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Wk, Ak RAEROEAE €352 (high performance liquid chromatography, HPLC)E:HEAT & &l E, Gi%H:
Agilent ZORBAX NH, (4.6 mmx250 mm, 5 um), ZJi§-5 mmol Z 8 %¢(80:20, V: V)25 BE v I J5 1 i 42 A MG A6
W, DAZMECR . KR, et \EM . IFERIBCR RIS, #7548, D1 1- R 2- =i 5t
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FL Kbk - 1 -4 k- 3- 41k P (2-phenyl-4,4,5, 5-tetramethylimidazoline-1-oxyl 3-oxide radical, PTIO)H Hi f:i&BRHR
Jydetn, TS B AR EZ ARE NSRS SR EHRT 24 R 24 DA R 00 bR o il 4R T Uk R Y
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PR . MIE | T . SEF R MBI SRR, HaX S e PTA LR R 2T E AR
THNBAL. g0 2y ERER R SRR, T TR R EMERE S EE, AEZHEDEM
B ST A BT ) S BRI AR TR AT AR AR By . ik, AR . B
B LT | AT A AR IR R, TR S RSN AL TE M — MR ROC R, WIRE RN R
A RULE £ S R S A7l 19 T e B

Kigim: B2y, ZARE, SENE; b fbiEr:

Determination of ergothioneine content and analysis of antioxidant activity in
24 kinds of edible and medicinal fungi

WU Xian', GUO Hao-Nan', WANG He', YUAN Hui-Yang', KUANG Ming-Fang',
WANG Lin-Lin*, YAO Zhuang-Zhuang', JI Guo-Xin', LI Zhi-Meng', WANG Shu-Min""

Iis HEA: 2025-10-23

EEWE: Mg K AERTH NI 2R 5 H (S202410199008)

E—EE: RI(2002—), L, WILBFFA, FELRMFE I 0 R P2 R G B AR KB S . E-mail: 15043926050@163.com
“BIEEE: FWE(1965—), L, WL, #, FEOFIr 1k 2 K2 A Y ki X 25344 0F5% - E-mail: wangsm@ccucm.edu.cn



%56 1 E

B, S 24 P 24 F R b A2 A i D9 I S it S AR TG 1R 2 Hr

235

(1. School of Pharmacy, Changchun University of Chinese Medicine, Changchun 130117, China;
2. Hongqi Community Health Service Center, Chaoyang District, Changchun City, Jilin Province,
Changchun 130117, China)

ABSTRACT: Objective To establish a method for determining the content of ergothioneine in edible and
medicinal fungi, screen out edible and medicinal fungi with high ergothioneine content, and explore their antioxidant
activities. Methods High performance liquid chromatography (HPLC) was adopted for content determination. An
Agilent ZORBAX NH, column (4.6 mmx250 mm, 5 pum) was used, and isocratic elution was performed with
acetonitrile-5 mmol ammonium acetate (80:20, V:V), followed by detection with an ultraviolet detector. To conduct
methodological investigation using linearity, precision, stability, repeatability and recovery as indicators. The
scavenging rates of 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt (ABTS) cationic radical and 2-phenyl-4,4,5,5-tetramethylimidazoline-1-oxyl 3-oxide (PTIO)
radical were used as indicators to evaluate the antioxidant capacity of ergothioneine in various edible and medicinal
fungi. Results For the 24 kinds of species of edible and medicinal fungi, the standard curve showed a linear range
of 0.0053-0.1060 mg/mL, with a good linear relationship (+>>0.999), and the average recovery rate was 99.35%.
Screening of edible fungi with high ergothioneine content among Boletus edulis, Armillaria mellea, Pleurotus
citrinopileatus, Pleurotus ostreatus and Flammulina velutipes. And these 5 kinds of edible fungi also exhibited good
antioxidant capacity; while the ergothioneine content in medicinal fungi was relatively low. Conclusion This
method features simple operation and high detection efficiency, and can be applied to the determination of
ergothioneine content in edible and medicinal fungi. It provides a scientific and reliable detection method for the
content evaluation, quality control and resource development of ergothioneine in edible and medicinal fungi.
Screening reveal that Boletus edulis, Armillaria mellea, Pleurotus citrinipileatus, Pleurotus ostreatus and
Flammulina velutipes exhibit high ergothioneine content. And there is a certain dose-effect relationship between their
mass concentration and in vitro antioxidant activity. This study lays a foundation for the subsequent development of
ergothioneine from edible and medicinal fungi in the food and cosmetics industries.

