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SUMMARY

amino acids (lysine or arginine), by mixing each of them with fish oil or sunflower oil, and its effect on

growth performance, feed utilization efficiency, body composition, and blood chemistry characteristics.
Where 5 diets were made, the experimental diets were fed to five groups of fish (each group represents by 3 tanks)
as follows: (T1) is the control group, which was fed as the basal diet (contains 38% crude protein and 4100
kcal/Kg feed without any additives, the second group (T2) was fed the basal diet, which was supplemented with
the addition of 21 g lysine and 15 g fish oil/kg of diet, and the third group (T3) was fed the basal diet mixed with
21 g lysine plus 15 g sunflowers/ kg feed. The fourth diet (T4) was fed the basal diet mixed with 29.4 g arginine
and 15 g fish oil/ kg feed. The fifth group (T5) was fed the basal diet mixed with 29.4 g arginine + 15 g sunflower
oil/ kg feed. The fish were fed the experimental diet for 128 days. The results of this study showed significant
increase (P < 0.05) in growth performance (BWG), relative growth rate (SGR), and feed utilization efficiency
(FCR, PER, PPV) between the different treatments and the control group. The results of the third treatment (T3),
which was supplemented with 21 g lysine + 15 g sunflower oil/kg feed, were significantly superior (P<0.05) in
growth rate (BWG, SGR) and best feed conversion efficiency (FCR, PER, PPV) compared to the other groups.
Blood analysis results for fish fed the third diet showed a decrease in the levels of aspartate transferase and alanine
aminotransferase. The results of the current experiment indicated that adding 21 g lysine + 15 g Sun flower oil is
an appropriate amount that improves the performance of Nile tilapia fingerlings.

The current study aims to study the effect of supplementing commercial diets used to feed fish with some
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INTRODUCTION

Recently, a lot of research has been conducted to raise the nutritional value of the feed used in feeding
tilapia fingerlings. Recent research has shown the importance of adding some nutritional enhancers, such
as some free amino acids in addition to fatty acids, with the aim of improving the utilization of these feeds
(Rodrigus et al., 2020). This may face the natural development that is occurring in the field of Nile tilapia
farming. It is worth noting here that nutritional requirements have not been reviewed since 2011 by the
NRC until now (Furuya et al., 2023). Global tilapia production is expected to continue to grow until 2030
through sustainable management, optimal use of natural resources, new farming techniques and improve
feeding practices (FAO, 2021). On this basis, the growth, reproduction, and health performance of tilapia
fish is improved through genetic selection breeding programs combined with precise nutritional strategies
to meet this increasing needs. However, these needs have generated challenges for tilapia production,
including reviewing considerations related to food security, food safety, feed ingredient shortages, disease
protection and environmental conservation. Optimizing growth performance and supporting fish health
through precise amino acid (AA) nutrition is well-accepted in current Nile tilapia (Oreochromis niloticus)
farming. Much research has shown that deficiency of one essential AA may lead to the decline of several
physiological functions, which will be reflected in growth performance (Rodrigus et al., 2020, DO-
Nascimento et al., 2020, Diogenes et al., 2016). Amino acids act as molecules to regulate protein synthesis
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(Araujo et al., 2021 and Gaye-Siessegger et al.,) and energy metabolism in Nile tilapia Oreochromis
niloticus (Li et al., 2020a). Therefore, providing tilapia feeds that cover optimal amino acid requirements
is a primary goal of improving feed utilization, reducing feeding costs, and mitigating nitrogen loss to the
environment. Fish muscle tissue has significant quantities of lysine, an essential amino acid. It promotes
growth and is required for the transportation of long-chain fatty acids into the mitochondria, where they
are converted to energy (Furuya et al.,2012). In addition to dietary arginine supplementation has been
demonstrated to enhance protein optimization and, consequently, growth performance for a number of fish
species. There have been reports of tilapia with improved somatic development, feed efficiency (Neu et
al., 2016; Yue et al., 2015). Fish require more fats with a low degree of saturation, which is reflected in
oils, for their capacity to absorb them better. Fatty acids are split into oils and fats. Fatty acids are often
quite important when feeding fish because they are the primary source of energy, such as sunflower oil
and fish oil (Barlow, 2000).

