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Z: MR SCHRL 15 0 HEHEAT 10 155 2290 A 7 B8 L4 A1 FI T
FAU T

DAEKMARLH. B 27 4 150 mL 9 =
I, BN %E 50 mL AR TR 3R 3, K. 4% 2%
1) B2 P ok 2 B 0 AL B FP T, T 37 °C L 190 r/min
ZAFFEIRPRIRS R, BRI ZI/ER 0 h, & 2 h
HUH 3 HEURE L 23 B30 52 ODgyo M1 pH {H , T8 F 1
{EAE R iz it Z0 1 ODgo, F1 pH {H .

DFER A BE R . 05X 27 3R A dlt7a
2% B (20%,40% .60 %) . 250 mL = I (1) £
Pl (1%.2%.3% .4%) M# s pH {H (6.0.6.5,
7.0.7.5.8.0) AT AL . 0 5 53l B K AR

5)Plackett-Burman & i1, UL 3EAl & B ks 95 5
REEE, AT L R BN 12 19 Plackett-Burman
(PB) ¥ iH, 2 S e 0l L by L 5K B BE B L Ca-
CO, . KCl ,MgSO, *« 7H,O0,KH,PO, Xf %% i Bk &
TG HEECCY) 52, [ B8 1A 8 40 DLF
72 00 % 25, B E S R TE R AR R E R, A
Minitab17 /1R JUH R g 41, B4 R B &
(DR C—1)72 A 7KFL PB i 1 R KF L
1,

# 1 Plackett-Burman X8 i& it E &=k F &

Table 1  Factors and levels of Plackett-Burman design %

K # Factors (éfgdfig 7/f$ Levei]
HEFE Sucrose X 1.87 2.80
fi}y Fish meal X 2.00 3.00
k1 Soya bean X3 2.50 3.75
P EEH Yeast extract X 0.40 0.60
CaCO;4 X5 1.00 1.50
KCl X6 0.06 0.10
MgSO, « 7H, O X7 0.06 0.10
ME#IZE f: Dummy variable X 0.00 0.00
KH,PO, Xy 0.016 0.020

“—1.0.+1"gwf A b I 2 R L - oK e N T
14 J5c 1o a5 B 8 R A & e B 3R L7 . Box-Behnken
I R ik P W3R 2,

% 2 Box-Behnken it 38 i& i1 7k F

Table 2 Levels of the Box-Behnken design %

s 7K 3F Coding levels X, X, Xy
TIKFEC(—1) Lower level 2.1 2.4 0.012
EIKF(0) Zero level 2.6 2.6 0.014
/K (+1) Upper lever 3.1 2.8 0.016
KA Step size 0.5 0.2 0.002

6) I BEIEY R K . S % PB IR AT 45 (Y [ 13 7
PR A 7= S B B i B TE B 3 56, - 7 1 3 460
(e KA A X B, 27 1A 5 2 AR A R B
1E 2 Y 998 K 2 A8 ik ) BRUAED X 1 28 b B 280 188 3 L
Z B AR E RBU KNI A A TR e A K.
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3 f w5 oD XK L 32 F Minitabl7 () Box-
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AHE RIS 3 A F AR I, DL K B S S B AR
M 1 (B, 3 AN G R R AR, = KEH

8 LA AT I e T 45 752 3 0 Ee A . 43 ) i 3
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Fig.1 The growth curve and pH curve of dit7a
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Fig.2 Effect of liquid volume,inoculation amount,initial pH on the fermentation of dlt7a
2.3 Plackett-Burman i 3 & R KH, PO, (X)) P {H ¥ /N T 0.05, Ui B BE B A

FIH Minitab17 £ %F PB i B 45 5 (% 3) ¥k KH, PO, ¥ dit7a LRS00 W2, HixX 2 FH &
AT 5007 A5 th B R B 4 TR 0 [ U5 R BR800 77 A SR A0 5 FE vk i) 28 5 e TR 2802 ol (X, L ™
FoHW E R, 5 R O(E 4 BoR, R (X)), EIEMN ., HbLHE R A KH,PO, K dit7a
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Table 3 Arrangement and experimental results of the PB design

