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Optimization of Enrichment Medium for Bifidobacterium adolescentis by
Response Surface Methodology
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(1. School of Biotechnology,Jiangnan University, Wuxi 214122 ,China;2. Key Laboratory of Industrial
Biotechnology , Ministry of Education , Jiangnan University , Wuxi 214122, China)

Abstract: Response surface methodology was used to optimize the fermentation medium based on
the medium MRS to increase the viable bacteria count of B. adolescentis. Meanwhile,the growth
curve and pH were compared before and after optimization. According to the results of response
surface analysis,the enrichment medium components were determined as follows:glucose 15.85
g/L, fructo-oligosaccharide 15.85 g/L,peptone 14.45 g/L,beef extract 8.67 g/L,yeast extract power
5.78 g/L,ammonium citrate 2.75 g/L,K,HPO,-3H,0O 2.75 g/L,sodium acetate 6.875 g/L, Tween-80
1.0 mL,MgSO,-7H,0 0.2 g/L ,MnSO,-H,0 0.05 g/L,L-cystein-HCI1 0.5 g/L. Cultivated in optimized
enrichment medium, B.adolescentis reached stationary phase at about 28 h,which was shorter 12 h
than before; the viable counts reached up to 8.9x10° CFU/mL,which was 1.73 times as many as
before.

Keywords: Bifidobacterium adolescentis ,C/N ratio,orthogonal design,response surface methodo-
logy , optimization, growth curve

KB HE . 2016-10-24

EETB . TAAYHRAEHE L LR ED H (KLIB-KF201105) ; H J¢ & 5 FE AR 55 9% £ 0% 4100 B (JUSRP111A24) ; F K% T
AL TRE A A RSB H (LITE2018-11)

*BEIER : AR(1965—), 55 Wik ez, TR A S0, AR R AR P D R M IR F R R W9, E-mail :xbyu@jiangnaneducn

Sl AR K55, E A WROT 45, WL T8 7% Ak 15 8 BUECRT T 1 58 3% 75 L[], &5 S AR R R 241 ,2019,38(04) - 111-117.

A& 54 £ 2L 2019 FE 38 5% 4 1



RESEARCH ARTICLE

ZHU Mengmeng, et al: Optimization of Enrichment Medium for Bifidobacterium

adolescentis by Response Surface Methodology

XA B2 3 4 1 A o B A g 2R AR TR A
PN A IE I AL AT ) BT R I, 2 AR B G A )
A, R G AR 8 S R R R A A AR BT
T, AR AE AR OBl PR S5 5 9 B AU, 355
K L AR B AT RAE L A B S R i
i, BUMR DL A, B R DU I (B. adoles—
centis ) &AM I PR OE A 2L AR 2~
3 d BT E TG HIGE 5 d )5 s 2 ds 1T
b XL T I N TR P S 99% . [EEEE A
SRR T A SUBAT R AR P9 38 M b | 1 55
29 W 28 N T8 N IZ TR LT R T A R f AT AE
PRASF— 2 (1975 AR SUBCAT B8 76 I 1 A, Xt S ik
AR 1 N R USCRT T B 0 T 2 G 0 A e
LR — D FEARM, T RO B A% AR
Ir S5 P EOR ) 200, AR K GG X R R B B R BT )
25 ARMECRAF 50 w5 BT REC ., AR TE | SO B BT
BARFFTE 10° CFU/mL (8 10° CFU/g) LA | A fEA 14
g Ty 410, TR 0 e % 446 5 % 7 Rk R AR o T A By
BHPERZ—,

AT $2 v DUISRT T 1% 5% 10 6 32 2 3 el
W TR AL Iy S, AN B 3R S U o U
I, A B R P AR T B TN T IR R
SISO S AR ) IR R IR R IS IR U | R A
JR AP R SRR ISR Y I S A6 0 U 1 1
FrHE P aR IR IR TCHLEL (6 AE R A R AL BAE
FHHEATAT BRI AR AL | (H 3 2877 3 A R 7E T RE L
BN RO E KRS, Ik R IR 5 48 X i
{5 B, MEENA S8R i 17 T 16 Ak 8% % 2604 e
PRI S IR B R SUBCH T F S TR FL A 1A
ABDUL #5115 FH i Rz 1 {18 A 15 77 45 v B B 0 b3 | 1
REF M AR, 2 5 B.pseudocatenulatum G4 =¥ i
S5, SRR B A B IR AL

