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Optimization on the enzymatic preparation of extracellular polysaccharide

from Porphyridium creuntum with antioxidant activities in vitro
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FE RS S 44 RA, « OH F ik £ AFN 347,
% ¥ % B % X3, A A Box-Behnken %« 40 4 iX 3 Ao vl 5 &
S ik, b EPS ML Gk 69 B fE T L AT AL, IR0 EPS M &
AT B A ER, SREAV EPSHREBMRAEL L
B A BEfpat ) 6.3 h, B A% pH 8.0, 8 iR 8 B 63 C. 8 &
Ao B (B/ R ) 2.7 U/mg, 8 ik sF « OH o i i & ik 3
(70.64i0.38)%;#Mtiﬁfrfé%%#?‘ﬂﬁ&fé%f‘%é’a#fu?wtﬂ;'t 2
E3E B F St - OH.DPPH « (ABTS' « 42 O, - #
FHE R B (IC5) 2 % A (1.67+0.58), (1.08+0.01),
(0.6440.01),(4.16+0.01) mg/mlL,

ES: ACRY S8 BY RIS R - FY- 3 FE Wb

Abstract: The optimum enzymatic conditions of extracellular poly-
saccharide of Porphyridium creuntum (EPS) were investigated in
this research. Based on the results of single factor experiment, by u-

sing the Box-Behnken response surface method array design, the op-
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timum conditions for hydrolyzing EPS to obtain antioxidant hydroly-
sates with the highest hydroxyl radical scavenging activity were as
follows: enzymolysis reaction time 6.3 h, enzymolysis reaction
pH 8.0, enzymolysis temperature 63 “C, and enzyme-to-substrate
ratio 2.7 U/mg. Under the conditions, the scavenging rate of hy-
droxyl radical was 70.64%. Subsequently, the antioxidant activity of
the enzymatic hydrolysates were determined in wvitro. The results
showed that the enzymatic hydrolysates had good scavenging abilities
on « OH, DPPH + , ABTS" « and Oz -+ . the half-scavenging con-
centration values of the crude hydrolysates against + OH, DPPH - ,
ABTS" + and O3 + radicals were (1.67+£0.58) mg/mL, (1.08+
0.01) mg/mL, (0.64+0.01) mg/mL and (4.164+0.01) mg/mL re-
spectively.

Keywords: Porphyridium creuntum; extracellular polysaccharide;

enzymatic hydrolysis; antioxidant activity

SRR (Porphyridium cruentum) I 213 11 H0 % B 1) o
—— RN R KRR E WS S KR A I iR AN
Wh— T 43 - i A5 K P BB R Ak 22 L HC A X 4 O o AT DL 3k
2X10° ~7X 101, 5 5 W], 48 3K 8 Al S K R 1k £ 4 (Ex-
tracellular polysaccharide of Porphyridium creuntum , EPS)
HA U B W L ER L 05 S 0 A U [ S A s R A
BRI PR 51 ¥ B B R AT S EPS X - OHLDPPH -
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BAEERE. A5 FREEEMEY . KK EPSHT
Oy F i K VRN BB AR 25 A A 2 A R R AR W
MRFIE 2 8] — & B PR . 2 AR R IE - R 2 MY
A BT B G i 03 o R AR D AR S A )
P EPS BEAR 0B 58 £ R A o 40 S0R B 48 7S I O
R OR DA R R EPS (W HRE .

7% TR ZE T DA A N K i 2R 3 Ak T8 R A B — R R A
Wit LW 9 B TTHUA AL RE J1 . {5 EPS 2 H 7 )5 70 0 1Y i A AL
e AR . ARWES L ORI & W O W 7). AR A el Ak
o OFD W BR A LRGP 46 b5 X EPS 149 i i 1 25 #4710
Ak, I IF e EPS HL 5 B A 1S A9 BT S AL T L ATy EPS 7
Ty B M £ R 24 5 T 1 O R R R R AR A
1 #5505k
1.1 #RE5i&EE
L1157

SEBRIETERN ¢ oy [ B} 2 B 1 TR A T BT A A

AR YN 5 2 T Ak P A TR G - 1 874.52 U/g, SN
U 2 Bt A 2 48 Y VA B SIS0 M O & S B RE T K TR S
1.1.2 EEAUM/EE

B B B0 AL Allegra 64R B, 3¢ [ UL 5e & PRIR R A
B 5

fE R K V4R HH-6D 5, & 3n TR AR 2l S0 U3 ) s

2 BT UL 43 % 06 BE 1. UV-1200 B, |- 2535 35 I 28 A
B 5

BURT AL FDU-2110 B, |- iff 20 8 AR S0 A FRA /5

JE 5 78 S AN - W2-100S B, |- i B A= B A BRA ]

