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Abstract

This study evaluated the effect of dietary probiotics (P) to enhance the feed quality, growth parameters, muscle fatty acid (FA)
profile, immunity, and the stimulation of immune genes in head-kidney of Nile tilapia. Healthy mixed-sex Nile tilapia (47.0 £
2.07 g mean weight), were fed three tilapia commercial feeds, S, A, and a local feed K having 33.3, 32.4, and 13.4% protein,
respectively. Dietary supplementation of Bacillus probiotic (P) into the commercial feeds resulting in six experimental feeds (S,
SP, A, AP, K, and KP) were used. The non-probiotic feeds served as controls and each treatment had three replicates. Results
showed that fish fed the SP feed had the highest (P<0.05) final mean weight (582.7 g), daily growth rate (2.52 g/fish/day), gross
fish yield (44.0 kg/m3), and best feed conversion ratio (1.9), followed by S (570.4 g, 2.46 g/fish/day, 41.1 kg/m3, and 2.09,
respectively). However, these values were the lowest (P<0.05) in tilapia fed KP and K (362.8 and 366.7 g, 1.48 and 1.49 g/fish/
day, 27.4 and 26.8, kg/m3, 2.16 and 2.18, respectively). The feed A and AP had intermediate values. Fish fed the SP feed had the
highest (P<0.05) muscle Y n-3 fatty acid (10.5) and Y n-3/n-6 ratio (0.75). In general, gut bacterial counts, lysozyme activity,
phagocytic activity, and hemagglutination titer were the highest (P<0.05) in tilapia fed the SP, followed by tilapia fed AP, but
it was the lowest for tilapia fed K and the KP feeds. Probiotics significantly up regulated p-actin, IgM, IL-f1, Mx, and TNF-a
immune gene in the head kidney with better response in fish fed the SP feed. It can be concluded that improvement in tilapia
growth, bacterial colonization, muscle quality, immune parameters, and the up regulation of immune genes in the head kidney
due to probiotic supplementation would depend on the protein level of the feed used.

Keywords: Nile Tilapia, Protein Ratio, Probiotics, Growth, Fatty Acids, Inmune Response, Immune Genes.

1. Introduction maintaining homeostasis and for keeping the non-specific (innate)

Feed quality and protein level have significant effect on fish
growth, production rate, feed conversion ratio (FCR), and flesh
quality. However, feed represent over than 50% of the operating
expenses, and any improvement in FCR will reduce the produc-
tion cost [1]. Therefore, much research focused on replacing the
expensive fishmeal and fish oil as sources of protein and fat with
cheaper sources, leading in some cases to the production of low
quality feeds [2-5]. Sargent stated that polyunsaturated fatty acids
are essential for spawning, growth, survival, and immunity of fish
larvae, and imbalanced ratio of fatty acids can be damaging to the
cell membrane of the fish [6]. Glencross, Hawkins and Curnow
observed considerable changes in the tissue fatty acid profile with
changes in the fatty acid composition of dietary oils [7]. Fish fed
with low quality diet that lacks sufficient energy and nutrition for

and specific (acquired) immune functionality ready for combat-
ing any disease-causing agent become much more vulnerable to
diseases [8]. Moreover, the feed quality and protein levels might
affect the expression of immune genes in the head kidney respon-
sible for the regulation of inflammatory responses, antibody pro-
duction, and cytoskeletal functions [9,10]. Tilapia farmers use pro-
biotics supplementation extensively as feed additive to improve
the feed efficiency and to enhance growth, immunity, and disease
resistance against bacterial pathogens that can cause substantial
mortality [11,12]. The overall objective of this study was to de-
termine if the efficiency of a low protein feed improves through
probiotic addition. Therefore, three tilapia commercial feeds with
or without probiotic bacteria supplementation (two feeds with nor-
mal protein levels of 33.3% and 32.4%, and one with lower protein
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level of 13.4%) were fed to Nile tilapia to compare growth param-
eters, feed utilization, proximate composition and fatty acid profile
of fish muscles. The study also aimed at determining the effect of
the different feeds on the colonization of the probiotic bacteria in
the gut, immunological parameters, and the expression of selected
immune genes in the head-kidney.

2. Materials and Methods

2.1. Experimental Set Up and Feeding

Healthy mixed-sex Nile tilapia, Oreochromis niloticus (Chitralada
strain, Thailand) juveniles (47 g mean body weight), showing nor-
mal feeding and swimming behaviors, normal color, and free from
morphological blemishes were stocked at a density of 83 fish m?
in 0.43m™ tanks in a recirculating water system arranged in four
independent rows. Each row consisted of six tanks attached with
a 0.5-m’ submerged up-flow biological filter tank. Two rows were
assigned for the probiotic treatments, and the other two rows were
allocated for the probiotic-free feeds (control). Three commercial
tilapia feeds namely local feed manufactured in Kuwait (L), Skret-
ting feed of European origin but manufactured and imported from
Egypt (S), and Arasco feed manufactured and imported from King-
dom of Saudi Arabia (A). The proximate composition of the feeds
is shown in Table 1. Feeds S and A had 33.3% and 32.4% crude
protein, respectively, while feed L had low protein level (13.4%).
Feeds S and A had similar gross energy levels (18.2 KJ/g) while
the Local feed had slightly lower energy level (16.9KJ/g). Each
feed was fortified with probiotics (P) thus giving six experimental
feeds; S, S+P, A, A+P, L and L+P. The feeds without probiotics
served as respective controls. The feed pellets were coated with a
mixed suspension of an equal proportion of Bacillus subtilis iso-
lated from Nile tilapia gut cultured in Kuwait (Gene Bank NCBI
1701438), and the commercial probiotic Biostim® (Advanced
Aqua Biotechnologies, India) used for aquaculture. The tilapia
isolate was cultured in Brain Heart Infusion Agar/Broth, purified,
maintained on agar (BHIA) slants, and identified using 16s IDNA
sequencing [12]. The commercial Biostim® probiotic consisted
of a mixture of Lactobacillus and Bacillus bacteria, yeast, and di-
gestive enzymes [12]. The final bacterial load was 108 cfu g-1 as
determined by spread plate bacterial enumeration of the feed. The
probiotic properties of the supplemented bacteria were tested us-
ing competitive exclusion growth properties on BHI agar using
Proteus vulgaris (hemorrhagic septicemia causative previously
isolated from mullet and tested to produce similar effects in tila-
pia) and Aeromonas spp [12,13]. The probiotic diets were coated
with a mixture of probiotic suspended in 20 ml sterile phosphate
buffered saline (BS, pH 7.2) and 10 ml of vegetable oil. A similar
mixture but without probiotic was used to coat the control diets.
Oil addition to the feeds did not cause significant change in the
lipid content of the test diets. The probiotic diets were prepared
every 10 to 14 days to maintain the viability of the bacteria. Each
diet represented a treatment, and each treatment was in triplicates
using 18 experimental tanks.

Fish in all tanks were fed daily at a rate of 6% of their body weight

and decreased subsequently to 2.5% using 3-mm and 5-mm pel-
lets, respectively. The daily ration was divided into three equal
portions. Tanks water temperature was controlled at 29.0 + 2 oC
using titanium heaters (AREA Inc, USA) and tanks water volume
was kept at 300 1. About 20% of the water in the recirculating sys-
tem was replaced daily with new freshwater. Total ammonia nitro-
gen (TAN), nitrite-nitrogen (NO,-N) and nitrate-nitrogen (NO,-N),
pH, and dissolved oxygen (DO) were monitored every two weeks
using HACH test kit (HACH Company, USA) and YSI-DO meter
Model 55 (YSI Inc, USA), respectively. Water quality parameters
monitored during the study period remained within the acceptable
ranges for tilapia growth and averaged 0.48 mg I for TAN (range
of 0.1 to 6.0 mg I""), 0.026 mg I'" for NH,-N (range of 0.003 to
0.028 mg I'"), 0.13 mg I'' for NO,-N (range of 0.02-2.0 mg 1) ,
5.7mg -1 for NO,-N (range of 0.5-11 mg 1), 7.6 for pH (range of
7-8.2), 6.1 mg 1! for DO (range of 5.1-7.0 mg 1-1) and 30.7 oC for
temperature (range of 28 °C-32 °C). On a biweekly basis, all fish in
each tank were weighed and counted to monitor growth, survival,
and to adjust the feed quantity. At the beginning of the experiment,
five fish from the stock were collected as initial sample and at the
end of experiment, three fish from each replicate tank were collect-
ed as final sample for proximate and fatty acid composition anal-
ysis. On termination (213 days), mean body weight (MWT), daily
growth rate (DGR), specific growth rate (SGR), feed conversion
ratio (FCR), survival, gross fish yield (GY), and condition factor
(K) were determined using the formulas reported by Ridha and
Azad [12]. The protein efficiency ratio (PER) was calculated using
the formula PER= Live weight gain + crude protein fed. The ap-
parent net protein utilization (ANPU %) was calculated using the
formula ANPU% = (Final fish body protein - initial body protein)
+ (total protein fed) x100.

2.2. Chemical Analysis and Organoleptic Test

The proximate composition of the experimental diets were ana-
lyzed in triplicate according to the standard procedure [14]. Prox-
imate and fatty composition analysis was carried out on three fish
tank'. The fat content of pooled ground and freeze—dried flesh was
extracted by the Bligh and Dyer method [15]. The fatty acid com-
position was determined by preparing methyl esters and analyzing
them by gas chromatography using an HP 6890 gas chromato-
graph (Hewlett-Packard, Palo Alto, California, USA) equipped
with a chromapack column (CP-Sil 88 50 meter, ID 0.25mm, Vari-
an Inc, Palo Alto, CA, USA) [16]. Fatty acid methyl ester standard
mixture comprising of 25 different fatty acids (ranging from C8
to C22:6) were obtained from Altech Associates, Deerfield, USA.
The fatty acids were identified by the comparison of their retention
times with a mixture of standards containing all of the fatty acids
identified in this study. Each fatty acid was quantified by calcu-
lating its peak area relative to the total peak area. These values
are referred to as fatty acid content (%). An estimated amount of
each fatty acid was calculated from the lipid content and fatty acid
content, which approximately corresponds to a gram of fatty acid
per 100 g of lipid.
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3.3 Immunological Parameters and Immune Genes

Caudal vein blood was collected from three fish of each replicate
in Eppendorf tubes using 1.0-ml syringe and centrifuged at 3000 x
g/min for 10 min. The collected serum was pooled for each repli-
cate of a treatment.

Lysozyme activity in the serum was determined based on the lysis
of the lysozyme sensitive Gram-positive bacterium, Micrococcus
lysodeikticus (Sigma, USA). The undiluted serum sample (50 pl)
was placed into wells of a 96-well plate in triplicate. A 175 ul of M.
lysodeikticus suspension (75 mg ml™') prepared in the same buffer
was then added to each well. After rapid mixing, the change in tur-
bidity was measured every minute for 5 min at 450 nm at approx-
imately 20° C using a microplate reader. Reduction in the optical
density by 0.001 min! is considered as one unit of lysozyme.

