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Abstract: In order to improve the viable counts of Bifidobacterium bifidum BBO1 in the
liquid medium, the Central Composite Design (CCD) was used to optimize the nitrogen
source in the medium of B. bifidum BBO1. The results showed that the nitrogen source
composition of B. bifidum BB01 was: peptone 0.9%, yeast extracts 0.3%, beef paste 0.7%.
Under the optimal conditions, the viable counts of B. bifidlum BBOl reached
(2.49+0.06)x109CFU/mL after cultured at 18h, which was 42.97% higher than MRS
(lactose), and 12.85% higher than the optimized MRS medium (carbon source and prebiotics
were optimized). Therefore, the CCD used in this study is workable for promoting the
growth of B. bifidum BBO1.

Keywords: Bifidobacterium bifidum, response surface methodology, optimization, nitrogen
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INTRODUCTION

Bifidobacterium bifidum was originally isolated from the feces of healthy infants
fed by the French Pasteur Research Institute of the French Tissier in 1899
(Annan et al., 2007). B. bifidum was important constituents of the intestinal
macrobiotic for humans (Rada et al., 2006; Homayouni et al., 2008). It has been
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reported that the physiological functions of B. bifidum could be got as follows:
maintain the intestine bacterial flora balance and prevent constipation; reduce
blood cholesterol levels and prevent hypertension; improve lactose tolerance of
dairy products; enhance the tolerance of host to radiation (Mokarram et al., 2009;
Guerin et al., 2003; Weinbreck et al., 2010), it also can enhance the activity of
the immune system, as well as decreased on the level of serum cholesterol
(Altieri et al., 2008). At present, the production of B. bifidum mainly
concentrated upon drugs, health products and foods. However, the development
of these products were main lie in the viable counts of the bacteria, thus, the
optimization of the culture medium was the key technology to improve quality
of product.

Response surface methodology (RSM) is a method of optimizing the
experimental conditions developed in the back lobe in twentieth Century
(Almeida et al., 2008). It can evaluate interaction relationship between the
factors by constructing and exploring multivariate quadratic function
relationship for response variables and design variables, and obtain the optimal
process parameters through the analysis of the regression equation. The single
factor and orthogonal experiment may not find the optimal combination of the
factors and the optimal response value in the whole region (Ye et al., 2011; Sun
et al., 2010). The RSM has been recently used on model and optimization of
biological process, such as optimization of medium composition (Manikandan et
al., 2009; Gao et al., 2005), and cultivation process for biomass production
(Nikerel et al., 2006; Zhang et al., 2015).

B. bifidum has strict nutritional requirement, the culture medium not only needs
amino acids, vitamins, sugar and buffer salts, but also the carbon source and
nitrogen source. Janer et al (Janer et al., 2004) found that 2% whey protein and
2% casein added into milk can increase viable counts of B. bifidum both,
Espinosa-Martos et al (Espinosa et al., 2009) found that utilization efficiency of
nitrogen source (bean cake powder) for B. bifidum was much higher than the
Lactobacillus acidophilus. Zeng et al (Zeng et al.,, 2006) optimized the
production of new type ketal compounds and allenic ethers from a mangrove
fungus, using response surface methodology to optimized of nitrogen source
composition of medium (glucose, peptone and yeast extract).To promote cell
growth, shorten the growth cycle and improve economic benefits, The purpose
of this study is to optimize the medium nitrogen source using central composite
design based on the previous work. And provide theoretical basis for the
industrialized production of B. bifidum freeze-dried powder.
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MATERIALS AND METHODS

Microorganism and medium: Bifidobacterium bifidum BB01 obtained from
School of Food and Biological Engineering, Shaanxi University of Science &
Technology. MRS (Lactose) medium was used for strain activation and
fermentation; MRS agar medium was used for the determination of the viable
counts.

Strain activation: The B. bifidum freeze dried powder was added in MRS
(lactose) broth and fully mixing, and cultured at 37°C for 24h. The microscopic
examination was conducted to make sure there was no bacteria in culture
medium, and then 5% samples was added in the liquid medium to activate three
times, eventually cultured at 37°C for 18h. The samples were storage in the
refrigerator when OD value met certain requirements.

