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Abstract: The culture conditions of Brevibacillus borstelensis S8 for producing exopolysaccharides (EPS) were
explored by single-factor experiments to improve the production efficiency of EPS. The culture conditions for
producing EPS were optimized by Plackett-Burman design and steepest ascent experiments. The EPS produced
by strain S8 was mixed with different hydrophobic substrates to investigate its emulsifying performance , with
Tween 80 as a positive control. The results showed that the optimal culture conditions of the strain for EPS pro-
duction were the inoculation amount of 4.56% , carbon source addition at 30.04 ¢/L., and culture for 39.9 h. Un-
der these conditions , the EPS yield reached (107.81+1.47) mg/L. The EPS produced by B. borstelensis S8 had
good emulsifying performance on hydrophobic substrates, with the emulsifying performance better than that of

Tween 80 at the time points of 12 h and 24 h.
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Table 1 Single factor design for optimizing the culture conditions

for EPS production
Fi 3R [H]/h BRI C BeAlR/%  W1G pH (H
12.24 .36 .48 .60 35 2 7
36 25.30.35.40.45 2 7
36 40 2.4.6.8.10 7
36 40 4 5.6.7.8.9

2 REFBEEFRENSBEZKBIET
Table 2 Single factor design for optimizing the medium

composition for EPS production
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TSB Fefifs I TCAi AN in MEbE 10,20.30.40.50

1.3.5 Plackett-Burman (P-B)i&56
R IR SEAE b, 2% L3R ECh 12 /9 P-B



202541 A
FatE 2

RattaSHR

B RKAR

— /38

Wit ARG IR ] 5300 e i Wit pH B RL &
R BRI AL 6 A R FEAT PEO, 29 H 32 e iz [
+, B R B R (1) FER A (= 1) A 7KL

1.3.6  EBEMEs AR

T E M 35 A0 2 AR A0 2% PRI 2R 80 K/ N R AR Ak Ty
) B 7 TCHE A K AT 1) ARYE P-B iR IR 25 4L, B
X EPS 77 A k3 5 e 14 PR3 AR A e iz T I Y v
O T JRR S, P ot 3 e oA i 7 L IX 0o
1.3.7 Box-Behnken (B-B)iH;

TE PB i35 Fl R BEME S g0 245 R (%) Bl |, 4% A
Hefp i B BEIRAT] L C RGN 3 MR #ar =
R IO PR (V) TR AR R A
[#] 5E Shy Hf R R A0 I A 7 B R L 2k . IR HKF
W3k 3,

# 3 Box-Benhnken i&itEZE 5Kk F

Table 3 Factors and levels of Box-Benhnken design
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1 5 44 35
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Fig.1 Glucose standard curve,strain growth curve,and EPS

production curve
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Fig.2 Effects of different culture conditions on EPS production
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Fig.3 Effects of nitrogen sources and their addition amounts on
EPS production
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Fig.4 Effects of carbon sources and their addition amounts on

EPS production
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Table 4 Results of P-B design

By R FURTRIN BRI
F Hﬂf;'jh ‘iﬂgic Hfd pH (A %EEJ/TSZT ﬁg?f;ﬁ)n F(Emﬁj/l%)/
1 24 35 6 5 6 40 40.7
2 24 45 6 7 2 20 40.6
348 45 2 7 6 40 54.1
4 24 45 6 5 6 40 503
5 48 35 2 5 6 20 483
6 48 35 6 7 6 20 50.2
748 45 6 5 2 20 57.2
8 48 45 2 5 2 40 523
9 24 35 2 5 2 20 54.6
10 48 35 6 7 2 40 39.8
1 24 35 2 7 2 40 50.4
12 24 45 2 7 6 20 553

H1 4 WL, 520 B R 7 i A 22 B BE T Y PR A
R EEA SR SRR WG pH A R
RSN LIRS &, MR8 4 Frig g ® AL
Design-Expert 13 HEW7 H £ PR 2 930N 250 P-B A5
PR ZR AT BB WL 5.

