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ABSTRACT: The effects of inulin and mannan-oligosaccharide (MOS) on growth, feed 
utilization, fatty acid profiles, and intestinal morphology of Chamo strain Nile tilapia 
(Oreochromis niloticus) fry reared at suboptimal temperature were investigated in this study. 
Chamo strain Nile tilapia is a local strain in Ethiopia that has been selected for fast growth 
and disease resistance under tropical conditions. However, its performance under cold 
stress or sub-optimal temperature is unknown. Four experimental diets were formulated to 
contain 0% (control), 5 g kg-1 inulin, 6 g kg-1MOS and a combination of 2.5 g kg-1 inulin and 3 
g kg-1 MOS. Each diet was fed to triplicate groups of Nile tilapia fry (initial weight 1.6 ± 
0.074 g) for nine weeks at a suboptimal temperature of 22.88 ± 0.48 oC. The results showed 
that prebiotic supplementation did not significantly affect the survival, final weight, weight 
gain, SGR, FCR and ash content of the fish except for the slight improvements observed 
with MOS alone and in combination with inulin. However, MOS alone or a combination 
with inulin improved the villi length and width, and some PUFA levels of the fish 
compared to the control group. The fish fed with the combination of inulin and MOS had 
the highest crude lipid content and villi length in the proximal and middle intestine among 
all groups. The fish fed with MOS alone had the highest villi width and some PUFA levels 
among all groups. These results suggest additions of these prebiotics have improved the 
villi length and width, and some PUFA levels of Chamo strain Nile tilapia and could be 
used as sustainable additive in tilapia nutrition under suboptimal temperature conditions 
Therefore; further studies are needed to optimize the prebiotic supplementation for Nile 
tilapia under different conditions. 
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INTRODUCTION 

 
Nile tilapia (Oreochromis niloticus) is one of the 
most important aquaculture species in the 
world, due to its high adaptability, fast 
growth, and good flesh quality. Although the 
tolerance of Nile tilapia to wide range of 
environmental conditions including 
temperature is obvious, the optimum growth 
rate can be obtained when the water 
temperature is between 27 and 30 °C (Azaza 
et al., 2008). In Ethiopia, one of the major 
constraints in the development of Nile tilapia 
aquaculture is the low water temperature that 
stays below the optimal level in high altitude 
areas. Under low water temperature 

conditions, Nile tilapia suffers from poor 
growth performance, feed utilization, 
immune (Gewaily et al., 2021) response, and 
intestinal health (Nivelle et al., 2019). Low 
water temperature can induce stress and 
reduce the activity of digestive enzymes, 
leading to impaired nutrient absorption and 
increased susceptibility to diseases (Magouz 
et al., 2020). Moreover, low water temperature 
can alter the composition and function of the 
intestinal microbiota, which plays a crucial 
role in maintaining the intestinal homeostasis 
and host health (Negash Kabtimer et al., 
2022). Therefore, finding effective dietary 
strategies that maintain the regular activity 
and health of fish especially under stressful 
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conditions for Nile tilapia is of great interest 
for the aquaculture industry. One of the 
potential strategies is the use of functional 
feed additives that can modulate the 
intestinal microbiota and metabolism of Nile 
tilapia (Yassine et al., 2021; Magouz et al., 
2020). 
 Nowadays, different functional feed 
additives such as prebiotics are being used in 
tilapia nutrition to ensure the dietary 
nutrients are ingested, digested, absorbed, 
and transported to the cells (Tewodros Abate 
et al., 2018). Prebiotics are non-digestible 
carbohydrates that can selectively stimulate 
the growth and activity of beneficial bacteria 
in the gut, thereby improving the intestinal 
barrier function and enhancing the host 
resistance to pathogens. Inulin and mannan-
oligosaccharide (MOS) are two types of 
prebiotics that have been shown to have 
beneficial effects on the gut health and 
immune system of various animals, including 
fish (Genc et al., 2007; Reza et al., 2009; 
Dimitroglou et al., 2010; Razeghi Mansour et 
al., 2012; Eshaghzadeh et al., 2015; Tiengtam et 
al., 2015). Inulin is a fructan that can stimulate 
the growth of beneficial bacteria such as 
Bifidobacterium and Lactobacillus in the gut 
(Wang et al., 2021b; Hutchinson et al., 2023), 
while MOS is yeast cell wall extract that can 
bind to pathogenic bacteria and prevent their 
adhesion to the intestinal mucosa (Levy-
Pereira et al., 2018; Asbury et al., 2022). 
Moreover, both inulin and MOS can influence 
the production of short-chain fatty acids 
(SCFAs) in the gut, which are important 
energy sources and signaling molecules for 
the host. SCFAs can regulate the intestinal 
pH, modulate the gene expression and 
metabolism of intestinal cells, and affect the 
systemic immune response and 
inflammation. 