KEY WORDS: edible and medicinal fungi; ergothioneine; content determination; antioxidant activity
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DPPH) H FHZE ., 2,27-HR 2 -BU(3- £ FEAR T WEML bk -6- Ttk i) — e
£h[2,2°-azino-bis(3-ethylbenzothiazoline-6-sulfonicacid)diam
moniumsalt, ABTS]FHE T H 3k, 2-783k-4,4,5,5-PU FH KLk
WRIK-1- 48 Jk-3-52 1L ¥ (2-phenyl-4,4,5,5-tetramethylimidazolin
e-1-oxyl 3-oxide radical, PTIO) [ LA BRAE S, FFibtT
ARSI, X i — B BIFTERIT K B 24 P AT o 0 22
PUAALSE N REPE P A SR AR . AT B 25 A
AR OF SRS B TR, UL 24 PR R RS
TR, AT AR Z /R T A B assEd
How WA PR RIR, AU RGENA 24 FrE TR E
FraiellsE, i a2 A R i s s 1 R . E
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1 MR5R%

1.1 #RI5EF
24 FEGHAFERIENE 1, I a2h RS E S M

A KB RENLE PR T SR BT AV R s, BRI
FHVE SN 3 A RAF R AE, HFIRAE 1000 g,

L-(+)-Z2 #1855 I FR 4 0 (CoH 1sN50,S, CAS: 497-30-3,
Ll =98%, 435 K B 2 AR LR AR B R A B2 D );
M. T WEEGHTal, RET RS ), 4R
R (43Hraf). DPPH. ABTS. PTIO (4 =98%)( b2 78
AR A BR A A, W BRERE (T al, L IRELEY
HARGIRA); 4i4EFE C (vitamin C, VO)(&hiJE =99.7%,
RHETT FAARRE A R HD; Aok (WU s s 4 A
FRAFD,
1.2 UFE5EE

LC-2030 5 H: /5 S0 AR 8 3% A (3 B B by i A
FR 2\ F]); Agilent ZORBAX NH, {5,341 (4.6 mmx250 mm,
5 um, 3 ELHERRHARAR); KQ-500DA $ista
THURHLO A AR A A R 7)), SHH-6 18 S S #6 (F
MYT R ALER T ); MS105DU HL 7RG 0.0001 g) .
Tecan infinite M200PRO R 4X (36 E S22 Kt REBM A
RS ) o
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Table 1 Names and origin sources of 24 kinds of edible and medicinal fungi

GRLEA S
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4P (Boletus edulis)(TFE)

14y 75 % (Pleurotus citrinopileatus)(ff4F)

WEBE (Armillaria mellea)(F#f)

qzﬁjé(Pleurotus ostreatus)(@ﬁﬂ?)

G518 (Flammulina velutipes)(#£4F)

JLEE (Pleurotus ostreatus florida)(f£5F)

T4 (Lentinus edodes)(fFE)

BR T4 (Stropharia rugosoannulata)(fEFf)

W% 7% (Hypsizygus marmoreus )(SE4f)

B B 15 (Pleurotus eryngii)(BEFE)

FAAE . KAE TR T ER 5T

WAL (Agaricus bisporus)(EEFE)

SRR (Morchella esculenta)(T#E)

21 %% (Russula vinosa Lindblad)(Tkf)

WA B (Agaricus blazei Murrill)(T-#f)

W3k 44 (Heircium crinaceus)(TFE)

H & H-(Tremella fuciformis alba)(T¥£)

R B (Tremella fuciformis)(f£FE)

HOKH (Auricularia auricula)(TFE)

Pr#5(Dictyophora indusiata)(T#E)

RZ(Ganoderma lucidum)(TH¥)

i MU B (Cordyceps militaris) (T )

25 R W (Phellinus igniarius)(TFE)

RN B (Irpex lacteus)(TFE)

MEWE FL I (Inonotus obliquus)(TFE)
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1.3 KW
1.3.1 A RE K ik 04 ) &

K RRIBGE AT E X R 1 mg T 1 mL K, g
Bl JoT 5k B2 A 1 mg/mL.

