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W OE. DOAFEBE. A, pH. WA, M B Ay, BT AP FIR IS Plackett-Burman
XN 7 AR R i e S R IRT 3R, X ) S P R R ﬁﬂiﬁimﬂiﬂzﬁtsﬁ K F Box-Behnken i BHETTKES
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Optimization of liquid fermentation conditions of Poria cocos
to produce intracellular polysaccharide

TAN Zhijie!, ZHANG Qiaoyi?, ZHAO Rou?, WANG Changgui?, LIN Yuanshan!?*

(1.College of Biological Science and Technology, Hunan Agricultural University, Changsha, Hunan 410128, Ching;
2.Agricultural Bioengineering Research Institute, Changsha, Hunan 410128, China)

Abstract: In this study, four significant factors of seven were checked by one-way test and Plackett-Burman test using
different carbon and nitrogen sources, pH, temperature, inoculum, rotational speed, and time as single variables. And the
steepest-climbing test was carried out on the screened factors. The Box-Behnken test was used to investigate the optimal
conditions for intracellular polysaccharide production by liquid fermentation of Poria cocos. The results showed that
inoculum, pH, glucose mass fraction and yeast paste mass fraction were the key factors for the production of intracellular
polysaccharides by liquid fermentation of Poria cocos bacteria. The content of intracellular polysaccharides in Poria cocos
under the conditions of inoculum of 9%, pH 5.7, glucose mass fraction of 4%, yeast paste mass fraction of 1%, time of 7 d,
temperature of 28 °C and rotational speed of 170 r/min. Intracellular polysaccharide was(5.8240.18) g/L and biomass was
(14.6340.21) g/L, which were 1.6 and 2.0 times higher than those before optimization, respectively. Compared with
conventional cultivation, the time for intracellular polysaccharide production by liquid fermentation of Poria cocos was
greatly shortened, the consumption of pinewood was reduced, and the cost of Poria cocos liquid fermentation medium was

inexpensive.

Keywords: Poria cocos(Schw.)Wolf; liquid fermentation; intracellular polysaccharide; Plackett-Burman experiment;
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Box-Behnken experiment

K% (PORIA) 2 £ AL i B 1 1§ IR % (Poria
cocos(Schw.)Wolf) i) TRz, bkt k. SF0.
PREE R & 2R, I =aER AR S
FESE . PRSZREEATREO | F ST B
o . BUAAREO . R FROON Ak A i A A
AR LAE ) JRES A B R B AE N TS, TFE
TR N, PR BRE — el e K, HAFHIZOR
5 AERARES, AH TG R N TR, RS R
VAR B TR R ARAKE , BAT R R . A AT
SRS, AT N Tk Sk A A5 17
JERAEHT BB . ARBFIT, BRI T IR AR R
e M 2 A, B AE A LA R £
B AR

1 RS sk
1.1 8

AR TR bR P T R Al R Al 2 ) TR 5
PIrfifiist; OBYOUCHIIR . AKM) , WML — B0 . BMREE
AEE R By A T4l

1.2 7%
1.2.1 BHRABHFRAH &

RHA SRS T 5. 1 PDA BEFRsteE
T 28 cClEEFAR LS 7 d.

Fh P SR 0 4% . VERFRBCE %85 20 g,
RS g MR AU 1 g AIFREE 0.75 g T 1000
mL Z&HKH

PR TEBAAR RS TR 45 . TR PR B b
30g. &R 5 0. WER S 19, BFREE 0.75 9.
YA 2 B10.05 g % 1000 mL 7858k .

PR H1 % % 100 mL iR FREE A
250 mL =, 121 °CKH 25 min 58I E%E
Uk, RN IAPRIURHE RS T 2214, B AFh PR SR
b, 26 °CHEFE 4 d, VE WK F .

