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Optimization and kinetics analyses of
exopolysaccharide production by Simplicillium lanosoniveum
XING Xiang-ying, CHEN Jing-yu, DONG Qing-lin" , GUAN Rui-jing, YAN Shuang-yin

(School of Chemical Engineering and Technology , Hebei University of Technology, Tianjin 300130, China)

Abstract : The optimum synthesis conditions and fermentation kinetic parameters of Simplicillium lanosoniveun DT06
which was a Deuteromycetes fungus being capable of producing unique exopolysaccharide ( EPS) was
researched.Based on single factor experiment, the optimum culture conditions for EPS vyield coefficient were
determined applying Box-Behnken design (BBD).Under the optimized conditions (40.65 g/L glucose,10.38 g/L
peptone, pH4.87 ,temperature 30 °C and rotation speed 140 r/min) ,the highest EPS vyield coefficient 0.139 g/g was
obtained, which increased 32% compared with that before optimization. Kinetics analyses indicate that the
maximum specific growth rate (., ) of DT06 was 0.156 h™",while its EPS synthesis was semi—growth-associated
with a maximum specific production rate 0.066 h~' which was relative higher than those of other EPS-producing
Fungi. Nevertheless its average EPS yield coefficient was relative low.Carbon-balance analysis revealed that apart
from EPS DT06 also produced a unknown products with a carbon yield coefficient of 0.129 g/g. These results
provided essential parameters for controlling DT06° s fermentation process and improving its metabolic network.
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PRI Simplicillium & W) FLTH W AR &k BLRE 08 7 74
S22 | T R (1) B A BTE T Bk K
PR SR A . ERT, B A R BT
PN 2R R B TR A R W Z2 S AR S S Ak,
i NH, BRAIE M 2 2R UG & (S5 opH Al Ak
SO T AR AT S, TS S 0 22 HE AN TS A A
TS S0 v B T R U AR 2 BRI 2 B 1 7 e SN AT AL
PR AT LA 5 22 B 0 P 4, S W Gy T A R 3R
HE B ST I T S5 T 2L B 0 3h ) S A e
TATAYAIFSE AR X 20 o FE T A BT 58 b, FRATT DR
FEFRWT 53 B T — Bk Simplicillium J& % 3 4= FLEH
DTO6 ( Simplicillium lanosoniveum var.tianjinienss Q. L.
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HIWR 10 g ZEIMIK 1000 mL; A [RIEFR AL A 408
40 ¢ FHPREN 1.5 ¢ B 4P 1.0 ¢ SAILE 0.5 ¢
AR BE 0.5 g B 2 Bk 0.01 g, ZE 1% 7K 1000 mL;
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Table 1  Factors and levels of experiment
S KT
AR 55
" W= -1 0 1
A pH 4.5 5.0 5.5
B Hi%A (g/L) 30 40 50
c EHK (L) 8 10 12
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Fig.1 EPS synthesis curve in different medium

22 BEZRXE

22,1 AEFEHEXS ZHERR RN & 2 WA
Y B R T B A R A TR R
HOEAS, 24 140 v/ min B}, 205 R KN 0.116 g/g.
H IR ZOE B S DR T BRI « a3 > 1 3G i i S R T
L W 2, RS R, S BB 23, 2
WEAF R . bR WG N FESATE 30, 18 S 13
PR TR A, SRR R NIk 2 RS
R R AR FRE I N 140 1t/ min,

e

0.1281
_0.1201
20

001121
z 0.104
# 0.0961
N

~0.0881
0.0801

80 100 120 140 160
B39 (r/min)
&2 BT 2B S0
Fig.2 Effect of roational speed on EPS yield
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Fig.5 Effect of glucose concentration on EPS yield
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Fig.6 Effect of peptone concentration on EPS yield
2.3 WM EERAL ST

TERAP R S (g BE a1, DL pH 2508 8 A R
AP =NZ (A,B,C),-1.0.1 g =IK-F, ZHE1T
HRCY o) P AR BE B SESG, B 3 AL . AR
BBD B 35 3w )3 S5 56 T 58, S 86 DR 5 g i K
KU 1. 3R 2 IR LI Z&1F T i EH DTO6 £
WS X 2 S a4 R EA T e 1 1 3 AT, 75 )
RIS A A R ] A Sy