Expjng\?ci No. X X X X X X X X X Y/Y(EXIZ;?*E fflur;l:l)
1 1 —1 —1 —1 1 1 1 —1 1 24.00
2 —1 1 1 —1 1 —1 —1 —1 1 34.65
3 1 1 —1 1 1 —1 1 —1 —1 32.80
4 —1 —1 —1 —1 —1 —1 —1 —1 —1 35.55
5 —1 1 1 1 —1 1 1 —1 1 36.00
6 1 —1 1 —1 —1 —1 1 1 1 16.30
7 —1 —1 —1 1 1 1 —1 1 1 32.80
8 —1 1 —1 —1 —1 1 1 1 —1 44.25
9 1 —1 1 1 —1 1 —1 —1 —1 34.70
10 —1 —1 1 1 1 —1 1 1 —1 42.40
11 1 1 —1 1 —1 —1 —1 1 1 25.00
12 1 1 1 —1 1 1 —1 1 —1 35.00

x4 PBIREFITEREEFSH

Table 4 The regression analysis for the PB experimental results

it QA EX4 P 1A TH G2 dalilsg
Source Effective Coefficient P value T value The order of significance

X1 —9.642 —4.821 0.039 —4.89 1

X, 3.658 1.829 0.205 1.86 3

X3 0.775 0.387 0.732 0.39 7

X4 2.325 1.163 0.360 1.18 5

X5 1.642 0.821 0.493 0.83 6

X 3.342 1.671 0.232 1.69 4

X7 —0.325 —0.162 0.884 —0.16 8

Xs —0.325 —0.162 0.884 —0.16 9

Xy —9.325 —4.662 0.042 —4.73 2
RIS SR EE W R, BN IR d] 3 ~4 TR AR TR, L,
24 EBRERREIREER T PR B R X3 AE X 20 3 BT, DLk SR R AE

HIe 5 AT IR AL 1~ 3 AT b SR P il R 80 5 2 e T a8 A v s
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Table 5 Arrangement and results of the experiment of the steepest ascent path
iR 56 9% 5 Trial number X./% X2/ % Xo/% Y/(X108%cfu/mL)
1 3.6 2.2 0.018 36.17
2 3.1 2.4 0.016 38.20
3 2.6 2.6 0.014 50.83
4 2.1 2.8 0.012 45.53
5 1.6 3.0 0.010 43.57

2.5 Box-Behnken i &R
DI B T 3 3 5 45 3 19 v o0 U3 4T Box-Be-
hnken 5% 11 (58 6) , X 56 45 K ik 17 — Wk Z Wi
153 B, 345 dlt7a LW PTG ALY X 3 4~
%6

FNER ik 2T T 75 72
Y=58.917—2.844X, +2.094X, +2.375X, —
13.427X, X X, —9.677X, X X, —9.115X s X X, —
1.687X, X X, +3.500X, X X, +2.125X, X X,

Box-Behnken iR I8 i& it R E& R

Table 6 Arrangement and experimental results of the Box-Behnken design

X9 %5 Trial number X1 X Xy Y/(X10%cfu/mL)
1 1 0 1 35.25
2 0 0 0 61.75
3 0 1 —1 35.75
A —1 0 —1 44.50
5 1 1 0 33.25
6 —1 1 0 40.25
7 0 —1 1 40.25
8 0 —1 —1 33.50
9 1 0 —1 29.75
10 —1 —1 0 35.00
11 0 1 1 51.00
12 0 0 0 58.75
13 0 0 0 56.25
14 1 —1 0 34.75
15 —1 0 1 36.00

& 7 Al Z BRI P =0.024<C0.05,
iU R A 2% e 1 2 W] U AT SR A A s R
NIz Wl K~ A5 A 5 S 0 25 SR 1Y) 2 S5 1 O, A AR AR
P =0.195>>0.05, i & 22 5 AN W 3, RIIZ B
R 5 S0 25 A RAF s R REL R 4R s Bl A L
RUPY IR 2E7E SR ZE A 4 L i mA AR R Ry
92.44 % >85% , & W 0l I A 78 55 52 56 540 i W) 6

