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Abstract; In this paper, the single-factor and Box-Behnken experi-
ments were employed to optimize the extraction parameters of intra-
cellular polysaccharide (IPS) from Penicillium camemberti, i.e. liq-
uid-solid ratio, extraction time and temperature, and the antifreeze
activity of IPS was also evaluated. The results showed that the IPS
could be best extracted with liquid-solid ratio 36.7 : 1 (mL/g) at
89.6 °C for 123 min, and the yield of it was about 12%. In addition,
the antifreeze activity of IPS was almost equal to glycerol, and the
livabilities of Bifidobacterium breve, Bifidobacterium infantis,
Bi fidobacterium bifidum were significantly improved by 1% ~
2% 1PS.

Keywords: Penicillium camemberti; polysaccharide; extraction con-

dition; cryoprotectants
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Figure 1  Effect of liquid-solid ratio on the extraction
yield of polysaccharides
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Figure 2 Effect of extraction temperature on the

extraction yield of polysaccharides
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Figure 3 Effect of extraction time on the extraction

yield of polysaccharides
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Table 1 Factors and levels
A AUKEHE(mL/g)  BAREU A /min C $2EGREE/C
—1 20 60 70
0 35 120 85
1 50 180 100

% 2 Box-Behnken X I i&it S 4 R
Table 2 Box-Behnken design and results

R A B C Y ZHiER/ %
1 —1 —1 0 7.30240.20
2 1 —1 0 12.404-0.26
3 —1 1 0 11.0040.10
4 1 1 0 11.3040.10
5 —1 0 —1 8.500.26
6 1 0 —1 9.2040.10
7 —1 0 1 10.00220.17
8 1 0 1 12.204-0.26
9 0 —1 —1 10.2040.10
10 0 1 —1 8.9040.26
11 0 —1 1 11.6040.17
12 0 1 1 10.704+0.40
13 0 0 0 10.0040.26
14 0 0 0 12.13420.12
15 0 0 0 9.8040.17
16 0 0 0 10.1040.20
17 0 0 0 12.004+0.17

£33 ZARSTRABEEOPARYGEHTNRRERTENH
Table 3 Estimated regression coefficients for the quadratic
polynomial model and the analysis of variance for

the experimental results

BRIZ 8 REAhT feiEiR2E Forf FE P {H

7 — — 32.66  58.46 <<0.000 1
R 12.06 0.11 — — —
A 0.67 0.088 3.65 58.72 0.000 1
B 0.21 0.088 0.36 5.82 0.046 6
C 0.61 0.088 3.00  48.35 0.000 2
AB —0.075 0.12 0.023  0.36 0.566 1
AC —0.73 0.12 2.10  33.87 0.000 7
BC —0.45 0.12 0.81 13.05 0.008 6
A? —1.96 0.12 16.09  259.30 <<0.000 1
B? —0.68 0.12 1.95 31.37 0.000 8
C? —0.83 0.12 2.90  46.73 0.000 2
Y —  — 008 031 08167
R - - 0.35

t R?=0.987,Adj R2=0.97,Pred R2=0.944,CV=2.39%,
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Figure 4 Response surface and contour plot showing the interactive effects of liquid-solid ratio,

and extraction time on the extraction yield
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Response surface and contour plot showing the interactive effects of liquid-solid ratio.

and extraction temperature on the extraction yield
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and extraction temperature on the extraction yield

182



F32EF 128 X

KGR T 95 55 2R L Z A0 A0 B H B0 o 03 6 LT 5T

OR300 2 O 1] 23 9k 36.72 0 1(mL/g) . 89.59 C il
122.88 min, 75 il 3 iF i 30 09 i 47, 36 B 76 K B b
36.7 : 1(mL/g) S E  89.6 °C Fi & HUm} [A] g 123 min
FAF R UATIRE S 56 15 Z MR R O 12,15, B0 E A 56
G5 RIA— B0 — 25 B TR TR Y o A ROAE B AR
SR AT RAAG B0 40 i A 4R IR
2.5 BEMLETRNEFENRPIER

VA UR T 08 02 25 26 TR TR A 7= 1 DG B 28 B L SR T A R R T
PR BRI S %) 25 A T IR, B s AR WA E R R
R0 g RIE 25 2 T TG ) AR R T AR g AR Pl AR
FIEE 85 A R I A 0E 2. R IP R 4R BRIk 2 85 2 o 11 2%,
R RI BB R R . £
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AR A AR 50 AT R U AT B AT R X 5 2
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Table 4 Effect of polysaccharides on the viability of Bi fidobacterium during freeze-drying process
S . R T R AT BTG e 2/
T A/ mL ! T A/ mL ! %

21 (3.97+0.12) X108 (1.434+0.16) X107 3.60+0.05
Hu 1% (4.06+0.09) X108 (9.754+0.11) X107 24.0140.09 "

A LIS Hih 2% (4.004+0.13) X108 (1.224+0.18) X108 30.5040.27 "
ZHE 1% (2.56+0.18) X108 (6.414+0.22) X107 25.0440.16 "
L 2% (2.904+0.06) X108 (9.074+0.14) X107 31.2740.13*
22 (3.91£0.21) X108 (1.374£0.06) X107 3.50+0.08
Him 1% (3.95£0.17) X108 (9.52+0.07) X107 24.104+0.12"

BLAUEE R H 2% (3.88£0.23) X 10° (1.18£0.15) X 10% 30.414+0.17"
L 1% (3.56£0.05) X108 (8.894+0.12) X107 24.9740.19 "
ZhE 2% (2.994+0.14) X108 (9.094+0.19) X107 30.4040.26 *
“=H 3 (4.45+0.12) X108 (1.46+0.08) X107 3.28+0.03
Him 1% (5.264+0.16) X108 (1.264+0.14) X108 23.9740.09 "

Wi AU A H o 2% (5.094+0.08) X108 (1.554+0.17) X108 30.4640.22*
L2 1% (4.984+0.09) X108 (1.254+0.23) X108 25.0240.06 *
L 2% (5.024+0.28) X108 (1.544+0.13) X108 30.6640.11*
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