For hemagglutination titer (HAT), triplicate serum was serially di-
luted to yield double dilution (log,) on a U-bottom microtiter plate.
The double dilution was reacted with 50 pl of sheep red blood
cells (SRBC) at density of 107 cells ml!. The highest dilution of
the serum showing a clear agglutination with the blood was taken
as a titer (log,). Bacterial agglutinin titers (BAT) was carried out as
mentioned above, by reacting a formalin-inactivated Proteus vul-
garis suspensions (107cells ml!) with doubling dilutions (in sterile
PBS) of the serum from three fish per replicate of the probiotic and
control fish. The serum dilution showing clear agglutination of the
bacterial suspension was considered as the titer and expressed as
(log,) titers.

The phagocytic activity (phagocytosis) of the head kidney leuco-

cytes was determined by coating the wells of ELISA plate with
50-pl of the leucocytes suspension and incubating at 23°C for 1 h,
followed by overnight incubation at 4°C. The unbound phagocytes
were washed, and the adherent phagocytes were reacted for 1 h at
23°C with 50-pl tissue culture medium (L-15, Sigma), containing
fluorescent latex beads (2-pum; Sigma) at 107 beads ml'. The wells
were read using a fluorimeter (Mikrotek FLX-800). The lumines-
cence (fluorescence) readings (LR) reflect the number of beads
engulfed.

Gene expression related to fish immunoglobulin (IgM), interleukin
for cell inflammatory response (IL-f1, 6 and 10), tumor necro-
sis factor protein (TNF-a), antiviral protein (Mx), stress response
genes such as super oxide dismutase (SOD), heat shock protein
(HSP), alkaline phosphatase (ALP) and skeletal muscle protein
(B-actin) were evaluated. Head-kidney from three fish of a repli-
cate were excised and 2-3 mg head kidney tissue was immediately
lysed, and RNA was extracted using a commercial RNA extraction
kit (SV total RNA isolation, Promega). Genomic DNA contam-
ination was removed by digesting the extracted nucleic acid us-
ing DNAse treatment. The extracted RNA was used to obtain the
cDNA (i-Script cDNA kit, BioRad, USA). Quality of RNA and
cDNA was determined using Nanodrop 2000 (Thermo Scientif-
ic, USA). Primers (based on published literature) optimized for
tilapia samples, for the amplification of selected genes, were used
to obtain the PCR amplification on a Real time PCR (Stratagene
MX-3005P, Agilent). Primers were evaluated for amplification
in Nile tilapia, using melt curve analysis (Khansari et al., 2018
*Hernandes-Cruz et al., 2015, **Leiva-Rebello et al., 2019). The
details of the primers used are given in table 1.

Ingredient S A K
Dry Matter 91.16 |[93.43 88.47
Crude Protein (%) 333 324 13.4
Crude Fat (%) 2.48 3.99 4.66
Ash (%) 8.43 9.74 4.58
NFEI 53.75 |[51.83 77.40
Gross Energy (KJ/g)? 18.20 |18.28 16.92

'Nitrogen free extract calculated as 100 - % (moisture+ crude protein + crude fat + ash).
Estimated according to NRC (1993) using the values of 23.6, 39.5, and 17.2 kJ/g for
protein, fat, and total carbohydrate, respectively.

Table 1: Proximate composition of the tilapia feeds used in the study.

2.4 Statistical Analysis

Parameters means were subjected to one-way analysis of variance
(ANOVA) at a=0.05 followed by Duncan's Multiple Range Test.
Two-way ANOVA was carried out to study the interaction between
diets and probiotics using the SPSS 14 statistical package.

3. Results

During the experimental period, fish in all treatments were actively
feeding and consumed all of the administered feed. A significant
enhancement in feed conversion and gross fish yield was obtained

by feeding Nile tilapia with probiotic supplemented feed. Tilapia
fed SP feed had the highest values for mean body weight (MWT)
of 582.7 g, daily growth rate (DGR) of 2.25 g/fish/day, and 2.23 g/
fish/day, respectively, and specific growth rate (SGR) of 1.18 %/
day followed by the fish fed S (570.4 g, 2.46 g/fish/day, and 1.17%/
day, respectively). Both A and AP showed almost similar values
for MWT (529.8 g and 523.1 g, respectively), DGR (2.26 g/fish/
day and 2.23 g/fish/day, respectively) and SGR (1.15 %/day, and
1.12%/day, respectively). On the other hand, tilapia fed the Local
feed with low protein ratio and its respective probiotic (Local+P)
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had significantly lower values for MWT, DGR, and SGR (Table
2). In all treatments, MWT increased linearly with time (Figure 1).
However, biweekly sampling showed that at day 100 of the exper-
iment, tilapia fed the Arasco feed had higher MWT than tilapia fed
the Arasco+P. On termination (day 213 of the experiment), MWT
of tilapia fed the Arasco+P recovered and had almost similar val-
ues to tilapia fed the control Arasco feed (Figure 2). The highest
FCR (P<0.05) was obtained in fish fed the Local and the Local+P
feeds. Fish fed the Skretting feed fortified with probiotics (Skret-
ting+P) had the lowest (P<0.05) FCR of 1.9 followed by tilapia
fed the control Skretting and the Arasco feed with probiotic (2.09
and 2.06, respectively). Tilapia fed the control Arasco and both
of the Local feeds had the highest (P<0.05) FCR (Table 2). The
highest (P<0.05) gross tilapia yield (GY) was recorded in tilapia
group fed the Skretting+P feed (44.0 kg/m3), followed by its pro-
biotic-free control (41.1 kg/m?). Tilapia fed the Arasco+P feed had
numerically higher GY value (39.5 kg/m?) than its corresponding
non-probiotic control (37.0 kg/m3), however, the difference was

not statistically significant. The lowest (P<0.05) GY was recorded
in tilapia received the low protein Local feed and those received
the probiotic version (Local+P) (Table 2). Two-way ANOVA ir-
respective of probiotics showed Skretting feed to give the high-
est (P<0.05) MWT, DGR, SGR, GY, and the lowest (best) FCR,
followed by the Arasco feed. The low protein Local feed resulted
in the lowest values (P<0.05). However, data analyzed irrespec-
tive of feed type showed significant improvement in FCR only
due to probiotic enrichment (Table 2). No significant differences
were observed among fish fed the six feed types in survival and
in condition factor (K). Fish fed the Local and Local+P feeds had
significantly higher protein efficiency ratio (PER) and apparent net
protein utilization (ANPU) values than tilapia fed the other feeds
(Table 2). Two-way ANOVA irrespective of probiotics or feed type
showed no significant difference in PER and ANPU among tila-
pia fed the different feeds (Table 2). No significant interaction be-
tween probiotic and feed type was obtained for MWT, DGR, SGR,
FCR, GY, PER, and ANPU.
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Figure 1: Mean body weight in tilapia fed different feeds for 214 days
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Figure 2: Immune gene regulation patterns in tilapia fed different feeds supplemented with probiotics.

Fatty Acids | KP AP SP K A S
Cl4 3.41 4.19 4.01 3.36 3.92 3.92
CI15 0.09 0.10 0.24 0.08 0.09 0.21
Clé6 16.12 21.95 17.20 15.57 19.52 16.99
Cl17 0.11 0.28 0.62 0.10 0.32 0.55
C18 3.04 3.34 11.17 2.83 3.16 9.91
C20 0.47 0.31 0.39 0.44 0.32 0.35
C21 0.13 0.17 0.47 0.12 0.16 0.49
C22 0.10 0.12 0.07 0.10 0.12 0.09
C24 0.10 1.16 0.37 0.11 0.98 0.41
Clé6:1 2.63 2.09 2.63 2.51 2.74 2.64
Cl17:1 ND ND 0.24 ND ND 0.21
C18:1n-9 30.89 26.95 24.56 31.48 27.87 25.71
C20:1n-9 0.44 0.45 0.37 0.38 0.32 0.36
C22:1n-9 0.09 0.29 0.21 0.06 0.30 0.26
C24:1n-9 0.09 0.22 ND 0.08 0.30 ND
C18:2n-6 34.18 28.31 32.34 35.09 30.86 3291
Cl18:3n-3 2.21 1.80 1.87 1.84 1.62 1.59
C20:3n-3 0.11 0.29 ND 0.13 0.28 ND
C20:5n-3 1.22 1.15 1.17 1.22 1.16 1.15
C22:6n-3 2.79 3.25 1.88 2.85 3.29 1.79
> SFA 23.57 31.62 34.54 22.71 28.59 32.92
>MUFA 34.14 30.00 28.01 34.51 31.53 29.18
> PUFA 40.51 34.80 37.26 41.13 37.21 37.44
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>n-3 6.33 6.49 4.92 6.04 6.35 4.53
>n-6 34.18 28.31 32.34 35.09 30.86 32.91
n-3/n-6 0.19 0.23 0.15 0.17 0.21 0.14

SFA=Saturated fatty acid; MUFA= Monounsaturated fatty acid; PUFA= Polyunsaturated fatty acids, ND= Peak not detected.

Table 2: Fatty acid composition (% total fatty acids) of the experimental feeds.

The analyzed fatty acid (FA) profile of the experimental feeds is
shown in Table 3. Among saturated FA (SFA), palmitic acid (C16)
was the most dominant FA, while C18:1n-9 was the most domi-
nant monounsaturated FA (MUFA) that accounted for about 25%
to 31% of the total FA. The Y'n-3 FA in all the diets were compar-
atively low while the Y n-6 FA values were exceptionally high in
all the feeds, which resulted in the very low n-3/n-6 ratios. The
initial and final muscle proximate composition of tilapia is shown
in Table 4. Among feed, fish fed the low protein Local feed (K)
fortified with probiotic (Local+P) had the highest (P<0.05) mus-
cle moisture content (78.40%), whereas tilapia fed the Arasco feed
with probiotic (Arasco+P) had the lowest value (77.19%). There
were no significant differences between the muscle protein con-
tents of tilapia fed Skretting, Arasco, Skretting+P, and Arasco+P.

However, these values were significantly higher than fish fed the
Local and the Local+P feeds with low protein level (13.4%). The
highest (P<0.05) muscle lipid content (1.68%) was observed in
tilapia fed the Local feed. Fish fed the Arasco and the Arasco+P
feeds had the lowest values (P< 0.05). Data analyzed regardless of
probiotic showed that feeding tilapia with the Local feed resulted
in significantly higher dry matter and lipid content in the muscle
than feeding tilapia with the Skretting or Arasco feeds. However,
feeding tilapia with the Skretting and the Arasco feeds resulted in
a significantly higher protein content in the muscle. Data analyzed
regardless of feed type showed no significant effect of probiotic
addition on the final muscle proximate composition. No significant
interaction between probiotic and feed type was obtained for the
proximate muscle composition.

