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Abstract: The process of ultrasonic-assisted extraction was optimized by single factor experiment and Box-Behnken methods to extract
phenolic acid from the mycelium of Agaricus bitorquis (Quél.) Sacc. The crude phenolic acid was isolated by macroporous adsorbent resins, and
the antioxidant activity of two kinds phenolic acid was evaluated with five classical antioxidant assessment system. Results showed that the
optimal conditions were as follows: ultrasonic power of 130W, ethanol concentration of 90%, extraction temperature of 61 “C, extracting time of
30 minutes, and liquid/solid ratio of 40: 1(mL/g).The antioxidant activity experiment in vitro showed that the free radical scavenging capacity of
DPPH and ABTS in purified phenolic acid (PPA) group were higher than those of V¢ group (4.31% and 3.69%) and CPA group (27.45% and
32.45%) (p<0.05), and the half inhibitory concentrations in PPA group were lower than those of V¢ group (18.57% and 5.20%) and CPA group
(40.78% and 42.52%). The order of antioxidant ability was: PPA>Vc>CPA. The scavenging capacity of hydroxyl radicals and superoxide anion
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radicals in PPA group were higher than those of the CPA group (8.56% and 30.09%), and the half inhibitory concentrations in PPA group were
lower than those of CPA group (17.39% and 53.57%). The order of antioxidant ability was: PPA>CPA. The reducing power of PPA group was

comparable to that of V¢ group, which was higher than that of CPA group (51.05%). The antioxidant activity of phenolic acid was increased with

the increment of the sample concentration. In conclusion, this study revealed that the purified phenolic acid from the mycelium of Agaricus

bitorquis (Quél.) Sacc have potent antioxidant effects, it could be used as a good source of natural antioxidant.
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Fig.1 Effect of ultrasonic power on yield of phenolic acid
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Fig.3 Effect of extraction temperature on yield of phenolic acid
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Fig.4 The effect of ethanol concentration on the yield of
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40:1 mL/g I, EARRASFRECAN 38.22 mglg, SRCEIEL

acid
2.2 v fr AR SE T 5 AT

7E R R ARG 54, KA Design-Expert 8.0.5
A AT = DR 28 =P (8o S T e B 5o By R e L
T2k, WIS R AR NE 1, XL
P&i4T Forward #2020 ik EIHILE, #9311 224k
H oy R B ECER TN ) — IR 22 T [ U g A

Y=-4.76A%-4.71B%-1.69C?39.00-0.35AB-0.35AC-0.32BC+

4 20:1 mL/g M IRAFZAHLL, 2 E ) 141 f%5. XL 0.14A+0.29B+0.37C
7 TSR L A B IR v 7.60 . SRR AT
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Table 1 Response surface test results

KI5 LB R % A BRI FIW RECREIC B BT 2 (molg)
1 -1 (80) -1 (110) 0 (60) 25.79
2 +1 (100) -1 (110) 0 (60) 26.61
3 -1 (80) +1 (150) 0 (60) 27.15
4 +1 (100) +1 (150) 0 (60) 26.55
5 -1 (80) 0 (130) -1 (50) 28.63
6 +1 (100) 0 (130) -1 (50) 29.78
7 -1 (80) 0 (130) +1 (70) 30.02
8 +1 (100) 0 (130) +1 (70) 29.79
9 0 (90) -1 (110) -1 (50) 31.63
10 0 (90) +1 (150) -1 (50) 32.78
11 0 (90) -1 (110) +1 (70) 33.05
12 0 (90) +1 (150) +1 (70) 32.92
13 0 (90) 0 (130) 0 (60) 38.90
14 0 (90) 0 (130) 0 (60) 39.12
15 0 (90) 0 (130) 0 (60) 38.96
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Table 2 Result of the response surface regression model

