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Abstract

Microwave extraction (ME) and ultrasonic extraction (UE) are new
extraction technology; they has many advantages, such as shorter extraction
time, less solvent consumption and higher extraction rate. Some researchers
discovered higher content of ergothioneine in Pleurotus eryngii. Ergothioneine
Is a kind of natural antioxidant which cannot be composed by mammals itself,
only can be absorbed from the diet. Therefore, this research was to investigate
the effect of different extraction (microwave, ultrasound, hot water and ethanol
extraction) on yield of ergothioneine from Pleurotus eryngii fruiting body
powder. The objective of this study was to investigate the antioxidant activity
of four method extracted and purified of ergothioneine.

The result in one-factor-at-a-time show that microwave optimum
extraction conditions of ergothioneine microwave power was 600 W, extraction
time was 40 min, solid to liquid ratio was 1:40 g/mL and extraction
temperature was 100°C, which the extraction content were 1.64 mg/g dw ; the
result in one-factor-at-a-time show that ultrasound optimum extraction
conditions of ergothioneine microwave power was 640 W, extraction time was
10 min, solid to liquid ratio was 1:30 and extraction temperature was 30°C,
which the extraction content were 1.35 mg/g dw. However, the extraction
content of ergothioneine of microwave extract (MEP) were butter than
ultrasound extract (UEP), hot water extract (HWEP) (1.33 mg/g dw) and
ethanol extract (EEP) (0.2 mg/g dw).

With regard to functional components, the content of adenosine, total
phenols and polysaccharide of ultrasound extract (3.74, 0.30 and 445.13 mg/g
dw) were higher than other extraction methods.

MEP, which had most ergothioneine content, was further separated
successively by 80% ethanol precipitated and reversed HyperClone® HPLC
column to obtain ergothioneine. The purity of ergothioneine in MEP is 24.48%,

less than 80% ethanol precipitated (25.46%). The purity of ergothioneine in

v



reversed HPLC column step is 99.7 but recovery only has 28.06%. Using
UPLC/Q-TOF/MS examination purified, the results show that compound in
this product is ergothioneine.

On the antioxidant activity, at 20 mg/mL, scavenging ability on 1,1-diph
enyl-2-picrylhydrazyl radicals were in the order: EEP (90.33%) > HWEP
(80.83%) = MEP (80.58%) > UEP (78.21%). The purified ergothioneine at
the concentration of 1 mg/mL, the scavenging ability on 1,1-diph enyl-2-
picrylhydrazyl radicals was 78.21%. The reducing power of HWEP (1.04) was
highest at 20 mg/mL and the other were in the order: MEP (1.03) = UEP (1.03)
>EEP (0.62). The purified ergothioneine at the concentration of 1 mg/mL,
reducing power was 0.77. With regarded to chelating ability on ferrous ions,
the chelating abilities of MEP, UEP, HWEP and EEP at the 20 mg/mL were in
the order: EEP (88.15%) > UEP (85.59%) = MEP (83.97%) >HWEP (77.04%).
The chelating ability on ferrous ions of purified ergothioneine was 70.08% at 1
mg/mL. Trolox equivalent antioxidant capacity (TEAC) of EEP (758.73 umole
Trolox/g) was significant higher than MEP (142.66 umole Trolox/g), UEP
(144.97 pumole Trolox/g) and HWEP (188.64 umole Trolox/g).

The purified ergothioneine and UEP were more effective than HWEP,
MEP and EEP from Pleurotus eryngii fruiting body powder in scavenging
ability on DPPH and chelating ability on ferrous ions as evidenced by lower
ECso values. And HWEP were more effective than UEP, MEP and EEP from
Pleurotus eryngii fruiting body powder in scavenging ability on DPPH and
reducing power as evidenced by lower ECso values.

In conclusion, functional components such as ergothioneine, adenosine,
total phenols and polysaccharide prepared from new extraction technology

have higher extraction rate and butter antioxidant activity.

Keywords: Pleurotus eryngii, ergothioneine, microwave extraction,

ultrasonic extraction, antioxidant activity
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Mk 5 P~ (Microwave extraction; ME) 44z 5 i % B~ (Ultrasound
extraction; UE) 5 #7858 N » 378 kB 5% 0% R g o %
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SlA21 35 3 B K b > TR AT BHR -
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(Total phenols) = % @& (Polysaccharides) % > * & 5 "% 7 " #&
(Huang et al., 2012) ~ *# "2 # % (Huang etal., 2012) ~ 2 & § £ % it
(Ribeiro, 1995; Wong et al., 2011) 2 #=% i* (Dubost et al., 2007b) & # 32 /&
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al., 2003) ~ %4 & (Yangetal., 2012) frfiik R % (Hartman &



Hartman, 1987) % # 5@ iz o

At T E BT

-

F

LA R AT EHE A S R R AR T A
N N S ER BV

FokE ¥R O FREE) Lo

‘m}

TR ROk N

2. LREGFFRMEPRY F AT, Y it > 12 UPLC/Q-TOF/MS i

B BEP NMERL I A LMFBSI P2 T



¥R pwAR
-~ FAXBHEEEANE
Eo il AR e s rn o hd n QREeH
W dERE RGO RBERNERT o R HINE Y F R RE D
FEER o R AR G522 b & (De Castro & Garcia-
Ayuso, 1998) - iT& % - & BATH E PP AR R o e
RTEMTE 3 F P45 ~ ZBpr e fois Al 425 & iR 2L (Herrero et
al., 2010; Ondruschka & Asghari, 2006; Wang & Weller, 2006) - & 3& i
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B~ (Close-vessel microwave-assisted extraction) e B 3 ;% ek 4 24 5 B~
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Referred figure 1. Microwave-assisted extraction closed type microwave

system and open type microwave system.

(Chanetal., 2011)
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2. Yok X4
Pk 5 Perc s B0 S leiE % f fR 4 chM % (Dean, 2012
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(3) Mig 7 5 1§ Mk FARR o PIHRE RARE VFEREPE
Ao fes B4 piEEEF2 #%f2 (Maranetal., 2015) -
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i LA BEF AN D ERS Mﬂt% ABTS (2,2-
Azinobis- (3- ethylbenzthiazoline-6-sulphonate) ) ~ DPPH frdz ¥ &4+
pd A2 REFE: CfeRRAFHRE S 0 03 AL L BN
(Zeng et al., 2012) -

(=) A% ##e X3 (Ultrasonic-assisted extraction, UAE)
KH Y SRR T A A - U (20-100 kHZ) #
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% (Zhou etal., 2013) -
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(1) #®#=* (mechanical effect)
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# ¢ (Rostagno et al., 2003)
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Referred figure 3. Ultrasonic extraction mechanisms and principles
(Chemat et al., 2011)



(2) # ok (thermal effect)

SR SLERRE R . B SR SRR NS S kR
ARATAV e TeREREFH R > BRI FLF L DEIER B
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AL T AE G R KRR AT AT E A > TR A FIR AR 5
o RFHEEIABZRAETIRAY VT ERme R P TeR
LB > M3k B ¥ B~ (Chemat et al., 2011) -

(3) 7 it »x (cavitation effect)
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FAMAT BRI AT PBFERTE- BL [ ROLE
FH o AT AR TN RET X IFRRCEE o K < IRk
TR RSTRG R AP AR RE PN AT A S I T I05Ed
beoo AR € BT 5 {7 = jicie (micro bubble) s i i - & & g =V
FihFieopFie- 2 v asddig, dgin Bl 2
BIERMATY A TR RS A A T g L e R 4D
A AANK AT ARMATY A2 BA S R4
3R e v 7 {4 17 % (Chemat et al., 2011) -

5.

‘—\w

il

Chemat >+ 2011 & 45 1 » % ie 3 SFenjh/R 45 ~ W3R 1L 1 Kaph e
-~ RYEEZENAEZ HIVOEER R L AR RE
lﬁﬁﬁi@ﬁw@&gngffowq&azw¢$$%1um%o
PPEFA A R e F F i K 5000°C ~ 2000 =
BF i & Kk (Rlw A)o 2 5 it

N

é

o R b TR A O R GE R T R
@ A G\'#%&‘E%mﬁig,aj%ﬁ

JIt 4 23 o D (We B) -

FREETAGER AR > AZF AT 7 AT ik 5T IE

SEEOUIE SRS 2 A e BEIVF R S gk o st L HEcen g ir
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(A)

5000°C

2000 atm

Bubbles of Cavitational
Bubbles unestable size collapse
growing (“Hot spots™)
Bubbles

formation

(B)

CUEREEP SR S

Referred figure 4. Schematic diagram ultrasonic extraction cavitation effect
(Bendicho et al., 2012)

11



)
it
¥
o
]

w,@?@ﬁ$gﬁi@@g@ﬁ@»@ma,@aﬁx‘

(Vinatoru, 2001) -

2. G AT pE

lfi’ig;éfuﬁ-g"” /z'#E]FL‘ ’ \T} *&i&q/ﬂ; E" \/ﬁ\{t\?_-, '{;éq‘ EJ’§ ,
APENTE-S-  SURIPANRE St BRI R WPy RS - 4

BAERRZE R IRFL S A OB R ERR  EF B

PHCE S o e QAR HE BB T R BER £ 7 %

=
\1

AR R FR A - FEEE L 3 B3 2 (Galanakis,
2013) - Bendicho (2012)F7 3 45 &1 » A2 A E P~k (T AR T LR ¥ B
THIT O EA %iﬂww?ﬁﬁﬁ’rﬁﬂA%aﬂ4#$ﬂf BGEPE
By FFIEPFYAFERSF T2 LA R AN R FA
B R ARIL ARG 0 a2 v A BT S JF A S BURE 2L E D
ERERA D AR AEA S SRS AR R E Pk > 2 A%
P F M G TR E B EBR VR EE (- ) Azmira ¥
A (2013) 7745 0 B SRR AT R A APEOT BAE PG ~ ATTRA R

A EAEEEES S 0 A - M A T EAE R ITHH 3T
3 B~ % o Bendicho (2012)30 2 42§ A F B FT B A8 5 ~ X AR
ER A I SR DY e TR B HEEBRE R GF0E o

