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) DBR-9 PHEZHALBE ZTANHH I H AN, Z 500 &GRS A B R 347
FRAT IR E) K A4 R E M R R SR E A BEE S 1.474 g/L # # #5 38.628 g/L. £444 0.379 g¢/L,
ERAERRARS AL RN BEFFF20.8 x10° MNoF LB NA3S dA&HTAR BEERETR
JETiA 3] 692.421 mg/L, 5 R AR PAOBEZRETREALREZHT 19.01%
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Optimization of Fermentation Conditions for the Production of Citrinin

from Endophytic Fungus DBR-9 of Stephania kwangsiensis

TANG Xiaan,LIU Cailian, DENG Yecheng, FENG Beibei, LUO Haiyu, DENG Zhiyong

(College of Life Science ,Guangxi Normal University/Key Laboratory of Ecology of Rare and Endangered

Species and Environmental Protection, Ministry of Education of China, Guilin 541006, China)

Abstract; In order to optimize the fermentation conditions for the production of antimicrobial citrinin from
endophytic fungus DBR-9 of Stephania kwangsiensis ,the concentration of citrinin in the fermentation broth
was used as the index,the Placket-Burman test was conducted to screen the key factors influencing the
production of citrinin based on the single factor tests,and the response surface center combination test de-
sign was employed to determine the optimal value of each key factor. The results showed that three key
factors influencing the production of citrinin were glucose, yeast powder and sodium chloride, and their
optimal concentrations were yeast powder 1. 474 g/L glucose 38. 628 g/L, and sodium chloride 0. 379
g/L. Fermentation was conducted under the conditions of optimal medium composition , initial inoculum of
20.8 x 10° spores and fermentation time of 35 d,and the concentration of citrinin could reach 692. 421
mg/L. Compared with the concentration of citrinin in the original fermentation broth, it was increased by
19.01% .
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WEREM TSR MER 585 RN
P 0 — Tl SR TR 2K U AR T, R R
15 Y (EL[5) I B A T 4 A 3 T A 5 B4 T A
PR G VE, DL B Wk T B B R T R R 2 AR B A
3 E RN 1 181 0 A/ Rl Nl S R =
DBR - 90] P A AG 8 %, O H % 1 38 B e A 4 i
5L T 3 A, AR 2% T 0 45 L A TS AE B T & R
P o DROR 7638 % 45 0F T N AR B0 DBR -9 7%/
W85 2 I A%, BT L 3 14k 9 4= 07 DBR -9
7N B 2R I T A LR T R A R R XA
EWITRFNEA EEE L.

M 7 THT 3 2 — R P B0 B 0 e 7 %, R
1 2 56— W a1 U 7 A 100 A DRI 25455 ) o {1 22 1] ) 2 4
e ZR 3 3 [ 05 5 FR B 43 T A AL T2 S8, T o
I AR A GE T D i o R TR i A A G U B |
e R SERS  CEEMn B AP TR &
B TR AR A 3 )z v S, R
2 4R 2% A A BT DBR - 9 72 45 85 2 10 o 1 4 I 4%
T, LR S R i, B8 A S R N AR 2
B DBR -9 JCHURE & 1 A 77 A 25 2% 28 Al
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1.1 ##
1.1.1 #X®EA WNAHERE DBR-9 N RAT 7

A IF 5 T o I ] ) TV M AS 2 BRAR R A i 3R A
1.1.2 Rk iak MraEnt. Lo E
200 g BEHE 20 g Bl 20 g ZEMEIK 1 000 mL, A& [
Bi R gk L S8 200 ¢ HEHE 20 ¢ Z& 1R K 1 000
mL, FAREFRIES N F K pH (H, HTE 121 T T E
JE K 30 min,