7 ERR 75 Fa £ &R ¥ F Prod>F BEM
AR 290.77 9 32.31 1610.95 <0.0001 ok
A 0.17 1 0.17 8.29 0.0346 *
B 0.67 1 0.67 33.36 0.0022 ok
C 1.09 1 1.09 54.55 0.0007 ox
AB 0.50 1 0.50 25.11 0.0041 *x
AC 0.48 1 0.48 23.98 0.0045 x
BC 0.41 1 0.41 20.25 0.0064 4
A? 222.10 1 222.10 11074.51 <0.0001 ok
B? 82.07 1 82.07 4092.39 <0.0001 e
C? 10.50 1 10.50 523.33 <0.0001 ok
KE 0.10 5 0.020
KINR 0.075 3 0.025 1.93 0.3590
YR £ 0.026 2 0.013
B E 290.87 14
i **p<0.0l, EZFMEE; *p<0.05, EZFHIE.
40
35
gé 30
= 25
e
X 75‘?‘;\@ 6080 %0 95 100

B: P&

90
A REE

E 6 RESHEREHMESL

Fig.6 Contour line of correlation between ethanol concentration

and ultrasonic power

X RV R AT 7 22 53 Hr,  FLaE AR B AR

Wi, BRI PTRE 99.97% MR 5, RPMEA R E

(p>0.05), it BHAIRIR AR A BEFL I M A& B SEER 1)

k. BEAMEIE T RE R AR E ARSI AT A, B —

I C (p<0.01) ZR7HEE, B (p<0.05) E57E#,

A (p>0.05) ZRAEZE, — kI A% B2 C? (p<0.01)
Ze 2 .

60 65 70 75 80
B: %
B 7 RESEEZOEMNEFSL
Fig.7 Contour line of correlation between ethanol concentration
and temperature
FIF Design-Expert 8.0.5 #cf-22x ) 5 Pk 20 o
THRIA5: 2 ], 8] 300 o R 5 ) S M -
FH PR DS SRR > ZFIR I, B AR R R
FHIKPIRES, R RIERRRHER AU L,
IESRAF I R IR B U 2% A 9. LR 90.07%.
P 131 WL $EHUEE 61.06 C, TEULSMF T
PRSI AN 39.02 molg. LA HREL T 253k
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77 ZHIRIESLL, R IRE R LIE N 39.09
mg/g, STIMERR . 5ERS SN
BRI T Z B AL, e 37.05 £, Gt
SO AL || S T RRAREN T 2 R ISR AE L,
] 0.88 .

1
65 70 75 80
B: Tj%

El 8 WEE5REXEFMIAIFSL
Fig.8 Contour line of correlation between ethanol ultrasonic
power and temperature
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DPPHH H#ERE / %

0.3 0.6 0.9 1.2 1.5
WE / (mg/mL)
&9 ELAEERR) DPPH JERRAE
Fig.9 DPPH free radical scavenging capacity of phenolic acid in

mycelium
DPPH & — Rl RIRGUEA AT RIS 1
WA R . RIPUEATIN) DPPH JERrFllm, SR

242

HA LR R, s 9 45 BT, BRI
X DPPH IHFRZMEE IR RN, PPA ZHXT
DPPH &% . 4k E Y 1.50 mg/mL i}, PPA 2
BRI FIRNME 79.84%; SFHMEXE (Vo) 4tk
5, PPA IERRFAMMT Ve 41 104.31%, SR
e EALIETE (p<0.05) ; 5 CPA ZHAHEL, PPA
ISR A Y THZ AL 127.45%, 75322 (p<0.05) .
H# 3 A[41, PPA. CPA & Vc 41%} DPPH HIiikR%
SRR RIS, HEARIFMEHECR, Hi
PPA ZH 1] 1Cso {H A A& Ve 41117 82.43%. CPA 41 59.22%,
PPA 411 1Cs 1B #5t/N N 0.61 mg/mL, J& % DPPH H H
FEREIERR. 25 b, JERIRIGALXT DPPH i &% ik
S35 N: PPASVC>CPA, Bl PPA 41%f DPPH F Hi
IR E R, SR ZanPas et i
T ER SN DPPH 15 FREE /7 IR - 45
SR8, EMFENREE T4tk 5 MR AT DPPH [1i5 kR
BE S0 AR TR, SR P R R S
R
% 3 DPPH B R ESEBUREMIZ X R
Table 3 Linear relationship between DPPH clearance and
phenolic acid concentration

