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Abstract:  Based on the previous experimental results, the Box-
Behnken design (BBD) was employed to study the individual and 
interactive effects of sucrose, malt extract, calf serum and sodium citrate on 
the growth of Saccharomyces boulardii, and the optimum medium 
compositions were obtained. Meanwhile, the optical density (OD) in the 
fermentation suspension was measured at 560 nm after 36 h of incubation. It 
is shown that the optimized medium compositions were 36.28 g·L-1 sucrose, 
6.38 g·L-1 malt extract, 5.69 g·L-1 calf serum and 5.3 g·L-1 sodium citrate. 
The result indicated that the growth of S. boulardii could increase 
significantly in the optimized medium, and the OD560nm value reached 1.397 
± 0.013 after 36 h, which increased 18.59 % compared with that of pre-
optimized medium. In addition, the OD560nm value 1.397 ± 0.013 in the 
optimized medium was very closely to the expected value 1.394. This result 
suggested that optimization of medium compositions for S. boulardii by 
BBD in this study was reliable and effective. 
 
Keywords:  Box-Behnken design, calf serum, malt extract, optical 

density, Saccharomyces boulardii, sodium citrate, sucrose 



LEI, CHEN, HUANG, ZHAI and SHU 
 

                                                                                                                             St. Cerc. St. CICBIA 2016 17 (4) 406 

INTRODUCTION 
 
Saccharomyces boulardii (S. boulardii) is a thermophilic, non-pathogenic yeast used as 
probiotic agent to prevent or treat a variety of human gastrointestinal dysfunctions, for 
instance, antibiotic associated diarrhea and recurrent Clostridium difficile disease [1, 2]. 
A recent report has also indicated that S. boulardii may be useful in the preventing 
clinical relapse of Crohn’s disease [3 – 5]. In addition, based on the results of the study 
of experiment animals, several putative action mechanisms for the protective effect of S. 
boulardii have been devised [6 – 8]. Some studies suggest that S. boulardii can exert its 
beneficial effect through multiple mechanisms, for example, competition with 
pathogenic for nutrients, inhibit the adhesion of pathogenic bacteria and neutralization 
of bacterial virulence factors [9 – 11]. S. boulardii has been widely used in the 
prevention of diarrhea and other disturbances caused by the use of antibiotics [12 – 15]. 
This yeast remains viable in the gastrointestinal tract and has been proved to inhibit the 
growth of the number of pathogenic bacteria [16 – 19]. Double-blind-controlled trails 
have proved the efficacy of S. boulardii against antibiotic-associated diarrhea in humans 
[20, 21]. 
Although S. boulardii is a variety of S. cerevisiae, it differs from S. cerevisiae in 
taxonomic, metabolic and genetic properties [22 – 24]. Its optimal growth temperature 
is 37 ºC (physiologycal temperature of the host), and the yeast is resistant to acidity. S. 
boulardii has the unique biological activity, it can inhibit the growth of some pathogenic 
microorganisms [13, 22, 25]. This yeast has been used in many countries as lyophilized 
product for the treatment of diarrhea in children and adult [26 – 28]. Pharmacokinetic 
studies have shown that, after continuous oral, S. boulardii can exist in the colon 
stability about 3 days, and after the cessation of the drug, it will be excreted in feces, not 
be colonized in the intestine [14, 29]. S. boulardii belongs to fungi preparation, no 
degradation by antibiotics, which can be used in conjunction with antibiotics, and it can 
effectively prevent the use of antibiotics with dysbacteriosis [30]. 
Response surface method (RSM) had been employed in many research areas, it could 
analyze the significance of interaction factors in the medium and carry out the optimal 
levels of variables [31, 32]. The advantage of RSM is that it can analyze the various 
levels of experimental factors in the process of optimizing the experimental conditions, 
which overcomes the shortcomings of orthogonal experiment, that is, the orthogonal 
experiment can only analyze the isolated test point and can not presents an intuitive 
graphical [33]. Therefore, the RSM is widely used in the research of experimental 
design and process optimization. The RSM mainly include Central Composite design 
(CCD), Box-Behnken design (BBD), D-optimal design, User Defined design and 
Historical Data design. Among them, the most commonly used is CCD and BBD. 
S. boulardii as probiotics, to ensure its biological effect, the intestine must achieve a 
sufficient number of viable cell count. However, there are scarce reports involved in the 
medium composition of S. boulardii [34]. In our previous study, the two-level factorial 
design was employed to screen the main influence factors on the growth of S. boulardii. 
And the sucrose, malt extract, calf serum and sodium citrate were selected for further 
research [35]. In the present study, the Box-Behnken design was used to optimize 
medium compositions for S. boulardii. 
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MATERIALS AND METHODS 
 