VIR R BER A HI 45 . #5100 mL $RIf & #
TR B FRIERE A 250 mL =i, 1% 4% Fh
B, #)4R pH 5.5, F 150 r/min., 26 °CHERE; 57
PR T d,

1.2.2 HAWRERIA ZHELSZHNT

PRSI « K R B8 s FH 2808 7K vk
WK, 3WEL, PR REZZ IR 60 °CHEARH L
TRETE, PRGN T,

LN Z B0 E . R EER 4000 r/min E.0 15
min, F& i, ZERKIEREZIK 3 Ik, HEZik
BT 60 CCHEAGHE T, B 0.1 g 224K, A 5 mL 0.5
mol/L NaOH, #iffifk##{ikH% 5 min, 4000 r/min
B0 5 min R R, 2 IRER, SR, LI
EIMEABRAE, SRR BB B A i 22
S 25 [ R EF O 7 ik EARE R 28
1.2.3 REHA ZERARL BN LR Z X%

DI [RIBRIE CRARE . BEWE | S0 . ATk vess
FUBE) . ZUREELERY . BEREE . O, FRRE .
GH). A3, 4.5, 6, 7. 8d), MREQ22, 24,
26, 28, 30 C). pH(3. 4. 5. 6, 7. 8). HEFfhiE
(2%. 4%, 6%. 8%. 10%). %34 (140, 150, 160.
170, 180 r/min) A —A8 s, MR TIRES PR 4
K, HiR 1.2.2 H 0y e IR TR 22 R T o i
FHL PN ZHE) i
1.2.4 Plackett-Burman iXIeTH LK S4B T

FR%

FE LR ZAR IS A FERE 1, DA P 2B Ao L
i, XTHERPE (XY REE(X2) . BFRI(Xs) . BEEEE T
T EL(Xa) « FEIE(Xs) . pH(Xe) « i 2850 T 1 43 00 (X7)
G T AREHATIEMN, el BEERR, B
RBURAR (L)t (1)K, 36 12 56, i5eH
R LK 1 R

%1 Plackett—Burman ifI&i& 89 E = Rk FE

Table1 Factors and levels of Plackett-Burman experimental design

KN BEFR%  RJE/PC st Al /d e B I i 0% E:3(r min) pH IR 0%
TEACH(-1) 6 26 6 0.75 160 5 3
FK(L) 10 30 8 1.25 180 6 5
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1.2.5 REIE K
HiE Plackett—Burman 25645 F 308 B
il i BECY AL

1.2.6 #f R & kALK IRt

H4E Plackett-Burman {365 11 A e BEEHE 1
35 iE1T Box-Behnken i35 11, M IRI0 A5 R vy
B BRI A 5504 o
FABAL 2R

K F SPSS 21 Fil Excel 2019 k47
] Origin 2021 424

HIE

1.2.7
B ab B, R

2 HR5Sh
21 BRZRAKER

MIEN LRI FEARBIR(E 1-DrF, %A
FROCRRIR, FCAE YA N 220 5 570 1K 5 8.31

R AR, AR Ay 205 5 ik ) 8.36
g/L F12.73 g/L; & 1-I0H], Y& E7E 3~7 d
P, Ao I PN 22 W B A % IR ] 179 428 < T 4
i, ML EERE A 7 d B, YRR P A
Iy 5ik%)] 7.83, 2.26 g/L, 55 8 KA FFE; & 11V
T, 26~30 CIRE R LR RLF, AHLEF 4
Yy MY 20 522 58 B3 (P>0.05),
28 °CHlRcAl; Bl 1-VERB, KiFRHEEAE pH 3~6 JulH
W, AP 2R S s, BRI RS A
FEfRERMEE IR BAEK, pH N 6 B, A4
FIL PN 24 ik 3 8.48, 2.73 g/L; & 1-VI
T, YRR 2%~8%HT, AR RIS
Bl 5 B R TR N, YRRl 8% ik ]
B, 4ralis3] 8.77. 2.68 g/L, 4R 10%
B, AP E N B 1-VIER, $#EK
B3R 170 rimin B, AR RN N 20 B R B i
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Fig.1 Single factor test results of Poria cocos liquid fermentation
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22 BEMRARNHE

% 2 4 Plackett—Burman XI5 1L K LI N
LR A iy (R R 25 5 . Design-Expert12 X3 2
AT ZInH S 213 3, M3 3 AIAL, xEH
IR P {H<0.05, HAT R, SRM AR Al
FE MR P AR/ INAT LAAS IR (X1) JpH(Xs) «
P BR A 0T 12t 3 A (Xa)  FRTZEDWE 0T 12 0 B (Xo)  TRLEE
(X2) . B (Xs) . HSA] (Xa) R AR 2 T Y A 2 1= L P
ZREREMAMIRFEAC. Horp: R L (X0) . pH(Xe)