REF . Z5 LA H7 - A5 150 45 2] (9 [ 9 A5 80 W] ) B 5
M BB ZE R, 8 AL X, X XL i P E /)
T 0,01, hd B R AR 118 - VO X A5 76 A i 3 P R
X, XX, Al Xo XX, B PAEHY/NT 0.05, 158 B £k
1 KH, PO, 19 R 3000 AR RUAT 5 35 9 5 i), 28 B AR
MR P EBKT 0.05, M X,.X,. X, ZHEZ
] JG W 2 1 2 HAE

RT7T MEERIERHESHT
Table 7 ANOVA for the Box-Behnken test
F VR Source H i df BEJT R SS ¥ 2 MS F {fi F value P {fi P value
[l 4 Regression 9 1 374.56 152.729 6.79 0.024
1% Linear 3 144.89 48.297 2.15 0.213
75 Square 3 1151.22 383.740 17.06 0.005
Z HAEH] Interaction 3 78.45 26.151 1.16 0.411
1R 2 Error of residuals 5 112.49 22.499 — —
AT Lack of fit 3 97.33 32.443 4.28 0.195
4fi 1% 2% Pure error 2 5.17 7.583 — —
&3t Total 14 — — - —
RAERE R® - - 0.924 4 — —
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Table 8 Coefficient estimates for regression model

I Source Z B Coefficient ZBARUEIR Coefficient standard error T T value P i P value
H i Constant 58.917 2.739 21.514 0.000
X —2.844 1.677 —1.696 0.151
X 2.094 1.677 1.249 0.267
Xy 2.375 1.677 1.416 0.216
X1 XX, —13.427 2.468 —5.439 0.003
X2 XX, —9.677 2.468 —3.920 0.011
X9 XXy —9.115 2.468 —3.692 0.014
X1 XX —1.687 2.372 —0.712 0.509
X1 XXy 3.500 2.372 1.476 0.200
X2 X Xy 2.125 2.372 0.896 0.411
26 MEEEEZRBEZEERASH il T (& RN A (E 2 1 (B 3~5) . Al Minitab17 #ff

WA XX Xy ZHENWNER SRR 0 E R R F 7 W R : X, = —0.090 909 1,
RFIPEFHBY) SR Z R RN =4 X,=0.131313.X,=0.131 313, 45 i A ML K.,

1.0

Y
<35
0.5 m35~40
W 41~45
W 46~50
W51~55
. W 55
BREEl
X, 0
B3 X X: XEZW dt7a REEHBNHEEMEELZE
Fig.3 Fermentation response surface for the cross-interaction of X; and X
Py
B4 X X, REHN dt7a EBEERHMHEEMEELE
Fig.4 Fermentation response surface for the cross-interaction of X, and X,
- 1.0
fRF i "
4 0 0.5 o zﬁ ~44
W 45~48
W 49~52
W 00 H53.56
. H 56
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PRAFE
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Fig.5 Fermentation response surface for the cross-interaction of X, and X,
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FISCER 55 2R a5 /L2 RTA dlt7a MARET. 2 79

f AT SR A L bR E N X, =2.55.X, =2.63, X, =
0.014 , W Bt 7500 A9 o 17 L (3% B8 80 A 59,34 X 10°
cfu/mL, ZiG UL BRI S5 5 R0 19 & B ks 77 5L
Ay HEWE 2.55% , Ak 2.63% , K 2.5% , BEREE
0.4%,CaCO; 1.0%, KCl 0.1%, MgSO, « 7H,0
0.1% ,KH,PO, 0.014%,

The viable count of dIt7a in initial and optimized formula fermentation broth
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HI 3R O AT, W) hR & I B 7 ik CRERE 2.8 00,
2.0, 5K 2.5% , BEBEE 0.4%,CaCO;1.0% , KCl
0.1% ,MgSO, « 7H,0 0.1% ,KH,PO, 0.02 %) [
B 40.15 X 10° cfu/mL, P4k 5 & B85 75 3 (O
WE2.55% fak32.63% . 2.5 % . EEREFH 0.4 % .

