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Quel. AS5.245 20
KH, PO, K,HPO, NH, ,S0, NaNO; FeSO, MgSO, MnCl, ZnClL, FeCl; CuSO, 5H,0
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25C 12d ®10cm x = X, - X, /
AKX, x; X,
250mL 1 /50mL X, AX,
RSM ®12cm 80mL
250mL 1.5.2 RSM
1.4 Central Com-
10mL, posite Rotatable Design CCRD AS
Sevag 5.245
10 2mL 2d
2d 10mL  Plackett- Design Expert version
Burman 20ml.  RSM 18 6.0.5 Stat-Ease Inc. Minneapolis MN. USA
pg/mL Plackett-Burman
1.5 AS5.245
1.5.1 Plackett-Burman MgSO pH
A
19
ZnCl,
! MgSO, ZnCl, pH
EPC Dry Cell -2.378 ~101
Weight DCW 2.378 2 NaNO, MnCl,
JMP version 4.0.5 SAS Institute Inc. B,
4

1 Plackett-Burman
Table 1 Level and code of variables for Plackett-Burman design

. Symbols Coded levels
Variable ; ¢

Uncoded  Coded” -1 1

Glucose/ g/L X, x1 5 15
Yeast extract/ g/L X, X 2 5
Maltose/ g/L X3 X3 10 20
Tryptone/ g/L Xy Xy 2 5
Fructose/ g/L Xs X5 2 4
KH, PO,/ ¢/L Xe Xg 0.5 1.5
K, HPO,/ ¢/L X; X7 0.5 1.5
NH; ,S0,/ g/L. Xg xg 0.5 1.5
NaNO;/ ¢/ Xy X9 0.5 1.5
MgSO,/ g/L X X10 0.1 0.4
MnCl,/ pg/L Xu X1 50 100
CuSO; 5H,0/ pg/LL X X1 50 100
FeSO,/ mg/LL Xi3 13 50 100
ZnCly/ mg/L X X4 50 100
FeCl;/ mg/L Xis X1s 50 100
Vitamin B;/ mg/L X1 X16 25 50
Initial pH X17 X17 5 7
Temp./C Xig X18 24 27
Time/d X19 X19 6 9
Broth content/ mL Xao X0 50 100

* For statistical calculations the independent variables were coded ac-
cording to the transformation Eq  x; = X; — Xy /AX; where x; is the cod-
ed value of an independent variable X; is the real value of an independent
variable X is the real value of an independent variable at the center point

and AX; is the step change value.

© HERFRHEDIH R TS 9RiE R

Plackett-Burman

NaNO, 0.5¢/L 2¢/LL
MnCl, 100pg/L B, 30mg/L
9d 27°C 80mL 140r/min
2
Table 2 Level and code of variables for CCRD
Symbols Coded levels
Variable
Uncoded Coded” —2.378 -1 0 1 2.378
Yeast extract/ g/L X A 0.93 3 45 6 8.07
Fructose/ g/L X, B 6.55 10 12.5 15 18.45
MgSO,/ g/L X; C 0.09 0.3 0.45 0.6 0.81
Maltose/ g/L Xy D 1.86 6 9 12 16.14
ZnCl,/ mg/L Xs E 16.22 30 40 50 63.78
Initial pH Xe F 3.62 5 6 7 8.38

* In developing the regression equation the six experimental variables
X, -45/15 B= X, -125/725 C= X;-045/
0.15 D= X4-9/3 E= X5-40/10 F= Xq-6 .

