish
receiving dietary option 3 had the best PER (1.81), followed
by options 4 and 2 (1.80 and 1.73, respectively), with
insignificant differences between groups.

Thus, the addition of the amino acid isoleucine in the diet
resulted in a 0.64 point decrease in feed conversion at an
additional concentration of 4.9% in feed, 0.88 points at an
additional 8.51% isoleucine in feed, and 0.76 points at an
additional 12.12% in feed. The best group with the lowest
conversion was group 3 with the addition of isoleucine at
8.51% in feed.

Further increase in isoleucine content in the diet for fish
of the 4th experimental group (12.12%) showed that the
conversion rate remained in the same range as that of the
3rd experimental group or slightly exceeded it. Protein
productivity indices also increased slightly when fish were
fed this diet. They were 25.58% and 24.88% in group 3
and 4, respectively, and the difference between treatments
was significantly significant (p < 0.05) (Table 5).

The chemical composition of fish carcasses fed under
the experimental diets is presented in Table 6.

The chemical composition of O. niloticus carcass also
differed in different components for different experimental
diets. Fish given diets with isoleucine concentration
of 8.51% and 12.12% in groups 3 and 4, respectively, had
significantly higher carcass protein content (16.40% and
15.49%, respectively). Body fat content varied significantly.
Higher fat content was observed in fish of group 3 at 4.90%
(p < 0.05), while the diets of control and 2nd experimental
groups had lower fat content. As shown in Table 6, the crude
ash content of the body differed significantly among the
diet variants. Significantly higher ash content was observed
in fish of groups 3 and 4, 4.27% and 4.03%, respectively
(p < 0.05), while ash level was lower in diets of control and
2nd experimental groups by 3.92% and 3.46%, respectively.

All authors bear responsibility for the work and presented data.

All authors made an equal contribution to the work.

The authors were equally involved in writing the manuscript and bear the equal
responsibility for plagiarism.
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Table 5. Performance indices using experimental diets
of O. niloticus (M — mean value + SD standard deviation at n = 5)

. Diet options
Indicators
1 (control) 2 3 4
SGR %1 1.05+0.13 1.23+0.132 1.45+0.152° 1.42+0.142
Weight gain % 135.39+2.85 183.76+4.31 239.09+4.292:b 231.52+4,022b
Total feed
consumption, 45.50+1.71 47.76+1.73 48.34+1.392P  48.21+1.68
g/fish
FCR2 2.53+0.18 1.89+£0.278 1.65+0.27%b 1.77+0.172°
PERS3 1.65£0.35 1.73+0.30 1.81+£0.35%°  1.80+0.272P
PPV (%)* 17.54+1.53 20.81+1.202 25.58+1.002> 24.88+1.622

Note: Hereinafter: 1SGR: [Final body weight (g) — initial body weight
(9)] / period of experiment (days) x 100; 2FCR: feed intake (g) / body
weight gain (g); 3PER: body weight gain (g) / protein intake (g); 4PPV
(%): protein content (g) / total protein intake (g) = 100.

Table 6. Composition of O. niloticus carcasses in diets with added
amino acids (M — mean value * SD standard deviation at n =5), %

. Diet options
Indicators
1 (control) 2 3 4
Damp 74.25+0.45 74.57+0.71 7451+0.63 75.23+0.63
Dry matter 25.75+0.46 25.43+0.31 25.49+0.33 24.77%+0.13
Organic matter  22.29+0.33 21.51+0.21 21.22+0.20 20.74+0.05
Crude protein ~ 14.40£0.20 15.12+0.48 16.40+0.55 15.49+0.30
Crude fat 2.69+0.52 2.85+0.622 4.90+0.65%° 3.61+0.65%P
Crude ash 3.46+0.13  3.92+0.102 4.27+0.13%P 4.03+0.08%P
Conclusion

It was found that addition of amino acid isoleucine to the
diet reduced feed conversion by 0.64 points when 1.42 g/kg
feed was added (representing 4.9%), 0.88 points when
1.55 g/kg feed was added (representing 8.51%), and
0.76 points when 1.68 g/kg feed was added (representing
12.12%).

It was also revealed that group 3 in which isoleucine was
added to the diet at 1.55 g/kg feed (8.51%) had the best
feed conversion ratio compared to other groups.

The optimum level of isoleucine supplementation in
tilapia feed is 1.55 g/kg feed (8.51%).

Isoleucine supplementation in tilapia feed was found
to increase ash content by 0.8% and fat content by 1% in
O. niloticus carcass muscle compared to control. It also
increases the energy value of the meat and does not affect
its biological value.

Bce aBTOpbl HECYT OTBETCTBEHHOCTb 3a PabOTY U NPEACTaBNEHHbIE AaHHbIE.
Bce aBTOpbI BHEC/M paBHbI BKNag B paboTy.

ABTOpbI B PaBHOI CTENEHV NPYHUMAM y4acTue B HAMMCaHUU PYKOMCH 1
HeCyT paBHYI0 OTBETCTBEHHOCTb 3a nnarviar.

ABTOPbI 06BSABNAN 06 OTCYTCTBUM KOHMIMKTA UHTEPECOB.
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