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i (OISR NG, B R AR PR ],
12 BESNHE

P PR TR S XU R A, 00 M A e AL A 1) i
AR F L FD-3 BB 2SR U THEAL, b mUiE e B
YA AR A PR A E]  HH BUECR = KR, 4
RS 35 43 2% 1 5 ) SHZ-DIIL B fiE 4% 2% & A%, 78
[ % 22 F W7 4 1 ; TGL16A A 5 2 i 7 1 VR B .0
AL, LR G A &8 A FR A W) MK3 IR Y | Van-
quish AR AL QE-HF-X Ji 35 4% , 2 [E Thermo
~Hl,
1.3 WA =E
1.3.1  JRBRAEKSREY) LI Hl 28 B i
FEURHE e £ BR VDA JE AR IEHE T, Ry B oK R
/NETHLIRAE 50 °CTF AR B0 %0 70% £ BE AT
R PRI, T B e v A O T A S
ANBHEEE 1:15 B LB FK, 15 80 °CTH /A 2k
T h, HE 2 G &I IE . FEAT IR AR S
A 95% L BEHCE 24 h, A3 BKB ALK 3 W
(water—extracted supernatant of Grifola frondosa,
GFWES) , ® 5 2 W & I #1714 25 10 .
1.3.2  AN[FIARHE TR o G R e 28 4 BRIA R A
PEMAK 2 =524 GFWES AR A il ik | £ 12 L
IE T EESEAT - AR, 2 ) A 3 R, BRI 45 Ui
PR UL 1, I e 4 T 2 il A5 21 A 3 ik 4 RO
(petroleum ether extracts,PE) . £ 2 £ g2 )
(ethyl acetate extracts, EAE)  IE T EE$2E B (n-
butanol extracts, NBE) LI M /K$ZIY) (water ex-
tracts, WE) .
133 ZH&ENE S BICIK[12]07 37w
A ksl K HAEAREE D SE , 73 5 0.5 mL AR
W B T2 (10,20,30,40,50 pg/ml) & Tl &
LA 2.5 mL 10948 AR B 2647 BB 5 min, FHN
A 2 mL 7.5%H% 1R 4 b E HE AT N 1 he E 765
nm AL A4S WA HAEARIE T 26 y=7.2472+0.0309,
R°=0.9945, 731 0.5 mL A PERE i (1 mg/
mL) 7E [f] B 26 10 R 0 A5 WOG AR, ACA AR HE ih £k 07
RS ARG (D IR 2 W& i,

%%ﬁi(%):%xmo (1)

A X—% & 7 1R &E W, mg/mL;
N—Ffi BB V——8 WK B mL s M———FF i
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Fig.1
solvent extracts from the water extraction supernatant

of Grifola frondosa

Flow chart of preparation of different polar

JT i, mg,

1.3.4 WS EANE S ESCHR13)77 7% 5
B, T RRE S 30% £ E s ik T i 5 vk
JE4 0.2,0.4,0.6,0.8,1.0 mg/mL H&E# , B 50 wL
P IRWEIA 15 pL 5% NaNO, W, 70k
A1JEERE 6 min J5 A 30 wL 5% AL(NO,); %
F1 105 wL 4% NaOH %W, RS HA G 15
min, T 510 nm W OGRE , 2 i b o it 42
y=1.3384x-0.0046,R’=0.9996, /33l HL 50 wL A [H]
e M B FE (50 mg/mL) , 78 [FIRE A9 5500 5 U e A
AR PR T PG B AR AR i &7 RT3 4%
B il 1

1.3.5 =i a2 ESCHk[14) 75 3 91 5
A VR B OR B AR E S 2 mg, 3 T 10 mL 19
KLBEF, 2 A H ER 0.2,0.4,0.6,0.8,1.0 mL &
RET, ¥IKOBEETHMA 0.1 mL 5%7 5L
i — UK B R IS RN 0.8 mL i &R, 1 60 °C R S i
20 min, W EHJFMA 5 mL VKBS R 21T A ¥4
N 10 min, T 550 nm KT 0 0O B 22 il A o
£k 1=0.0035x-0.0198 ,R?=0.9994, 4> %I HL 0.1 g
ANFE B RE SR T 10 mL K 2B, AR
fife Jo 25 L A TRVRE I 25 0 5 S ) A 1 R 5 1)
WeOGRE , AR AR HE I 2 Ty BT H A R b Y =
o,