22 Py v F ?é%%“f'}é'kii B2ad o Td B4R kAR pd AT
2 enip  (Neill etal., 2002) - 24 8 Fis it B @5 507 & 5 %3 k5L
(enzymatic system ) £2 2Lp-% '« tL (non-enzymatic system) & #f

(4 »2003)° hpgs kiue 77 #2475 (glutathione, GSH)
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X4

A - s BEL AR SR BN R
Referred table 1. Comparison of typical sample extraction techniques

Bk e Y g % > el

% X E B 6~24 -] px B 4L R AR 150~1500 mL § %%

Mo BB 5B 10~30 4 48 i B4 %A A LB A% 10~40 mL 4 %73 &

AZTRR A E 10~60 ~ 48 i B4 A B RB R 2~5 mL & 7@ CO, % B~

4o il A A 5B 10~20 ~ 48 i B 4L BRE R 10~40 mL + 73 &

ARG AR EE (R <l pF R AL RN FEABRTES R ERSH N G MR

ARG AW E B (4N <5 & 4 th 3 S ZroMFEARTES o 1~15mL § p e BB piE 7 5B

(Bendicho et al., 2012)



BRS¢ 424y PRiEF *fF (GSH peroxidase, GSH-Px) % #
w4 rx B R pF  (GSH reductase, GSH-RA) ~ 42§ & i frfofips & 5 &
g AR AR PG ARy F 2 FCErREFERSE (B
2006) c ~ 4 AT AT A WP FF LB 2 KRR
ST BT Rt I

(-) #F Ry R
BREha g CRGZEE TS DA EEEE TG
PREEE R~ RIRRT RF AP OF onk ~ F R RY UL
Ffrilik 2T
P VB ITT RILA B T Hw & (4% 2008)
1. p o A% & (Free radical terminator)
PAFF A EERNE S A E RS Ak BT A
FRE-BI RFEFI iz pd Aiv* > @ pd K5 RgE
A A AP A AR IR B F a7 o S
Alz. & 4y i HUBHA ~BHT2 TBHQ = 4 > @ % 2Rz Fug &P
LS HE i & P W& (Glese, 1996; Shahidi & Wanasundara, 1992) -

NG
]

A& ¥ frfwj ( Reducing agent and Oxygen scavenger )
REA ey PR TR RIS RG A F AR R F LB
b s TUREF V2 3BT o F A F BTN ENE o dodly B
(O2) 24§ pd & (OH) g fi§ »+ » &8 & 2pd Jhageh
BF 3 (HO2) $REAdp® 4eid P T F 1 F & (7ehiv 4 (o
2008) o B¢ & F pd KA A% RN CH O HRTE G R
RGEIEF 5w £33 F ¢ F (oxygentoxicity) o ERImE g 4 RE
folf v P g o Fl o FEy i RAFE Mg Ty L2 230 g g
Hw

F oo ptaEdng YA Pk fg (ascorbicacid) A& A& s R

PR

B
233 h32pagpd & a xE 4§ it = dehydroascorbic acid > F] @

14



FlB G HLF a4 2 B e (25 2009) -

3. £ /& # & # (Chelating agent)
ERYF AR D Rehd A e F M HE L 0 A AR
BAEF ¢ o B {odp T hig ok B (360 2008) o %
P CRE G ELZ R AT IEY > PV EFEEE L F Bk

[FLF 1B R FRE ~ SRR IPEDTAL R & o

2P P

4, H € i 3 #r+41# (Singlet oxygen inhibitor )

El;igz.%f 'é‘ﬂh?,; (102) m;}’»l”ﬁ‘?]%;’g (L RS ’#‘ ﬂ,!‘h"ﬁ = &g—%
B-carotene ) fr= z #»= (triethylamine) o d v B 5 2 B3t kg

(
oo bR Y ki 2 MERS R BELE AT e @ RF L

7 (i > 2009) -

/" ‘\‘L ~ 2 e
# =B

(=) F*HaF A
FLF R g B TR RIE k] & a

%éii”€#°%%P?&’ﬁ%}&ﬂ,

BF BT (el P R 4F AN

m
kxR frEEd (CfWI) e 22 F CE~B-o g & 5403 VA

LRGP AR TP ri2 4 ROS slAzendf 3 o 7 A AR
gL 1‘&?@%[&»[{5*{?1&3 v M m }%n’!}k %% (Pham-Huy et al., 2008) - ¥ #.3%
B

SRS R BRI X E B fookEY o HEEMERET S
TEEERE ,%Kf p o fL sy 4 (Terao & Piskula, 1997) o 2= 7] 1 a4
2CEz2pipit &y Ay
(1) =4 % C (Ascorbic acid; vitamin C)
a4 2 Cikiattasd 2%, £E4L% (D-form) 2 2%
o aad g3 85%a4 2 C

=B 4 ¥k

(L-form)
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DIET > AO Enzyme
Related Minerals
e 7Zinc
e Selenium
\ e Manganese
AO Vitamins * Copper
Plant Phenols e Vitamin E
e Flavonoids e Vitamin C
e Other phenols e [-Carotene
BT A S LI R AO=Antioxidant vz it |

Referred figure 5. Dietary antioxidant defense system. (Willcox et al., 2004)
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B FFEE RS RE-BIFCILALTI 0 R R TR
Lpd AfedMi T+ o aRH72 285 8% > 7175 ﬁ’xiﬂ"‘,%‘]'é'li
FONBRIALEY AT BRI A A A2 R d B
(P> 2007 ) > # ¥ #a s 3% i #& (Frenich et al., 2005; Shui & Leong,
2004) -

(2) =4 % E (tocopherol ; vitamin E)
ad AEG it oo x 2 5 g (tocopherol) o 3t 4

BAR Y o B ARE AT BdgEZE FF RB T A HF L
(Marinova et al., 2008) - 24 ZE¥ 4 = & 5 4 {48 7 R]4& (phytyl side
chain) 2 5 ft (tocopherols) =7 4z fcf ~ = 5 ip]4& (isoprenoid
side chain) =2 ¥ = A% (tocotrienols) - 134 = & »tra % (chromanol
ring) + 7 AP E=E¥ A o Bryfrdr ERHES co-2 T (o
tocopherol) 3 @2 #E¥ B h ¥ 4 5fl% Mhidz v 2% (>
2010 ; #% > 2007 ; Marinovaetal., 2008) - ‘&4 2E¥ (£ 5 ¢ i 4ady &
Rsihing P FL v drglfa Ty pd RA2FEEE > BB
e & ferg iaps ~ MR R P 3= (low- density lipoprotein, LDL )
¥ 39 2 DNA#L¥ i+ (Traber & Atkinson, 2007) -

(3) p=#g it & % (phenolic compounds)

Rt PR EF N AR IRHAR KRG, ‘—#1‘#“ +
3 - BEAEBOHANTAERZ Himd o 4 & Gd HF YRR
(shikimate pathway ) % frpi-7 = peit /s (acetate-malonate pathway )
M A (R 2010) - pagi- &4 kpt ¥ 7 247 & 5 o e (phenolic
acid) ~ #¢% A+ (flavonoid) -~ ¢ Y (stilbene) f-* R #
(Iignan) = = #f (Karakaya, 2004) - Nielsen # (1999)4q 1 » *+4x & ¥
HEIpt &7 ¥ 2 (apigenin) > FHi AL 3R L VR 2
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PR IRRREAAZF R PR YNV RBEF IR oy
PREF PR AR BRAR T A F R G ARE T R R R

RE L REFPOL FARE LA > R FF A
%ém’a#ﬂUﬁ"¢%‘¢i~ﬁp%§§11$%ﬁ
(Chirinos et al., 2007) -

NE-¥ &3 Bl
(-) ?#&%

% &% (Pleurotus eryngii) >4+ F%F - 4 F P (Agaricales)
v jE4* (Tricholom ataceae ) ~ ®]2 4 (Pleurotus) (f » 1993) > %] & ]
FRA S pAY 2 LFLEE 0BG BAEATREEE D4 (GOmez-
Toribioetal.,2001) » FlErRif i E e . &3 2 =vkA (B 2 (ME
2010 ; & » 2008 ) -

R EARE L RAR  wESwREF > Zé ek o wF Do
Foophe R 82 > v R 4RE 0 BRI P sRiE B4 a- fA 0wk
L “Tag3” (kingoyster)o f#ca t Gim g e v g7
oA R E R E R G A AR EWER
R Kl (FAO) Aot R fF4 ok (WHO) % > 24 “x & 3
£ 7z B e S AR E T F2 - (P 0 2009) 0 3 B
PR VR Ay WEME PREAE IS L AR

W Fpciend & i F]2 - (Yildiz et al., 2002) -

WA ARG ER AT AN I W ANME Y TR
s RS E F 5 A REFLE LY 20~110 24 0 R FWH B
ﬁ'u,a)ﬁ]q/f B0 2w ERFF 0 *ﬁ]%?;ibﬂ 4 ’ﬁiiﬁxﬁﬂi,ﬁ",

FAfak 20~-80 24 > /25 0583024 > e TP LR
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=) ?