were A =
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CCRD 3
3
Table 3 CCRD matrix of the six variables and the actual and predicted values of EPC
EPC/ pg/mL
Std A B c D E F
Actual Predicted
1 -1 -1 -1 -1 -1 -1 89.07 82.28
2 1 1 -1 -1 -1 -1 510.08 481.27
3 1 -1 1 -1 -1 -1 641.83 606.04
4 -1 1 1 -1 -1 -1 91.94 86.25
5 1 -1 -1 1 -1 -1 679.06 675.92
6 -1 1 -1 1 -1 -1 323.92 339.42
7 -1 -1 1 1 -1 -1 275.24 256.55
8 1 1 1 1 -1 -1 630.37 608.29
9 1 -1 -1 -1 1 -1 524.40 485.42
10 -1 1 -1 -1 1 -1 206.50 209.07
11 -1 -1 1 -1 1 -1 298.15 298.04
12 1 1 1 -1 1 -1 561.64 545.23
13 -1 -1 -1 1 1 -1 157.81 135.92
14 1 1 -1 1 1 -1 475.72 457.59
15 1 -1 1 1 1 -1 733.48 704.08
16 -1 1 1 1 1 -1 223.68 237.27
17 1 -1 -1 -1 -1 1 495.76 453.58
18 -1 1 -1 -1 -1 1 309.60 310.41
19 -1 -1 1 -1 -1 1 229.41 218.95
20 1 1 1 -1 -1 1 292.42 285.71
21 -1 -1 -1 1 -1 1 309.60 297.41
22 1 1 -1 1 -1 1 467.12 438.64
23 1 -1 1 1 -1 1 535.86 504.70
24 -1 1 1 1 -1 1 160.67 171.07
25 -1 -1 =1 -1 1 1 358.29 351.79
26 1 1 =1 -1 1 1 398.39 388.48
27 1 -1 1 -1 1 1 670.47 626.38
28 -1 1 1 -1 1 1 378.34 352.89
29 1 -1 -1 1 1 1 386.93 364.03
30 -1 1 -1 1 1 1 266.64 273.84
31 -1 -1 1 1 1 1 303.88 304.09
32 1 1 1 1 1 1 315.33 293.53
33 -2.378 0 0 0 0 0 51.84 20.27
34 2.378 0 0 0 0 0 501.49 613.93
35 0 -2.378 0 0 0 0 364.02 444 .54
36 0 2.378 0 0 0 0 312.47 312.81
37 0 0 -2.378 0 0 0 355.43 389.60
38 0 0 2.378 0 0 0 395.52 442.22
39 0 0 0 -2.378 0 0 232.27 291.95
40 0 0 0 2.378 0 0 312.47 333.66
41 0 0 0 0 -2.378 0 449.94 489.00
42 0 0 0 0 2.378 0 478.58 520.39
43 0 0 0 0 0 -2.378 444 .21 478.56
44 0 0 0 0 0 2.378 346.84 393.36
45 0 0 0 0 0 0 782.17 790.87
46 0 0 0 0 0 0 764.98 790.87
47 0 0 0 0 0 0 810.81 790.87
48 0 0 0 0 0 0 787.89 790.87
49 0 0 0 0 0 0 793.62 790.87
50 0 0 0 0 0 0 796.49 790.87
51 0 0 0 0 0 0 813.67 790.87
52 0 0 0 0 0 0 805.08 790.87
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=75 /25
2 2.2 AS 5.245 EPC
2.1 AS 5.245 EPC DCW
2.2.1 AS 5.245 EPC
JMP Plackett-Burman Plackett-Burman
AS 5.245
EPC P =0.0017
P =0.0386 MgSO, P =0.0470 pH P AS 5.245 EPC 52
=0.0317 P =0.0143 3 Design Expert
AS
Ve = 363.365 + 84.155x, — 38.358x, + 43.483 x5 5.245 EPC MgSO,
+41.168x,, + 33.397x,, —45.797x,; + 55.387 x4 ZnCl, pH

