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Abstract

Microwave-assisted extraction (MAE) and ultrasound-assisted extraction (UAE)
are new extraction technology that has been widely used in food chemistry and
medicine in recent years. Compared to conventional extraction, MAE and UAE have
many advantages, such as less solvent consumption, shorter extraction time and higher
extraction rate. Ergothioneine is a sulfur-containing amino acid that has antioxidant,
anti-inflammatory and anti-hyperlipidemic effects; it is present throughout the plant and
animal tissues, cannot be synthesized by humans and only available from dietary
sources. Since some researchers discovered higher content of ergothioneine in
Pleurotus citrinopileatus; this study is about using microwave and ultrasound-assisted
extraction of ergothioneine by one-factor-at-a-time and response surface methodology
(RSM) to investigate the optimum extraction conditions and purified of ergothioneine.
In addition, test the antioxidant capacity by using ergothioneine standard and
microwave, ultrasound assisted extraction and hot water extract.

The result in one-factor-at-a-time showed that microwave-assisted optimum
extraction conditions of ergothioneine microwave power was 500 W, extraction time
was 30 min and solid to liquid was 1:30; ultrasound-assisted optimum extraction
conditions of ergothioneine extraction time was 40 min, ultrasound power was 75 W
and solid to liquid was 1:30. Another result in RSM was focus on the main active
components of Pleurotus citrinopileatus, which was ergothioneine, the optimum
extraction conditions of MAE microwave power was 552 W, extraction time was 29
min and solid to liquid was 1:31; UAE extraction time was 47 min, ultrasound power
was 74 W and solid to liquid was 1:20, which the predict value and the experimental
value (n=4) respectively were 1.92 mg/g dw, 1.92 mg/g dw and 1.53 mg/g dw, 1.50
mg/g dw, no significant differences, the ergothioneine equation was valid. From these

results, it was found that the MAE of ergothioneine extraction was superior to UAE.



On the antioxidant acticity of microwave-assisted extraction extracts from
Pleurotus citrinopileatus fruiting body powder (MEP), ultrasound-assisted extraction
extracts from Pleurotus citrinopileatus fruiting body powder (UEP) and hot extracts
from Pleurotus citrinopileatus fruiting body powder (HWEP). As the concentration was
5 mg/mL, the scavengling ability of DPPH radicals were 82.43, 83.93 and 81.39%; the
chelating ability on ferrous ions were 82.80, 72.47 and 72.26%; the reducing power
were 0.57, 0.56 and 0.41, and the scavenging ability on ABTS" radicals were 71.16,
86.66 and 84.66%. According to ECso value, MEP has good antioxidant properties on
scavegling DPPH radicals and reducing power ability; UEP was more efficient than
MEP and HWEP on scavenging ability of ABTS" radicals. Moreover, the chelating
ability on ferrous ions, HWEP was the best.

MEP, which had most ergothioneine content, was further separated successively
by tangential flow filtration (TFF) and Intersil™ Diol column to obtain higher purify
ergothioneine. The purity of ergothioneine in MEP was 24.48%, after tangential flow
filtration, the purity was 29.03%. In Intersil™ Diol column step, the purify of
ergothioneine was 83.25%, recovery was 65.72%. The results show that using LTQ
Orbitrap/MS examination purified compound in MEP is ergothioneine.

In conclusion, high content of ergothioneine can obtained by MAE of
Pleurotus citrinopileatus dried fruiting body powder. Next, with TFF and IntersilTM
Diol column, we can get high purity ergothioneine purified product. Therefore, the new
extraction technology can not only reduce time but also can prepare functional purified
substances with high purity, which used for the development and application of

functional components of mushrooms in the future.

Key words: Pleurotus citrinopileatus, ergothioneine, optimization, antioxidant activities

microwave-assisted extraction, response surface methodology
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Referred figure 1. Structure of ergothioneine (Schultz, 2017)
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-(b) (¢) (d) #t7= (Carlsson, Kierstan & Brocklehurst, 1974) -
) $E&mTFIaH 2 55 1R
% & 7 %] (Ergothioneine ; 2-mercaptohistidine trimethylbetaine) & - & % X
ik R R F A 2Lt B ETrA BB F Y 252 (Akanmu et al,
1991) o izt 4 4= & X end & FF] o g%’gd FEE BRI HFHFE AN > N
Sifrd ¢ BIEL 41T (Melville, 1959) -

AAR L i TR TRE R Y B E ATk RAPHERS
HERFE 1-2mM (Leeetal,2009) & & T ad =48 & 24 & & (Cheung
etal,2016) > Wit d &3 k&% & (Dubosteral,2007) FZ o ? @1z end & fr
T3 EA4ctitd - #77 ; ¥ Kalaras & 4 (2017) 4% L a & G+ 9 4
FFZREEALA T SR o o HY NETERIASIFHE LTS E A
% 5 3.94 (mg/g d.w.) ot ?t > Dubost 7~ &> faigsp+ F M T 7 £ (7

At BEERAGE IR 7 B 2 & 507 (Dubosteral, 2007) (& =) -
(E) $ il“'ﬂ /\:‘H

§ &R TR W S S MAR L F AR U 1 pu
KRG T e BARE FEA G I L LES S AT
1. 7§ ivi%
(1) §d ARERFT/F 4712 3 i
ARER T 2 7St F Y F (Reactive oxygen species, ROS) % & {4 § 4 F
(Reactive nitrogen species, RNS) 1 & ¢ 3255 d & (HO*) -~ 8% it (ROO¢) ~
5 d (H0) - %5 pd & (NO )~ iEF LR (ONOO-) 2 - §
“§ pd & (NO») % (Valko efal.,2006) (42 ) -
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Referred table 1. Ergothioneine concentration in selected foods

(Ey et al., 2007)

Food groups with selected food items

Ergothioneine

(mg/kg wet weight or mg/L)

King bolete (Boletus edulis)

Mushrooms

Oyster mushroom (Pleurotus ostreatus)

Portabella mushroom

(Agaricus bisporus, brown strain)

Button mushroom

(Agaricus bisporus, white strain)

Chicken (liver)

Pork (liver)

Pork (kidney)

Pork (loin fillet)

Beef (loin steak)

Lamb (loin fillet)
Chicken (breast)

Ham

Blood sausage (from pork)
Liver sausage (from pork)
Salami (from pork)

Aspic (from pork)

Meats and sausages

528.14
118.91

0.93

0.46

10.78
8.71
7.66
1.68
1.33
1.20
1.15
1.12
1.08
1.03
0.51
0.46




h- PR AR gt AT R ()
Referred table 1. Ergothioneine concentration in selected foods (continued)

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

Grains and Grain products

Oat bran 4.41
Pumpkin seed 1.49
Wheat bran 0.84
Wheat germ 0.63
Whole grain wheat bread 0.53
Whole grain rye bread 0.47
Brown rice 0.04

Wheat flour (refined), rye flour (refined),

barley flour(refined), rye bread, white bread,

cornmeal (refined), oatmeal (refined), peanut, b.l.d.
durum wheat, sorghum, white rice, walnut, biscuit,

chestnut, coconut, hazlenut

Vegetables and 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,

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

cabbage turnip,horseradish, white and green asparagus,

cauliflower, Brussel,sprouts, eggplant, lettuce, soja beans, b.1d.
capers (canned), parsley, apple, pear, apricot, plum,

orange, lemon,lime, grapefruit, red and white grape,banana

b.l.d., below limit of detection

10
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Referred table 2. Contents of Ergothioneine in fruiting bodies of edible and

medicinal mushrooms (Kalaras et al., 2017)

Sample n Ergothioneine (mg/g d.w.)
Agaricus bisporus
White Button 22 0.41+0.18
Crimini 3 0.47+0.16
Portabella 1 0.15
Pleutotus ostreatus 5 1.21 +£0.25
Gray Oyster
Pleutotus citrinopileatus 1 3.94
Yellow Oyster
Lentinula edodes 3 0.92 +0.29
Shiitake
Grifola Frondosa 3 1.11+0.49
Maitake
Ganoderma lucidum 1 0.56
Reishi
Hericium erinaceus 2 1.12+0.12
Pom Pom
Agrocybe aegerita 1 2.56
Pioppini
Cantharellus cibarius 1 0.20
Chanterelle
Boletus edulis 1 7.27
Porcini
Morchella esculenta 1 0.47

Morel

*n denotes replicates from separate crops.

