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Fermentation optimization of Penicillium citrinum PA-33 strain by
response surface method

NI Sai, LIU Yinchun, LI Jian, LI Xiaohe, ZHU Xiangdong
(College of Bioscience and Bioengineering, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract: [Objective] To optimize the medium composition and fermentation conditions of Penicillium
citrinum PA-33 to improve its antibacterial activity. [Method] Single factor experiments were used to
determine the optimum basic medium, carbon sources, nitrogen sources and inorganic salts. The optimum
formulation of fermentation medium was determined by response surface methodology. On the basis of single
factor tests of fermentation conditions, the optimal combination of fermentation conditions was optimized by
ternary quadratic rotation unitized design and frequency analysis method. [Result] The optimal medium
composition were: Potato juice 219.91 g-L™', mannitol 34.11 g-L™' and soybean powder 6.25 g-L™'. The optimal
fermentation conditions were: Liquid volume 50 mL, inoculation concentration 3.5% (¢), culture temperature 28
‘C, rotation speed 150 r-min"' and fermentation for 12 d. The inhibition zone diameter of fermentation broth
after optimization on Escherichia coli reached 28.99 mm, increased by 10.26 mm compared with 18.73 mm
under the original conditions. [Conclusion] Response surface methodology, ternary quadratic rotation unitized
design and frequency analysis method significantly enhance the antibacterial activity of fermentation broth of
Penicillium citrinum PA-33, and this study provides a basis for isolation of antibacterial active substances and

industrial production of this strain.
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In figure B, number 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 represent glucose, sucrose, starch, corn flour, lactose, fructose, dextrin, glycerin, mannitol and maltose,
respectively; In figure B, number 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11 represent control, peptone, yeast extract, beef extract, tryptone, soybean powder, urea,
KNO;, NH4NO3, NH,Cl and bran, respectively; In each figure, different lowercase letters on the bars indicate significant difference (P<0.05, Duncan’s test)
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Fig. 1 Effects of different medium ingredients on the antibacterial activities of fermentation broth
VR & e R, Btk PA-33 RERRALILI  SETHERE, S8 EFAHRIEN 200 g L, A ERM
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Table 1 Effects of different concentrations of medium components on antibacterial activities of fermentation broth

e L B EA/mm . T 1B B 4% /mm pGEEM/((g L™ I 8 B 4% /mm
p(HHE) (gL o p(HEEED)/(g'L™) o o
Inhibition zone . Inhibition zone Soybean powder Inhibition zone
Patato content . Mannitol content . .
diameter diameter content diameter
100 22.93+0.52ab 20 22.03+0.12¢ 5.0 23.83+0.69¢
150 23.13+0.25ab 25 23.334+0.09b 7.5 27.93+0.19a
200 23.47+0.25a 30 26.60+0.83a 10.0 25.77+0.31b
250 22.53+0.19b 35 25.50+0.08a 12.5 25.13+0.09b
300 21.80+0.16¢ 40 23.43+0.87b 15.0 22.43+0.17d

1) R 3| &% 6 6 R R B FH A+ £5F 23 (P<0.05, Duncan’s # )

1) Different lowercase letters in the same column indicate significant difference (P<0.05, Duncan’s test)

2.2 EFEMBI7 Box-Behnken Mo E 1L REATRIATT Z 08 (R 2), M EEERI PN
2.2.1 Box-Behnken iX% %] Box-Behnken 46 45 0.000 2, SZMAH T 3 5 ARAUPEREES P 0.118 9, #R7H
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Table 2 Analysis of variance for Box-Behnken experiment

HKIE" Source SS DF  MS F P>
}EFY Model 76.25 9 847 2224  0.000 2%*
A 1.07 1 1.07 280 0.1383

B 15.62 1 1562 41.01  0.000 4**
C 14.36 1 1436 3770 0.000 5**
AB 0.07 1 007  0.17 0.6919
AC 9.52 1 9.52 2498 0.001 6**
BC 0.01 1 0.01 0.02 0.8944
A? 14.56 1 1456 3822  0.000 5%*
B? 12.31 1 1231 3230  0.000 7#*
C 5.19 1 519  13.61 0.007 8**
k2 2.67 7 0.38

Residual

AL 1.96 3 0.65 371 0.1189
Lack of fit

R 0.71 4 0.18

Error

AR 78.92 16

Total variation
D AB A C 58l kT BHAE HEFRR LA 2) R
TREA B MR F R (P<0.01)