1.2 REAHZE

1.2.1  EPS M b iy 32 B HCSE Bk 19 KOCH $5 3% WK
4 000 r/min B0 20 min, B 1 E W, € 5% 28 kW 4 (45 °C)
A 3 A5 R FRTC K ZBEREAT 2 4% »4 000 r/min B.0> 10 min,
WCAE BT . S UR T (—80 C, —5 Pa,48 h), 7% EPS
ML

1.2.2 AWM S & T2 B— & & EPS M & K sk %
T80 A U IR Y B A R R LB AR O AL W pHL{E L RS A
(Ht /W) AR IR T A% COR W08 4 pH (6, {8 i A 3o 2 76 90 46
pH (A F ik 47) — & B [\ J5, ¥ K ¥ K B8 3% 10 min,
10 000 r/min .0 10 min. 15§ % K .

1.2.3 EFIRE 0 W0 50 0 B EPS ML 5 3%
IR I B A S - BEARIELEE 65 °C (BRI 6 h.EEfR pH
8 7.0 DL R Rg A i (G /K9, E/9)2.8 U/mg, i@ 1 [ & H
b 25 e R e e — A S 1 ke 4 BT 45 SRR3R OGS TR AR
B - OH BE Sy mysgmit .

(1) it fidp U 32« T iR 318 B2 43 9 346 X 25,35, 40,45, 55,60,
65,70,75 °C, 76 B fi if "] 6 h, W % pH {H 7.0, B %S i 4t
2.8 U/mg W4T . M EPS ML & B A 7= P Xt - OH 1

(2) i fif o B) - 76 B8 MR R B 65 °C . pH {H 7.0, B S I+
2.8 U/mg 51 .45 f% 2.3,4,5,6,7 h, il ¢ EPS
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(3) W pH {8 - [ % pH 43 %I 4.0,5.0,6.0,7.0,
8.0,9.0, fE W ELEE 65 °C B MRASH] 6 h, B N4t 2.8 U/mg
FI ST 0 EPS HLS W # ™ % -+ OH M5 RR 2 .

(4) T 75 0 4k« i 35 0 &k 43 53 % 0.1,0.7, 1.4, 2.0,
2.8 U/mg. 7E BRI BE 65 °C . WEA%AL ] 6 h, pH { 8.0 %%
PR E EPS ML EEAE = P10k - OH 15 BR %,

1.2.4  Box-Behnken i 5 i L A6 iR 35 AR 45 o0 R R 30 45
W, R M % it % {1} Design-Expert 8.0.6 H Box-Behnken
Design iR 55 B JEFET 1, L« OH 75 KR 2 b i b7 18, # &
rhC A B AR IR D R T KT L o s
35 o HAMIE , EE S YOPuD s DU TR R 25

1.2.5  EPS ML B A7 7= 7 00 4 UL o i iR AR DG T 2 8
B EPS M 5 A5 B % . 10 000 r/min B .0 5 min, Sevage ¥
BraEE 5,4 000 r/min B0 10 min, b5 RERH KR
W AR (45 C) A 3 BT K £ FERE#r s 7,4 000 r/min
B0 10 min, WERHT Y, =% K T (—80 C, —5 Pa,
48 h) .18 EPS [ fi#t 7= 4 .

1.2.6  EPS K& B8 A 517 )5 B 40000 P 0

(1) - OH ¥ BRAES] : &% 3Cilk[ 141,

(2) DPPH - ¥ BREEST : &5 3197,

(3) ABTS™ - {iiBkfig ) : &% ek 20].

(M O, - iFkAeT:S% mk21].

1.3 HiEsbE

A B E D ER 3 K, Microsoft Excel #1745 3
B, A HOHE DL L AR HE2E ROR . R [R T B H 22 [ 1Y 2% 57
B AL S R A SPSS 11.5 G il i vh i SR IR 2
EEAT . B3 RKT P<<0.05, 4% B3 2 5k F P<<0.01,
2 AT
2.1 BRFRRAR
2.1.1 EEfREEE BB 1R, EPS HLSEEfE = - OH
P TR oA 256 T 7 L 82 1 TR R B TS M RR M . R
fift il B FHE 65 °C B EPS ML B % = W4« OH i1 3 B %
TR s KA o AR b R vl 0 e 2 O 1) S B R R 1) B
5% SR B 09 R . BE G IR Y T e RO TR B S mp L (H