11
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Referred table 3. The average concentration of ergothioneine in fruiting bodies of
six mushrooms (Dubost, Beelman et al., 2007)

mg/g dw of
Sample type . Moisture (%) mg ERG/serVingb
ergothioneine
White button 021+0.01" 92 1.4
Portabella 0.45 + ()_()3A 93 2.7
Crimini 0.40 + ()_03A 91 3.1
Maitake 1.13 + o_osB 83 16.3
Shiitake 1.98 + 0_11C 88 20.2
Oyster 2.50 + ()_18D 88 264

2 Mean mg/g dry weight (dw) + standard deviation for three samples tested from
one crop followed by different capital letters differ significantly (p = 0.05,
Tukey’s method).

b Serving size from USDA National Nutrient Database for standard reference for
fresh mushrooms (85 g)

12



A s AR ERF P F (ROS) 2 EEF & F (RNS)
Referred table 4. Main reactive oxygen (ROS) and nitrogen (RNS)
species (Di Meo et al., 2016)

0, Superoxide anion
OH Hydroxyl
Radicals
NO ' Nitric oxide
NO, : Nitrogen dioxide
HO, hydrogen peroxide
Nonradicals HOCI1 Hypochlorous acid
0COO Peroxynitrite

13



Th s em T g E A (o4 2k, GSH) 4pf s 2
g i3 end ",ﬁ% ¥ i5 ¥ (Singlet oxygen > '02) it 4 (Rougee ef al, 1988) -
Franzoni 45 ) ' F h Tz pd 2 (HOe) ~ % i Ta'pe® (ONOO -) 2
= % o (HOCI) erdg 4 58] o g #b > & & gr %)% 8 = & fh 2455 ﬂ/%r;:‘f;nj s T
B al-idv fF 0 L X T & e a4 % (Franzoni et al., 2006) -
Arduini % 4 (1990) 4, 91 Bdb s 5 B PFE - MF el Bod FALF 3
Bt 0 B FENDR EERwEFG T AT RFER TR

Bifh

S R (f Fe'T) § SRR (F FT) e

“\’—k
S

£ /I % (Arduini, Eddy & Hochstein, 1990)  Poter & 4 (2013) 7= 45 1

2

EEFT R F AR ARy R AL BRI ST bR

¥

B EF R RSB EMES AL 2 F9  (ferryl myoglobin, 7 Fe'™) >
M AR v PR T o lgF W ITH DT B E RIS R 1 B o
Q) K& &%

Friphiadbict @Ry 278228 407 ¥ L rdps dr
#]#F + hE 4 (Mann & Leone, 1953)c ¥ P 3 # I 4 i F]¥ fr= & £ 15
T (¢ 3 Cu?t ~Hg? ~ Zn?" ~ Cd*>" ~ Co?" ~ Fe?" ~ Ni*") 25235 &4 » H ¢
e AT SR £ BB YT A & (Motohashi, Mori &
Sugiura, 1976)-Ye & 4 (2012) 45 izt & Bdg+ I p € &2 & & T)iv
L £, @ R RiE M9 Brgothioneine-Cu 4§ & 47 » § 24201 o H %0
ROS e4) = » ¥ i DNA frd-v B> X = Bar3g+ 53 - 3 1o ¥
Feh§ A G o

P e

NF-kB (nuclear factor kappa-light-chain-enhancer of activated B cells) &_

FLF AT f&E LR NS T > F e £ D] kL pE > e Y

7 NF-xB R &% IkB #rd| > ¢ 482 k> B RF LR - F 1t 2 NF«B
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g mie > AP HF T ATFIEEEE AR AL FUF R we k- H
MOERMEE A A UE R ek DIEBRE 4 A 0 NFxB - B4
FiRE & 2.4 ¢ (Valko eral, 2006) °
Colognato % + (2006) 7= 3 & $ & £ 7] ¥ #r4] H,02 fv TNF-a 3% %
NF-kB 2 & it ; ¥ HyO2fr TNF-o ¢ 3 4c IL-8 (Interleukin-8, v x 3 /i % -8)
G s E O § & F T kTR ASE ASA9 cell (e b A ) 0 ¥ drd] IL-8
B Br d ARTIE G g LiER o
RE A3
T F AR e (w2 AR o) FF3W BT 5k
RSt € DNA~ 30 Hior £ 313§ 0 £ 8 8w 5 o S 3hs &
B MV o ¥Rk %X (photoaging) % & &M% (photocarcinogenesis) )%
4 (Svobodova, Walterova & Vostalova, 2006) ¢ % ¢k & #7:¢ = 2 4 i 1 & §_7F]
¥ bk (ultraviolet) frimfe p &+ A4p 3 (8% »Em A 4 X Z gt d o
i $ & £ F)T TR o A B (WL:280 nm ~400 nm) P sk
PEBEP R RFE O G frwe = £ 5 REIE* (Botta et al,
2008) - Markova % 4 (2009) F]* = H i gt % b & (ssUV, solar simulating
UV) 7w REER > SEFRELAFIVHIEE VG A7 Fev g
5O ARUPR b mie 32 (T DNA B4 0 &7 1T 52 A B 4F VP IRk Aihe A o
YRy
Fidpd $ &5 F7 ' WAk A F VCAM-1 (vascular cell adhesion
molecule-1, w ¢ w?® Zkif & + -1)~ICAM-1 (intercellular adhesion molecule-1,
‘e AR A F-1) 2 E-selectin (E-3 & %) h& > THrd|H 1 wmre 22 p
RenZ2 & §F NF AL €FFAMTFF AL > Eap Lo 235
R pHCEL P FRE BEFRE L A ﬁfﬁ%} & A 4 (Martin, 2010);
%imﬂ?%@%wﬁéim’ﬁ?ﬁWMigﬁﬁo

15



4, wEH
Guijarro ¥ 4 (2002) 72§ % RARE 4= 2 ¥ B 55 <Af 4 § 415
Tk HA G E R B R iea MR ed A S e YR RS A
Fi FI¥ R0 < B “gﬁ,gﬁ%’ﬁv’?é (pheochromocytoma 12 cell, PC12 cell) % |
AB# i T k= f2 R i&a REAH 5w (Jang etal., 2004) - y* ¢ »
P ARF ) Rk > & a8 ¢ £ TV RS BGY MDA %