The determination of OD value, pH and viable counts: The absorbance
determination of OD value: using spectrophotometer to measure the OD value of
the medium under the condition at 600nm. The medium was not inoculated
bacteria or not add the test factors which used as a blank sample. The pHs-3c
acidimeter was used for the determination of pH. The viable counts were
determined by the spread plate technique using MRS agar medium.
Experimental design and date analysis: The parameters of peptone, yeast
extract and beef paste which based on previous test results were the independent
variable, and the viable counts of B. bifidum BBO1 was used as the response
value in the medium. A three-factor, five-level CCD (N=23) was conducted to
determined the optimal medium nitrogen compound composition for B. bifidum
BBO01. All the data analysis and model constructed were using software SAS 9.1.

RESULTS AND DISCUSSIONS

Optimization of the screened variables: The factors level coding values of CCD
were presented in Table 1.

Table 1. The factors level coding table of CCD

factors level X1 (%) X2 (%) X3 (%)
-1.682 0.7318 0.1318 0.5318
-1 0.8 0.2 0.6
0 0.9 0.3 0.7
1 1 0.4 0.8
1.682 1.0682 0.4682 0.8682
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The experimental design and the result of response value Y1 (the viable counts
of B. bifidum BBOL1 in the medium) were presented in Table 2.

Table 2 The experimental design and results of CCD

RUN X1 X2 X3 Y1 (x10°CFU/mL)
1 -1 -1 -1 2.16
2 -1 -1 1 2.28
3 -1 1 -1 2.34
4 -1 1 1 1.86
5 1 -1 -1 1.92
6 1 -1 1 1.85
7 1 1 -1 2.24
8 1 1 1 1.92
9 -1.682 0 0 2.27
10 1.682 0 0 2.15
11 0 -1.682 0 1.93
12 0 1.682 0 1.90
13 0 0 -1.682 2.12
14 0 0 1.682 2.13
15 0 0 0 2.55
16 0 0 0 2.51
17 0 0 0 2.44
18 0 0 0 2.44
19 0 0 0 241
20 0 0 0 2.45
21 0 0 0 2.58
22 0 0 0 2.44
23 0 0 0 2.62

The CCD data were analyzed by multiple regression analysis, and then got a

polynomial equation as follows:

Y1=2.491033-0.066403 x X1+0.008021x X2-0.0053316 x X3-0.097107 x X1x X1+0.07675
xX1x X2-0.0045x X1x X3-0.2026434 x X2x X2-0.1055x X2x X3-0.12609x X3x X3

where Y1(10°CFU/mL) represents the predicted value of viable counts of B.

bifidum in the culture medium; X1, X2 and X3 represent peptone, yeast extract

and beef paste, respectively.

Analysis of variance (ANOVA) is used to analyze the significance of the
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multiple groups. The p-value represents the influence of the variables, and the
R-squared value indicates the fitting degree of polynomial equation. (Siti
Aminah et al., 2006). The analysis of variance results of the regression
equations were shown in Table 3.

Table 3 The ANOVA of Central Composite Design

SOURCE DF SS MS F-value P-value Sig.
X1 1 0.0602 0.0602 7.5140 0.0168 *
X2 1 0.0009 0.0009 0.1097 0.7458

X3 1 0.0388 0.0388 4.8441 0.0464 *
X1*X1 1 0.1498 0.1498 18.6962 0.0008 **
X1*X2 1 0.0471 0.0471 5.8802 0.0306 *
X1*X3 1 0.0002 0.0002 0.0202 0.8891

X2*X2 1 0.6525 0.6525 81.4168 0.0001 falaiel
X2*X3 1 0.0890 0.0890 11.1106 0.0054 *
X3*X3 1 0.2527 0.2527 31.5262 0.0001 kel
Model 9 1.2788 0.1421 17.7295 0.0001 kel
Linear 3 0.0999 0.0333 4.1560 0.0286 *
Quadratic 3 1.0425 0.3475 43.3623 0.0001 falaied
cross 0.1363 0.0454 5.6703 00104  *
product 3

Error 3 0.1042 0.0080

Lackof fit 5 0.0589 0.0118 2.0791 0.1707
Pureerror 8 0.0453 0.0057

Total 2 1.3830

Note. ***p<0.0001, extremely significant; **p<0.001, very significant; *p<0.05,
significant; DF refers to degrees of freedom, SS refers to sum of squares, MS refers
to mean square.