Microorganism  
 
The strain used in this study was Saccharomycess boulardii, which was provided by 
School of Food and Biological Engineering, Shaanxi University of Science & 
Technology (Xi’an, China). Malt extract was purchased from Kingbee Biotechnology 
Co., Ltd (Shanghai, China). Calf serum was purchased from Tianhang Biological 
Technology Co., Ltd (Zhejiang, China). All chemicals used in this experiment were of 
analytical grade. 
 
Culture conditions 
 
S. boulardii was grown and activated in YPD medium containing 10 g of yeast powder, 
20 g glucose, 20 g peptone, and then was dissolved in 1000 mL distilled water, and 
autoclaved at 118 ºC for 15 min.  
S. boulardii was inoculated with 2 % (v/v) inoculum in 250 mL flask containing 35 mL 
medium, and then incubated at 37 ºC for 36 h in the shaker at 180 rpm. Using 
microscope to confirm that there were no miscellaneous bacteria in the culture medium, 
then activated three successive times and incubated under the same condition. The 
activation and inoculation was operated on the super clean workable. 
 
Growth measurement 
 
The growth of strain was monitored by measuring the optical density at 560 nm (OD560) 
through a spectrophotometer (Sp-756pC, Shanghai Spectrum Instruments Co., Ltd., 
Shanghai, China) after 36 h of incubation. The OD value of each experiment was 
measured in triplicate and the mean was calculated for each treatment group.  
 
Experiment design 
 
Based on the determined key factors, a Box-Behnken design (BBD) with four variables 
was used to study the response pattern and to determine the optimum medium 
compositions of S. boulardii. Each factor with three variation levels was coded as - 1, 0, 
1 (Table 1). The effect of independent variables X1 (sucrose), X2 (malt extract), X3 (calf 
serum) and X4 (sodium citrate), at three variation levels (Table 1) on the growth of S. 
boulardii is shown in Table 2. The experiment order is completely randomized. This 
design was applied to determine the maximum response value and evaluation of the 
main effects, interaction effects and quadratic effects. And the mathematical 
relationship connecting the variables and the response was described by the quadratic 
polynomial equation: 
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Where Y is predicate response, b0 is constant coefficient. The regression coefficients (b1, 
b2, b3 and b4), (b11, b22, b33 and b44) and (b11, b12, b13 and b14) respectively represent 
linear, quadratic and interaction effects of the model, estimated by multiple regression 
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analysis. X1 (sucrose), X2 (malt extract), X3 (calf serum) and X4 (sodium citrate) were 
coded variables ranging from - 1 to 1. 
 

Table 1. The factors levels of Box-Behnken experimental design 
coded levels 

Factors 
-1 0 1 

 X1 sucrose [g·L-1] 35 37.5 40 

 X2 malt extract [g·L-1] 5.5 6 6.5 

 X3 calf serum [g·L-1] 5.5 6 6.5 

 X4 sodium citrate [g·L-1] 4.5 5 5.5 

 
Statistical analysis of the data 
 
The Design-Expert (Version 8.0.6) software was used for the experiment design and 
regression analysis of the experimental data to estimate the response of the independent 
variables. Three dimensional response surface plots and contour plots were also drawn 
using Design-Expert. The fitting of the second-order model equations was determined 
by the coefficient of determination (R2). 
 