While lysine and arginine are the highest amount needed of EAA for optimum growth of Nile tilapia
fish (Furuya et al., 2023) and necessary for efficient utilization of other essential amino acids and energy;
both were tested in the present research in a combination with two oil sources (fish oil and sunflower oil)
and were fed to tilapia fingerling to investigate its effects on the growth performance, feed utilization, body
composition and blood indices of Nile tilapia fingerlings.

MATERIALS AND METHODS

Experimental fish and rearing system:

The fingerlings were purchased from a private hatchery in Kafr EI-Sheikh Governorate. At the
beginning of the experiment, the average starting body weight was (1.7 g). Fish (300 tilapia fingerlings)
were acclimatized to lab conditions for two weeks and were fed daily 5% of their life body weight for 6
days a week with commercial feed (38% crud protein and 4100 Kcal/g). The experimental fish were
randomly distributed among fifteen 108 liters' quadrate fiber glass tanks (20 fish/ tank). The tanks related
to a recirculate system's (RAS) provided with mechanical and biological filters in the Fish Production
Branch, Department of Animal Production, Faculty of Agriculture, Ain Shams University, Cairo, Egypt.

Water quality parameters:

Water quality was assessed by measuring the water temperature and the oxygen saturation daily at 8:00
am using portable dissolved oxygen meter (Lurton model Do — 5509 ), on one hand, the pH was measured
on a weekly base by a pH model (Coming Co. pH meter model 345), and on the other hand, the nitrite and
ammonia were estimated every two weeks; through the following analytical methods, ammonia-nitrogen
(NH4%), nitrite (NO,), and nitrate (NO3) were measured using the techniques outlined by Sauter and Stoub
(1990). The parameters for water quality were provided in (Table 1).

Table (1): Averaged water quality determinations during the experimental period.

Parameter Reading
Average Temperature (°C) 28 £2
Oxygen (mg /L) 5

pH 7.8
Ammonia (mg /L) 0.08
Nitrite (mg /L) 0.32

Feeding experiments:

In the present study, fish were fed extruded commercial diet and were acclimatized for 2 weeks, during
which they were fed a control extruded diet (38% crude protein and 4100 Kcal/ kg feed). Feed was brought
from a commercial fish feed factory. According to the feed product label, ingredients of the feed were: fish
meal (65% CP) and soymeal (46% CP), wheat middling, corn gluten (60% CP), yellow corn, rice bran,
fish oil, soya bean oil, mono-calcium phosphate, salt and premix no (9228) Egypt.

After the acclimation feeding period, the commercial feed was grinded and divided into 5 equal
portions. The first portion (T1), which consider as the control group (no additives were added), the second
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portion (T2), where, 21 g lysine and 15 g fish oil/ kg feed) were added, the third group (T3) where 21g
lysine and 15 g sunflower oil/ kg feed were added, the fourth group (T4) where 29.4 g arginine and 15 g
fish oil/ kg feed were added and the fifth group (T5) where 29.4 g arginine and 15 g sun flower oil/ kg
were added. The feeding diets were again pelleted, dried and were kept in the refrigerator at 4 °C during
the feeding period. Fish were fed daily at a rate of 5% of their total biomass 3 times (six days a week).
Daily feed allowances were readjusted according to the new biomass every two weeks. The feeding trial
lasted 128 Days.

Chemical analysis:
The dry matter, crude protein, ether extract, and ash contents of the feed and fish composition were
analyzed according to the methods described by (AOAC, 2012).

Table (2): Chemical analysis of commercial feed used in the experiment.

