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ABSTRACT 
This study investigates the effects of different levels of commercial yeast 

glucan (CYG) on innate immune response, hematological parameters, in-

testinal microbiota, growth performance and survival rate of white fish 

(kutum) fry. Specimens (1.1 ± 0.15 g) were randomly allocated into 15 

tanks (100 L) at a density of 25 fish per tank and triplicate groups were 

fed either a basal control diet (0% CYG) or a basal diet supplemented with 

yeast (0.5, 1, 1.5 or 2% CYG) for 60 days. All dietary CYG levels significantly 

increased the innate immune responses (IgM levels and lysozyme activity) 

(P < 0.05) and the highest survival was observed in the 1 and 1.5% CYG 

group. Compared to the control group, CYG had no effects on RBC, Hct 

and Hb (P > 0.05), but WBC levels were significantly higher in CYG fed fish 

(P < 0.05). Microbiological assessment indicated that the viable culturable 

autochthonous and lactic acid bacteria (LAB) levels significantly elevated 

in 0.5 and 1% treatments. Our results indicated that low levels of dietary 

CYG (0.5 and 1 %) improved growth performance, body protein levels and 

survival rate compared to the control treatment (P < 0.05). These results 

indicate that CYG stimulates innate immune response, improves growth 

performance and modulates intestinal microbiota of kutum fry. Thus, we 

suggest that low level CYG may be used as a beneficial dietary supplement 

in kutum fry culture.

 CODEN RIBAEG ISSN 1330-061X

INTRODUCTION

Over the past decade, production of seafood via aquacul-

ture has continued to exhibit sustained expansion around 

the world (Abdel-Tawwab et al., 2008b, Anonymous, 2005). 

Kutum (Rutilus frisii) is one of the most commercially impor-

tant fish of the south shores of the Caspian Sea and each 

year millions of artificially propagated larvae of this fish are 

released into the Caspian Sea (Abdolhay et al., 2011). De-

struction of spawning ground of this species by overfishing 

has caused remarkable diminution of the stocks in the Cas-

pian Sea (Abdolmaleki, 2006). However, the Iranian Shilat 

organization has developed propagation and culture meth-

odologies to reduce pressure on natural Caspian Sea popu-

lations (Abdolhay et al., 2011).

Intensification of fish farming in aquaculture often leads to 

deterioration of water quality and this condition makes the 

cultured organism vulnerable to diseases. Aquaculture faces 

serious problems due to various adverse effects of antibiot-

ics such as accumulation in the tissue, immunosuppression 

and emergence of resistant microorganisms (Nayak, 2010) 

thus stimulation of the innate immune system by dietary 

supplement is a suitable approach for fortification of an 

organism against disease (Trichet, 2010). To date, several 

studies investigated the possible effects of dietary immune 

stimulant in aquaculture (Sakai, 1999). Among various im-

munostimulants, the immune modulatory effects of yeast 

glucan have already been established in several fish species 

(Meena et al., 2012). The beta-glucans are polysaccharides 

derived from the cell wall of yeast and fungi. Previous re-

searches revealed that administration of dietary glucan en-

hanced growth performance of various fish species (Meena 

et al., 2012). In addition, oral administration of yeast Sac-

charomyces cerevisiae, whose cell wall contains high levels 

of glucan, induced innate immune response (Ai et al., 2007, 

Misra et al., 2006a, Selvaraj et al., 2005) (Ogier de Baulny 
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et al., 1996). Moreover, dietary glucan also improved the re-

sistance against bacterial pathogens in several cultured fish 

species (Jeney et al., 1997, Misra et al., 2006b, Rodríguez et 

al., 2009). However, to the authors’ knowledge, there is no 

information on the effect of dietary yeast glucan on kutum. 

Thus, the aim of the present study was to evaluate the ef-

fects of commercial yeast glucan (Hoplite) on innate immune 

response, hematological parameters, intestinal microbiota 

and growth performance of Caspain sea white fish R. frisii. 

MATERIAL AND METHODS

A basal diet was prepared (for control group) and experi-

mental diets were prepared by supplementing the basal for-

mula with varying levels (0, 0.5, 1.0, 1.5 and 2.0%) of com-

mercial yeast glucan (HoplitTM, Cargill Inc. Minnesota, USA) 

(Table 1).