A E (3 oAl 0 1994) -

_R
T
s

L&

TR TIPS
}"%‘J*F‘-E; Z2a s Kf}% AAGC S ¥ & FEC S NEHE

Huang ¥ (2012)# 7 45 &1 » 4@z F % (ST2Z) EX LS
GAE 2 S PESY (50 B % L A feab 35 (HDAIC) § £ ¢
PESEK dL b 2 gt VUG e it 8 54
& A feiE 5 pESY 15 MIETEM 2 KR A Fy v A Bl 5 23%3% 21% - ¥
Wong# 4 (2011) # 3 4p 0t » BBk 2 Q3 A F P2 2o iF 5 pE > 25
» it HBALB/C) Rk B E10% » B A B R EH LR 5§
FiEwiepE T > FE LR wmefeTm% » WP L AED $ek o g
b Kim% 4 (2006) 72 5 # I 2 fedE 5 pET S F R w2 ik R
FEis i s flgeh e A, 2 Jrd B F wre 4 LB s AL 4 F iR
et SR S B2 SRS P S 3 g’nm;;z;;iﬁqﬁ;t P PRI A he iy

SEET R A BE Fad

=

2. 'ﬂﬁﬁf (Adenosine)

A A PR IR A R SBNO- R AR A S 5P RAL S
G T2 E AR By SHAAEBER PR RIES
%R % (Kitakaze & Hori, 2000) ~ 3 & % % % %t(Ribeiro, 1995) ~ % pEfm,
it % (Basheer et al., 2004) ~ #& # (Carlezon et al., 2005) ~ 3 4r 75 %
(Vinadé et al., 2003) ~ g I 2 1T (Vinadé et al., 2003) ~ & % "3R4k
2 4f % (Gomesetal., 2011)% A dra F #HR S flgek HA 5
(Tabrizchi & Bedi, 2001) % # »% o

19



BEREZ TN o doEEE s k%R~ R EAroeetE (Huang &
Ferraro, 1992) - 34f= £ d - B BB > A Riresd > R LS
FRACf e F AR =AM DI AREL g R TR

2 ¢ %2 H % (Bravo, 1998) - & - 5 & & 4y it 4 F(Rice-Evans et
al., 1996) -

z -~ % &% %] (Ergothioneine) @ 4

GEE T L2 sacdt s eh > Dubost & 4 (2007a)8 1 & A
KP B - AL ARy VB AT AAFHMHE CR
AT 2ZEFHAEFELL ¢ (Aruomaet al., 1999; Chaudiere & Ferrari-
lliou, 1999; Hartman, 1990) o 12 F 4+4¢ & & FrF]2_ o F ~ 32 (- 4 2 4

I 75§y e 1 At L

() $EmFLLFZELFE
% 4 zr 7] (Ergothioneine ; 2-mercaptohistidine trimethylbetaine) &_

- RBE R AHAEY O REAFRF AN 2 B esY (Aruoma et
al., 1999; Melville & Eich, 1956) ;  H 4+ 5t & 47 ex »1{ 0 g0 B
R B R S RA I R e R w R (Bao et
al., 2009; Ey et al., 2007; Hartman, 1990; Kawano et al., 1982; Reglinski et
al., 1988) » # 5 &t 2§z BB 9 5 1~2 mM (Brummel, 1985; Dubost et
al., 2007b; Melville, 1959) - & & s T A fp |24 & > Wi d a8k
# i=(Dubostetal.,2007a) » ¢ fa% L a4 ? 2. & &% 7 4ot 4 =
(Ey etal., 2007)#t7+ ; ¥ Chen & 4 (2012) A~ 47 ~ %% L a & ¥ igupd
RGNS AT A NI AZ 2 A s 0 H Y
i FMARE RS %7 £ 4 % 5 62452303 2 8404197

-+
g

mg/g > @ F 548 ® £ F 1514.6 £ 15.7 mg/g -
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A FLEFEEREY FLAFFE
Referred table 2. Ergothioneine concentration in selected foods and beverages
(Ey et al., 2007)

Food groups with selected food items Ergothioneine
(mg/kg wet weight or mg/mL)

Mushrooms
King bolete (Boletus edulis) 528.13
Oyster mushroom (Pleurotus ostreatus) 118.91
Protabella mushroom (Agaricus bisporus, brown strain) 0.93
Button mushroom (Agaricus bispours, white strain) 0.46
Chanterelle (Cantharellus cibarius) 0.06

Grains and Grains products

Oat bran 4.41
Pumpkin seed 1.49
Wheat bran 0.84
Wheat germ 0.63
Spelt 0.61
Whole grain wheat bread 0.53
Whole grain rye bread 0.47
Brown rice 0.04
Wheat flour (refined), rye flour (refined), b.l.d.

barley flour (refined), cornmeal (refined),
oatmeal (refined), rye bread, white bread,
biscuit, durum wheat, sorghum, white rice,

walnut, peanut, cheatnut, coconut

b.l.d., below limit of detection
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A FRSFEEEY LR E ()
Referred table 2. Ergothioneine concentration in selected foods and beverages
(continued) (Ey et al., 2007)

Food groups with selected food items Ergothioneine
(mg/kg wet weight or mg/mL)

\Vegetable, Fruits

Black turtle bean 13.49
Red kidney bean 4.52
Garlic 3.11
Broccoli 0.24
Onion 0.23
Spinach 0.11
Celery 0.08
Green beans, white beans, green peas, lentils, tomato, b.l.d.

potato, carrot, beetroot, red and green bell pepper,

cabbage, turnip, horseradish, white and green asparagus,

cauliflower, Brussel sprouts, eggplant, lettuce, soja beans,

avocado, capers (canned) , green and black olive (canned) ,

parsley, apple, pear, apricot, plum, orange, lemon, lime,

grapefruit, red and white grape, banana, pineapple,

mango, papaya, cherry, strawberry, raspberry, blackberry,

blueberry, fig

Beverages

Beer 0.02
Coffee, black tea, green tea, cocoa, cola, red wine, b.l.d.

white wine, purple grape juice, orang juice,

apple juice, cherry juice, tomato juice

b.l.d., below limit of detection

22



GENNE S 2L F RTINS
Referred table 3. Contents of Ergothioneine in fruiting bodies of edible and

medicinal mushroom (Chen et al., 2012)

Sample mg ERG/kg dw of powder 2
Agaricus bisporus 932.7 £+ 5.0E
Auricularia mesenterica 1494 + 10L
Boletus edulis 4944 + 1.0HI
Clitocybe maxima (cap) 991.2 + 298 E
Clitocybe maxima (stipe) 664.4 £ 366G
Flammulina velutipes 4545 + 241
Grifola frondosa 5532 + 13H
Hypsizigus marmoreus (normal) 409.5 £ 15.0J
Inonotus obliquus 477 £ 06 M
Lentinula edodes 4123 + 9.2
Pholiota nameko 2288 + 78K
Pleurotus citrinopileatus 2850.7 + 10.6 A
Pleurotus cystidiosus 2589 124K
Pleurotus eryngii (base) 6245 + 303G
Pleurotus eryngii (sporophore) 8404 + 19.7F
Pleurotus ferulae 464.1 + 691J
Pleurotus ostreatus (Japan) 944.1 £+ 43.1E
Pleurotus ostreatus (Korea) 18294 + 499B
Pleurotus ostreatus (Taiwan) 1458.4 + 353C
Pleurotus salmoneostramineus 1245.0 + 48.7D

2 Each value is expressed as mean + SE (n=3) . Means with different letters

within a column are significantly different (p<0.05) .
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AR s GEY GRS AT 72
Referred table 4. Contents of Ergothioneine in edible and medicinal mushroom
mycelia (Chen et al., 2012)

Sample mg ERG/kg dw powder 2
Agaricus blazei 79.6 £ 7.3KLM
Agrocybe cylindracea 279.4 £ 7.3FG
Antrodia camphorate 2816 + 38FG
Antrodia salmonea 76 £ 05M
Armillariella mellea 219.6 + 9.3FGH
Coprinus comatus 399.0 £+ 46D
Cordyceps cicadae 588.0 £ 42.3C
Cordyceps militaris (strain cm1) 215.0 + 10.5 FGH
Cordyceps militaris (strain cm5) 7851 + 948B
Cordyceps militaris (strain 419) 123.4 + 12.7 JKL
Cordyceps sinensis 142.0 £ 38.5 UK
Coriolus versicolor 130 + 19M
Ganoderma lucidum 165 + 20M
Grifola frondosa 296.2 £ 25.1 EF
Hericium erinaceus 376.2 = 36.7 DE
Hypsizigus marmoreus (white) 2214 + 4.6 FGH
Hypsizigus marmoreus (normal) 206.7 * 12.6 GHI
Inonotus obliquus 252.1 + 55FGH
Phellinus linteus 181.8 + 16.7 HIJ
Pleurotus eryngii 15146 £ 15.7A

4 Each value is expressed as mean + SE (n=3) . Means with different letters

within a column are significantly different (p<0.05) .
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%amﬂ;—ﬁﬁa\@%\@&4§&%¢@ﬁzsz
imidazole ?=k e > 7 3 3t 2 4% 405 & - FHAcut B 7 (Franzoni et
al., 2006) ; # i & ;% 5 CoHisN30S » » + & 5 229 > pKa % 10.8 > ¥ -
ALY T g VR AT - AEAEPHET A EHF AP 3

v HAMMIER T 224 % 2 (Carlsson et al., 1974) -

(=) $&mFenif e
F AT b P 2 &2 (Askari & Melville, 1962) # § %
P AT A ereph (histidine) £ 7 gii=pt (methionine) & = & &
FrFEBRi —= 7 AP @ (hercynine) » £ £ L 2k iipg (cysteine) ;=
$OEFLE] G RT LAY wvkpk 8 L R & AR R
(thiohistidine) » £ 22 7 giviepe ;& & £ 2% (W= ) ¥ 37
(Physarum polycephalum) = & % % & £:%]& = it 4 o ¢t *t > Genghof

]

(1964)F § "M & f [ %MF? 743§ 4 T2 B i mppr—=
AN oo gt eh s A EEF A A AR ¢ 2 thione e thiol form 73 & > ki3
;% ™ B| 2 thione form % i (%48~ ) (Franzoni et al., 2006) -

(2) 2&pmF24mEl
FARE LY - B X R HA R > Bl AR HE
T2 HFLEL &4 (Aruomaetal., 1999; Chaudiere & Ferrari-
lliou, 1999; Hartman, 1990) » 12 = &3 41 & & px Fleifg v ~ g L -
EEAN SO RRPEA RSN
1. =g v i®®
(D) pd ALFRTE
EEE U ?%’i?éﬁ%’?&%'ii 1B EiEF P
(ROO-)~#5pd & (HO-) i3 & (HO2) -~ 42§ 24+ (O2)»
Hsiis (O 2 LA piEF 4 (ONOO) (Halliwell et al., 1995) -
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H COO
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H H

— H N/CH3
NaL 3

H

R $ R T2 B
Referred figure 6. Structure of ergothioneine.