Chemical analysis % (DM bases)
Moisture 10.89

Crude protein 37.80

Ether extract 5.80

Crude fiber 4.40

Ash 14.18

NFE * 37.82

GE (Kcal/kg feed) 4100

*NFE = 100 — (CP + EE + CF + ash)

Feed nutritional index values, including weight gain (WG), average daily gain (ADG), specific growth
rate (SGR), feed conversion ratio (FCR), protein efficiency ratio (PER) and protein productive value
(PPV%) were calculated as follow:

o Weight Gain (WG, g/ fish) = Final weight (g) — Initial weight (g)
o Average Daily Gain (ADG, g/day) = Final weight (g) — Initial weight (g)
Time

e Specific Growth Rate (SGR, %/day) =
{In final weight (g) — In of initial weight (g)} *100
Time
e Feed Conversion Ratio (FCR, g feed/g/ gain) = Feed intake (9)
Weight gain (g)
e Protein Efficiency Ratio (PER, g weight gain/ g protein intake) = Weight Gain ()
Protein intake (g)
e  Protein Productive Value (PPV%) = {Protein gain in fish (g)} *100
Protein feed intake (@)

e Hepatosomatic index HSI (%) = (Liver weight / body weight) * 100

e Viscera somatic index VSI (%) = (Visceral weight / body weight) * 100
Hematological and biochemical assay:

Blood samples were collected from six fish of the three replicates to obtain sufficient amount for
examination. The same operator handled the samples three times. The automated blood testing device
Rayto RT7200 auto hematology analyzer was utilized to measure hematocrit (HCT), white blood cells
(WBC), red blood cell (RBC), and hemoglobin (Hb). The remaining samples were centrifuged at 3500 rpm
for 20 minutes in accordance with the manufacturer's instructions in order to obtain blood for the
spectrophotometric commercial kits' assays of alanine transaminase (ALT) and aspartate transaminase
(AST); (Biomed Diagnostic, Egypt), respectively. This was done in accordance with Barham and Trinder
(1972) and Henry (1974).
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Statistical analysis:

One-way analysis of variance (ANOVA) was used for all numerical data. In every instance,
significance was determined by p < 0.05. The SPSS-20 statistical analysis program was used. The means
of the control and treated groups were compared using (Duncan’s ,1955) multiple range tests.

Yij = ptti+eij
Where Y); - observations; i = overall mean and Ti = effect of the treatment and eij = error

RESULTS

Growth performance parameters:

The results of the final body weight (FBW) are presented in Table 3. The group of fish that were fed
the T3 diet, where 21 g lysine and 15 g sunflower oil were added, showed a positive effect (P < 0.05) and
recorded the highest growth value (66.70 g/fish, while fish group fed the control diet (T1), where no
additives were added showed the lowest significant (P<0.05) growth values (34.38 g/fish). Average weight
gain (AWG) of fish fed T3 (21 g lysine + 15 sunflower oil/ kg diet) recorded the highest value (64.90
g/fish). While the fish group fed the control diet (no AA and no Oil additive) showed the lowest significant
(p<0.05) average weight gain (32.38.18 g/fish). Average Daily Gain (ADG, g/ day) and Specific Growth
Rate (SGR, %/ day) of fish fed the third group (T3) showed the highest significant values (0.50 g/d and
3.74%/ day), respectively. Whereas AWG and SGR of fish group fed the control diet showed the lowest
significant values (P<0.05). The average values of weight gain, average daily gain and specific growth
rate of fish fed diet included 29.4 g arginine and 15 g fish oil/ kg diet (T4) followed with significant
differences the values of T3 group (P<0.05).

Table (3): Fish growth parameters mean * S.E. of the experimental groups fed
different experimental diets.