1.3.2 Al snar 422

(OEEREBURTF 1000 ¢ B2 ARSI, HHH2 4
R RTFEY, VNS, BCET 80 °CHtA T, MT
5 BFFEARRILOR AR, i 80 HIE, HIELAEAE, T
B R IR AR

)T, BURDTF 200 g 2GR THE, BTFEA
WAL, 1F 80 H, HIAUAFINAE, Hb)E S A il
VEWE I
133 AR Sk g4 &

B2 HEM ARG 80 Af8.0 g, Ki#&ME, B
TR R, KB AZERK 100 mL, fn#AENE 1 h, $#257,
1€, i 0.45 pm fEALIERE, BPFEDL
134 &#5H%

it Agilent ZORBAX NH, f4ii%41:(4.6 mm=250 mm,
5 um), JisAH A HZNE, A B A 5 mmoL ZERELKER I,
SEREVRRN, AAFIEL A 80:20, i 1.0 mL/min, #FFEE: 20 pL,
HiE: 30 °C, KlP K 254 nm, 1532 A6 K = 208
{4,7% (high performance liquid chromatography, HPLC),
mE 1R

1400

—

1200 B il
1000 [
800

i) 1 52 & /mV
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200

1 1 1 1 1 1 1
0 5 10 15 20 25 30
LR EA i} A] /min
1 HPLC fif
Fig.1 Chromatogram of HPLC
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1.4 FHEFWIE
141 ZHXZRER

R BRI A B R ) B s i, 4K E AR ZE 10 mL
FHRMZIELRAL, 5], BVSZE MG E RS R . K
MZE 0.5, 2.5, 5.0, 7.5, 10.0 mL F 10 mL &M+, H
aigoKmBREZE, 75, W EAEZAmE 0.0053 .
0.0265. 0.0530. 0.0795. 0.1060 mg/mL ] 22 4| Jii £ ¥4k J& %
BRI, 4 1.3.3 TR iS4l 5 X B A S

WAHOE Y, JERERE 20 pL, MEETRAR . LX) IR A0
e B g R AR FR (X, mg/mL), DASTBE A 0 TR g AR B (1),
2 0l bR fE 2k, 19 B B 7 R Y=74246238.1871X+
14171.9636 (1°=0.9996), £&MEFEIH 0.0053~0.1060 mg/mL.
142 AMFEER

FERERE 1.3.1 X BRI TR 20 pL, # 1.3.3 T T Ak
AP E S RE 6 WK, 0 R TE AL, TS X R o O 22
(relative standard deviation, RSD)>} 0.30%, 2% (415
S TR B R AT
143 AEEER

AR WA 1.3.3 10T b3 i BB A VR 20 pl, 7£0.2.,
4. 6. 8. 10 h¥% 1.3.4 W F OGN E, ok
1, RSD A 1.80%, FMREM R
144 FEAMBER

HEMARE MBS 8.0 g, JFREBRREL 6 17, M8 1.3.3
TR e, # 1.3.4 0 F b A4 mE, 7155 RSD
H2.12%, FHEL MR
145 MmiEiEFR

PRI, 01 25 £ 1) [B] — HLAR S AT 6 10y, A G 25
ABHEEATIEN, 5 1.3.3 TR 7kl it s,
e 134 WMk KM, B RILE 2.
RSD=0.32%<2%, FWiZJy i il 4.
1.5 H#mEENE