1.3.6 BT REANE S SCHR[15] )7 57 7
A VL HERR PRI A S BEARE A 10 mg, T 10



304 hoE

M

2023 55 12

mL 5K Z B 43 A i 0.2,0.4,0.6,0.8,
1O mL BT, B IK CEEE T FNA 0.2 mL
5% B HEIE - VKB TR 1 WA 0.8 mL =5 &R, 7 60
CF B 15 min, @A INA 5 mL PKES R TR & 35
5], T 546 nm P T E WO EE 2 AR 1 2Rl
y=2.5004x+0.0599 , R?=0.9984 , 43| L 10 mg R[]
e PO RE S T 10 mL Jo/K LB | R I e
25, AERVRE A 25 AT 0 5 AS TR AR M R 5 1 I '
BE QAR E M 277 B T H A A B i A S Y i
137 ZHESEmillE b T2lMEE | 49
A AEAG R BB S B 2208 5 0 E
R T — B R 12 0 % U 25 DINS 3253000 38 J5 % 5
el

R T B R T 00 M o TR R A A R 0,
0.2,0.4,0.6,0.8,1 mg/mL; Kl ZHEFEFECH 1 mg/
ml; 2 B 500 L % 325508 T A 500 wl 5%
A 2.5 mL WBLER , WK 15 min, FFRHE T
490 nm KT I BE 2 AR v £k y=4.4524x+
0.1773 ,R*=0.9960 , T34 i v i) Sl & 4k

DNS 75 W34 JOmH 25 5. B SRR 40 4 5 T o
W ¥ 0,0.2,0.4,0.6,0.8,1.0 mg/mL Wb ER ,
P H A 2 mg/mL; AHC 100 pL EiLE T, A
100 Wl DNS i1 7801 57 ¥ KW 5 min, iK%
HIJ5G 4350 18 4R T A 800 wL Z& 4K TR 21 %E
7. T540 nm P AT W0 O B 2 ] A o il 2k
M y=0.9064x+0.0528 ,R?>=0.9951, & FE MRy
1.3.8 HEEEEEMNE R BCA HAE &
R & I A 1 2 BT B A A it 42 02 =0.001x—
0.0013,R*=0.9985, 153 FF ity b A 2 11 0 1% &
1.3.9 DPPH H Hi W BRFM N E =% ik
(L7175 B I RS AR TR e o 15 VBT 1 Ay IO K 8
0.125,0.25,0.5,1.0,2.0 mg/mL A # . # 100 pL
FE S WM A %] 100 wL 0.4 mmol/L. DPPH, H
100 wL ARE SR 100 WL 9 JEK 21, T2 43R
AR TEE IR T #EIRAE 30 ming 7E 517 nm Rl &

HIWESERE, VC N BHYEXTIEZH  DPPH B 1 2197
%4 0 (2) 1R
DPPH-?%%%(%):F%MOO 2)

A :4,=100 pL #£5+100 L. DPPH;A4,=100

pL A +100 WL Jo7K L1 54,=100 pL oK S B+
100 pL. DPPH,

1.3.10 ABTS'H B FIEBRFMME S5 3CHk[18]
T IR VE R o ABTS 1AW 1] PBS i B = 78
734 nm Ab WG EE S 0.70+0.02, B 50 WL KE & A
VC ¥ W (I ¥ 8 0.125,0.25,0.5,1.0,2.0 mg/
ml) & 96 fLAK 1,30 C T # & S 3 min, N
A 150 pL BB 09 ABTS TAEW , IR 1% £ 401K 2
J& 1€ 30 C) I 6 min, T 734 nm &b &2 H 0 5
JE . PBS 25 4L, VC Ry FHMEXT BRI X ABTS* - ¥
BRI R (3),

