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Abstract 
 
The influence of dietary supplementation of mannan oligosaccharide (MOS) on growth 
performance, feed utilization, body composition and haematological parameters were 
evaluated in Asian catfish (Clarias batrachus) juveniles. Triplicate groups of juveniles 
Asian catfish (21.23 ± 1.01 g) were fed twice per day at 3 % of body weight for 12 
weeks, with 0 (control), 0.2, 0.4 or 0.6% MOS diets. Compared to control, those fed 
with MOS supplemented diets had significantly improved (P<0.05) specific growth 
rates, protein efficiency ratio and survival rate. Significantly lower hepatosomatic 
index was noted in 0.2% and 0.4% MOS diets compared to those fish fed control. 
Similarly, intraperitoneal fat was significantly lowest in those fish fed with 0.4% diet 
over the control group. The highest protein content was (81.86±0.36) in fish fed with 
0.4% MOS diet, whereas ash content was highest (7.33±1.23) in fish group fed with 
0.6% MOS. Significantly decreased erythrocyte sedimentation rate and increased 
packed cell volume were observed when the fish fed with 0.4% and 0.6% MOS diets 
compared to the remaining treatments. MOS supplemented diets showed significant 
influence on the white blood cell count compared to the control. Thus, 0.4% MOS is 
sufficient to improve growth and haematological parameters in Asian catfish.  

 

Introduction 
 

Aquaculture systems practiced all over the world 
have been intensified dramatically due to fulfil the 
protein demand for the over growing population’s. 
Rapid intensification and disease resistance of 
pathogenic microorganisms are the major concerns of 
this growing aqua food producing sector (Genc et al., 
2007). To address these obstacles, for the last decades 
antibiotics have been widely used in animal feeds as a 
therapeutic agent for fish disease management (Denev 
et al., 2009) but the indiscriminate use of antibiotic has 

led to increase of antibiotic resistant bacteria and 
destruction of environmentally friendly microbial flora 
(Yousefian & Amiri, 2009) and reduced immune 
response (Ringo et al., 2010). Even though the probiotic 
bacteria are now gradually used in aquaculture to 
overcome antibiotic induced disease resistance and 
growth of farmed fish (Verschuere et al., 2000). 
However, the large-scale use of probiotics in commercial 
aquaculture has been limited due to problems 
associated with handling, pelleting and storage 
(Merrifield et al., 2010). A new effective approach to 
overcome issues associated with antibiotic and probiotic 
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applications in aquaculture is the use of prebiotics. 
Prebiotics which are defined as non-digestible food 
ingredients positively affect the host by stimulating 
growth and/or activity of a limited number of beneficial 
bacteria in the gastrointestinal tract and have showed to 
be effective at improving health and growth 
performance of terrestrial and aquatic animals (Gibson 
& Roberfroid, 1995). Among the recognized prebiotics, 
mannan oligosaccharide (MOS) is most commonly used 
as the dietary supplementation for fish and crustacean 
species (Sang & Fotedar, 2010). MOS are 
glucomannoprotein complexes derived from the cell 
wall of yeast (Saccharomyces cerevisiae) (Sang & 
Fotedar, 2010). MOS has been shown to act as receptor 
analogues to Type-1 fimbrial adhesins of pathogenic 
bacteria, preventing them from colonizing in the 
gastrointestinal tract and ultimately resulting in its 
excretion from the intestinal tract (Pryor et al., 2003). In 
this way, MOS not only prevents gastrointestinal 
attachment of these pathogenic bacteria, but also it 
removes the attached pathogens (Newman, 1994) from 
the gastrointestinal tract.  The use of functional feed 
additives such as MOS to increase growth and health 
performance in the aquaculture industry is increasingly 
significant as which are required for the eco-friendly 
production practices (Dimitroglou et al., 2009). A 
comparatively simple culture characteristic with 
effective food conversion (Ali & Jauncey, 2005) and 
excellent nutritional profile (Rosa et al., 2007) makes 
Clarias particularly C. batrachus very suitable for 
commercial intensive culture. Intensive C. batrachus 
culture in the rural areas of Bangladesh has much 
potential towards livelihood development, employment 
generation and ensuring nutritional enhancement in the 
regular diet among all the people.  