However, the effects of inulin and MOS on 
Nile tilapia reared at suboptimal temperature 
are still unclear. Previous studies have 
reported inconsistent results on the effects of 
prebiotics on fish growth and health under 
cold stress. Some studies have found positive 
effects of prebiotics on improving the growth 
performance, feed efficiency, immune 
response, and intestinal morphology of fish 
under low temperature conditions (Wang et 
al., 2021a; 2021b; Wang et al., 2022), while 
others have found no significant effects or 
even negative effects (Mugwanya et al., 2022). 
These discrepancies may be due to different 
types and doses of prebiotics, different fish 

species and strains, different experimental 
temperatures and durations, and different 
methods of measuring the outcomes. 
Therefore, more studies are needed to 
elucidate the mechanisms and optimal 
conditions for using prebiotics to enhance the 
cold tolerance of fish. 
Therefore, the aim of this study was to 
investigate the single or combined effects of 
inulin or MOS on growth, feed utilization, 
fatty acid profiles, and intestinal morphology 
of Chamo strain Nile tilapia fry reared at 
suboptimal temperature. Chamo strain Nile 
tilapia is a local strain in Ethiopia that has 
been selected for fast growth and disease 
resistance under tropical conditions 
(Adamneh Dagne and Abelneh Yimer, 2018). 
However, its performance under cold stress is 
unknown. We hypothesized that inulin and 
MOS would have synergistic effects on 
improving the cold tolerance of Nile tilapia 
by modulating its intestinal microbiota and 
metabolism. 

 
 

MATERIALS AND METHODS 
 

Experimental Setup for Growth Trial 

The experiment was conducted for nine 
weeks at the Center for Aquaponics and 
Recirculating Aquaculture System (CARAS), 
Department of Zoological Sciences, Addis 
Ababa University (AAU). Fingerlings of 
Chamo strain Nile tilapia with an initial mean 
weight of 1.6 ± 0.074 g were randomly 
distributed into 12 aquaria (60 liters each) in a 
closed recirculation system, with 25 fish per 
aquarium. The fish were assigned to four 
treatments with three replicates each. They 
were acclimatized to the experimental 
conditions for two weeks by being fed with 
the control diet. During the trial, the fish were 
hand-fed to apparent satiation three times 
daily (08:00, 12:00, and 16:00) for nine weeks. 
The feed amount was adjusted weekly based 
on the new mean fish weight in each 
treatment. 

The recirculation system was supplied with 
continuous flow (2.5 lit. min-1) of filtered 
aerated water from a sump tank heated at 
22.88 ± 0.48 oC and subjected to natural 12-h 
light: dark cycle. Water quality parameters 
measured during the experiment were within 
acceptable ranges for tilapia and averaged (± 
SD): pH, 7.7 ± 0.34; ammonia, 0.06 ± 0.01 mg l-

1; nitrite, 0.20 ± 0.25 mg l-1; nitrate, 20 ± 0.84 
mg l-1and dissolved oxygen, 6.54 ± 0.44 mg l-1. 
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Experimental Design and Diet Preparation  

The experiment followed a completely 
randomized design with four treatment diets 
in triplicates. A basal diet was formulated (as 
fed basis) to contain 39.5% protein and 15.0% 
lipid using fish meal and full fat soybean as 
the main protein and lipid sources. The basal 
diet was supplemented with different levels 
and types of prebiotics (Table 1) to prepare 
the experimental diets. Prebiotic inulin (>90% 
pure) extracted from tuber of Helianthus 
tuberosus and MOS (>90% pure) (Yangling 
Ciyuan Boiotech Co., Ltd., China) were used 
as the prebiotic sources. The four treatment 
diets were: basal diet/control diet (Diet-T1) (0 
g of prebiotics/kg fish feed), inulin-
supplemented diet (Diet-T2) (5 g kg-1), MOS-
supplemented diet (Diet-T3) (6 g kg-1) or 
mixed prebiotic-supplemented diet (Diet-T4) 
(2.5 g kg-1 inulin and 3 g kg-1 MOS). 
 
