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B2 N IR SRR FF DRk o B S5 Pk B4 9 0% B, I FH Klebsiella variicolaift 47 175 % . SR FH BRI 2 S i 55 T
J W BE | FERh i | WA N K G A R A R) X 35t TR I i SR 152 R AE S0 S5 AL B, R Design Expert8.0%K 1
HEAT A3 AT S ST T R IR E L 2 i | W N 7K 34 DR 3R KT 9 0 1 e e 3 5 i ) DA B AR SRR B3 (P < 0.001) ,
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Optimization of response surface for degrading phorbol esters in Jatropha
curcas seed cake through Klebsiella variicola solid-state fermentation®

LIU Ying, ZHANG Xiaoyu, BAI Yanlin, WEN Yu, YIN Jing & TANG Lin"™
'College of Life Sciences, Sichuan University, Chengdu 610064, China
“National and Local Joint Engineering Laboratory of Energy Plants Biological Fuel Oil Preparation and Utilization, Chengdu 610225, China

ﬂ]ﬂ!’ﬂﬁ} This study aimed to optimize the degradation rate of phorbol ester of Jaropha curcas seed cake through solid-
state fermentation of Klebsiella variicola. Firstly, by the single factor experiments, the effects of fermentation temperature,
inoculum amount, initial amount of water and fermentation time were determined. Then Design Expert8.0 was used to analyze
and optimize the model of phorbol esters degradation rate by three factors (fermentation temperature, inoculum amount
and initial amount of water) through response surface methodology. A model was then set up, its validity verified, and the
degradation rate of curcin measured. The model was significant (P < 0.001), fitting well. In confirming experiments, under the
condition of fermentation temperature 37 °C, inoculation (¥/m) 33%, the initial water content 105% (V/m), after fermentation
for 48 hours, the phorbol ester degradation rate was 84.30% and curcin degradation rate 63.21%. The results suggested that
with optimization of the response surface methodology, K. variicola can degrade phorbol ester efficiently and at the same time
degrade curcin.

[K@Mb Jatropha curcas seed cake; phorbol esters; Klebsiella variicola, solid-state fermentation; curcin
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Xof il e g A= 12RO gt N R R R Y
FBA T PR B8 1 (Curcin) 5 B BFF 22 8 1 (Ricin)
A 8 (Croon) FEPEA ML, BA MG EZMh&EA
A ER, BT TR ARG R A, HiEM /T T4
AW AR T 2 P B PR AT 75 8 11 (Ricin) M,

I R IR AT R0 T8 53% 49 e g 0 0T 5 b, 3l R Sk B
b2y B R, o8 o AR R B AR O Bk R AT, B
F 06 P e H A IR e M, BT DG o BhoAh B O ik R AT 0
B RBRRCRIEAHME,. O EBRRCR SN FIRHF
P ALHE < B 0% Dl R AT P b OE A S B T IR AT DL SE A R
fi B D R, 65% T R & P ik T o8 4 L R b i ER Y,
T4 0.07%IW NaHCO, 1) £, B 15 VR AT Bk 25 Fh - 98 % 1) i 11k
i 125 ) D ke 2 0 2 T A o 0k T 2 2 R A T B T AL 4 -
Pseudomonas aeruginosa *O & & i ( Bjerkanera adustaFl
Phlebia rufa) " 75 % W 7T B ft DEH1 T 90% LA L Bk Ik B, (2
KBETEL9-30 d, (Al A LT SRS AT AR, & B R it
BB TR A RN A A = 3 S Bk KA s Streptomyces
fimicarius[Z5 % Be AR 06 5 6 14 7 2% 97% B2, (8 L F% fi
A8 1B X BRI FF A M AR UFKI 3 Bacillus subtilis ., Bacillus
licheniformisi #IR & 15 P# Ganoderma resinaceum PV 25
Ik TR Ik TR % A R 62%A1120%, & fRfiE 1355, ANiE
F A 7= BB WA KB A | 28 5F 3035 AN
TR 30t T AR e A0 3R A 558 ) AL, R bt 5 B it v — e 3 e
9% Sk RS KT DEA 0 D R 1) O k. S AT AR AR LG, ARTTFAY
2R P [ 25 % T 1 AR W A SRR IO AT DA o B 4 e B 5 S TR 1%
J&, AW RS — M E Bk ——Klebsiella variicola, 35| H
Mg 107 T 3 R AT 5208 5 - W i Ak . K. variicolatt 7778 F 7K Fe Al
A B S AR ) A N B AR s 33 PP AL A BT 5 sk g 7 T 9 1Ak
K. variicolalB 25 & B RIS FF DRI At 9% I Fg 1 & B 45 A,
5 S ] DAY R 255 I AR SRR ORI RE o b 8 TR B T 45 21 [
AEBEMRAL AN, ARWETT & R 20 AW K 8 R 1
BRI R PR T 55— 25 M 4 BT curcint, #E 47 HE SR AR, LA
HH R H S RSO DR B8 75 BRI 1 25 5 R IR (i = %
.