In contrast to the progress made in other species, 
MOS effects on Asian catfish have received little 
attention. Therefore, this study was initiated to 
determine the optimal inclusion level of MOS with feed 
ingredients for optimum growth performance, feed 
utilization parameters, body composition and 
hematological parameters of C. batrachus juveniles. 
 

Materials and Methods 
 

Experimental Site 
 
The feeding trial was conducted at the hatchery 

complex of Caritas, Bochagonj, Dinajpur, Bangladesh. 
Twelve cemented tanks measuring (200 cm × 100 cm × 
100 cm) were used for this study under controlled 
conditions. Throughout the experiment, water was 
supplied from an overhead tank.  
 
Experimental Design and Feeding Trial 

 
Asian catfish (average weight 15 ± 1.00 g) were 

procured from a hatchery in Dinajpur, Bangladesh, and 
were transported in oxygenated plastic bags filled with 

freshwater. The fish were acclimatized for two weeks 
prior to the commencement of the study and were fed 
to apparent satiation with a commercial feed. 
Thereafter, the fish (average body weight 21.23 ± 1.01 
g) were randomly distributed into twelve cemented tank 
with a stocking density of 20 fish per tank. Three 
replicate tanks for each treatment were established. The 
fish were fed with the respective experimental diets at a 
rate of 3% body weight. The daily ration was presented 
in equal portions at 09:00 and 5:00 for a period of 12 
weeks. Faeces were regularly siphoned out. Tanks were 
cleaned fortnightly to reduce the risk of accumulation of 
nitrogenous waste. 
 
Diet Preparation 

 
Four experimental diets were formulated to 

contain MOS 0 (control), 0.2, 0.4, and 0.6% MOS 
(International Food Grade, Lab. USA, Purity > 90%).  The 
doses of MOS were carefully chosen based on the 
previous studies (Torrecillas et al.,2011; Do Huu & Jones, 
2014). Fishmeal and soybean meal were used as main 
protein sources, soybean and fish oils as lipid sources, 
corn starch and wheat flour as carbohydrate sources to 
ensure similar energy levels in the experimental diets 
(Phumee, 2011). Diets were prepared by thoroughly 
mixing feed ingredients (Table 1) for 30 minutes in a 
food mixer at a capacity of 5 kg. After addition of 
soybean oils and fish oil, the feed ingredients were 
mixed for an extra 10 minutes (Salaghi et al., 2013). 
Sufficient water was added to make dough which was 
then extruded through a pelletizing machine to make 3 
mm diameter pellets, air dried for 24 hours, and then 
manually broken into smaller pieces. The resultant 
pellets were packed separately in plastic bags and stored 
in a freezer at -20oC throughout the feeding trial. 
 
Sampling Procedure 

 
The fish survival was recorded throughout the 

feeding trial. In each group, individual fish weight was 
measured at the start and end of the experiment, but 
the bulk weight was measured fortnightly to monitor 
the somatic growth and to adjust the amount of feed to 
be given. After a twelve week feeding trial, all of the 
experimental fish were starved for approximately 24 
hours, and three fish were then randomly selected from 
each replicate tank (nine fish per treatment) for the 
determination of body proximate composition (AOAC, 
1997) and body indices. The selected fish were killed by 
keeping them in ice-cold distilled water. After being 
killed, fish were weighed immediately and kept in a 
freezer at -20°C until the time of use. Whole fish body, 
liver, intraperitoneal fat and viscera weight were 
recorded individually (nine fish per treatment) at the 
end of the feeding trial for the determination of body 
index parameters, such as hepatosomatic index (HSI), 
intraperitoneal fat (IPF) and viscerosomatic index (VSI).  
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Water Quality Parameters 
 
Temperature, dissolved oxygen (DO), pH and 

ammonia were measured fortnightly. Temperature was 
recorded using a standard mercury thermometer, DO by 
a digital DO 5509 meter and pH and ammonia using a 
commercial test kit.  
 