Growth Performance 

All fish were weighed every week and 
growth performance parameters were 
calculated according to the following 
formulae:  

Weight Gain (%) =  x 100, 

where, W1-initial weight, W2-final weight 
Specific growth rate (SGR, % /day) = 

 x 100, where, W1-

initial weight, W2-final weight 

Daily Growth Rate (DGR, g / day) 

=  

Food Conversion Ratio (FCR) = 

 

Survival rate (SR, %) = x 100, where N2 = 

No. of fish harvested and N1= No. of fish 
stocked 

 
Diet and Carcass Composition  

At the end of the experiment, ten fish were 
randomly sampled from each aquarium for 
the final carcass composition analyses. Fish 
were euthanized by immersing into an 
overdose of clove oil solution according to the 
Guidelines of the European Union (Directive 
2010/63/UE) and dried in an oven at 600C 
until a constant weight was achieved. Dried 
fish carcasses were ground for proximate 
composition analysis. 

The experimental diets and fish carcasses 
were analyzed for crude protein, lipid, 
moisture and ash using standard methods of 
the AOAC (2002) procedures: dry matter 
(dried at 100 0C to constant weight), ash by 
the gravimetric method (combusted at 550 0C 
to constant weight), crude protein (N × 6.25) 
by the Kjeldahl method, and crude lipid by 
the Soxhelet extraction method. All analyses 
were performed in triplicate. The ingredients 
and proximate composition of the 
experimental diet are presented in Table 1. 

 
Table 1. Proximate chemical composition (g kg−1) of ingredients and experimental diets. 
 

                                              Experimental diets 

 Diet-T1 Diet-T2 Diet-T3 Diet-T4 

 Ingredients (g kg-1 dry weight) 
 Fish meal 350.6 350.6 350.6 350.6 
 Soybean meal 325.4 325.4 325.4 325.4 
 Corn 120 120 120 120 
 Wheat grain 180 180 180 180 
 CMC 20 20 20 20 
vit/ min premix 4 4 4 4 
 Inulin 0 5 0 2.5 
 MOS 0 0 6 3 

 Proximate composition (% as fed basis) 

 Dry matter  91.20 91.34 91.61 92.20 
 Crude protein  39.51 39.21 39.37 39.13 
 Crude fat 15.01 15.83 15.22 15.31 
 Crude fiber 2.50 2.54 2.55 2.61 
 Ash 3.54 3.57 3.47 3.43 
 NFE 30.64 30.19 31.00 31.72 
 Gross energy (kJ g-1)  20.45 20.63 20.57 20.67 

CMC-Carboxy Methy Cellulose 
NFE-Nitrogen Free Extract 
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Fatty Acid Profile Determination 

The fatty acid (FA) profiles of the frozen 
fish carcasses were determined by extracting 
and methylating the fat samples following the 
method of Trbovic et al. (2018) and analyzing 
them using gas chromatography (GC-Agilent 
7890B) equipped with a flame ionization 
detector and an HP88 capillary column (30m 
x 0.25mm x 0.20μm). Helium was used as a 
carrier gas. The percentage area of the fatty 
acids was estimated using NIST17 library and 
expressed as percentages of the total content. 

 
Intestinal morphology Study  

At the end of the feeding trial, two fish 
from each triplicate aquarium were 
anesthetized in a solution of 1-3 ml of 
eugenol/clove oil mixed in 10 ml of ethanol 
diluted in 1 liter of water. The whole 
gastrointestinal tract was removed and the 
proximal, middle and distal portions of the 
intestine were collected. Each tissue was 
placed in a 10 ml sample vial half filled with 
10% formalin fixative. Slide preparation and 
scanning were performed at the Pathology 
Department of St. Paul’s Hospital Millennium 
Medical College, Addis Ababa. Each sample 
was embedded in paraffin wax, sliced (5µm 
thick), mounted on glass slides and stained 
with hematoxylin and eosin. Two 
longitudinal slices were prepared from each 
sample. The sample slides were 
photographed with a digital camera 
connected to a microscope (MoticEasyScan 

Pro 6 (USA) (Resolution: 40X: 0.26µm/pixel-
20X: 0.52µm/pixel; Scanning Camera: 5.0 MP 
(2/3″ high speed Sensor); Scanning Mode: 
three Dimensional stacking). The number of 
goblet cells/villus (GC), the villus height 
(VH), and the villus width (VW) were 
measured using a Dell OptiPlex 7450 
computer connected to the scanner. For each 
sample, six villi measurements were 
performed. 
 