113 XA RS WERR RENE AR T e
¥ BERR R R R AN PR BE BRI A A AL B R
BBy A5 X W VG Bl B 2 A A BR AN R 5 A A R Al
P A S 56 2 43 B 1 A5 5 3% Al H RE I B 95 R b AT
PR ) 5 4k iy 5E [E Milli - Q Reference 217K 5
GiiAe . ZHEMR 1260 Infinity W AH €435 (L0 B 2 =
SN T 5 8% FE Sapphire — C18 (4.6 mm x 150
mm x5 pm) W [ % EFRR CRHE AR SR
PR B0 AL H2050R ) 387 p 4025 0 LA 38 A BR 2
A3 LYZ -2102C 165 47 KW 7 1 i e BR AL 25 X &

YNGR
1.2 AFik
1.2.1 HBEEiFE&BY  WERKK 10 mg 155

2o, F O 000 2 W BE W i, 55 8 2 100 mL 25
S, A 2 B B 2 % 20 B C AL 100 mg/ L
)47 B R AR WA FH o

1.2.2 #EXELEHH  KEWFE 12 000 r/min,
5 CA&MF T EL 10 min, L EVEW 4 0.22 pm K R
UERSE U8, S S BERR BRI (Vi Vi =
9:1), %k J5 R HPLC 475007, S IRFRA% " 1
JiE¥E HPLC 4381 254 : & H] C18 # (Sapphire -
C18,4.6 mm x 150 mm x5 pum) , i 28 C ;7 sh A
U - K (PR LE 55:45) , FIBERR 7 pH A #4.0;
Tk 1.0 mL/min; 58 40K 25 % 4 254 nm ; JF A
R 20 uL,

1.2.3 KBk EMFEFE MO 1 mL 1
T IR AT 4] ,28 CHEEREFE 10 do A 20 mL J¢
PR KRS B 37 B R T A TR R, IF R R 4T vk,
A T A W (R ), i Bk B T B A
o B 250 mL = ff i A WK & B R AR
100 mL, K J5 5 A8 F 202, & FHEIR T 26 C |
160 r/min $55%, AE ZFAEES 3 K,

1.2.4 W FR%%H 400 vE A A T
T A9 R IRE B 1 SRy B R (35 10,20 ,30 .40 .50 .60 g/L
P14 T VA PR ), 0 A TR B AR 1R R R B R
A (& 0.5.1.0.1.5.2.0.2.5.3.0 g/L 1y
SR EE AR B ), 3B B A R Ak AL | UMt
FREEVE R TEHLER (%58 0.1.0.2,0.3.0.4.0.5.0.6
g/ L BT i vk 2 B0 B2 ) | R I [ 43 39l & Ol 5010
15.20.25 .30 35 40 d, WJ G HeFp il i Bl 1.2,
3.4.5.6 DAL (BEAANR 5.2 x10° M)
1.2.5 Plackett — Burman ( PB) iX B+ 3% i+ 7 %L [H
Fi 5 SL Al 1, 0 PB IR 56 R N A A
DBR -9/~ KM EEH K, MKW
S5 HE PB e B it b i R R i ROk R A A
R2ANKF(FLD), Hep R CFJREBHE,
FH T 22

1.2.6 mbtfey X3kt FEmN s, h T
CEIR R GO VAT ety T < IS =P S
Wh AT 8 T B A DR 2R K P B DX 3, TR I 0 1 A T e B
eI % . 7E PB 50 v 15 2 52w b 2 (10 OC 5 [ R
it b AR PB IR 25 R TS 1 — B LG T
HR R A e R B SR B S T DR R Y TE 3y [l R A
K, AR B R BN IE W) A% 5 KT T 7 86 3 3 3 1)
] EAT ML, [ Z AR AR o 3k B AT PR 28 3% i 3 ST i
R 0 L X3
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Tab.1 Factors and levels of Plackett-Burman test design
K % Factor
A b Al 2 S T N P 3 i 2 s 7 Ak i A
KT %ﬂilniicﬁ‘g k%ﬁjllﬂ WD)/ ﬁ?l*’jih)/ ﬂ1h%i]£f)/ ikﬂi‘r‘fﬁl‘l)/ @leWff(K>/ ﬁﬁﬂatﬁfm/
Level (A) (B)/c (/1) (g/L) (g/L) (g/L) (g/L) (g/L)
Initial Fermentation Gl Yeast Sodium Potassium Ferrous Magnesium
inoculum time teose powder chloride chloride sulfate sulfate
-1 2 25 30 0.3 0.2 0.1 0.2
1 4 35 50 0.5 0.4 0.3 0.4
1.2.7 <hp &P o @|eX &t L PB IR r ASTR) IR b 2 B H & 8% A B DBR -9 77