3

b

\wb b
—J

IF R Av k4 PR/ F 1Y A sk 4 X (glutathione/glutatione disulfide,
GSH/GSSG) & 2 SOD #+4+ (Yangetal., 2012) -
Cheah %2 Halliwell 32 & & FrFI AN 2. F 50 &£ ¢ 2 (5% oW e 97
T ERETIRREMF SN A R RFEH P ARG R
L T gl HoOx fr TNF-a o $50 NF-kB & it > '8 14 IL-8 i 3
¥R E ST ch A > "E M caspase-9 (- 30 fR-0) B R o S A dmBe h
Bt bk ERF] T R MLB o i 2 48 5 > 4o @ B cisplatin 142
2 A o % 2 R Bramyloid (B- A5 Bk B-d ) BOE 2 TSR R IR WA
o s 4 % % (Cheah & Halliwell, 2012) -
(T) $ & e Fenier B4
Pt & &g T2 (B 84 > Kerley ¥ 4 (2017) 325 ¥ e 7 71
5475 e WI Ao
. e:f:ri“fféﬁ FrE S AT ﬁ“/rfﬁ‘ FU P cip b » 5 o dozg Aop
4% (COH)~ %4 (HOCI)~ 65 LA B (ONOO-) frifi i 3vic 3
vt A o ¥ ¥ 2k DNA R § frimie = > ;ﬁ'—% FE R4 AT

2. B R ARBRIEL I FAMTAVE S R ARBRET St B
AR BAE R AARMRY 53 B R hE &R F) 0 T arH] CulT
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antioxidant redox-active L o o
bivalent cations UV radiation y-radiaton  anti-inflammatory

O (chelation of Cu™‘/Fe*)

OCTN1
| (SLC22A4)

TNFa
ONOO

HOCI

ferryl-hemoglobin «scavenge

p38 MAPK hibition of .

JNK

% neuroprotectivé‘>

mitochondrial against

DNA damage rheumatoid
ischemia-reperfusion arthritis Crohn's
damage 2 i disease
in vitro HIV NMDA Pamyleid
transcription cisplatin disease

Rl ~ FATFIP LT A 2 4pT (BN
Eadng Aeniey uF AT R UAET LT RHPETY NET L7 R DEAR
T % 4p B

Referred figure 4. Possible roles and interactions of EGT in vivo; Functional roles as an antioxidant are highlighted

in yellow, anti-inflammatory agent in green, protectant against radiation in blue and roles in
disease in orange (Cheah & Halliwell, 2012)
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Apoptosis ERG—» (5) Cell proliferation? T Cytokine
* Inhibition of p38 MAPK Production
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~
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TRIT - & AR FeniTt 4] (Kerley er al., 2017)
Ble kg & &7 (1) 2 a’%/ﬁt"f FEEFTQ - EBERIES; Q) 2 B/E iy i (4)
BTk b S dg e (5) dmte i3 4R fosd e
Referred figure 5. Proposed mechanism of action of ergothioneine. Evidence supports a role for ergothioneine in (1) direct
scavenging of reactive oxygen species; (2) divalent metal cation chelation; (3) upregulation/activation of
antioxidant pathways;(4) absorption of ultraviolet-radiation and (5) cellular repair and proliferation



e /R ELGE 2B PR o B B oSS A
EFE THRMERT TR F A Tk e AR
TREEMRY PR P ARTIE SRR FREL B T e
& E Y > ¢ 3£ Nrf2 ~ Hsp70 ~ 423 it L it fis (SOD) ~ GSH & ki v fv
WHE CAPEFE o ApE R P RS AT AJE > FIAF CpEE-
NADPH § i f5 5 3 "% (I % o
4. BofTd ARG ST T § AR TV TR P AR R ek o I T A
BLPsemAHUVFEDEGfome k- L5 REFT o §F K GE3H
hafg bt & B b > & FRF]F 'E 1L caspase-9 AL E HE 4 lmFe T3

o

L

s
5. mr B IeRA D F AT A BRI A TAPSFEL S
Nakamura % + (2007) 45 4 > % K562 (¥ s 5w tR) ¥ ¢ § & 5 FIR
RERP . EHFE meind £ 5 (TERLFEMTRLL2L o > §
Frflinse ok Famre B2 A4 o S0 $ S AT Y pIS-MAPK B

Tz gl o KEE ik HoOodh Himoe /b= o JU BT § S8 L et = o

3\%g$&gWﬁg

o

%P~ (extraction) Adp 1% i3 F B4k 50 B o5 N2 H3 7

EPE e RS E R L BAS e RACE LA WE B E
‘N)%Fr'\'—:" *ﬁﬂb/ /n\“%%.?;- o ]Q /um—rB"J}i/{ﬁTG i‘:""i":‘? i% 3_2 N

RERA R EAS S SR TR RE DT oRS

RN

B R0 R B EBoRF R 0 2 g H e S & B 22 b G

M

(Luque de Castro & Garcia Ayuso, 1998) o 17 & % » &Ik 3 @i% bdnep 2 &

b

FAR R A P o L RATH R P AR E R

>

SR FTHAE PR R R SRR R S AR
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8. (Wang & Weller, 2000) > & 4% fic ik & 2% 5 P~ (microwave-assisted
extraction, MAE) ~ 42 § /& #f 2* 5 P~ (ultrasound-assisted extraction, UAE) ~ 42
% & % %8 % B~ (supercritical fluid extraction, SFE) - 4¢ /& % 48 3 B~
(pressurized liquid extraction, PLE) % - Eskilsson % Bjérklund (2000) ' $2
R S T s T RNy T S TR e
MU R R AT T 2 i B R AT e R R A R
(- ) H&ik 3 Bt 5B~ (microwave-assisted extraction, MAE)
1 v £ 2 B+
P gif 25 Z PP e 1991 E AL A M b 2 FP 0 2 () F1 AR

BB 2 1 ERH e B o g phive BB AL 0 £ Y LB
B4 SRR AT ER G gt AR ERARE G A AR 0

LA of R4 TR B S G VSR R (Eskilsson & Bjorklund,
2000) -
2. 3 R foie 8
Mgk & - Rt o S A 03 1 300 GHz 22 & (Kaufmann &
Christen, 2002) > = 7 WAL FHAEMT LG > R fr1 FHA 2ZIFFEF 5
245GHz- ik &3 LRFE > T frdq oyt £ 8 :ﬁ%gé@%+ﬁ_
A BES BFIA S B R ko 18R A TR R e TR R S
7 BEE (RASNd RHFFE)  FRANEENE THE KRR L3
BB XD AEEY > e TH e BRRETALEE FA T D
Fid R MR EARI A F Y o 2 g kg B 2F - (Onuska & Terry,
1995) -
TR A R K BAR S o Ao F T AR P (Jassie ef al., 1997) o Fpt 5 B2 18
MG BET S B HARE TR 2 s o Mol p RS S
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& T o~ 8. «u‘fraﬁ‘" S-S o L o8
Referred table 5: Comparison of traditional and recent extraction techniques (Eskilsson & Bjorklund, 2000)