Data Analysis 

All results are presented as mean ± 
standard deviation. Data were analyzed by 
One-Way Analysis of Variances (ANOVA) 
using Minitab version 17. Differences 
between the means were tested at the 5% 
probability level using Tukey’s test as a post-
hoc test.  

 
 

RESULTS 

 
Growth Performance  

Table 2 shows how the prebiotics affected the 
growth performance of Nile tilapia. The 
survival and all growth parameters of the fish 
were not significantly (p > 0.05) different 
among the groups fed with different 
prebiotic-supplemented feeds and the control 
group. However, the fish fed with Diet-T4 had 
better final weight, weight gain (WG), specific 
growth rate (SGR) and food conversion ratio 
(FCR) than the other groups. 

 
 
Table 2.The growth performance (mean ± SD) of Nile tilapia fed diets containing different types and 

levels of prebiotics. 
 

 Diets  

Parameters Diet-T1 Diet-T2 Diet-T3 Diet-T4 P-value 

Initial weight (g) 1.51 ± 0.310 1.63 ± 0.283 1.67 ± 0.288 1.68 ± 0.486 0.865 
Final weight (g) 3.57 ± 0.132 3.97 ± 0.356 4.05 ± 0.483 4.16 ± 0.333 0.253 
Weight gain (%) 136.20 ± 8.74 143.8 ± 21.9 142.3 ± 28.9 147.8 ± 19.8 0.923 
DGR (g/day) 0.069 ± 0.020 0.0417 ± 0.029 0.0423 ± 0.018 0.0443 ± 0.021 0.925 
SGR (% day−1) 1.537 ± 1.098 1.590 ± 1.619 1.582 ± 0.902 1.619 ± 1006 0.999 
FCR  4.296 ± 2.012 5.437 ± 2.498 4.650 ± 3.610 3.996 ± 2.140 0.763 
SR (%) 100 100 100 100  

There were no significant differences between treatment groups 

 
 
Fish Carcass Composition  

Table 3 shows the proximate composition 
of the fish carcass after the 9-week feeding 
trial. Prebiotic supplementation did not 

significantly affect (p > 0.05) the whole body 
moisture, crude protein, crude lipid, and ash 
contents of the fish in this study.  
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Table 3. Proximate chemical composition (%) of Nile tilapia carcass at the end of 9-week feeding trial 

(Mean ±SD). 
 

Parameters  Diet-T1 Diet-T2 Diet-T3 Diet-T4 p-value 

Moisture 7.16 ± 3.16 7.77 ± 4.46 7.81 ± 4.96 7.62 ± 5.11 0.999 
Crude protein 47.16 ± 5.56 44.98 ± 5.69 44.89 ± 6.30 45.97 ± 5.76 0.975 
Crude lipid 37.53 ± 3.63 39.31 ± 2.03 36.43 ± 6.84 40.02 ± 6.64 0.306 
Ash  9.27 ± 1.05 8.49 ± 2.27 7.52 ± 3.39 8.43 ± 2.50 0.911 

There were no significant differences between any groups 

 
Fatty Acid Profile    

Table 4 shows the fatty acid profiles of Nile 
tilapia carcasses after the 9-week feeding trial. 
The main saturated fatty acids (SFA) and 
monounsaturated fatty acids (MUFA) in all 
groups were palmitic acid (16:0) and oleic 
acid (18:1 n-9), while the most abundant 
polyunsaturated fatty acids (PUFA) were 
linoleic acid (18:2n-6), alpha linolenic acid 
(18:3n-3) and docosahexaenoic acid (22:6n-3). 

The fatty acid profiles of the fish were 
affected by the prebiotic supplementation. 
The fish fed with Diet-T3 and Diet-T4 had 
higher ΣPUFAs and PUFAs/SFAs ratio than 
the other groups. They also had higher levels 
of some PUFAs, such as 18:3n-3, 20:3n-6, 
20:4n-6, 22:4n-6, 20:5n-3, 22:5n-6 and 22:6n-3, 
compared to the fish fed with Diet-T2 and the 
control group (Diet-T1). 

 
Table 4. Fatty acid profiles of Nile tilapia carcasses fed experimental diets for 9 weeks. 