Growth Performance and Body Indices Parameters 

 
The following growth parameters were observed 

such as:   
Weight gain (WG) = final body weight (g) - initial 

body weight (g);  
Specific growth rate (SGR %/day) =100 × (ln FW [g] 

- ln initial weight [g]/days of the trial); Feed conversion 
ratio (FCR) = feed intake (g)/ WG (g); 

Protein efficiency ratio (PER) = WG (g)/protein 
intake (g) and  

Survival rate (%) = (final number of fish / initial 
number of fish) x 100 

At the end of the experiment, body indices of Asian 
catfish such as hepatosomatic index (HSI), 
intraperitoneal fat (IPF) and viscerosomatic index (VSI) 
were determined by using the following formulae as 
previously used by Akter et al. (2019): 

 

Hepatosomatic index (HSI) =
Liver weight (g)

Body weight (g)
𝑥100 

 

IFP% =
Intraperitoneal fat weight (g)

Body weight (g)
𝑥100 

 
IFP: Intraperitoneal fat 
 

VSI% =
Viscera weight (g)

Body weight gain (g)
𝑥100 

 
VSI: Viscerosomatic index 

Proximate Composition Analysis 
 
At the end of the experiment, whole body 

proximate composition of Asian catfish was determined 
by using the standard protocols as mentioned by the 
Association of Official Analytical Chemists (AOAC, 1997). 
Moisture content was evaluated by drying the samples 
in the Hot Air Oven at 105 ℃ for 12 hours. Crude protein 
content was calculated indirectly by determining the 
total nitrogen of the fish sample by a Kjeldahl method 
using kjeldhal apparatus. The crude lipid content of the 
samples was determined by removing the lipid from the 
samples by homogenizing it in 60 ml of chloroform and 
methanol solution in a ratio of 2:1 (v\v) (Folch et al., 
1957) and thereafter the solvent was evaporated by 

heating in the oven at 80 C. Finally, the ash content was 
measured by igniting the samples in a muffle furnace at 
a temperature of 550 °C for 6 hours. 
 
Haematological Analysis 

 
In order to determine the haematological 

parameters, the experimental fish were starved for 24 
hours and then six fish per treatment (2 fish per 
replicate tank) were randomly selected and immediately 
stabilized to reduce stress during handling. The 
collection of blood was carried out by inserting a 21-
gauge needle attached to a 1 ml syringe into the muscle 
at the end of the anal fin until it reached the backbone. 
The collected blood was then transferred to a 
heparinized tube to prevent the blood clotting for 
determining the erythrocyte sedimentation rate (ESR), 
packed cell volume (PCV), red blood cells (RBC), 
hemoglobin (Hb), white blood cells (WBC) and red blood 
cell indices such as mean corpuscular hemoglobin 
concentration (MCHC), mean corpuscular hemoglobin 
(MCH) and mean corpuscular volume (MCV) as 
previously described by Akter et al. (2019). 

 
 

Table 1. Ingredients used of the experimental diets containing varying levels of mannan oligosaccharide (MOS) (g kg-1) 

Ingredients 
Treatments 

Control 0.2% MOS 0.4% MOS 0.6% MOS 

Fish meal1 247 247 247 247 
Soybean meal 280 280 280 280 
Corn starch 97.5 97.5 97.5 97.5 
Wheat floor 270 268 266 264 
Soybean oil 32.6 32.6 32.6 32.6 
Fish oil 32.6 32.6 32.6 32.6 
vitamin mix2 20 20 20 20 
mineral mix3 20 20 20 20 
MOS 0 2 4 6 

1Danish fishmeal: crude protein, 720; crude lipid, 50. 

2Vitamin mix kg-1 (Rovithai Ltd 700/437 Chonburi THAILAND):  A 50 MIU, D3 10 MIU, E 130g, K3 10g, B1 10g, B2 25g, B6 16g, B12 100mg, Niacin 200g, 
pantothenic acid 56g, folic acid 8g, Biotin 500mg, antioxidant 0.200g and anticake 20g. 