(Franzoni et al., 2006)

26



OH=—~—-C—CH2-.—(I]H--COOH
| | NE,

N NH Cysteine
N S
CH
Histidine
blethiouine
CH=(I3—CH2—?HHC 00~
I!J NH N(CHj3)s* _Cysteine |
N 7
CH
Hercynine

O S EEER

?Hﬁ(lj-—-CHz-tle—coorI
N NH NH,
Ny

bu

Thiolhistidine

b{ethionine

(|}H=?-—CH2—(|3H—COO—
N NH N(CHy)s*
N

I
SH

Ergothioneine

Referred figure 7. The reaction sequence in ergothioneine biosynthesis.
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. ) N(CH,),’ i Il\I(CH,);

———CH,— C—C00"~ 7———Y—CH;—C—COO‘

5 4 8 H

1 3 7 <
HN!  3NH }m\,yN

G
S SH
thione form thiol form

G R S 7 Rl & S ()
Referred figure 8. The structure of ergothioneine’s thione form and thiol form.

(Franzoni et al., 2006)
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Frame dmFlEs (OH-) E% 5 (ROO-) = Ll
3 4 pd A (ONOO) 2 % # #a#(Aruoma et al., 1999; Asmus et
al., 1996; Franzoni et al., 2006) > ¥ 7 ¢ 4f #& ¥ & fx ¥ (Dahl et al.,

1988) -

WEE LG MR AR T AT o T SRR [ L Tgpd
Aoa A mFv e E E BT (Akanmuetal, 1991) ;5 ¥ & & &
F¥ R mre g i ¥ (Y 4 FE A 3 7= (Aruomaetal., 1999) -
gt R R E IR & ELF]T G o] X BRI T L A
(Kawano et al., 1983) - & 4F *v & & 7x 7] ﬁzﬂ FPE -k BUFE FER AT
v g ek B b H R g8k Pk (glutathione) 2 o-2 5 FR 2 i 42
(Deiana et al., 2004) -

Bao & % (2008 & 2009) f|* £4 3G & & mF|5 PR 2 M ~ &
Plin 2 3 AR EEFrd 2% r BRAEPRE S5 T 2N 2P I
%’iﬁﬂcﬁ&%’i‘ ERLFIR PR 0 RV MR Fppd 12 A2 7 (?\f/"]?
hEPRZEREFRS TG TR E2X); IR 10% % B~j% & 0~2C
T jukF EAAE R FE R 4 X otk Encarnacion & (2010)
Fripd o §45F TSR eird|p AadiE2L $4 - TES
tfr2 ¢ 2EMH > R GITER T Biph b o

FlE - B & BT 2 A EA > £ 2 EarE &g+ (Hanlon, 1971,

Motohashi et al., 1976) - ¥ & & FrF|¥ Prd|sr s+ R A F & & 2 39
2 % it > £ 3§75 Ergothioneine-Cu 4f & 4 » % %2 DNA fr v i &
WRP|Z WS o F - &t 2 enF it T (Akanmuetal., 1991;
Zhuetal,2011) o pt ¢t > Ad e A 4R 77 BER & & mT] > ¢
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MR bk v S PraE S+ % 4 (Mann & Leone, 1953; Speisky et al.,
2008) -

(3) R i Fov fodtic v 2§ 1

& k= 39 (hemoglobin, i =% F-9 ) 2 % B LMP F1EF LR
2 - odr fh ki oy A FRAZ FF RS T
(Fe'V=0) #£ 5 ferryl-hemoglobin » }* 4 &z v P HiEE ¢ PFE L
£ S RHREICERY BB AW L T A IR RS
it ¥ & g7 € % < ferryl-hemoglobin % = & 45 = 30
(methemoglobin) » 7= ¢ *% i ferryl-myoglobin ## % = % [+ 54}z F-v
(metmyoglobin) - fgd & & FxFlZ e T prgl g FaEE o0 ut v $ bR

F]oAE OUEE LR S22 % &0 kv 2§ i (Arduinietal., 1992) -

2. EF X

Rahman % 4 (2003) #= 3 s g "2 + & wrz (A549 cell) § 14
TNF-od2 ¢ P &g 838 NF-xB 2 7% iv 5 35 Ab49 w¥e &2 TNF-a% & &
FrFl R &P Bl € drd] TNF-ai # NF-xB 270t 5 b 2% 87 ¢ &
FRFIE g OB L2 TEF o

3. HHEHE

Jang % 4 (2004) # M F & pFIE 5 FEAN G2 #a o TR DA
Bl*f 45 #6 % m¥ (pheochromocytoma 12 cell, PC12 cell) = 3| AB 2 # 1
B0 m S R RA BEA 0 o T 2 kg s Wistar
Rk s $ &F TS 2 T2 s G TEARE S TV R a2
7 f% (o-tocopherol) % 2k #: 4 *~ (glutathione) 2z} 4= (Deiana et al.,

2004) o gt b 5 A AR E) BFE%KY o AS ATV R RgY
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MDA 7 & » & ¥ 3 4v 224 Px/3F it 3] %4 X (glutathione/glutatione

disulfide, GSH/GSSG) + & 2 SOD =4+ (Yangetal., 2012) -

4, Hu

Guijarro & 4 (2002) # 3 3 R iR 2 2 AR B &Y > VIR
BAE AR LT AT AN SRR B R 0 R E M
PR RS2 S o gt vb s F A ZRF]TE 4 AR R ¥ F*  (Hartman &

Hartman, 1987) -
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o [ HyperClon® ¢ 1% it ’

- = - TS E R
(FB3 A~ 7 5 s
PER S B R - FRY)
| |
[z#wtwu*:%% ] [iz—; A B4 F B g ] ‘ Bk P4 ]

#HE

[ UPLC/Q-TOF/MS ]

{ ¥ TLJA\%‘r] ‘ N T EA A ]
' [
‘;Fi“ﬁ‘\‘ 1,1-= ¥ 3h-2-2 vk 2 A B iy 4
By v 4
B R4
LT 2 g

e
k=
D7
4y
{rel
3
'S




FzRHEE
-~ RERHHE
TR @Y 230 ¢ %S 7 4 (Pleurotus eryngii) *t 2014
v

ETUHpRTE-Fo 5

= RRER
35- - m A k¥ Ee (3,5-Dinitrosalicylic acid,DNS) ~ § % #&

(Glucose)pt-p % B Sigma = & - #p#: (Boric acid) ~ ¢ @t (Ethyl
ether) ~ @& (Hydrochloric acid) ~ @ ¥ - 40 (Sodium hydroxide) fr#rpk
(Sulfuric acid) M:-p » #m1 2@ ~ 4§ -k (Hydrogen peroxide) friF )%
47 47 (Sodium potassium tartrate) PEp P Afrk S F 1 E R €A o
? A% (Methylred) BEA p A K 7 it 20 @ o 7 A A 59 m
(Butylated hydroxyl-anisole, BHA) ~ (ethylenediaminetra acetic acid,
EDTA) ~ iz & & p(Gallic acid) ~ & ffri# fc (Linoleic acid)f-# ¥ f=
(Tocopherol) ~ 2,2 -= F -1 -3= 2L ¥ 72 (2,2-Diphenyl-1-picrylhydrazyl,
DPPH) - & #gp& (Citricacid) p&p Sigma = # - St. Louis, MI, % ] o
mAkpe (Metaphosphoricacid) pp B K FHk;C AL A7 > P & o
Bifi = & 4 (Sodium phosphate monobasic) fegipi & = 4 (Disodium
hydrogen phosphate) ~ jF)% f& 474+ (Potassium Sodium Tartrate) P& p
Katayama Chemical =~ @ » p & o z 3% (Acetonitrile) ptp J. T. Baker =
7 %M ? g (Methanol) ~ i @ % (n-Hexane) P p macron = & »
# R - ¥ ¥ (Toluene) P p burdick & Jackson =7 » £ & » ¢ f
(Ethanol) pp E4r 5 A7 2 26-- % 2~ (2,6-
Dichloroindophenol) ~ #8 ¥ = fi= (Pyrogallic Acid) ~ & ¥ i* 4= (Potassium
hydroxide) -~ 4&+k:##] Folin & Ciocalteu's phenol reagent ~ P p Panreac

25 FM o B-# & § % (B-Carotene) pp Cayman Chemical 2 2 » %
B o ferrozine pp Alfa Aesar = & » £ | ~ $#i¥k o f& (Ascorbic acid) -
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#& - K g% % 4p (Sodium carbonate anhydrous) ~ = # z @& ( Trichloroacetic
acid, TCA) ptp Riedel =@ » £ & » 45§ it 47 (Potassium ferricyanide,
PFC) ptp Shimakyu’s Pure Chemicals =~ # > p & o z 4% (lron (1)
chloride anhydrous) Fp panreac = & > &M - & it 4748 (Iron (11)
chloride tetrahydrate) pEp 2 4c 5 227 o & & z17F] (Ergothioneine) ~

F
ﬂyju_f (Adenosine) LA B4 AN F o

2 k&EWF
P BRI ES T I ER SR EE (60mesh) > T
R - K P X

o - A A
5. kA
PRS2 b A 129 (W) Bxv gz EE 2 fig
L (W) ¢ o R A E R > Y F R s A LI
T (W) d it & #ﬁ%ﬁ“ér‘ll}%'ﬁ HFEVEZERSZ kST E
&k A ks g 223 40T

kA g (%)= [[Wi- (Wo—W) JWi ] x 100

6. % &

Ptk A A AL 255 (W)t r & ki ¥ B E 15 2 B HE(W1)
¢ 105%C B4R de o 4 R A KA Bk At A (575
£25C) IHSH AL A 0 FHRFHERET 200C BF o B I AT
GCEEY ME LI REREEE (W) B A A A R T

m gz ®E (%) =[ (W2—W1) /W] x 100
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7. RAE

P fd ot AR 2-8g B i o R0 g FaE o
95~98 C 44 4g'k 2~3 () PFiSALE (W) FIA AL 4ot it Fig
FSAHE (Wr)e FIFRA L ~ Soxhlet 5B~ %% 2 FB g ¢ » 7 fl &
YENgAe » 8 4Bz o EdRTH T ¥ A BT E iR ks ¢ o i 5B 16~18
JPE e FEBR B s T AR EPRNFF A B INA BUEET

