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We recently reported the potential probiotic properties of Lactobacillus brevis SBB07 isolated from
blueberries. The present study investigates the effect of culture conditions such as temperature, initial
pH, culture time, and medium constituent for industrial application. The ingredients of the medium
to improve cell growth were selected by Plackett-Burman design (PBD) and central composite design
(CCD) within a desirable range. The PBD was applied with 19 factors: seven carbon sources, six nitro-
gen sources, and six microelements. Protease peptone, corn steep powder (CSP), and yeast extract
were found to be significant factors for the growth of SBB07. The CCD was then applied with three
variables found from the PBD at five levels, and the optimum values were decided for the three varia-
bles: protease peptone, CSP, and yeast extract. In the case of the growth of SBB07, the proposed opti-
mal media contained 2.0% protease peptone, 2.5% CSP, and 2.0% yeast extract, and the maximum
dried-cell weight was predicted to be 2.93963 g/1. By the model verification, it was confirmed that
the predicted and actual results are similar. Finally, the study investigated the effects of incubation
temperature and initial pH at the optimized medium. It was confirmed that the dried-cell weight in-
creased from 2.2933+0.0601 g/1 to 3.85+0.0265 g/1 when compared to the basal medium at 37C and
initial pH 8.0. Establishing the optimal culture condition for SBB07 provides good potential for appli-
cations in probiotics and can serve as the foundation for the industrialization of materials.
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Table 1. Range of different variables for the Plackett-Burman

design
Coded val
Source Factor SymF)ol —ocec vares
(unit) -1 +1
Glucose X1 (g/])
Molasses X2 (g/1)
Lactose X3 (g/) 10 30
Carbon Sucrose X4 (g/1)
source Fructose X5 (g/1)
Tween 80 X (/1) ) 10
Glycerol X7 (g/])
Peptone Xs (g/1)
Tryptone Xo (g/1)
Nitrogen Protease peptone  Xio (g/1) 5 20
source Corn steep powder Xi (g/l)
Yeast extract X1 (g/1)
Beef extract X1 (g/1)
Urea Xus (g/1)
CH3COONa X15 (g/ 1) 1 8
Mi ) K,HPO, X6 (g/1)
icroelement KNO; Xv7 (g/1)
MgSO, Xis (g/1)
0.5 15
(NH)SO: X (g/)

Y SEHTFOIL, Xy, Xo, X A48 SHHF, B> 4
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Fig. 1. The time course profile for cell growth of SBB07. Time
course profiles of absorbance and dried cell weight for
SBBO7 cultivated in MRS medium (as basal medium) at
150 rpm, 37°C(O, dried cell weight; ®, absorbance 600
nm).
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Table 2. Experimental design and results using the Plackett-Burman method to improve the biomass production

Runs X1 X2 X3 Xo& X5 X¢ Xz Xg Xo X Xun X X Xu X X X X Xo Rei{p(ggjf)
1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1 2.85333
2 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1 1 1 1.85
3 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1 1 1 -1 1 -1 1 1.87
4 1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1.98667
5 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 245
6 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 0.556667
7 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1.74667
8 -1 1 1 -1 1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 2.55333
9 -1 1 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1 1 1 -1 1 2.12333

10 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 1 -1 0.716667
11 1 1 -1 1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1 2.73333
12 1 -1 1 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1 1 1 -1 241333
13 1 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1 1 1 -1 1 -1 1.88667
14 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 2.06667
15 1 -1 1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 2.11333
16 -1 -1 1 1 -1 1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 2.45667
17 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1.59667
18 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1 1 2.68
19 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 1 1.81333
20 -1 1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 2.54

Dried cell weight by Lactobacillus brevis SBBO7 cultivated at 150 rpm, 37C for 36 hr. The experiments were carried out in triplicate.
“Response was dried cell weight (DCW) from Lactobacillus brevis SBBO7.