3Mineral mix kg-1: Calcium phosphate (monobasic) 397.5 g; calcium lactate 327 g; Ferrous sulphate 25 g; Magnesium sulphate 137 g; Potassium 
chloride, 50 g; Sodium chloride, 60 g; Potassium iodide, 150 mg; Copper sulphate 780 mg; Manganese oxide 800 mg; Cobalt carbonate 100 mg; Zinc 
oxide 1.5 g and Sodium selenite 20 mg. 
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Statistical Analysis 
 
The results were analyzed statistically using one-

way analysis of variance (ANOVA) and the mean 
differences among the four different treatments were 
tested with a significance level of P<0.05 using a 
Duncan’s multiple range test (Duncan, 1955). All 
statistical analyses were computed using SPSS software, 
version 22 for Windows. The data were presented as 
mean ± Standard deviation (SD). 
 

Results  
 

Water Quality Parameters 
 
Water temperature, pH, dissolved oxygen, NH4

+ 
and NH3 were monitored in every two weeks for a 12 
weeks period, which were ranged between 17.66-
18.42°C, 7.06-7.22, 5.06-6.13 mg L-1, 0.49-0.61 mg L-1 
and 0.34-0.48 mg L-1 respectively (Table 2).  
 
Growth Performance and Body Indices 

 
Growth performance, survival and body indices of 

Asian catfish juveniles fed with varying levels of MOS 
diets for 12-week are presented in Table 3. Generally, 
growth performance, such as weight gain and SGR were 
dose dependent and significantly enhanced (P<0.05) in 
fish fed 0.4% (21.21±1.16; 0.82±0.05) and 0.6% 
(18.66±0.96;0.77±0.04) MOS diets over the control 
(12.94±0.88; 0.57±0.04) fed group. The 
supplementation of MOS at 0.4% significantly 

influenced (P<0.05) the feed utilization parameters such 
as FCR and PER compared to those fish that were fed 
with control and 0.2% MOS diets and which was not 
significant when compared with 0.6% MOS diet fed 
group. 

The survival rate of Asian catfish fed with the 
control diet presented significantly lowest (P<0.05) 
when compared with the fish fed with MOS 
supplemented diets. With the exclusion of VSI, a 
significant variation was detected in HSI and IPF in fish 
fed the MOS supplemented diets. Significantly lower 
(P<0.05) HSI was prominent when fish fed 0.2 and 0.4% 
MOS diets compared to those fish fed with control diet, 
but it did not differ from those fish fed with 0.6% MOS 
diet. Similarly, IPF was significantly lowest (P<0.05) in 
those fish which fed 0.4% diets over the control fed 
group. 
 
Whole Body Proximate Composition   

 
Proximate composition of whole body of Asian 

catfish fed with various concentrations of MOS is shown 
in Table 4. Significantly higher (P<0.05) body protein 
content was detected in fish treated with 0.4% MOS diet 
(81.86±0.36) compared to the control group 
(78.32±0.36). Whereas, significantly lower (P<0.05) lipid 
content was also detected in fish fed 0.4 % MOS diet 
when compared to fish that were fed a higher MOS diet 
at 0.6% and the control. Ash content was significantly 
highest (P<0.05) in fish fed on 0.6% MOS related to 
those fish that were fed with control diet. 
 

Table 2. Water quality parameters of the experimental tanks 

Parameters 
Treatments 

Control 0.2% MOS 0.4% MOS 0.6% MOS 

Temperature o C 17.92±0.09 18.23±0.10 18.42±1.04 17.66±0.36 
pH 7.12±0.11 7.06±0.03 7.11±0.04 7.22±0.08 
Dissolved oxygen (mgL-1) 5.06±0.26 5.87±0.10 5.60±0.57 6.13±0.20 
NH4

+(mgL-1) 0.49±0.17 0.61±0.17 0.56±0.29 0.60±0.12 
NH3 (mgL-1) 0.45±0.16 0.46±0.06 0.34±0.35 0.48±0.24 

 
 
 

Table 3. Growth performance, feed utilization and body indices of juvenile Asian catfish, Clarias batrachus, fed a diet containing 
varying levels of mannan oligosaccharide (MOS) for 12 weeks. 

