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Statistical optimization of culture media contained soy proteins and
hypocotyl for the growth of Bifidobacterium lactis BL740 and
production of soy isoflavone aglycones
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In order to maximize the growth of Bifidobacterium lactis BL 740 and soy isoflavone agycones
production, we investigated the optimization of a culture medium containing sey hypocotyls, which
are the byproducts of the soy manufacturing process, and soy proteins. The ingredients of the
medium containing soy materials (S-medium) were selected by fractional factorial design (FFD)
and central composite design (CCD) within a desirable range. The FFD was applied by six factors:
glucose, cellobiose, fructooligosaccharide, soy peptone, soy protein, and soy hypocotyl. Sey protein,
soy peptone, and soy hypocotyl were found to be significant factors from the result of FFD for
both the growth of B. lactis BL 740 and aglycone production. The CCD was then applied with
three variables found from FFD at five levels each and the optimum values were determined for
the three variables: soy peptone, soy protein, and soy hypocotyl. In the case of the growth of B.
lactics BL740, the proposed optimal media contained 12.73 g/ of soy protein, 29.55g/L. of soy
peptone, and 130.67 g/ of soy hypocetyl. To produce isoflavone aglycones, optimized media was
composed of 2.06 g/L, soy protein, 1.25 g/L. of soy peptone, and 60.02 g/ of soy hypocotyl.
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Table 1. Experimental set and coded values of each run from fractional factorial design
Coded values
Run -
Glucose Cellobiose Fructooligosaccharide Soy protein Soy peptone Soy hypocotyl

1 1 -1 1 -1 1 -1

2 -1 -1 1 1 -1 -1

3 1 -1 -1 -1 1 1

4 -1 1 -1 -1 1 -1

5 1 1 -1 1 1 -1

6 0 0 0 0 0 0

7 1 1 1 1 -1 1

8 -1 -1 -1 1 -1 1

9 -1 1 1 -1 -1 1
Table 2. Real values of variables for screening the significant g-l'—l' E't' ity

factors of S-medium

Real valuel
Case Compound ®L)

-1 0 1

Glucose 1 3 5

Cellobiose 1 3 5
Fructooligosaccharide 1 3 5

Cell growth Soy protein 5 10 15
Soy peptone 5 10 15

Soy hypocotyl 30 50 7

Glucose 1 3 5

Cellobiose 1 3 5

S()y isoflavone FI’UCtOOligOS&CChaIidC 1 3

aglycone Soy protein 5 10 15
Soy peptone 5 10 15

Soy hypocotyl 30 50 7
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Table 3. The effects and coefficients of variables in factional factorial design on growth rate and the production of isoflavone aglycones with

statistical importance

Case Variables Effect Coef. t-value p-level”
Constant - 12177950 20 -
Glucose 108500000 54250000 4.200 -
Cellobiose -34000000 -17000000 -1.320 -
grcoiwllth Fructooligosaccharide -17500000 -8750000 -0.680 -
Soy protein 255000000 127500000 9.870 #1)
Soy peptone 278500000 139250000 10.780 1)
Soy hypocotyl 431000000 215500000 16.680 #x0)
Constant - 321.61 31.96 -
Glucose -154.46 -77.23 -7.44 ook )
. Cellobiose -17.75 -8.88 -0.86 -
Soy isoflavone Fructooligosaccharide -49.14 -21.57 -2.08 -
aglycone >
Soy protein -9.71 -4.86 -0.47 -
Soy peptone 41.80 20.90 2.01 -
Soy hypocotyl 104.81 5240 5.05 D

Up-levels of coefficients are given as ***95%, **95%, *90% by t-test

Table 4. Detailed design parameters from the experiment for
central composite design

Run Coded levels Cell growth Aglycone
Xl - ~  (CFUmL) (mg/100g)
1 -1 1 -1 6600000 4030
2 1 -1 -1 1400000 3984
3 -1 -1 1 28400000 6836
4 0 0 0 98000000 4573
5 0 0 0 97500000 4820
6 0 0 0 95800000 4603
7 -1 -1 -1 15320000 5542
8 0 0 0 94500000 4421
9 I 1 -1 1400000 3660
10 0 0 1.68179 4920000 4313
11 1 1 1 20800000 3616
12 0 1.68179 0 130800000 3740
13 1.68179 0 0 34800000 4536
14 0 0 0 90400000 5654
15 -1.68179 0 0 70800000 6044
16 1 -1 1 95200000 4509
17 -1 1 1 106400000 4730
18 0 0 0 96800000 5286
19 0 0 -1.68179 8560000 3413
20 0 -1.68179 0 8120000 6046

OJATEHL WA (YVygyere) WS EHA]: R0 86%0%
Yaoiyeone=4894.64-973 40x *¥**-1073.00x,***+491.18x,***+
363.84%,7#-33.16%,2%**-1063.16 00x,>***+848.88x,x,"—
534.83%,%,—411.18%,%,"

232 Z+7te] confident levele T2} Z3)Th.
*kp Jevel<0.01, **p-level<0.05, *p-level<0.1, p-level>0.1
X! SOy protein, X, Soy peptone, x;: soy hypocotyl
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Table 5. Real values of significant factors for the optimal culture conditions

Real Value(g/L)

Case Factor Compound
-1.68179 -1 0 1 1.68179

% Soy protein 3.18 10 20 30 36.82
Cell growth X2 Soy peptone 3.18 10 20 30 36.82
X3 Soy hypocotyl 1.592 50 100 150 18.408
isoft X, Soy protein 1.59 5 10 15 36.82
SO); gr)c:r\xlgne X Soy peptone 1.59 5 10 15 36.82
X3 Soy hypocotyl 7.96 25 50 75 92.04

(A) A)

100000600

'A 1
- 0 Soy Hypocotyl

~2
Soy Protein

Fig. 1. Response surface curve on the predicted responses surface
of the cell growth (A) as a function of soy peptone and soy
hypocotyl and (B) as a function of soy protein and soy hypocotyl.

protein 2.06 g/L, soy peptone 1.25 g/L, ™% Hlo} 60.02 g/LE
Rl= A A

AEHE UF il HEEE ©18F B lactis BL 7409
RE A F olAZEE vugA] RS 93k wix] A3}
JAE TR FUES] AL F 7R BFe Aol FF
o] gAY 238 WA ] BAS Asiske AoE
H3oh. CCDE 58 4 A8 =3 g AHED soy
peptone?t soy protein®] A% 7t Alo] HHe) Wi FF=A
S Hehle AL AT F AU ol OiF wjeltegw
ZE) WA Fues BEY 5 UL AviEit) vugH)
g BEHANNE 70-80% FFELE 8 A A B} thh
271 32 u} B-glucosidasesS] 7t a AMgo] BR 1w
o} o] Wmo] g AFo] gk Hol 4AKdFoz o) g
g B v AAFHLE o]AZTE vuiZAE A 5 ¢l
okt e v A% e HE NG IR &
7h a3 I BoE ol 5 ANE F g Aes A
E¥

’ 1
-1 ° Soy hypocatyl

Soy peptone

) -1 o Soy hypocotyl

Soy protein

Fig. 2. Response surface curve on the predicted responses surface
of the production of isoflavone aglycones (A) as a function of soy
peptone and soy hypocotyl and (B) as a function of soy protein
and soy hypocotyl.
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