SL.No. Gene Primers Amplicon (bp) Citation
1. LYS F -5 TCATCGCTGCCATCATCTCC-3’ 211
R -5 TGTTCCTCACTGTCCCATGC-3’ =
2. IL-1pB F -5 TCAGCACCGCAGAAGAAAAC-3’ 148 ;
R -5 TAACACTCTCCACCCTCCAC-3’ E
3. IL-6 F -5 ATCCCCTCACTTCCAGCAGA-3’ 129 f
R -5 GCTCTTCGGCTCCTCTTTCT-3’ g
4. IL-10 F -5 GAGCGTGGAGGAATCTTTCAA-3’ 154
R -5 GATCTGCTGGATGGACTGC-3’ 2
5. Mx** F -5 AGGAGACGGTGGTTGACATC-3’ 127 ;
R -5’ TCTCTTTCCGTTGCCTCAGT-3’ B
6. HSP F -5 AGGTTGGGTCTGAAAGGAAC-3’ 140 ig
R -5 TGAACTCTGCGATGAAGTGG-3’ %
7. TNF-a  [F -5 TCGTTCAGAGTCTCCTGCAG-3’ 320 E
R -5 AAGAATTCTTAAAGTGCAAACACACCAAA-3’ 5
8. TGF-pl  |F-5>’AGACCCTTCAGAACTGGCTC-3’ 145 g
R -5> ACTGCTTTGTCTCCCCTACC-3’ s
9. GLP* F -5 AGTTAATCCGGAATTCGTGAGA-3’ 168 ;
R -5 TGAGTGTAGTCCCTGGTTGTTG-3’ b
10. ALP* F -5° AGAACGCCCTGACGCTGCAA-3’ 109 E
R -5 TTCAGTATACGAGCAGCCGTCAC-3’ §
11. SOD* F -5 GTTGGAGACCTGGGAGATGT-3’ 159 Z_.s
R -5 CTCCTCATTGCCTCCTTTTC-3’ ]
12. ACT* F -5 TCTGTCTGGATCGGAGGCTC-3’ 113 §
R -5° AAGCATTTGCGGTGGACG-3’ 5
13. IgM#*** [ F -5~ GATCGTGACATCGTCTGAGG-3’ 187 5
R -5’- TGTTGGGTTGTGGTTGTAGG-3’

Table 3: Genes and Primers Used in the Gene Expression Procedures

J Mari Scie Res Ocean, 2023

Volume 6 | Issue 5 | 179



Parameter |S A K Sp AP KP Feed Effect Probiotic effect
S A K Control Probiotic

MWT 570.4424.0° [ 525.948.4® |366.7+9.5¢ |582.7422.2¢ |523.1£25.7° |362.8+11.1°¢ |576.5+£14.8* |[524.5+12.1° | 364.8+5.2¢ 487.7+£31.9* | 489.5+34.32
DGR 2.46+0.19% 2.26+0.08" | 1.49+0.04° |2.52+0.11* 2.23+0.12° 1.48+0.03¢ 2.49+0.07¢ 2.244+0.06° | 1.49+0.02¢ 2.07+0.15* | 2.08+0.16°
SGR 1.17+0.03® 1.15+0.02% [ 0.954£0.01° | 1.18+0.02* 1.12+0.02° 0.96+0.01¢ 1.18+0.01° 1.14+0.01° [ 0.96+0.0° 1.09+0.04* [ 1.09+0.03*
FCR 2.09 +£0.05® |2.20+0.04* |[2.18+0.03* | 1.9+0.08° 2.06£0.05® | 2.16+0.05° 2.02+0.05¢ 2.13+£0.04" |2.17+0.02° |2.16+0.03* [ 2.05+0.04"
GY 41.1+0.53%® 37.0+£0.62° [ 26.8+£0.83° | 44.0£2.07* 39.5+ 1.34> | 27.440.05° 42.6+1.16 38.7+0.74° | 27.140.44¢ 35.3+£2.19* | 37.0+£2.58°
Survival 94.7 £2.67° 97.3+£1.33* |196.0+4.0° |98.7+1.33° 100+ 0.0° 98.7+1.33* | 88.7+1.61° 88.7£1.23* | 89.3+1.98° 87.1£1.46* [ 90.7+0.67°
K 1.96+0.04* 1.99+0.06° 1.96+0.07* | 1.93+0.02* 1.86+0.03° 1.83+0.03® 1.94+0.02* 1.9240.04* 1.89+0.04° 1.97+0.03* | 1.87+0.02*
PER 1.62+0.07° 1.64+0.04> | 3.65+0.1° 1.85+0.03 1.69+0.01° 3.60+0.19° 1.74£0.07° 1.67+£0.01° | 3.63+0.85° 2.30+0.61* | 2.384+0.67°
ANPU 31.0+0.1¢ 31.4+0.6b° | 66.3+2.7¢ | 36.0+0.6° 32.940.3% 68.9+1.7¢ 33.5+1.44° 32.2+0.43% | 67.6+0.75* 42.9+11.7* | 45.9+11.5°

Table 4: Growth performance, feed conversion, gross yield, condition factor, protein efficiency ratio and apparent net protein

utilization in O. niloticus fed different feeds for 213 days

Fatty acids of tilapia muscle lipid expressed as percentages of the
total FA are given in Table 5. Palmitic acid (C16:0) was the domi-
nant SFA amounting 23.5% to 25.3% of the total FA. The low pro-
tein Local feed resulted in the highest (P < 0.05) C16:0. Oleic FA
(C18:1n-9) was the most dominant MUFA, ranging from about 26
to 32. Tilapia fed the Local and the Local+P feeds had significantly
higher C18:1n-9 than those fed the other feeds. Fish fed Skretting
and Skretting+P had significantly higher C18:2n-6 and eicosapen-
taenoic acid (EPA) than the other feeds. The lowest docosahex-
aenoic acid (DHA) content was reported in tilapia fed Skretting,
Local, Skretting+P and Local+P. The Y SFA, > MUFA and ) PUFA
values accounted for 36.5% to 37.8%, 33.6% to 41.1%, and 17.4%
to 24.5%, respectively (Table 6). Fish fed Skretting and Arasco
feeds supplemented with probiotic had significantly higher muscle
>'n-3 FA than their respective non-probiotic control feeds. How-
ever, no significant differences were observed in muscle Y n-3 FA
content of fish fed the Local feed and its probiotic version. Tilapia
fed Skretting and Skretting+P had significantly higher Y n-6 FA
than the other diets. In general, the n-3/n-6 ratios were low, rang-

ing from 0.57 to 0.99. Feeding Nile tilapia with the probiotics for-
tified Skretting and Arasco feeds resulted in a significantly higher
muscle Y'n-3/n-6 ratio compared to their respective non-fortified
controls. No significant differences was detected between the mean
scores of different organoleptic attributes of raw and cooked tilapia
muscle. The color of the raw muscles were pinkish white. Raw
tilapia muscle from all treatments showed higher scores (4.7 to
5.0) out of 5.0. However, fish fed the Skretting impregnated with
probiotics had slightly higher overall acceptance than those fed
other feeds. Two-way ANOVA showed no effect of probiotic addi-
tion to the feeds on the muscle fatty acids profile. However, feed
type had significant effect on the muscle fatty acids. Tilapia fed the
Skretting and Arasco feeds had significantly higher ) PUFA, Y'n-3
FA, >'n-6 FA. Tilapia fed the Skretting feed had the highest EPA
(C20:5n-3), whereas tilapia fed the Arasco feed had the highest
(P<0.05) DHA (C22:6n-3), > SFA and Y n-3/n-6. Feeding tilapia
with the Local feed resulted in the highest ) MUFA. No significant
interaction between probiotic and feed type was obtained for the
different fatty acids.

Parameter (S A K SP AP KP Effect of feed Effect of Probiotic

S A K Control Probiotic
Dry matter 77.4+0.6 77.6£0.5b 77.9+£0.2%® | 77.5£0.1% [ 77.2+0.3° | 78.4+0.3* | 77.4+0.16° 77.4+0.17° | 78.2+0.13* 77.6+0.15* [ 77.7£0.19*
Protein 19.1+0.12 19.1£0.3* 18.2+0.1° 19.2+0.12 19.3+£0.3* | 18.0£0.1° | 19.2+0.05° 19.2+0.12* | 18.1+0.06" 18.8+0.16* [ 18.9+0.21°
Lipid 1.5+0.2%® 1.3£0.1¢ 1.7+0.2? 1.5+0.1% 1.340.1¢ 1.6°+0.1 | 1.49+0.04° 1.3040.02¢ 1.6540.5° 1.50+0.07* [ 1.46+0.05°
Ash 1.3+£0.06° 1.2+0.12° 1.1+0.21° 1.3+0.04° 1.1°40.06 | 1.0+0.02° [ 1.29+0.01* 1.1740.02° | 1.08+0.03¢ 1.2140.04* [ 1.15+0.04°

Initial values for muscle proximate composition were 78.12% moisture, 18.05% protein, 1.33% lipid, and 1.78% ash.
Mean + SEM in a column with different superscripts are significantly different (P < 0.05).

Table S: Muscle proximate composition (% fresh matter basis) of in O. niloticus fed different feeds for 213 days