Y = -6.0404 + 1.8114A + 0.0237B + 0.2476C —
0.00895AC — 0.0001BC - 0.1763A° - 0.0003B’
-0.0096C*

#2  BBD SZEGBTRY LR SR
Table 2 Box—Behnken design matrix with EPS yield

o I
*ws A B €y (e
1 -1 0 -1 0.049
2 1 0 -1 0.034
3 -1 0 0 0.091
4 1 1 1 0.039
5 -1 -1 1 0.086
6 1 -1 1 0.038
7 -1 1 0 0.091
8 1 1 0 0.042
9 0 -1 -1 0.049
10 0 -1 1 0.079
11 0 1 -1 0.064
12 0 1 1 0.087
13 0 0 0 0.135
14 0 0 0 0.137
15 0 0 0 0.139
16 0 0 0 0.137
17 0 0 0 0.133

BRI 2253 T8 R LR 3, 2o &
47 p {H <0.01, RIS W3, HRMUN p RNE
=L UL R, Hidh A B CAC A” (B® C” #
BEZMEE,AB BC ZHAEHARN B E,AC 52 H
Fo GRBIRS AR RN G I ¥l pH4.87,
WA 40.65 o/L, 45 11 Jik 10.38 g/L, Fi il 45 % Ny
0.141 g/g, &7 Ryac H K 2 g R Ly il i 18 . 21k
YAIE , S F- 145850 0.139 /g, P IgAHXT IR 220 1.

188 5ieziam

4% TE FOVF IR 220 Bl N, 3 B2 B A UL B2 4
SIS G B SR AL, A S EL UL AR T 2 PE AT
ARHLTG T 32% .
#3 BBD S =0
Table 3 The analysis of ANOVA of BBD

iR CFOrm A ¥0r F{H p A

FBETR 0.025 8 0.0031 14273  <0.0001
A 0.0034 1 0.0034 15521  <0.0001
B 0.0012 1 0.0013 5.86 0.0481
C 0.0001 1 0.0001 5791 <0.0001
AC 0.0003 1 0.0003  14.75 0.0049
AB  0.000001 1  0.000001 0.9 0.8309
BC  0.00001 1 0.00001 0.68 0.4326
A2 0.0082 1 0.0082 37672  <0.0001
B 0.0063 1 0.0063  288.19  <0.0001
c’ 0.0033 1 0.0032 15092  <0.0001
2 0.0002 8  0.00002
iR 000003 4 0.00003
I 0.0001 4 0000001 424 0.0955
P 0.9930
PEEEEA 0.9861
FUUEY e 0.9406
M L 31.483
0.14

5 0.13
& 0.114
¥ 0.10 4

70
* 490 5.10
ApH
P73 R R pH XS 22 W 45 A0 500 F) Wi )3, T 4]
Fig.7 Response surface of peptone concentration
and pH on EPS yield
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Table 4 Experiment data of substrate biomass concentration and specific growth rate
e P 8] 1] B3 WAKREE R R ATk AR IR AR R
(h) W (g/L) (g/L) (g/L) x10 (g/L) x 103 (g/L+h) (h7")
1 8 39.83 0.038~0.041 0.03 0.04 0.41 0.010 +0.005
2 8 39.57 0.038~0.052 0.11 0.046 1.33 0.025 +0.002
3 8 38.91 0.052~0.079 0.27 0.065 3.37 0.048 +0.003
4 6 37.21 0.079~0.159 0.81 0.1192 13.42 0.086 +0.004
5 6 31.87 0.159~0.395 2.36 0.2771 39.33 0.142 +£0.005
6 6 23.22 0.395~0.946 5.51 0.6703 91.83 0.137 £0.004
7 6 13.87 0.946~2.066 11.20 1.5061 186.77 0.124 +0.005
8 8 5.53 2.066~4.351 22.85 3.2087 285.63 0.089 +0.002
9 8 3.22 4.351~7.602 32.51 5.9765 406.37 0.068 +0.006
10 8 1.21 7.602~8.600 9.98 8.101 124.75 0.015 +£0.006
11 8 1.01 8.600~8.810 2.11 8.704 26.25 0.003 +0.001
0.074 .
§
0.14 1 0.061
¥ . ~
2 = 0051
T 3% 0,044
5 %
3 0.071 X 0.031 e
# o SR £ 0,02 = SkRim
- — *ﬁ?u;ﬁﬁ 0.01 h— *ETU\%?E
0.00 - » 0.00 +* - - r v . v -
0 20 40 0.00 0.02 0.04 0.06 0.08 0.10 0.14 0.14
(/L) e A K (h ")

K8 SR g iR 5 0y R
Fig.8 Experimental value of specific growth
rate versus substrate and model fit
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AR KR TR R 0.12 b Ze G 0, 284 A I
U, HAE 83 h i F| I KA(H 0.066 h™', [A It DTO6 112
WG ST Al AR K S R (FB 4R ) L TR
Luedeking—piret J5 4 (6 ) A5 0l Z 4 & il 5 40 ig k=
NP
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Forv, o F1 B 43 BIFRIR 25 1T A M A= K AR E
IR 7 4 Z2 880, RIS Al Ik S AH DG 0 7 o A L R