Fish culture and feeding trial

Kutum fry (average weight of 1.54 ± 0.06 g) were obtained 

from Shahid Ansari Hatchery Complex and randomly allo-

cated to 15 fiberglass tanks (80 l; 25 fish per tank). Water 

temperature, dissolved oxygen and pH were monitored daily 

and maintained at 23.9 ± 1.01 ºC, 6.85 ± 0.1 mg L-1 and 7.5 ± 

0.2, respectively. Continuous aeration was provided in each 

tank through an air stone connected to a central air com-

pressor. During the trial (60 days), fish were fed 3-5% body 

weight per day (at 06:00, 12:00, 18:00). The feeding ration 

was corrected every 2 weeks following a 24-h starvation pe-

riod and batch weighing. 

carcasses

Proximate analysis of the experimental diets and fish car-

casses (at the end of trial) were conducted according to the 

standard protocols of AOAC (Chemists and Cunniff, 1995) in 

the laboratory of veterinary organization (Rasht, Iran). Gross 

energy was calculated using the conversion factors of 23.6, 

39.5 and 17.0 kJ g−1 for protein, lipid and nitrogen-free ex-

tracts (NFE), respectively (Brett and Groves, 1978).

The growth performance and survival were calculated ac-

cording to the following formulae: 

Weight gain, WG= (final body weight- initial body weight) × 

100/ initial body weight;

Specific growth rate (SGR) = 100 (ln W2−ln W1) T;

Feed conversion ratio (FCR) = feed intake (g) / weight gain 

(g);

Protein efficiency ratio (PER) = weight gain / protein intake;
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Survival rate = (N
f
 / N

i
) × 100;

Where W1 is the initial weight, W2 is the final weight, T is 

the number of days in the feeding period, N
i
 is the initial 

number of fish and N
f
 is the final number of fish.

At the end of the trial, blood samples from 5 fish per tank 

were taken from the caudal vein for hematological and im-

munological analysis. Blood samples were divided into two 

sets of Eppendorf tubes. One set contained heparin for he-

matological studies and the other one (non-heparinized) 

was centrifuged at 6000 rpm for 10 min at 4°C in order to 

measure biochemical and immunological indices. Isolated 

serum was stored at -20°C. Haematrocit (Hct) was deter-

mined by the microhaematocrit method as described by 

Brown (1988) and reported as percentage packed cell vol-

ume (% PCV). Haemoglobin (Hb) levels were estimated us-

ing Sahli’s method. Red blood cells (RBC) and white blood 

cells (WBC) were counted in a Neubauer hemocytometer. 

Mean corpuscular volume (MCV), mean corpuscular hae-

moglobin (MCH) and mean corpuscular haemoglobin con-

centration (MCHC) were calculated from RBC, Hct and Hb 

according to the following formulae: MCV= (PCV×1000) / 

RBC, MCH = Hb / RBC and MCHC = (Hb×10) / Hct (Lee et 

al., 1998). Differential leukocyte counts (neutrophils, eo-

sinophils, lymphocytes and monocytes) were conducted 

on May–Grunwald–Giemsa stained blood smears. A mini-

mum of 100 cells per slide were counted. 

Immunoglobulin M (IgM) content was estimated according 

to the method described by Siwicki and Anderson, 1993. 

Lysozyme levels were determined based on the method 

suggested by Sankaran and Gurnani (1972). The lysozyme 

substrate was a 0.02% (w/v) suspension of Micrococcus ly-

sodeikticus made up in phosphate buffer (0.05 M, pH 6.2). 

Lyophilized hen egg white lysozyme was used as a stan-

dard. A new standard curve was prepared for each assay. 

Standard solutions as well as samples were added to the 

substrate at 28ºC. 

Enumeration of the autochthonous intestinal microbiota 

was performed at the start of the trial and end of the trial. 