 
RESULTS AND DISCUSSION 
 
The experimental design and results of Box-Behnken 
 
To determine the optimal concentration of the medium compositions of S. boulardii. 
The significant factors: X1 (sucrose), X2 (malt extract), X3 (calf serum) and X4 (sodium 
citrate) were further optimized using a four-factor, three-level Box-Behnken design 
(BBD) in the present study. The design matrix of BBD and results of response (Y) were 
shown in Table 2. The response value Y represented OD value in the fermentation 
suspension. 
 
Establish regression model 
 
According to the experimental results in Table 2, Design-Expert software was used to 
analyze the data of BBD, and the quadratic regression equation about OD value of the 
fermentation suspension was obtained at eqn 2: 
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where Y is predicted value of OD value in the fermentation broth, X1, X2, X3, X4 are the 
coded values of the test variables sucrose, malt extract, calf serum and sodium citrate, 
respectively. 
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Table 2. The experimental design and results of Box-Behnken 
Run X1 X2 X3 X4 Y 

1 0 0 -1 1 1.372 
2 -1 0 1 0 1.335 
3 0 0 0 0 1.402 
4 0 0 1 1 1.272 
5 0 1 0 -1 1.303 
6 0 0 0 0 1.382 
7 1 0 0 1 1.295 
8 0 -1 0 -1 1.376 
9 1 0 1 0 1.356 

10 0 0 0 0 1.388 
11 1 0 0 -1 1.355 
12 0 -1 -1 0 1.373 
13 0 0 0 0 1.394 
14 -1 0 -1 0 1.366 
15 1 -1 0 0 1.373 
16 1 1 0 0 1.381 
17 -1 0 0 -1 1.306 
18 -1 -1 0 0 1.361 
19 0 0 0 0 1.386 
20 -1 0 0 1 1.337 
21 0 0 1 -1 1.32 
22 0 1 0 1 1.366 
23 0 -1 1 0 1.317 
24 0 1 -1 0 1.359 
25 0 0 -1 -1 1.281 
26 0 1 1 0 1.318 
27 -1 1 0 0 1.357 
28 0 -1 0 1 1.287 
29 1 0 -1 0 1.361 

 
Variance analysis of the data 
 
The significance of each coefficient was determined using analysis of variance 
(ANOVA). The effect of corresponding variables will be more significant if the p-value 
becomes smaller. The coefficient of determination R2 represents the variability in the 
actual values which could be explained by the factors in the model and their interactions. 
The closer the R2 value is to 1, the higher the predictive ability of the model. The 
ANOVA of the regression equation is shown in Table 3. 
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Table 3. Analysis of variance (ANOVA) for response surface quadratic model 

Sources 
Sum of 
squares 

df 
Mean 

squares 
F-value

p-value 
prob>F 

significance 

Model 0.036 14 2.54E-03 15.96 < 0.0001 *** 

X1 2.90E-04 1 2.90E-04 1.82 0.1982  

X2 7.50E-07 1 7.50E-07 4.72E-03 0.9462  

X3 3.14E-03 1 3.14E-03 19.73 0.0006 *** 

X4 1.20E-05 1 1.20E-05 0.075 0.7875  

X1*X2 3.60E-05 1 3.60E-05 0.23 0.6415  

X1*X3 1.69E-04 1 1.69E-04 1.06 0.32  

X1*X4 2.07E-03 1 2.07E-03 13.02 0.0028 ** 

X2*X3 5.63E-05 1 5.63E-05 0.35 0.5615  

X2*X4 5.78E-03 1 5.78E-03 36.33 < 0.0001 *** 

X3*X4 4.83E-03 1 4.83E-03 30.38 < 0.0001 *** 

X1*X1 7.78E-04 1 7.78E-04 4.89 0.0441 * 

X2*X2 1.01E-03 1 1.01E-03 6.32 0.0248 * 

X3*X3 5.87E-03 1 5.87E-03 36.9 < 0.0001 *** 

X4*X4 0.016 1 0.016 102.3 < 0.0001 *** 

Residual 2.23E-03 14 1.59E-04    

Lack of fit 1.98E-03 10 1.98E-04 3.26 0.133  

Pure Error 2.43E-04 4 6.08E-05    

Correlation total 0.038 28     
     Note: * p < 0.05, ** p < 0.01, *** p < 0.001 