 

DHA- Docosahexaenoicacid; EPA- Eicosapentaenoicacid 
 
Intestinal Morphology  

Figure 1 shows the intestinal morphology 
parameters (villi length, villi width and 
goblet cell number) of Nile tilapia fed with 
different prebiotic-supplemented diets. The 
prebiotics significantly increased the villi 
length compared to the control diet. The villi 
length in the proximal and middle intestine 
was significantly (p<0.05) affected by the diet 

(Fig. 1A and 1B). The fish fed with Diet-T4 
had the longest villi in the proximal intestine 
among all groups. The fish fed with Diet-T4 
also had significantly longer villi than the 
control group in the middle intestine. 
Moreover, the prebiotics increased the villi 
width compared to the control diet. The fish 
fed with MOS (Diet-T3) had the widest villi 
among all groups. 

 Final %  of area 

Fatty acid   Diet-T1 Diet-T2 Diet-T3 Diet-T4 

12:0  0.10 0 0.09 0.09 
14:0 1.92 1.86 1.82 2.00 
15:0 0.86 0.79 0.61 0.82 
16:0 18.55 18.37 16.58 17.94 
17:0 0.87 0.81 0.82 0.78 
18:0 6.99 6.74 6.26 6.44 
ΣSFAs 29.29 28.57 26.38 28.02 
16:1n-9 4.85 4.73 4.90 4.91 
18:1n-9 23.38 23.87 22.10 22.68 
18:1n-13 3.19 3.22 3.01 2.73 
20:1n-9 0.84 0.86 0.79 0.76 
ΣMUFAs 32.26  32.68 30.8 31.08 
18:2n-6 25.17 24.71 25.04 25.16 
18:3n-3 3.55 3.65 4.11 4.03 
20:2n-6 1.02 0.94 1.07 0.98 
20:3n-6 1.13 1.11 1.26 1.17 
20:4 n-6 1.63 1.71 2.00 1.81 
20:4n-6 0.33 0.33 0.43 0.41 
20:5 n-3 0.28 0.29 0.40 0.35 
22:4n-6 0.52 0.59 0.66 0.61 
22:5n-6 0.64 0.56 0.76 0.69 
22:5n-3 1.64 1.21 1.42 1.36 
22:6n-3 2.98 3.57 5.59 4.27 
DHA/EPA 10.64 12.31 13.98 12.2 
Σn-6and n-3 PUFAs 38.89 38.67 42.74 40.80 
Percent (%) PUFA 38.72 38.50 42.55 40.62 
Percent (%) MUFA 32.12 32.54 30.67 30.94 
Percent (%) SFA 29.16 28.44 26.26 27.90 
PUFA/SFA ratio  1.33 1.35 1.62 1.46 
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Figure 1.Graph showing proximal villi length (PVL) and villi width (PVW) (A), middle villi length (MVL) and villi 

width (MVW) (B), and distal villi length (DVL) and villi width (DVW) (C) of intestine of Nile tilapia in 
µm. 

 
Mean scores of goblet cell number per 

villus at proximal, middle and distal portion 
of intestine are presented in Table 5. There 
was no significant (p > 0.05) difference 
observed in the number of goblet cells among 
different feeding groups or within different 
intestinal portions. However, the highest 
mean goblet cell numbers, 19.33±8.50 and 
15.00 ± 5.20 were recorded in middle and 

proximal portion of intestine in fish fed MOS, 
respectively. However, the least mean goblet 
cell number (6.67 ± 3.06) was recorded in 
those fish fed control diet. This results of the 
gut morphology also showed that the 
intestines of Nile tilapia had normal levels 
and order of absorption, and no abnormality 
was detected. 

 
Table 5.Goblet cell number per villus at proximal, middle and distal parts of intestine of Nile tilapia 

fed with diets containing different types and levels of prebiotics.  
 

 Diets  

Parameters  Diet-T1 Diet-T2 Diet-T3 Diet-T4 P-Value 

Proximal 6.67 ± 3.06   10.33 ± 5.03   15.00 ± 5.20   11.00 ± 1.73   0.170 
Middle  12.00 ± 3.00    13.00 ± 1.73   19.33 ±8.50   9.00 ± 2.65   0.135 
Distal 9.33 ± 2.31   11.00 ± 3.00   8.67 ±2.31   8.333 ± 1.528   0.539 
Pooled StDev 2.80872 3.52767 5.90668 2.02759  

There were no significant differences between any groups 
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Figure 2. Proximal villi length and width scanned by Motic Easy Scan Pro 6 (USA): (A) Diet-T1; (B) Diet-T2; (C) Diet-

T3 and (D) Diet-T4. 
 