Fatty acid | S A K SP AP KP

Cl4 1.74+0.06¢ 1.91£0.01° [2.50+0.02* | 1.584+0.03¢ | 1.78+0.04° 2.45+0.022
Cl15 0.16+0.0b 0.18+0.0? 0.16+0.0° 0.134£0.01¢ | 0.17+0.0% 0.18+0.012
Cl6 23.54£0.09° | 24.440.1° 25.3+0.08* |23.6+£0.18° |24.3£0.03" 24.4 +£0.27°
C17 0.30+£0.01° 1 0.310.01> [0.32+0.01** [ 0.23+0.0¢ 0.26=+0.0° 0.33£0.0*
C18 7.17£0.13> | 8.09+0.08* [6.39+0.21°¢ [ 7.10+0.06°> [8.11+0.17* 6.57+0.31%
C20 1.31£0.05* [0.76+£0.01¢ ]0.91+0.01° | 1.14+0.03> [ 0.834+0.01«¢ [ 0.83+0.02cd
C21 0.28+0.03*® [0.21+0.01°¢ [ 0.32+0.01* | 0.24+0.02" | 0.24+0.0> 0.28+0.02**
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C22 2.02+0.09° 1.79+£0.03> | 1.41£0.03° | 2.13£0.06* | 1.74+0.01° 1.37+0.09°
C24 0.16+0.03%¢ [ 0.25+0.01°> | 0.12+0.0¢ 0.18+0.01¢ | 0.30+0.02* 0.17+0.01¢
Cl6:1 3.11£0.08> [ 3.09+0.07° [5.23+0.21* |2.79+0.11¢ | 3.40+0.06° 4.75+0.26°
Cl17:1 0.14+0.01° ] 0.08+0.0° 0.24+0.0* 0.09+0.0¢ 0.10+0.0° 0.25+0.02°
C18:1n-9 | 28.3£0.44* [26.4+0.09° |31.7+0.25* |26.2+0.04° |26.3£0.09° 32.2 £0.64*
C20:1n-9 1.38+0.01° [ 1.26+0.01¢ | 1.67+0.05* | 1.34+0.01° | 1.24+0.03¢ 1.65+0.0*
C22:1n-9 |0.0+0.0° 0.09+0.08* [ 0.05+0.04* | 0.0+0.0* 0.11+0.01* 0.06+0.06°
C24:1n-9 | 3.63+£0.26* | 2.624+0.02¢ [2.24+0.06¢ [4.81+0.12* |2.72+0.03¢ 2.12+0.22¢
C18:2n-6 13.9+0.14* [ 12.9+0.03°> |[10.6+0.04¢ | 14.0 +£0.03* | 12.3+0.04° 11.7 £0.29¢
C18:3n-3 0.49+0.05% | 0.57+0.01* [0.46+0.01° [0.42+0.02° [0.55+0.01®® |0.47+0.01°
C20:3n-3 | 4.79+0.47° |4.86+0.04° |2.82+0.07° |6.05+0.34* |5.14+0.04° 2.66+0.22°
C20:5n-3 1.97+0.14°° | 1.44+0.04° | 1.67+0.03° |2.19+0.04* | 1.57+0.02° 1.49+0.12°
C22:6n-3 1.88+0.01°¢ [ 4.45+0.05° |[1.92+0.02¢ | 1.85+£0.10° [4.84+0.14° 2.09+0.17¢
> SFA 36.6+£0.02 |37.840.06* |[37.4+0.34* |[36.5+0.32° [37.3£0.29®® |36.6=+0.10%
> MUFA 36.6+0.36> [33.6+£0.08¢ |41.1+0.41* |35.2+0.01¢ |[33.8+0.19¢ 41.1 £0.75°
> PUFA 23.1£0.44> [ 24.3+0.09® | 17.4+0.14c [24.5+£0.16* |24.4+0.12® [ 18.4 £0.79°
>n-3 9.1+0.57¢ 11.3+0.12* | 6.9+0.11¢ 10.5+0.19° | 12.1+0.16° 6.7+0.50¢
>n-6 13.9+0.19* | 12.9+0.03®> [ 10.6+0.03¢ | 14.0=0.03* [ 12.3+0.04¢ 11.7+0.29¢
n3/n6 0.66+£0.45¢ [ 0.88+£0.02°> [0.65+£0.01¢ |0.75£0.01¢ | 0.99+0.02* 0.57+0.03¢

'Data are percentage of total fatty acids
Means in each row having different superscripts are significantly different (P < 0.05).
SFA=Saturated fatty acid; MUFA= Monounsaturated fatty acid; PUFA= Polyunsaturated fatty acids

Table 6: Muscle fatty acid composition of O. niloticus fed different feeds for 213 days

The highest (P<0.05) gut bacterial count was observed in fish fed
the probiotic versions of the Skretting and the Arasco feeds. Tilapia
fed the Skretting+P feed had the highest (P< 0.05) serum lysozyme
activity (LA) value, followed by tilapia fed the Arasco+P and those
fed the low protein Local+P. Tilapia fed Skretting+P feed had the
highest (P<0.05) phagocytic activity (PA) followed by those fed
the Arasco+P feed. Feeding tilapia with the low protein Local and
the Local+P feeds resulted in significantly lower phagocytic activ-
ity. The Skretting+P feed resulted in significantly higher hemag-
glutination titer (HAT) value in tilapia serum than fish in the other
treatments. The non-probiotic feeds had significantly lower HAT
values (Table 7). No significant difference was observed among

treatments in the bacterial hemagglutination titer (BAT) against
the pathogenic bacteria Proteus vulgaris. However, the probiotic
fortified diets showed higher values than the non-probiotic control
diets. Except for BAT, two-way ANOVA irrespective of feed type
showed significant improvement in the bacterial count, LA, PA,
and HAT due to supplementation of probiotics to the commercial
feeds (Table 7). However, data analyzed irrespective of probiotic
showed significant improvement in bacterial count and phagocy-
tosis due to feeding tilapia with the higher protein feeds (Skretting
and Arasco). A significant interaction between probiotic and feed
type was evident only for the bacterial count.

Fatty acid | Effect of feed Effect of probiotic
S A K Control Probiotic

Cl14 1.66+0.05¢ 1.8540.04° 2.48+0.02° 2.05+0.15° 1.94+0.17°
C15 0.143£0.01° | 0.168+0.0° 0.175+0.05* 10.17+0.01* 0.16+0.03a
Cl6 23.6+0.09° 24.3+0.05° 24.9+0.27° 24.4+0.33? 24.1+£0.17°
C17 0.27+0.02° 0.28+0.01* 0.32+0.0? 0.31+0.00° 0.27+0.022
C18 7.13£0.06° 8.1+£0.08? 6.48+0.16° 7.21+0.32° 7.26+0.30°
C20 1.22+0.05° 0.79+0.02° 0.87+0.03° 0.99+0.10? 0.93+0.07°
C21 0.26+0.02® 0.23+0.01® 0.30+0.01° 0.27+0.02? 0.25+0.01°
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C22 2.07+0.05° 1.76+0.02° 1.39+0.04¢ 1.73£0.112 1.74+0.14*
C24 0.17+0.01° 0.27+0.02° 0.14+0.01° 0.17+0.022 0.22+0.03®
Cl6:1 2.95+0.11° 3.25+0.10° 4.99+0.19° 3.81+0.45* 3.64+0.37°
Cl17:1 0.11£0.01° 0.09+0.01° 0.24+0.01° 0.15+0.03a 0.15+0.03*
C18:1n-9 | 27.3+£0.64° 26.4+0.07° 31.9+0.32a 28.8+0.97° 28.2+1.28?
C20:1n-9 | 1.36+0.01° 1.25+0.01¢ 1.66+0.01° 1.44+0.08° 1.41£0.08°
C22:1n-9 | 0.0+0.0° 0.1+0.04* 0.05+0.03 0.04+0.03° 0.06=0.02*
C24:1n-9 |4.22+0.36* 2.67+0.03° 2.18+0.10° 2.83+0.27° 3.21+0.522
C18:2n-6 | 13.99+0.06* 12.62+40.19° [ 11.13+0.35¢ | 12.50+0.64* | 12.67+0.44°
C18:3n-3 | 0.45+0.03° 0.56+0.01° 0.46+0.0° 0.50+0.022 0.48+0.03®
C20:3n-3 | 5.42+0.43* 5.0+0.08* 2.74+0.10P 4.16+0.44° 4.62+0.65°
C20:5n-3 | 2.08+0.09* 1.50+0.04b 1.58+0.07° 1.69+0.10° 1.75+0.142
C22:6n-3 | 1.87+0.04° 4.65+0.13" 2.0+0.09° 2.75+0.54* 2.93+0.61°
> SFA 36.6+0.13° 37.6+0.19* 37.0+0.28° 37.28+0.25* [ 36.79+0.20°
>MUFA 35.9+0.42° 33.7+0.11° 41.1+0.35° 37.08+1.38* |36.68+1.42*
> PUFA 23.8+0.45° 24.3+0.07* 17.9+0.43° 21.59+1.34* | 24.44+1.29°
>n-3 9.8+£0.47° 11.7+£0.24* 6.8+0.22¢ 9.09+0.83% 9.77+1.02*
>1n-6 13.9+0.06a 12.6+0.19° 11.1£0.35¢ 12.49+0.64* | 12.67+0.44*
n-3/n-6 0.70+0.33° 0.93+0.03® 0.61+0.26° 0.73£0.05° 0.77+0.08*

"Data are percentage of total fatty acids
Means in each row having different superscripts are significantly different (P < 0.05.
SFA=Saturated fatty acid; MUFA= Monounsaturated fatty acid; PUFA= Polyunsaturated fatty acids what was the sample number used

in these analyses

Table 7: Effect of feed type and probiotic on muscle fatty acid composition of O. niloticus fed different feeds for 213 days

Immune genes showed significant up regulation due to supplemen-
tation of the feed with the probiotic preparations. The regulation
pattern of the different genes in the head-kidney is presented in
Table 8. In general, feeding tilapia with Skretting feed fortified
with probiotic resulted in the lowest cycle threshold (Ct) value
for B-actin, Mx, cytokines IL-1B, and IL-10. On the other hand,
feeding tilapia with Arasco feed enriched with probiotic resulted in
the lowest (P<0.05) cycle threshold for cytokines IL-6 and TNF-a.
Both Skretting+P and Arasco+P stimulated the production of IgM.

Two-way ANOVA regardless of feed type showed immune genes
to be significantly up-regulated with probiotic addition. Data ana-
lyzed irrespective of probiotic showed Skretting to cause the best
(P<0.05) stimulation for B-actin, IgM, Mx, cytokines IL-1f3, and
IL-10 genes, whereas Arasco feed resulted in the lowest (P<0.05)
Ct for cytokines IL-6 and TNF-a genes (Table 8). A significant
interaction between probiotic and feed type was evident for the
tested genes.