®5 P-BiRWERFRNKFERMIEITEN
Table 5 Factor effect evaluation of P-B design

K6 RBERIFHEER

Table 6 Result of steepest ascent experiments

s HERE%  BRIRIS N RIS (g/L) PR (mg/L)

1 1 54 15 35.53
2 2 48 20 56.26
3 3 44 25 75.23
4 4 40 30 106.13
5 5 36 35 82.47

2.2.3 B-BilgiR
B-B B Bi Ir AR WK 7.
#7 BBEHRUARRER
Table 7 B-B design and results

o N B ¥i5% C IR Y L
H5 A FERPR% —_ A () (mglL)
1 3 36 30 78.33
2 5 36 30 77.89
3 3 44 30 71.61
4 5 44 30 77.76
5 3 40 25 82.47
6 5 40 25 70.65
7 3 40 35 71.40
8 5 40 35 73.37
9 4 36 25 81.92
10 4 44 25 76.18
11 4 36 35 76.44
12 4 44 35 76.99
13 4 40 30 110.34
14 4 40 30 108.75
15 4 40 30 106.87
16 4 40 30 107.31
17 4 40 30 107.30

(S BUTEY S 0 151
iRt 470 1
WARIR 3.57 4

PR -3.66 3

pH {H 1.7 6
RUIRT I -1.91 5
BRI -3.77 2

H 2 5 AT ARHE RO RO/ DRI 3 AR B
FERh R IR E) AR U 0 i, PR e X 3 AN R
PEAT I SR, IR AR i o D R B0 25 R AR oA H R
Ry il A
222 fBEMEHE A5 R b

it P-B I A T B, B TN TR R B RE )
WEN 3AHEER, 43S IR R R R A DL R
PRS0 o Sk A s o O T G Y R0 A, BE R LA
3R AT I BENCH iS5 o AR P42 Fh - AR IR I n
RN R EON T, BE R AR HEAT TE 33 056
T 55 F R[] B 60 28 B3R IEAHL, DR e 5 i /K P2 A 7
e . e BENEY g0 45 5 W% 6.

A 6 T 5 4 AR = i s . R, ik
PR 4% K5 FRIE] 40 h BRIETS INEE 30 o/L 7EN
B-B {56 i 0 .

% 7 7] 50, [ Design Expert 13 4%} B-B iz
B 25 RBEA T I 5387, Br S AR 2 Y=108.11-
0.517 54-1.5B-1.63C+1.65AB+3.45AC+1.57BC~17.56A-
14.15B2-16.08C,
]S Ty 2250 BT L3R 7.
F7 FEEEGRUEEEESN

Table 7 Analysis of variance for optimization model of EPS

production conditions

R A HIE Bor R PH BEN

LAY 371640 9.00 41293 7134 <0.0001  **

A HEfp 2.14 1.00 2.14 0.37  0.560 0
B BFEmbE 1812 1.00  18.12  3.13  0.1200
CBREASIE 21,19 1.00  21.19 566 0.0400  *
AB 1086 1.00 10.86  1.88 0.2100
AC 4754  1.00 4754 821 0.0200 @ *
BC 9.89  1.00  9.89 171 0.2300
A2 1298.81 1.00 1298.81 22439 0.0000  **
B? 84343 1.00 843.43 14571 0.0000  **
c? 1088.46 1.00 108846 188.05 0.0000  **
bk 4052 7.00  5.79
ER o 3230  3.00 1077 524 0.07
a2z 822  4.00 2.05

J=yill 3756.92 16.00

T ORI 3 (P<0.05) 5 #+ /R LIl 2 3 (P<0.01) .
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T, U BRI B 5, A B SN o ok B R A
50 5 (P<0.05) 5 AC X 77 B & 5% i 1 3% (P<
0.05) ; YR A2 B2, C? 52 A 5 3 (P<0.01) , 25 b i
A, F AR GT PR = B UL R A

Design-Expert 13 2 A [6) 2H & R 25 22 (8] 1) )
25 S AT DL 5

PR/ (mg/LL)
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Fig.5 Response surfaces and contour plots of the effects of

interactions between factors on EPS production

A e 2 Rz I R I PR 3R =2 (8] 32 BAE AN
W Rz, B BRI R OR A2 B T R
ST g [R5 ORI 25 43 A AT A TR A e R A U5
TIN5 B AR FIX B bk S8 Pl S B 2, T 4 %
I [ 1422 it 1) 22 EAE R B 5 AR o 5% % B (1] 1)
L HAEFX R AN . RS A5 T EEE
T, TR 7 S SR N S v e R
2.2.4  AEAEIER LS