Growth

parameters Control(T1) LF(T2) LS(T3) AF(T4) AS(T5)
IBW (g/fish 1.74+0.15 1.55+0.12 1.80+0.05 1.76+0.01 1.85+0.00
FBW (g/fish) 34.38:+0.54 53.22¢+.70  66.70: £1.74 61.32b+1.82 48.874+.72
AWG (g/fish) 32.64<+0.69 51.67¢+.82  64.90:+1.77 59.550+1.81 47.014+.76
ADG (g/day) 0.25¢+0.00 0.40¢+0.00  0.502+.01 0.46° +.01 0.374+0.00
SGR (%/day 3.11¢+0.08 3.6320+0.07  3.742+0.04 3.672 +0.02 3. 45°+0.06

Values in the same raw, with different superscripts are significantly different (P<0.05).LF: lysine +fish oil; LS: lysine
+sunflower oil; AS: arginine +fish oil: and AS: arginine sunflower oil.

Feed utilization parameters:

The results of feed utilization parameters are presented in table 4. Where, feed conversion ratio (FCR)
of fish groups fed diets supplemented with amino acids improved significantly compared with the control
group (P<0.05). Numerically T4 showed the best feed conversion ratio (1.06 g feed/ g gain). No significant
differences (P>0.05) were observed between the four treatments (T2, T3, T4 and T5). While the fish of the
group fed with the control diet (without feed additives) showed the worst value (1.82 g feed/g gain). Protein
efficiency ratio (PER) showed that the fish of the T4 group scored the highest significant value (2.52).
While the control fish (without feed additives) showed the lowest value (1.50). While no significant
differences (P>0.05) were observed in the protein productive value (PPV%) between the different
treatments including the control.

Table (4): Fish feed utilization means = S.E. of the experimental groups fed different experimental

diets.
Feed utilization Control LF (T2) LS(T3) AF(T4) AS(T5)
parameters (TY
Feed Intake (g/fish) 59.3248.3 59.91+0.85 73.99+6.9 62.65+3.92  66.89+2.7
FCR (g feed/g gain) 1.82:+0.26  1.16+.02 1.13*+0.07  1.06°+0.10 1.42% +.04
PER 1.50¢+0.20 2.27%+0.05  2.34®°+0.15  2.52°+0.21 1.86+0.05
PPV% 41.87+.77 38.17+ .50 33.05+£3,19  40.10+2,21  39.10+1.40

Values in the same raw, with different superscripts are significantly different (P<0.05).
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Proximate analysis of whole-body composition:

The body composition data of tilapia fish fed the experimental diets are presented in Table (5). No
significant difference was detected in dry matter content of all treatments (P>0.05). Also, ash content of
the T3 group was less significant than the other experimental groups (P<0.05). Protein content of all the
experimental fish bodies (fed diets supplemented with either lysine or arginine) showed higher values
compared with the zero group. Although group T2 (Lysine + fish oil) had the highest lipid content (18.83
%) among the other experimental groups. The lowest significant (p<0.05) lipid content (14.79 %) was
obtained by group T5, where fish were fed diet provided with arginine + sunflower oil.

Table (5): Chemical analysis of Nile tilapia fish (dry basis) fed different experimental diets.

Items  Zerogroup Control (T1) LF (T2) LS (T3) AF(T4) AS(T5)
DM%  41.04+0.32 48.22+2.57  44.07+2.28  42.43+2.31  47.43+2.64  41.98+1.63
ASH%  10.23+0.14  15.762+0.39 16.79:+0.55 14.80°+0.95 16.70+0.37 16.262v+0.44
E.E%  16.27+0.03 16.442°+0.74 18.83°+1.67 15.93:*+0.40 16.742+1.30 14.79*+0.18
CP% 51.33'+0.23  62.52:+2.53  60.162+0.18 63.302+3.13  65.78:+2.57 68.972+4.84

Hepatosomatic and viscera somatic index:

Fish group fed diet (T3) showed the highest hepatosomatic index (HSI) value compared with the other
experimental group including the control group (Table 6). The lowest HSI was obtained by the control
group where fish fed the basal diet (no amino acids nor fat added). Viscera somatic index observed in the
present experiment showed significant (P<0.05) increases among the other treatment including the control.
The lowest value (P<0.05) was obtained by fish group fed diet T4, where arginine and fish oil were added.