1) A, B and C represent potato, mannitol and soybean

powder, respectively; 2) “**” indicates the model is highly significant
(P<0.01)
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Fig.2 Response surface plots of antibacterial activity of strain PA-33



%2 it 3%, & N HRE DAL

R PA-33 EMRIREE L Z 99

2.3 Bk PA-33 REESHERERML

231 FRE  BEMRERT BRI A0 B E PR R
W3 (K 3A), WA S p s i, R B 4L
B VS PR S 38 0 S 98N, 2SR 50 mL B, HE
B BN, N 27.13 mm. 24EEA 100 AT 150 mL
B, 4001 Bl AR 0 2 PRI o 2V 2 R ) T R R T
()7 A, UL AR PA-33 SIS TR R (& U8
BN EEAn

232 #HAE AFERER R IR PR
P2 R (B 3B). BEE R RN, K
I B AR B S, RN 3% () B, K1
WA P B AR Bk, N 28.23 mm. B 2 BN R B
W BT PE, B EEOR, TR P 7 BB IR A
SRR, HET TG 2 H B 7SR, T2 A2 )
TE TR A

233 A4k pH  pH X H R BERPT B IE TR A K
(K 3C). ¥4 pH 7E 3~9 B, #15 B ELA% e 1A T i
AR, pH3 254 N R Bl B4R = T pHS A
pH6 Z&A4F T (140 ER BB ELA%

234 ABBE WREXNKERAOPUHEEES B
0 (B 3D). Bl A I 3G 0, LR v R P
BRI INE N o R BERE N 28 °C B, K
AN B AR F K, N 27.67 mm, IR IL 37 °C Y,
AT P ELAR 3 PRI

2.3.5 A BRI IA) 5 S H R IR
PUHETETE (K 3E). BlE R B2 R I RE K, R B
1400 1R P A S e SR ok ) AR L R A . R EESE 12d
I, $ R P B4 5K, 9 29.00 mm.

24 =RIRBRAMEEAAKITHRULERE
241 #AwEIEREFBEE  WRIEREEM

BRI, EHOR B S A 3 A
K2 H AR, B =70 = W08 H e A5 56,
HE— 0 E R RIS (R 3).

FIH DPS7.05 B ARt 3 il5e 45 Rk AT 5 %=
ST, SRR 4 Fron, BER SRR FE N
2.2332, H P{E 5 0.130 9>0.05, AN &2 &5
FAE N 10.413 2, H P {E N 0.000 8<0.01, #% 2 3, Ft
R EAE R 5 S E A R4, EH T REE%MES
AL TN o 328 45 [ IH V545 31 T 40 B Pl L
7 (V)5 3 AN KR SHOCR ) R A7 1
Y=28.937-0.144X,+0.168X,+0.004X;—0.667.X,*+
0.067X,°—0.044X;>+0.039X,X,+0.013 8X,X;+
0.011X,X30 HH F B T %0 2% 150 D] 2 508 R I I 00 i
Pl B R MR e o R B> TR >, 3 AN
TN R TR () PU B 3G 1 S A AN . 2 (P>0.05), 3 4
R A 2 HAE AR . 1F 0=0.10 EE K
75 Bk AN 35 T, g T A AR A Ak IR O R
Y=28.937-0.144X,+0.168X,—0.667.X,.

30rA a a 30 B 30 C
a L L
saslfl B [ b sﬁﬁﬁg;‘ﬁb 5 | h . b & a @b
2 2 2 8
<3 & S} & S}
S 15 m g5 o Es
i p B o
HZl0r E2 10} ® 20l
= = =
£ St = st = st
0 0 0
25 50 75 100 150 200 1 3 6 9 15 20 3 5 6 7 8 9
B F/mL R R (0)/% 46 pH
Liquid volume Inoculation concentration Initial pH
30rD a a 30 E
P % el b b ab &
Sasp b g, s 7
¥ EE
£:520 c g'—Szo.
e V’ &y
m S15 m s d
p a m 51T
E210 o E 2|
82 1 sz
£ st g £ st
0 0
24 28 30 37 4 6 8§ 10 12 16

6/ C

t/d

FE AT ARG P RER R 2 57 3 (P<0.05, Duncan’s V)
In each figure, different lowercase letters on the bars indicate significant difference (P<0.05, Duncan’s test)
3 FRIAEEFMAXTEN PA-33 {E BRI