RERALAREER

X108 cfu/mL

iAL)J5 i The optimized formula

®9
Table 9
S %5 Trialnumber WG HES /7 The initial formula
1 37.90
2 41.25
3 44.70
4 36.75
SEHE AR UEZE Mean=SD 40.15+3.58

59.50
61.00
58.50
56.30
58.834+1.97

CaCO;1.0% ., KCl 0.1% ., MgSO, * 7H,0O 0.1%,
KH,PO, 0.014 %) i 4k 58.83 X 10° cfu/mL, #&
BT 46.53%.,

3 it

BT, 28 R R IWAT K4 22 05 5 46 TR R s .
23 T AE S 56 3 D\ A S il B BT AR 4 22 Mk 1) i 3
oy B A ER T dlt7a TR AT IHAE SCIE B %
AR ELA R A AP 22 2k A g5 2R RE M L S BAE
R B I RUE AR . P, AR X 2
BREA dlt7a 09 & e T 23R4T 0 58, DU o R Ak A=
PRI R dlt7a 4R EEELE SERL

Tl A 7 R S (] 2 P TR R 1 R R SR i
BERAR TS AR 56 e FH Y BE Al R TR B 3R AL R HE B
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TE R W AR 77 52 R P i A R N ANEESR B
A e I TR R 3 SR TR R LA R A A T
XA W AT LLTE K T 77 R v R S N O 4
FEV L DR, B R A PR P AR, AR
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dlt7a B M 5 IR FE BRI DT-02 194 Kl
2R AR Al R BB e T TR Rl A O Y
BFIE] R 10 by B i) b -9 T DLORIE B A 85 s B 0
BRI R B R RE % 1 AR08 /K-

H HIOC T 28 7 BRI R W B R 5L Oy il Ak, &
LR FH 04 T o 1E 3 v R N T TR TR VR TS A
MmN R Z HSH R XRRE T2,
HIEASEAR L A0 . 284 (1] Minitabl7 $1F%
T e 7 TR 3 sk A3 A B S B 5 e A R

%

AR W B A5 R I B R 3 P R e 0 R ER Y
3ANH BN R Wi A S B RE AR 2,550, Lk
2.63% .KH,PO, 0.014% ,

PR A ol A R 199 A R M AN [RD 1R AR A R I B R
b () BB 4% S AR 7 T T R X R R R bR AT
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HId 1 46.53% i858 T LA HAH A RCR .

2 % x #

(1] ZMg, TR BV BBk a8 s (1] LB &K
B IR, 2007(3) £ 48-50.

(2] FCTE BREEH 0 2, 45 4% U 3% 1 Bk 0 A0 bR % Bk 1 £ PCR
TR S R I S [T p R R 4R, 2011, 31(8) ¢ 1123-
1127.

[3] DIMOV S G.PEYKOV S,RAYKOVA D.et al. A newly dis-
covered bacteriocin produced by Enterococcus faecalis 3915[]].
Beneficial microbes,2010,1(1):43-51.

(4] BAE I, 7 e 05 AR FR WY, 45, 28 1 BR TR 25 A 4% o 9 1R S SE A
[J].P5 bR %3] . 2013,22(11) : 202-207.

(5] AR5 U5 2% o BR TR A0 5 0 B T A A Kk B A0 400 338 7 5% 1l A
WEFE [ D] IE R R P9 58 78 R0k K2, 2010.

[6] AHMED K A A,DRIDER-HADIOUCHE K,RAVALLEC R,
et al.Probiotic potential of Enterococcus faecalis strains isola-
ted from meconium [ J J]. Frontiers in microbiology, 2015, 6
(227):227.