Table (6): Hepatopancreas and viscera index as percentage of body weight of Nile tilapia fed
different experimental diets.

C((’gtlgo' LF (T2) LS (T3) AF(T4) AS(T5)
Hepatosomatic index 1.87°+0.23  1.89°+0.19 2.822+0.39 2494019  2.30v+0.11
Viscera somatic index 7.55+0.39 8.86+0.64  8.26*+0.33  7.19*+0.46  8.43*+0.37

Values in the same raw, with different superscripts are significantly different (P<0.05).

Items

Blood Parameters:

The blood parameters had revealed that T3, where fish group fed diet supplemented with lysine plus
sunflower oils (LS) scored the highest values as shown in (Table 7). Furthermore, it had a significant effect
on blood cell counts and hemoglobin at (P<0.05) among all treatments. The RBCs count in T3 treatment
was highest compared to other treatments (1.82 *10%/mm?), and the least count was obtained by the control
(1.38*10%/mm?3). The Hb and HCT values were the highest in treatments T3 compared to the other
treatments included the control group. In addition, the total WBCs count in T3 showed the highest value
among all treatments (187.2*10%mm3) and the least significant value was recorded by the control group
(160.3*10%/mm?3). Blood chemical analysis indicated that liver enzymes ALT and AST for the control
treatment were 215+30 and 189+10, respectively which were significantly higher than those of other
treatments (Table 8). While the treated groups showed a significant decrease in both enzymes, especially
at T3 (76 £ 6) for AST and (87 + 2.1) for ALT.

Table (7): Blood plasma chemistry indices comparing control Vs. treated groups.

Parameters Control (T1) LF (T2) LS (T3) AF(T4) LS(T5)
RBCs (*10%/mm3) 1.38:+0.33 1.58+0.40  1.82:40.10 1.67°+0.17 1.49¢+0.11
Hb(g/dI) 9.4¢ +1.86 13.3:+0.64 15+ 0.77 14.7v+0.46 1340.17
HCT% 11.4445.00 31.5¢+4.63 41.8:£14.47 34v+1.82 30.8¢+11.95

WBCs(*103/mm?®) 160.3¢£6.48 170.5°+13.07  187.2°+3.98 179°+9.67 164.5¢+13.18
Values in the same raw, with different superscripts are significantly different (P<0.05).
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Table (8): Liver function enzymes in blood plasma of Nile tilapia fed different experimental diets.

Parameters Control (T1) LF (T2) LS (T3) AF(T4) LS(T5)
ALT(U/L)* 215430 144<+20 87£5 969+10 1560+22
AST (U/L)** 189 2+10 132¢+15 76°+6 10 £116¢ 141°+10

Values in the same raw, with different superscripts are significantly different (P<0.05).
* Alanine aminotransferase (ALT)
** Aspartate aminotransferase (AST)

DISCUSION

To study the state of growth, fish groups were weighing every two weeks. The obtained results
highlighted that body weight was found to be increased throughout the experimental period, where fish
were able to double their weight every 4 weeks. The average initial fish body weight (IBW) was 1.5 g
while the final fish FBW was 66.70 g/ fish in the 3" treatment followed by 61.32 g/ fish in the 4" treatment
while the lowest fish weight was obtained by the control group (34.38 g/ fish). Data of fish growth rate
and feed utilization throughout the experimental periods are presented in Table (3&4). The results of the
present study agreed with the results of Rodrigus et al. (2020) and Furuya et al. (2023), who concluded
that lysine is the dominant essential amino acid in the feed and the whole bodies of tilapia at different
production stages. These results are corresponding to those reported by Dong et al. (2017), who revealed
that dietary arginine/lysine level of 29.4/21.0 g/kg produced the best growth performance, suggesting that
a better growth performance in Macrobrachium rosenbergii culture in terms of final (WG, SGR), feed
utilization parameters (FCR, PER) in 63 days' experiment. Similar values were recorded by Mahbub et al.
(2018) who found that the growth rate was boosted by lysine supplementation up to 2.05%, while
supplementation of lysine enhanced the feed efficiency of tilapia fish. This may be due to the fact that
lysine increases the muscle growth in fish by rapidly increasing size and length of muscle fibers through
hyperplasia and hypertrophy (Valente et al., 2013; Michelato et al., 2016).