< 1001
&
E=
o 80
g
3 2
& T 60r
i
S 40,
- £
= 20t
g
<
juni 0 L L L L |
25 35 45 55 65 75
it e 0 2
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B 1 # iR s EPS s ds i =4 - OH F ik
A A

Figure 1 Effect of enzymolysis temperature on hydroxyl

radical scavenging activity of the enzymatic hy-

drolysates
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I« e IR A L2 BB 65 °C

2.1.2 FEfEEFE & 2 A, EPS ML RS R X - OH
4 315 T 23R T e ) 099 48 < S 1 KR W/ L 7E 6 h B IR B I
KAE. EEfEmtEKF 6 h g, i+ KH 4 EPS M5 E 8
it o LT G 328 00T e o T A 7 ) AN - i oI ) 2 K T 48 o

fig i 7=y 3k OH AYTE BR A TF U6 F B o R I 8l At ] 368 T
6 h AH.
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Effect of enzymolysis time on hydroxyl radical

OH # &

Figure 2

scavenging activity of the enzymatic hydrolysates

2.1.3  [pfg pH 3 AT B R R P pH X g AR
ARENZW . YFH pH 78 4.0~8.0 i, B pH 89715
EPS M i i 7= 9y %« OH B9 B R 2R K pH 8.0 I X
F KA FﬁF‘T%LTB’l X ek PR Ay A [ 4 T X S A T )
B pH . MR AR (R 6 . BT LURg i pH 26 4% 8.0,

1001

- OHIF R

Hdroxyl radical scavenging/%

0 L L L L 1

4.0 5.0 6.0 7.0 8.0 9.0
pH
B3 Bfg pH x EPSHa & B ff =4 « OH &k

& J1 89 % h
Figure 3 Effect of enzymolysis pH on hydroxyl radical

scavenging activity of the enzymatic hydrolysates

2.1.4  BEEESInE BB 4 W, EPS MG EEREPx « OH
4D T B3 25 T A 0 S 84 0 38 34T 8 0 RT RE R E E A 1 Jn r
A HOK AR BE I DT (6 B8 % 7 ) X« OH ¥ BR G 1 5
MY A3 3G T . (H 2% P& SR T 2% 0 i ] 42 ol 1 A = M L B O
hn e 2.8 U/mg i f.
2.2 Box-Behnken I [ T i® 38

TE LR RIS 0 B Al b R e R T 43 BT 4 EPS M
il B A 20 S A AT A A LR K Lk 1,

B A Design-Expert 8.0.6 XF i i 25 Bt (2> 17£

1001

80

60

40

- OHIF R

Hdroxyl radical scavenging/%

0 L L L L |
0.1 0.7 1.3 1.9 2.5 3.1

TS o it

Amount of enzyme/(U * mg™)
B4 BRAEs EPS MM 4 « OH ik
At 1 89 % oa

Effect of enzyme-to-substrate ratio on hydroxyl

Figure 4
radical scavenging activity of the enzymatic hy-

drolysates

% 1 BoxBehnken i+ 18 F E Kk F 4B

Factors, levels and coding table of Box-Behnken

Table 1

design test

o NBRRI/BRENE L DS
¢ h (U+mg
! o 5 7.0 11
’ 00 6 8.0 2.0
: % ! 9.0 2.8
TE L& A HCE TR

Y=62.27+2.18A+3.25B+1.51C+9.31D+0.78AB —
2.92AC+1.73AD —3.48BC+1.02BD+0.36CD —2.15A* —
7.31B* —6.31C* —4.76D*, (D

XPEERBEATGEA I3 AR IR 3.

HI % 3 AT, A% PR <C0.000 1, 3% B4R RS2 4 3 3%
5 T HLR AT P AEg 0.154 2, W 2% LI A 1 3 % A Y
FeUE o 3 R Il A AR R A VA 5 hT . ALB R DX

EPS Hl 5 B g 7=« OH ¥ bk 5% mi i 8 % (P<<0.01) ,C
X EPS M5 B 2 000« OH 35 % 2 0 i 3 (P<<0.05) ;

AC 1 BC Xt EPS HLA: R =211 « OH 35 bR R 2wty g %
(P<C0.05) , A* X} EPS #j B fi# = 1 0 « OH & BRF32m
%(P<O 05), B, C*fl D* % EPS M5 M= 9 - OH

S M 2 (P<<0.01)