Total viable heterotrophic aerobic bacteria and lactic acid 

bacteria (LAB) levels were determined at the start of trial 

by random sampling of 15 fish before stocking. At the end 

of the experiment, 10 fish per tank were randomly sam-

pled from each treatment for microbiological studies and 

individuals were pre-processed. Sample preparation for 

intestinal microbiota analysis was performed as described 

previously (Hoseinifar et al., 2011c). One hundred µl of the 
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sample was spread in triplicate onto the plate count agar 

(PCA) (Liofilchem, Italy) and de Man, Rogosa and Sharpe 

(MRS) media (Liofilchem, Italy) for the determination of total 

viable heterotrophic aerobic bacteria and LAB, respectively. 

Statistical analysis

Data are presented as mean ± S.E. Significant differences 

between groups were determined by a one-way analysis of 

variance (ANOVA) followed by Tukey’s test (Zar, 1999). Prior 

to statistical analysis, normality and homogeneity of vari-

ance were checked. All statistical analyses were performed 

with SPSS statistical package version 17.0 (SPSS Inc., Chi-

cago, IL, USA).

RESULTS

The effects of dietary CYG on humoral innate immune re-

sponses of kutum are shown in Fig. 1a and b. Fish fed 1% 

and 1.5% CYG displayed significantly elevated lysozyme ac-

tivity (29.60 ± 2.51 µg mL-1 and 28.33 ± 1.42 µg mL-1, respec-

tively) compared to the control (18.16 ± 1.04 µg mL-1), as was 

(% )
0% 0.5% 1% 1.5% 2%

42 42 42 42 42

30 30 30 30 30

5 5 5 5 5

5 5 5 5 5

9 9 9 9 9

3 3 3 3 3

1 1 1 1 1

1 1 1 1 1

1 1 1 1 1

0 0.5 1 1.5 2

22.5 21.7 22.7 22.2 22.2

19 19.5 19.2 19.5 19

42 42 42 42 42

16.5 16.8 17 16.3 16.5

4000 4000 4000 4000 4000

Table 1. Dietary formulations (%) and proximate composition

*Vitamin premix (g 100 g-1 vitamin premix except A, 160000 IU 

and D3, 40000 IU): E, 4; K3, 0.2; B1, 0.6; B2, 0.8; B3, 1.2; B5, 4; 

B6, 0.4; B9, 0.2; B12, 0.8; H2, 0.02; C, 6; Inositol, 2; BHT (butylated 

hydroxyl toluene), 2.

** Mineral premix (g 100 g-1 mineral premix): Fe, 2.6; Zn, 1.25; 

Se, 0.2; Co, 0.048; Cu, 0.42; Mn, 1.58; I, 0.1; Cholin chloride, 1.2.

Table 1. Dietary formulations (%) and proximate composi-

tion

also the case for serum IgM levels (1% = 1.10 ± 0.14, 1.5% = 

1.15 ± 0.70 and control = 0.85 ± 0.11 mg dL-1) (P < 0.05). The 

effects of dietary CYG supplementation on hematological 

parameters are presented in Table 2. Erythrocyte levels, Hct 

and Hb were not affected by dietary CYG (P > 0.05). How-

ever, the WBC levels were significantly influenced by dietary 

CYG, as the lowest level was observed in the control group 

(P < 0.05) (Table 2). 

a)

b)

Compared to the control group, total heterotrophic autoch-

thonous bacterial levels in fish fed 0.5% and 1% dietary CYG 

were significantly higher compared to other treatments (P 

< 0.05) (Table 3). Additionally, autochthonous LAB levels 

were also significantly elevated in these treatments at the 

end of trial (P < 0.05) (Table 3).  Growth performance and 

feed utilization parameters of kutum fry fed different levels 

of dietary CYG are shown in Table 2. Fry fed 0.5% and 1% 

Fig 1. The effects of  dietary CYG on humoral innate immune 

responses of  kutum (a= lysozyme activity; b=serum 

IgM level)
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(%)-1)

(×103 
3)

(× 106

21.3  ±  1.5 8.46±0.157.2±  0.180.98± 0.31

22.6  ±2.5  8.70±  0.10 8.2± 0.25 b1.14±0.26

23.0± 1.1  8.96±0.409.1  ± 0.10 1.17±  0.16

21.2±  2.5  8.16±  0.37 9.3 ±  0.511.07±  0.11

21.8±  1.98.56±0.589.6 ±  0.451.11±  0.14

Table 2. Hematological parameters of kutum fry fed diets 

containing varying levels of CYG

Means in the same row with different superscripts are significantly 

different (P<0.05).