Parameters 
Treatments 

Control 0.2% MOS 0.4% MOS 0.6% MOS 

Initial av. wt. 21.01±0.54 21.60±0.55 21.61±0.82 20.68±0.56 
Final av. wt. 33.95±0.40a 38.48±0.75b 42.82±1.00c 39.34±0.73b 
wt. gain 12.94±0.88a 16.88±1.16b 21.21±1.16c 18.66±0.96bc 
SGR (%) 0.57±0.04a 0.69±0.05ab 0.82±0.05b 0.77±0.04b 
FCR 4.71±0.28d 2.79±0.35b 1.92±0.15a 2.16±0.08ab 
PER 0.59±0.03a 1.02±0.14b 1.45±0.12c 1.27±0.05bc 
Survival rate (%) 86.67±1.67a 95.00±2.89b 100±0.0b 98.33±1.67b 
HSI (%) 0.75±0.08b 0.54±0.08a 0.42±0.02a 0.62±0.07ab 
IPF (%) 0.55±0.04b 0.43±0.08ab 0.37±0.02a 0.44±0.02ab 
VSI (%) 3.73±0.39 3.41±0.42 3.56±0.10 3.65±0.22 

All values are presented as Mean ± Standard Deviation obtained from three replicates tank, (n=3); Data with different superscripts in the same 
row indicate significant differences (P<0.05); SGR, specific growth rate; FCR, food conversion ratio; PER, protein efficiency ratio; HSI, 
hepatosomatic index; IPF, Intraperitoneal fat; VSI, viscerosomatic index; MOS, mannan oligosaccharide. 
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Haematological Parameters 
 
The influence of dietary MOS supplementation on 

Asian catfish blood profile is presented in Table 5. 
Among RBC and interrelated haematological 
parameters only ESR and PCV were significantly 
influenced by the feeding of MOS supplemented diets. 
Significantly reduced (P<0.05) ESR was prominent when 
the fish fed with higher concentration of MOS (0.4% and 
0.6% MOS) diets compared to those fish that were fed 
with control and lowest concentration of MOS such as 
0.2%. PCV significantly increased (P< 0.05) when fish fed 
with the 0.4% and 0.6% MOS diets compared to the 
control and 0.2% MOS diet fed fish. A non-significant 
increase (P>0.05) of RBC and Hb content were found 
when juvenile Asian catfish fed with MOS supplemented 
diets. Feeding fish with MOS supplemented diets 
showed significant influence (P<0.05) on the WBC 
compared with the control diet.  
 
Glucose Content of Blood 

 
The influence of dietary MOS supplementation on 

Asian catfish blood glucose content is shown in Figure 1. 
The blood glucose content results exposed that the 
highest concentration of blood glucose was detected in 
the blood of Asian catfish fed with highest concentration 
(0.6%) of MOS which was not vary significantly fed with 
0.4% MOS diet. 
 
Discussion 

 
Mannan oligosaccharide is derivative from the cell 

walls of the yeast Saccharomyces cerevisiae and is used 
as a dietary supplement in aquaculture (Wu et al., 2014) 
because of its capability to improve growth, survival and 
immune-modulation functions (Staykov et al., 2007; 
Torrecillas et al., 2007, 2011; Sang & Fotedar, 2010). The 
current research is the first time attempt to 
demonstrate the effectiveness of MOS on the 
enhancement of growth and survival of juvenile Asian 
catfish. In the current study the higher MOS 
concentration at 0.4% have positive influence on the 
growth performance of Asian catfish. In contrast, 0.2% 
MOS was sufficient to improve the growth performance 
of yellow catfish (Pelteobagrus fulvidraco) (Wu et al., 
2014), whereas, 0.3% MOS showed better growth in the 
case of crayfish (Mazlum et al., 2011). Similar to the 