FB i
RONE B APl E R AR TRl A 5 B B i B 5B ZE AT
fEfid #HHREENIABER  AFPFFEYAAE BREEOFRIEIL OMRSE>RFZE Rt~ 73
BEEYERYE RRESTRA T YRR MRS P i Bl BAI BY X
CEBE B EE PR A FE A 150-450 bars B A C40-150 3 A BovATY ki
RS AASE  BH D) Y C) thz § LR B # ¢
FEF Ao e B gAY
ISR SRR
i AR
S IS 58 3 % g i,
. &TER c BT SEE - FEBERp - PEIFIERER . FIEEE
B2 ‘s o RAHE K C AR K
c BRI - TmAaE - THE
 ERER - ERER
SN AL SR SRR
wEB - FRERL GHETAR SRR SR N C O RFEEBHANS - BAMPEE
CoBA R £ B L2 A5 i b ek 1 +




FFAIRE TREFECRERRS @ BB HE LI e p B €
FAc# 7 0% E R e F PR 3 (Gude et al., 2013) (CHEIR) ©
3. A WE I KR
BHMAEE Y - B g FERA B CRAORS R
BIETES > AETS G BB R TF - HFERIS G o MR
WE S Pk RE PGB 7 oo 53 AR > A B 5 Bk e 5B
(Close type microwave-assisted extraction system) v 2z 3% i 4 B4 3B~ &
(Open type microwave-assisted extraction system) (Ameer, Shahbaz &
Kwon, 2017) (W= ) e B P LMl Hes 5B 559 > R a Bt 3 k&
RIEHB PR PR F R 793 ° - Rl ST EF - P3N
B BRICERTEEF P FIRRSE RBLEARS PV AL B
BETASIREFERA A B DR e feni®d o R B N g et
TPk Bug B AT B R AL B4 5P~ (high pressure microwave-assisted
extraction, HPMAE ) 3 & -
B s i i B8 B % R E S T s B PR SV A B BB K sendd
Bho he® PR QB EF AR RIS DR E 3% LRV R
ik AEE 0 ViR T ”EE%;‘?F ‘vj% A o Garcia % Castro (2003) 4p
O BEEL VR NERL B nE B . TR N7 5
PABRIIVABLRAEEYPREFZAAERR Y » T TFRiE o
Kashif % 4 (2017) B3t & &3P % 52 iRl 8ot 4 5 9757 o (Chan et
al., 2011)4p &1 FI# "% fRfo—- LEE E4F PEREPFRL > T B
EREFEF AN E R Ao F RN S
(Nitrogen-protected microwave-assisted extraction, NPMAE ) ~ Z 7 #cit #
B4 % B~ (Vacuum microwave-assisted extraction, VMAE ) ~ 42 5 & il #f 22

% P~ (Ultrasound microwave-assisted extraction, UMAE ) ~ # it i o 24 50
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Conventional heating Microwave heating
SR B AL B o de B )

Referred figure 6. Conventional and microwave heating mechanisms (Gude, 2013)
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\ ! _J Support chamberiZE -:‘ St
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a) Closed-vessel MAE system Closcd vesscl chamber ‘
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Referred figure 7. Operational schematic principle and mechanism of microwave-assisted extraction (MAE) system.

(a) Open-vessel MAE system. (b) Closed-vessel MAE system.
(Ameer et al., 2017)
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A~ B S g B BBl S o B A N il g Bt S0P R AL BR2 v iR
Referred table 6. Comparison of closed-vessel and 0pen-vessel MAE systems according to intrinsic advantages and
disadvantages (Kashif et al., 2017)

© RARV AP ZIPPFRHE « R4 F T 2K

| AL e A © RFEA G FAR A AR
PR EE L o EMBAHRE T E o BV ?;/9]‘4‘[;%,?.]

. ﬁ@fﬁﬁhﬁﬁ BT hig o LER N FRT R 154 AR AL

© P A R S

‘ ?‘%ﬂié??ﬁiﬁi'”é*f'l‘ﬁ%‘i'ﬁ% © BB R R R

c A{FEV P 7 E S s EEFPEEIS BEE
RS AR . %‘?.56%% BT AN ER

o T

— S8

o BRP kgt o B Gk FRRARpBELEF




P~ (Dynamic microwave-assisted extraction, DMAE ) % & 73 | ficid # 24 3

P~ (Solvent-free microwave-assisted extraction, SFME ) %
4. B IH A B 5 B
oA s S P kg TR E R - A S B R 5
2k 3 Fiet P8 (Chaneral,2011) o — S8 Bk FBh %% 5 T 7
P
(1) FPpri @ Foprl ¢ g F ot * i 7 b fo 5 B girenig 4] &
i FRBEH R TRF AN PAE o L § e BRI
© &g frinh 'e (Wangetal,2007) - Chen & £ (2007) 45 & F & %
B eOE PR T AU AT E B R WA ROk e 0 B EM T e N
AR NRER R L EERERUREERZ R D o
(2) M 5 A # IV REw EAREL AT 0 # F 41757 T

FAPBAARY HhP FEUFTRIEFF2 HEIET (Mandal &

‘Il‘\ 3

Mandal, 2010) - Alfaro & 4 (2003) § 45 &} > £ $h S5 P~ > § {2
Po 28 BRI 4 SR > B ##gﬁ&ﬂ*,ﬁﬁ%%&ﬁﬂﬁ
FREEERIPFIRL > T AFIRAAR T EFEETR o

(3) B A FuEH  Chen % 4 (2008) 45 ) » B HFERF T L F 7 ¢ 5P
B L3 BAMRR S BRE AT 7% 4 2 Hoh aja i £
ERA G GO A R BIEE AR E §RE B o FEBOA RS BK
s B2 2 R Ap R 2 4 £ (Eskilsson & Bjorklund, 2000) e

(4) FPER CMAZPRERH F AT MBS §HLS FARG > F B

B R EH/F - LRI IFH FHFE A € EMRERS A

B EFatA 2 L€ ACEfRORNEE o AR Y PO e F

g SRPET AE RS > FIR R v € 3R B AT AT * 3 | 2k (Mandal,

Mohan & Hemalatha, 2007)
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(5) = F L AR R E B kY B AR VO KR R HE
PoorFinf g BF O TV RMRELFEL G AINRE Y 24 i
FER > &n &2 5% (Ruanefal,2008) - p* B 873 > 44F 3
W A4y DB AR F 0 FRFT A 42 5Pk (Liazid et al.,
2011) -

(6) SR~ ] L F REd RIp R AR > X PR R A G ff € AR

j%é
i@ 18 R A A A el 42 (Chupin et al., 2015) o

m

Pl AR REAERE LB T ¢

5. Me B Z B chip t

FE dn DA ik g et Fo gt i #a) % (Cynara scolymus L.) ¥
TAAE L2 FB Hw g F (74%) $F R4 & F B~ (conventional
solvent extraction, CSE) (70.5%) & %* ¢33 (Ani, Calinescu & Lavric, 2012) °
Y3 #IB 2 EF (Vaccinium corymbosum) E ¥ Fug2 5 fRagis &4
205 P F AU Pk # et 5 Boa k€ BT AZ § L o B4 5 B~ (ultrasound-
assisted extraction, UAE) % ¥ ;4 &% P~ (conventional solvent extraction,
CSE) (Routray & Orsat, 2014) o - #t > F 3 #F ¥ 4 % ~ 4% (Melilotus

officinalis L) 2. % & 2 fciid 2k » 1% Mok et gk & 7 55 F5

10 & 482 »c% 24z 5 A et B 60 2484 7 5 (Martino ef al., 2006) -

F3dp AU Bk g e 5 T S I AP o BRI VAN < i R S S Y
P~ (hot solvent extraction, HSE) Ap#& » % B~pF ¥ jX dc | PF4 ﬁﬂ X 3 A4