LAB LAB

(%)

0 % 6.17± 0.07 0.00 ± 0.00 0.00 ± 0.00

0.5% 7.67± 0.36 5.69± 0.06 1.06±0.24b

1% 6.97± 0.18 3.97±0.17 b 0.10±0.09

1.5% 6.47± 0.07b 3.47±0.07 0.11±0.30

2% 6.05± 0.18 2.90±0.05 0.04±0.07

Means in the same row with different superscripts are significantly 

different (P<0.05)

Table 3. Total viable counts (TVC) and lactic acid bacteria 

(LAB) levels [log colony forming units (CFU) g-1 

intestine] in the gut of kutum fry fed diets con-

taining different levels of CYG

dietary CYG displayed significantly higher weight gain, SGR, 

PER and lower FCR compared to the control group and oth-

er CYG groups (P < 0.05) (Table 2). Also survival rate in 0.5% 

and 1% treatments were significantly elevated compared to 

the control group (P < 0.05) (Table 2). 

Feeding varying levels of dietary CYG affects kutum fry body 

composition (Table 4). Fish fed 0.5% and 1% CYG had a 

significantly higher protein level in carcass composition (P < 

0.05). However, body lipid, ash and moisture showed no re-

markable difference between treatments (P > 0.05) (Table 4)

DISCUSSION

Administration of dietary glucan is a beneficial tool for stim-

ulation of immune system of fish and fortification of immune 

response (Soltanian et al., 2009). Commercial products con-

taining glucan like MacroGard®, Immunoster and ImmunoW-

all have been recently used in aquatic animal culture (Ringø, 

2011). To our knowledge, this study was the first study to in-

vestigate the effects of glucan on innate immune response, 

intestinal microbiotia and performance of Caspian Sea white 

fish fry (R. frisii).

Stimulation of the immune response of fish through dietary 

supplements is of high interest for commercial aquaculture 

(Staykov et al., 2007). Aquatic animals are continually vul-

nerable to numerous opportunistic pathogens and the in-

nate immune system provides the first line of defense for the 

host (Magnadóttir, 2006). The results of the present study 

revealed that dietary CYG can modulate the innate immune 

responses of kutum fry. As shown in Figures 1 and 2, fish 

fed diets containing CYG had a significantly greater serum 

IgM and serum lysozyme activity compared to the control 

group and the highest levels observed in 1% and 1.5% 

treatments. The enhancement of serum lysozyme activity 

0.5% 1% 1.5% 2%

1.13 ± 0.12 1.14 ± 0.01 1.19 ± 0.01 1.24 ± 0.15 1.17± 0.04

0.37±  0.15 0.75±  0.08 b 0.78 ± 0.04 b 0.35±  0.04 0.45± 0.10 

-1) 0.45  ±  0.18 0.8  ±  0.1 b 1.57±  0.07 b 1.1±0.19 0.92± 0.23

PER 0.85±  0.2 1.75± 0.28 b 1.57±  0.07 b 1.1±0.19 0.92± 0.23

FCR 0.85±  0.2 1.073  ± 0.11b 1.32  ± 0.17 b 1.01 ±  0.01 0.89  ±  0.08 

84.6±  4.51 90.0  ± 3.0 b 93  ± 2.8 b 81.6 ±  2.8 86.6  ±  2.8  

Table 4. The effects of dietary CYG on growth performance and survival of kutum fry

Means in the same row with different superscripts are significantly different (P<0.05).
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Control 0.5% 1% 1.5% 2%

Moisture  65.1± 0.8 67.3 ± 0.8 68.23 ± 0.25 70.3 ± 0.3 63.36 ± 0.12

Crude protein* 20.2 ± 0.26a 22.1 ± 0.36b 22.36 ± 0.55b 19.93 ± 0.60a 20.26 ± 0.25a

