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Abstract
We studied the effects of the proprietary prebiotic Immunogen® on the growth, hematology and gut microbiota of common carp 
fingerlings. A basal diet was formulated using common feed ingredients and supplemented with Immunogen® at concentrations of 
0, 5, 10, 20 and 40 g kg–1, each of which was tested experimentally on replicated groups of fish.  The trials ran for 8 weeks. Com-
mon carp fingerlings with an initial weight of 4.82 ± 0.05 g were randomly distributed among the experimental tanks at a stocking 
density of 25 fish per tank. The experimental diets were provided thrice per day; on each occasion the fingerlings were given a 
weight of feed that amounted to 4% of fish biomass. At the end of the experimental period, we determined the growth performance, 
feed conversion ratio, hematological parameters, body composition and gut micro-flora parameters of the test fish. Inclusion of 5 g 
kg–1Immunogen® in the diet significantly improved growth performance and feed utilization in comparison with controls. However, 
the whole-body composition of the fish was not significantly influenced by prebiotic inclusion. Inclusion of 5 g kg–1 Immunogen® 
significantly increased the total bacterial and Lactobacillus counts in fish intestines, but these bacterial parameters were signifi-
cantly negatively impacted by higher concentrations of the prebiotic. Red blood cells counts were increased by prebiotic dietary 
supplementation at concentrations of 5 and 10 g kg–1 prebiotic. Glucose and cholesterol levels were elevated by administration of 
Immunogen®. Thus, dietary supplementation with 5 g kg–1 Immunogen® improved fingerling common carp growth performance 
and feed utilization, and beneficially influenced the gut microflora.
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Introduction 

A protracted era of research on prebiotics has promoted 
the general belief that dietary supplements containing these 
compounds have health benefits for humans (Burr et al., 
2005; Gatlin et al., 2006; Merrifield et al., 2010; Ringo et al., 
2010).  Prebiotics are non-digestible food  ingredients  that  
beneficially  affect  the  consumer  by  selectively stimulating  
the  growth  and/or  the  activities  of  specific  health-promot-
ing gut bacteria (Gibson and Roberfroid, 1995).

The recent rapid expansion of aquaculture has been limited 
by the restricted availability of natural resources, such as fresh 
water and land, which in turn has led to the intensification of 
fish farming (Klinger and Naylor, 2012). Agricultural intensi-
fication frequently increases physiological stress and the inci-
dence of disease in cultured fish. Stressed fish have a reduced 
ability to resist negative biological and physicochemical fac-
tors in their immediate environment. Stress is considered to 
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general fish performance and health-related parameters, but 
there is little information on the effects of Immunogen® inclu-
sion on the performance of common carp or its gut micro-
flora. Previous studies on prebiotics have focused largely on 
the effects of single oligosaccharides; however, little is known 
of the efficacy of carbohydrate mixtures. Thus, our main goal 
was to assess the effects of the Immunogen® mixed prebiotic 
supplement on the performance of the common carp and its 
gut micro-flora.

Materials and Methods

Experimental fish and design of the trials 

This study was carried out at the experimental facility in the 
Jahade-Daneshgahi Aquaculture Complex, Sari, Iran. Com-
mon carp fingerlings were bred in the reproduction facility in 
the complex and acclimated to the experimental conditions for 
several days before the start of the trials. After acclimation, 
the fingerlings (average weight: 4.82 ± 0.05 g) were divided 
randomly among 15 160-L tanks at a stocking density of 25 
per tank. 

We formulated a basal diet using locally grown feed ingre-
dients (Table 1). Five experimental diets were prepared. Each 
contained a different dose of Immunogen®: 0, 5, 10, 20 and 40 
g kg–1.The trials ran for 8 weeks. The Immunogen® prebiotic 
used in this study comprised mannan-oligosaccharide (18%), 
β-glucans (1-3, 1-6) (30%), protein (33%), ash (9%), moisture 
(8%) and fiber (2%) (components provided by Soroush Ra-
dian Co.,  Tehran, Iran).

be a primary contributory factor that leads to impaired health 
in cultured fish (Iwama et al., 1997). Antibiotics have been 
used at sub-therapeutic levels to prevent disease and enhance 
growth performance in fish farms. However, negative collat-
eral effects, such as the evolution of antibiotic-resistant bac-
teria, makes the use of antibiotic growth promoters relatively 
undesirable (Cabello, 2006), and the use of these compounds 
is now limited by regulatory restrictions.