Journal of Life Science 2018, Vol. 28. No. 5 581

3 3 3 3
25 25 25 25
s > s - - tlg [ & 8 2 TS 2° < 8
z z z z -z
g s g s g s g 1o g
1 1 1 1
05 05 os 05
1 s o os 1 1 0s 0 o 1 1 os 0 os 1 1 o o os 1
A : Glucose (om B : Molasses (g/1) C: Lactose (g/1) D : Sucrose @M
34 34 ! ool 3
25 25 25 25
s R = T e - s I o _ Ile
S 2| ] $ 2 + - — s 2 t § 247 $
g s g s g s g . g
2 1 1 1
05 05 05 0s
-1 -0.5 o 05 1 1 -05 o 05 1 -1 <05 o 0S5 1 -1 -0.5 0 05 1
# : Tween 80 (a/) 6 : Glycerol (a/) H: Paptone (a/1) 3+ Tryptone (/)
3 3 3 3
25 T| = 25 25
s 24 g 2 g 2-% — 5= &= 3 2 t - 3
5 T = - z H z
g s g s g s g 1s g
1 O 1 1
05 0s o0s 05
-1 0.5 o 05 1 1 -0.5 o 0.5 f -1 -0.5 [ 0.5 | -1 -05 0 05 1
L:CSP (g M : Yeast extract (g/1) N : Beef extract (g/1) O : Urea (g/)
3 3 3 3
25- 25| 25 25
s 21 5 : s s 2 s,
z Tz z H
g 1s g 1s g 1s g 1s
1 1 1 1
0s 0s 0s o5
1 o 0 0s 1 s 0 0s 1 1 os 3 os 1 a s 3 0s 1
Q : Dipotassium phosphate (g/1) R : Potassium biphospate (g/1) S : Magnesium sulfate (g/1) T : Ammonium sulfate (g/1)

-05 0 o
£ Fructose (g/1)

1

05 05 1
K : Protease peptone (g/1)

-05 ) o.
P Sodium acetate (g/f)

Fig. 2. Main effect plot for variables on biomass production of SBB07. The greater the slope of the line in the main effects plot
the greater that factor’s influence on biomass production. The plot indicates that biomass production is maximized with

protease peptone, CSP, and yeast extract.

Table 3. Variables as medium constituents, their effects, coefficients, sum of squares, t-values, probability due to chance and confidence
levels obtained by analyzing the experimental data for the Plackett-Burman design used for screening of medium components

for biomass production by Lactobacillus brevis SBB07

Variable (Xi) Effect (Exi)  Coefficient (Bi) Sum of squares F-value p-value  Confidence level (%)
Model - 2.05 6.93 159.13 0.0623 93.77
Glucose 0.11 0.053 0.057 2351 0.1295 87.05
Molasses -0.17 -0.084 0.14 58.78 0.0826 91.74
Lactose -0.18 -0.091 017 68.94 0.0763 92.37
Sucrose -0.18 -0.089 0.16 65.95 0.0780 92.20
Fructose 0.023 0.011 0.002569 1.06 0.4905 50.95

Tween 80 0.016 0.008 0.00128 0.53 0.5997 40.03
Glycerol -0.083 -0.042 0.035 14.35 0.1643 83.57
Peptone 0.019 0.009667 0.001869 0.77 0.5410 45.90
Tryptone 0.048 0.024 0.012 4.76 0.2736 72.64
Protease peptone 0.34 017 0.59 236.98 0.0413 95.87
Corn steep powder 0.87 0.44 3.81 1575.86 0.0160 98.40
Yeast extract 0.36 0.18 0.64 264.8 0.0391 96.09
Beef extract 0.053 0.027 0.014 5.88 0.2491 75.09
Urea -0.14 -0.07 0.098 40.5 0.0992 90.08

CH;COONa 0.022 0.011 0.00242 - - -
K;HPO, -0.21 0.1 0.22 89.96 0.0669 93.31
KNO; -0.36 -0.18 0.64 262.83 0.0392 96.08
MgSO, 0.14 0.069 0.094 38.97 0.1011 89.89

