Advances in Microbiology fHZE#RTYE, 2018, 7(1), 1-11 Hans XM
Published Online March 2018 in Hans. http://www.hanspub.org/journal/amb
https://doi.org/10.12677/amb.2018.71001

Study on Response Surface Methodology
as an Approach for Optimization of
Microwave-Assisted Extraction and
Antioxidant Activities of Polysaccharides
from Ceriporia lacerate

Ting Yao, Xue Sun, Ruicheng Xu, Yanliang Chu, Na Wang"

College of Biotechnology, Jiangsu University of Science and Technology, Zhenjiang Jiangsu
Email: 18852896597 @163.com, ‘biojustwn@126.com

Received: Feb. 9™, 2018; accepted: Feb. 23", 2018; published: Mar. 2", 2018

Abstract

Crude polysaccharides were analyzed from the mycelium of Ceriporia lacerate isolated and identi-
fied in our laboratory. According to the single-factor experiments, response surface methodology
(RSM) based on a central composite design (CCD) was applied for the optimization of micro-
wave-assisted extraction process. The antioxidant activities of crude polysaccharides were also
detected in this paper. The test results indicated that the optimum extraction conditions were ob-
tained as follows: microwave time 30 s, microwave power 480 W, ratio of sample to water 1:20,
extract time 30 min and extract temperature 35°C. Under these conditions, the predictive and ve-
rified values of maximal yield of polysaccharides were 6.523% and 6.437%, respectively. Crude
polysaccharides from the mycelium of Ceriporia lacerate showed a certain amount of antioxidant
activity. The antioxidant capacity of polysaccharide and its concentration had good dose-effect re-
lationship. With the increase of concentration, the antioxidant activities became stronger. Crude
polysaccharides had strong anti-lipid peroxidation and scavenging superoxide anion radical ef-
fects, but weak in reducing effects. At the same time, scavenging effects of hydroxyl free radicals
and hydrogen peroxide were also good. Crude polysaccharides from the mycelium of Ceriporia la-
cerate had natural antioxidant capacity, and had some realistic practical significance to develop
multi-functional antioxidant products.
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1. 518

% fi (Polysaccharide) & — 2% H HURE B K 45 & T BT R AR =i o T &, o FEMNL TR LE TTASE
[1], RAVRNEER R &M, 2R E A TR LM B A i [2] [3], Yiaeds
KA MRIERRE « BREAGEE R R RS 2 AR BRI B FR (4] K2 30 22 Se 00 R 1,
WA A B AR TNV S . BUieE. DUMIR . Pudedt . o, JrERSEIEAS] (6], BlEk
E SRR T REME £ T K B R

ZHEMBEZ, TRZAETEY. 210, A (406 A ) AR A S . Y Z 2 2 7T
HHICNTELR 22 B, H AT P AR B (2 B A R AN AR R 2 A
R, FHUELHE. mZ W KA ZRE. 2R SRR Z RS O IRR TR, JuUReIT4): [
I 1R 2 M Al AR T DU SR Th BE BN BRI TAE # 1B S [7]

2L £ (Ceriporia lacerata), J& THE A Hy®EI 1. 2 W H. EAHEN—MEE, Z2/HE
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MRZ., nZHMREL BTGP ZERIAZY) . WL R & U3 B0 L & 1 — AN
H A e e R, HR LRGN HA R R HANE, Ty KRB EYHIRIEAR. REA .
EIREAL YR EZS RE R e h

T A BRI AR I RN AR S O BRI &5 &, ATAERE SR AT 72 A2 KGR, A0k, 40w
MRS iE L, GFESRIGRT R, PR HCR 8], M . V2 (Response Surface Methodology, RSM) Al
HEMARE R, S5 mikie a0, PUsE MO E 2 R RS RSB 2N T A IR
IS LRI [9] AR S LASEER 25 AT 5 A 48 58 1) — PR #2405 L 18] (Ceriporia lacerata) g 22 14 4 J5 k), DA
AR HERCIE R, R FH P TR 3 a0 R i £ B 1 22 4k 22 W R AT A 9, 08 Pl o 2 g T V255 52 ) 22 i i L)
JUIANRZRHAT 7081, PRAGIIRECT 20 [FB 01 24k 2 05 S s A R EAT b, i 2 FL I 1A
RO A FR HE B A4 -

2. MMERZE
2.1, RIS EHRAEEAF

izt £ 14 (Ceriporia lacerata): FHIVLI RS K22 AEME A S B & S AEYH AR SL36 = AT WS B
EIANYEE(NCBI B3t '5 8 KP677607).