Since the early years of the present century, prebiotics 
have been extensively tested for potentially beneficial effects 
on fish health, growth and survival (Mussatto and Mancilha, 
2007; Grisdale-Helland et al., 2008; Yousefian and Amiri, 
2009; Ebrahimi et al., 2012; Amirkolaie et al., 2013). This 
research has demonstrated that elevating the levels of these 
non-digestible dietary ingredients can have wide-ranging ben-
eficial effects on the growth and survival of the host fish via 
alterations in the bacterial composition of the gut flora (Gib-
son and Roberfroid, 1995; Mei et al., 2011). Furthermore, pre-
biotics can improve growth parameters, disease resistance, gut 
villous surface area and microvillus length (Genc et al., 2007; 
Li et al., 2007; Staykov et al., 2007; Zhou et al., 2007; Tor-
recillas et al., 2007; Burr et al., 2008; Salzeet al., 2008). Im-
munogen®, which is a commercial prebiotic, contains diverse 
stimulatory components, such as mannan-oligosaccharide and 
β-glucans, which have been used as feed additives in diverse 
animals. Supplementation with Immunogen® improved the 
growth performance of the common carp Cyprinus carpio 
(Ebrahimi et al., 2012) and the rainbow trout Oncorhynchus 
mykiss (Amirkolaie et al., 2013), and the reproductive perfor-
mance of the platy Xiphophorus maculates (Hajibeglou and 
Sudagar, 2011). 

Available literature describes the effects of prebiotics on 

Table 1. Formulation and proximate composition of experimental diets (g kg-1)

          Experimental diet Control Immunogen 5 Immunogen 10 Immunogen 20 Immunogen 40

Soybean meal 210 210 210 210 210
Fish meal 340 340 340 340 340
Wheat  meal 100 100 100 95 95
Corn meal 60 60 60 60 60
Wheat gluten 25 25 25 30 30
Meat meal 120 120 120 120 120
Cotton seed meal 40 40 40 40 40
Cellulose 40 35 30 20 0
Molasses 20 20 20 20 20
Salt (NaCl) 5 5 5 5 5
Immunogen 0 5 10 20 40
Dicalcium phosphate 10 10 10 10 10
Vit& Min. Premix 30 30 30 30 30
Nutrient composition of the experimental diets diet in g kg-1

Dry matter 915.2 910.4 912.6 918.4 909.8
Crude protein 375.3 375.4 379.4 378.3 377.9
Crude fat 107.4 107.6 108.1 106.9 107.8
Crude ash   98.2   99.2   97.2   99.3   97.9
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fingerlings from each treatment tank and counted bacteria 
in intestinal samples taken from them (total and Lactobacil-
lus counts). Prior to dissection and homogenization, the fry 
were rinsed in sterilized distilled water, cleaned with ethanol 
(70.0%) and then washed again with sterilized distilled wa-
ter to eliminate all superficial bacteria. The intestinal samples 
were dissected out under sterile conditions. Subsequently, 
three samples from the mid portion of each intestine were 
collected and diluted with sterilized normal saline solution 
(0.85% NaCl w/v). The diluted samples were transferred 
to nutrient agar and Lactobacilli MRS plates, on which we 
counted total and Lactobacillus bacteria, respectively (Ebra-
himi et al., 2012).

Statistical analysis

Data are presented here as means ± SD for each treatment. 
Proportional data (as %) were arcsine transformed and tested 
for normality (Kolmogorov-Smirnov test).We used one-way 
ANOVA to detected significant effects of the Immunogen treat-
ments on fish performance parameters and bacterial counts. 
Tukey’s test was used for multiple pairwise comparisons be-
tween means. Significance effects were identified when P < 
0.05 in each of the statistical tests applied. Individual tanks 
were treated as experimental units in all analyses. 

Results

Details of fish growth performances are listed in Table 2. 
Highest weights were attained when fish were treated with 5 g 
kg–1 Immunogen® (P < 0.05). The feed conversion ratio (FCR) 
and specific growth rate (SGR) were also significantly im-
proved in comparison with the controls at this concentration of 
prebiotic diet (P < 0.05). However, growth-related parameters 
were similar to control group fish in treatments supplied with 
10, 20 and 40 g kg–1 Immunogen®. Fish survival rates were not 
affected by prebiotic supplementation.

The inclusion of dietary prebiotic did not affect the body 
chemical composition of C. carpio (Table 3), but it did influ-
ence the intestinal microflora (Table 4). Total counts of bac-
teria and Lactobacillus bacterial counts were elevated by the 
addition of 5g kg–1 Immunogen®,  but the counts were lower in 
fish fed prebiotics at concentrations of 20 and 40 g kg–1 (P < 
0.05) than in control fish.

