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ABSTRACT: Low molecular weight β-glucan (LMWβG) and oligoβ-glucan solution were prepared by the 

hydrothermal steaming combination with -irradiation method. The efficiency of the degradation process was 

demonstrated by gel permeation chromatography (GPC) analysis of the average molecular weight (Mw) of β-

glucan. Results showed that the Mw decreased with increasing steaming time, concentration of H2O2 and doses. 

For LMWβG, Mw reduces from 296,600 Da to 44,400 Da when concentration of H2O2 raises from 2.5% to 10% 

and for oligoβ-glucan Mw reduces to 7,100 Da at 16 kGy. Tilapia fish was fed with LMWβ and oligoβ-glucan  

of 100 ppm for  45 days, was challenged with Strep. Agalactidae bacterial to investigate immune stimulation. 

The results indicated that oligoβ-glucan has higher immune stimulation effect compared to LMWβG. The effect 

of  oligoβ-glucan various concentrations of 50, 100, and 150 ppm was investigated. Results showed that survival 

rate was the highest for oligoβ-glucan of 150 ppm. 
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I. INTRODUCTION 

Immunostimulants are widely used in farms for health management. Fish treated with 

immunostimulants usually show enhanced protection against various pathogens. This increased 

protection to infectious diseases is not by enhancing  specific immune response but by enhancing 

non-specific cellualar and humoral defense mechanisms. Yeast β-1,3 glucan has been shown to 

enhance the disease resistance against several major bacterial pathogens including Vibrio 

anguillarum, Vibrio salmonica, Yersinia ruckeri, Edwardsiella tarda and Aeromonas hydrophila in 

several fish species such as carp Cyprinus carpio [1], Atlantic salmon Salmo salar [2], yellowtail 

Seriola quinqueradiata [3], rainbow trout Oncorhynchus mykiss [4], brook trout Salvelinus fontinail 

[5], and Afican catfish Clarius gariepinus [6]. 

Immunostimulant and immunomodulators comprise a group of biological and synthetic 

compounds that enhance the nonspecific cellular and humoral defense mechanisms in mammals. 

These susstance, such as levamiso, β-glucan, peptidoglycan, chitin, β-glucan yeast and vitamin 

combinations as well as various products derived from plants and animals are effective in 

preventing disease [7,8]. Most of the research on immunostimulants has been focused on the 

treatment of tumor in human and aniamal [9]. The basic for this approach in tumor therapy is the 

fact that natural or synthetic immunostimulants active macrophages, neutrophils, natural ability to 

destroy tumor increase resistance to viral, bacterial and fungal infection [10,11]. 

β-glucans are polysaccharides of D-glucose monomers linked by β-glycosidic bonds.             

β-glucans are a diverse group of molecules that can vary with respect to molecular mass, solubility, 

viscosity, and three-dimensional configuration. They occur most commonly as cellulose in plants, 

the bran of cereal grains, the cell wall of baker's yeast, certain fungi, mushrooms and bacteria. Some 

forms of beta glucans are useful in human nutrition as texturing agents and as soluble fiber 
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supplements, but can be problematic in the process of brewing... Yeast and medicinal mushroom 

derived β-glucans are notable for their ability to modulate the immune system. One study has 

shown that insoluble (1,3/1,6) β-glucan, has greater biological activity than that of its soluble 

(1,3/1,4) β-glucan counterparts. The differences between β-glucan linkages and chemical structure 

are significant in regards to solubility, mode of action, and overall biological activity. In 

aquaculture, β-glucan was used as an immunostimulant to protect salmonid against bacterial disease 

[12,13]. The aim of this work was to prepare LMWβ, oligo β-glucan solution and to investigate 

thier effect on the immune stimulation agianst Strep.agalactide of talipia under field conditions. 