The variance analysis shown that the regression model’s F-value was 17.7295, it
was extremely significant, indicating that the test method was reliable; the
correlation coefficient R? was 92.47%, which indicated the regression equation
was fitted well. So it can be used to predict the response value. Besides, the
linear effect of factors X1 and X3 on the response value of B. bifidum was
significant, and squared terms were significant, which indicated that the response
value and factors were not a simple linear relationship.
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The higher F-value of interactive items X1*X2 and X2*X3, the more significant
interaction between X1 and X2, X2 and X3, while low F-value of interactive
item X1*X3, which indicated that the interaction between X1*X3 was not
significant. Lack of fit for F-value (P=0.17>0.05) indicating that the equation
fitted well with the experiments.

95X Prediction Intervals

——

-1.68179 1.681793 -1.68179 1.681793 -1.68179 1.681792
0.00 0.00 0.00

Xl X2 X3

Figure 1. The trends of Y1 with factors.

X1*X1 was very significant (p=0.0008<0.001), both X2*X2 and X3*X3 were
extremely significant (p=0.0001). The effects of the three factors response value
of Y1 were very significant, respectively, which were shown in Figure 1, and the
extreme value appeared in the inflection point. The response Y1 increased
slowly with the increase of parameters of X1; but when it reached the biggest
value at the central point, the response Yldecreased with the increase of
parameters of X1. The effects of X3 on the response Y1 were the same with
parameter of X1. While the effects of X2 on the response value of Y1 were
stable, and the increase and decline of Y1 were similar, reached the biggest value
pre and post.

According to the equation, the 3D response surface plots and 2D contour plots
were obtained by using the software SAS 9.1 (Figures 2-4).

Figure 2 and 4 shown that the 2D contour plots seemed to be an ellipse, this
indicates that the interaction of terms X1*X2, and X2*X3 were significant;
Furthermore, the 2D contour plot seemed to be a circle, this implied that the
mutual interaction between X1 and X3 was not significant (Figure 3) (Patil et al.,
2013).
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X1 Fixed levels: ¥3 = 1.5E-6
Fixed levels: X3 = 1.5E-6

Figure 2. Contour plots and response
surface of peptone and yeast extract
on the viable counts of BB01

Fixed levels: X2 = 1.5E-6

Fixed levels: X2 = 1.5E-6

Figure 3. Contour plots and response surface of peptone and beef paste
on the viable counts of BB01
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Figure 4. Contour plots and response surface of yeast extract and beef paste
on the viable counts of BB01

Based on the SAS software to analyze the regression equation, and the partial
derivatives of X1, X2 and X3 were obtained, respectively, and then get
maximum points. The code value was converted into the actual value of the
concentration: peptone 0.9%, yeast extract 0.3%, beef paste 0.7%. Under the
conditions, the maximum response value can reach high at 2.51x10°CFU/mL by
the established model.

Validation of the model

Added B. bifidum of 5% inoculation in MRS (lactose) medium, then mixing
them fully and evenly, cultivate it at 37°C for 24h, then determined the sample’s
OD (at 600nm), the pH of culture medium value and the number of viable counts
every 3h. using MRS (lactose) medium (MO) and the optimized MRS medium
(M1)(carbon source and prebiotics were optimized) as two control groups, three
parallel experiments were processed in these two control groups and
experimental group (M2), respectively, then regard the average value as the
experimental value and repeat the confirmatory experiment to the optimize
results.

The determination of OD value, pH and the viable counts of the medium at 12h,
15h, 18h, 21h, respectively, which data were shown in Figure 5.
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Figure 5. The verification test on Central Composite Design of composite nitrogen.