Fig.3 Effect of different dermentation condition on antimicrobial activity of strain PA-33
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Table 3 Design and results for quadratic general rotary composite

toas) arc AR (p) % M E/mL 5 P8l B.4%/mm
Test No. Inoculation concentration Liquid volume Inhibition zone diameter
1 30(1) 5(1) 60(1) 28.30
2 30(1) 5(1) 40(-1) 28.37
3 30(1) 2(-1) 60(1) 27.80
4 30(1) 2(-1) 40(-1) 27.93
5 26(-1) 5(1) 60(1) 28.73
6 26(-1) 5(1) 40(-1) 28.87
7 26(-1) 2(-1) 60(1) 28.40
8 26(—1) 2(-1) 40(-1) 28.57
9 24.6(—1.682) 3.5(0) 50(0) 26.88
10 31.4(1.682) 3.5(0) 50(0) 27.00
11 28(0) 0.977(—1.682) 50(0) 28.80
12 28(0) 6(1.682) 50(0) 29.23
13 28(0) 3.5(0) 33.2(-1.682) 28.53
14 28(0) 3.5(0) 66.8(1.682) 28.87
15 28(0) 3.5(0) 50(0) 28.80
16 28(0) 3.5(0) 50(0) 28.93
17 28(0) 3.5(0) 50(0) 29.20
18 28(0) 3.5(0) 50(0) 29.13
17 28(0) 3.5(0) 50(0) 29.00
18 28(0) 3.5(0) 50(0) 28.90

1) #&5 P 69 S8 A s AH{E
1) Numbers in the brackets are coded values
R4 ZZRBRAREEESREERSFESH

Table 4 Analysis of variance for results from quadratic general rotary united design

KI5 Source SS DF MS PCC F P
X, 0.283 6 1 0.283 6 -0.5154 3.6172 0.086 4
X, 0.385 1 1 0.385 1 0.573 9 49104 0.0510
X, 0.000 3 1 0.000 3 0.018 9 0.003 6 0.953 5
Xy’ 6.406 3 1 6.406 3 —0.943 9 81.696 5 0.000 1
by 0.064 5 1 0.064 5 0.275 6 0.8222 0.3859
X5’ 0.028 5 1 0.028 5 -0.187 3 0.363 6 0.5599
XX, 0.0120 1 0.012 0 0.122 8 0.1532 0.703 7
X, X;3 0.001 5 1 0.001 5 0.043 9 0.019 3 0.892 3
X,X; 0.001 0 1 0.001 0 0.0359 0.0129 09118
[A] )1 Regression 7.349 1 9 0.816 6 10.413 2 0.000 8
% Residual 0.784 2 10 0.078 4
248 Lack of fit 0.541 6 5 0.108 3 22332 0.1309
1% 7% Error 0.242 5 5 0.048 5
SR Total 8.1332 19

D) X, X, #o X5 A A TRE B Ef LR E; PCC AL 2K
1) X;, X, and X; represent temperature, inoculation concentration and liquid volume, respectively; PCC is patial correlation

coefficient
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K\i 5 ' Inoculation Ik PA-33 REFRAE 2Ll 1S 77 5 PDB X 4 3%
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Fig. 4 Analysis of the single factor effect P22 5, B T e
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Table 5 Frequency distribution of variable value
K 2 7 & Inoculation concentration % 7 Liquid volume
Level K# Times A% Frequency REL Times A% Frequency 8 Times  #1% Frequency
—1.682 0 0.000 5 0.143 7 0.200
—1.000 10 0.286 5 0.143 7 0.200
0.000 25 0.714 5 0.143 7 0.200
1.000 0 0.000 10 0.286 7 0.200
1.682 0 0.000 10 0.286 7 0.200

3 WS

AHIFFUAE L At 4% 77 2 L AR IR AN JE AL ER R
PR 2 I Rt b, SR ] Box-Behnken M N [ 5
%, AR AR PA-33 PR B IS 1A 51D e R R R 2
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27.37 mm, 5 PDB & fiti 55 3% 5 o v 0 14 18] LA
18.73 mm FH L, $1E E ELAR IS N 8.64 mm. K FEE:
T o 0 B R PA-33 R BRI B O A IR
TR, EUR DR T B i I R S IR AR I

HARE, R FRER MRS SR, BRERT
AT L AR P i, H R R B SR B T A IG R
AL TR ASFE B B IR R TEHL 343 5 P
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