YEPC EPC %, Viee =790.87 + 124.84 — 27.69B + 11.06C + 8.77D + 6.6E
_ ~3.5/1.5 x, = ~357/1.5 - 17.91F - 83.754 - 72.87B° - 66.28C* - 84.51D°
2 2
o= ~3 x= MgSO, - 0.25 /0.15 «x,, = - 50.59E° - 62.74F" - 29.894B + 15.75AC + 2.15AD
— 18.44AE - 57.64AF - 30.97BC + 1.25BD - 4.30BE
MnCl, =75 /25 x,;, = pH-6 x5 =
- 10.2BF - 5.01CD + 32.4CE - 18.62CF - 39.2DE
-25.5 /1.5 AS 5.245 ~ 30.07DF + 10.56 EF
P =0.0248 P = ?EP(I EPC A~F 6
0.0019 ZnCl, P = 0.0003 B P =
0.0018 P =0.0009 P <
0.0001 Y =3.770 4
+0.371x; + 0.63x5 — 0.305x, — 0.861x,, — 0.637x P < 0.0001
+0.72% + 1.04 %y Yoew DCW X3 r=
= -15 /5 x5 = -3  x, = NaNO; - 0.9890 5% EPC
1/0.5 xyy = ZnCl, =75 /25 x4 = B, - g =0.9535
37.5 /12.5 xy = —T7.5 /1.5 x5 = 5
4 AS 5.245
Table 4 Variance analysis for the fitted quadratic polynomial model of EPC by Pholiota squarrosa AS 5.245
Source Sum of squares DF Mean square F value Prob P > F
Model 2268677 27 84025.09 39.77564 < 0.0001
Pure Error 1816.874 7 259.5535
Cor Total 2319377 51
r=0.9890 r?=0.9781 r};=0.9535
5
Table 5 Model validation
sl Yeast extract Fructose MgSO, Maltose ZnCl, Initial EPC/ pg/mL
St
/ g/L / g/L / g/L / g/L / mg/L pH Actual Predicted
1 5.0 10.0 0.40 8.0 35.0 5.5 779.30 773.52
2 5.0 11.0 0.50 9.0 40.0 5.5 833.72 826.34
3 5.5 12.0 0.55 10.0 45.0 6.0 805.08 814.49
4 5.5 13.0 0.40 8.0 45.0 6.0 793.62 783.59
5 6.0 13.0 0.50 10.0 40.0 6.5 739.21 748.18
6 6.0 12.0 0.55 11.0 35.0 6.5 733.48 724.36
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SPSS version 10.0 SPSS Inc. 5 2.2.2 AS 5.245 EPC
0.9728 I~ 8
AS 5.245 EPC
EPC CD FE
EPC AB AE AF BC CE CF ~ y
DE DF EPC S oot |\
5 R
6 5 00208
6
Table 6 Regression coefficients and their B:Fructose/(g/L)
significance of the quadratic model of EPC 1500 EPC/(ug/mL)
Model term Panfmeter Std. emor  Fvalue  Prob> F S 15 /‘“’
estimate 2
Intercept 790.8694 16.2201 - - § 12.507
A-Yeast extract 124..8006 6.9837 319.3500 < 0.0001 E 11.25 \
B-Fructose —-27.6929 6.9837 15.7243 0.0006 10.00 . \ >
C-MgS0, 11.0622 6.9837 2.5091 0.1263 @ j;@a;‘ éiﬂ(ﬁi 600
D-Maltose 8.7676 6.9837 1.5761 0.2214 1 EPC
E-ZnCl, 6.5980 6.9837 0.8926 0.3542 Fig.1 Response surface plot and its corresponding contour
F-Initial pH -17.9104 6.9837 6.5772 0.0170 plot of EPC versus yeast extract and fructose concentration
A, —-83.7510 6.0343 192.6299 < 0.0001 1
B, —-72.8657 6.0343 145.8110 < 0.0001 pH 9.0 g/L 0.45 g/L 40mg/L
G, - 66.2839 6.0343 120.6592 < 0.0001 6.0 AS 5.245 EPC
D, —-84.5104 6.0343 196.1392 < 0.0001 3-D
E, —-50.5889 6.0343 70.2836 < 0.0001 EPC
F, - 62.7399 6.0343 108.1014 < 0.0001 4.8g/L~ 6g/L EPC
AB —-29.8932 8.1250 13.5364 0.0012
AC 15.7521 8.1250 3.7587 0.0644 813. 67;,Lg EPC AS 5.245
AD 2.1480 8.1250 0.0699 0.7938 EPC
AE - 18.4371 8.1250 5.1492 0.0325 EPC
AF —-57.6383 8.1250 50.3247 < 0.0001 10g/L~ 13g/L
BC -30.9672 8.1250 14.5265 0.0008 813.67;Lg/mL EPC
BD 1.2530 8.1250 0.0238 0.8787 AS 5.245 EPC
BE —4.2960 8.1250 0.2796 0.6018 2
BF —-10.2031 8.1250 1.5770 0.2213 Plackett- Burman
CD -5.0120 8.1250 0.3805 0.5431
CE 32.3992  8.1250  15.9011  0.0005 AS 5.245
CF - 18.6161 8.1250 5.2497 0.0310 EPC
DE -39.2012 8.1250  23.2786 < 0.0001 0.39¢/L ~ 0.55g/L 4.8g/L ~ 6g/L
DF -30.0722 8.1250  13.6990 0.0011 EPC 813.67pg/mL
EF 10.5611 8.1250 1.6896 0.2060 3 EPC  813.67pg/mL
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AS 5.245