1.1 #F #

B EER RN o R A A A Rk it o A% B ) L R by
B TR 2 P It

BRI BT BRI AP PR T om &AM B S, B
MAE RN . HAR TR A T AT 5L 5.

Rk LBIRIRRE F74E.
1.2 RFI 5L

RF: ONE. PR B b @ilal, KEToK, &P
Bt BETREEI . BEAE . SALENAE YN A Hr Al B bR i
134 1gG-HRP (AL A2 & AR , NN,N,N-TMB (114
FRBL IR ) A (9 E Amresco) .

{88 Waters515 B AH @Y (EE) . UT-1900 %
A =TT W43 658 BE i (b5 4738 HAER ) ) . AE-240 LT
3R (0.000 1 g) . SB-300 DTR #8 75 i H 455 E#L . RE-
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52AA ekt 75 RAL ( Lo A ARALER) ) | JL-100 J7 BE R A
LB W TR A R/AE) | SpectraMax M2/M2e HIZ& 1) fig
i % 4 9% 3 B 1 ( &[] Molercular Devices A F] ) | 12iE %
KEAL . AL B 3240 . BRIR . TCRIRAE R . o e T i 55

1.3 7 ik

1.3.1 FRRRIAFOHAMTIE  BRBOW AT 208 iE A AL it
TRV B ISR H), T5-40 33 M iR WL EAT B 50 )5 2 40 B i T,
H 15 BEH 2 B HF-20 CUKFR AT

1.3.2 BERKEIE  HEMEMBILBRIAE IR, 737
°C. 180 r/minZ& ARG I3 0, 241 Fh vk JE 15 110° cfu/mLifk 7
B

133 BEEEZETEE RIS ¢ E T100 mL=f i,
TR MR . KA, A — IR A T AR R SR A
(e a3

1.3.4 HEERRIREN  JETSClk, SRA AR e R BOE ™ i
TAE VRS & B = M, B A 40 mL &P ke
FF #4720 mindH 75, 400 6 vk, 7R O HEAT UK e
78, A5 B0 Ik e Wk 48 OT TP BE VA AR . 285312 000 r/mins
0010 minf5, B LVE WA 0.22um A3 HLUE I 0, 7920 & A b
T8 TR 11 Y R VAR

1.3.5 HEKEERIRRM 3T Makkar HPS (2008) 38 19 BRIK
o 0k P ARG 0 92 Y, YRR € SRR s g AR\ e
F Tk b B8 ik S 3 78 A (Spherisorb C18) , K25 cm, P
%46 mm; LI80% 2 (&4 0.175%5M8 ) SR i sh Al 5 #6Il i#
K280 nm., i K1.0 mL/min, i ~25 C. gEEER K20
pL, DAAMR SR TR i P RO 3 U0k 1 1 5 2

1.3.6 curcinEEMNE S MIE/NELE (2011) AYIE]FEELISA
2, kAT TR

2.1 REEFHHADEIEEEFcurcinI &S =

MBERH, BEPLEKS.00 g + 0.02 g 105y, BEAT & i, i
TR A curcin By i ARG A5 7E S35 B il i R 17. 21% 0 17 Bl
T, DR A I R T i 2.327 mg/g, curcin® X E iy
77.340 pglg, KRR LARE il R R K.
22 BEERHER