(NH4):S04 0.23 0.12 0.27 109.93 0.0605 93.95
Standard deviation 0.049 Press” 0.97
Mean 2.05 R-squared 0.9997
Coefficient of variation 240 Adjusted R-squared 0.9934

“Press, The predicted residual sum of squares for the model.
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Table 4. Detailed design parameters from the experiment for

central composite design

Coded values

Factor Symbol (unit) 5 1 0 ) ”
Protease peptone X1 (g/]) 2 8 14 20 26
Corn steep powder X2 (g/1) 10 15 20 25 30
Yeast extract Xs (g/1) 2 8 14 20 26
Runs X Xz Xs Response *, Y(g/1)
1 0 0 0 1.82
2 -1 1 1 2.16333
3 1 1 1 3.14
4 -1 -1 -1 1.19333
5 0 0 2 217667
6 0 2 0 2.48333
7 0 2 0 1.31
8 0 0 0 1.72333
9 1 -1 -1 1.71667
10 -2 0 0 1.60667
11 1 1 -1 2.22667
12 -1 -1 1 14
13 -1 1 -1 1.87
14 0 0 -2 1.51667
15 2 0 0 2.54333
16 0 0 0 1.97
17 1 -1 1 2.02

Dried cell weight by Lactobacillus brevis SBBO7 cultivated at 150 rpm, 37C for 36 hr. The experiments were carried out in triplicate.

*Response was dried cell weight from Lactobacillus brevis SBBO7.
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Fig. 3. Three-dimensional response surface of maximal dried cell weight showing the interactions between protease peptone, CSP
and yeast extract concentration. Interaction of (A) protease peptone (Xi) and CSP (X3), (B) protease peptone (Xi) and yeast
extract (Xs), and (C) CSP (Xp) and yeast extract (X3), when other factors are kept at their optimum.
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Table 5. Analysis of variance (ANOVA) for central composite design of Lactobacillus brevis SBB07
Coefficient Sum of Degree of Mean Standard p-value
Source . F-value a
estimate squares freedom square error Prob > F
Model 1.86 3.80 9 0.42 0.079 20.87 0.0003
Xi-protease peptone 0.27 118 1 118 0.036 58.38 0.0001
Xa-corn steep powder 0.34 1.83 1 1.83 0.036 90.52 < 0.0001
Xs-yeast ext. 0.19 0.58 1 0.58 0.036 28.45 0.0011
XiXo® 0.024 0.004512 1 0.004512 0.050 0.22 0.6513
X1X3 0.090 0.064 1 0.064 0.050 317 0.1183
X2X3 0.087 0.061 1 0.061 0.050 2.99 0.1271
Xi® 0.062 0.073 1 0.073 0.032 3.63 0.0986
X' 0.017 0.005593 1 0.005593 0.032 0.28 0.6155
X3 0.004493 0.000391 1 0.000391 0.032 0.019 0.8934
Residual - 0.14 7 0.020 - - -
Lack of fit - 0.11 5 0.022 - 1.44 0.4590
Pure error - 0.031 2 0.015 - - -
Cor. total* - 3.95 16 - - - -
Standard deviation 0.14 Press* 0.95
Mean 1.93 R-squred 0.9641
Coefficient of variation 7.36 Adjusted R-squre 0.9179
Adequate precision 15.507

Response model was suggested quadratic model through the lack of fit tests.
‘p-value, probability distribution value. p-value less than 0.05 indicate that the term is significant.
"X1Xa, X1Xs, XoXs represent the interaction effect of variables Xi, Xz, and Xs. X2 Xo%, and X5” are the squared effects of the variables.

Cor Total, Sum of squares total corrected for the mean.

OlPress, The predicted residual sum of squares for the model.
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Fig. 5. Dried cell weight according to culture temperature (A) and dried well weight according to various initial pH from 4.0
to 9.0 (B) of Lactobacillus brevis SBB07. The experiments were carried out in triplicate (p<0.05).
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