(Chen et al., 2008) « Heik #f 24 534 7 Jiu ® *o i b A 2 Fovh o Vg
KPR AT B2 L RERR AR GRS I EAN CRES

NE2 i s f2> 5 (Mahmoud et al., 2018) »

n»

I

(\x,
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(=) &3 A #e 5B (ultrasound-assisted extraction, UAE)
1. 32 R fois 4]

AR ASBAFRE L F M ER T 20kHz F (Azmiretal,,
2013) o A F AT A F P FERA A5 BEE RS > BRIIRMA
Fechd kA2 L FOR R (RE) PR () Bk B S elon ik
AR b S o AR > REGHERES FRE A WRBRAL [ R
RS RS R Aok RS ARER MR R T E AR FTF e
(Lugue & Luque de Castro, 2004) - 5 jedF e jzic £ 2 1 H & % &' &4

Zibgie et 24 ~BH AR A Pm g o LT Mk (RE
Ao

TR € SR B R AeR R BRI & et
4o~ g4 ek {oid it (Chandrapala et al., 2012) o d % % 72 7 %73 4
BRI g A2 Ap% e & > SR E M ViR S aAq i
R enE B2 o (T S pEA 2 e T g 2K 5000 K - 100 MPa =
B4R R AEAF T o 280 m/s chag &k 1 (Barrera Vazquez et al., 2014) -

LRSS ENNE: E e IE K 6 L LR B s S S
BB R 0 RIB A L G ok ST e o Bm BUR 2 P e B

VN

L TR B F o e et sken TR Bk o i LAe it
W e E B & 4 11F% (Vilkhuetal., 2011) -
2. BHFF P mBHTFR
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ARRg g

Compression | Rarefraction |Compression Rarefraction| | Compression

Source
pressure
A high pressure
wavelength
+AP - <4 < : >

C = compression “low pressure
LR = rarefaction

-

@ v i-iie (b e B
Bubbl Bubble grows Bubble Bubble attains an
E . t'e under low | [contracts under unstable size and
ormation pressure high pressure bursts eventually

RIS S A R BT e g e
Referred figure 8. Mechanism of action of UAE and formation of cavitation

(Mandal et al., 2015)
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https://www.sciencedirect.com/science/article/pii/B9780128023259000069?via%3Dihub#!

L7 2

FotF %4 4 sk (Mandal ef al., 2015) -
2 AR FPRER AR AIEF B S B RRRT M R

FEERRHPIES > CEFREALF oI Fe e AL FTLE
Brani B g M F T N A S EARE S P RARTEK A
%éfw%ﬁ’ﬁﬁ B RS SR TS L T

3. RE/FHIHAS
AR AW RIS oW T 0 AR F IS BINA
(D) #FTWH: AT FEPRFTE RETH &Y ~@do il
Prm § fLenfmTE i
() #Hir B VBRI NERSIRLFARNENLE -

() AF i th - B RUMHBE S BREAGFHFRBEIF RFF 0 A
R Er 35 B% o

4. A3 ki F BBl B

REAFHEPF» SRR EF 2L ARG S AR

FAEBRRNI TR SALBAREFTEDR FHLCCEBE T RBER
#| (Chemat et al., 2017) ; 425 A ¥ B8 w2 K& > 18 73 Fiv 7 23 B8 Tk

P oo iEw RiEwE p F 4k % FE @E (Subhash, Vivekananda &

Kumar, 2015) » £ i 555 g jietn e > 425 i o F 50— gmhs 0 - g

AN B

A BF P 5B b v TehE B2 2 (Vilkhuer al, 2011) -
RR AW F P B RBE SR AR 0 § M F IR 4o A
R R /Ptg;?}tmﬂ; e »’?kﬁﬁ?xa TR E o R EFELF

202 B R F]
FOTRIAFFEI BRI RN AN FELREBIRAE LR SR

% (Danlami et al., 2014) -
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Erlenmeyer flask
with reaction
mixture

Stainless steel N W - Optional heater

tank

Ultrasonic bath base
transducers

R4~ AR A et 5B (UAE) Gsiy
Referred figure 9. Operational schematic principle of ultrasound-assisted
extraction (UAE) system
(Ameer et al., 2017)
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5. RF AHWE I BH w2 e
PoAg g AW SPHre Akt &8 - s n{rlELTFE
Zhang % 4 (2009) FEipd o S & R Ly S SR el IR

Tl g B TR A2 BHE o R FBEE S IgiEE - ¥ Jovanovic ¥ 4

‘%

(2014) i 3 Fok% (E¥ i~ B2 0 A) BHEF Ca-F¥ 2
LS E 9 3K # %A A e R
Bo fEE B4 2~4 B 0 B AT RS F P o Chemat (2016)% 4 4

TREPEME O FRIPRERZE

BAF A IR Bk FFCFF AR IR LR
AP EEF2ZEE PRBEZERF 2 SA0E o
ﬂ «ﬂ»ﬁlﬁ“ ,Hx/g_‘ éibﬁj.:}i,ﬁtr s B oA K’f J& %?;*;‘Ef»ﬁlﬁi?} » AT R

/4

B H W BTN ARS o doilBg e~ R SR R S0 P
it ~ 3 foig S £ (Chemat, Zill e & Khan, 2011) -
= ~ F JEd @& ;2 (Response surface methodology, RSM)
B it Rdpecd f i iR A R 0 X A 4 S AR T
AR A F R CFIEFLRAESEIEE DS 2 (Araujo
& Brereton, 1996) c @4t b > FiF- X WK - BF|F > PR s Fivizid
BEFAFLKT > Rpr A B AFLHETEL S LS EHL - - TP R
iz (One-Factor-at-a-Time) o - st - F]+ T %z L R X I 22 EFFT ¥ E
et 3 0%% 2 & S P ¥ - S BLREFALTE O sk

b oo R AR~ e A 2 & (Leardi, 2009)

ETTES

TRJRIE B BER Y R E N R F AR B Y
M oedb i AT R BB AR Yl BEBFLF BY % 2 (Response

surface methodology, RSM) o 11 ® #-4 % RSM e 72 22 i
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-) isBRE

F R & % £ Boxfr Wilson & = 5 ¥ #1951 4 “f B3 ehsish & %
Pend 30t t B1 ¥Y anfgEAR s DY ERSAEF B AAF
frid BT E KPR ALY N EUE- ST 2 BEE A E (Khuri, 2017) ©
Fsd 2 240 538382 428 (2 T2 S0 E) A ETER %
% 3+ (Design of experiment, DOE) 2 ‘G #- 3| %7 » X 7 | & & ficdle» & 0
FHREF S PLZVANE S RGEAERY PRE (EBAed) HF %iER

9§ % (Bas & Boyact, 2007) o fé * F o & 22w 0 S EAEE - B

Db PR RRT R U A RE DT RFE Y LT o TR i

1 GERE
hB s FREVAERE A RaF B R REEHE B

REAM B F e FENRF L L BEFRENTFT o Ea F
BEF PR R ey DB Eehd 2 85 (Bezerra et al., 2008) ¢ ] *
> F]+ (full factorial) # = -k %3R4 F]3F (fractional factorial) &K 3+ i& {7 ¥]