PATRI 2R S AL I A R IR) . R IR BERb L WO h
I B2 Xt ol 0 T A i 23R 114 5 T 44 ST 565
221 REXBERE  /HITE27 C.32 C.37 C.42 C. 47
CHAMRTFRF A, SR AP G IK S AT, HH17
48 h[EIZ A W, HAM I TR R A R N 3R LT, B H A il e i
IR % H37 C.
222 REBEME  IEME (Vim) 820%., 40%. 60%.
80% ., 100%FHF, #IHA N K 03l BRI 41 T, 1637 CtAT & 18
48 h, FLA I G % R AN 2 TR, Al AR 40% (Vim) .
223 HEWBMAKE A RTERGEIMKE (Vim) #550%.
75%. 100%. 125%. 150%H}, $: it iE 24 40% (Vim) B 25%1F
T, 137 CHEAT R EEAS h, b i R S an 23R, R i
IEHTUR 0K & R100% (Vim) .
224 KEERHERSN  FERERN R 40% (Vim) |, HIUR K &
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Table 1 Effect of fermentation temperature on degradation rate of phorbol ester

KR & Fermentation temperature (6/°C ) 27 32 37 42 47
PE[% fi# % Degradation rate of phorbol ester (P/%) 64.87+2.43 70.35+£2.34 78.51 £1.70 71.77 £2.07 59.43 +2.10
R2 BEME X IRERFERE R AN
Table 2 Effect of inoculation on degradation rate of phorbol ester
HEFh & Inoculation (p/%) 20 40 60 80 100
PER%# ffit % Degradation rate of phorbol ester (P/%) 78.27 +2.14 81.35+2.46 75.02 + 1.88 76.10 = 1.22 72.09 & 1.05

R3 HNEAINKE X B R PR R R0

Table 3 Effect of initial amount of water on degradation rate of phorbol ester

WG /K & Initial amount of water (/%) 50 75 100 125 150

PE4 fi## % Degradation rate of phorbol ester (P/%) 66.08 + 1.12 77.87 +1.48 82.87 +1.07 72.09 + 3.35 71.70 £2.68
F4 K EEETE XT3k B AR R R0
Table 4 Effect of fermentation time on degradation rate of phorbol ester

% P B} |f] Fermentation time (#/h) 24 36 48 60 72

PE[% fi% *% Degradation rate of phorbol ester (P/%) 54.87 +3.11 75.48 £ 1.49 82.16 +3.33 81.19 +£2.02 82.47 +1.53
5 LG ITERKFR HFD
Table 5 Design of experimental factors and codes

AR Gt i It 7KV Code Level
Variance Code -1 0 1

K% 1% i ¥ Fermentation temperature (6/°C ) X1 32 37 42

1A Inoculation amount (¢/%) X2 20 40 60

WI4R 7K & Initial amount of water (/%) X3 75 100 125

H7100% (V/im) BIAL PR, 7E37 CH 340 TPt 17 % 8, 2 5 it
1724 h .36 h, 48 h, 60 h, 72 h[#E &K BE, i & BEAFIE]. M
Tt it AR PR N R AR 75, 24 K I8 ) 1) 35 21148 hc A7 I, A e ik
M il R B 2R Bl R, Br AR AT & B2 5L 90 vT LA B2 48 Wi
KR (A].
2.3 ImpR A B HMRAL
231 MEEETRERST HTREZXLBER, £X
P B () SR 48 Wi S5 14T, 3k TR I B L 82 b AN 4 i oK
B3N 2, F)HDesign Expert8.044: ¥t K. variicolal#l 75 %
R A fogt DR E K 9% 10 T 199 5% 1 32 47 Box-Behnkenii 3,
b 0% T A i 2R A AL, S IR B3N /K F, Fl i Design
Expert8.0#F 174> BTS2 50 4 , i — SR AN HENSHL
B AR KT 10 g 5 2% UL 325,

X il Design Expert8.033F 47 Wi i T 234, 45 5 0L 366., 7.

R 6453, R HlDesign Expert8.03F 4T 5246 45 5 /0 47
HRTAIHL, X, XX, XX, X2 X2 X204 0 1 e A 22 1Y
MR R (P <0.001), SLEAER & & BEIR E AT 16 K
HRAMSEPYEZENE, KPR mR K. &
o I B R B A B B R B I LR K B 2 (R 2 BAE
(P<0.01). REWIAEE (P>0.05), W AT
R BERLEE Y.