 
According to the ANOVA of Table 3, the model p-value < 0.0001, which implied the 
regression model, was extremely significant, and the lack of fit p-value of 0.133 
indicated the lack of fit was not significant relative to the pure error. Thus, the model 
equation as expressed in Equation. (2) provided a suitable model to describe the 
response value in the fermentation suspension. In addition, the coefficient of 
determination R2 was 94.1 %, which means that only 5.9 % of the total response 
variation remained unexplained by the model. So the fit is good between the quadratic 
model and the experimental data. Meanwhile, the adjusted R2 (R2

adj = 88.21 %) was also 
calculated, which was close to the R2 value. There is thus good agreement between the 
experimental and predicted values. In this model, the X3 was significant, and all the 
quadratic term was significant, which implied that there was not a simple linear 
correlation between response value and variables. The F-value of X1X4, X2X4 and X3X4 

were higher, which demonstrated that they had a significant interaction between them. 
However, X1X2, X1X3 and X2X3 had a smaller F-value, which indicated that there was 
weak mutual interaction between them. 
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Interaction between variables on the OD value in the fermentation broth 
 
The regression model was analyzed using Design-Expert (Version 8.0.6) software, the 
two-dimensional contour plots and three-dimensional response surface plots were 
shown in Figure 1 to Figure 6.  
 

 
 

Figure 1. Contour plot and response surface plots of sucrose (X1) and sodium citrate 
(X4) on the OD value 

 

 
 

Figure 2. Contour plot and response surface plot of malt extract (X2) and sodium 
citrate (X4) on the OD value 

 

 
 

Figure 3. Contour plot and response surface plot of calf serum (X3) and sodium 
citrate (X4) on the OD value 
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Figure 4. Contour plot and response surface plot of sucrose (X1) and malt extract 

(X2) on the OD value 
 

 
 

Figure 5. Contour plot and response surface plot of sucrose (X1) and calf serum (X3) 
on the OD value 

 

  

Figure 6. Contour plot and response surface plot of malt extract (X2) and calf serum 
(X3) on the OD value 

 
In contour plots, the round contour lines represent that there are weak mutual interaction 
between variables, meanwhile, the oval in contour plots declare that the interaction of 
variables is significant. As shown in Figure 1, we can see that the two-dimensional plot 
of X1 and X4 was oval, which illustrated the mutual interaction of them was significant 
for the response Y. In the response surface plots, when the added amount of X2 (malt 
extract) and X3 (calf serum) was fixed (fixed levels: X2 = 0, X3 = 0), with the 
concentration of X1 increasing, the response Y increased continuously; and the response 
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value increased first and then decreased following the increase of the concentration of 
X4. According to the Figure 2, the oval in the contour plot of X2 and X4 illustrated that 
the interaction effect on the corresponding variables between X2 and X4 was significant. 
When the dosage of X1 and X3 was fixed (fixed levels: X1 = 0, X3 = 0), as the 
concentration of X2 increasing, the response value decreased gradually; however, the 
response value increased first and decreased rapidly following the increase of the 
concentration of X4. And the Figure 3 showed that the oval contour lines of X3 and X4, 
which represented the mutual interaction of them was significant. In addition, as the 
concentration of X1 and X2 was fixed (fixed levels: X1 = 0, X2 = 0), the response value 
increased gradually first and then decreased following the increase of the concentration 
of X3 and X4. Moreover, according to the Figure 4, Figure 5 and Figure 6, we can see 
that all the contour lines seemed to be a round, which indicated that the interaction 
effect on the response value Y between X1 and X2, X1 and X3, X2 and X3 were not 
significant. In addition, we can easily see that the above-mentioned six response surface 
plots are arched, which suggested that there was an optimal response value under the 
action of the four variables. 
Furthermore, the quadratic regression equation for Y was analyzed using statistical 
software Design-Expert (Version 8.0.6), and the optimal medium compositions 
calculated were: 36.28 g·L-1 sucrose, 6.38 g·L-1 malt extract, 5.69 g·L-1 calf serum and 
5.3 g·L-1 sodium citrate. The predicted OD value of fermentation suspension in this 
model was 1.394. In order to verify the accuracy of the predicted value, the OD value 
was 1.397 ± 0.013 on average by testing three times in the optimized medium after 36 h 
of incubation. This result suggested that the statistical method was successfully used to 
determine the optimal medium compositions for S. boulardii. 
 