ABTS*-?%E[%%(%F(I—%)XIOO (3)
3

A :4,=50 pL FE A +150 pl ABTS;4,=50 wL
BEA+150 WL PBS;A =50 pL PBS+150 wL. ABTS,
1.3.11 FHMEERFONE S ECER19)7
DAEA B BT mL R [RL R BE AR SR VC (5T o
W 0.125,0.25,0.5,1.0,2.0 mg/mL), A 0.5
mL FeSO, & B A1 0.35 mL H,0, i& Bk 21 )5 1€ 37
CH Y 10 min, FTA 0.15 mL 20 mmol/L 7K %
R s 521G 37 CH R 0.5 h, 7E 562 nm Ab
EWERE Ak R a8 (4L, VC R PP R4, 72
F O E BRI L (4)

%A Hﬁ%?%zl%f%(%):(l—%)xloo (4)

XA =1 mL ¥ +0.5 mL FeS0,+0.35 mL
H,0,+0.15 mL /KA% 2 ;A ,=1 mL # i +0.5 mL FeS-
0,+0.35 mL H,0,+0.15 mL #A 4l 7K ; A;=1 mL #8 4{i
7K+0.5 mL FeS0,+0.35 mL H,0,4+0.15 mL /K # 2
1.3.12 NBE H Z ¥ i i) LC-MS 2 & ¥
NBE F W B i Ja 25 0 B BV, 28 0.22 um i
o 8 A R RO 1% BTG I TS (high perfor-
mance liquid chromatography mass spectrometry,
LC-MS) & .

il 4. R ACQUITY UPLC® HSS T3
1.8 pm (2.1 mmx150 mm) 3% #£ | 3 # 0.25 ml/
min, A 40 C; F A M IEE 7 0.1% W iR O G
(A); B+ WG (B) s B E VEB ,0~1 min, 2% B/
A;1~9 min,2%~50% B/A ;9~12 min,50%~98% B/
A;12~13.5 min,98% B/A;13.5~14 min,98% ~2%
B/A™,
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s S F R 2E B IR (ESD), IE B 7128 LI MEm b 32, 0 5% 28 B R0 20 A bt 34 DA
HLE R 3.50 kV, 0B 55 i R 2.50 kV, 850 PRE A 25 X SRS A 45 A — B, 2R
30 arb, i Bh< 10 arb, BAIEREE 325 °C, HHE Y a RS B HEEE DA PE fl EAE
il 81~1 000, Jf R FH HCD 47 R %46  ifE v & 534 0.05%,PE fl EAE h =i 25654 & it

JEh 30 eV BEAr il 6.329% 4.36% , S BERALE W & B
1.4 HIEAIE HA 15.88% M1 10.3% ., 15 B KA AL K $2 3 Wb

s 20 3 H T EE , Kon N Jr & A BB IR | RS D) BE A 40 mT B A R
PIMEH . R H Microsoft Office Excel 2010, Graph- P A . MR CBR)VE T 4R HEM X 28 5G40 )8
Pad Prism 7.00 % 54 #F 47 % 4 4b B2 T 4F Fn 4k TR T, AR T 2P, & =

K, e MR, Z W ORI T KB R T, B &
LLAEPIRE ST P R BUK SV 20 R R, A
2 HERS5HMH F WE 20 & i, 5SS R — 2, 48 1

21 AEREAFZEM PR S SBIE R, KWK IS R R AR R
S IR AL K B F 3 W R LA [ A e v ) 4 T NBE & 4 1) Z B fl 85 1 I & & i = ,PE fil EAE

WY 2 By R S SRR SRR A T SRR A s PE R AR | B

HEAT TISE SN TR RMEK IR iR R WE TR SR AR . TR [ B

L AL A B B R TE 0.05%~0.36%, £% PRSI KR KEE FIE R 2w s, =

SEfE NBE h # ik 036%, /2 PE th 2ok i SR MR AUREA 918 B

() 7.2 155, WA LKA 175 h Z 8% R

F1 KWEKREFEREARRREBRFRZDY PRTIEER 5 & 8 (n=3)
Table 1 Contents of functional components in the water—extracted supernatant of Grifola frondosa

and their different polar solvent extracts (n=3)