Peg o owjt BORFIRCEIRE RIS Y M e AR e RS T 0 B

Hramz 8 (Wo)o R asa g B 23 Fde™
sk (%) =[ (W2—W1) /W]x 100

8. #Fv

B R R AL 1.0g (W) E » it 225 ¢ >4 25mL Gk
Frfg® v F kew FRLVA D e M R RIREF S L 0 £ EHERK PN
¥ #4743 (Gerhardt Vapodest 20) p i {7 7 4f > & *c 15 mL2 dg i
(35%% § 403 )0 F & 30 fiis 4 10 A4 dio * 35 R &4
o #| (bromocresol green = methyl red ) =#2pi3 7% (4% > 25mL) %
Eile o B OLNZBEEEARF LI WML o s £
B E LB (V) Tz 20 B LB e 2 (V) kv

0 H 58 (%) =[438%x0.014** x (Vi-V2) x M/W ] x 100
M : Molarity of HCI
* iF#p2 % ¥ (Chang & Hayes, 1978)
** 4pg >t ImL 2 1IN BpARag £ (9)

9. BkT & F
Bk 4 (%) =100 (kA + A + AT + g2 )
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(

(

AT E B N2 iE R

~) EAE B ER- k- A3 R

# * Milestone STARTD e X H £ T AT 3 2 X PP % o F %
& RPpFt (2015) i {713 4F > %60 mesh 2 @ ig+ F ik &8 % o
fv s AR R 500 mL F & R Bedg Y o B ITHCA F PR R 2 - - F]F
WERTE A AR R EIR TR EFEP ZBEN
10°C - 13500 rpm &= - & B ;547 #u ik {5 04 Whatman No.1 jj A3 § i
oo TR 2 iRt 50C T R RIS - LR 0 £ M FEg kTR 3 250
mL > 5 045 um Ja ¥ iR 0 B 5> 4C kP 2 &0 47 0 FEH 7
F T E 4T
# % 1100 ~ 200 ~ 300 ~ 400 ~ 500 ~ 600 W -
PFRF 10 ~20~ 30~ 40 ~ 50 ~ 60 min -
vt 0 1:20 ~ 1:30 ~ 1:40 ~ 1:50 ~ 1:60 (g/mL) -
# & 170~80-~90-100 -~ 110C -

A L0 e

) RFAIP- - FFFEHEH

#* BANDELINDL510H 423 3% & & 7 ﬂ\lﬂ’{iﬁﬁ"?% °
FPo R AL E B iRt B0CT FRIRSE R 22 50mL
£ 045 um i ig 0 BEF Y AT Y FELA 4T 0 dEA TS TiE

1y

[E L

1. # % 1256 ~384-~512-~640W -

2. PFRF:1-5-10-~30~40min-

3. Fipt 1 1:10+1:20~ 1:30~ 1:40 (g/mL) -
4. ® R +30-~50~70C -
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A~ BREE NEN
(=) #kF>
PR R 1090 ¥~ 250 mL 482555 0 4e ~ 200 ML 3 F 4
k0 3 100°C T FRok A B 3 SN FE B2 ) B o £ 12 Whatman No.1 g A4
F i 0 TR RIR R BRI R S e Rk 2OV R
#WH0CT R RkSEL - LR 0 E AR R T 250mL > #5520
CTaF™* -

(=) emEm
AR SR X 1090 B~ 250mL 4825557 > 4e > 100 mL95%2

g > >225°C T » 150rpm BT F B 24 | pF s #X 15 2 Whatman No.1 jjg &
FF Bip e THIRAEMPRIFES B 0 = Atk 2R 50C
FRESGIC e R R - WERE » HTE L b G -

20C TiRGFH T o

= s B ES LAY
(=) % &m7
S Bd s ARk ~ FoRkfee EREE B> 11 045 um g iR R (s 0
% »%ae ik 40 & 7 & (High Performance Liquid Chromatograph, HPLC) i&
FaFr o ¥ -7 ok A2 58 5 (ergothioning) ;2 » HPLC ¢ » d =78
ﬁ%%ﬂ%iﬁ’%ﬂﬁﬁﬁ%ﬁﬁiﬁﬂiﬁ°
B >t i 4p & 45 %k # 4% HITAHCI Chromaster 5110 % i » HITACHI
Chromaster 5430 Photo Diode Array # B % > I i@ % fcdg ad@ 2
Chromaster Sys 1 - & »ic i 4p & +7 i% i 4= (Dubost et al., 2006) :
1. ~ ¥ 14L © InertSustain 5 um C18 (4.6 x 150 mm, GL Sciences) °
2. istE 110pL o
3. ¥pAE 254nm e
4. ##o4p 1 20 MMAERFL & = 4% o
5

sk C1ImbL/min e
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) %
B voae i 4 K 17 R ¢ 35 SHIMADZU LC-20AT & it >

SHINMADZU SPD-20A UV-VIS DETECTOR # R s&/¥ ¢t k& p| & »
i B Hedp kd® 2. SHIMADZU C-R6A Chromatopac © % »x i i% 4p & 17
24T e Y (1999)
1. ~ 3¢ 4L : Kinetex 5 um C18 100A (250 x 4.6 mm, 5 pm) -

st g 120 ul -

¥ Bl £ 260 nm o

#oo4p 0 7 g 0.02Meips = & 49 =151 85 (Viv) °

a &M w0

siiE o 0.8 mL/min o

(2) RERZERT

P~ 100 pL enF B o A ul4e » 5mL 3 3 0.3% B iR chpk
AR ok=60:40(v/V) ARAIEL - TIRAE 0 X178 £ B 100 uL 4c »
2.0mL > 2% g fa4p (sodium carbonate) > R £323 > 3l 2 L 4Efs E
4v » 50% Folin-Ciocalteau's reagent 100 uL > ;& £323 >+ 3 8 7 3¢ § »*
05 30 A48 @ o kKR TE0Nm TRz HskiE o d 28 S
i (gallicacid) ik Mzt B R8st &4 2 £ (Tagaetal,
1984) -

(z) smuzi
Pr20mL 2 2SR o BOTREA S P 4r o T30 15,000 rpm
T s 10min o ATE R IFL RS o 1 (MWCO
8000~10000) 7 4 hr r1 3 th | &% o L » gefi# 5 490 nm i £
TopHmkET B kR RS (FEBER) SCH RS

Iz B PEER -
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I) L+ 2R
T EE L (2001) 2%k o SEEMA T B IORMBE KT (gel

\\\?@r

permeation chromatography, GPC) /£ &7 4 47 o H B Z4p 5 3L &% -] 4p
Feng B> V" RBE A F a3 B FiGd B AT TP Srind
RS B TR A 0 A AT F] SRR ATV A S FEH
I AIEFH D FTREFE REARTRIR AT TR
FRENMIVERH > mATHEEFL R EDR NED LT
Atk o x LS R A 472 (gel filtration chromatography )
B A 5 K 4772 (size exclusion chromatography ) e

EP ) 045 um jpiEiBim 0 B A5 L gt A F £ A 2 A
¥4 0 AT IE e T
1. & %‘r*"g&f 11 : PolySep-SEC-P 300 x 7.80mm - ( Phenomenex, model
5000) -
FHIE R 45T
Hdogp o 2 B3k
ikt 1.2 mL/ min

i 7] 2 : HITACHI Chromaster 5450 RI detector ( Bischoff, model 8110 )

o o &~ w N

%% & pullulan( # + & 6000~10000+21700~47300~113000~210000~
366000% 805000 Da ) -

A B RERFBL D E
M-t R AR F PR PR L e =4 (VV) B0 4T
ST 14~16 /) pEF 1 3 PR ch % EE > % 13500 rpm e iE g
i 54tk 0 £ 02 Whatman No.1 g ‘A4 § B g > #7118 2 ki >t 50
OCTiﬁ“@ii%éﬁﬁi 20 BER o 3 >t-20C k4 FL o
¢ * Phenomenex® 73 HyperClone RP-C18 ¢ 4 » #5fie + &~ iR

® (Fraction Collector) » ** 24 2 45 4o jc B F Ak » B 3 26 ~ 485
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s F AP P F AT AT BAERATAREN LR AR TGRS
F AT EEZ S E 12 F ek B 50CT ARk R E
kT ELSmML-
KE LN E I A

1. it ¢4 HyperClone 5 um RP-C18 > (21.2 x 250 mm,
Phenomenex ) -

2. ##4p 1 20mM ERFL & - 4%

3. ik :3ml/min -

4. AfcdF A LEmL/E -

4~ $ &mF|FET 2 (UPLC/Q-TOF/MS)

A 5% ¢ Bruker DIONEX UltiMate 3000 micrOTOF Q-I11 -
UPLC System % 4p & 47 % 3t o

T 3# & 5 Q-TOF-MS System -

3R ¢ T R4S & (Electrospray ionization, ESI) °
4 F £ & : 2000~500 m/z -

o & w0 npoE

L AR ER R LpF R
(-) ErA
*F 3 J1* Oyaizu % (1986)c77 /2 > B~ 7 R R 2 e 5B~ 5 4 (0.75
mL) ¥ 02M gEipt®@ % =% (0.75mL,pH6.6) % 1%7# « % (0.75mL,
potassium ferricyanide ) ‘gr » 3¢ ¥ R 393 {5 > Bk T iR 20
248 (50°C) » @ i rkif 4 dr e e r 10% = § fEfeid % (TCA 075
ml) iR &35 {4 %R &2 3000rpm o 10 A48 F iR (1mL)
gk (L4AmL) 2 01% & 4832 (01mL) SR &3 5 F |
L8180 12 4 kR & 2+ (Hitachi U-5100 Spectrophotometer ) 7] 8 &

=
o

et 700nm Tz kg e rRIF LR REgR 0 AT REL R RS

§% - ECofi (mg/mL) 3 B R 4 w5k ©0.52 F »0k & T SLftie fF
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AT pFRIEE o pteh s kR 4 (ascorbicacid) ~ 7 R E AT § R
(butylated hydroxyanisole, BHA ) % a-# ¥ fi= (oa-tocopherol ) i® 3 & &