A B 5T T DL R SUBCAT 18 O 52 56 XF 8¢, MRS
(Man Rogosa and Sharpe Medium ) b JEAilt % 57 55 | i
AR SR R0 R A e W 1 S AR A A b 1 S8 1 1
WG AW B R N R 00 A A R
Je Wy 5 5 1k ) B 2L A e B R LE , e R A 22 o
Eh e B, 5 J5 H Box—Benhnken Design(BBD )i % /¢
PGSRy, R B2 v T T 8114 [ ek 24 L % % Ik 1]
SR KB FT i 48 58 0 7 B — 7 Y BILE  SCHR HEl

1t

1.1 #FR5iKFH
1.1.1 &A  HHEMNEFE (B, adolescentis) N A
S5 7 R
1.1.2 254 BARFLEE AR 5L .10 o/dL BEAR Uk,
1 o/dL %5 8% ; MRS 5 5% 5L . e Ak 10.0 g, 2B A
5.0 g, BB 5.0 g, #i % BE 20.0 g, K,HPO,-3H,0
2.0 g, PR 2.0 g, LN 5.0 g,MgS0O,-7H,0
0.2 g, :#E-80 1.0 mL,MnSO,-H,0 0.05 g,L—2FJj
AR EL 05 ¢, 787K 1000 mL,pH 65,121 “CK
B 20 min; B PR R 572 3 . MRS 55323642 o/dL Bifig .
1.2 MUR5EF

M TAEG IR s b B & ) B
TRA . L SIS A R B A A AT -4
JeEETE . B IL AR A R W 7 PHS-3C
R v RS RS AT B2 w7 s T RO R
B EH RRPALS A RS ] 77 5 IR B A
/NI DT
1.3 A%
131 B A EAC g H A ORI T RO A T
RER 35,37 CIRAR 77 36 h, FHZ AP B 18 7%
P T IR WA 5 R 3 37 CIRA S 9% 36 hy LUK
B 2% 4 Fh i, B LR TR VT B fF MRS 15 9%
B 37 CRARF 24 h, 16k 2 R % A,
1.3.2 Bk EAe pH M2 HEEE Agwm) HE
Hh=nT WA EE T 2 ,pH i PHS-3C B2 H5E
133 F@ta REMBERAE, D10 566
M R, R B AR B R S U A T REMA R 3R 58 37 C
IRAE R IR 48 h 5, 50,
1.3.4 AR Se S0 W mR UR (25 5 RTIR
RO Iy 3:1.2:1,1:1,1:2 . 1:3) R EC A4
A3 BRUEE A (4.5.6 o/dL) SR AR (3:1.2:1 .1
1.1:22.1:3) , Zzopdh ik R B R BE (0.4.5.9.0,13.5,
18.0 g/L) X 5 7 NUECHF I8 A= K A 2 W, 538 1 Box—
Benhnken 32 38 15 11 1 0 W 18 43 87 86 5 i A B 77
o R i 5 KT ISR 1,
1.4 EKEHLWILR

285 Ak B B R AR B0 B 5% 1) 3 B £ 43 ) 3%
FlF MRS FIE5E 85 775,37 CIRAHE 3%, M4 h
BURE DUAS U G E A gog s LA BT F7 I [0] Ry 85 A8 A, AH I
(YA g0 A NA R 22 ) A il 26109, [] e 00 45 85 7%

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.4 2019



KRR, F R R @R A REAT AR A

HEL X

3 pH,
F1 REHEHBSKE
Table 1 Factors and levels of central composite design

(g/L)
s Caii |
-1 9
0 30 30 13.5
1 40 40 18

| 2=t

2.1 FEEXSENE AT E AN

211 B HFEAREAH ARG YW KR
A A KA & E R R Z —, LR
EAE =Y R AR, BT ik,
2 W I BB AT DA 8 75 B vh B R IR R B 2
— XL KT, RE S A 1 LS AT B AR A AR KD 5 3
SCAE R e 2R, 6 AR BUBCAT TR B A 3 AR A
FHo BT AT RLE Y i SRR R B
PR 101 B9 T Ui K, 35 3] 6.3x10° CFU/mL, MRS
R R 3 rh RUE B E B 2 g/dL, R 2 Bl 9 i
JnJs i W B 0 10 g/L

754

© S (=
(=} W (=}
! ! !