# % B /%  BA/% = /% & B /% % %1% &8 1%
GFWES 0.16 0.06 1.06 1.95¢ 18.50" 36.80"
PE 0.05¢ 0.05* 6.32° 15.88¢ 4.61" 28.08¢
EAE 0.14" 0.05* 4.36" 10.30" 5.67 27.72
NBE 0.36 0.03" 0.31¢ 0.89¢ 10.90° 38.75°
WE 0.11° 0.04* 0.17¢ 0.34¢ 30.11° 27.80¢

TE AT AR /NG T REAR TR 7R 22 57 i 3 (P<0.05)

22 AREMMEBRFRINYRREMLFSE AR 2Bl S E BR AR b, il 2 1)
221 AR FSEERY DPPH H H3LEBRAE  1Cs [E AT, £ FE 5 1Y DPPH At 3L BR A8 71 o
71 DPPH H W5 H A E & VI FaE iRk, = #1554 :NBESEAE>PE>GFWES>WE

T 5 Rl FOR PR T PR I 2 I, 222 RIS ABTS [ H 535 4 fiE
SRR ALK B3 WO R M R R U X DPPH J1 ABTS* [ H JE 38 B 3 IR I 07 vk 1t 9 T
F L7 bR R B B R BN 2 B A — PR KRR AP R AR BE T 8 bR 2 —10, B 3
WS Rk ETF, RESREWRIE N 0125~ ATRAB I, KW AEK IR b5 WA R Ak v A0 4
I mg/mL B} ,NBE Fl EAE M35 FRREBEm THE WX ABTS*H B FE 3 bR g 1 24t ok
FEGh o HFESL BT B 2 mg/mL B A HERIONE R E W E AR TR BT R EEE ) VC 4. 7E 0~2
Bk R 7> % /& NBE 72.24% EAE 66.74% WE  mg/mL i W B JG FBIN, BfE AL R Y
54.10% PE 51.43% GFWES 46.03% ., M4k, 1Csx  JHHIGBRAE B2 198 b NBE (9 H h 5L 7
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< - VC GFWES —+ PE ®2 KWEKREBRARHREBFIREY
2 g, T EAE = TBE = WP FRMIEHE Cs
el _%ﬁ o S — Table 2 Antioxidant activity ICs, of different polar
., o0 ™
% £ solvent extracts from the water—extracted supernatant
2§ ol - { Grifola frond
% of Grifola frondosa
H Ttg 40 /
mes O o . DPPH-/ ABTS *+/ OH- & A/
E g ; == o 4 AR . o 4
& g 201 ./' mg-mL mg-mL mg-mlL
= 0 L L L ) Ve 0.2641 0.3519 0.3166
= 00 0.5 1.0 15 2.0
= I it v GFWES 0.8702 0.9446 0.6564
Mass concentration/mg-mL™
. PE 0.8617 0.9077 0.8725
B2 kKR EFRABREBFIREY L
DPPH &% % EAE 0.6534 0.8220 0.5257
Fig.2 DPPH clearance rate of different polar solvent NBE 0.3130 0.5540 0.3255
extracts from the water—extracted supernatant WE 1.079 0.9157 1.086

of Grifola frondosa

BRfiE )] — H R  EAE IRZ . {H PE (935 B8 I
R AIERRR AN B SRR SRR 2
mg/mL B, X ABTS* [ i 55 Bk 2% 43 i /& NBE
74.05% .EAE 65.19% .WE 59.98% .GFWES
59.46% PE 52.63%. WAk, 13 2 1Y 1Cs fE AT AT,
B BE S ABTS* [ FH 3515 bR A8 77 i 24K .
NBE>EAE>PE>WE>GFWES,
2.2.3 AR R B U ¥ PR R PR BE
DIREN AN U R SRRl ok N [ L
FEH WK AR [ RS, L RDRIEN Rk
g1, w4 T RUE H KRR A K B I OS]

N - VC GFWES —+ PE
2 — EAE —~ NBE  -= WE
<
-
 100F e—e o
£
&
%2
=
+. TG
wn .2
=T
m <
< .
(5}
£
§ 0.0 0.5 1.0 L5 2.0
= R R JE
Mass concentration/mg-mL™
B3 RBIEKER EFRARER SRR H