B 72 A5 ) 2 TR R A O IR R, O D e o e 3
TR 6 v 15 B A A7 B 2R R IR KR A PR 2 KO A Ry
O B SR O 21 A 00 1 B X 7 A A R A RS
Fr 5 A AT =R 2 K i 1 R, HL A A
FKF AR 2,

®2 WEEBPOCAGSREEITEERKE

Tab.2 Factors and levels of response surface

center combination test design ¢/L
K 2 Factor
KF — BB (B) AfeEh(c)
HEHE(A) .
Level Glucos Yeast Sodium
ucose powder chloride
-1.682 25.591 0.830 0.266
-1 30 1 0.3
0 35 1.25 0.35
1 40 1.5 0.4
1.682 43.409 1.670 0.434
1.3 #iEAbE

IS B e K H SPSS 19.°0 4h ¥, PB X 56 11 M) Jif
T 32 56 ) 3 T B B d R A Design — Expert
10.0. 4 %4,

2 HR G AT

2.1 BERREMZ

V547 B A A5 TR (3% 4l HY B R T A R R
BEA R 2.5.5.12.5.25 .50 100 mg/L £ 5 %
W, TV E I 3% 5548 N iE 4T HPLC 43 #r. DL
FCy) YA R, 4 55 3= o0 i Wk B () S B AR A, 75
B br ol 22 B U3 5 B2y = 16, 614x — 27. 282, 1" =
0.999 4, ULEAARME I 2 A A5 B8 &, MG R AT
2.2 REBRRZRAKRER

AN [R) e 5 P 218 K LB B X AR BCB DBR -9 7
WsE R W5 WL R Ta, 1 %55 3R B0 2 vk JE Bl & ik 5
JoT g R BE ARG I R BT S R R, 5
2 Pl AR LU, R 2 RO B, Y R e A T R
JER 40 ¢/L i, DBR -9 J 7 ¥ vb s 5 & ot = U
JE K, Ik 5) 578. 88 mg/ L, ik WU % 15 Sy 25 AR
A6 A Btk U5

WsE = s LI Th, 5 H A 2 Fh & IEAH F, 1 B
MACR B, B R EKE N 1.5 o/L i,
DBR - 9 & W 7= ¥y b A 5 3% 1 o Wk e oK, 3K F
528.03 mg/L, 8L B BE M Ry 25 A0 0 Ak 1) SRR o

TCHLERXT PN A= FLR DBR -9 77 A 55 Z 9 5% 1) DL
Bl 1c, BEAE TCHLER BT 5 vk BE 19 19 0, 4 2 3R o 1 ok
FERIE RIS /N FALF BN 0.3 o/L i,
W 55 2 o i vk B GA BI o K AH 449. 67 mg/L, A ALK
iR R 0.4 /L B, 15 B R 0 Wk B2 3k B e K
{ﬁ455-65 mg/L, Jlb@f&ﬂf@iﬁ%ﬂ?ﬁfjﬂ 0.2 g/L HﬂL,
*%%?ﬁ%(ﬁgﬁﬂfikfﬁ 430.45 mg/L, i IR
iR E R 0.3 g/L B, 1 5 R T Wk B ik B i K
{H 449.02 mg/L,

R ER R N AR LA DBR -9 77 4 85 2% 1Y 52 M
W 1d, 75 ~30 d 1Y K B[R] N, 1 75 3R T i U
J3E Wi T R 5000 3 1 T HE 0, 22 e B e TR R R 4
P e 2R B vk B R B, E 30 d I A A R BTk
J& 3K 3 B KAH 465.07 mg/L,