TEH%U(x107 CFU/mL)
oy

(=]
4

31 2:1 11 1:2 13
AR A
1 BENEHEEERKEREEY
Fig. 1 Viable count of B. adolescentis with compound
carbon sources
212 AR ERMKMA EAFEMEKTESR
F ) AR, F w0 E X H A KA BRI
Mt 2 2 A 2EEH Ra>R >R, BB H R 2
AR BUECAT B AR K RE ) fe ik, LU BB R A
BB B R G I ABLCs, T A g o 25 2R
AR, B SRE ARG 8 B K E A, 1D
ABoCy, R 5 BEA 1 — 20 B B IE

F2 AR Ly(3) EXRXE
Table 2 Orthogonal test Ly(3*) of nitrogen source

o Jo 4 R/ (g/1L) 7
5 i [aen Lownn] O
1 1(7.5) 1(5) 1(5) 1.265
2 1(7.5) 27.5) 27.5) 1344
E 1(7.5) 3(10) 3(10) 1382
4 2(10) 165) 271.5) 1326
5 2(10) 27.5) 3(10) 1396
6 2(10) 3(10) 1(5) 1.243
7 3(12.5) 15) 3(10) 1415
8 3(12.5) 27.5) 165) 1.464
9 3(12.5) 3(10) 2(7.5) 1.341
K, 3.991 3.006 2.962
K, 3.965 3.155 3.011
K; 4.220 2.966 3.193
R 0.255 0.189 0.231

ZIUETTE AsBoCy 1 Ao N 1476, LLALF 8
(ABoCy) Wl 25 e |, e LA S Joe A 00 08 401 6
& AsB,Cy, RIVBE A 11k | A Y R IE B Y o 6 1L
H5:3:4 MRS K5 ¢ B vh ZU I B & vk 2o 2 o/dL, A
WG =35 A S N o VA B 4 ) 2 8.33,5.0,6.67 /L,
213 AL THRIMTHFARBEATBALKY
FHok B LR AN AL S X A i A K AR
AN RZ N . DL 2 0] LU B, Y 1 3% 5 b (9 e
SN 6 ofdL, BR AT o 101 B 77 SUBCF 8
(18 TR 285 B e K, PR MG o e 2805 5 VAR 2 6 g/dlL,
AR 101,

1.50 w4 o/dl mms g/dL mm6 g/dL

A 600 nm

3:1 21 1:1 12 13
RS AL LLA9) S R  dak

2 AEBEALSEMILFTHEENETEEEZE
Fig. 2 Density of B.adolescentis with different concentration
and proportion of carbon and nitrogen sources
214 b HAFAREAA LRG0 DU
FFBAQ R AR bR HER M —6- BRI B R AT C R
e, 77 s SR VFLIR AN /b 5 1 R 3k S A HIL R il

LRSSt HRLZIR 2019 FF 3BELE4H




RESEARCH ARTICLE

ZHU Mengmeng, et al: Optimization of Enrichment Medium for Bifidobacterium

adolescentis by Response Surface Methodology

FFEEFRIE pH (EASWTFEAR , X 40 i A B T8 1 B By 2
TR E R A K, iR R0 SRR Y b
AU, X EE pH R ARORT B A A= K i 4 ) Oy T R
WRMVERT ., G5 RW] . BE G 22 vk o7 o Wk 32 1) 38
T TR A 25 R R A A R B S PR RN AR BT DL
Fa e BEAE ] 13.5 o/, BIFF B R 8 . K,HPO,-3H,0 |
LTREN 5N A 3.3.7.5 g/L

1.50 -
1.45
1.40 -

A600 nm
—
o
w

0 4.5 9.0 13.5 18.0
LR R TR S (g/L)
E3 ARZEMERERETHEENEAEIAEEE
Fig. 3 Density of B. adolescentis with different concen—

tration buffer salt

22 MEERNIEEEFRERS

221 rwEEXBERE LA LRGSR ik
U5 A, bR A28, ODgy N NAE, RIS
Box-Benhnken Design (BBD )it % 5 i1 I B, 1% it
DGR, W5 B ER IR 3,