+ & iE o HREEE PR P oy okdE N g g PR ]S o

Pk Jsd w2 P AR LR chd AR5 ¢ R 2 E 3 (central
composite design, CCD) - Box-Behnken 3% 3+ (Box-Behnken design,
BBD) > ¥ * 34 Z iR d At o MR F A AokF o Hh A KA
FREEHBL T Ve s - - LTRSS SRS S RS
D ART AN Eg i~ FEP 2 f38  (Demirel & Kayan, 2012) o 12T #-4)

B ARy #7ié * 1 Box-Behnken 33 2 -
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Box-Behnken 3% 3+ (BBD) = i® JF," Box % Behnken *% 1960 #7# !
= ¥ KB o ¥ g R %3k (three-variable and three-level
rotatable design) o 14 = F]+ 5 b] > H BA57 S A58 A7 @)
(Ferreira et al., 2007) - BBD i8-8 7 & 7 b Pt B B & B MoK T 28 & &h
FlF (3023 b g Fp o LR T WL S A E iR T T
BBD ¥ %+ d & Bo-kT FF %2 (-, +]) HEEELDE 2T R
(Block) ##i=4fef15 @ B (0,0,0) EfR A F & 0 * kG MEL AT
e % (pure error sum of squares) > 1 % & F K THFFLR ©
B BBD #7% cnf Se=x#c (N) T& 5 N=2k (k-1) +Co (2 ¥ k
EF5 o QL SRR RS A A AS AR § 2 neT
B F1+ ch BBD 75 -k T 5 & (Ferreira et al., 2007) > f.i¢ * BBD ;2 *
T BRG] - AFKRT]F P R ANENZ ¥ - P E PR
¥ fE > eV p e & (Dwivedi & Sharma, 2015) o
3. REFFHIEFTER
YA A2 K R 2
F o Py
4 ERIEURE R

R ARNHREETRATRF BEE Yy S 61 0 1% Statgraphics

(w
n
I3
4y
Ju
@"

FHREETRE T 5d A TEE

B e Eﬁﬂa\ 1738 7 = P& 3] (second-order model) =t & 5 45 41 7F
Pl B o 3 FFd Z fF 2 AR kd ik K B 5 2 %1t (Bhattacharya,
Srivastav & Mishra, 2014) - # = ¢ = 25838 ;%40 (Zhao et al, 2015) :
Y=p50+ Zﬁixi + Zﬁiixiz + Zﬁinin
i i -y
HeY Y S F RB2FRE X2 XjiBERELEY 2L RE Pos B
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(@ 4
Xz
@
® @
o
® o
@
@
X3
X >
(b)y A
X, o o
Q- ®
/ h
>

Bl ~ BBD e 2 e 20 F]F KT R R
Referred fig 10. (a) the cube for BBD and (b) three interlocking 22 factorial
design
(Ferreira et al., 2007)
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d =~ 3t = B E k si2. Box-Behnken 3% 2 e g F] S kT
Referred table 7. Coded factor levels for a Box-Behnken design of a three-variable
system (Ferreira. et al., 2007)

Experiment X1 X2 X3
1 1 -1 0
2 1 -1 0
3 -1 1 0
4 1 1 0
5 -1 0 -1
6 1 0 -1
7 -1 0 1
8 1 0 1
9 0 -1 -1
10 0 1 -1
11 0 -1 1
12 0 1 1
C 0 0 0
C 0 0 0
C 0 0 0
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Ed o~ 3t = B F & Suen Box-Behnken 3k 3 e s F] S KT
Referred table 8. Coded factor levels for Box-Behnken designs for optimizations
involving four and five factors (Ferreira. et al., 2007)

Four-factor Five-factor
Xy X Xy Xy Xy X £ &y &y
+1 +1 0 0 +1 +1 0 0
0 +1 +1 0 0 +1 +1
0 0 0 0 +1 0 0 +1
— +1 0 +1 0 0
+1 0 0 +1 0 0 0 +1 +1
1 1 0 0 0 0 0 0
0 0 0
— 0 +1 +1 0
+1 0 +1 1] +1 0 0 +1
11 0 1 0 0 11 0 1
0 0 0 11 +1
0 +1 +1 0
0 0 0 0 0
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v Pil A= =R hdco PR A T R IR 2 TRl o
5. BEF RenB G2 WA E 217 RESIT
gd M3 Statgraphics #-F % v F A 17T B IF e 5 R
BRE o HE S A2 gy BT 1% ANOVA g Snofici? I 03] 2 4
¥_fa#c (coefficient of determination, R?) % % B #ic+t 5% (F-test value) o
MG ERE TR AR R E2 v B (R*=SSR/SST ) # @ Ax48iT 1 >
SRR MER RO g < TR RIS
;\ @”ﬁ f2f i 4 (Chivassaetal,2017) > ¥ L v F sk ¥ * ko742
B S-Been ity Boa) o HEREHCR 2 2Nt - 200 Sl L E A8
PR EAM G FEG AL A F Y alpha B3 0.05 0 Pl

l%s

X 20 5 §_7 3.7 (Duncan, 1955) »

(=) B* 4%

Bl - F]F RS A4 > RSM & 4 @ 5% el b T gE 9 4
ERL AP T T AR ST R BT folb S F R 3
T Z R &t 2 2RI/ N EBFELTAR -

RSM i * 8+ ~ B - R E " F1 2 -2 PH-HEFEF

AL 2 1 ER AL X AL AR 0 1980 & % d T A THR (computer
simulation) f&* - X AL HE b i RSM 7F & A fe k BE & R
o Freh— 351 B 22000 # {80 % F s fE B i %3 (multi-response optimal
design) £ % & B & # £ & i* (multi-response simultaneous optimization)
* % RSM #2 3 e it (Vadde, Syrotiuk & Montgomery, 2006) > & > RSM #
EEAME R s NEEEAREEFEFHRIFEEZFTROEREFF > 14

—

IS EES RN LY R T
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http://www.wikiwand.com/zh-mo/%E6%AF%8D%E9%AB%94

7 ~ ¥ % i i§ /g ( Tangential Flow Filtration, TFF)

1
GRS AL RS RRSERAR o B AL )
=B ERFEME (cake layer) i = i miE R & T "% (Negrete ef al., 2014) ;
Az g (Ultra-filtration) 7 4 3 £ & s > H Fpd 4 7 2 2 W4 £
WRFHR SRS AT LG a2 BReF & T o e iR AR
PERIEC G AEREE T E - 5T e 2 o WL - A e inERAE
TAB AR RIELERCEFRBRE AT Rk 2 BEE S L
%%aﬂamﬁﬁﬁ%?éﬁﬁﬁ”’*ﬁiﬁ%€%¥ﬁ%ﬁﬁﬁﬁ@
B2 B AL o e iRl T AR S R & TR MOk MR AR it
it 3. % (concentration polarization) > ¥ ¥ #% = iFgrc 3 ¥ £ F g i t
%@:&”’%%ﬁﬁﬁ&é?@@ﬁﬁ@ﬁﬁ&aﬁ?%&ﬁ§ﬁi\%
%% * = & (Pinto, 2018) °
(<) 3K
B % 4 (Transmembrane pressure, TMP & AP) & dp sicehig st flfew
e T e BB R A R F RS L W 0 bar & psi AT o B EBE A

B o R 4T Bl £ BWRA (TMP) & 5 ¢

Pfeed + Pretenetate P
2 - Ipermeate

TMP:(
T™MP :&%Bifi 4 (pSI) ; Pfé‘ed :3@5—:@ g (p51) 5 Pretenctate="% /:‘Lfﬁ 4 (pSl) ;

PPe'rn'teatezi‘ie 3343_1 Fi 4 (pSl)

st 7

R ER S FIE RS R A G e Rl E TMP
hﬂﬂ@ﬂi k4 fl,%ﬂjffm » uéj,)a TF B LY A gia”"’“s—7 é/fv (Sklnner,
Stickland & Scales, 2018) » *# SLREURE i EfoRS PE BT

=% (P1-P24rP3)-
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T -+ 4 * o
¥ -+
MFE;+j+ ¢+t *, o - N
> =+, T *I CONCENTRATE
¥ + M 4 4 *.;_ *
< ueHERANE
SRR R
vt TrmeElt et
+
+

R - e iR T B
Referred fig 11. Schematic diagram of tangential flow filtration
(Dorney et al., 2014)
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Bioreactor
Pl [Cell Culture)
Sensor

.