 

DISCUSSION 
 

The present study showed that 
supplementing fish feed with inulin, MOS or 
combination of both has no significant effects 
on final weight, food conversion ratio or 
specific growth rate of the Nile tilapia. 
However, inclusion of these prebiotics has 
improved the villi length and width, and 
some PUFA levels fish compared to the 
control group. The lack of significant effects 
of prebiotics on the growth performance and 
feed efficiency of Nile tilapia in this study is 
in contrast with some previous studies that 
reported positive effects of prebiotics on these 
parameters in other fish species (Ganguly et 
al., 2013; Tewodros Abate et al., 2018; Xu et al., 
2022). Azevedo et al. (2015) for example, 
reported 0.02% MOS (from Saccharomyces 
cerevisiae) in the diet of juvenile Nile tilapia 
(O. niloticus) for 6 weeks enhanced the final 
biomass, relative biomass gain, and feed 
conversion, but did not affect the feed intake 
and survival rate. Cechim et al. (2015) on the 

other hand, observed no improvement in 
growth performance of Nile tilapia in net-
cage systems due to MOS supplementation. 
However, 0.4% MOS in the diet for 60 days 
increased the intestinal villi height of fish. 
Yuji-Sado et al., (2017) also found no effect of 
MOS (0.2, 0.4, and 0.6%) in the diet of Nile 
tilapia fed for 60 days on the growth and 
immune system of fish. However, 0.4% MOS 
inclusion diet increased the intestinal fold 
height, and the 0.4 and 0.6% MOS diets 
increased the intestinal muscular layer 
thickness. Tiengtam et al., (2015) reported that 
prebiotic supplementation of 5 g kg−1 inulin 
or 10 g kg−1 Jerusalem artichoke (JA) in the 
diet of juvenile Nile tilapia for 8 weeks 
improved the growth performance (FW, SGR, 
FI, FCR, Survival) and the intestinal villi 
height and goblet cell number of fish. The 
slight improvement in the WG, SGR and FCR 
in fish fed with the diet containing 
combination of inulin and MOS (Diet-T4) 
could be a positive signal and conforms with 
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the suggestion that prebiotics be used in 
combination than in single forms (Sutriana et 
al., 2021).  
 However, conflicting results obtained by 
various studies can be explained by variation 
in the types, levels and sources of prebiotics 
used, as well as the fish species, age, size, diet 
composition, duration of prebiotic 
supplementation and environmental 
conditions involved in the experiments 
(Mugwanya et al., 2022). A possible reason for 
the absence of significant enhancements in 
growth and feed efficiency of Nile tilapia 
could be the sub-optimal temperature of the 
rearing environment used in the present 
study. Rearing temperature is an important 
factor that is connected with the physiology 
as well as the normal micro flora colonization 
in the gastrointestinal tracts of fishes (Liu et 
al., 2021). Prebiotics used in this study were 
not elicit significant responses compared with 
others report. This might be due to variation 
of microbiota diversity in the fish gut in 
different environmental and culturing 
conditions. Therefore, further studies are 
needed to optimize the prebiotic 
supplementation for Nile tilapia under 
different conditions. 

Body protein content was not affected by 
MOS or inulin supplementation in the present 
study. This is in contrast to the negative effect 
of prebiotics in body protein composition 
reported by Genc et al. (2007) on hybrid 
tilapia fed 3 or 4.5 % MOS which showed 
significant improvement in the body protein 
concentration than fish fed the control diet. 
The present results showed that dietary 
supplementation with inulin or combination 
of inulin and MOS slightly increased the body 
fat content in Chamo strain Nile tilapia. 
Eshaghzadeh et al. (2015) reported that 
inclusion of 5 g kg-1 or 10 g kg-1inulin in the 
diet of common carp fry significantly 
improved the carcass lipid content. Changes 
in lipid content in carcass of fish could be 
attributed to the enhanced lipid absorption 
and metabolism by the prebiotics (Ringø et al., 
2010; Ganguly et al., 2013). Prebiotics may 
stimulate the growth and activity of beneficial 
bacteria in the gut, which can produce short-
chain fatty acids (SCFAs) that can be used as 
energy sources by the host or modulate lipid 
metabolism (Ringø et al., 2010). Prebiotics 
may also increase the expression of genes 
involved in lipid synthesis and transport 
(Lokesh et al., 2022; Porter et al., 2022). 