S A K SP AP KP Effect of feed Effect of probiotic

S A K Control Probiotic
BC 37.3+6.3° 42.7+8.5° 24.34+4.9° 533.3%147.7* | 516.7£112.6* | 31.7+7.8° 285.3£129.1* [279.7+117.4* | 28.0+4.4° 34.8+4.3° 360.5+98.2°
LA 11.3£3.4% 8.3+2.8¢ 7.0+1.0° 25.7+4.1° 21.0+ 3.8 16.3+3.3%¢ 18.5+3.99* 14.7+£3.5* 11.7+£2.6° 8.88+1.5° 21.0£2.32
PA 45.74+4.8¢ 46.2+0.21¢ 19.4+1.144 115.3+9.4* 69.4+3.9° 20.9+1.44 80.5+15.9° 57.8+5.3° 20.242.1° 37.1+4.6° 68.5+13.8*
HAT 3.67+0.33 [2.67+0.33° 2.67+0.67° 6.67+ 1.45° 4.67+0.33% 5.0+ 1.0 5.17+0.95° 3.67+0.49* 3.83+0.7° 3.00+0.3° 5.4+0.6
BAT 1.67+0.33* | 2.33+0.88° 2.67+0.67* 4.67+ 0.67* 4.33+ 1.45° 3.0+ 0.58° 3.17+0.75% 3.33+0.88* 2.83+0.4* 2.22+0.4° 4.0+0.6*
IgM 20.2+0.14¢ [ 28.3£0.07* |24.7+0.26° 19.9+£0.12¢ 19.6+0.07¢ 21.5+0.33¢ | 19.9+0.14° 23.9+1.932 23.1+0.73> | 24.4+1.17* | 20.2+0.33°
Mx 26.3+0.05° [26.8+0.09¢ [29.2+0.07° |24.3+0.07° 27.2 £0.08° 28.6+0.05° | 25.3+0.46° 27.0+£0.11° 28.9+0.14* | 27.4+0.45* | 26.7+0.64°
TNF-a [30.1+06° 28.4+0.05¢ |345+0.14* |[27.3+0.08° 26.5+ 0.23F 30.9+0.41° |28.7+0.64° 27.5+0.44¢ 32.8+0.82* |31.0+£0.91* | 28.2+0.70°
IL-B1 [26.4+0.19° |29.9£0.15> |28.3+0.07° 26.7 £0.15° 29.9 +0.14° 26.9 +£0.49° | 26.5+0.12° 29.4+0.22° 27.6+0.37° |27.9+0.38* | 27.8+0.54*
IL-6 19.3+1.36° [ 12.6+£0.02¢ | 40.0+0.0° 15.0 £0.67¢ 13.7 £0.44<¢  140.0 £0.0° 17.2+1.31° 13.2+0.36° 40.0 £0.0*° [ 23.9+£5.22* | 22.9+£5.41°
IL-10 [ 15.840.73> [12.9+£0.15° 40.0+ 0.0° 12.6 +£0.12¢ 40.0 +0.0° 40.0 +£0.0? 14.24+0.99¢ 26.5+7.82° 40.0 £0.0° | 22.9+5.43% |30.9+5.79*
HSP 13.8+0.52° [ 13.0+0.23* | 40.0+0.0° 12.9 +£0.14° 40.0 +0.0° 13.6 £0.95° [ 13.4+0.33¢ 26.5+7.80° 40.0 £0.0° [ 22.3£5.61* | 22.24+5.64°
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LYS 25.4+£3.94* |26.5£2.92* [24.9+4.59° 30.1 £1.57° 26.5+3.45° 26.3 £3.39* | 27.7£2.20* 26.5+1.84° 25.6 £2.36* | 25.6+1.76* | 27.6+1.52*
SOD 24.89+1.34* | 27.6£2.57* [26.0+3.46° 31.46 £0.49* |25.6+0.28° 27.1 £#4.31* | 28.2+1.98* 26.6+1.20° 26.6 £2.27* [ 26.2+1.27* [ 28.1+1.58*
GLP 34.09+3.83% | 35.2+3.24* [ 34.4+4.13° 39.4 +£0.61° 33.7+0.94* 35.5+4.54* | 36.7£2.20* 34.4+1.44* 349 +£2.52* | 34.6+£1.69* | 36.17£1.61*
AKP 27.3£2.75* | 35.89+3.75* |[25.8+4.99° 30.0 +£0.72¢ 27.6+3.29° 27.5+2.98" | 28.6+£1.41* 31.7+£3.15° 26.6 £2.42* |29.6+£2.67* | 28.3£1.27°
BACT [21.9+0.30° |23.1+0.33* 22.6+0.18° 23.2+0.01° 22.4+0.07 22.8+0.18° 22.5+0.40° 22.8+0.26° 22.7+0.37* |22.5+£0.26* | 22.8+0.27*

In each row, means + SEM having different superscripts are significantly different (P <0.05).
BC: bacterial count (x10*cfu/cm), LA: lysozyme activity (units/ml), PA: phagocytic activity, HAT: hemagglutination titer (log,), BAT: bacterial agglu-
tination titer (log,).

Table 8: Gut bacterial count, immunological parameters Ct values of immune genes in head kidney of O. niloticus fed different

feeds for 213 days

4. Discussion

Results of this study showed a trend of significant enhancement of
growth parameters, feed conversion, gross fish yield, and some im-
mune parameters and stimulation of some immune genes by feed-
ing tilapia with probiotic-supplemented feed. The better growth
parameters obtained in this study with the commercial tilapia feed
Skretting makes this feed more favorable for tilapia growers over
the Arasco feed. On the other hand, the significantly lower growth
parameters and production rate of tilapia fed the Local feed with
low protein ratio (13.4%) indicate that this commercial tilapia feed
is not suitable for tilapia farming and should not be used by tilapia
growers. The probiotic supplement, containing primarily Bacillus
and lactobacillus spp., was responsible for the growth promotion
in tilapia fed the fortified diet Skretting+P as evident by the total
bacterial count observed in the gut of the Skretting+P fish. These
probiotic bacteria bring about prominent growth enhancement in
Nile tilapia [11,12,17,18]. The reason behind the failure of the pro-
biotic-supplemented Arasco feed to improve tilapia growth could
be only speculated. However, the nutritional factors could be re-
sponsible for this failure. Welker and Lim and Cha at al. stated
that variables including nutrition would result in variable effects
of the added probiotics on fish growth, making it difficult to ar-
rive at definite recommendations on the actual effect of probiotics
on growth enhancement [19,20]. Ridha and Azad obtained higher
growth performance than controls in 19 g O. niloticus only after 40
to 61 days of withdrawing Arasco feed (44% protein) enriched with
Bacillus. amyloliquefaciens probiotic bacteria [12]. Therefore, it is
possible that the positive effect of the probiotics on growth would
be more evident sometimes after termination, since the biweekly
sampling showed that at on day 213 mean body weight of tilapia
fed the Arasco+P recovered and was similar to those fed the con-
trol Arasco feed. The failure of probiotics to enhance growth in ti-
lapia fed the Local+P to the low protein content (13.4%) and lower
nutrients digestibility. Moreover, it is possible that this low quality
feed did not help the probiotic bacteria to bind with it. Ghazalah et
al. demonstrated that Nile tilapia fry (1.2 g) fed with a relatively
low crude protein level of 25% without or with commercial probi-
otic bacteria for 120 days had the lowest growth performance and
worst FCR than those fed with higher crude protein (27.5% and
30%) [21]. Lara- Flores et al., (2003) found that the Nile tilapia
fry (0.15 g) fed diets containing 40% protein for 63 days showed
higher growth than lower protein diet of 27%.

In fish farming, commercial feed represents more than 50% of the
operational cost (El-Sayed, 2006). Therefore, any enhancement in
FCR would be positively reflected on the cost of fish production.
The lower FCR obtained in fish fed the control Skretting feed in-
dicates that fish were able to convert the feed components into fish
muscle more efficiently than Arasco. The fact that Local feed re-
sulted in the worst FCR values support the conclusion that the Lo-
cal feed with the low protein level is not suitable for tilapia culture.
Moreover, results suggest that supplementing with feeds contain-
ing optimum protein level such as Skretting and Arasco fortified
with probiotic bacteria had a beneficial effect in enhancing FCR.
These results are in line with those reported by Ridha and Azad
[11,12]. FCR improvement in fish fed probiotic diets Skretting+P
and Arasco+P is correlated with the significantly higher bacterial
counts and colonization observed in the gut of tilapia fed these
diets. Such colonization enhances fish appetite, digestion of the
feed ingredients, extraction of nutrients, and the absorption rate of
nutrients due to increased villous heights in the intestine [22,23].
On the other hand, the failure of probiotics to improve FCR when
tilapia fed the probiotic diet Local+P could be related to the low
protein content of the diet (13.37%) and to the significantly lower
bacterial counts in the gut. The ingredients of this feed probably
required lower pH (higher acidic medium) to be digested com-
pared with Skretting and Arasco, thus negatively affecting surviv-
al, growth, and adhesion ability of the added probiotic bacteria to
the inner mucosa of the intestinal epithelium. Therefore, results
of this study may suggest that colonization of the added probiotic
bacteria in the host gut is dependent on the quality of the used feed.
The improvement in growth and FCR is probably caused by the
increased absorption rate of nutrients because of increased villous
heights and surface area, and to the improved digestion due to the
digestive enzymes added to the commercial probiotic [22,23].

Although Local and Local+P showed the worst FCR values among
all diets, the PER and ANPU values in these two diets were signifi-
cantly higher than the other diets. This could be due to the lower
dietary protein levels (13.4%) in the Local and Local+P feeds. It
is generally observed in fish that protein retention efficiency in-
creases with low protein intake [24]. Therefore, less of the dietary
protein is either excreted or used as energy substrate. In this study,
the PER range of 1.62% to 1.85% and the ANPU range of 31%
to 36% obtained in fish fed Skretting, Arasco, Skretting+P, and
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Arasco+P are similar to the range of 1.29% to 1.93% reported by
Younis, Al-Quffail, Al-Asgah, Abdel-Warith and Al-Hafedh, and
by Hossain, Tarafder, Kader and Becker, for Nile tilapia, respec-
tively [25,26]. However, in this study, fortification of commercial
diets with probiotics did not improved the PER or APNU values
significantly.

Condition factor (K) reflects the fish condition in the culture unit.
Crab, Kochva; Verstracte and Avnimelech reported that K above
1.8 indicates good condition. In the present study, K was above
1.8 indicating the well-being of the fish despite the slow growth in
tilapia fed Local and Local+P [27].

The proximate composition of fish is affected by the composition
of their food and a range of other factors such as species, genetics,
size, reproductive stage, season, and environmental factors [28].
The present study showed changes in the chemical composition of
tilapia flesh which appear to be related to the variation in the nu-
trients of the diets. Tilapia fed Skretting, Arasco, Skretting+P, and
Arasco+P had significantly higher muscle protein levels than fish
fed Local and Local+P. However, these levels are higher than the
values reported by Vieira, Hilsdorf and Moreira for the Red-Stir-
ling tilapia (18.6%) and hybrid tilapia (18.5%), but similar to those
reported for the Chitralada stain of the Nile tilapia (19.4%) fed a
commercial feed containing 32% protein diets [29]. Ahmed and
Abdel-Tawwab also reported slightly lower levels of whole body
protein content (16.7% to 17.2%) in Nile tilapia fed caraway seed
meal as additive in a commercial diet containing 20% crude pro-
tein [30]. In the present study, muscle lipid levels were general-
ly low (1.30% to 1.68%), but higher than the range of 0.58% to
0.72% reported by Thongprajukaew et al. for sex-reversed Nile
tilapia fed diets containing 8.43% to 9.21% lipid [31]. Ahmed and
Abdel Tawwab used diets with higher lipid levels (7.3% to 7.4%)
than those used in this study and reported higher levels for the
whole body lipids (3.5% to 4.5%) [30].

It is well known that fatty acid composition of tissues is deter-
mined mainly by their dietary lipids. In the present study, the mus-
cle fatty acid composition reflected the dietary fatty acid content
particularly DHA, which was significantly higher in fish fed Ar-
asco and Arasco+P (4.45% and 4.84%, respectively) than those
fed other diets. However, these DHA levels were higher than the
range of 2.85% to 3.35% obtained in the GIFT strain of the Nile
tilapia fed diets containing different levels of perilla oils, but lower
than the ranges of 7.54% to 7.93% reported by Vieira et al. for
the Red-Stirling tilapia hybrid and the Chitralada strain [29,32].
It is surprising that although fish fed Skretting+P resulted in high-
est growth parameters, the muscle DHA content was significantly
lower than those fed Arasco and Arasco+P. However, the muscle
> PUFA levels in fish fed Arasco, Skretting+P, and Arasco+P were
not statistically different.