 
DISCUSSION 
 
The composition of culture media is an important factor for growth in yeasts, especially 
nutrient contents such as carbon sources, nitrogen source, and inorganic ions [36]. The 
carbon source of yeast commonly used are glucose, sucrose, starch, fructose, maltose, 
etc; and the nitrogen source commonly used are peptone, yeast extract powder, urea, 
(NH4)2SO4, KNO3, etc. In addition, growth factors, microelements and so on are also 
essential to the growth of yeast [37]. 
In present study, using Box-Behnken design to optimized the medium compositions for 
S. boulardi. The result showed that the optimal medium compositions were 36.28 g·L-1 

sucrose, 6.38 g·L-1 malt extract, 5.69 g·L-1 calf serum and 5.3 g·L-1 sodium citrate. 
Carbon source is a fundamental energy producer for yeast, Zhang et al optimized the 
medium components of Saccharomyces cerevisiae by the method combined single 
factor test with orthogonal test, the result indicated that the optimal carbon source was 
40 g·L-1 sucrose [38]. Wang et al conducted the medium optimization for 
Saccharomyces cerevisiae FL-1 using BBD, and showed that the optimal medium 
compositions were 115.5 g·L-1 sucrose, 10 g·L-1 (NH4)2SO4 and 25 g·L-1 yeast extract 
[39], It was proved that BBD is useful to optimize the medium. Sun et al optimized 
bread yeast seed culture by response surface method, the result showed that the optimal 
carbon source was 119.98 g·L-1 sucrose and the viable cells increased 5.2 times under 
the optimized conditions [40]. Sucrose is a nutritional agent of yeast, which can provide 



LEI, CHEN, HUANG, ZHAI and SHU 
 

                                                                                                                             St. Cerc. St. CICBIA 2016 17 (4) 414 

energy for the fermentation process. Generally, yeast preferably consume 
monosaccharides (for example: glucose, fructose) and next complex sugars (for 
example: sucrose, maltose). However, in this study, sucrose is a better source of carbon 
than glucose. The possible reason is that sucrose is disaccharide, the degree of 
carbonization of sucrose is lower than that of glucose in the process of high temperature 
sterilization, and then there is less loss of sucrose compared to glucose [41]. In addition, 
sucrose can be decomposed into glucose and fructose by yeast.  
Furthermore, nitrogen source is essential for the growth of yeast. Zhao et al optimized 
fermentation medium of Candida rugosa, and the result indicated that the optimal 
nitrogen sources were 0.3 % yeast extract, 0.5 % peptone and 0.3 % malt extract [42]. 
Malt extract is a natural nutrient that extracted from barley and malt through enzymatic 
hydrolysis, which contains maltose, fructose, amino acids, vitamins, microelements and 
various growth factors. Besides carbon and nitrogen source, the growth of yeast also 
requires P, S, Mg, Ca, K and other microelements. In addition, growth factors can 
regulate the metabolism of yeast, which are the indispensable micro-organic elements, 
including various amino acids, vitamins, purine, etc. Thus, malt extract can promote the 
growth of S. boulardii very well. 
And sodium citrate had a significant effect on the growth of S. boulardii. Because the 
pH value of the medium increased in the process of growth and metabolism, it’s not 
conductive to the growth of yeast. However, sodium citrate could regulate the pH of the 
medium [43], and promote the growth of yeast. 
 
 
CONCLUSION 
 
In this study, Box-Behnken design (BBD) was used to optimize the medium 
compositions for S. boulardi. The optimal medium compositions were 36.28 g·L-1 

sucrose, 6.38 g·L-1 malt extract, 5.69 g·L-1 calf serum and 5.3 g·L-1 sodium citrate, those 
variables had a significant impact on the growth of S. boulardi. The OD value of the 
fermentation suspension reached 1.397 ± 0.013 after 36 h of incubation, which 
increased 18.59 % compared to that of the control. Moreover, there was no significant 
difference between predicted value and actual value, this indicated the optimization of 
medium compositions used BBD was reliable and effective. 
 