FEEAUEE: Beckman ALLEGRA 64R = i# 41 2 0L, DHZ-052D XUZEIRFE AR, UVI600 4 #hn] i,
SR EETE, SW-CI-1F B TAE G, MCR-3 b7 S Bids, HA=VE SANYO & H 28 UK 3%

22. BRARESEZLAWE

BB it S R AN E K PD 55983 A (2 2 442 200 g, %) B 20 g, 7K 1000 mL, pH F4R), 28°C
K246 (120 rimin)H B 8557 8 do DUZ DAL I8, KB M B AR TE A s T S0 C ot ek, wFEE it
80 Hifi, ¥ARIELH.

2.3. BRI FER NN ARt

UG B 224k 22 BB 535 52 m (R L (mg/mL,  1:10. 1:20. 1:30. 1:40. 1:50 A1 1:60). ¥l
IfE](s, 20, 30. 40. 50 1 60). k5@ (W, 160, 320. 480. 640 A1 800). Z#EMSiE(min, 20. 30.
40. 50 F11 60)FIZHZIRE('C, 15, 25, 35. 45 fll 55 NHF LR K, LLZPHE R (%) NiTMmfaks, BET K
R, 7E BN ZRG 45 R IFERE ., N Design Expert 7.0 BAFHEATREG BT, i g h i A AL 1 42
2 FERRI T Z .

2.4, SPESRBNE

Z WS BRI E R BRI - KA [10]. K 2 HE S B0OH A 02(5000 r/min, 10 min, 25°C), FIiGWAHZE
VK MR S 3EAT 2 WE I 72 o B 2 mL A0, BN 1 mL KMy VA (6%, Ik BT H]), #8257 )5, 2218 5 mL
WL OB B2, AW R SRR, RN F5), #5, =i E 30 min, 7E 490 nm K il
WG FEARL o DA 260 B8 A Am A i o ) s v it 2

LR = SEAUR T 2 W R (9) /18 22 AR JFRHR 5 (9) x100%

25 HLESENEIMIENLTENE

Y R 22 A 22 BRI 250 (5000 r/min, 10 min, 25°C), FiEM& s R ROGRAE, AT 1. H#A
PE/K L% 0.2 mg/mL. 0.4 mg/mL. 0.6 mg/mL. 0.8 mg/mL F1 1 mg/mL % &I A B F TR i Ak i 1k
(T 7 o
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251 H&HZENESHREEREN

B 224K Z i 2 mL T, Ui 2 mL 6 mmol/L (¥) FeSO, ¥ AT 2 mL 6 mmol/L ) H,0,
W, IRAE EIEFE 10 min. AW EINA 2 mL 6 mmol/L (/K. JEB2)E =R E 30 min. 510
nm PAAEBOEE A A SZEKACE KBRS ROGIE LN Ay DIXUZ KA 2 B RIS OB AE 1L Ay
[11]. 3 H HIEEHRRILR AR E% = [1 - (A — A)/Ao] x 100%i15 .

25.2. LB ENISLEEREEN

B 224K Z 0 5 mL TR T, InN B 50 mmol/L R 22 i (pH 7.4)EC ) 10 mmol/L H,0, 1&
W5 mL, ZEMBHE5], 10 min f5id FAE 230 nm AR SEEEE, 08 Are Ao NANIIEE SR T H.0, R
WFEEAE, Ag AN H O R IIRE BB E « I E AL A TS PR R FL A E/% = [Ag — (AL — A)T/A, %
100%7t 5 [12]

25.3. MK ENTIRED

B 22 AR 22 WA 1 mL, NN 2.5 mL BERR 22 (pH 6.6) A1 2.5 mL 19%8k F ALV, TRA1)E 50°C
IR /KIS 20 min, FIIA 2.5 mL 10% =42, 4000 r/min &> 10 min. H Fi&EW 2 mL i 2.5 mL 7%
WK, FIN 0.5 mL 0.1% FeCls, 7843 SN J5 T 700 nm b & Femo B « WOk vy, 38 SRk ik [13].

254 BLHZENINEREEILEEN

MR ER 1:25 PR 0.4 mL, INABE 224K FA 0.8 mL, FEANA 25 mmol/L ) FeSO, ¥ 0.4 mL,
F pH7.4 HIREIRZEMBAN 78 2 4 mL, 37°CH&3% 15 min. A 20% =% Z 1 mL, 3500 r/min &t 10 min.
B RIS 4 mL, AR E S ECN 0.8%0) TBARRAR T LL2ZR) ¥ 1 mL, &M, #/K¥# 15 min, 532 nm
QbR R AR . ASIIRE S IO EE g A, B SR INBERR S PR WG E R Ag e REIIIEONS B9 3 AR T
AL HIHIH] 2 (%) = [(Ao — AD)/Ag] x 100% [14].