PR 1.3.3 TR 5 kil 4 3 AREANIA TR, IFH% 1.3.4 T
TEGEAAFIERENE, 1E ST R, AR 1 AUE A ZE
TR bR 28y BT A A R R R AR 0 B,
HAAXWOHASHERPEMAGEN LS E, BT
S 3 e

CxV

Wi%=

Ao W fm R, %; C A BERFES P2 M
THEEE, mgmL; VOV RBUERNER, mL; M NEFE5S
M, go
1.6 RIMAELITE MR
1.6.1 DPPH A w A ihst A1l &

R SCHR[ 1810 77 L RS A 18 2k . FREX DPPH [ 1 mg
F 25 mL ZEEH, A B BRI N
0.04 mg/mL ) DPPH %57 o B 150 pL AN [R] ¥ B 1) 45 B o
BBUE, NZE 96 FLAH, FEMA 0.04 mg/mL ) DPPH H
BV 150 ul, RG34, 37 CCHREE 30 min, PIHTIR
M ERAE R X B, 7 517 nm 2 HALWOEREAE, $57A30(2)
115 DPPH A HLIEER R,

A2 _Al

DWHQ&E%%%%#P—%—)M%% )

x100% (1)

K Ay M MBRIRFE SRR, 4, AR
W AE: DPPH ¥ W EREAE; Ao b B W 2 e
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1.6.2  ABTS I'a & 8 vy ki iR ik Jy ol & PTIO [ L0 B /%= (1 A, — A )X 100%  (4)

HRAE SCHR 19104 Jr AR k. ALl 2.6 mmol/L i 4
FRERVE T, 7.4 mmol/L ABTS ik, PIFMAMIATILL 1:1 18
5], EEEHRE Y 12~16 h, 7E 734 nm KA 95% L
Fis B = WOGEE (5 9.(0.70+£0.20), 155] ABTS TAEM . HRIK
£ 96 FLATHINA 150 pL PRI B 1) &4 R BOR, T
JILA 150 uL ABTS TAEW, iR T#EERN 6 min, PAFLIR
MERAVE R BE, 7 734 nm FE HWEREE, #AREG)
T ABTS BHE T A TG FR R

AMSW%?E@%%%%%#FéiiHMW% 3)
0

A 4, AE MR R GEAE; A7) o RS
WA ABTS IR, 470 N LB 2 A i
FE RO R
1.6.3 PTIO A W& F kst Aml e

HR A SCHR 20109 7 R AR 1B 2k . FREX 3 mg (1) PTIO [#]
WA 20 mL (7&K PR MR A #E, Boiil PTIO ik
o 7 96 FLAR FALHL 100 uL BeifillT- i PTIO VW, A5
100 pL A[FJFREHREE 0.4, 0.8, 1.2, 1.6, 2.0, 2.4 mg/mL)
B RE AR BORIR & 475, 37 CCHURREG RN 2 h, LAFLIR
MERYE X R, 78 557 nm FIEHROGEE, #AK@)

2

0

T A, AR RRE S A TR O A A4, Atk
WA PTIO WO GIEAE; Ay M EliKE AR 22 M i B
FE SRR B E
1.7 BIREALIE

FPA SER AT GE 3 WK, BORMME . LI B
Microsoft Excel 2019 B {4 #1743, SPSS 25.0 FA: X 44k
A3, R Origin 2024 251K .

HZRED

2.1 RESH

R 3 fR, 24 M 25w h 22 M A & A 0.1%
FOAT S B, A il FHTR AR PO . MR | MO | Sk
g o I A R B IR O A T TR (0.5770%)> 45 B
(0.3186%)> #i1 # B% (0.1980%)> 4x &1 4 (0.1183%)> - 7
(0.1061%) T2 B 2 MR A SRR, Simm iR
ZAUH 0.0175%. LZRE%IE, AEMAEEFRE . HE.
Wi B | Atk . Pas RN A AR HE) BT A A TR
R TR LBt AL T .