Figure 5 shows that cultivation of compound nitrogen source after
optimization, the growth of B. bifidum BBO1 has improved significantly, the
logarithmic phase was ahead and prolonged in the whole culture period. After
optimization of the compound nitrogen source of the medium, the OD value
and the viable counts of the bacteria reached 1.479, (249 =+
0.06)x10°CFU/mL, respectively. While control groups (M1, M2) were 1.341,
1.441 for OD value and (1.74 = 0.06)x10°CFU/mL, (2.2 + 0.06)x10°CFU/mL
for viable counts, respectively. The pH decreased slightly, but compared to
the carbon source and prebiotics optimized medium little change, may be
because add various of nitrogen sources with a number of small peptide and
free amino acids into culture medium that can neutralize acid due to
excessive carbon source added.

CONCLUSIONS

The CCD was used to determine the interactions between three different
factors (peptone, yeast extracts and beef paste) in this study. It was
recognized that these three nitrogen sources had a significant effect on the
viable counts of B. bifidum BBO1. The optimized nitrogen sources were:
peptone 0.9%, yeast extracts 0.3%, beef paste 0.7%. Based on the optimized
medium, the OD value of the bacteria reached 1.479, which was 10.28%
higher than MRS (lactose), and 2.64% higher than the optimized MRS
medium (carbon source and prebiotics were optimized). While the viable
counts reached (2.49+0.06)x10°CFU/mL, which was 42.97% higher than
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MRS (lactose), and 12.85% higher than the optimized MRS medium (carbon
source and prebiotics were optimized).The predicted values and actual values
of regression equation were not significantly different. Thus, response
surface methodology was feasible and effective to optimize nitrogen source
in the medium of B. bifidum BBO1.

ACKNOWLEDGEMENTS

The project was partly supported by the Scientific Research Program Funded by
Shaanxi Provincial Education Department (No. 15JF008), the Science and
Technology Overall Planning for innovation Engineering project of Shaanxi
Province, (No. 2016KTZDNY02-03), China.

REFERENCES

1. Annan, N., Borza, A., Moreau, D., et al. (2007). Effect of process variables on
particle size and viability of Bifidobacterium lactis Bb-12 in genipin-gelatin
microspheres. Journal of microencapsulation, 24 (2), 152-162.

2. Rada, V., Vlkova, E., Nevoral, J., et al. (2006). Comparison of bacterial flora
and enzymatic activity in faeces of infants and calves. FEMS Microbiol Lett,
258(1), 25-28.

3. Homayouni, A., Azizi, A., Ehsani, M. R., et al. (2008). Effect of
microencapsulation and resistant starch on the probiotic survival and sensory
properties of synbiotic ice cream. Food Chemistry, 111 (1), 50-55.

4. Mokarram, R., Mortazavi, S., Najafi, M., et al. (2009). The influence of multi
stage alginate coating on survivability of potential probiotic bacteria in
simulated gastric and intestinal juice. Food Research International, 42 (8),
1040-1045.

5. Guerin, D., Vuillemard, J.C., Subirade, M. (2003). Protection of bifidobacteria
encapsulated in polysaccharide-protein gel beads against gastric juice and bile.
Journal of Food Protection, 66 (11), 2076-2084.

6. Weinbreck, F., Bodnar, 1., Marco, M. (2010). Can encapsulation lengthen the
shelf-life of probiotic bacteria in dry products. International journal of food
microbiology, 136 (3), 364-367.

7. Altieri, C., Bevilacqua, A., D’Amato, D. (2008). Modelling the survival of
starter lactic acid bacteria and Bifidobacterium bifidum in single and
simultaneous cultures. Food Microbiology, 25 (5), 729-734.

8. Almeida, B.M., Erthal S.R., Padaa O.E. (2008). Response surface methodology
(RSM) as a tool for optimization in analytical chemistry. Talanta, 76 (2),

Chen et al, Optimization of nitrogen source for Bifidobacterium bifidum 62
using response surface methodology



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

965-977.