Crude lipid* 6.20 ± 0.72 5.13 ± 0.55 5.73 ± 0.43 6.03 ± 0.50 6.50 ± 0.73

Ash* 3.16 ± 0.54 3.70 ± 0.45 3.67 ± 0.28 3.95 ± 0.16 3.70 ± 0.25

* Dry weight basis

Table 5. Carcass proximate composition of kutum fry fed diets containing varying levels of CYG. Data represent means from 

3 replicates per treatment.

by lower dose of CYG have been reported previously (Ai et 

al., 2007, Cook et al., 2001, Ortuño et al., 2002, Rodríguez 

et al., 2009). Also, Bagni et al. (2005) reported that short 

term (15 days) administration of CYG (MacroGaad; 0.1%) 

elevated serum lysozyme activity of Dicentrachus labrax. In 

addition, feeding Sparus aurata (100-200 g) with brewer’s 

yeast glucan for 4 weeks increased serum IgM levels. It is 

well-documented that yeast - glucan stimulates innate im-

mune response in fish (Cuesta et al., 2004). Moreover, Ai et 

al. (2007) and Misra et al. (2006a) stated that lower doses 

of &-glucan were more effective compared to high doses 

which is in line with the present study. The mechanism by 

which glucan enhances innate immune response of fish has 

not been completely elucidated to date (Ai et al., 2007) but 

some studies have shown that glucan enhances non-specific 

immunity through direct activation of macrophages (Ai et al., 

2007, Sakai, 1999). 

Hematological parameters are valuable indicators for moni-

toring fish health, nutritional status and environmental con-

ditions affecting fish (Hoseinifar et al., 2011b, Cnaani et al., 

2004). Our results show that dietary CYG had no remarkable 

effects on RBC, Htc and Hb levels (Table 2). In accordance to 

these results, administration of yeast failed to affect hema-

tological parameters (e.g. RBC, Htc, Hb, MCV, MCH, MCHC) 

of channel catfish (Ictalurus punctatus) (Welker et al., 2007) 

and beluga juvenile (Huso huso) (Hoseinifar et al., 2011a). 

Increases of WBC following administration of &- glucan in 

diet have been reported previously (Ta’ati et al., 2011, Meena 

et al., 2012), which can be a sign of stimulation of non-spe-

cific immunity (Misra et al., 2006a). Moreover, Schiffrin et 

al. (1995) stated that LAB can stimulate white blood cells 

proliferation and performance. 

LAB have been considered as beneficial components of the 

fish intestinal ecosystem by producing bacteriocins, lactic 

acid and other antagonistic compounds which inhibit the 

growth of certain fish pathogens (Gatesoupe, 2008, Ringø 

and Gatesoupe, 1998). In the present study, culture-based 

analysis of the autochthonous intestinal microbiota revealed 

that presumptive LAB levels were significantly higher in 

0.5% and 1% dietary CYG treatments. Although, from the 

present investigation we conclude that culturable autoch-

thonous LAB are only minor components of the intestine of 

kutum fry. The exact mechanism behind these observations 

is not known but it might occur as a result of the provision 

of minerals, nucleic acid, B-complex, vitamins and/or amino 

acids provided by dietary yeast (Hoseinifar et al., 2011a).

In the current study, during the feeding trial, growth param-

eters such as final body weight, weight gain, SGR and FCR 

were improved by the inclusion of a low dose (0.5% and 1%) 