The n-3/n-6 ratio is a better index for comparing the relative nutri-
tional value of different species of fish [28]. However, this index is

of limited value without considering which fatty acids are present.
Generally, C20, C22 fatty acids are more valuable than C18 fatty
acid [3]. Owning to their predominating quantity, DHA and EPA
are responsible to the greatest extent for changes in the n-3/n-6
ratios. According to Sargent, the optimum ratio of n-3/n-6 PUFA
should be 1:5 (0.2) [6]. Therefore, the higher the n-3/n-6 ratios, the
higher the ability of the body to utilize n-3 fatty acids. In the pres-
ent study, the n-3/n-6 ratio varied between 0.57 to 0.99 with fish
fed Arasco+P showing significantly higher n-3/n-6 ratio compared
to fish fed the other diets. Young stated that in farmed tilapia, the
ratio of n-3/n-6 did not exceed 1.0, which corroborated the n-3/n-6
ratios obtained in the present study [34]. However, this low n-3/n-6
ratio could be attributed to the higher proportion of n-6 fatty acids
present in the diets used, in particular the C18:2n-6 fatty acid.

The pinkish white color of the raw muscles from all treatments
with high scores of 4.7 to 5.0 out of 5.0 indicates better quality of
the muscles in terms of color. In general, consumers prefer more
or less firm and elastic fish muscle. It seems that fat-rich tissues
usually taste smooth and succulent. In the present study, the fat
content in tilapia muscles from all treatments were comparatively
low. However, the scores of ‘taste’ of cooked muscle from fish fed
Arasco and Local were comparatively higher than those fed the
remaining diets.

Aquatic environment exposes the aquatic animals to pathogens
to a higher degree than the animals in the terrestrial environment
with typically a million bacteria and 10 million viruses per milli-
liter of seawater (Fuhurman, 1989). Husbandry-related stress in
aquaculture makes the fish much more vulnerable to diseases if
the diet provided to the fish lacks sufficient energy and nutrition
for maintaining homeostasis [8]. The immune functionality in fish,
hence, requires a considerable support through diet for keeping
the non-specific and specific components of immunity ready for
any challenge by a disease-causing agent. The diets used in the
present study showed a clear influence on the immune functions of
tilapia. The non-specific factors such as lysozyme, phagocytic cel-
lular response, and agglutinins were significantly activated due to
the probiotic supplementation, irrespective of the diet type. These
results are supported by the better nutritional quality of Skretting,
D2, Skretting+P, and Arasco+P. The better non-specific immune
response in the probiotic-supplemented diets obtained in this study
is in conformity to our previous studies on Nile tilapia and to those
reported in the literature [11,12,35,36]. However, the failure of the
probiotic- supplemented diet Local+P to improve the phagocytosis
further indicate that this feed is not suitable for use.

Teleost head kidney, analogous to the mammalian adrenal gland,
is an active site of lymphoid cell generation and endocrine func-
tionalities (Uribe et al, 2011) [9]. The B-actin, apart from being an
important gene responsible for the cytoskeletal functions, plays an
important role in regulating the immune gene expression. B-actin
specifically controls cell growth, migration, and the G-actin pool
[37]. Probiotic-supplemented diets in the present study showed
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significantly up regulated B-actin gene, which was reflected in the
better growth performances of the probiotic fed tilapia. The IL-1
B is one of the cytokines that is involved in the regulation of in-
flammatory responses in fish. This interleukin enhances antibody
production when administered with bacterial vaccines [38,39]. In
the present study the live bacterial supplement used as a probiotic,
probably acted as a triggering factor mimicking live vaccines and
hence, resulting in up regulation of IL-1 B genes. This is also re-
flected in the up regulation of immunoglobulin gene (IgM) in two
of the three probiotic-supplemented diets (Skretting+P and Aras-
co+P). In this investigation, an up regulation of anti-viral cytokine
Mx gene in the probiotic-supplemented diets was recorded. Mladi-
neo et al. reported a partial up regulation of Mx and other genes
following probiotic administration in European seabass [40]. Zou
and Secombes indicated that Mx role in fish immunity is broad-
ened by its ability to interact with bacterial and viral agents, most
likely through triggering the production of IFN-y [41]. The present
study also showed the evidence of up regulated pro-inflammatory
cytokine (TNF-a) which is consistent with Grayfer and Belosevic
wherein TNF-a, IFN-y, IL-1B were inferred to have induced anti-
microbial functions of immune cells [42-45].

Effect of probiotics and dietary levels of
protein on growth, muscle quality and
expression of some immune genes in the head
kidney of Nile tilapia
(Oreochromis niloticiis)

Feed for Proximate
analysis

M.v’ m\

5. Conclusion

Results of the present study showed that probiotics fortified diet
Skretting+P resulted in the highest growth and feed utilization in
tilapia. Probiotics supplemented diets improved muscle n-3 fatty
acids levels, positively influenced the non-specific immune factors,
and significantly up regulated B-actin gene which was reflected in
the better growth performance and up regulated the pro-inflamma-
tory cytokine (TNF-a) which induces the antimicrobial functions
of the immune cells. On the other hand, adding probiotics to low
quality feed such as Local does not help in bringing significant
improvements in tilapia growth and immune responses.

Acknowledgements

The authors gratefully acknowledge the financial grant provided
by KISR to carry out the research (FM100K). Thanks are due to
Ms. S. B. Yassen and T. Al-Sharrah for their help with the proxi-
mate and fatty acid analysis of the samples.

At start: 47.0+ 2.07g

Growth with or without probiotic (Bacillus spp) for 213 days

Muscle for Proximate and
Organoleptic quaulity

Sampled after 213 days for Growth, survival, muscle
composition, organoleptic quality and immunity parameters

References

1. El-Sayed, A. F. M. (1999). Alternative dietary protein sources
for farmed tilapia, Oreochromis spp. Aquaculture, 179(1-4),
149-168.

2. Lim, C,, Li, E., Klesius, P. H. (2011). Distillers dried grains
with solubles as alternative protein sources in diets of tila-
pia, Oreochromis niloticus. In: Proceedings, 9th International
Symposium on Tilapia in Aqua-culture, (ed. by L. Liping &
K. Fitzsimmons), pp.261, Shanghai, China.

3. Ng, W.K., & Wang, Y. BROODSTOCK DIETS WITH ADD-
ED CRUDE PALM OIL RESULTED IN IM-PROVED RE-

PRODUCTIVE PERFORMANCE, EGG HATCHABILITY
AND LARVAL QUALITY OF NILE TILAPIA Oreochromis
niloticus.

4. Ariyaratne, M. H. S., Alahapperume, J. (2013). Fish-viscera
based aqua feed for GIFT (Oreochromis niloticus) food fish
culture. In: Proceedings, 10th International Symposium on Ti-
lapia in Aquaculture. (ed. by G. Hulata, N. Froyman, D. Mires,
B. Levavi-Sivan & Y. Simon), 193-194. Jerusalem, Israel.

5. Shiau, S.Y. (2013). Advances and Prospects of Tilapia Nutri-
tion.(Invited speaker).

6. Sargent, J. R. (1997). Fish oils and human diet. British Journal

J Mari Scie Res Ocean, 2023

Volume 6 | Issue 5 | 185


https://doi.org/10.1016/S0044-8486(99)00159-3
https://doi.org/10.1016/S0044-8486(99)00159-3
https://doi.org/10.1016/S0044-8486(99)00159-3
http://dx.doi.org/10.1111/j.1753-5131.2011.01054.x
http://dx.doi.org/10.1111/j.1753-5131.2011.01054.x
http://dx.doi.org/10.1111/j.1753-5131.2011.01054.x
http://dx.doi.org/10.1111/j.1753-5131.2011.01054.x
http://dx.doi.org/10.1111/j.1753-5131.2011.01054.x
https://cals.arizona.edu/azaqua/ista/ISTA9/Book/ISTA9-2nd.pdf
https://cals.arizona.edu/azaqua/ista/ISTA9/Book/ISTA9-2nd.pdf
https://cals.arizona.edu/azaqua/ista/ISTA9/Book/ISTA9-2nd.pdf
https://cals.arizona.edu/azaqua/ista/ISTA9/Book/ISTA9-2nd.pdf
https://cals.arizona.edu/azaqua/ista/ISTA9/Book/ISTA9-2nd.pdf
https://doi.org/10.1079/BJN19970131

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

of Nutrition, 78(1), S5-S13.

Glencross, B. D., Hawkins, W. E., & Curnow, J. G. (2003).
Restoration of the fatty acid composition of red seabream (Pa-
grus auratus) using a fish oil finishing diet after grow-out on
plant oil based di-ets. Aquaculture Nutrition, 9(6), 409-418.
Vargas-Chacoff, L., Munoz, J. L. P., Haves, C., Oyarzun, R.,
Pontigo, et al. (2016). Atlantic salmon and Coho salmon dis-
play differential metabolic changes in response to infection
by the ectoparasite Caligus rogercresseyi. Aquaculture, 464,
469-479.

Gallo, V. P., & Civinini, A. (2003). Survey of the adrenal ho-
molog in teleosts. International Review of Cy-tology, §9-187.
Uribe, C., Folch, H., Enriquez, R., & Moran, G. J. V. M.
(2011). Innate and adaptive immunity in teleost fish: a review.
Veterinarni medicina, 56(10), 486-503.

Ridha, M. T., & Azad, I. S. (2012). Preliminary evaluation
of growth performance and immune response of Nile tilapia
Oreochromis niloticus supplemented with two putative probi-
otic bacteria. Aquaculture Re-search, 43(6), 843-852.

Ridha, M. T., & Azad, 1. S. (2016). Effect of autochthonous
and commercial probiotic bacteria on growth, persistence,
immunity and disease resistance in juvenile and adult Nile
tilapia Oreochromis nilot-icus. Aquaculture research, 47(9),
2757-2767.

Panigrahi, A., & Azad, 1. S. (2007). Microbial intervention
for better fish health in aquaculture: the Indian scenario. Fish
physiology and biochemistry, 33, 429-440.

AOAC. (2000). Official Methods of Analysis, 17th ed. Wash-
ington, DC: Association of the Official Analyti-cal Chemists.
Bligh, E. G., & Dyer, W. J. (1959). A rapid method of total lip-
id extraction and purification. Canadian jour-nal of biochem-
istry and physiology, 37(8), 911-917.

AOCS. (1992). Fatty acid composition by GLC. Marine Oils.
AOCS Official Methods Ce 1b-89, American Oil Chemists’
Society. Champaign, IL, USA.

Queiroz, J. F., Boyd, C. E. (1998). Effects of a bacterial inoc-
ulum in channel catfish ponds, Journal of the World Aquacul-
ture Society, 29, 67-73.

Arena, A., Maugeri, T. L., Pavone, B., lannello, D., Gugli-
andolo, C., & Bisignano, G. (2006). Antiviral and immuno-
regulatory effect of a novel exopolysaccharide from a marine
thermotolerant Bacillus licheniform-is. International immu-
nopharmacology, 6(1), 8-13.

Welker, T. L., & Lim, C. (2011). Use of probiotics in diets of
tilapia.

Cha, J. H., Rahimnejad, S., Yang, S. Y., Kim, K. W., & Lee, K.
J. (2013). Evaluations of Bacillus spp. as dietary additives on
growth performance, innate immunity and disease resistance
of olive flounder (Paralichthys olivaceus) against Streptococ-
cus iniae and as water additives. Aquaculture, 402, 50-57.