2

=2 MEEREIRERN=3)
Table 2 Results of spiked recovery (n=3)

% i R /g FEh 5 B /mg Fs it i /mg 15 /mg BRI % RSD/%
8.0001 18.7528 18.0000 36.6032 99.17
8.0003 18.8859 18.0000 36.6986 98.96
- 8.0005 18.8864 18.0000 36.8719 99.92 00,35 03
8.0004 18.8077 18.0000 36.6837 99.31
8.0001 18.7625 18.0000 36.6482 99.36
8.0000 18.7140 18.0000 36.6068 99.40
*3 AGARTZAREIENZEN=3)
Table 3 Determination of ergothioneine content in edible and medicinal fungi (n=3)
FEGh 2 FK RN E St/ % B 5 24 FR AR E S i/ %
A JH A 0.5770 i3S 0.0218
PRI 0.3186 RZ 0.0175
L 0.1980 XAt 0.0139
St 0.1183 i e 0.0124
Ky 0.1061 (UEZD 0.0095
A g 0.0992 AR 0.0091
R 0.0905 (SS 0.0083
TG 0.0657 FIAR G T 0.0073
(R /ASER 0.0559 EARH 0.0032(fIXF A HIBR)
FE 0.0471 HEH 0.0002(fIk T4 HH BR)
JUEE 0.0389 R KA
L1 % 0.0375 HEW LA A
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22 BEDWR

R HTREAE 22 4t 25 18] SR 3 45 1] & B B 1 2544,
T AT DA U A 5 AR DLt R S 214315 B 25 A e A
X 20 i 2 R A2 F R R S UEA T RO, A5 R I
El 2. ¥ 20 FrE 25 B0 4 288, B8 1 M35, 4R
B skl . PRSI B L OB . IR . R R
JHE 20 JUBE ., 2k, CERRE . Bk, WA 8HBE 3 P
4. AELGE . BRIEAE . SEran. JRWE 40 WREE . RS
A FFTE S3X 20 Folv £ 24 FH T3 54 0 ok 0 S T T T )
Gb, HARHRIE THFEW ] 55 1 RBETFRCREH) . )
HOERHEH), k@R H). REEEARH). o
il (S H) . R (R EE H) . R2Z(ELEH) .
W H). 8 2 RBBrhagi ek B, FRRECh S H,
JUBE . AFAE . WA H . 5 3 BT . AR
4. BREEAE . SRR T H o 5 4 JSRE R
HEREREE, FHEBEFEE. 20, BRI
R E AR F R S HAE MmN e — 2k
Fo [F—ZEBEN R B 20 AR 22 M I KO B R B
BEAFRIYE, AN [) ST [ 14 5 £ 25 5 A X B i, o 5 i
FBERTVE MR SETE X4, v T IIRe e bl . O ak
2y S I JEURMIIE &, 2 FH R 22 0 81 9 DR ) s 8T e
HEAR A

(=]
Wi

10 15 20 25

Pr#R17
FRE18
Tk uk 19
FIAL 14 7 20
XA 15

o =
BRI
T
\_ SEo

Pl 2 20 Fl 2l T 2 A i R 2 1 SR 28 40 T
Fig.2 Cluster analysis diagram of ergothioneine content in
20 kinds of edible and medicinal fungi

23 MENEMES
2.3.1 DPPH & v # k&t

DPPH J2—F7E 517 nm AbAG e KIIR R E H 2,
HAR Bp 2R o1 (o fR 0 R B 5 B AL 1 oh SV BRI VE F A
BOA K, B H IR S 2 B0H 5 % (half clearance rate,
1Cs0)#n, 1Cso B /N3 W I B e 7 ki 1220 45 £ FH BT %
Z B ARE YT DPPH A i 3EATEBRAE I WA 3 FiR,