WIUG He PP 5 X N 2E FUB DBR -9 PP B R
M UL IS Te, 48 F 04 M & 3 DAL (5.2 x
10° x 3 A7) B, 1 % IR B vk B A ) i K
513.54 mg/L, 2 J5 BEW) G 42 P B 486 0475 75 3 o i vk
JETF R
2.3 AEPBIXIGER

PB i R n=12( 220V LIt 11 A~ F)
AV 5k, 4B 1 o 25 W O VAR B TR B R o A R
JE T [R] W) a6 HF B LA BT R R SR A
JoT e R B G TR IV A T AR R TR B B R MR R 8
ANFESERERM 3 A LR R I 11 AR A H
W DBR -9 i m R s, i a5 R W% 3. A
JH Design — Expert B {4 i 47 £ i 4k B1F0 J7 22 430 7,
SRR ULER 4, PR 4 AT A AR TR R B R RE R
JoT e B G Ak kT o v B X AR BLE DBR - 9 7
MR R B .2 (P <0.05) , P 3 RO K/ IR
R A S > WERER > SRR, T DX 3 AN R
HEAT — A o A AR 2 PR3 A RO AR
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5 PR ZR I R0 1 B LA B R /INTIT €, TE R0 B KR
B8 R UK, RV B e B g 4 A B0 (5.2 x
10° x4 Af6F) K BERF R 35 d, b, B 55 41 3

P TEHL#h S B BRI .2k R IR BE XS DBR -9 77 4%

—=— i Bk
Glucose
600 F Sﬁﬁ
ucrose
570 F —A— T
540 Soluble starch
2 - s}
sh o
EZ 480 *
®E 40k B
£ 2 pnof *
o 3
o= 390F =&
% £ 360F
O 330}
w® 0
300
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2 : L s : '
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BRI F AR BE/ (2/1)
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—— WA
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480 ¢ —— R 2k
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‘& :;) 400
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=S 380
-]
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500 f
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58 3 TR BE (m/L)
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HACWAREHTKT LR3I ANEERNR, T
T A D ARAE D IR A TR A rh X K
FFRFEA PRI IE 3 FhEHLER

—=— R R
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a. Effect of carbon source;b. Effect of nitrogen source;c. Effect of inorganic salts;d. Effect of fermentation time;e. Effect of initial inoculum

&1
Fig. 1

TREEMEEE~ENIN

Effect of various factors on the production of citrinin

#& 3 Plackett —- Burman i I8i& it R & R

Tab.3 Plackett-Burman test design and results

K & Factor

8RR E/ (mg/L)

W AIER= Citrinin concentration
No. S il
A B ¢ b £ ¥ ¢ H ! k L A cf;:]in ue Predi?tif%a] ue

1 1 -1 1 1 -1 1 1 1 -1 -1 -1 376.45 374.63

2 -1 1 1 1 -1 -1 -1 1 -1 1 1 498.55 503.89

3 -1 -1 -1 1 -1 1 1 -1 1 1 1 289.19 283.85

4 1 1 -1 1 1 1 -1 -1 -1 1 -1 645.78 667.20

5 1 -1 -1 -1 1 -1 1 1 -1 1 1 298.36 326.94




% 7 3 HEEF ] BRASEALELR DBR -9 #4155 X 09 A B S FE 1k 85
3% 3 Plackett —- Burman iRIEiZIH RER
Tab. 3 ( Continued) Plackett-Burman test design and results
30 1R ZE R/ (mg/L)
i 5 M3 Factor Citrinin concentration
Ne- A B C D E F G H J K I LW ﬁw fit
Actual value Predictive value

6 -1 1 1 -1 1 1 1 -1 -1 -1 1 284.14 282.32
7 -1 -1 1 -1 1 1 -1 1 1 1 -1 496.39 467.81
8 1 1 -1 -1 -1 1 -1 1 1 -1 1 349.58 344.24
9 1 -1 1 1 1 -1 -1 -1 1 -1 1 536.04 514.62
10 1 1 1 -1 -1 -1 1 -1 1 1 -1 298.18 276.76
11 -1 1 -1 1 1 -1 1 1 1 -1 -1 530.95 532.77
12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 236.48 265.06