(=) #F% L1z ¥A-2-F%» AW (DPPH) i 4

& 7 f1* Shimada¥ (1992)¢= j2 » B~ 4mL 7 FER 2 &5
Bedr 2 R e 205 MM DPPH2. @ fgi3 7% (1mbL) = » &8 ¥ 353
L5 B35 30 448 ¥ 5 g 0 @ {82 (Hitachi U-5100

iR

Spectrophotometer ) 4 =&k & 3 > Pl EIR &% e 517 nmT 2B R E o
%maia%@@m’ﬂ%wﬁ&$$ PHA @ Fhz a4 f5 o ECso
& (mg/mL) 3 ‘;';-%SO%DPPHE LIy ) 9 AP JUE LA 00 )
2P FETE ot POk T AIAT § F A a2 T B TR R
elags o A

Scavenging effect (%) =[1- (Asiz nm of sample ) / ( Asiz nm of control ) ] x 100

(2) K& RHRT i
~F2 % 41 % Dinis % (1994) e 72 > 2% kA (0~20 mg/mL) 2
HHEEPP (05mL) 22 a (1.85mL) 22mM # 4% (0.05mL)
GHor PP 0 FR30 #5160 £ 4 »5mM ferrozine (0.1mL) - % iE
T F 10 A48 > 1Ak kB 2-Hitachi U-5100:8] = # £.562 nm T 2w
kB o FTIRPRE B4 M AT A S LT 204 g5 o ECS0E
(mg/mL) & & &£50% T i d = 2 5 »oik B T p SiLie o 472 ) 46
oot F R FERL (citricacid) fre - e o g2 (EDTA) £ 5
P et R e o
Chelating effect (%) =[ (1- (Ass2 nm of sample) / ( Ase2 nm of control) ]
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() Rng

%% Arts £ (2004)2 Re % (1999) 1= i o % | )b B 2 ¥ 54

é\%”

(100 uL) #c > 2mMLABTS 2473k « R 6> 2# ¥ 6 248> U A
%k sk B 2+ Hitachi U-5001 jp] 2 2 4. 734nm T2 ki o ¥ 10 % kA
2_ Trolox &8 Far{F{E 8w & > 5 &7 Trolox enz & - H ¢
ABTS stock ;3 7% 5 40 mg ABTS %2 8 mg potassium peroxodisulfate
(K2S208) i >+ 10 mL PBS buffer (0.01 M) » ;& &3+ 25C#F & & J& 16 /|
iz g * o F sk PP 2 mLABTS stock /2 ;% 4c ~ 18 mL 0.01M PBS
buffer o 5 ABTS » 173 7% » § = fr#E @ {c@ *+ -

X L
F % #cdy w2 mean £ standard deviation (SD) # 7+ > & *
Statistical Analysis System ( SAS Institute, Inc., 2000 ) #c %Y & 7 3t 4
17 > 12 ANOVA 2.5 it % B &~ 47 » & UERF X § %38 25% 2 p<0.05
Tl TIEEZ EEMLER o

42



Fri gsaitsh

gi‘J#&%@?*ﬂ:’*a *nzﬁéﬂ?w » A iR ‘,—»,ﬁ’t?%%n%&\ﬁﬁ— SR
A IR S R TR T A TR Tr A Sy

-~ —BEALMNH
(-) k&
FTHEGEE 5 F 0% 42 kA > SR s kA § RS 5~20%
(Breene, 1990) » igaf ik 3 e & 2 JRAE Lk F £9a & R F)
(% »2000) > - 5T LG kA ZE L 834% g M A X
(2003) A 45iizz B sE-kA § B (124%) 0 2 B 57 i Lk
3T ER A B ATR o
(=) ®AEkEF

AR RABKN S Kk Hird £ e40~70% (4 ' > 2004) 5
@ Chang {- Miles (1989)4; I s B -kt £ 2 2 9 ikiz £ 2
50.7~81.8% » A/ 5 S %k AT R KL £ TR S
73.75% (% - ) &2 b st % 4p 2 & 1 LB A% L (2003) A 457 2

1y

B (64.24%) - 2 R AERFTHAAZ FHEGFFMEG 2 PR E
FER5 284 (2015 Fiamt o A EFSAR 2RSS
HEF AR EPHER AN AR IR BEAAT

. vooA Lz bl ) RIS R
A G B EEE A ed o
E
N

L o
AR EERY L ERHI AR FRSL o - REHAL G
=
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FANES T8 LT § CEEE W R

Table 1. Proximate composition of Pleurotus eryngii fruiting body powder

Content? (%)

Component Pleurotus eryngii fruiting body powder
Moisture 8.34+0.14
Dry matter 91.66 £ 0.14
Carbohydrate® 73.75+0.28
Crude ash 6.24 + 0.02
Crude fat 1.69 £ 0.01
Crude protein 18.32 £+ 0.12

aEach value is expressed as mean £ SD (n=3) . Means with different letters
within a row are significantly different (p<0.05) .
®The carbohydrate was calculated by subtracting the contents of crude ash, fat

and protine from g/100 g of dry matter and expressed as % of dry mass.
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(z) R
A2 Pq ik e 3504 By (triglycerides) ~ &fg B~ A Gw Py~ M FIEE

5o~ Z GRS IoRR AR & (James, 1995) o & AFHEE R 5 E L0 T iE
P s R A {eig iAE Bl E (f 0 2007) o — AAFEE ALYy %‘r SRt
£1~8% =+ (k¥{o' & > 1997) 5 ¥ Chang {- Miles (1989) 7 4
AR R T RO E N 1122% AT BRE T LS
TR AR RN 1.69% (- ) B hikE%kAp s o et 3

2§ (2010) RE2 g £ (1.34%)

(I) #¥x
B0 FAGHIR S~ 2 - oom BEAAEZ b TRk - &

*IGEERCE (S B9 F 2 £ 9 1k 20~50% ( Chang & Hayes, 1978 ; 4 '
%3 5 2004) c AR HAT I ORARE S 18 AN BB 25
FRRIT A M2 e kAL (B 0 2009) o AT Ap I GHEY Ar g 2 B
FR>95i-%RFESN36R; aF* Gy T ERFIFHLIR
KEM o e B G E S ek~ 2 fed s (2 0 2004) - Mori &
(2008)F= % 7. » & — T R ATH 2 g iF Y g;.s 22 %ihd-v F; AR Y
HEBRAEGIIMICS Y b0 TR 95 1832% (1) %
(2010) *7ip|t92 11.18% » >+ & £ 4 (2003) 7P|z 27.3% - % % «
(2015) midn o fI* 2 R B AAT AL 2 EGF I A
Bvbl- 2o nE- AR ZABRR A FY FrERVE- KT
RARBRG VREF AN/ A R R0 T FR G4
dR TR T MR T RELRATI PN -

SN PEFIINUNLRAFALMTIZATAE R R
HEG S LE @, 2 #@4’?7? E BB B R

1%
o

[ >
= A

FrE 3 EPon S dE s FBEFE o 3R 20 e AR &

45



k) E R xﬁ—‘_h(Herrero et al., 2010; Ondruschka & Asghari, 2006; Wang
& Weller, 2006) » * H Sk 2 Az 5 A 5 P~Hi > P 0 R ILE* &8
R BER A TFELFERR L 2] &¢¢aﬁ§
PeLipe iF e TR

(-) HAFeiEegE
POk Fr Pz 2 g 2 i 5 e~ HB & (Dean, 2012) -

ﬁﬁ"iﬁ%&ﬁ%/%%d‘ﬂi - P r]/xi’l"“f\f'm_}ii# fggr] EBEH

EBRAAOERFTRARIBPBAF RS &P B RS
FREF AFERIE AP ARMAZIEH I FRF 2 BRHEi
600W ~ 20 ~ 4& ~ 1 40 g/mL > %’gs} Ko FR b R 4E T A R
R R AT 5B od Jl- ¥ Ay T3 W 5 B RE
B2 FAMmTFERE o v 1.243mglgdw (£ =) @ FBAHEY g
LR S ARTIEF R G 6 T o M bl 95%P 0 § &
FrFZ B~ 1 0.884 mg/g dw s P Eg 43N B oK S B3 A - Franzoni (2006)
Al g AETFE - RS ERY FOKBHELRAR > 7 BB E

B AP o TP 2 MOk 2 AL A E R w0 BRI L E R A

2. ZB# Xk
Maran % + (2015)45 ) % ik # F 4% 3 ?fgtiﬁ’»fﬁ@ e 3 pF
BN PIREPS2ZAE R R MR EERH SR E
% 5 30 448 Bt 5 1:40(g/mL) 4 ek # % (100 ~ 200 -
300 ~ 400 ~ 500 = 600 W) #+2 geig+ F Mk 2 & & i F| X2 2
Lo W= BRETEMASF L O00WE > 5 58 F EFIERE
My

L
B

v

ks
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1.4

1.2 - C C

1.0 1

0.8 -

0.6 -

0.4

Ergothioneine (mg/g dw)

0.2 -

0.0 T T T T T

0 25 50 75 95
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Bl- ~eBERHZIZHEGTI THEAF AMFRIEE GRE

Figure 1. Effect of ethanol concentration on yield of ergothioneine from
Pleurotus eryngii fruiting body powder

Each value is expressed as mean = SD (n=3)
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2o v mEARAHZIEEFIME AT EATEEE DR
Table 2. Effect of ethanol concentration on yield of ergothioneine from

Pleurotus eryngii fruiting body powder

Yield (mg/g dw) 2

Ethanol percentage (%)

0 1.243 + 0.012 A
25 1.177 = 0.009 C
50 1.158 + 0.014 C
75 1.209 + 0.013 B
95 0.884 + 0.001 D

aEach value is expressed as mean £ SD (n=3) . Means with different letters

within a row are significantly different (p<0.05) .
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1.8

— @
L

1.2 4

1.0

0.8 -

Ergothioneine (mg/g dw)

0.2 A

0.0 T T T T T T
100 200 300 400 500 600

Power (W)
Bl ~ Mk #3289 ME AT 4 RFFE DS

Figure 2. Effect of microwave power on yield of ergothioneine from Pleurotus
eryngii fruiting body powder