ABTS BB X
Fig.3 ABTS' clearance rate of different polar solvent

extracts from the water—exiracted supernatant

of Grifola frondosa

e M R0 4 B S SR 1 R i SR R AR
71 o 7 0~2 mg/mL J5t 15 ¥ J32 30 il N, Bt A o R 32
() TS BRAE S sk, 2 R A 04 59 B RO
KR RIS NBE (4 H hBEBREE & T HE
BESD Y R N 2 mg/mL B BR R A B i
K 92.49% , HBFE & ETE bR %0 512 GFWES
88.30% .WE 79.95% .EAE 79.15% .PE 70.41% .
BEAl, 2 2 19 1Cs {E AT, 45 FE S 1 B2 35 1 R 3%
5 B AE /1t 38 2 55 8 :NBE>EAE>GFWES>PE >
WE,

o - VC GFWES —+ PE
g ~ EAE — NBE = WE
3 100
80
5 80r
& g
#z % 60 |
HE 4L ¢,
o 1: pé
ME 20¢L
8
=] 0 1 1 1 1
= 0.0 0.5 1.0 1.5 20
© o vk
Mass concentration/mg-mL™
B4 RHIEKREFERAEREBFIRERYHN

REBHEBRE
Fig4 OH clearance rate of different polar solvent

extracts from the water—extracted supernatant

of Grifola frondosa
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2.3 Do EmELE NEXES T

&l 5 e KA AL 7K 38 135 W = 2T R R oy
Zy, AR, =W, S, W, 2lEEES
DPPH ABTS* OH H 1 &3 B % 1Cs, B 19 AH S
Syt Horh, 21 & i 5 DPPH ABTS* \OH 1 Hi 5k
T BRI 1Cs 1B 52 10 35 AR OCPE BT 4B 7K
P& FIE W D 22 B i BT AR A T A S
B G5 R AR K 3 W TR R 40 X
DPPH I ABTS*FI Hi & 3 B 2 A F A /NI K
WOl Z Wy BB 20 B = H R, X OH
I H ST R AR T R NP R h 2 8y .
BT 2o EEEE B IE L S BT UL R B K
VW R R A R OR R D T B AL RE
M 255, BT ALIE T ) 3 2 T e AT 2 22 18 A
HH,
2.4 NBE & ®# ) LC-MS £7E

SRR 80 23 1 B (1R 22 <30x107°) #E 47
Bk, Ja SR MS/MS B A A% 28 %t Human
Metabolome Database (HMDB) (http://www.hmdb.
ca) WU PR E WAL TG YEZ B 4 4 ik 3 n]
HIUNBE i 2 M HATAY P S EIRE
(Norepinephrine) , 7 % Jii B B2 (Vanillylmandelic

—E... £h
BN =~ 05
S
HE 0
| E

& 05
H

ST B S1EV
$4SF T B Hddd
3

5 RMEXKREBERPEZINEEMS
S s HE B xES R
Fig.5 Correlation analysis of main functional components

and antioxidant capacity in the water—extracted supernatant

of Grifola frondosa

acid) , XF & . B (Hydroquinone) | f& £ % & T &
(1,2,3-Trihydroxybenzene ) .4 — Z, ¥ 3& A Al /K 1y
(2-Methoxy—4—vinylphenol ) . £ L % (Dopamine)
(8] % = 1% (Phloroglucinol )55 13 ¥ i,

®3 NBEHSERHEMTEMN LC-MS £F
Table 3 LC-MS identification of polyphenols and their derivatives in NBE