# 3 Box-Benhnken iX#i%it 54 R
Table 3 Test design and results of Box—-Benhnken

a5
1 -1 1.258
2 0 0 0 1.489
3 -1 0 -1 1.125
4 1 -1 0 1.189
5 -1 1 0 1.045
6 0 -1 1 1.186
7 0 1 1 1.195
8 0 -1 -1 1.315
9 0 0 0 1.484
10 0 0 0 1.484
11 1 0 1 1.179
12 -1 -1 0 1.106
13 -1 0 1 1.014
14 1 1 0 1.165
15 0 0 0 1.457
16 1 0 -1 1.256
17 0 0 0 1.488

FI H Design Expert 8.06 34 i %t % 3 v £ din
HEAT 200 R BN LG, 19 21 7 2 XULE AT B 1 14 2%
BE(Y) 5 RS E b i ail (A) VAR (B) (g2 o6 (C)
49 22 251 0] 04 )7 7« Y'=1.48+0.0624 -0.017B-0.047C+
0.0094 B+0.0084 C+0.017BC-0.224°-0.13B°-0.11C2,
2.2.2 Box—Benhnken 7 £ 5 #r @£ 4 J7 250
BT 45, i BRI i 2 (P<0.001) , 2R #1351 P=0.211 4
AN BV R AL R?=0.995 4% 1IE R4 R%adj=
0.989 5, it B A5 A R 56 B0 T AH LU & 1 Lo A v
ARG b S 7 A LU T TR A 5 R R Bk b
BRI G R, BRI kI A C R
# BB, LHI AB BC BC ¥ RBE,;, —IkKIN
A% B2 .C* P 4b T i 2 K

% 4 Box-Benhnken 75 Z 47

Table 4 Analysis of variance for Box—Benhnken

b3 i3

A 0.42 9  0.047 168.17 <0.00 01
A 0.031 1 0.031 111.19 <0.000 1
B 0.002 1 0.002 790 0.026 1
¢ 0018 1 0.018 64.48 <0.000 1
AB  3.422x10* 1 3.422x10™* 122 0.305 4
AC  2.890x10™ 1 2.890x10™* 1.03 03434
BC  1.089x107 1 1.089%x107 3.89  0.089 2
A? 021 1 021 758.62 < 0.000 1
B*  0.071 1 0.071 252.55 < 0.000 1
¢ 0053 1 0.053 189.78 < 0.000 1
25 1.959%x107 7 2.799%x10™
JAUT 1.254x107 3 4.181x10* 237 02114
afifRi % 7.052x10% 4 1.763x10™*

1 :P<0.01 i 3% , P<0.05 i %

223 va @4 #H FIH Design Expert 8.06 2 i
EE e 1 T P R G A5 R 4 BT (BT 4~6) . HorP S 4y
TEARAR T W P PR 3R 52 B AR R i s | IR T AR 36 P 1A
22 BAE 55, 06 18 0] 2 2 5 45 2o 3 A2 R W
Xof W] 7L 5 e A A s s ) 3 B 52 o 5 /0 3 ek Ty
PR 4G, I AR B O (e, T R A A )
TETF R A KA A @A 1 15 25 &
XU AT T 48 58 3 R R B ARG IR B Uy . A 2 b
15.85 g/L IR LM 15.85 /L JBEE 1 I 12.04 ¢/L,
A NH 7.23 oL EEERY 9.63 gL KGR 2.75 ¢/l
K,HPO,-3H,0 2.75 ¢/L., Z & 4h 6.875 g/L. i -80

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.4 2019



AEZ S, vhERERALFAEAA DA AL

o 30
AR

20 T
20 25 30 35 40

VR

iR 5 IR X & RS AT B A K R I Y N R T B AN S

Fig.4 Response surface and contour plots for the effect of carbon source and nitrogen source on the growth of B. adolescentis
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Fig. 5 Response surface and contour plots for the effect of carbon source and buffered salt on the growth of B. adolescentis
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Fig. 6 Response surface and contour plots for the effect of nitrogen source and buffered salt on the growth of B. adolescentis
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