JHDesign Expert8.053 A5 ALY AT 5 B2, 454 WL KS8.

AR 4R e o7 T 2R 0 1A 40 Ar, 45 202 OB R B B
A Y=82.95+1.164-2.73B - 0.36C + 3.544B + 2.73AC - 4.05BC
- 8.2447 - 47682 - 3.06C2 [AlH J7 FEWY Jy 22 4 45 R W3R T, &

8. N7, F8uJLIE Y, mIARI R 2 (P <0.001), JKREIA
W& (P=0272 1), FWRIEFRLLEE R FIE5 K
A B ER0.995 1, 22 B 99.51% K 19 I 1 W4 A 2 fi4 A48 Ak v]
FH LA R RE, 5P BB B 4. A% IE AR 5% B4R 0.988
7, o005 T A o R AR S R BN 0.92%, {7 Mk LY Sl 38.438, 14
WA E B & 1% R HK. variicolal® 25 % Tk & ff R IKUR
KRR I T AL T— A Al AR A,
232 MRESH R JHDesign Expert8. 0K 4% [l 545 A i
TPRTEAHT, K EEIRE . M aE . MR K E3NHEL B
Wi K. variicolal®| 75 & TR R A R IO RE DRE 98 D6 i 1) i 17 T Pl
AE 2R WA, 2, 3.
233 BERZKFEML FIHDesign Expert8. 044 %k 2] 45
RUSEAT RIS, 8 0% 15t g o A o3 i 38 P B e i T X g 1
HZE K, gL 20 345 1 13 Jr R i = 4 g 1o 1 & R
Lk T, AR R AR AR AR E A (0.177 5, 0.319 6, 0.231
8) W 1o SEFRIUE (37.12, 32.81, 104.73) , $5 KW fit 2 Ak 1A
J83.42%.
234 HERIISIE N TR IEA R A RO, IR AR AL S IR
FiAS B4 N R AIE S5 A SEPR 3250 4 1, RV A BEREE3T C,
PeAhE 161 mL, WIARN/KE A 1.05 mL T 1725 % 1§48 h,
TR 3UR, DS I g T2 % i 2Rl 84.30% (£9) , SIS
TS AR, AR 22 4 1.06%. BT UL, 1% 4865 70 45 4y by 5 00 K.
variicolalF 2% %z T M AR R IR kA 130 30t 196 1) 175 O
2.4 K. variicola¥tcurcinf&fRBE RV M

Fig R AR 2% 28 X6h RSO R E R AA 00 A7 1 25 4 e, %o K T
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%<6 Box-Behnkenl 57 H 258 1& TR 45 R
Table 6 Box-Behnken response surface design and results

1 1 1
2 0 0
3 -1 0
4 1 0
5 0 -1
6 0 0
7 0 0
8 1 -1
9 0 -1
10 -1 0
11 1 1
12 -1 -1
13 0 0
14 0 1
15 0 1
16 0 0
17 1 0

71.57
83.31
73.94
70.82
81.58
83.68
82.12
70.64
73.47
67.03
62.20
75.41
82.86
68.68
76.79
82.78
74.82

R ZEERFTENTES

Table 7 Analysis of variance of binary regression equations

Model 677.12 9
X, 10.74 1

X, 59.73 1

X, 1.06 1

XX, 49.98 1

XX, 29.76 1

XX 65.77 1

X2 285.62 1

X2 95.35 1

X2 39.46 1

%% 2% Residual error 3.36 7
e Lack of fit 1.97 3
2fi1% 2% Pure error 1.39 4
B3t Sum 680.48 16