/#%  RT/min e b4 2T X MS # K 1246 BE X
1 0.618 ¥ B LM % (Norepinephrine) CgH, NO;  170.09,146.96,128.95 [M+H]
2 0.624 4 3 B AkER (Vanillylmandelic acid) CoH,(Os  158.96,154.06,146.96,135.95, [M+HT*
128.95,125.00
3 1.218  *F 3X =& (Hydroquinone) CeHeO, 111.07,97.01,95.06,88.00,87.00, [M+H]
79.01,56.97,55.06
4 1.560 £ M % A& -F 8 (1,2,3-Trihydroxyben- CeHeO5 127.04,109.03,81.04,53.04 [M+HT*
zene )
5 2303 4-THi A el K@ (2-Methoxy-4—  CoH,g0,  133.05,105.06,87.05,86.06,61.01 [M+H-H,0]
vinylphenol )
4.774 % € (Dopamine) CgH,;NO, 137.08,136.08,119.05,91.05 [M+H-H,0T
5.575 14 3K =& (Phloroglucinol ) CeHeO5 125.06,97.07,57.03 [M-H]
5719 & & B LB Z& (Isoproterenol ) C, H;NO; 192.08,149.04,147.04,122.03, [M-H,0-H]"
91.05
9 6.342 x4 #k (p—Synephrine ) CoH;3NO,  168.10,136.08,112.04,80.05 [M+H]
10 7.521 p-B T B3 (p—Octopamine ) CgH,;NO, 136.08,119.05,91.05 [M+H-H,0T
11 9.458 4% At Ak (Terbutaline ) C,HNO;  226.15 [M+H]
12 9.489 1] # % @ B LB # (Orciprenaline) C H;NO; 212.15 [M+H]
13 13.823  #k A& (Capsaicin) CigHyNO;  304.19 [M-H]
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BASAE N Cad R b i @ = sk b, B
JRE 2 4t R A BT B KSR DI RE Ly TE R MR
WEE it A B R85 M E ., 11 H Er
X T IRB AR I 58 K 22 8046 vh T BEER P FK 424
B Y 22 WE R 43, BOAS IR 5 LR A8 B 4 5 10 3%
R OB AT K BRI, BT B S 0 L W A
HATHESE . 43R A ik O TR R OF T BE K
AN TR AR M 35 R0 6F IR A 7K B B VR AT B [
AN 7] 1l Pk B B 3 T Re 4 M H DPPH
ABTS" \OH H 2 3 Fipi A b 125 . 4581
W] NBE 1) 2 [ F R H 58 4 5 20900 8 0.36%
1 38.75% ,PE Fl EAE 2 il & & & i 0.05%,
PE 19 =1l | W25 a0 Bl 6.329% 1 15.88%,
WE ' 2 Bk & & & = 8 30.11% . GFWES PE,
EAE \NBE \WE £ 12 75 5 3 R4 55 %0OC & 19 Bt 4
AT (H AR 36 NBE B T f5c ik 1 Pt 8 fL T
PR, W2 EAE, ZAHCHE - vl A1, 221 7T RE A2
TR AE v 32 B BT AR WG YA T A0S PR sy,
it LC-MS %7€ T AW I % (Norepinephrine ) |
F 5 i kR (Vanillylmandelic acid) . %28 —
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Functional Components and Antioxidant Activities of Different Polarities Extracts
from the Supernatant of Grifola frondosa
Xiong Wenyu', He Jungiang', Liu Bin"*
(‘College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002
*National Engineering Research Center of JUNCAQO Technology, Fuzhou 350002)
Abstract In the study, petroleum ether, ethyl acetate, n-butanol and water with different polar solvents were used to

the water—extracted supernatant of Grifola frondosa. The main functional components of different polar extracts were com-

pared, and the antioxidant activities were compared by three methods: 1,1-Diphenyl-2—-trinitrophenylhydrazine (DPPH),
2,2—diazo-bis (3—ethyl-benzothiazole—6—sulfonic acid) diammonium salt (ABTS*), hydroxyl (OH) free radical. The results

showed that the polyphenol and protein contents of the n-butanol extract were the highest at 0.36% and 38.75%, re-

spectively. The highest flavonoid content in petroleum ether and ethyl acetate extracts was 0.05%. The contents of triter-

penoids and sterols in petroleum ether extract were 6.32% and 15.88%, respectively. The highest polysaccharide content

in water extract was 30.11%. N-butanol extract showed the strongest antioxidant activity, and polyphenols may be the

main component of antioxidant activity. Thirteen polyphenols and their derivatives were identified by LC-MS. This pro-

vides a theoretical basis for the development of Grifola frondosa functional food or health products.
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