Plackett-Burman

AS 5.245

Plackett-Burman

RSM AS
5.245
6.0g/L 11.5g/L. MgSO, 0.5g/L 9.6¢g/L
7nCl, 38.6mg/L pH5.3
876.32pg/mL
Plackett-Burman
170pg RSM
AS 5.245
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Media Optimization for Exopolysaccharide by Pholiota squarrosa Pers. ex Fr.
Quel. AS 5.245 on Submerged Fermentation

WANG Yun-Xiang LU Zhao-Xin® LU Feng-Xia
College of Food Science and Technology — Nanjing Agricultural University =~ Nanjing 210095 ~ China

Abstract Our previous work has indicated that mycelium growth and exopolysaccharide accumulation in submerged fermentation
by Pholiota squarrosa Pers. ex Fr. Quel. AS5.245 are strongly affected by many internal and external factors including me-
dium constituents and fermentation conditions. In this study we use an effective two-phase statistical approach to enhance exopo-
lysaccharide production. In the first phase Plackett-Burman design was undertaken to evaluate the effects of the twenty factors

i.e. glucose fructose maltose vyeast extract tryptone K,HPO, KH,PO, NH, ,SO, NaNO; FeSO, MgSO, MnCl,

ZnCl, FeCl; CuSO; 5H,0 vitamin B; initial pH the temperature the medium volume and the duration to the fermenta-
tion. By regression analysis yeast extract tryptone fructose MgSO, MnCl, initial pH and temperature were found to be im-
portant for exopolysaccharide production while glucose maltose NaNO; ZnCl, vitamin Bl the duration and the volume are
important to the mycelium biomass. In the second phase of the optimization process a response surface methodology RSM  was
used to optimize the above critical internal factors and to find out the optimal concentration levels and the relationships between
these factors. Based on the results of the first phase a five-level six-factor yeast extract fructose MgSO, maltose ZnCl, and
initial pH central composite rotatable design CCRD was employed. By solving the quadratic regression model equation using
appropriate statistic methods the optimal concentrations for obtaining 876.32pg exopolysaccharide per milliliter of fermentation

liquor were calculated as  6.0g/L yeast extract 11.5g/L fructose 0.5g/L. MgSO, 9.6g/L. maltose 38.6mg/L. ZnCl, and with

the initial pH 5.3. The experimental data under various conditions have validated the theoretical values.

Key words exopolysaccharide Pholiota squarrosa  Pers. ex Fr. Quel. Plackett-Burman design response surface method-

ology central composite rotatable design
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