% 4 Plackett - Burman iR & RN HF =S

Tab.4 Variance analysis of Plackett-Burman test results

- BN FAd P {8 L
K & Factor
Effect F value P value  Importance

Y
ikl 14.06 1.81 0.270 8 8
Initial inoculum
Ziﬁ%ﬂﬂﬁj_ . 31.19 8.93 0.058 2 4
Fermentation time
’E‘E]’ﬂ?ifﬂ.} 76.15 53.23 0.005 3" 1
Glucose
P 61.94 35.21 0.009 6~ 2
Yeast powder
AN

-57.13 29.96 . * 3
Sodium chloride 0.0120
-
%ﬂa%ﬁﬁ . 21.71 4.32 0.129 1 6
Potassium chloride
.82 0 8% 17.73 2.89 0.187 9 7
Ferrous sulfate
LR £ -27.36 6.87 0.078 9 5

Magnesium sulfate

e FARFEIA LB B FE KT (P<0.05),

Note :

0.05).

2.4 xREEERBEREKIAELER
A5 PB it 56 24

# indicates that the effect reaches a significant level ( P <

| 0 2 TR Y A I,
FTIENCHE, ALk o S R AT foie . AR 3 4>

PRLZR AR5 R /0N e 491 2 5 B AT B AR A D 1) L K A
K, ARSI R A RER IR S 3k s Al 5

x5 RERERBEITRER
Tab.5 The steepest climbing test design and results

I =283 74 5 85 R B

e R O X177 S

5 (g/L) (mg/L)
(g/L) (g/L) -

No. Yeast . . Citrinin
Glucose Sodium chloride .

powder concentration

1 25 0.75 0.45 611.24

2 30 1.00 0.40 634.97

3 35 1.25 0.35 650.78

4 40 1.50 0.30 643. 14

5 45 1.75 0.25 628.59

6 50 2.00 0.20 583.48

7 55 2.25 0.15 570. 64

3 4K ERT7 S ENVA 4 35 o/ L BERERY 1.25 ¢/L 5
ek 0.35 o/L I, A 5 2= o i Wk 05 K, MO DL 4%
PRI 38 J5 dt R 5 Ay A s (I T XoF I 194 a5 2 3T e A i 3
Ry e o7 DX, LA LLSE 3 2 e Uy 58 % IR R Y o
W BEAEAE S J5 SR 50 4 v O s B AT o B T PO A
Bt .
2.5 REBMEEROCAGKEER

H1 =& 6 Wi Bz T 32 56 245 2R 0 A A U Il
D MG R FURYRE Y =642. 49 +35. 944 +93.55B +
34.84C +20. 144B +9. 384C +7. 14BC - 48. 704* -
59.65B* —61.49C*, X% [nl 3 J5 # ik 47 05 22 40 M
GEHR LT, T AL, B P <0.000 1,3
PR GR B K, K P =0.145 2 >
0.05, R AUTUA 3, iU EE SHR R TG

6 MEBHLASREBEITRER
Tab.6 Response surface center combination test design

and results

Wiss R BRI/ (mg/L)