75.24

10.74
59.73

1.06
49.98
29.76
65.77

285.62
95.35
39.46

0.48

0.66

0.35

156.80

22.39
124.49

2.21
104.17
62.02
137.08
595.27
198.72
82.23

1.89

<0.0001

0.0021
<0.0001

0.1811
<0.0001
0.0001
<0.0001
<0.0001
<0.0001
<0.0001

0.2721

RS NN EERFTESN

Table 8 Analysis of variance of experimental results of response surface

Frifi2% SD 0.69
{8 Mean 75.39
A S ZEL CVI% 0.92
i 5% 2 7 )7 PRESS 33.70

5K R4 R-squared

% IEAH 36 2% Adjust R-squared
i AH K F Predict R-squared
{5 SNR

0.9951
0.9887
0.9505
38.438

2RO e K7 TET SEE B 56 IE

Table 9 Verification of response surface experiment

1 84.48
2 84.36
3 84.07
SEHIE Average 84.30

60.13
64.28
63.14
63.21

RS S EE 4244t Chin J Appl Environ Biol http://'www.cibj.com/
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1 % lig P fi# 2 Degradation rate of phorbol ester (P/%)

30.00

52.00

14.00

Degradation rate of phorbol ester (P/%)

36.00

ikl
Inoculation amount (¢/%)

28.00

2000

HFhE Inoculation KB IR E Fermentation = Ho e e o o0
amount (¢/%) temperature (6/°C) K EEE FE Fermentation temperature (6/°C)

2000 3200

Bl REE AT E X R B P AR R R N0 A I N E E A S k.
Fig. 1 Response surface and contour graphs of the effect of fermentation temperature and inoculation on degradation rate of
phorbol ester.

o) {4 3% B5 % i 2 Degradation rate of phorbol ester (P/%)
§ \/? 125.00
g T
% g ﬁgww
oz K g
B2 ST
it & 5 oo
# T g
2 £
E E 95.00
5 z
2 =
3 =
= 85.00
-
2
85.00 2500
= e 7500 32.00 .
?;};zﬁjmj(i Initial amount Zigﬁg Fermentation 32.00 3400 36.00 38.00 40.00 42.00
of water (¢/%) temperature (6/C) KB Fermentation temperature (6/C)

B2 & BER EFAEENKE X 5 B P AR 2R RS M A I R E AN R k.
Fig. 2 Response surface and contour graphs of the effect of fermentation temperature and initial amount of water on
degradation rate of phorbol ester.

7% 5 % #7223 Degradation rate of phorbol ester (P/%)

125.00
115.00

105.00

Degradation rate of phorbol ester (P/%)

95.00

85.00

Initial amount of water (¢/%)

28.00 75.00
0 12500 20.00 28.00 36.00 44.00 52.00 60.00

20.0(
H:Fh & Inoculation 45N 7K & Initial amount
amount (¢/%) of water (@/%)

#:Fh & Inoculation amount (¢/%)

B3 #0%E N7k 2 A0TSR X0 45 B P AR R R M W Sy T I AN S S k.

Fig. 3 Response surface and contour graphs of the effect of initial amount of water and inoculation on degradation rate and of
phorbol ester.
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i JE MR EAT curcin & S ARSI, & Bl curciny & X bk B
B fR 1763.21% (F£9) , ULHHK. variicolall 75 K 1 15 ff JFRIK
B REDFA AL AT LR fife Hoh B35 28 F curcingfg -

ASHE 5% 0 1344k Klebsiella variicolal®| 75 % T FRIN A FF
TR o6 St A3 0 T A AR, S ST TR VR 9 U TR R i OGS IR 1Y
TR B B TK. variicolalE 75 K TR 6 BEIKR
FFDERA B8 I R 1 T2 454, AN SEBLK. variicolald 75 & BE %
il BRI AR FE A B D g 9 Tk Ak AR 7= 48 IR B AR 3. th 37
I IT WA AR T 2 0T, AR FK. variicolalE 25 & 1
PRI KT ERA 9% ot b D i Ak AR b, 4R R R TR B A 4R
KRR LR BPEERNER, Hh R 0 5
K. HEL, 2, 3 R A4 gk B 2 B, X O B R
R M R RS2, A TR IR R R o L R TR IR R A 4R K
T 1Y 28 TAE FH RT3 Rl A0 B i K 42 i A2 TAE . 4
Box-Behnkenq I [ 4% 7175 4 A& TR BE L 35 Fb i, 045 oKk &t
of s 5 TR o4 e W) P B2 S ARy Y = 82.95 + 1.164 - 2.73B -
0.36C + 3.544B + 2.73AC - 4.05BC - 8.2442 - 4.76B2 - 3.06C2. X
PEGE o Hr 2 B, 124510 (1 M 56 R BUR® = 0.9505, bk Pk %
fift R AR S R BORH0.92%, 15 M bk o 34.438 (8) , BLHARLAY
AE R .