H d KAz R? ICso/(Mg/mL)
CPA  y=32433x+1657  0.9386 1.03
PPA  y=34567x+28.75  0.9983 0.61
Ve y=34.3x+24.63 0.9932 0.74
2.3.2 RIARKKICHEH LR BT ABTS A &
A RAE A

ABTS & —Fli F BRI RS = E A S PRI
Jiik. TEIERR ABTS HHE RN H, Hratbilai
S ABTS [ HIBERP AR A 1),
HHIE 10 S5 8 mT 5, SMmRiIedixs ABTS k&2 6
FIRETH MG, PPA 4%t ABTS ilkR i E. 4
WA 1.50 mg/mL B, PPA ZHiE ik B i K {E

(75.82+0.69) %; 5 Vc 4ltb#:, PPA ALiEMGR 2
Ve [ 103.69%, ZR7IWE (p<0.05) ; 5 CPA 41tH
b, PPA ZLHERZFAN Y T1%4100 132.45%, BHE ST
CPA 4l (p<0.05) . HIFE 4 Z55n%1, PPA. CPA K&
Ve % ABTS [ b 5 IR BE Y R IEA G, A
IFHI MR R, Hrd PPA 41 I1Cs [ HIF 24T Ve
ZH. CPA ZHf) 94.80%. 57.48%, PPA Z1f I1Cs i #x
XM 0.73 mg/mL, ik ABTS HHIEMIGE /5= . 5F
b, BEERRIGALNT ABTS i K2R 59 IF R K -
PPA>VC>CPA, Bl PPA #41%F ABTS H HIZE A IRk
BB GAEPVER AT LI B A L S
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Fig.10 ABTS free radical scavenging capacity of phenolic acid
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Table 4 Linear relationship between ABTS clearance and
phenolic acid concentration
P Kbk A2 R? ICs/(Mg/mL)
CPA y=37.367x+2.61 0.992 127
PPA y=29x+28.94 0.998 0.73

Ve y=36.267x+22.24  0.9958 0.77
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Fig.11 Hydroxyl free radical scavenging capacity of phenolic
acid in mycelium
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Table 5 Linear relationship between hydroxyl radical

scavenging rate and phenolic acid concentration

Ao KA R? ICso/(mg/mL)
CPA y=42533x+10.66  0.9992 0.92
PPA y=33.7x+24.47 0.9933 0.76

Ve y=38533x+30.92  0.9971 0.49
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TSR R e KB N 78.65%; 5 Ve AELER, PPA 4
X% H HEERR AT Ve 411 88.22% (p<0.05) ,
CPA X2 H HHEFEHRFEM YT Ve 41 81.26%

(p<0.05) ; 5 CPA ZHAfiLL, PPA ZHX}¥#% H HFEE R
FH24T CPA 41 108.56%, B A H#%F (p<0.05) .
% 5 A%, PPA. CPA } Vc 4% H HEE SRR
SHIRFEES RIEMAZME, He PPA 41K ICs HAKT
CPA H 17.39%, H.H &) ICs{E 4 0.76 mg/mL, H
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Fig.12 Superoxide free radical scavenging capacity of phenolic

acid in mycelium
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Table 6 Linear relationship between superoxide anion

scavenging rate and phenolic acid concentration

S KA R? ICso/(mg/mL)
CPA y=34.233x+11.81  0.9866 112
PPA y=36.7x+31.03 0.9922 0.52

Ve y=37.567x+37.65  0.9948 0.33

AT H R A A A B R, 77
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P9, s 12 S5HRATAL, BN B B T
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T CPA #4. 4¥k/E )y 1.50 mg/mL I, PPA 4Lk
IEFIBCRAA N 84.34%; 5 Ve 41ELEE, PPA 4Lik%
#& Ve 4111 91.04% (p<0.05) , #E1T Ve ISR RCR,
CPA iM% Ve 2111 69.98% (p<0.05) , @ik T
Ve 4l: 5 CPA 4IAHLL, PPA 4L AH Y %400
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130.09%, PPA ZHiF R EH B T B a8 T CPA
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HRA B S TERR R SR 2 IEAH e, PPA 4K
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Fig.13 Reduction capacity of phenolic acid in mycelium
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