Fish blood parameters were also influenced by the inclu-
sion of Immunogen® in the diet (P < 0.05; Table 5). Red blood 
cell counts increased with Immunogen® supplementation at 
concentrations of 5 and 10 g kg–1, but not in treatments sup-
plied with 20 or 40 g kg–1 Immunogen®, in which counts were 
similar to the controls. Hemoglobin and hematocrit values 
showed similar trends. Fish fed 20 g kg–1 Immunogen® had 
significantly lower white blood cell counts than the controls. 
Glucose and cholesterol levels significantly increased with the 

Experimental procedure 

The fish were fed experimental diets (4% of fish biomass 
on each occasion; Takeuchi et al., 2002) three times per day 
(08.00, 13.00 and 18.00). Each of the different diets was 
randomly assigned to one of 15 tanks; each diet was repli-
cated thrice. Water quality parameters were monitored daily 
to ensure that they were in an appropriate range for the fish to 
thrive. The ranges of water temperature and pH were 25–26℃ 
and 7.3–7.9, respectively, during the experiment. Oxygen con-
centrations were measured in a randomly selected tank using 
a digital oxygen detector; O2 concentrations were always > 
6.1 mg L–1.

On day 56, all fish were weighed. Five specimens were 
then randomly selected from each tank and sacrificed using 
an overdose of clove essence solution. We measured the body 
compositions of these individuals. Three fish were also ran-
domly selected from each tank and immediately anesthetized 
with clove essence solution (20 mg L–1), then subjected to 
blood parameter measurements. We collected 1.5 mL of blood 
from the caudal blood vessels of each selected fish using a 
heparinized syringe containing 3 mg Na2-EDTA. The samples 
were shaken gently and kept at 4°C. For plasma measure-
ments, we transferred ca. 1 mL of each sample into cooled 1.5 
mL plastic tubes, mixed the contents and centrifuged them at 
6,000  g for 5 min at 4°C. After centrifugation, we collected 
the plasma for storage at −20°C until further analyses were 
performed. Total plasma protein content was determined fol-
lowing the procedures of Henry (1964). Albumin content was 
estimated colorimetrically following the procedures of Wotton 
and Freeman (1982). Albumin values were subtracted from to-
tal protein values to estimate the globulin concentrations. The 
plasma glucose concentration was measured colorimetrically 
following the procedures of Trinder (1969). We used 0.5 mL of 
each fresh blood sample to count leucocytes and erythrocytes 
and measure hematocrit and hemoglobin concentrations. Red 
and white blood cells were counted following the procedures 
of Schalmet al. (1975). Hemoglobin (Hb) and hematocrit (Ht) 
concentrations were determined following the procedures of 
Barros et al. (2002). 

Chemical analyses and bacterial counts 

We analyzed collected fish and feed samples for measure-
ments of dry matter, ash, crude protein and lipid contents. Dry 
weights were obtained after drying for 24 h at 103ºC, when 
constant weight had been reached (ISO 6496 1983). Ash con-
tent was determined by incineration in a muffle furnace for 4 
h at 550ºC (ISO 5984, 1978). Crude protein (N × 6.25) was 
measured by the Kjeldahl method after acid digestion, in ac-
cordance with the ISO 5983 (1979) protocol. Lipid was ex-
tracted with petroleum ether in a Soxhlet apparatus (ISO 6492, 
1999). 

At the end of the experimental period, we collected three 
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Table 2. Growth performance and feed utilization of common carp fed different levels of Immunogen® for 56 days experimental period

Parameters 
Diets

Control Immunogen 5 Immunogen 10 Immunogen 20 Immunogen 40
Initial weight (g) 4.81 ± 0.04 4.82 ± 0.01 4.82 ± 0.05 4.82 ± 0.06 4.81 ± 0.05
Final weight (g)         10.31 ± 0.16b         12.28 ± 0.10a    9.7 ± 0.12b  9.35 ± 0.12b    8.8 ± 0.04b

SGR (%/day)1  0.55 ± 0.01b  0.67 ± 0.01a   0.50 ± 0.01ab   0.47 ± 0.01ab   0.44 ± 0.02ab

FCR2  2.67 ± 0.14b    2.5 ± 0.09a           2.73 ± 0.1a  2.94 ± 0.08b  3.19 ± 0.28b

PER3  0.98 ± 0.03b  1.09 ± 0.02a  0.97 ± 0.04b  0.90 ± 0.03c  0.85 ± 0.04c

Survival rate (%)4 100  100 100 100 100

All values are means ± standard deviation of triplicate tanks/treatment (N = 3). Different superscript letters in same row show significant differences (P < 
0.05)
1Specific growth rate (SGR) = 100 × (Ln Weightfinal - Ln Weightinitial) /days-1

2Feed conversion ratio (FCR) = dry feed consumed (g) / wet body weight gain (g)
3Protein efficiency ratio (PER) = protein consumed (g) / weight gain (g) 
4Survival rate (SR) = number of fish at the end of the experiment / number of fish at the beginning

Table 3. Body composition in common carpfeeding on different levels of  Immunogen® for 56 days experimental period