Each value is expressed as mean £ SD (n=3).
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1442 mglg dw (% =) 5 @ % ok # & 5 100-500 W p¥ » & & fi 7] 5 B~
£ 5 1.27-1.318 mg/g dw - P & i3t 600 W 2 B~ § - % % (2006) 4
MBEAEFREG AL FY > VM mep RS TS
(2013) #dp &y & A FRFIE G AEE ok AT R B M - €5 BB D
BRTE pHR LB kB & ¥ LAV ARG FB0 S 0 7
WA D KRR

AT HEY B3R\ EER 5 K 2 MR R L R
LR T R GBI A L K F AR KA R F R e

Mod# iR (Z700W) pFo FlR A @ AEALE S L EF

EPELGE S RAEED G RENMARESIT R ELF A F AR

FoRA L F s B2 MR (ZT00W) H# 2 ES R A
REEMFIFIR 2 P o w600 W i ok A 5o I

- - FFFEFH B BEEFF o

BRI FEAAL 2L FRF o ERERF L PR
AREZFERDRFBD RS A FEBEREE R P RERL 2
P~ g7 BRIEY A S PER LA 8 F 0 8- HEE
P42 32§ (Maranetal, 2015; Zeng et al., 2015) - ¥ 2 (2010)
iR d O A EPRERA A PRFF LIS IR BER -

Ty HRFLZERA O B KL 600W Higt 5 1
0437 b 5B (10203040450 A 48) %2 wig5 7 8
BRFLEMFAFEFEZ PR D B2 7 oFBEFR L 404050 » 48
PP F ARG BAF2 E Pk o BB 4w 5 1.256 2 1.252 mg/g
dw (%=z2):; 25 20430 455 B » H 5B~ A W) 5 1.229 2
1.253 mg/g dw ; F ik ZB-pERF (20-50 4 48) T A E R o FBopE
5 10 A~ 48pF »
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Table 3. The effect of micerowave extraction conditions on yield of
ergothioneine from Pleurotus eryngii fruiting body powder

Yield (mg/g dw) 2

Power (W)
100 1.270 + 0.058 B
200 1.262 + 0.031 B
300 1.329 + 0.070 B
400 1.301 + 0.003 B
500 1.318 + 0.008 B
600 1.442 + 0.159 A
Time (min)
10 1.202 + 0.007 B
20 1.229 + 0.002 AB
30 1.253 + 0.005 AB
40 1.256 + 0.015 A
50 1.252 + 0.004 A
Solid/liquid ratio (g/mL)
1:20 1.157 + 0.025 C
1:30 1.351 + 0.092 AB
1:40 1.403 + 0.067 A
1:50 1.210 + 0.032 C
1:60 1.268 + 0.049 BC
Temperature ('C)
70 1.225 + 0.004 B
80 1.231 + 0.004 B
90 1.226 + 0.034 B
100 1.323 + 0.021 A
110 1.246 + 0.003 B

aEach value is expressed as mean = SD (n=3) . Means with different letters
within a row are significantly different (p<0.05) .
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Figure 3. The effect of microwave extracted time on yield of ergothioneine
from Pleurotus eryngii fruiting body powder

Each value is expressed as mean £ SD (n=3).
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(=) mF AR5 1:30p #2558 %53 (1.351 mg/g dw) >
s ki EBFAR ot His 24800 6] (1:20-1:504-1: 60)
2 ¥ § A wl % 1157 ~ 1.210 4- 1.268 mg/g dw o F]pt 5 2 15 10 ER
51140 EFEEFFRIEEE -
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PPREREAE G MR RA AR N e 2 p g 0 e dif
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&
R
e
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SR L ER RN T8 £ SRR FES S AR TR

100CH » & 47 %3 53 ¥58 > @5 1.323mglgdw (2 =2) > P& 3
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Figure 4. The effect of solid/liquid ratio on yield of ergothioneine from
Pleurotus eryngii fruiting body powder

Each value is expressed as mean £ SD (n=3).
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Figure 5. The effect of microwave extracted temperature on yield of
ergothioneine from Pleurotus eryngii fruiting body powder

Each value is expressed as mean + SD (n=3)

55



FEL - - B RS N A XTI NE AL
FAFRT > FEst % L 600W -~ FERY L 40 AdE -~ B A 140 ol
B i 100C » 7 F B 2 558 o

(=) RIAFTFEHFR
R AFIPL LG EBPER R A4S 2 B T 2
Eopf o BRIVELRT AMETRTRE > VR RSES T2
B2 A MO EES BT 0 38 M 4o 5 Proc %k (Bendicho et al.,
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ZARFTAFEYE S HEAHFLI6A0W a2z c#HF %k
e EHE S T 2 (5 BA0W (T E B S T Y R E

i -

2. FBpEE
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Bk 2 FBR A H A BA0W e EHR M 5 1400 A B E B
B (151030140 »48) H2 @G+ 7P AT EmFISTERE 2
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Figure 6. Effect of ultrasound power on yield of ergothioneine from Pleurotus
eryngii fruiting body powder

Each value is expressed as mean = SD (n=3)
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Table 4. The effect of ultrasound extraction conditions on yield of
ergothioneine from Pleurotus eryngii fruiting body powder

Yield (mg/g dry weight) 2

Power (W)
256 1.224 + 0.034 D
384 1.283 + 0.030 C
512 1.315 £ 0.021 B
640 1.379 + 0.008 A
Time (min)

1.242 + 0.014 C
5 1.280 + 0.010 B
10 1.347 + 0.029 A
30 1.379 + 0.008 A
40 1.373 + 0.023 A

Solid/liquid ratio (g/mL)
1:10 1.165 + 0.026 C
1:20 1249 + 0.019 B
1:30 1.349 + 0.050 A
1:40 1331 £+ 0.041 A
Temperature ('C)

30 1.349 + 0.049 A
50 1.327 + 0.036 A
70 1.386 + 0.034 A

aEach value is expressed as mean £ SD (n=3) . Means with different letters
within a row are significantly different (p<0.05) .
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Figure 7. The effect of ultrasound extracted time on yield of ergothioneine from
Pleurotus eryngii fruiting body powder

Each value is expressed as mean = SD (n=3)
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Figure 8. The effect of solid/liquid ratio on yield of ergothioneine from
Pleurotus eryngii fruiting body powder

Each value is expressed as mean = SD (n=3)
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Figure 9. The effect of ultrasound extracted temperature on yield of
ergothioneine from Pleurotus eryngii fruiting body powder

Each value is expressed as mean + SD (n=3)
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FRREFARE P EADERE EATIREIPE 2 ML 24
REBGER s R2FREaMEIs R Rod 2T 570 A d 4
FRFIE PR3 0 0 UL F B2 2 d & F] 5B (1.639 mg/g
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*(2015) % 4p 1 At XL S A 00 S A FH W T g
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Boa N RARETOCH  MFFEEP AN« AP LARF R
R 2B R 30C A HKE MOLER S 2 Y 28R 5 100T -
ﬁ?ﬁﬂﬁ§@$&@%ﬁ’ﬁ$§y§13§o

EREFEFPFE G 0 MR FAFE S 2 EREEE AR
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Table 5. Content of ergothioneine, adenosine, total phenols and polysaccharide in microwave, ultrasound, hot water and ethanol extract from

Pleurotus eryngii fruiting body powder

Content?® (mg/g dw)

MEP® UEP ¢ HWEP ¢ EEP®
Ergothioneine 1.639 + 0.693A 1.349 + 0.049B 1332 + 0.070B 0.195 + 0.009C
Adenosine 0.940 + 0.038B 3.742 + 0.168A 0994 + 0.012B 0.135 + 0.011C
Total phenols 0.214 + 0.003C 0.300 + 0.002A 0.221 + 0.005B 0.122 + 0.002D
Polysaccharide 304.434 + 17.006 B 445130 + 0.690 A 223.885 * 18.378 C 0.294 + 0.027D

2Each value is expressed as mean = SD (n=3) . Means with different letters within a row are significantly different (p<0.05) .
b Microwave extract of Pleurotus eryngii fruiting body powder.

¢ Ultrasound extract of Pleurotus eryngii fruiting body powder.

d Hot water extract of Pleurotus eryngii fruiting body powder.

¢ Ethanol extract of Pleurotus eryngii fruiting body powder.
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Table 6. Retention times of standards with different molecular weights by gel

permeation chromatography

Molecular weight (Da) Retention time (min) Log M.W.2
6000 8.030 3.78
10000 7.913 4.00
21700 7.723 4.34
47300 7.463 4.67
113000 7.100 5.05
210000 6.737 5.32
366000 6.313 5.56
805000 5.880 5.91

2 Log molecular weight.
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Figure 10. Chromatograms of microwave (A) and ultrasound (B) extract from
Pleurotus eryngii fruiting body powder by gel permeation

chromatography
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Table 7. Estimation of molecular weights of polysaccharides from microwave,
ultrasound, hot water and ethanol extract Pleurotus eryngii fruiting body

powder by gel permeation chromatography

Retention time (min) Molecular weight (Da)

MEP? 6.89 1.22x10°
8.50 3.06x10°

UEP® 7.12 7.09x10%
8.56 2.65x103

HWEP € 7.28 4.96x10*
8.54 2.81x10°

EEP ¢ 9.35 4.39x10?
9.84 1.43x10?