TEFREHE 0.2~3.0 mg/mL JEE M, HHA—FER DPPH
B IEIEBRAE S, BB RO R W 2 AR
FER)IE N, DPPH [ H S35 BRRE Wi 5, X5 PARK %1
Mg —8 b, S P E A . R . s, oF
B S EEE R N 3.0 mg/mL i DPPH A i B3R
A 92.69%. 90.08%. 86.40%. 71.13%. 57.72%. H:
ICso 435109 0.45. 0.75. 0.93, 1.48. 1.90 mg/mL. %
PR R B 1 S BT AR TS P I A T A R, R
7 2.4 mg/mL B, TERRAESIIEETF VC.4 L, DPPH A H#E
BREETT: 22 FBIRIRR hh>2 I D> PR >t v > > 4 s

100 |
> > > > > ¥ -  {
-« ' o
e 4 2 - A
S 80f 7 s
N3 A
A N v
& 2l ) § ~ v
#z 60 | k
m b’ - . » : > o
= 7 = LT
0 40 L o +¢;§§m
& . x p i
a ' v ik
200§ ~GEE
¢ ~ R R
-»-VC
0 1 1 1 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0
JBT i R B /(mg/mL)

3 DPPH A 2L BRR M2k
Fig.3 Curves of DPPH radical scavenging rate

232 ABTSM&T A dAFLRER

T ABTS B2 A o 3L BR G L S M B
PrEfbRE S . ABTS 3L A IS BRIE L FEh, ABTS
LRI AL IR PR R B IS SR IR ABTS FHES 714,
tH 4 RIS, AT b A5 B P DA RS A R b o Y
ABTS fH& F B B 3 BRAE T L, 7F 0.2~1.6 mg/mL i i
WEESE P, 2 MBI bRl S & B X ABTS BHEF
B ER 2 P R S B A TR 3G R B X 5 Sck
R — e 5 Y, 22 T DR A 5 A R i T,
i ABTS BHE T A B 5L, AU kIR 1), Mg
R, WM S 500, IEBREMZ . 1
SRR R 1.6 mg/mL B, 4R BB . ok M
4R ABTS FHEF A M EERES N 96.51%.
91.54%. 90.86%. 87.73%. 86.63%. ICso{H7>% % 0.28.
0.36. 0.37. 0.45, 0.51 mg/mL. 5 F & ABTS FHE T
B ETEBRBE 7. 22 A0 B BB > 20 R > AR B > 1 6 > M
TS 5T i o
2.3.3 PTIO A A FhER

B 5 v, SEHEREERER 0.4~2.4 mg/mL
JEREP, HXF PTIO A hILAEbRR S Fm ik 2 IEA %
B2 M bR I R B PTIO H Fh LTS bRk A
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FH1TE

100 ~ > 4 > t 4 > : > »
S — 2
S or | R
¥ _ ¥ A
& g0t i . ¥
'WE ¥ Y . g
iy - *
=70 o
@ SN A
o oor i S
P ; e
o i p: ﬁfi%
= 50 2 TR
& ) s v
< 40f % e ie I
p - Tt PRI i
30+ —»-VC
1 1 1 1 1 1 1 1 1
0 02 04 06 08 10 12 14 16 18

JUER R/ (mg/mL)

4 ABTS FHET A ML BRI

Fig.4 Curves of ABTS cationic radical scavenging rate
ZAKT DPPH B B 335 B2 ABTS FHE T B f1 35 bR,
Sl T H R AL R E] o PTIO 75 H 1 FI F4% R th [l
H, T2 Fa 0 R B 45 44 A= E pH R AsuE, MELLWE 2 i+
HRTKR, BN I, BRI TE R
wREH 2.4 mg/mL T, 4R BEE ., Fan . M
iR PTIO H HAERRR N 74.21%. 65.70%.
63.27%. 62.89%. 57.39%, Ik T AH N BT HEHE BEHUIR i BR A0
ZAGERERXT PTIO A HEEMIERE. 1Cs (H5A1H
0.97. 1.30, 1.33, 1.49, 1.89 mg/mL. 455K, 4 .
PREE . Pk, Wi EE . &4HgERT PTIO A HRERA —ER
THERAE ST, (R BRABCRAR TR M B2 ATR im R A 22 £
Eprddh, JFARE. 5 FrE R PTIO HHIEWEFRGES:
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