1:25 GP B BRI C ] B B L XS, A pH 7.4 19 0.1 mol/L R Sh 2 i ML AR 11 B
719 FE 10 mine BX 1 mL iR & T 25 mL A&, pH 7.4 BEFR RS2 phRE 25 48 25 mL, 4°CHA A .

255 HLHZENEBEAETFERERREN

SR AT 2R =y S8 A0 7 B 22 4 22 B TR 809 2 1 1 e 2R 35 BR B JJ[15] . Y 0.05 mol/L Tris-HCI
Z2IPE 4.5 mL(pH 8.2), 25°C /K Hh Tl #k 20 min J5 P | mL B 224K 22 W53 AN 0.4 mL 282K =By i (25
mmol/L), VRE&IEIEET 25°C/RKH M 4 min, I 1 mL 8 mol/L HCI &1k J v, 7E 299 nm Abill 2
WOGRE Ay, 7E 25 DR REZH rh DUAH R FR I ZE AR/ K AR B VRRE i, TROGREIE N Age RS T B RIS BR %
FME AT E1% = (Ag — ADIA, X 100%i 15 .

2.6. HIBLTE

RIS E I =K, P B = Ras R A
3. JHRE S
3.1 BERKE

3.1.1. RUEREXEZ A ZIER RN

[ R L 1:20, 098 400 W, IR BEIRE 45°C, JRAHRFIA] 30 min, SR IN 1A) X T 42 4R £ R 4R
A — 2 mIsem (] 1(a)). TEIRES S0 i [R]YE 1 N 2 B 15 5 RIUSE TG Beia sy, TERUEITR] 30 s if, 20
REBRAIE 2.11%. TR INAFHRAR RIS, LB R, ZPERAT Y BRI,
VRS, IR 30 s VE B A IR s 1a]
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Figure 1. Effects of different factors on the polysaccharide yield
E 1. 2EAREXSESFSENZI

3.1.2. BAL XA Z PE RN

] 52 e 5 400 W, JRAZIRE 45°C, IRAERTIE] 30 min, FAURETA] 30 s, AW EL X T 224K £ BESR L
sz an 1< L(b) . BEEERRELIIE R, B2k 2R R30itm, SRR LLTE 1:20 i, ZHEfS3IL
FER, N 3.18%. BHELEARES, ZHHEMAR Y SRR G, SHEREASEK, HB T3
WAARFRIIE N, Aot B 22 ARV E R T R, PR R PR, Hi5E 1:20 i ERRE L .

3.1.3. BRiEREXE LA ZIER RN

[ SE T 5 400 W, IR FRURSE 45°C, Tt ia) 30 s, RIRLE 1:20, 2 FEAT A% B 224K 2 BEIR B
S A ] 1(C) B o FE IR IR SR I (VO [ Y, 2 BB 19 20006 LG T B p e Rk, 7212 320 18] 24 30 min
B, ZHERRIABIRKME, N 2.37%. SRR SERZEDIMESS, B, SREEA T
I IRDE G, 2 51 = A 5 ) P A A T A B 6 IR [ 16] o a8 30 min A AR 2 I (]

3.1.4. UK E X 2 2 PER AR

IR IR 45°C, hpkfiE] 30s, RRELL 1:20, JRARET ] 30 min, Fk o X B 22 1k 22 B ) 4
H—E e (1 1(d)). TERIS R R EEVE I Y, BB RO SR L (I K, 2 BAS 38 Bl RGBS K, TER
FEy 480 W B 2 W53 20K B KE s (H U Bm EEdE— D3R sy, 2R SRR TR ks B I K,
VWP oy REG IR, R SR T R, 2 BEER A3 A3 A AN A R 2 B 4 2R o I 480 W S FE LB TR

3.15. BIREEXNELEZIERNNFI

] 2 T I 1E) 30 s, BREE 1:20, IRIEETA] 30 min, R 480 W, IR HRIR T X B 424K £ B L
DRG] 1), fERIGBOE FIRIRIR VR N, MERRRENT S, SHEREEEm; 4
FEIRSE =T 35°CHY, 2 WEMAT 28 BB IR B i i R B . PEBEIREE RIS, JRRHA K EESE R, & stk
WIS 22 H i R s (BT 2R IE TEY R, B I & 2 R L4 [ 16], MM 2 5% N 4. ik
H 35°CABARRSEIRE .
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3.2. MNHEEMHELESIERENTZ

ARG AR, R OAHE IR Box-Behnken #it75 %, MM (s). BH& L (mg/mL).
IREEET (R (min). Gl 50 (W) AR IRIGSE(C), 23 AL B. C. D flE £, JELA+1. 0 Al-1 2r54%
RN, WNAE Y NEE LA ZHEE5 (%), 5% 5 AR RR R AP RGTENE 1, RSt 7 2%
ZERNA 2.