2 Microwave extract of Pleurotus eryngii fruiting body powder.
b Ultrasound extract of Pleurotus eryngii fruiting body powder.
¢ Hot water extract of Pleurotus eryngii fruiting body powder.

d Ethanol extract of Pleurotus eryngii fruiting body powder.
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Figure 11. Chromatograms of hot water (A) and ethanol (B) extract from

Pleurotus eryngii fruiting body powder by gel permeation

chromatography
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Figure 12. HPLC chromatograms of Pleurotus eryngii fruiting body powder
extract obstained by microwave extraction (A) and microwave

extraction /HyperClone® column purification (B)
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Table 9. Ergothioneine purity and yields of the different steps from Pleurotus eryngii fruiting body powder

Ergothioneine
Dry weight (g) Value (mL) (mg/g or mg/mL) Ergothioneine (mg) Purity (%)  Yield (%)

Microwave extraction 20.018 1.64 32.803 24.48 100
Ethanol precipitation 1000 32.32 32.316 25.46 98.51
HyperClone® column purification 83.3 0.46 9.204 99.7 28.06
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Intens. 20160531-C9H15N3025-5TD2.d: +MS, 1.4-2.0min #81-119 Intens. 20160531-other lab sample-1.d: +MS, 2.6-2.8min #158-168
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Figure 13. Q-TOF/MS spectrum of ergothioneine standard (A) and purification (B)
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Table 9. Extraction yield of microwave, ultrasound, hot water and ethanol

extracts from Pleurotus eryngii fruiting body powder

Extraction (%) 2

MEP P 49.70 + 2.87B
UEP ¢ 59.82 + 0.43A
HWEP ¢ 3856 + 0.62C
EEP® 10.56 + 0.36 D

a Each value is expressed as mean + SD (n=4). Means with different letters
within a row are significantly different (p<0.05).

b Microwave extract of Pleurotus eryngii fruiting body powder.

¢ Ultrasound extract of Pleurotus eryngii fruiting body powder.

d Hot water extract of Pleurotus eryngii fruiting body powder.

¢ Ethanol extract of Pleurotus eryngii fruiting body powder.
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Figure 14. Scavenging ability of microwave, ultrasound, hot water and ethanol
extracts from Pleurotus eryngii fruiting body powder and purified
ergothioneine on 1,1-diph enyl-2-picrylhydrazyl radicals.

Each value is expressed mean = SD (n=3).
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Table 10. Scavenging ability of microwave, ultrasound, hot water and ethanol extracts from Pleurotus eryngii fruiting body powder and purified

ergothioneine on 1,1-diph enyl-2-picrylhydrazyl radicals.

Scavenging ability (%) 2

Amount
(mg/mL) Ascorbic acid a-tocopherol BHA Ergothioneine MEP ° UEP ¢ HWEP ¢ EEP®

01 7844+084C 9335 £1.03B 91.29+ 0.75A 6936+ 0.86D 48.35+ 0.06 F 5252 + 0.59E 52,70+ 0.77E 3510+ 0.39G
05 7869+ 162B 93.60 £ 0.49A 9216+ 0.71 A 7594+ 045C 59.33+ 1.23E 5855 + 197E 6151+ 150D 4422+ 0.63F
1 8170+ 1.42B 93.73 £ 0.78 A 9360+ 0.81A 7870+ 064C 7031+ 045E 7046 £ 0.75E 7173+ 060D 66.03%+ 0.65F
5 82.89+ 1.98C 7442 £ 0.66 A 94.73 + 0.67 A 7471+ 1.02D 7438 £ 041D 7466+ 080D 8515+ 2.14B
10 8433+ 114D 9586 £ 091B 99.87 £ 0.28 A 7780 215E 7561 + 1.23F 7933+ 1.37E 8755+ 0.07C
20 8433+ 092D 96.24 £ 0.99B 100.00+ 0.32 A 8058+ 200E 78.21 £+ 0.30F 80.83+ 1.09E 90.33+x0.94C

2 Each value is expressed as mean £ SD (n=3). Means with different letters within a row are significantly different (P<0.05).

b Microwave extract of Pleurotus eryngii fruiting body powder.

¢ Ultrasound extract of Pleurotus eryngii fruiting body powder.

d Hot water extract of Pleurotus eryngii fruiting body powder.

¢ Ethanol extract of Pleurotus eryngii fruiting body powder.
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Figure 15. Reducing power of microwave, ultrasound, hot water and ethanol
extracts from Pleurotus eryngii fruiting body powder and purified
ergothioneine

Each value is expressed mean = SD (n=3).
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Table 11. Reducing power of microwave, ultrasound, hot water and ethanol extracts from Pleurotus eryngii fruiting body powder and

ergothioneine purified

Reducing power (Absorbance at 700 nm) 2

Amount
(mg/mL ) Ascorbic acid o-tocopherol BHA Ergothioneine MEP ° UEP ¢ HWEP ¢ EEP®
0.1 0.80+0.01B 0.93+0.01 A 0.77 x0.01C 0.32 x0.01G 0.45 z0.01F 0.46 z0.01E 0.55 0.01D 029 £ 0.01H
05 083+£0.01C 0.94£0.01 A 0.86 +0.01B 059 x0.01F 0.72 +£0.05D 0.68 +0.01E 0.67 x0.01E 036 +0.01G
1 086+£001C 0.98£0.01 A 091 +0.01B 0.77 x0.01E 0.80 +£0.01D 0.87 x0.05C 0.79 +0.01DE 041 = 001F
5 088z 001E 1.01£0.01 A 0.95 x0.01B 091 z0.01C 0.91 x0.01D 0.91 0.01D 048 £ 0.01F
10 092+ 0.01C 1.06£0.01 A 0.96 x0.01B 0.92 0.01C 0.92 0.01C 0.92 x0.01C 056 £0.01D
20 095% 0.01E 1.16£0.01 A 1.07 +0.02B 1.03 x0.01D 1.03 x0.01D 1.04 +0.01C 062 + 0.01F

2 Each value is expressed as mean + SD (n=3). Means with different letters within a row are significantly different (P<0.05).

b Microwave extract of Pleurotus eryngii fruiting body powder.

¢ Ultrasound extract of Pleurotus eryngii fruiting body powder.

d Hot water extract of Pleurotus eryngii fruiting body powder.

¢ Ethanol extract of Pleurotus eryngii fruiting body powder.
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Figure 16. Chelating ability of microwave, ultrasound, hot water and ethanol
extracts from Pleurotus eryngii fruiting body powder and purified
ergothioneine on ferrous ions
Each value is expressed mean = SD (n=3).
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Table 12. Chelating ability of microwave, ultrasound, hot water and ethanol extracts from Pleurotus eryngii fruiting body powder and purified

ergothioneine on ferrous ions

& #

Chelating ability (%) 2

Amount
(mg/mL) Citric acid EDTA Ergothioneine MEP ® UEP ¢ HWEP ¢ EEP®
0.1 40.00 £142C 93.33 +0.82A 68.13£0.56B 28.06 £ 0.55E 32.26+ 0.54 D 28.07 £ 0.10 E 11.80 £ 0.22F
05 43.80 £ 218E 97.14 +1.74B 69.32+£ 0.35B 46.73 £ 0.67D 61.67+ 051 C 39.36 + 047 F 3852 +047G
1 5476 £164E 97.61 £+ 0.82A 70.08£ 0.54D 77.98 +0.58B 73.35+ 0.44 C 70.34 £ 0.30D 41.04 £ 0.34F
5 5619 +164F 98.09 + 1.64 A 80.55 £+ 058C 75.94+ 0.35E 7710 £0.11D 82.64 +£0.72B
10 7333 £218F 99.04 £ 0.82 A 82.72 +0.18C 76.85= 0.64 E 80.59 £ 042D 84.32 +0.39B
20 76.19 +0.82E 99.52 £ 0.82 A 83.97 £0.63C 77.04+ 0.16 D 85.89 + 0.22C 88.15 + 0.66 B

2 Each value is expressed as mean + SD (n=3). Means with different letters within a row are significantly different (P<0.05).

b Microwave extract of Pleurotus eryngii fruiting body powder.

¢ Ultrasound extract of Pleurotus eryngii fruiting body powder.

d Hot water extract of Pleurotus eryngii fruiting body powder.

¢ Ethanol extract of Pleurotus eryngii fruiting body powder.
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Table 13. ECso value of microwave, ultrasound, hot water and ethanol extracts from Pleurotus eryngii fruiting body powder and purified

ergothioneine in antioxidant properties

ECso value (extract mg/mL) 2

Ergothioneine MEP ¢ UEP ¢ HWEP ¢ EEPT
Scavenging ability on DPPH radicals 0.07 £0.01C 0.16 £ 0.01B 0.10x 0.01C 0.09+ 0.01C 0.63x 0.01A
Reducing power 0.37 £0.01B 0.17 £ 0.01BC 0.17+ 0.01BC 0.09+ 0.01C 8.02+ 0.25A
Chelating ability on ferrous ions 0.07 £0.01E 055+ 001C 034+ 001D 0.67+ 0.01B 1.86x 0.03A

2 Each value is expressed as mean + SD (n=3). Means with different letters within a row are significantly different (P<0.05).

b ECso value: the effective concentration at which the absorbance was 0.5 for reducing power; 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals were
scavenged by 50%; and freeous ions were chelated by 50%, respectively. ECso value was obtained by interpolation from linear regression
analysis.

¢ Microwave extract of Pleurotus eryngii fruiting body powder.

d Ultrasound extract of Pleurotus eryngii fruiting body powder.

¢ Hot water extract of Pleurotus eryngii fruiting body powder.

" Ethanol extract of Pleurotus eryngii fruiting body powder.
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Table 14. Trolox equivalent antioxidant capacity (TEAC) of microwave,
ultrasound, hot water and ethanol extracts from Pleurotus eryngii

fruiting body powder

TEAC (umole Trolox/g powder) 2

MEP P 14266 + 0.06C
UEP°® 14497 + 0.02C
HWEP ¢ 188.64 + 0.02B
EEP® 758.73 * 0.09A

2 Each value is expressed as mean = SD (n=3). Means with different letters
within a row are significantly different (P<0.05).

b Microwave extract of Pleurotus eryngii fruiting body powder.

¢ Ultrasound extract of Pleurotus eryngii fruiting body powder.

d Hot water extract of Pleurotus eryngii fruiting body powder.

¢ Ethanol extract of Pleurotus eryngii fruiting body powder.
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Table 15. Correlation between functional contents and antioxidant assays

Scavenging ability on DPPH radicals Reducing power Chelating ability on ferrous ions TEAC

Ergothioneine 0.889 0.923 0.965 -0.951
Adenosine 0.587 0.548 0.699 -0.580
Total phenols 0.817 0.805 0.908 -0.833
Polysaccharide 0.726 0.722 0.850 -0.761
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