Chemical composition analyses of the experimental fish showed that dry matter and ash-content in the
fish body were not affected by the experimental diets. However, the percentage of protein and fat increased
in the various treatments in the 128 days' experimental period. These results are agreed with Furuya et al.
(2012) who found that dietary lysine levels had little impact on protein and ash body content, but a
quadratic influence on fat deposition rate and body lipids was seen as the amount of lysine in the diet
increased.

The results in Table 6 showed no significant effect of the fat source on the hepatosomatic and viscera
somatic index of tilapia fingerlings. These results are in agree with the results of Qiu et al. (2017), where
they obtained no significant effect of different dietary lipid sources (fish oil or plant oils) on either the
hepatosomatic or viscera somatic indexes of the large yellow croaker (Larmichthys crocea) fish.

Blood parameters as revealed in (Table 4 and 5) showed that supplementing diets with (lysine +
sunflower oil) in T3 treatment had significant effect on all the measured parameters (P<0.05) among all
treatments. The highest RBCs count in the 3™ treatment and the least count was obtained by the control.
Hematological variables also exhibit considerable changes with the addition of each Lys inclusion level.
Maximum hemoglobin (Hb), hematocrit (HcT) and red blood cell (RBC) count were also noted at
21.50 g/kg Lys fed diet. The Hb and HcT values were the highest in treatment T3 compared to control. In
addition, the total WBCs count in T3 showed the highest value among all treatments and the least count
was recorded by the control group. These results agree with the findings of Khan and Abidi (2011). The
blood indicators hematocrit and hemoglobin were dramatically impacted by (T3), where fish were diet
containing 15g Lysine + 15 sunflower oil/ kg achieved the highest significant hematocrit values. The
lowest value was observed for the groups fed the control diet. To the same results came by Michelato et
al. (2016) and Zaminhan et al. (2018) that lysine has been shown to improve body weight, feed efficiency,
and fillet yield in Nile tilapia. Accordingly, this may lead to an increase in oxygen concentration in the
blood and improve metabolic processes, which leads to increased growth rates. The liver enzymes AST
and ALT for the treated groups showed significant decline for both; especially in T3 (87 +5) and T4 (96
+10) for ALT and (76+6) in T3 and T4 (116 + 10) for AST. Ahmed et al. (2022) suggested that plasma
aspartate transaminase (AST) demonstrated substantial (p <0.05) changes between the treatments with
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increasing arginine concentrations up to 17.5 g/ kg diet. This is agreed with the results of Li et al. (2020a,
b) who found that the control group (without arginine supplementation) showed that hepatic activities of
alanine aminotransferase, aspartate aminotransferase, lactate dehydrogenase, and hepatic concentration of
malondialdehyde were reduced but these for catalase and superoxide dismutase, which were enhanced by
dietary supplementation with 2% arginine.

CONCLUSION

The results of the present study on tilapia fish represented that using lysine and arginine supplemented
with some oils such as fish oil and sunflower oil for 128 days showed positive significant effect on growth
performance, feed utilization, body composition and blood parameters. This study indicated the needs to
review the current amino acid recommendations for Nile tilapia and suggests some amendments that may
help to improve the level of nutritional requirements of tilapia fish so that the tilapia industry can grow.
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