W A 8 2 TN (] 19 e 0 B L AT RO 22 40 # L 45
RO 4, GERFW, 003 05 f P A TR ik B K, A
TR 3 (P>0.05), [IE 5 FEH -

Y=62.27+2.18A+3.25B+1.51C+9.31D —2.92AC —
3.48BC—2.15A% —7.31B*—6.31C* —4.76 D*, (2)

M) 7 16 HP 45 e PR R 5 T Ot S e 5 TR 2R 58 AR
X W) 17 (L 14 552 T TG A T RN G AR pHL L T A B R AN B A pH

22 18] 52 H A P A 5 e 4 ) o L TG DL 5 L6

ity fif 30 B MG M pH Xt EPS HLG: B F=4 10 « OH WG
ok 2 15 5% W) 30T ARLAK BT . 6 WA A8 EAEJH LI 5 (b ],
B 5Ca) Al A1, 25 i A W B — 2 B, EPS KL AR 7 )
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- OHVE KRS KE pH i 1 i &2 2 18 i s el /s ) e 45, 7 pH
H7.0~7.8 I, EPS HL 5 B R0 o OH W5 BRBEEH . 78
pH — & i} . EPS ML & i 7= %t « OH 35 Bk % bl i A 15
MAE AL RIS Y A R Ry 65 °C A2 A I, EPS HL 5y it i 7= 4
M« OH IHBRFH &

ity fge P [R) VARG A pHL XF EPS A5 G g 7= 09 - OHL T
9% 2% 149 52 ) 30T DU R L BEHA AT 32 AR LI 6 (b)Y, &l 6
() B MR pH — & iF , EPS M5 BG i@ = o 0 « OH 1%
Wi 256 I i) f) AE I 22 58 00 /DS 1 e A 7 A T TR A
6 h i, EPS HL& B fE =200« OH 1 BR %4 = - 76 B fifk o [h)
— FEF EPS KL i 7= 10« OH IS BR2H pH M8 A
B/NIE B AR Bl FE M pH 7.0~7.8 B EPS &L % )
- OH EBRE .

x2 HBETRER

x3 HRAFEEZHERBMAZESHN
Table 3 Analysis of variance and significance test of

regression equation

Table 2 Experimental design and results
= A B C D - OH iR 3%/ %
1 0 0 0 0 63.72+0.23
2 —1 0 0 —1 43.7240.42
3 1 0 —1 0 53.86+0.36
4 —1 0 1 0 57.98+0.29
5 0 —1 1 0 49.30+0.68
6 0 —1 —1 0 39.6440.37
7 0 0 —1 1 60.62+0.32
8 0 0 1 1 60.22+0.42
9 0 —1 0 —1 38.88+0.53
10 —1 —1 0 0 49.58+0.38
11 1 1 0 0 58.98+0.42
12 —1 1 0 0 54.76+0.33
13 0 1 0 1 61.944+0.47
14 —1 0 —1 0 44.68+0.56
15 0 1 —1 0 55.18+0.34
16 0 0 0 0 61.90+0.22
17 0 0 0 0 59.84+0.27
18 0 0 0 0 63.50+0.45
19 0 0 —1 —1 44.26+0.54
20 1 0 1 0 55.46+0.36
21 1 0 0 —1 47.3440.57
22 1 —1 0 0 50.66+0.29
23 0 —1 0 1 55.76+0.42
24 1 0 0 1 70.68+1.61
25 —1 0 0 1 60.14+0.32
26 0 1 0 —1 40.98+0.56
27 0 0 0 0 62.38+0.49
28 0 1 1 0 50.92+0.25
29 0 0 1 —1 42.42+0.67

ZSW P BB B F g P{H 1
R 1910.70 14 136.48  23.58 <C0.000 1 % =
A 56.85 1 56.85 9.82 0.007 3 x =
B 126.36 1 126.36  21.83 0.000 4 x =
C 27.18 1 27.18 4.70 0.048 0 *
D 1 040.86 1 1040.86 179.84 <C0.000 1 % =x
AB 2.46 1 2.46 0.43 0.524 6
AC 34.22 1 34.22 5.91 0.029 1 *
AD 11.97 1 11.97 2.07 0.172 4
BC 48.44 1 48.44 8.37 0.011 8 *
BD 4.16 1 4.16 0.72 0.410 7
CD 0.52 1 0.52 0.09 0.769 1
A? 30.05 1 30.05 5.19 0.038 9 *
B2 346.60 1 346.60  59.88 <C0.0001 x =x
C? 258.66 1 258.66  44.69 <C0.000 1 x *
D2 147.11 1 147.11  25.42 0.000 2 *
k2 8103 14 579
i) 71.36 10 7.14 2.95 0.154 2
R 9.67 4 2.42