present study, MOS supplementation improved  growth 
performance of rainbow trout (Staykov et al., 2007), 
green tiger prawn (Genc et al., 2007), European sea bass 
(Torrecillas et al., 2007), Nile tilapia (Samrongpan et al., 
2008), tropical juvenile spiny lobster (Sang & Fotedar, 
2010), freshwater crayfish (Mazlum et al., 2011), 
gilthead sea bream (Gültepe et al., 2011), rainbow trout 
(Denji et al., 2015), Asian sea bass (Ali et al, 2017); 
however, this was not found in the Gulf of Mexico 
sturgeon (Pryor et al., 2003), channel catfish (Welker et 
al., 2007), Nile tilapia (Sado et al., 2008), Atlantic salmon 
(Grisdale-Helland et al., 2008), gilthead sea bream 
(Dimitroglou et al., 2010), channel catfish (Peterson et 
al., 2012) or giant sturgeon (Mansour et al., 2012). The 
reasons for the different results are not clearly 
understood. Previous research reported that prebiotics 
particularly MOS can utilize varying responses in fish 
based on the basal diet consumed, inclusion level, 
source and purity of MOS, processing methods used in 
their manufacture, acclimation and culture period, 
animal characteristics (species, age, source), and 
hygienic conditions of the experiment (Pryor et al., 
2003; Reza et al., 2009; Gültepe et al., 2011; Taati et al., 
2011).  

The body proximate composition of C. batrachus 
juveniles were significantly influenced after feeding 
MOS supplemented diets, which was not found in 
Atlantic salmon (Grisdale-Helland et al., 2008); rainbow 
trout and common carp (Dimitroglou et al., 2011); Asian 
seabass (Ali et al., 2017) and grey mullet (Akbary et al., 
2018). Similar to the present study, 0.4% MOS 
supplementation was shown to increase body protein 
content in Atlantic Salmon Smolts (Salmo salar) 
(Dimitroglou et al., 2011) and rainbow trout (Denji et al., 
2015). On the other hand, MOS supplementation 
showed to improve growth performance in gilthead sea 
bream but the body proximate composition remains 
unaffected (Dimitroglou et al., 2010; Gultepe et al., 
2011). 

As the physiological status of animals is greatly 
influenced by the existence, and proportion of blood 
circulating cells, currently, an increasing trend is 
noticeable in evaluating the haematological parameters 
as an indicator for identifying the stress responses to 
endogenous or exogenous changes in fish (Cataldi et al., 
1998). The fish is poikilothermic animal; therefore, the 
haematological parameters can be easily influenced by 
the environmental factors. Beside this, a range of other 

Table 4. Proximate composition of whole body of juvenile Asian catfish, (Clarias batrachus), fed varying levels of MOS for 12 
weeks (% dry matter basis) 

Treatments 
Parameters 

Protein (%) Lipid (%) Ash (%) 

Control 78.32±0.36a 10.62±1.57bc 5.06±1.08a 
0.2% MOS 80.31±1.41ab 8.96±1.0ab 5.77±0.07ab 
0.4% MOS 81.86±0.36b 8.62±0.56a 6.32±1.04ab 
0.6% MOS 79.99±1.16ab 11.87±0.73c 7.33±1.23b 

Data presented as Mean ± Standard Deviation, (n=9, 3 fish per replicate tank). Data with different superscripts in the same column indicate 

significant differences (P<0.05). 
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factors, including fish species, age, size, physiological 
conditions and dietary regime (such as quantity and 
quality of food, ingredients of diet, and sources of 
protein) have great influence on the haematological 
parameters of fish (Lim et al., 2000; Irianto & Austin, 
2002).  

In the current study, the outcome of most of the 
haematological parameters including RBC, Hb, MCHC, 
MCH and MCV were not significantly (P>0.05) influenced 
by the intake of MOS diets in fish groups compared with 
the control diet. Similarly, many studies also stated that 
dietary MOS had no effect on haematological 
parameters of channel catfish (Ictalurus punctatus) 
(Welker et al., 2007); Nile tilapia (Oreochromis niloticus) 
(Sado et al., 2008); giant sturgeon (Huso huso) (Mansour 
et al., 2012); gilthead sea bream (Sparus auratus) 
(Gultepe et al., 2011; Gelibolu et al., 2018)), rainbow 
trout (Denji et al, 2015) and Asian seabass (Ali et al., 
2017) Significantly lower ESR and higher PCV were 
observed in Asian catfish fed with 0.4% and 0.6% MOS 

diets compared to the control and 0.2% MOS fed groups. 
Similarly, significantly increased PCV was also reported 
in carp juvenile (Cyprinus carpio) fed with a lower (0.1%) 

MOS level (Akrami et al., 2012). The significantly 
improved PCV indicates that MOS is safe for 
consumption and their effectiveness in improving health 
status, as a lower PCV is an indicator of unhealthy fish as 
a result of not eating properly or suffering infections 
(Blaxhall, 1972).  