Ye Chunlin, Jiang Chengjun. (2011). Optimization of extraction process of
crude polysaccharides from Plantago asiatica L. by response surface
methodology. Carbohydrate Polymers, 84 (1), 495-502.

Sun Yongxu, Liu Jicheng, Kennedy, J. F. (2010). Application of response
surface methodology for optimization of polysaccharides production parameters
from the roots of Codonopsis pilosula by a central composite design.
Carbohydrate Polymers, 80 (3), 949-953.

Gao Yulong, Jiang Hanhu. (2005). Optimization of process conditions to
inactivate Bacillus subtilis by high hydrostatic pressure and mild heat using
response surface methodology. Biochemical Engineering Journal, 24 (1), 43-48.
Nikerel, E., Kirdar, B., Yildirim, R., et al. (2006). Optimization of medium
composition for biomass production of recombinant Escherichia coli cells using
response surface methodology. Biochemical Engineering Journal, 32 (8), 1-6.
Zhang Jun, Dong Yachen, Fan Linlin, Jiao Zhihua, Chen Qihe. 2015.
Optimization of culture medium compositions for gellan gum production by a
halobacterium Sphingomonas paucimobilis. Carbohydrate Polymers, 115 (22),
694-700.

Manikandan, M., PaSicL., Kannan, V. (2009). Optimization of growth media
for obtaining high-cell density cultures of halophilic archaea (family
Halobacteriaceae) by response surface methodology. Bioresource Technology,
100 (12), 3017-3012.

Janer, C., Pelaez, C., Requena, T. (2004). Caseinomacropeptide and whey
protein concentrate enhance Bifidobacterium lactis growth in milk. Food
Chemistry, 86 (2), 263-267.

Espinosa, M., Trene, Rupérez, et al. (2009). Indigestible fraction of okara from
soybean: Composition, physicochemical properties and in vitro fermentability
by pure cultures of Lactobacillus acidophilus and Bifidobacterium bifidum.
European Food Research and Technology, 228 (5), 685-693.

Zeng Xiaobo, Wang Haiying, He Linyu, Lin Yongcheng, Li Zhongtao. (2006).
Medium optimization of carbon and nitrogen sources for the production of
eucalyptene A and xyloketal A from Xylaria sp. 2508 using response surface
methodology. Process Biochemistry, 41 (2), 293-298.

Siti Aminah, S., Aidil, A.H.; Wan, W.Y. (2006). Medium Optimization for the
Production of Lipidless Biomass By Cunninghamella sp. 2A1 Using Response
Surface Methodology. Malaysian J. Microbiol, 2 (1), 40-45.

Patil S. A., Surwase, S. N., Jadhav, S. B. (2013). Optimization of medium using

Acta Universitatis Cibiniensis Series E: FOOD TECHNOLOGY 63
\Vol. XX (2016), no. 1


http://www.sciencedirect.com/science/article/pii/S0144861710009902##
http://www.sciencedirect.com/science/article/pii/S0144861710009902##
http://www.sciencedirect.com/science/journal/01448617
http://www.sciencedirect.com/science/article/pii/S0144861710000214##
http://www.sciencedirect.com/science/article/pii/S0144861710000214##
http://www.sciencedirect.com/science/article/pii/S0144861710000214##
http://www.sciencedirect.com/science/journal/01448617
http://www.sciencedirect.com/science/article/pii/S0144861714009266##
http://www.sciencedirect.com/science/article/pii/S0144861714009266##
http://www.sciencedirect.com/science/article/pii/S0144861714009266##
http://www.sciencedirect.com/science/journal/01448617
http://www.sciencedirect.com/science/article/pii/S1359511305002552##
http://www.sciencedirect.com/science/article/pii/S1359511305002552##
http://www.sciencedirect.com/science/article/pii/S1359511305002552##
http://www.sciencedirect.com/science/article/pii/S1359511305002552##
http://www.sciencedirect.com/science/journal/13595113

response surface methodology for L-DOPA production by Pseudomonas sp.
SSA. Biochemical Engineering Journal, 74 (15), 36-45.

Chen et al, Optimization of nitrogen source for Bifidobacterium bifidum 64
using response surface methodology