B 1991.73 28

tox FREFEFH . P<0.05; » » FREFHILEE.P<0.01;
R2=0.959 3,Adj.R2=0.918 6,

R4 ZRAESW

Table 4 Quadratic analysis of variance

FIrA AmE HIF Fa P RFME
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iRl 1891.59 10 189.16  34.00 <C0.000 1 % =

A 56.85 1 56.85 10.22 0.0050 * =x
B 126.36 1 126.36  22.71 0.000 2 % =x
C 27.18 1 27.18 4.89 0.040 3 *

D 1 040.86 1 1040.86 187.08 <C0.0001 % =
AC 34.22 1 34.22 6.15 0.023 2 *

BC 48.44 1 48.44 8.71 0.008 6 % =
A? 30.05 1 30.05 5.40 0.032 0 *

B? 346.60 1 346.60  62.30 <C0.0001 % x
Cc? 258.66 1 258.66  46.49 <C0.000 1 = =
D? 147.11 1 147.11 26.44 <<C0.0001 * =

mﬁ;%):

: 100.15 14 5.56
2l 90.48 14 6.46 2.67 0.176 7
2 9.67 4 2.42

B 1991.73 28

T o« RREREE P<0.05; » x FRIREFMIEE, P<0.01;
R?=0.949 7,Adj.R?>=0.921 8,
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Figure 5

Response surface plot and contour plot for effects of enzymolysis temperature and pHand their

mutual interaction on hydroxyl radical scavenging
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Figure 6

Response surface plot and contour plot for effects of enzymolysis time and pHand their mutual

interaction on hydroxyl radical scavenging

45 Design-Expert 8.0.6 8+ 58  #y et L2 51k
R Y 63 C JER pH 8.0 BEIR N 2.7 U/mg. B i 7]
6.3 h, LA AT 3 OPAT LS, S Br I & EPS ML
=« OH (35 ER R 2 (70.6420.38) % , B4 T 0
67.78% , 1 2 A 45T 32 WA R R T A 5 5 B A A 3R 25 1E
SR Z . UE SR e T A A6 5 B 1 EPS HL b g
it L2 &M SHRREEMN.

2.4 EPSHmEBBIEMNRENLEE

A G HEAR 1 EPS MG Y W B 10 mg/mL B, X
« OH.DPPH +» \ABTS" « #1 Oz « 4 ' [ By 235 B A 1 5
5B FR SN 30.31%6,19.32%,19.75%,34.91%

25 AL, &5 Wi 5 i EPS ML R R 4 b i 3

THBRAE ] W . R T AL (6 B AU 45 R SR W, G
J5 i) EPS # 5% « OH.DPPH « ABTS" « Hil O; « f2F %K
T R U EE (IC0) 43 ) 5 (1.67£0.58),(1.084+0.01), (0.64 +
0.01),(4.1640.01) mg/mL. H¥EF44L:EZ ER.,
3 &5

B ZE L AR B O 9 A 3 4 3 TP 43 2 R G Bl D 5
FR 38 3 me) 7 T 3 g S EPS KL i A A SR I AR T
W R Z I A Rl 25 A b R L AR Oy R
AR . IR SE R R R LG % 2 4 1 o0 - T AR O R
63 °C JEEAR I 6.3 h. W% pH 8.0 BEFR N 2.7 U/mg. 7E
W4T EPS [ 41 « OH IR % R (70.6440.38) %,

AT % 25 11 T B8 A7 7 90 0 A Ak T M 3 SR e X
- OH,DPPH - ABTS" « #1 O, = 1 IC5 43 314 (1.67 &

x5 EPSHmEBESFMNEBRENERUR

Table 5 Effects of the enzymolysis EPS on radical scavenging

) ‘ ICs
B i LR i
- OH DPPH + ABTS" « 05 -
A1) mg/mL 1.67+0.58 1.08+£0.01  0.6440.01  4.16+0.01
Vi ug/mL 12.55+0.01 6.91£0.04  13.460.03  40.440.18
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0.58),(1.0840.01),(0.64+0.01),(4.16 £0.01) mg/mL, 3
1 EPS ML 15 20 W% 5 B9 2R P A P g otk . L L EPS
e i 7 9 B T A A 1 O 0 S AR ™ i B B RIS fH AC IR
B8y o X Tl AR W R AT 3k — 20 o B A AL N RAL L B A AL E
Mg 49 73 B A B HC XS EPS Ll i) 48 AL o8 A T . S
He BT bR AFTE ) UOT SR AT 5T

2% ik
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