dietary CYG (Table 2). Similar benefits have been reported in 

fish fed dietary glucan (Masahiro, 1999, Meena et al., 2012, 

Soltanian et al., 2009). Growth rate possibly enhanced 

due to the energetic benefits obtained through glucan (Ai 

et al., 2007), microbial manipulation of intestinal microbi-

ota (Ringø et al., 2010), colonization of lactic acid bacteria 

(as seen in our results; Table 3) in the gut and production 

of protease and amylase by these bacteria in the digestive 

tract (Farzanfar, 2006, Gullian et al., 2004, Irianto and Aus-

tin, 2002, Waché et al., 2006, Hoseinifar et al., 2011a). In 

addition, enumeration of LAB increases the concentrations 

of the volatile fatty acids (VFA
s
) which beneficially affect mi-

crovillus morphology and nutrient utilization (Daniels et al., 

2010, Dimitroglou et al., 2009, Ringø et al., 2010, Salze et 

al., 2008, Zhou et al., 2010). On the contrary, however, sev-

eral other studies have reported that dietary yeast had no 

significant effects on fish growth performance (Li and Gatlin, 

2005, Sado et al., 2008, Pooramini et al., 2009, Reza et al., 

2009, Sealey et al., 2007, Tovar-Ramırez et al., 2004). Fur-

ther studies are required to determine why such contradic-

tory results have been obtained. 

The supplementation of kutum fry diet with 0.5% or 1% CYG 

significantly affected the whole-fish body protein content. 

Similar to our finding, significantly different carcass protein 

levels were observed in Nile tilapia fed the commercial live 

bakers’ yeast Saccharomyces cerevisiae (Abdel-Tawwab et 

al., 2008). Elevation of body protein content in kutum fry is 

likely because of changes in their synthesis, deposition rate 

in muscle and/or growth rate (Abdel-Tawwab et al., 2008). 

The present study revealed that the administration of low 

levels of dietary CYG had significant effects on kutum fry 

survival (Table 4). In line with our results, beneficial effects 

have been obtained on the survival of yeast-fed fish under 

both non-challenged (Lara-Flores et al., 2003, Skjermo 

et al., 2006, Van Hai and Fotedar, 2009, Hoseinifar et al., 
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2011a) and bacterial challenged  studies (Abdel-Tawwab et 

al., 2008, Ai et al., 2007, Li and Gatlin, 2005, Misra et al., 

2006b).

In conclusion, the present study indicates that administration 

of low levels of dietary CYG can be used for growth promo-

tion, stimulation of innate immune system and modulation 

of intestinal microbiota toward potentially beneficial com-

munities (i.e. LAB). This preliminary study might encourage 

further research on different aspects of CYG administration 

in kutum culture.

-
-
-

)

Ova studija istražuje utjecaj različitih razina komercijalnog 

kvasca glukana (CYG) na imunološki odgovor, hematološke 

parametre, crijevnu mikrofloru, brzinu rasta i stopu 

preživljavanja kod mlađi bijele bodorke. Uzorci mlađi (1,1 ± 

0,15 g) su slučajnim izborom podijeljeni u 15 spremnika (100 

L) pri gustoći od 25 riba po spremniku, a hranjeni su u trip-

likatu skupina sa osnovnom kontrolnom ishranom (0% CYG) 

ili osnovnom ishranom nadopunjenom kvascem (0,5, 1, 1,5, 

ili 2% CYG) 60 dana.

U svim CYG prehrambenim razinama značajno se povećao 

imunološki odgovor (razine IgM i lizozim aktivnost) (P< 

0,05), a najveće preživljavanje zabilježeno je u CYG skupini 1 

i 1,5%. U usporedbi s kontrolnom skupinom, CYG nije imala 

utjecaj na RBC, Hct i Hb (P> 0,05), ali WBC razina bila je 

znatno viša u riba koje su hranjene s CYG (P <0,05).

Mikrobiološka procjena ukazuje da su razine živih kul-

tura autohtonih i mliječno kiselih bakterija (LAB) značajno 

povišene u 0,5 i 1% tretmanu. Rezultati pokazuju da niska 

razina ishrane s CYG (0,5 i 1%) uzrokuje bolju performansu 

rasta, razinu tjelesnih proteina i stopu preživljavanja u us-

poredbi s kontrolnom (P <0,05). Ovi rezultati pokazuju da 

CYG stimulira imunološki odgovor, poboljšava performanse 

rasta i modulira crijevnu mikrofloru kod mlađi bijele bodorke. 

Dakle, predlažemo da se niska razina CYG može se koris-

titi kao koristan dodatak prehrani u proizvodnji mlađi bijele 

bodorke.

Ključne riječi: Kvasac glukan, imunološki odgovor, crijevna 

mikroflora, hematologija, rast, Crnomorska bodorka
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