PR BB o A0 B (Xa) . IR U 0 B (X) R P (8
<0.05, iKF|BEAKFE, UM E . pH, BEEE
JoTR A, AR O R SO S M AR R AR A T
PN ZHER RPN R MR (X2) . HE 3 (Xs) |
IFE] (X2) A P {E>0.05, DaHTIRAE | Sk . B XGTAR
LWL BN 2P A . I, 5
SRR . pH. BERRE TR MR AT
SRR 4 A DR R A 1o TR 1A

%2 Plackett—Burman i 3& &+ & e B (&

Table 2 Experimental design and response value of Plackett-Burman

AEFRS HERE (X)) REE(G) I 1E] (Xs) BERETE B M () HE3E (Xs)

PH(Xs) TIEBE BRI R(X) MRS (g L)

1 1 -1 -1 -1
2 -1 -1 -1 -1
3 1 1 -1 -1
4 -1 1 1 1
5 1 -1 1 1
6 1 1 -1 1
7 -1 1 1 -1
8 1 1 1 -1
9 -1 -1 1 -1
10 -1 1 -1 1
11 1 -1 1 1
12 -1 -1 -1 1

1 -1 1 2.07
-1 -1 -1 1.06
-1 1 -1 3.38
-1 -1 -1 0.84

1 -1 -1 1.68

1 1 -1 243

1 1 1 2.64
-1 -1 1 3.16

1 1 -1 1.97

1 -1 1 1.32
-1 1 1 2.86
-1 1 1 221

% 3 Plackett—Burman iz 3 & 2= RO Rz

Table 3 Effect evaluation of each factor in Plackett-Burman

experiment
KW ETR Al ¥y FE P BEME
KA 6.8800 7 09831 12.01 0.0150 *
X 2.5600 1 25600 3125 00050 @ **
X; 0.307 2 1 03072 375 01247
Xs 0.0385 1 00385 047 05303
Xa 0.7203 1 07203 880 00413 *
Xs 0.1633 1 01633 200 02306
Xe 2.3900 1 23900 2926 00057  **
X 0.700 8 1 07008 856 0.0430 *
2% 03273 4 00818
B 72100 11

e SR RIFRIRTE 0.05, 0.01 KPS AE .

2.3 mBEMRHIRIE

HPE Plackett—Burman 256 2% H 1k B 2440 i
R BEREE TR FEfE . pH S 4 4B
ENER T T B BE e . IS4 R (3R 4)F=,

T BENEHHAIE e 4 AN & Efok, Frblik
B 4 AR R b T B O KSR TR S Y
Box-—Behnken X% %1

T4 =BEMREIRE &I RER

Table 4 Desig and results of steepest climbing experiment

2W§ﬁ§§igﬁgi§%p” BRHRR :ﬁgiﬁ)
1 1 0.25 25 2 1.6840.12
2 2 0.55 3.5 4 3.03#0.19
3 3 0.75 45 6 3.1240.25
4 4 1.00 55 8 3.9940.14
5 5 1.25 6.5 10 3.2340.23
6 6 1.50 75 12 1.9140.07

2.4 NN EE

FdiE Plackett-Burman R385 11 K fe BETEH i
g R, EBCHIAME TR (x) . R () . T
REE R0 50 (Xs) « pH( Xa) 55 4 R ETER T T 4
£ 3 KA Box—Behnken iRHikit(3 5), R
5% 6 Fim .
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%= 5 Box-Behnken iXIGHIE = KA