 
AKNOWLEDGEMENT 
 
The work was partly supported by the Science and Technology Overall Planning for 
innovation Engineering project of Shaanxi Province (No. 2016KTCQ02-11), Shaanxi 
Innovation and Transformation project of Agricultural Science and Technology 
(No.NYKJ-2015-004) and the Scientific Research Program Funded by Shaanxi 
provincial Education Department (No.15JF008). 
 
 
REFERENCES 
 
1. Elmer, G.W., Surawicz, C.M., McFarland, L.V.: A neglected modality for the treatment and 

prevention of selected intestinal and vaginal infections, Journal of the American Medical 
Association, 1996, 275 (11), 870-876; 



OPTIMIZATION OF MEDIU COMPOSITIONS FOR SACCHAROMYCES BOULARDII BY BOX-BEHNKEN DESIGN 
 

St. Cerc. St. CICBIA  2016 17 (4)  415

2. Sullivan, A., Nord, C.E.: The place of probiotics in human intestinal infections, International 
Journal of Antimicrobial Agents, 2002, 20 (5), 313-319; 

3. Guslandi, M., Mezzi, G., Sorghi, M., Testoni, P.A.: Saccharomyces boulardii in maintenance 
treatment of Crohn’s disease, Digestive Diseases and Sciences, 2000, 45 (7), 1462-1464; 

4. Guslandi, M., Giollo, P., Testoni, P.A.: A pilot trial of Saccharomyces boulardii in ulcerative 
colitis, European Journal of Gastroenterology and Hepatology, 2003, 15 (6), 697-698; 

5. Hu, Y.L., Qin, H.H., Zhan, Z.C., Dun, Y.H., Zhou, Y., Peng, N., Ling, H.Y., Liang, H.Y., Liang, 
Y.X., Zhao, S.M.: Optimization of Saccharomyces boulardii production in solid-state fermentation 
with response surface methodology, Biotechnological Equipment, 2016, 30 (1), 173-179; 

6. Czerucka, D., Rampal, P.: Experimental effects of Saccharomyces boulardii on diarrheal 
pathogens, Microbes and Infection, 2002, 4 (7), 733-739; 

7. Kamm, K., Hoppe, S., Brevers, G., Schroder, B., Schemann, M.: Effects of the probiotic yeast 
Saccharomyces boulardii on the neurochemistry of myenteric neurones in pig jejunum, 
Neurogastroenterol and Motility, 2004, 16 (1), 53-60; 

8. Tang, H.Y., Wu, H., Mao, J.W., Zhu, L., Li, N., Wang, Y.D.: Clinical study on saccharomyces 
boulardii in the treatment of patients with mild to moderate ulcerative colitis,  IEEE International 
Conference on Control and Automation, 2014, 11, 734-737; 

9. Czerucka, D., Rampal, P.: Experimental effects of Saccharomyces boulardii on diarrheal 
pathogens, Microbes and Infection, 2002, 4 (7), 733-739;  

10. McFarland, L.V.: Systematic review and meta-analysis of Saccharomyces boulardii in adult 
patients, World Journal of Gastroenterology, 2010, 16, 2202-2222; 

11. Karaolis, C., Botsaris, G., Pantelides, I., Tsaltas, D.: Potential application of Saccharomyces 
boulardii as a probiotic in goat's yoghurt: Survival and organoleptic effects, International Journal 
of Food Science and Technology, 2013, 48 (7), 1445-1452; 

12. Buts, J.P., Bernasconi, P.: Saccharomyces boulardii: basic science and clinical applications in 
gastroenterology, Gastroenterology Clinics of  North America, 2005, 34 (3), 515-532; 

13. Buts, J.P., DeKeyser, N.: Effects of Saccharomyces boulardii on intestinal mucosa, Digestive 
Diseases and Sciences, 2006, 51 (8), 1297-1508; 