II. EXPERIMENTAL 

1. Chemicals. Spent brewer’s yeast sulury (a train of Saccharomyces uvarum), a by-product 

from the Sai Gon brewery. Hydrogen peroxide (H2O2),  pure water from Merck, Germany, Tilapia 

fishs were brought from a fish farm in Binh Duong province. Strep. Agalactidae bacterial was 

isolated from diseased fish collected from local fish farm in Dong Thap province. Nutrient broth 

and nutrient agar from India. 

2. Method 

Prepared β-glucan: β-glucan was isolated from spent brewer’s yeast sulury (Saccharomyces 

uvarum) and characterized following published method of M. Suphantharika et al [14]. β-glucan 

was prepared by a single step alkaline extraction of brewer’s yeast cell walls obtained from 

autolysis of yeast cells. The optimum extraction conditions were at a temperature of 90
0
C for using 

1 N NaOH with sample to alkaline solution ratio of 1:5 (w/v). Products obtained contained ≈ 51% 

(w/v) β-glucan. 

Preparation of LMWβG solution: Beta glucan powder was swollen in H2O2 with 1:6 ratio in a 

various H2O2 concentrations: 2.5 5, 7.5 and 10%. Then, the samples were hydrothermal steamed in 

30 minutes at a temperature of 125
0
C and 1.3 atm.  

Preparation of oligoβ-glucan solution: The LMWβ solution was added hydrogen peroxide in 

concentrations ranging from 0.5% to 5%, then ones were hydrothermal steamed survival rate  in 30 

minutes at a temperature of 125
0
C and 1.3 atm or solutions were irradiated on the gamma Co-60 

irradiator STSVCo-60/B (Hungary), dose rate ~1.2 kGy/h at VINAGAMMA Center (HCM City) 

with dose from 0 kGy to 16 kGy. 

Determine the molecular weight: The Mw of β-glucan was measured by LC-20AB, gel 

permeation chromatography (GPC) with detector RID-10A, Shimadzu, and the columns 

ultrahydrogel model 250 and 500 from Waters (USA). The standards for calibration of the columns 

were pullulan. The eluent was aqueous H2O with the flow rate of 1 ml min
-1

 and temperature at 40 
o
C. The β-glucan sample concentration was 0.3% (w/v).  

Investigated the immune stimulation of LMWβG and oligoβ-glucan on tilapia: Tilapia fish 

was fed with LMWβG and oligoβ-glucan of 100 ppm for  45 days, was challenged with Strep. 

Agalactidae bacteria to investigate immune stimulation. Morality was recorded daily up to 21 days 

and relative percentage survival was caculated. 

Investigated the immune stimulation of oligoβ-glucan with different concentrations on tilapia: 

Tilapia fish was fed with oligoβ-glucan of 50, 100 and 150 ppm for  45 days, was challenged with 

Strep. Agalactidae bacteria to investigate immune stimulation. Morality was recorded daily up to 21 

days and relative percentage survival was caculated. 

III. RESULTS AND DISCUSSION 

1. Effect of H2O2 concentration on the degradation of β-glucan powder 
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β-glucan powder was swollen in H2O2 

solution in the ratio 1:6 (w/v) at various 

concentration of H2O2. The samples was 

steamed hydrothermal in 30 minutes at 125
0
C 

and 1,3 atm to prepare LWMβG. The result 

of molecular weights (Mw) in Fig.1 indicated 

that the molecular weights of β-glucan 

solution after steaming decreased with 

increasing concentration of H2O2. Molecular 

weight of LMWβG reduces from 296,630 Da 

to 44,427 Da when H2O2 concentration raises 

from 0% to 10%. 

 

 

 

Table 1: Mw, Mn and  polydispersity index (PI, PI = Mw/Mn)                                                                           

of β-glucan solution after steaming. 