P3 Flow

$ Sensor  Sensor
A
T
F

Permeate
Pump

(7

~ P2 Controller
Sensor

R w2 F&REE R4 (PLoP24rP3) BR
i
Referred fig 12. Experimental setup, showing location of flow and pressure (P1,
P2 and P3) sensors
(Kelly et al., 2014)
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(=) reiriEiR BE:
WA ARG #’E“ & 472 (size exclusion chromatography, SEC)
% 3w 7% (countercurrent dialysis, CCD) = f& » &2 H 4p+vt » TFF & 5
7| 8L (Chow, 2017) -
1 RESHRIHTRFEERG @ PRI AEIHM-
2. ﬁg$;¢%$$:%CR&A@é%SMN%%é’aTW?é
“,f 5 5x102 Bags o
3. BHMEERFVERSEF VEHFRT RS SA
4, ItEAFEEBRFRAR LG SHEICEEIHTT RER -
5. #HFiTHAPH> T o
(2) B® 48
h@ﬁﬁﬁﬁﬁ?%ﬁ@?*&%ﬁs%@%ﬁﬁi@ﬁﬁ@ﬂ,ﬂ
ZEHEEFLEE T RFAIPLIofedd FTFRAA L8028

m ¥

p_

il },334* ¥ 4 5 (Grzenia, Carlson & Wickramasinghe, 2008) - ¥ ] *

TFF &% A} 482 W L@ > A7 § 27 30 Fa i~ k52 R

(Arunkumar ef al., 2018) o gt #b » 72 ¥ j * f W B Ap i i Wfr’?% B 47 3

2K R SRR 2 kA2 J T (Musumeci, 2018) 5 ¥ 2 4+ T 5 A7 38 ok

A%B Y 394~ 4 (Guéguen, Belin & Dominik, 2002) > 7+ 7 i * *»

ik B e

DA > BT I e SRR TP R A
%o & EEY o {1 TFF 72 SRR B 7

 2EAA [ e BBE A2 B @B T TFF 4

s AGEAE R X X 2eh- iR ;Y (Musumeci, 2018) ©
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AR ¥ NBREARY € A4 pd A (free radical) 222§ (reactive
oxygen species, ROS)> @ A o A& A o 25 S pment B L i ¥ £ &
k¢ o HATERDF CGTHAMEE AT PP - A Y2
WART o pd RAEAT R A EHIRES 3T Fpd A D

P LR TR IR YL E 1%5F%(%wad2mmo4
R 5 - B bR % Saenp d Ao & 33 iR R iR
#E MW & CAE B EPdpifdn s iv% o Jid B4 5B A d A o75]
% hig 4 (Birben et al., 2012) o

(-) #aF R

Br ot S R MBS CARL KT f 40§ AE R ()
GRS I FNBRIN) BRI ERyE LTS EIFEIRAR) MER
—T'/:E'T D4FFy ivrnk vk HEITR O ;f% T E L ETEEEE T

Wh 2 d s d L2 dF k% (Birben eral, 2012) :
1. pr% 4§ v % 3L (enzymatic antioxidant)

AR BfEEp o Ay pE o RGP 22 pd A
FI*F P RRGFAESSII PR RS P T 5 SR TP FIELEC
Rk o RERE Y TR VR D ek FR o ;gs! i Bs F
F2 A B EILE a4 R4 AR Bfidy tpEiT N
R0 3 enf BY F] S o
(1) 425 it 1 fx (superoxide dismutase, SOD)

ARF PP AN LRy VR T ORERER S A

it # (superoxide, 027) iT% = E | i F it & (H02) > F Bt i
20, +2H —>H20:+0,; # SOD Z 2 4 Fa+ (Cu' ~Zm' & Mnm')
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144

A4 S dg VIR kA2 pEE A ;aﬁw,% A
Referred table 9. Enzymatic Scavenger of Antioxidant Defense (Birben et al., 2012)

Name of Scavenger Acronym  Catalyzed Reaction
Superoxide dismutase SOD Me+-SOD + Oy — M»-SOD + O,M=-SOD + O, + 2H* — Me»+-SOD + H,0O,
Catalase CAT 2 H:0, — O, + 2 H,.O
H:O, + Fe(Ill)-E — H.O + O = Fe(IV)-E(-+)
H:0: + O = Fe(IV)-E(-+)— H.O + Fe(III)-E + O,
Glutathione peroxidase GTPx 2GSH +H:0.— GSSG +2H.O0  2GSH+ ROOH — GSSG + ROH + H:O
Thioredoxin TRX Adenosine monophosphate + sulfite + thioredoxin
disulfide = 5'-adenylyl sulfate + thioredoxin
Adenosine 3',5'-bisphosphate + sulfite + thioredoxin
disulfide = 3'-phosphoadenyly+ sulfate + thioredoxin
Peroxiredoxin PRX 2 R'-SH + ROOH =R'-S-S-R' + H,O + ROH
Glutathione transferase GST RX + GSH = HX + R-S-GSH




FE oA gLiEr ¥ SOD pgF CRRF RGO F BEERL A
* (Valko et al., 2007) -
(2) fgp= (catalase, CAT)
JIEF L & §4% SOD A 4 ¢ HoOy 8% 2 @ eng 2Kk F B3 5
2H;0r>0,+2H,00 e CAT % &% Fe¥ 4854 a0 i B F Bie (7 -
(3) #®kH*<iF 3 i*f¥ (glutathione peroxidase, GPx)
4 &1 glutathione (GSH)» % $:#-8§ (73 F R-OOH & & & i
(R-OH) # 4 & H0: = GPx 2 &7 (Se) thifr - i it £ it 7 o

2. 2LF% % FL§ 1 % 3t (non-enzymatic antioxidant)

PR E iy PR RRRAFIEMEF et F (B2 F CCE) BT R
4% kfe ~GSH 2 7ifig ($i78) A B % (Birbenetal,2012) - ¥4 + 51 )
¥OL 2 pR R Ay A
(1) 24 % C (Vitamin C)

2 ACLAIY A5 1 eni§ 4 (OH) frf d A" O § -
Hfe- BTF > §pd AEFT I g2 S RPFThenit & 5 @ lad
FCHOHR =0 »fed 3 HF 44 L4k qoB i galiffd o §
£4 HCF 15 g4k GPxim® R > 7L £4 11" (Sieseral, 1992) -
(2) ‘=4 % E (Vitamin E)

a2 % E A-fnialraz - 25 ﬁ;m%ﬁf_’ fl#* H e OH £
Bo- B H fo- BRS > RAdARSPGEAN EF o w2 F E 2
9 OH RI%= O > F12 3 FHRFVUAL LR S A RPBEHpd Ko F
B2 %2 EFitteeg=g tinatFd E-varat 3 C ERoFtT
FEAI® 5 R &G AR F Co T RF P % B BR -
(B)P# ®§ % (P-carotene)