(7] VB2 PN IVER A 45 AR ) o8 A 00 ) AR o 350 % 4% 47



80 o R R R

% 36 &

WA AR M e L] A R 5T, 2014(5)  46-47.

BT AR TR L R ER R P A R R B A A

[k R VS AR TR S 05 3 B 0 G 2R 0 B s i [T ].

A K2R R, 2014,37(6) 1 143-148,

S DA DI — RS, A5 T 0 EL R B R £ 4 36 X R OK

Tl FF 3 0 ek it J5 4 R i [ . o L ARl K 27 24 3], 2003, 8(2)

21-24,

[107 BB AR, XU A ER . 60 00Ok, %5 2L 8 2% i Bk B 0 0 B Ak 2t 2
P K i 18 S0 TR A LT mDRHAIF 5E , 2013(8) - 83-84.

C11] A s WALl 8 B SRR X)) 4 22 5 4% & FEAT h 2200 AL B
FEL D] IR AR AL AROL K2, 2013.

[12] Aoy o0 16 5 & S AR i 87 A sh 44 5 [T, = v [ B 2004 (3)
48-48.

[13] ERL#E. i WS 2h 4 40 Bz A3, S 28 IML b 5t BE 5 A
1998.

[14] B &5 MR 4 22 5 U5 i 38 35 A 1 04 T vk Fn %8 2 [ D] RN .
Al KA, 2014,

(8]

9]

[15] =5 2= &, M eh o0, 45 IR T R R i HDRyYB1 & % T
AT A P2 i 4 . 2016 (3) £ 534-540.

[16] BOX G E P, HUNTER ] S.Multi-factor experimental designs
for exploring response surfaces[ J]. Annals of mathematical sta-
tistics,1957,28(1) :195-241.

[17] WIDDEL F.Cultivation of anaerobic microorganisms with hy-
drocarbons as growth substrates. M]// TIMMIS K N. Hand-
book of hydrocarbon and lipid microbiology. Berlin: Springer
Berlin Heidelberg,2010:3787-3798.

[ 18] Pk v #i . 5  4 A= 7L R T 1) 075 08 K & B T 2 58 [ D] s 46
HR Ak R, 2007,

[19] S A 05, 7, 5% 0w o T 725 40 Ak 26 17 R T 8 0 K 18 8%
Fr B[] A AL, 2014,51(18) :1532-1540.

[20] T EE ko, 5P — BRI IR ZE I 3R DT-02 19 55 37 B 1k
[T ek 5T ,2015(1)  18-21.

[21] JA%E, w582 SR e rg , 55 28 BRI 71 A9 39 52 8% 7% 2= 0 AL
FE (11 BARA M B, 2012(3) £ 35-36.

Fermentation technology for probiotic Enterococcus faecalis
dit7a isolated from golden snub-nosed monkey
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Shennongjia Forest District 442411 ,China ;
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Abstract A probiotic strain dlt7a was isolated from feces of the Shennongjia golden snub-nosed
monkey and was identified as Enterococcus faecalis.In order to improve the viable count of dlt7a in the
fermentation broth, the fermentation technology of dlt7a was optimized. The optimal culture condition
with 20% (50 mL/250 mL) loading volume,2% inoculation amount,and initial pH of 6.5, was obtained
by single-factor-experiment.In the study, Plackett-Burman experiment and response surface experiment
were designed to identify the main nutrients affecting the viable count of dlt7a in the fermentation broth
and to optimize the content of the three main nutrients including sucrose,fish meal and KH,PO,.The op-
timum nutrients in the media consisted of 2.55% sucrose,2.63% fish meal,2.5% soya bean,0.4% yeast
extract,1.0% CaC0;,0.1% KCI,0.1% MgSO, » 7H,O and 0.014% KH,PO,.E. faecalis dlt7a were
then cultured by the optimized fermentation medium and condition,and the viable count reached 58.83 X
10°cfu/mL, which was 46.53% higher than that not optimized.

Keywords golden snub-nosed monkey; Enterococcus faecalis; fermentation technology; response

surface methodology; optimization
(FTAERH A HT)