H2O2 concentration  (%) 0 2.5 5.0 7.5 10.0 

Mw 296,600 141,600 81,600 58,000 44,400 

Mn 114,100 71,000 44,700 34,100 26,900 

PI 2.60 1.99 1.83 1.70 1.65 

Results in table 1 indicated that as the concentration of H2O2 increased the PI decreased from 

2.60 to smaller values (~1.65). Molecular weight decreases rapidly when the concentration of H2O2 

increased from 2% to 4% and then slightly decreased with increasing concentrations up to 10%. The 

results showed that the optimal concentration of H2O2 used to degrade β-glucan  is in the range of 5 

-7%. 

2. Effect the ratio of H2O2 solution to β-glucan on the degradation of β-glucan powder  
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Figure 2: Reductions molecular weight of β-glucan  with increase                                                                 

the ratio of H2O2 solution to β-glucan powder. 

Effects the ratio of H2O2 solution to β-glucan on the degradation of β-glucan powder were 

shown in Fig 2. Results show that the ratio of H2O2 solution to β-glucan significant influence on 

degradation of beta glucan. The molecular weight decreases rapidly when increasing the ratio of 
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Figure 1: Reductions molecular weight of β-glucan                                                                                              

with increase concentration of H2O2. 
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H2O2:betaglucan from 2:1 to 6:1 and then decreased slightly when increasing the ratio to 10:1. The 

reason is to increase the rate of H2O2: betaglucan increased the amount of 
.
OH radicals which are 

powerful oxidative agent and reduced the viscosity of the solution so that 
.
OH radicals easy to 

move. 

Table 2: Value of Mw, Mn and  polydispersity index                                                                                                

(PI, PI = Mw/Mn) of  degraded β-glucans. 

The ratio of H2O2 solution to β-

glucan powder (v/w) 

2 4 6 8 10 

Mw 93,900 73,200 56,700 50,100 47,900 

Mn 58,000 42,600 35,100 27,600 26,700 

PI 1.619 1.717 1.614 1.817 1.790 

Changes of Mw and polydispersity index of β-glucans solution obtained from degrading β-

glucan by hydrothermal steaming with H2O2 were also shown in Table 2. It is obvious from the 

results in Table 2 that optimal ratio of (H2O2 solution/betaglucan powder) used to degrade the beta 

glucan is 6:1.  

3. Effect the steaming time to degradation of β-glucan powder 

Table 3: Value of  Mw, Mn and  polydispersity index (PI) of  degraded β-glucan 

Steaming Time (minutes) 15 30 60 

Mw 75,500 56,700 54,600 

Mn 43,000 35,100 33,700 

PI 1.710 1.614 1.620 

Results in Table 3 indicated that as the steaming time increased the Mw decreased from 

75,500 Da to smaller values (56,700 Da). However, when the steaming time increased to 60 

minutes, the molecular weight change was negligible. From the results of Table 1, 2 and 3, it can be 

concluded that the optimal conditions for the preparation of LMWβG is that β-glucan powder was 

swollen in  6% H2O2 at the ratio 1:6 (w/v) and steaming time was of 30 minutes. 

4. Effect of H2O2 concentration and dose on the degradation of β-glucan solution   
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Figure 3: Reductions molecular weight of β-glucan  

in solution with H2O2 by steaming. 
Figure 4: Reductions  molecular weight of β-glucan                                                                      

in solution /1% H2O2 with dose (dose rate: 1.2 kGy/h). 
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The H2O2 at various concentrations was added LMWβG and steamed in 30 minutes. The 

decrease in Mw with increasing concentration of H2O2 was shown in Figure 3. The result in Fig.3 

indicated that in order to obtain oligoglucan with Mw ~ 9000 Da, the concentration of about 5% 

H2O2 should be used. However, higher H2O2 concentrations can cause directly breakage of the 

glucosidic linkage. Thus, -irradiation of β-glucan solution in the presence of H2O2 could degrade 

β-glucan very effectively. The synergictic degradation effect of β-glucan by H2O2 and  ray was 

typically studied for LMWβG solution containing 1% H2O2. The decrease in Mw with increasing 

dose was shown in Figure 4. Results showed that oligo β-glucan was prepared easily irradiation in 

the dose range of 12 to 16 kGy. Thus, -irradiation of β-glucan solution containing a small amount 

of H2O2 is feasible and potentially applicable technique for production of oligoβ-glucan on large 

scale . Byun et al. (2008) studied to degrade β-glucan under γ ray irradiation at dose from 10 to 50 

kGy. But they did not use H2O2 in  β-glucan samples, therefore the dose use rather height (50 kGy) 

[15]. 