4| 008

A 0.18

~ 006 i ~ R A
252" ~igg 015 o
g ~ A2 o2 S
= 2] #0004 5
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Fig9 The course of specific rates

in the batch fermentation
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Fig.10  Experimental value of specific growth rate
versus specific production rate and model fit
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rate versus substrate and model fit
DTO6 & A2 85 04 i 15 B 77 i AN VB 2, (H I
IR E S & B R N E A TR =

20164 5 1857 189



I@%:ﬂ%fﬁ

T

Science and Technology of Food Industry

®SOWRERR S SR

Table 5 Kinetic parameters of fungus

LR FAE KR (h ') ZHER (g g™") A BER(h ") 1E#
Aureo.pullulans 2552 0.046 0.590 0.076 Klimek'®’
Morchella Esculenta 0.069 0.467 0.018 Skt

Aureo.pullulans ( ATTC9348 ) 0.110 0.343 0.023 Gibbs '
Aureo.basidium 0.042 0.600 0.057 Mohammad"*!
Aureo.pullulans N3.3837 0.042 0.467 0.021 e f 12
Aureobasidium spp 16 - 0.56 0.0465 Ma 7 GV
Ganoderma lucidum 0.074 0.121 0.004 e 122

T W M 2 SOk IR s B R AR 2

15 AL, X AT BE R TS — A SR A > 2
ANTF), DTO6 & il a Sh 22 08 h 2% 22 Bl 222 /i 2 ZL 0K
FH A B S DR, A BGR FR AR  AE 2
2.4.3 it P AR BT B DTO6 1Bk
KL A K % (0156 h™') FI fe K He & a3 %
(0.066 h™ ) AR FHE ™ HME (X 5) ,HHE
BEAS%(0.14 g/g) 2N AR T H A B R o Hi 0 HC e
R Al fgfE DTO6 & I i 72 b ik 7= 24E T e i e b 7=
Yo SR SCHEART T V- 56 IR, O G ) iR AT
2%, CO, 1132 % B 19 K fH 0.409 C-
mole/C—mole , AEFFIHAE m, 5 LLIHAEH R q, 7% Van
Aalst—van Leeuwen i %3z

CH,O + a0, + bNH,—cCH,0—dCH, ,0, . N, ,—eCO,
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JRY NS P AT 20 CH,O; i g X 2H = CH,
Oy sNo, s 77 Z2HE P 43 F a2 CH, O SRAE 8T y
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A SN I R A A T AR AT

mem,; -m-y,,,m,~m, =0 = (9)
Y, CRAS= o) =7 5(10)
Y, (CAERFIFE ) =" s (11)

Horpr,m KON BT x & pa s, h E(9) |
(10) FHEEASH RN & 6 RS2 Y, 0174 ¢/ g,
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DTO6 1) 4 45 11 #& , F11 B3R e K 4E 5 I FB R 73 3 Y,
0.045 o/ g, =PI HIIRAT FA AT ik 0.129 ¢/g. DAL,
T T R AT 22 8 e R He G R R, H R T
At B 7 ) T S 5 T T LA 220 1 Bk e T R, B
KFET WSS ZWEAF AR . XA A 2R S A
KA PR AL T AR -

3 Hig

3.1 Simplicillium lanosoniveum DT06 A% % M 514
h KPR ) IR pHA.8T , 4] % BE 40.65 g/L, IR
10.38 o/, BEAITRIIME N 0.141 o/g L2 ILHG L IE, ik
TP 0.139 o/g, LLHULALRT LA ZHE$E & 1
32% , iZBL Y GRS HE RS 2 W I G o

3.2 DT06 1y Z bl A nL 5 40 i A= K358 4 B, fe K e
ARG R ORI R R 7 W S Rk % 43 5 S 0156,
0.066 h™' f Ks =5.18 g/1.,

190 5618w

3.3 fEg et B rh A Fh R IO £ A
A 0.129 g/, DA T 5 SO A T L 9 535700 2
R T,

&% 3k
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HaAwERLEA4[]]. A% T kA3, 2015,36(16):
183-192.

[2]Farina J I, Vinarta S C, Cattaneo M, et al.Structural stability
of Sclerotium rolfsii ATCC 201126 beta—glucan with fermentation
time:a chemical, infrared spectroscopic and enzymatic approach
[ J].Journal of Applied Microbiology,2009,106(1) ;221-232.
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