FIH Design-Expert 13 AR X B R
B S R AT IO . A5 B0 T2 A N A
4.56% K5 0T A] 39.9 h BRIR RN 30.04 o/L. 7E1E
FeAE T HEAT 3 RE A, AR R R b A ) ST YR
H7(107.81£1.47) mg/L. 5 TI{E 102.29 mg/L #H Lt
BRZEAA 5.12% , 33X 37 W 12455 7Y e 8% XoF 11 Pk 7 W 2t 1)
SEBRE SLHEAT IO 5 A 2 E R R AR LG IR TS
P AR 52018 T R P2 B (140.49 mg/L) |, i fik T = 98 A

c LG PR P i (261.56 mg/L) .
23 RIS SR
PPR S8 77 EPS(5 o/L) B FLALPERR ST R LR 9.
£9 HEHk S8 EPS(5 g/L) AL IEIRRER
Table 9 Emulsification rates of EPS to different hydrophobic substrates

ik 12 h FLAE%/% 24 h TR/ % 36 h FLILH/% 48 h FL1LA/%

|27 EPS i3t 80 EPS i3 80 EPS I3 80 EPS i 80
L vguaRlll 100.00 83.47 92.34 77.46 87.52 73.79 81.31 72.24
K 100.00 81.63 95.61 73.62 90.97 68.36 88.26 67.14
SEFF 94.80 74.32 79.89 74.12 62.11 72.03 43.68 70.86
Z IR 98.67 78.65 94.65 74.33 92.17 68.73 89.82 68.08

RSl 100.00 79.83 82.34 70.64 71.46 66.67 65.21 65.97

HH e 9 AT, AR S8 =Y EPS X 8 43 B K 1 JIK
W B A FACAE RS 12 h B, EPS X 4% B K 91 1
FLALR ) kiR 80578 A 24 h I, EPS X i /K K9
M LA A T B AT T kIR 805 TR A 36h ),
EPS X 32k I FLAL R A 62.11% , A% Tt 76 80 1Y

72.03% , FAR LAY & Tk i 80;1HA 48 h )5,
EPS X RIS I K 53 2R i LA R kiR 80,
I35 81.31% .88.26% .89.82% , Tl R S KF- I A A I B
FLALR ML Tk 80, 5 HAMA TR AR LL , & B[R] f
AR EPS M ZLAHEAEAE — 2 122 5, 40 Nikne-
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zhad ZFREOIFSY R4 22 8 X6h 30T AIAORS 31 A9 LAk SR
S5k 44.70% FII 57.80% , I T ASWF 5T i bk S8 7= A 1)
EPS # L%,

3 #ig

H Xtk Y s 248 o8 £ 2 h fE LR
PRI A3 2R AAT 1R o DG Tk IR 0 2R AT 0™ i o 22
WERIF TS AR o ARG 388 2o X I8 2 HH i 28 AT 1
7 LA 22 W B 5 A A EAT DAL RN Y, Ry Tk AR
EPS $2 UL A B AN TT IR

A 3 B PR 2 A 07 TR AR 25 SR L i T R AR S8 1Y
T A PR SR A R B T 4.56% , 15 3R [R]
39.9 h, B IE A VRN 30.04 o/L, TEMC S5 1R | bk S8
f) EPS ;=4 Al 35 %] (107.8141.47) mg/L. XLL45 5
E—25 W58 EPS (0 FHER AL TARYE . Bbah, ok
ZFHFFTE S8 1Y EPS X &8 73w K e ¥y BoA FLALE , 3L
A4 57 1 50 v & B Ok HE 0 2R AT R S8 e AR
EPS FANRIGAKEDIRA 12.24 h i, %45 K #L 1k
I TR 80, X SEREE (AL J5 22— T
KNS . RIACIBTTE K S8 AR E AR 1 EPS £
W KRS T R SR TE O B Tl s £
W 0 R AR LR 2530 5 5 .
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