A, A. Ghazalah., H, M. Ali., E, A. Gehad., Y, A. Hammouda.,
H, A. Abo-State. (2010). Effect of probiotics on performance
and nutrients digestibility of Nile tilapia (Oreochromis niloti-
cus) fed low protein diets. Nature and Science 8 (5), 46-53.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ramirez, R. F., & Dixon, B. A. (2003). Enzyme production
by obligate intestinal anaerobic bacteria isolat-ed from oscars
(Astronotus ocellatus), angelfish (Pterophyllum scalare) and
southern flounder (Paralich-thys lethostigma). Aquaculture,
227(1-4), 417-426.

Pirarat, N., Pinpimai, K., Endo, M., Katagiri, T., Ponpornpisit,
A., Chansue, N., & Maita, M. (2011). Modulation of intestinal
morphology and immunity in nile tilapia (Oreochromis niloti-
cus) by Lactobacillus thamnosus GG. Research in veterinary
science, 91(3), €92-¢97.

Cho, S. H,, Jo, J. Y., & Kim, D. S. (2001). Effects of vari-
able feed allowance with constant energy and ratio of energy
to protein in a diet for constant protein input on the growth
of common carp Cyprinus carpio L. Aquaculture Research,
32(5), 349-356.

Younis, E. S. M., Al-Quffail, A. S., Al-Asgah, N. A., Ab-
del-Warith, A. W. A., & Al-Hafedh, Y. S. (2018). Effect of di-
etary fish meal replacement by red algae, Gracilaria arcuata,
on growth performance and body composition of Nile tilapia
Oreochromis niloticus. Saudi journal of biological sciences,
25(2), 198-203.

Hossain, M. A., Tarafder, A. R., Kader, M. A., & Becker, K.
(2004). Evaluation of growth enhancing effect of saponin in
Nile Tilapia, Oreochromis niloticus. Journal of the Bangla-
desh Agricultural University, 2(452-2018-3738), 125-133.
Crab, R., Kochva, M., Verstracte, W., & Avnimelech, Y.
(2009). Bio-flocs technology application in over-wintering of
tilapia. Aquacultural Engineering, 40(3), 105-112.

Pigot, G., & Tucker, B. (1990). Sea food effects of technology
on nutrition, 1st edit, Edit Marcel Dek-ker. INC, New York,
USA.

Vieira, V. A. R., Hilsdorf, A. W., & Moreira, R. G. (2012). The
fatty acid profiles and energetic substrates of two Nile tilapia
(Oreochromis niloticus, Linnaeus) strains, Red-Stirling and
Chitralada, and their hy-brid. Aquaculture Research, 43(4),
565-576.

Ahmad, M. H., & Abdel-Tawwab, M. (2011). The use of cara-
way seed meal as a feed additive in fish diets: Growth perfor-
mance, feed utilization, and whole-body composition of Nile
tilapia, Oreochromis niloticus (L.) fingerlings. Aquaculture,
314(1-4), 110-114.

Thongprajukaew, K., Rodjaroen, S., Yoonram, K., Sornthong,
P., Hutcha, N., Tantikitti, C., & Kovitvadhi, U. (2015). Ef-
fects of dietary modified palm kernel meal on growth, feed
utilization, radical scavenging activity, carcass composition
and muscle quality in sex reversed Nile tilapia (Oreochromis
nilot-icus). Aquaculture, 439, 45-52.

Carbonera, F., Bonafe, E. G., Martin, C. A., Montanher, P. F.,
Ribeiro, R. P., Figueiredo, L. C., ... & Visentainer, J. V. (2014).
Effect of dietary replacement of sunflower oil with perilla oil
on the absolute fatty acid composition in Nile tilapia (GIFT).
Food Chemistry, 148, 230-234.

Arts, M. T., Ackman, R. G., & Holub, B. J. (2001). " Essential
fatty acids" in aquatic ecosystems: a crucial link between diet

J Mari Scie Res Ocean, 2023

Volume 6 | Issue 5 | 186


https://doi.org/10.1079/BJN19970131
https://doi.org/10.1046/j.1365-2095.2003.00272.x
https://doi.org/10.1046/j.1365-2095.2003.00272.x
https://doi.org/10.1046/j.1365-2095.2003.00272.x
https://doi.org/10.1046/j.1365-2095.2003.00272.x
https://books.google.co.in/books?hl=en&lr=&id=LJx-3mjYdu4C&oi=fnd&pg=PA89&dq=%229.%09Gallo,+V.+P.+%26+Civini,+A.+(2003).+Survey+of+the+adrenal+homologue+in+teleosts.+International+Re-views+in+Cytology+230,+89-187.%22&ots=MiJVW0DY0u&sig=HlYIoPnO9w7eSKmju1L15VTyynQ&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=LJx-3mjYdu4C&oi=fnd&pg=PA89&dq=%229.%09Gallo,+V.+P.+%26+Civini,+A.+(2003).+Survey+of+the+adrenal+homologue+in+teleosts.+International+Re-views+in+Cytology+230,+89-187.%22&ots=MiJVW0DY0u&sig=HlYIoPnO9w7eSKmju1L15VTyynQ&redir_esc=y#v=onepage&q&f=false
https://vetmed.agriculturejournals.cz/artkey/vet-201110-0002_innate-and-adaptive-immunity-in-teleost-fish-a-review.php
https://vetmed.agriculturejournals.cz/artkey/vet-201110-0002_innate-and-adaptive-immunity-in-teleost-fish-a-review.php
https://vetmed.agriculturejournals.cz/artkey/vet-201110-0002_innate-and-adaptive-immunity-in-teleost-fish-a-review.php
https://doi.org/10.1111/j.1365-2109.2011.02899.x
https://doi.org/10.1111/j.1365-2109.2011.02899.x
https://doi.org/10.1111/j.1365-2109.2011.02899.x
https://doi.org/10.1111/j.1365-2109.2011.02899.x
https://doi.org/10.1111/are.12726
https://doi.org/10.1111/are.12726
https://doi.org/10.1111/are.12726
https://doi.org/10.1111/are.12726
https://doi.org/10.1111/are.12726
https://doi.org/10.1007/s10695-007-9160-7
https://doi.org/10.1007/s10695-007-9160-7
https://doi.org/10.1007/s10695-007-9160-7
https://doi.org/10.1139/o59-099
https://doi.org/10.1139/o59-099
https://doi.org/10.1139/o59-099
https://doi.org/10.1111/j.1749-7345.1998.tb00300.x
https://doi.org/10.1111/j.1749-7345.1998.tb00300.x
https://doi.org/10.1111/j.1749-7345.1998.tb00300.x
https://doi.org/10.1016/j.intimp.2005.07.004
https://doi.org/10.1016/j.intimp.2005.07.004
https://doi.org/10.1016/j.intimp.2005.07.004
https://doi.org/10.1016/j.intimp.2005.07.004
https://doi.org/10.1016/j.intimp.2005.07.004
https://pubag.nal.usda.gov/catalog/55495
https://pubag.nal.usda.gov/catalog/55495
https://doi.org/10.1016/j.aquaculture.2013.03.030
https://doi.org/10.1016/j.aquaculture.2013.03.030
https://doi.org/10.1016/j.aquaculture.2013.03.030
https://doi.org/10.1016/j.aquaculture.2013.03.030
https://doi.org/10.1016/j.aquaculture.2013.03.030
https://www.researchgate.net/publication/267303042_Effect_of_Probiotics_on_performance_and_nutrients_digestibility_of_Nile_tilapia_Oreochromis_niloticus_Fed_Low_Protein_Diets
https://www.researchgate.net/publication/267303042_Effect_of_Probiotics_on_performance_and_nutrients_digestibility_of_Nile_tilapia_Oreochromis_niloticus_Fed_Low_Protein_Diets
https://www.researchgate.net/publication/267303042_Effect_of_Probiotics_on_performance_and_nutrients_digestibility_of_Nile_tilapia_Oreochromis_niloticus_Fed_Low_Protein_Diets
https://www.researchgate.net/publication/267303042_Effect_of_Probiotics_on_performance_and_nutrients_digestibility_of_Nile_tilapia_Oreochromis_niloticus_Fed_Low_Protein_Diets
https://doi.org/10.1016/S0044-8486(03)00520-9
https://doi.org/10.1016/S0044-8486(03)00520-9
https://doi.org/10.1016/S0044-8486(03)00520-9
https://doi.org/10.1016/S0044-8486(03)00520-9
https://doi.org/10.1016/S0044-8486(03)00520-9
https://doi.org/10.1016/j.rvsc.2011.02.014
https://doi.org/10.1016/j.rvsc.2011.02.014
https://doi.org/10.1016/j.rvsc.2011.02.014
https://doi.org/10.1016/j.rvsc.2011.02.014
https://doi.org/10.1016/j.rvsc.2011.02.014
https://doi.org/10.1046/j.1365-2109.2001.00564.x
https://doi.org/10.1046/j.1365-2109.2001.00564.x
https://doi.org/10.1046/j.1365-2109.2001.00564.x
https://doi.org/10.1046/j.1365-2109.2001.00564.x
https://doi.org/10.1046/j.1365-2109.2001.00564.x
https://doi.org/10.1016/j.sjbs.2017.06.012
https://doi.org/10.1016/j.sjbs.2017.06.012
https://doi.org/10.1016/j.sjbs.2017.06.012
https://doi.org/10.1016/j.sjbs.2017.06.012
https://doi.org/10.1016/j.sjbs.2017.06.012
https://doi.org/10.1016/j.sjbs.2017.06.012
https://ageconsearch.umn.edu/record/276340/
https://ageconsearch.umn.edu/record/276340/
https://ageconsearch.umn.edu/record/276340/
https://ageconsearch.umn.edu/record/276340/
https://doi.org/10.1111/j.1365-2109.2011.02862.x
https://doi.org/10.1111/j.1365-2109.2011.02862.x
https://doi.org/10.1111/j.1365-2109.2011.02862.x
https://doi.org/10.1111/j.1365-2109.2011.02862.x
https://doi.org/10.1111/j.1365-2109.2011.02862.x
https://doi.org/10.1016/j.aquaculture.2011.01.030
https://doi.org/10.1016/j.aquaculture.2011.01.030
https://doi.org/10.1016/j.aquaculture.2011.01.030
https://doi.org/10.1016/j.aquaculture.2011.01.030
https://doi.org/10.1016/j.aquaculture.2011.01.030
https://doi.org/10.1016/j.aquaculture.2015.01.021
https://doi.org/10.1016/j.aquaculture.2015.01.021
https://doi.org/10.1016/j.aquaculture.2015.01.021
https://doi.org/10.1016/j.aquaculture.2015.01.021
https://doi.org/10.1016/j.aquaculture.2015.01.021
https://doi.org/10.1016/j.aquaculture.2015.01.021
https://doi.org/10.1016/j.foodchem.2013.10.038
https://doi.org/10.1016/j.foodchem.2013.10.038
https://doi.org/10.1016/j.foodchem.2013.10.038
https://doi.org/10.1016/j.foodchem.2013.10.038
https://doi.org/10.1016/j.foodchem.2013.10.038
https://doi.org/10.1139/f00-224
https://doi.org/10.1139/f00-224

34.