t_&ig;ﬁ I3 Factor Citrinin concentration
v \ . . S i
Actual value Predictive value
1 -1 -1 1 359.13 381.60
2 1 1 1 650. 89 673. 64
3 1 -1 1 443.54 431.97
4 -1 -1 -1 359.04 344.97
5 0 1.682 0 646.42 631.11
6 -1 1 1 539.13 542.72
7 0 0 0 631.48 642.49
8 0 0 1.682 545.11 527.15
9 0 0 -1.682 404.27 409.96
10 0 0 665.36 642.49
11 1.682 0 562.47 565.19
12 1 1 -1 584.71 570.91
13 0 -1.682 0 313.38 316.43
14 0 0 0 635.19 642.49
15 1 -1 -1 352.74 357.82
16 -1.682 0 459.29 444.30
17 0 0 631. 64 642.49
18 -1 1 -1 457.27 477.52
19 0 0 634.52 642.49
20 0 0 654. 64 642.49
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Tab.7 Variance analysis of response surface model SH0.973 8, P FUE BB, U I i R T SL B
SEEE T F . T AR 22 /0N, 0] F A2 PR T . B A Adeq Preci-
Source of Sum of Def;ee Mean FF;'zElEue PPve{jiue sior 1—5 uﬁ% Hﬁﬂ‘j 25.744, ﬂ{%g—%} o E IE[UE[ *ﬁﬂ EP LA
variance square freedom square B‘C\AZ \Bz \Cz 6 Iﬁ E/(J P <0.000 1 s %%}%jj*&i% ,
B Model 2.753 x10° 9 30 583.44  79.43  <0.000 1°* ABIjiH 0.01 <P <0.05, KB M3, Bl Lk
B Lusmer 1 L sz comere N ARRCERERCESTREHM,

. x 107 . X . <0. ’ .
c 16576.27 1 16576.27 43.05 <0.0001°" AR Design — Expert 10. 0. 4 B 53 5 2 il th
AB 3243.75 1 324375 8.42 0.0158* AB AC F BC 32 5.0 (1 55 i £ &1 A0 ey i i 1 161 (1R
AC 703. 69 1 703. 69 1.83 0.206 2 . ! R o
1 1 e e aama 2E3RIELA)L NN L6 W
A2 34178.09 1 34178.09 88.76 <0.000 1°* i TET (%) B i R R P e il T B Y 15 B 2% PR 2 X
BT I OIS <000 1 R 2 TR 0B B
. ‘ | o W37 TP P 2D 3b 4b) WTLLAR i, 3 1 A
Residual ~ © o028 100 38306 Z 0 8 52 A TP K T I A B R 5 R B 5 4
KI5 s ams ouse 2 CEEECEREHNGES FRE B0 AN
i;iﬂ; ' KZBIAFEH B EEM,
b omr 1025675 205,13 2.6 BHABSENHESRIE
A s ol 1ot 19 FIH} Design — Expert 10. 0. 4 FfFX [0 5 75 FoR
. X N s

Total — B 5 5,

1 :R? =0.986 2; Adj R* =0.973 8; Adeq Precisior =25. 744 ; * FiR
ZRBF R F KT (0.01 <P <0.05), =+ KR ERWEHF
(P<0.01),

Note: R* =0.986 2; Adj R* =0.973 8; Adeq Precisior = 25. 744 ;

# indicates that the difference reaches a significant level (0.01<
P <0.05),and =*# indicates that the difference is extremely
significant (P <0.01).
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Citrinin concentration
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PR A B A N A A0 38. 628 /L,
BERERY 1.474 o/L GAALHH 0.379 /L, MY A 25 3 5
o B IR B R KA 699. 327 mg/L. AE fie il N Z K
AT HEAT IR B, AR R T, N R R
DBR -9/ &H EZ i E W E k7 692. 421 mg/L, 5
TR P (LG % 25 v, DA AL 25 2R mT & o
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Fig.2 Contour line(a)and response surface(b) of interaction between glucose (A) and yeast powder (B)
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Fig.3 Contour line(a) and response surface(b) of interaction between yeast powder (B) and sodium chloride ( C)
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Fig.4 Contour line(a)and response surface(b) of interaction between glucose (A) and sodium chloride ( C)

3 #w 5w

1 5 R H 5 K 5 | Plackett — Burman {5 |
I BE @B G 56 | a0 265 o 1 1A a6, O 8 1) 3
Vb AR 25 9 A B DBR — 9 % 110 05 4 15 35 3L i 4>
YA, BB by | OB S0 B BT R R 3
1.474 38.628 .0.379 g/L, ik b5 Lm0 44
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