14. Czerucka, D., Piche, T., Rampal, P.: Review article: yeast as probiotics—Saccharomyces boulardii, 
Alimentary Pharmacology and Therapeutics, 2007, 26 (6), 767–778; 

15. Chu, J., Zhang, D.W.: Adjustment on the disorder of intestinal flora of S.boulardii, China Animal 
Husbandry & Veterinary Medicine, 2008, 35 (7), 87-89; 

16. Szajewska, H., Mrukowicz, J.: Meta-analysis: non-pathogenic yeast Saccharomyces boulardii in 
the prevention of antibiotic-associated diarrhoea, Alimentary Pharmacology and Therapeutics, 
2005, 22 (5), 365-372; 

17. Szajewska, H., Skorka, A., Dylag, M.: Meta-analysis: Saccharomyces boulardii for treating acute 
diarrhoea in children, Alimentary Pharmacology and Therapeutics, 2007, 25 (3), 257-264; 

18. Mansour-Ghanaei, F., Dehbashi, N., Yazdanparast, K., Shafaghi, A.: Efficacy of Saccharomyces 
boulardii with antibiotics in acute amoebiasis, World Journal of Gastroenterology, 2003, 9 (8), 
1832-1833; 

19. McFarland, L.V.: Meta-analysis of probiotics for the prevention of antibiotic associated diarrhea 
and the treatment of Clostridium difficile disease, American Journal of Gastroenterology, 2006, 
101 (4), 812-822; 

20. Duman, D.G., Bor, S., Ozutemiz, O., Sahin, T., Oguz, D., Istan, F., Vural,T., Sandkci, M., Isksal, 
F., Simsek, I., Soyturk, M., Arslan, S., Sivri, B., Soykan, I., Temizkan, A., Bessk, F., Kaymakoglu, 
S., Kalayc, C.: Efficacy and safety of Saccharomyces boulardii in prevention of antibiotic-
associated diarrhoea due to Helicobacterpylori eradication, European Journal of Gastroenterology 
and Hepatology, 2005, 17 (12), 1357–1361; 

21. Liu, J.J., Kong, I.I., Zhang, G.C., Jayakody, L.N., Kim, H., Xia, P.F., Kwak, S., Sung, B.H., Sohn, 
J.H., Walukiewicz, H.E., Rao, C.V., Jin, Y.S.: Metabolic engineering of a probiotic 
Saccharomyces boulardii, Applied and Environmental Microbiology, 2016, 82 (8), 2280-2287; 

22. Edwards-Ingram, L., Gitsham, P., Burton, N., Warhurst, G., Clarke, I., Hoyle, D., Oliver, S.G., 
Stateva, L.: Genotypic and physiological characterization of Saccharomyces boulardii, the 
probiotic strain of Saccharomyces cerevisiae, Applied and Environmental Microbiology, 2007, 73 
(8), 2458–2467; 



LEI, CHEN, HUANG, ZHAI and SHU 
 

                                                                                                                             St. Cerc. St. CICBIA 2016 17 (4) 416 

23. Malgoire, J.Y., Bertout, S., Renaud, F., Bastide, J.M., Mallie, M.: Typing of Saccharomyces 
cerevisiae clinical strains by using microsatellite sequence polymorphism, Journal of  Clinical 
Microbiology, 2005, 43 (3), 1133–1137; 

24. Mitterdorfer, G., Mayer, H.K., Kneifel, W., Viernstein, H.: Clustering of Saccharomyces boulardii 
strains within the species S. cerevisiae using molecular typing techniques, Journal of Applied 
Microbiology, 2002, 93 (4), 521–530; 

25. Palma, M.L., Zamith-Miranda, D., Martins, F.S., Bozza, F.A., Nimrichter, L., Montero-Lomeli, M., 
Marques, E.T.Jr., Douradinha, B.: Probiotic Saccharomyces cerevisiae strains as biotherapeutic 
tools: is there room for improvement, Applied Microbiology and Biotechnology, 2015, 99 (16), 
6563-6570; 