2 3k 46 MR A, HA 4L AN AITR AL 5 MAE S TR AU AR ERUEE AL B. C. DATE
PR BT, RO X ot s, Horp R A0 A 5 ik, A DM SRte iR 22 .

FIH Design-Expert 7.0 552 2 F R385 E 4T Z oo ARG, 15 3 B 220K 2 B A5 2 (Y ) X Tk
WA (A) BREEL(B) 1R FEWTE](C) 1l i FE (D) AR H I FE (E) Y — IR 22 T[] A 28Ry

Y =6.32+0.069A +0.17B +0.53C + 0.34D — 0.11E — 0.13AB + L06AC — 0.64AD — 0.37AE +145BC

+0.12BD +0.47BE — 0.48CD + 0.84CE + 0.32DE —131A* - 148B° —1.24C? —160D* — 0.96E>.

S B 5 REHEAT B MR B0 (2 3), BB F = 1.94, p > 0.05, B [l A B B 3 59005 F = 83.04,
p <0.0001, R, BTEIHAK R =0.998, FrLlshrl s WmE A I, KRR RIS
BAEIA R, HAT 99.8%K I, 507 vk i v {5 B i, OB Al 6% X 40T 2 £L TR 22 W SR R
BEATHER TR 5 0 b . BEAL— KT AL B C. D MTE XY SUmiRE 2, kI A, BA D MIE*X Y
MR, CORAREM, THH Y IWAREZEERE, RIS BRI 7 Y 5 R A2 fa]
LR R

FRAE— IR I F {8, 3560 5 AN 20 T 22 44 22 W S B S MR B R/ MR ORI BRI IRI(C) > (i s &
(D) > BHLk(B) > RZIEUIE(E) > KT HI(A).

E 2 & RS AR R M B, R — R EUR AP, JLR 7 N 350 B 22 1 22 B4 LR 5
N ST 43 A B AT R AR S DL B S R AN AR EAE o 5 v 4 T 0 S e 9 A R A8 HLAE 17
ERE, BRRRHHE R TAEAARE, W2 P ai KRR rm R R e R, Hlfigy
R, 22 HAE B [17].

AT Design expert 7.0 A 53HT 43 B4 240 FL B 1R 2208 2 BE 0 B R SR AR BRI TE) 32.27 s
BRAHE 1:24.17., FH4RIT 1A 36.56 min. kD 480.49 W, RHRIRE 37.89°C. A T #/E51H, BIEfIE
PR R ) 30 s AR ThER 480 WL JBCRIEL 1:20 YR 2R IE] 30 min, IR4RIEE 35°C. WIS
i AL B 2 BEIR RN 6.437%, S5 ERL TR 6.523%FE A —F . 22 B 7 A 70 w] DA L F) 000 22 et L 7
ZHE IR I .

3.3. WLFZEHEIMiaELENY

F2 E E S M R R M AR I A R, T IE ORI R AR K TR AR T, A
WIE. ERIGRETIEIN, W2k Z R A R — @ MERIER, ERACRE 2R E 2 IEMHE G,
MBS L mg/mL B, JEBRRATIE 60.74%; {H 5 FRIKREEHUAT] Ve ML, iERRRBAL(E 3(a))-

B 22 AR 2 i i AL AR R I — R TS B BE (1] 3(D)), FLIE R AE ST BE M B ROBE a3 n, 24 22 i
W) 1 mg/mL I, 52k 44.46%, 4 0.2 mg/mL WK 4.16 £%, {HEIRALT Ve HITERRBE

ZHEIERBE 15 KPR 2 [IFAEAR OGP, ZHEE L B & R RE /405 i FmiE bR B
WEJFE S, PUAAGERTR[18]. R 42 1k 2 A 5 D AR B (K T v 3, (R (R T RV B Ve B 5
fie J1(K 3(c))-

PR 2244 22 T B T I 0 SR I B A BOR (] 3(d)), B T RREE Ve M EHEKREEA
1 mg/mL i, Al Ik 82.23%, Lk Ve #n T 29.70%.
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Table 1. Independent variables and levels in Box-Behnken