Proximate composition
Diets 

Control Immunogen 5 Immunogen 10 Immunogen 20 Immunogen 40
Dry mater 28.66 ± 0.77 29.1 ± 0.48 29.55 ± 0.49 29.15 ± 0.18 29.63 ± 0.27
Protein           14.2 ± 1.1        15.33 ± 0.78        15.35 ± 1.15 15.65 ± 0.86 15.53 ± 0.43
Fat           9.21 ± 0.22            9.6 ± 0.26          9.44 ± 0.56 9.36 ± 0.6   9.44 ± 0.17
Ash             3.3 ± 0.49          2.91 ± 0.13          3.43 ± 0.94   3.21 ± 0.26   3.07 ± 0.74

All values are means ±standard deviation of triplicate tanks/treatment (N = 3).

Table 4. Bacterial counts  in the intestine of common carp feeding on different levels of Immunogen® for 56 days experimental period

Bacterial community
Diet

Control Immunogen 5 Immunogen 10 Immunogen 20 Immunogen 40
Total count (Log CFU/g) 5.22 ± 0.07c 5.70 ± 0.1d 5.15 ± 0.1c 4.94 ± 0.14b 4.46 ± 0.15a

Lactobacillus (Log CFU/g) 2.62 ± 0.10c   2.83 ± 0.13d   2.56 ± 0.10c   2.3 ± 0.05b 2.06 ± 0.15a

All values are means ±standard deviation of triplicate tanks/treatment (N=3). Different superscrip letters in same row show significant differences (P<0.05)

Table 5. Blood parameters and plasma analyses in common carp feeding on different levels of  Immunogen® for 56 days  experimental period 

      Blood parameters
Diets 

Control Immunogen 5 Immunogen 10 Immunogen 20 Immunogen 40
Red blood cells (106 µL) 1.36 ± 0.05a 1.71 ± 0.18bc 1.88 ± 0.1c 1.56 ± 0.15ab 1.43 ± 0.18ab

Haemoglobin (g dL-1) 7.03 ± 0.04a 7.99 ± 0.86bc          8.27 ± 0.11c 7.39 ± 0.37ab        7.09 ± 0.08a

Haematocrit (%)       42.33 ± 1.52a      48.66 ± 2.51bc        51.07 ± 1.7c      46.53 ± 1.0ab      43.53 ± 2.51a

White blood cells (103 µL)      14650 ± 132b     14333 ± 152ab       14500 ± 300ab     13966 ± 321a     14100 ± 500ab

Glucose (mg. dL-1)       78.16 ± 9.14a      89.93 ± 2.92a      119.34 ± 9.7b    107.62 ± 4.9b    107.98 ± 2.54b

Cholesterol (mg. dL-1)        65.64 ± 0.72a      73.57 ± 1.32b        74.61 ± 1.86b      73.66 ± 0.21b      63.45 ± 2.9a

Triglyceride (mg. dL-1)      147.65 ± 0.72b    103.07 ± 10.64a      111.88 ± 1.5a     116.04 ± 2.21a    104.21 ± 19.26a

Albumin (g. dL-1)          0.35 ± 0.01a        0.42 ± 0.06ab          0.58 ± 0.08c        0.51 ± 0.02b        0.56 ± 0.04c

Plasma protein (g. dL-1)          2.39 ± 0.05        2.65 ± 0.14          2.58 ± 0.23        2.49 ± 0.06        2.56 ± 0.25
All values are means of three replicates (tanks)/treatment ± standard deviation. Means with the different letters are significantly different (P < 0.05).
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the carbohydrate fraction, and on environmental conditions, 
which may interact with the chosen prebiotic. Future work 
should focus on the gut bacterial community in trials that test 
different types/concentrations of carbohydrates and a range of 
environmental conditions.

We found that prebiotic supplementation influenced fish 
hematological parameters, in agreement with earlier studies 
(Merrifield  et  al., 2010; Akrami et al., 2012; Ebrahimi et al., 
2012).  However we detected no effect of dietary Immunogen® 
on white blood cell counts, which we had expected to rise in 
response to treatment. In contrast, Ebrahimi et al. (2012) found 
that white blood cell counts increased slightly with increasing 
Immunogen® levels; their findings may reflect negative im-
pacts of high doses of Immunogen® on white blood cells, but 
no explanatory mechanism has yet been identified.

In conclusion, we demonstrated that the inclusion of 5 g 
kg–1 Immunogen® in the diet improved nutrient utilization 
and the growth performance of common carp fingerlings. 
These effects probably related to the elevation of Lactobacil-
lus counts in the fish guts, which improved digestive perfor-
mance. Improved fish growth in the treatment group was un-
related to the immune response index (white blood cell count) 
in common carp.
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