Table5 Factors and levels of Box-Behnken experiment

KF ﬁig&i BERIELI% %Zg&i oH
-1 3 6 0.75 5.0
0 4 8 1.00 55

1 5 10 1.25 6.0

Hofth B 255 At Ta] 7 d. JEE 28 °C. %k 170 r/min,

% 6 Box—Behnken iXI&i&it RER

Table 6 Design and results of Box-Behnken experiment

ﬂ@%iﬁ%ﬁﬁ%ﬁﬁmyfggﬁ;muolﬂ?éﬁ
AT (X0) AT (%) SRIgL?)
1 0 -1 -1 0 3.34
2 0 0 0 0 4.98
3 -1 1 0 0 4.83
4 0 1 -1 0 5.24
5 0 0 0 0 5.69
6 0 -1 0 1 3.09
7 1 0 0 5.07
8 0 0 1 4.42
9 1 0 -1 2.86
10 -1 -1 0 3.84
11 0 -1 0 -1 2.97
12 -1 0 0 1 3.91
13 0 -1 1 3.47
14 1 -1 0 0 3.75
15 0 0 1 -1 3.54
16 0 0 0 5.71
17 0 0 0 5.47
18 0 0 -1 1 4.18
19 1 0 -1 0 4.03
20 0 1 -1 3.47
21 1 0 1 4.32
22 -1 0 -1 3.18
23 1 0 1 0 4.61
24 0 0 -1 -1 3.26
25 0 0 1 1 4.79
26 0 0 0 0 5.43
27 0 1 1 0 5.84
28 -1 0 1 0 4.26
29 -1 -1 0 0 3.21

FIH Design-Expert12 x§2 6 o EHRIGEHE
A I, A5 300K TR A R I 7 L PN 22 ()
XA BT U (x) . R (x2) . BEREE R
H(xs) . pHXa) A BT FE
y=5.46+0.117 5x;+0.735 5x,+0.218 3x3+
0.452 5 x4—0.075 Ox1x2+0.040 Ox1X3+0.182 5x1Xa+
0.117 5 Xox3+0.207 5XoX4+0.082 5x3X4—
0.722 6x2-0.618 8 x?-0.406 3 x>-1.21x2,

£ 7R BRILER P <0.000 1, HREZE,; %k

I P {(0.377 5)>0.05, A2, UiHIZEIRERI
AIHE . FERG AR, — RO xs X IR TR A &
iR i PN 22 W B4 s ik 381 4 /K P (P<0.05) 5 1T Xa
Xa\ X12. X2, Xa?. Xa? XFAREE DRV A K I ™ R PN 2 M
HISEIIA S B 27K F(P<0.01),, Hi Design—Expert12
AR I ST R PO AR AT, 45 BIIR 2 R A &
P L N 2 0 e L 5 1R - #ERhi: 9.37%, pH
5.76, BEREE AL 1.1% , 5 4 0 T 4 4L
4.09%. TEMCEMET, B0 ARG 57
P AR i KBRS (R 5.82 g/l Z5ASEbrk i
PO, JAEARES BRI 7% 7 Iy 2 B 5%
. BERbE 9%, pH 5.7, BELEE TR 1%,
PR 4%, IHE] 7 d L TR 28 °C B 170
r/min, A=Y RN 208 5 1530 (14.6340.21)
(5.8240.18) g/L, srAlARIARILALATAY 1.6 f5H0 2.0
5, Hop, PN RS RS R N R
5.84 g/L FEAWIA
=7 ERRBSESNER

Table 7 ANOVA results for response surface quadratic model

ki FAR BRE Bk F{E P S
Bl 222200 14 15900 136700 <0.0001  **
X1 01657 1 01657 14300 0.2520

X2 68100 1 6.8100 586700 <0.0001 **
X3 05720 1 05720 49300 <0.0434 *
Xa 24600 1 24600 211700 <0.0004  **
X1Xa 00225 1 00225 01939 06665

X1X3 00064 1 00064 00551 08177

X1Xa 01332 1 01332 11500 0.3021

XoXa 00552 1 00552 04758 05016

XoXa 01722 1 01722 14800 0.2433

XaXa 00272 1 00272 02346 06357

X, 33100 1 33900 29.1800 <0.0001  **
X2 24800 1 24800 214000 <0.0004  **
Xa 1.0700 1 1.0700 92300 <0.0089  **
X4 94600 1 94600 814900 <0.0001 **
hkZ 16200 14 01161

S 12800 10 01278 14700 0.3775

B 238400 28
cancokxn A I JOR 0,05, 0.01 KEZFAGHFE L,

3 H5ie

RS E B G TR =5 B 600~1000 m [HFARK
M, DI FE . BEEE 10235°, pH 5~6 (K70 Rl
TohE, BIEETAA, RS AT 8~10 4
J, RV R e R T 3~4 4>
H, i HARZSF R AT RS, 3 5 E Rk A IR
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