However, the MOS supplementation showed a 
significant influence on the total WBC count compared 
with those fish fed with the control diet, which was also 
reported in Labeo rohita fed with 1% MOS diet (Andrews 
et al., 2009). These results indicate that the immune 
response of Asian catfish was activated by the feeding 
of the MOS-supplemented diets since WBC play an 
important role in non-specific immunity or innate 
immunity, and is being considered as an indicator of 
good health status of fish (Roberts, 1978).  

A non-significantly increasing trend of RBC and Hb 
content were noted with the increasing levels of MOS 
supplemented diets. Increased Hb content in the blood 
of Asian catfish also indicated improved health status as 
it directly linked to increase O2 level in the blood. 
However, in the present study, the blood glucose 
content results showed that the highest concentration 

Table 5. Haematological parameters of juvenile Asian catfish, Clarias batrachus, fed diets containing varying levels of MOS and 
control diet for 12 weeks 

Haematological parameters 
Treatment 

Control 0.2% MOS 0.4% MOS 0.6% MOS 

ESR (mm h-1) 1.23±0.08b 1.38±0.06b 0.65±0.08a 0.73±0.09a 
PCV (%) 34.50±0.56a 36.50±0.67a 38.83±0.79b 39.00±0.77b 
RBC (x106 mm-3) 3.97±0.14 4.13±0.26 4.15±0.09 4.34±0.10 
Hb (gdL-1) 5.63±0.20 5.72±0.18 5.73±0.04 5.81±0.0.27 
MCHC (gdL-1) 16.33±0.63 15.63±0.61 14.81±0.34 14.90±0.73 
MCH (pg cell-1) 14.22±0.47 14.24±1.32 13.84±0.31 13.41±0.70 
MCV (µm3) 87.71±4.47 90.70±6.48 93.83±3.71 90.14±2.76 
WBC (x104 mm-3) 4.52±0.23a 5.97±0.18b 6.25±0.0.32b 5.88±0.28b 

Data presented as Mean± Standard Deviation, (n=6; 2 fish per replicate tank). Data with different superscripts in the same row indicate significant 
differences (P<0.05). Erythrocyte sedimentation rate (ESR); packed cell volume (PCV); red blood cells (RBC); hemoglobin (Hb); white blood cells 
(WBC); mean corpuscular hemoglobin concentration (MCHC); mean corpuscular hemoglobin (MCH); mean corpuscular volume (MCV). 
 
 
 

 

Figure 1. The glucose content of juvenile Asian catfish, Clarias batrachus, after 12 weeks of feeding with 0 (control), 0.2%, 0.4% 
and 0.6% MOS (Mannan oligosaccharide). Bars with different letter indicate significantly different (P < 0.05). Data presented as 
Mean ± Standard Deviation (n = 6; 2 fish per replicate tank). 
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was observed in the blood of Asian catfish fed with 0.6% 
of MOS which did not differ significantly with 0.4% MOS 
diet. In line with the present study, MOS 
supplementation up to 2 % showed significant increase 
in blood glucose content in Asian saebass (Ali et. al, 
2017). On the other hand, dietary MOS had no influence 
on the glucose content of great sturgeon (Akrami et al., 
2013); rainbow trout (Denji et al., 2015) and Gilthead 
Sea Bream (Gelibolu et al., 2018).  
 

Conclusion 

 
In conclusion, it is evident from the results that the 

growth performance of the Asian catfish juveniles 
responded positively to MOS in a dose-dependent 
manner. Dietary supplementation of MOS at 0.4% 
appears to be most effective dose in influencing the 
growth performance, feed utilization, survival, body 
proximate composition and haematological parameters 
of Asian catfish juveniles. Therefore, dietary 
supplementation of MOS at 0.4% concentration can be 
effectively used as a feed additive for improving the 
growth performance and non-specific immune response 
of Asian catfish (C. batrachus) juvenile’s.  
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