IR Ry 58 AR A= S i ROk A P2 b, Dl T AE W
S 3 X £ IR AR L H PR TR % I R 2 P AR
4y, PEEE R T HAERRL B A B H AR TSR AR,
T A R R IR, DRI T . B A B
TR . ARG, ARIERE HEREIAT 12
i . TR F M A E S R B T RAE . SRR BRER
B [AETAT AR E ORI S E SRR A E SR, B4R
. ARG FTHIIK. variicola ZAERTIASC I B, MBI
WA R Ay B AR F, 28 0 ik & B AT O A 40 0 TR A .
FIFHK. variicolaXt R FFDERIES T S & TR R DR TR, &
YR 15 0 R 9 DA e B Ak A, AE48 WY A A R Rl Y, (kD% B
Rk fipk %61 51183.42% (RIBR A B 1t 40.384 mg/g) , KK T
PR L. [ B, IR A R W Bk 5 —Fh B MR
AycurciniF AT HERRAG N, B Tourcinde & Y, &3 ¥8 0.
IR S A B 2 (15 8 R 0 B, (HAE DR AT 3 76 77.340
ng/ghk 4, LMk, H X curcinfg fif R ik $163.21%

(BPBR A & 9 28.454 pglg) , WA K FESR Tourcinf) & . 4%
LU, K. variicola NSN3 1k s A 7R 58 14 % S RE 7, X 8
M curcin[f] A B A B AR R RE T, X — mi AT A ST BT
e Z=P St i

TCH R ) 58 P BE RO R TP B iR 2 24 0.11 mg/g,
RN E , 24 D0H b D g 5 & AE /T %7 0.11 mg/gh,
AR TCEE DR . BARK. variicolaX i ik g K curcinds) B A4
A XoF 358 5o 1) R A 8 7, M8 ke Bk I AT A R A b Uk R AR R
A, T8 — A0 R R L AR A DR, Bt A
Tk B FH O TRIRAS, T 35 6 o 06 T 5 2 IR AR T R 2R A7 1% 15
ol ] 2R FH 22 vk M T 2D DER B 5 TR A AR A B T R 0.7
mg/g/e A, T4 R B AR DR b Ok bk BR 10 & & T PR B R
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IR HURT R B S5 LV 7RI X e it S DRk R AT 0 22 T
AR B, AR AT GRR O R S = PR AR = E K. FE R
K. variicolalf 75 B R FERN I, K ORI 5T 51 00K 48 P e X
Tl I mANEY T i — SR R K. variicolalg iR T, siA
FHHAME R E K. variicolal B REAT A & B, 8 Hx) ek
6 % g S curcin sy f UEAT ARG Mo % A, AH SCHIF 55 1T R BRI
PERE R AR | £ B H R Ak T2 40088 %) 1o 4 £ B 8 3
filh.

A 5T AR B EAR AR, K. variicolal@ 35 & BERRIK
TR R 8 S o 08 TR 1) BRe PR A% 1 R R TR BE 37,12 °C, i
733% (Vim) , /KBHE105% (Vim) , K e []48 h, I 5
s I TG 9 i >R R 83.42%. 38 3 S AR I, 3% I8t R S R E
i R H184.30%, SELIGEALL, HHXTIR2E #1.06%, 1% 5
HIRER - ¥ TN K. variicolal® 75 % T W St IR IRUR FE DF 198
BERA SR IB AL, RN, ZERAL 44 T [ 25 & B AT fficurcin
% fift R 1K 51 63.21%, BEHA K. variicolal 75 2 BE WRIKCRFF PR
AT LA R 3 5 curcindy & 5 LU R Y 2S
% T I8k AR IO KT 0 9 0 T A TFF 95 AR L, R0 P o) R T
ALK, variicolal®| 25 & FEFRPCHSFF R FE 7T 7E48 hitt(a]
PR 25 SR DEHA R 84.30% A4 Bl I 15 , i 1T & i DR P 63.21% 4 7
HH (curcin) , BRI &, R, BAELE KSR
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