26. Fietto, J.L., Araujo, R.S., Valadao, F.N., Fietto, L.G., Brandao, R.L., Neves, M.J., Gomes, F.C., 
Nicoli, J.R., Castro, I.M.: Molecular and physiological comparisons between Saccharomyces 
cerevisiae and Saccharomyces boulardii, Canadian journal of microbiology, 2004, 50 (8), 615-621; 

27. Lm, E., Pothoulakis, C.: Recent advances in Saccharmyces boulardii research, Gastroenterologie 
Clinique et Biologique, 2010, 34 (supplement 1), 62-70; 

28. Joshi, V.S., Thorat, B.N.: Formulation and Cost-Effective Drying of Probiotic Yeast, Drying 
Technology, 2011, 29, 749-757; 

29. Blehaut, H., Massot, J., Elmer, G.W., Levy, R.H.: Disposition kinetics of Saccharomyces boulardii 
in man and rat, Biopharmaceutics & Drug Disposition, 1989, 10 (4), 353-364; 

30. Akil, I., Yilmaz, O., Kurutepe, S., Deqerli, K., Kavukcu, S.: Influence of oral intake of 
Saccharomyces boulardii on Escherichia coli in enteric flora, Pediatric nephrology, 2006, 21 (6), 
807-810; 

31. Veronique, C.M., Feinberg, C., Constantin., Christian, D.: Application of response surface 
methodology to evaluation of bioconversion experimental conditions, Applied and Environmental 
Microbiology, 1983, 45 (2), 634-639; 

32. Hendrix, C.: Through the response surface with test tube and pipe wrench, Chemtechol., 1980, 10, 
488-497. 

33. Kalil, S.J., Maugeri, F., Rodrigues, M.I.: Response surface analysis and simulation as a tool for 
bioprocess design and optimization, Process Biochemistry, 2002, 35 (6), 539-550; 

34. Du, L.P., Hao, R.X., Xiao, D.G.: Research on the Characteristics and Culture Conditions of 
Saccharomyces boulardii, Advanced materials research, 2012, 343 (2), 594-598; 

35. Shu, G.W., Lei, Z.T., Chen, H., Wang, P., Huang, D.: Screening of medium compounds using a 
two-level factorial design for Saccharomyces boulardii, Science Study & Research-Chemistry & 
Chemical Engineering, Biotechnology, Food Industry, 2016, 17 (1), 45-54; 

36. Rughoonundun, H., Mohee, R., Holtzapple, M.T.: Influence of carbon-to-nitrogen ration on the 
mixed-acid fermentation of wastewater sludge and pretreated bagasse, Bioresource Technology; 
2012, 112, 91–97; 

37. Kennedy, M., Krohse, D.: A review: Strategies for improving fermentation medium performance, 
Journal of Industrial Microbiology and Biotechnology, 1993, 23 (6), 456-475; 

38. Zhang, L., Huang, R.K., Hu, X.G., Yu, Y.G.: The optimization of Saccharomyces cerevisiae 
medium, Journal of Henan Institute of Science and Technology, 2015, 43 (4), 18-23; 

39. Wang, Y.J., Yao, S.J., Wu, T.X.: Media optimization of production of Saccharomyces cerevisiae 
FL-1 by response surface method, Chemical Reaction Engineering and Technology, 2003, 19 (4), 
301-305; 

40. Sun, Q.S., Cao, X.H., Li, B., Han, D.Q.: Study on the optimization of bread yeast seed culture by 
response surface method, Science and Technology of Food Industry, 2010, 9 (31), 175-181. 

41. Qi, H.L., Cui, W.D., Bao, H.F., Zhan, F.Q., Wang, N., Hou, M., Wang, W.: Optimization of liquid 
fermentation medium for the culture of Candida utilis, Xinjiang Agricultural Sciences, 2014, 51 
(11), 2046-2052; 

42. Zhao, X.X., He, Y.G., Deng, J., Wu, H.C., Meng, Y.F.: Optimization on fermentation medium for 
lipoprotein lipase production by Candida rugosa, Food and Fermentation Technology, 2011, 4 
(47), 69-72; 

43. Zhao, H.: The effects of UVB radiation on physiological properties of Saccharomyces cerevisiae 
and application, Tianjin University of science & Technology, China, 2005, 78-84. 

 