5% 1. Box-Behnken &89 & Rk F 43

KF A BB IA] B EhLE c ?%T&Hﬂ‘ [ D i i 5 E ‘iéi:%iﬁfﬁ
©) (mg/mL) (min) (W) (<)
-1 20 1:10 20 320 25
0 30 1:20 30 480 35
1 40 1:30 40 640 45
Table 2. Design matrix and responses values of polysaccharide yield in mycelium
F 2 RERIT A RRELESREEENEE

R A B C D E Y (%)

1 -1 0 0 0 -1 5.782

2 0 0 0 0 0 6.184

3 0 0 0 0 0 6.461

4 -1 1 0 0 0 3.676

5 0 0 0 0 0 6.533

6 1 0 -1 0 0 1.996

7 0 0 0 1 1 6.342

8 0 0 1 -1 0 4.648

9 0 0 1 0 1 6.509

10 0 0 -1 -1 0 4.141

11 0 -1 0 1 0 3.222

12 1 0 0 1 0 2.873

13 0 0 0 0 0 6.237

14 0 -1 0 0 1 2.156

15 1 0 0 -1 0 4.098

16 -1 0 0 1 0 3.854

17 0 -1 -1 0 0 4.833

18 0 0 1 0 -1 3.562

19 -1 0 0 -1 0 2.504

20 0 1 0 1 0 3.418

21 -1 0 -1 0 0 2.586

22 0 0 0 0 0 6.131

23 -1 0 0 0 1 3.112

24 0 0 0 -1 1 2.758

25 1 0 0 0 1 2.193

26 -1 -1 0 0 0 4,618

27 0 0 0 1 -1 3.854

28 0 1 0 -1 0 2.573

29 0 0 0 -1 -1 1.533

30 1 0 1 0 0 6.452

31 0 1 0 0 -1 4,781

32 1 0 0 0 -1 6.351

33 -1 0 1 0 0 2.815

DOI: 10.12677/amb.2018.71001 7 AT
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Continued
34 0 0 -1 1 0 4.155
35 0 1 1 0 0 5.484
36 0 -1 0 0 -1 3.657
37 1 -1 0 0 0 3.781
38 0 1 0 0 1 5.149
39 0 0 -1 0 -1 2.954
40 0 -1 1 0 0 2.002
41 0 -1 0 -1 0 2.845
42 1 1 0 0 0 2312
43 0 0 -1 0 1 2.523
44 0 1 -1 0 0 2.506
45 0 0 0 0 0 6.366
46 0 0 1 1 0 2.758
Table 3. Variance analysis of the regression mode
7= 3. EVIMRBFES
T5 Z R EHFI H HHE (df) ¥175 F1& Prob > F wE
A 0.077 1 0.077 0.045 0.8339
B 0.48 1 0.48 0.28 0.5993
C 4.55 1 455 2.66 0.1154
D 1.81 1 1.81 1.06 0.3142
E 0.19 1 0.19 0.11 0.7435
AB 0.069 1 0.069 0.041 0.8420
AC 4.47 1 4.47 261 0.1188
AD 1.66 1 1.66 0.97 0.3345
AE 0.55 1 0.55 0.32 0.5747
BC 8.44 1 8.44 4,93 0.0357
BD 0.055 1 0.055 0.032 0.8595
BE 0.87 1 0.87 0.51 0.4817
CD 0.91 1 0.91 0.53 0.4736
CE 2.85 1 2.85 1.67 0.2086
DE 0.4 1 0.4 0.23 0.6336
A 15.04 1 15.04 8.78 0.0066 *
B? 19.07 1 19.07 11.14 0.0026 *
c? 13.33 1 13.33 7.79 0.0099
D? 22.29 1 22.29 13.02 0.0013 *
E? 8.07 1 8.07 4.71 0.0396 *
& 42.8 25 171
RAYIR 42.67 20 2.13 83.04 <0.0001 *x
aliiR % 0.13 5 0.026
RIRE 109.25 45
A 66.45 20 3.32 1.94 0.0586 NS
W TRRERREEEP<001), FTREREEP<0.05). “significant at 0.01 level, “significant at 0.05 level.
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Figure 2. Response surface of the polysaccharide yield
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Figure 3. Antioxidant activities of polysaccharide from mycelium

E 3. B4R ENEYE

HBEHE T (0, )2 S MER], HAEEA YR IEE B S RN = H A A8y, e
A, WA DNA & A 3 [19] [20]. H11E] 3(e) T %0, A 2244 22 Wb U0 B 1 1 el L 040 i 4
BONBE, BERERE GRS E Y 1 mo/mL N, 4R ATk 85.65%, X LRI E ) Ve ik
8.84%.

4, &5ig
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