35.

36.

37.

38.

39.

and human health and evolution. Canadian Journal of Fisher-
ies and Aquatic Scienc-es, 58(1), 122-137.

Young, K. (2009). Omega-6 (n-6) and omega-3 (n-3) fatty ac-
ids in tilapia and human health: a re-view. International jour-
nal of food sciences and nutrition, 60(sup5), 203-211.

He, S., Zhou, Z., Liu, Y., Shi, P., Yao, B., Ring, E. &Yoon,
I. (2009). Effects of dietary Saccharomyces cere-visiae fer-
mentation product (DVAQUA®) on growth performance, in-
testinal autochthonous bacterial community and non-specific
immunity of hybrid tilapia (Oreochromis niloticus ¢ X O. au-
reus &) cultured in cages. Aquaculture 294, 99-107.
El-Ezabi, M., El-Serafy, S., Essa, M., Daboor, S., & Esmael,
N. (2011). The viability of probiotics as a factor influencing
the immune response in the Nile tilapia, Oreochromis ni-
loticus. Egyptian Journal of Aquatic Biology and Fisheries,
15(1), 105-124.

Bunnell, T. M., Burbach, B. J., Shimizu, Y., & Ervasti, J. M.
(2011). B-Actin specifically controls cell growth, migration,
and the G-actin pool. Molecular biology of the cell, 22(21),
4047-4058.

Yin, Z., & Kwang, J. (2000). Carp interleukin-1beta in the
role of an immuno-adjuvant. Fish & Shellfish Immunology,
10(4), 375-378.

Taechavasonyoo, A., Hirono, 1., & Kondo, H. (2013). The im-
mune-adjuvant effect of Japanese flounder Paralichthys oli-

40.

41.

42.

43.

44,

45.

vaceus IL-1B. Developmental & Comparative Immunology,
41(4), 564-568.

Mladineo, I., Buseli¢, 1., Hrabar, J., Radonié, 1., Vrbatovic,
A., Jozi¢, S., & Trumbié, Z. (2016). Autochtho-nous bacte-
rial isolates successfully stimulate in vitro peripheral blood
leukocytes of the European sea bass (Dicentrarchus labrax).
Frontiers in Microbiology, 7, 1244.

Zou, J. & Secombes, C. J. (2011). Teleost fish interferons and
their role in immunity. Developmental and Comparative Im-
munology 35(12), 1376-87.

Grayfer, L., & Belosevic, M. (2012). Cytokine regulation of
teleost inflammatory responses. New Advances and Contribu-
tions to Fish Biology, 11281-11286.

Chandra, P. K. (1997). Nutrition and the immune system:
an introduction. American Journal of Clinical Nutrition 66,
460S-463S.

Ferguson, R. M., Merrifield, D. L., Harper, G. M., Rawling,
M. D., Mustafa, S., Picchietti, S., ... & Davies, S. J. (2010).
The effect of Pediococcus acidilactici on the gut microbiota
and immune status of on-growing red tilapia (Oreochromis
niloticus). Journal of applied microbiology, 109(3), 851-862.

Geven, E. J., & Klaren, P. H. (2017). The teleost head kidney:
Integrating thyroid and immune signal-ling. Developmental
& Comparative Immunology, 66, 73-83.

Copyright: ©2023 1S Azad, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

J Mari Scie Res Ocean, 2023

https://opastpublishers.com/

Volume 6 | Issue 5 | 187


https://doi.org/10.1139/f00-224
https://doi.org/10.1139/f00-224
https://doi.org/10.1080/09637480903140503
https://doi.org/10.1080/09637480903140503
https://doi.org/10.1080/09637480903140503
https://doi.org/10.1016/j.aquaculture.2009.04.043
https://doi.org/10.1016/j.aquaculture.2009.04.043
https://doi.org/10.1016/j.aquaculture.2009.04.043
https://doi.org/10.1016/j.aquaculture.2009.04.043
https://doi.org/10.1016/j.aquaculture.2009.04.043
https://doi.org/10.1016/j.aquaculture.2009.04.043
https://journals.ekb.eg/article_2081.html
https://journals.ekb.eg/article_2081.html
https://journals.ekb.eg/article_2081.html
https://journals.ekb.eg/article_2081.html
https://journals.ekb.eg/article_2081.html
https://doi.org/10.1091/mbc.e11-06-0582
https://doi.org/10.1091/mbc.e11-06-0582
https://doi.org/10.1091/mbc.e11-06-0582
https://doi.org/10.1091/mbc.e11-06-0582
https://d1wqtxts1xzle7.cloudfront.net/47977351/fsim.1999.024120160811-466-1cjq3ly-libre.pdf?1470933925=&response-content-disposition=inline%3B+filename%3DCarp_interleukin_1_in_the_role_of_an_im.pdf&Expires=1689772709&Signature=Dd9eldSdVRO1TXiIYJYn~4-8PU26FeScnmp13IktB-dG2I0ObVtpqxeNifCl647lZJWfDi3CFuXiGuG1VyfNRfwYDaz8WKil~KTxYG76xUTWl7xQCULk0qPI~VT7n0CIQbT60ynO6djYxQvHtXTCIK~hz000DV7WrF8I-lsFAPqeGBYE9uWNBaPR1CddZe1jGL3-sDPIHcrgREDs4vMH1Zw9j8xUSRCbBZNWddzzmxU1~akSmlHUmJO8zbsUKTaVgzzT-GLKrXnJjzDMqJMC3eberFGckOAlfZ2C0NmJunmnLRI3KdMJAXOjlp-qzrZUu8sqZJ4hGGJ~84bLqQKXwg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/47977351/fsim.1999.024120160811-466-1cjq3ly-libre.pdf?1470933925=&response-content-disposition=inline%3B+filename%3DCarp_interleukin_1_in_the_role_of_an_im.pdf&Expires=1689772709&Signature=Dd9eldSdVRO1TXiIYJYn~4-8PU26FeScnmp13IktB-dG2I0ObVtpqxeNifCl647lZJWfDi3CFuXiGuG1VyfNRfwYDaz8WKil~KTxYG76xUTWl7xQCULk0qPI~VT7n0CIQbT60ynO6djYxQvHtXTCIK~hz000DV7WrF8I-lsFAPqeGBYE9uWNBaPR1CddZe1jGL3-sDPIHcrgREDs4vMH1Zw9j8xUSRCbBZNWddzzmxU1~akSmlHUmJO8zbsUKTaVgzzT-GLKrXnJjzDMqJMC3eberFGckOAlfZ2C0NmJunmnLRI3KdMJAXOjlp-qzrZUu8sqZJ4hGGJ~84bLqQKXwg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/47977351/fsim.1999.024120160811-466-1cjq3ly-libre.pdf?1470933925=&response-content-disposition=inline%3B+filename%3DCarp_interleukin_1_in_the_role_of_an_im.pdf&Expires=1689772709&Signature=Dd9eldSdVRO1TXiIYJYn~4-8PU26FeScnmp13IktB-dG2I0ObVtpqxeNifCl647lZJWfDi3CFuXiGuG1VyfNRfwYDaz8WKil~KTxYG76xUTWl7xQCULk0qPI~VT7n0CIQbT60ynO6djYxQvHtXTCIK~hz000DV7WrF8I-lsFAPqeGBYE9uWNBaPR1CddZe1jGL3-sDPIHcrgREDs4vMH1Zw9j8xUSRCbBZNWddzzmxU1~akSmlHUmJO8zbsUKTaVgzzT-GLKrXnJjzDMqJMC3eberFGckOAlfZ2C0NmJunmnLRI3KdMJAXOjlp-qzrZUu8sqZJ4hGGJ~84bLqQKXwg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1016/j.dci.2013.07.003
https://doi.org/10.1016/j.dci.2013.07.003
https://doi.org/10.1016/j.dci.2013.07.003
https://doi.org/10.1016/j.dci.2013.07.003
https://doi.org/10.3389/fmicb.2016.01244
https://doi.org/10.3389/fmicb.2016.01244
https://doi.org/10.3389/fmicb.2016.01244
https://doi.org/10.3389/fmicb.2016.01244
https://doi.org/10.3389/fmicb.2016.01244
https://doi.org/10.1016/j.dci.2011.07.001
https://doi.org/10.1016/j.dci.2011.07.001
https://doi.org/10.1016/j.dci.2011.07.001
https://books.google.co.in/books?hl=en&lr=&id=wuKgDwAAQBAJ&oi=fnd&pg=PA59&dq=%2242.%09Grayfer,+L.+%26+Belosevic,+M.+(2013).+Cytokine+regulation+of+teleost+inflammatory+responses.+In:+New+Advances+and+Contributions+to+Fish+Biology,+(ed.+H.+T%C3%BCrker)+pp+60%E2%80%9396.+ISBN+978-953-51-0909-9.%22&ots=yeEvBiIxWR&sig=nbW0cgAS5rnKML8hSh3kXYTWd6E&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=wuKgDwAAQBAJ&oi=fnd&pg=PA59&dq=%2242.%09Grayfer,+L.+%26+Belosevic,+M.+(2013).+Cytokine+regulation+of+teleost+inflammatory+responses.+In:+New+Advances+and+Contributions+to+Fish+Biology,+(ed.+H.+T%C3%BCrker)+pp+60%E2%80%9396.+ISBN+978-953-51-0909-9.%22&ots=yeEvBiIxWR&sig=nbW0cgAS5rnKML8hSh3kXYTWd6E&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=wuKgDwAAQBAJ&oi=fnd&pg=PA59&dq=%2242.%09Grayfer,+L.+%26+Belosevic,+M.+(2013).+Cytokine+regulation+of+teleost+inflammatory+responses.+In:+New+Advances+and+Contributions+to+Fish+Biology,+(ed.+H.+T%C3%BCrker)+pp+60%E2%80%9396.+ISBN+978-953-51-0909-9.%22&ots=yeEvBiIxWR&sig=nbW0cgAS5rnKML8hSh3kXYTWd6E&redir_esc=y#v=onepage&q&f=false
https://doi.org/10.1093/ajcn/66.2.460s
https://doi.org/10.1093/ajcn/66.2.460s
https://doi.org/10.1093/ajcn/66.2.460s
https://doi.org/10.1111/j.1365-2672.2010.04713.x
https://doi.org/10.1111/j.1365-2672.2010.04713.x
https://doi.org/10.1111/j.1365-2672.2010.04713.x
https://doi.org/10.1111/j.1365-2672.2010.04713.x
https://doi.org/10.1111/j.1365-2672.2010.04713.x
https://doi.org/10.1016/j.dci.2016.06.025
https://doi.org/10.1016/j.dci.2016.06.025
https://doi.org/10.1016/j.dci.2016.06.025