5. Result investigated the immune stimulation of LMWβ and oligoβ-glucan on tilapia 

Table 3: Survival rate of control-1 (non-supplement β-glucan and non-challenged with 

Strep.agalactide bacterial), control-2 (non-supplement β-glucan and challenged with Strep.agalactide 

bacterial), LMWβG (supplement LMWβG of 100 ppm and challenged with Strep.agalactide bacterial) and 

oligoβ-glucan (supplement oligoβ-glucan 100 ppm and challenged with Strep.agalactide bacterial) 

Iterms Control -1 Control-2 LMWβ Oligoβ-glucan 

Survival rate 

(%) 

89.75 ± 5.00
a 

44.67 ± 10.41
cd 

61.25 ± 10.41
bc 

76.75 ± 2.89
ab 

After challenge with Strep.agalactide bacterial, the relative percentage survival of fish fed 

with 100 ppm LMWβG and 100 ppm oligoβ-glucan supplemented feed was higher than the control-

2. The results of the present study indicated that LMWβG and oligoβ-glucan supplementation 

enhanced the nonspecific immune system of talipia fish. Results in table 4 showed that survival rate 

of fish fed with oligoβ-glucan was higher than that fish fed with LMWβG. This may be due to the 

oligoβ-glucan has Mw smaller. The same tendency was also obtained by Suphantharika et al when 

they investigated the immune stimulation on black tiger shrimp with β-glucan [14]. 

4. Result investigated the immune stimulation of oligoβ-glucan with different 

concentrations on tilapia 

Table 5: Survival rate of control-1 (non-supplement β-glucan and non-challenged with 

Strep.agalactide bacterial), control-2 (non-supplement β-glucan and challenged with Strep.agalactide 

bacterial), oligo-50, oligo-100, oligo-150 was supplemented oligoβ-glucan 50 ppm, 100 ppm, 150 ppm 

concentration respective and challenged with Strep.agalactide bacterial. 

Iterms Control -1 Control-2 Oligo-50 Oligo-100 Oligo-150 

Survival 

rate (%) 

89.67 ± 2.89
a 

49.43 ± 

10.41
d 

63.33 ± 5.77
bc 

73,76 ± 2.89
ab 

76.00 ± 5.00
ab

 

The effect of oligoβ-glucan concentration has also been studied for the immune stimulation of 

talipia fish. Results table 4 also exhibited that the fishes fed with oligoβ-glucan at concentration 50 

ppm has effect the immune stimulation lowest in all samples. The immune stimulation raise with 

increasing oligoβ-glucan concentration. The fish fed with oligoβ-glucan at concentration 100 ppm 

and 150 ppm has survival rate higher than that the fish fed with oligoβ-glucan at concentration 50 

ppm. This result showed that the best concentration to use oligoβ-glucan as immunostumulant in the 

range of 100-150 ppm. 
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IV. CONCLUSIONS 

LMWβG with Mw about 4-6x10
4
 Da was prepared by hydrothermal steaming β-glucan 

powder swollen in 6% H2O2 at the ratio 1:6 (w/v). Oligoβ-glucan with Mw about 7-9x10
3
 Da was 

prepared by γ-irradiating β-glucan solution added 1% H2O2 concentration at 12- 16 kGy. The 

immune stimulation of LWMβG and oligoβ-glucan was investigated. The results showed that 

oligoβ-glucan has higher immune stimulation compare to that of LMWβG. The optimal 

concentration of oligoβ-glucan was select to be of 100-150 ppm. 
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