In this study, the fatty acid profile in Nile 
tilapia carcasses was different among 
treatments with different prebiotic 
supplementation (Table 4). The highest 
percentage, 42.55 and 40.62 % of PUFAs was 
recorded in fish fed Diet-T3 and Diet-T4, 
respectively. This value is higher compared to 
Genetically Improved Farmed Tilapia (GIFT) 
strain fillet samples with the total PUFAs 
percentage of 15% (Nguyen et al., 2010). 
However, no significant differences in the 
FAs contents were observed among groups (p 
> 0.05). Fish fed Diet-T3 and Diet-T4 had 
higher contents of PUFAs such as 18:3n-3, 
20:3n-6, 20:4n-6, 22:4n-6, 20:5n-3, 22:5n-6 and 
22:6n-3, however there is a simultaneous 
linear decrease in the contents of SFAs (16:0) 
and MUFAs (18:1n-9 and 20:1n-9). This could 
be due to the influence of prebiotics on the 
fatty acid composition of gut microbiota. 
Prebiotics may select for bacteria that can 
produce or convert PUFA from dietary or 
endogenous sources (Guo et al., 2022). 
Prebiotics may also affect the expression of 
genes involved in fatty acid desaturation and 
elongation, such as delta-6 desaturase (D6D) 
and elongase of very long-chain fatty acids 2 
(ELOVL2) (Monroig and Kabeya, 2018). The 
increased PUFA levels may have beneficial 
effects  for fish health and human nutrition, 
as they have anti-inflammatory, anti-
thrombotic, and anti-atherogenic properties 
(Oppedisano et al., 2020). Therefore, fish fed 
MOS or combination of MOS and inulin 
supplemented diet may have improved lipid 
quality and health benefits for consumers. 
The percentage of DHA content exceeded 
those of EPA in all treatments in the current 
study, with the ratio of DHA/EPA ranging 
from 10.64 % in Diet-1 to 13.98 % in Diet-3. 
This may be due to the characteristics of EPA, 
which is easily oxidized; hence less is retained 
relative to DHA (Ismail et al., 2016).  

Intestinal villi provide a vast absorptive 
surface area and increase in villi length and 
width can improve the digestive and 
absorptive capacity of fish. Compared with 
fish fed the basal diet, a greater intestinal villi 
length was observed in fish fed 6 g kg-1 MOS 
and combination of inulin and MOS 
supplemented diets. This study showed that 
the intestinal morphology was affected 
significantly by supplementing fish feed with 
prebiotics, which is in line with previous 
reports on tilapia (Genc et al., 2007; Schwarz et 
al., 2011; Magouz et al., 2020). Enhanced gut 
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morphology can be explained by the 
stimulation of intestinal cell proliferation and 
differentiation by the prebiotics. Prebiotics 
may increase the production of growth 
factors, such as insulin-like growth factor I 
(IGF-I) and epidermal growth factor (EGF), 
that can promote intestinal development and 
function (Xu et al., 2022).  

Improvement on the number of goblet cells 
may lead on to maintaining the health of 
intestine as they produce mucus which is 
derived from the major gel-forming 
glycoprotein components called mucins, 
which forms mucus gel layer in the intestine 
acting as a medium for protection, 
lubrication, and transport between the 
luminal contents and the epithelial lining 
(Deplancke and Gaskins, 2001). However, in 
this study, there was no significant (p > 0.05) 
difference observed in the number of goblet 
cells among different feeding groups or 
within different intestinal portions. 

 
 

CONCLUSION 
 

In conclusion, this study showed that 
supplementation of fish feed with prebiotics 
inulin and MOS had variable effects on Nile 
tilapia reared under suboptimal temperature. 
MOS alone or a combination with inulin 
improved the villi length and width, and 
some PUFA levels of the fish compared to the 
control group. However, prebiotic 
supplementation did not significantly affect 
the survival, final weight, weight gain, SGR, 
FCR and ash content of the fish except for 
slight improvements observed in diets 
supplemented with MOS alone and in 
combination with inulin. Therefore, further 
studies are needed to optimize the prebiotic 
supplementation level for Nile tilapia under 
different conditions. 
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