B-# By At F A 2RSS AP LG - B IR

A - A vanTiEs tpd AgE o P e TS PR R Y-
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I o3 TR S - B b “/? A
Referred table 10. Nonenzymatic scavenger of antioxidant defenses
(Birben et al., 2012)

Chemical Name of
name of scavenger Structure
scavenger
HC3s CHs HCz HCz
S T Ny Sy
All trans Vitamin A OH
retinol 2
CHa
OoH
E o
) Fde HO O
Ascorbic Vitamin C
acid —
HO OH

a-tocopherol  Vitamin E

[-carotene

SH

: ~_~

_ coo-
Glutathione
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VS fey FIEMPHa g iy &AL g IEHREF P -
PR ELESH RRLURS S F I nFEE R 2P NFET LN
# 1+ (Burton., 1984) -
(4) 3#e+ < (glutathione, GSH)
ek PR F d 4 =fé (glycine) ~ #%fL (glutamic acid) % X wkepi
(cysteine) ¥ = fateflpi#rle = » T 45 GPx #6373 iv* » GSH ¢4
F v = pr v 2L 2k 4 *X (glutathione disulfide, GSSG) » @ GSSG ¥ 4
NADPH # /& = GSH > #]a ¥ k£ 4f {1 * (Valko eral.,2007)
(5) 4% (Zin) ~ 4 (Cu) ~ &@ (Se) % 4% (Fe)
Bicdr £AgF 1t $ L it fr (superoxide dismutase, SOD) g e4+ » 3
EFAEWAE R FERRFIN  m AR INESF L e
(glutathione peroxidase, GPx) e 84 F]+ » 1 & 3 43073 & ~ & ~ F K foam
P 4B R 2 fF (catalase, CAT) e B4 F]3 » 1 & 5 430 #g{rd ¥ (Cho
etal.,2004) -
(=) ¥ R4 ARG S
zﬂi% DPPH p d Z st 4
1,1-= ¥ A-2-= & X ¥°2 (1,1-diphenyl-2-picrylhydrazyl, DPPH) &_—
BEFASHETF2Zpd Ao BT EREESNES 0 £517nm T F Rk
;% DPPH #4pd A (R+) 235 & (AH) Bhrpr > €d %Ki ¥

NES o mkEE T AR ESLT 5 % DPPH &

&

(Brand ef al., 1995) » ¥ 517 nm v% sk BAX 1% > T4 7 FuF A2 F A
A%35 % ICso(374] S0%DPPH fi d 2 kA k& 74 a4 » 2 &

_l'ﬂ’,f g oARSF o
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DPPH - +AH — DPPH:H+A -
(violet) (decolorize)
2. B LA a4
CIIEE SURRER IR LAV RO I 2L S i S L
wm A ;ﬁé %48 F J& (fenton reaction) » © Z “ & B3+ 5o { ¢ A
A2pd A4y F it (Halliwell e al., 1995)  F]pt » &5 A& &3+ i
ESUEE RRE SR S % AEE GUE IR SRR FR T S
WA B2 S ph g Bl ARy I Fe?t & 2evkek (ferrozine) 1% o
£562 nm T g5 oA Eaotk i Fe?t fpd 2 L4 o F Fe2terig
g & o ferrozine-Fe2 e = I € 5 > K€ FF K K@ o d Qb %’ﬁ!‘l | g2
RA G TBHF ad > B k@ AT FRGEE T a4
ﬁ 5% (Mohammad, 2008) °
Fe?* + ferrozine — ferrozine-Fe?" complex
(decolorized) (red)
3. B R4 P
ERAPITAREIRRBSLT ST TPV FERY > BRI R4
Fopm ot K R T HEBRF B R L d R L
$oo B R4 BT H %Y Oyaizu (1986) th= 2 » H B F H 503 R ¥k o B
(K3Fe(CN)s) B = § o @ (K4Fe(CN)g) » F o BE &2 Fe*'iv® » 4 2 4 &
A

1 E > 700 nm TR R GkE o AL G LE2Z 2 AR Fki

J
@’Z\T%‘iw??}%’ \}53"

K3Fe(CN)e+ sample — K4Fe(CN)e+ sample-oxide
Fe**+ K4Fe(CN)¢ — Fes [Fe(CN)e]s
/%“,ﬁi ABTS p o #ic#

ABTS [2,2'-azinobis (3-ethylbenzthiazoline-6-sulphonic acid)] & - & &_
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G pd Ao T734nm TR RIESRLE S ABTS A d AFIARE G 83
A2 I R P F AR B M2 oy 4 (Awika et
al., 2003) » gtz 7~ fLi 43 v 4 (Trolox equivalent antioxidant capacity,
TEAC) - 1 & RI2 5 ABTS £ :iE# a4 (potassium peroxodisulfate, K2S>Os)
FRete » ¢ 2 3F%d ABTS'ad A §Hh& 743 L4 > ¢80 ABTS'
T* @ 2409 ; e RigARiE > R R&fiy it 4 A%F (Gupta et al.,
2015) °
ABTS (uncolored) + K»S,08 — ABTSe" (blue/green) (Amax= 734 nm)

ABTSe" (blue/green) + AOH — ABTS (uncolored) + AOe + H"
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BOREP$ AT || A2F AR E B 4T

Bk 24 X 4 & Fr

- X F)F iE

o x5t

F Y wF

FF 4 s

A B 1

B4
# DPPH § d it 4
# ABTS §d it
A ]
Id

A )

#FE
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F=F HEE

- R

MEF RS 2. £7F R A 3 7 8 (Pleurotus citrinopileatus) FEp # &&F

REFSE

S RERERR

1. % & pr7)4& % 5 (Ergothioneine) P p Cayman Chemical = & » % B o

2. iy fkd& (Ammonium acetate) FEp Panrecac 27 o B o

3. ¢ % (Acetonitrile) g J.T. Baker = & > g+ o

4. 7 fE (Methanol) P p Macron = & » % R o

5. Ferrozine ftp AlfaAesar = & » £ | o

6. FIKa f& (Ascorbic acid) ~ & -k g Fh4p (Sodium carbonate anhydrous) ~ =
% ¢ fi4 (Trichloroacetic acid, TCA) Pt p Riedel = 7 » % B

7. 4§ i 49 (Potassium ferricyanide, PFC) B p SHIMAKYU’S PURE
CHEMICALS =& » p & o

8. % i“4# (Iron (III) chloride anhydrous) P p panreac = & » M o

9. # i I48 (Iron (II) chloride tetrahydrate) FEp Merck = & » L & ©

10. ##xE& (Metaphosphoric acid) BEp B L i FHRN €4 A5 > p & o

11. #4f& = & 4 (Sodium phosphate monobasic) - #4 s & = 4+ (Disodium
hydrogen phosphate) ~ 7| % f& 47 4 (Potassium Sodium Tartrate) R p
KATAYAMA CHEMICAL =& » p & o

12. 7 A7 L ¥ 7 @ (Butylated hydroxyl anisole, BHA) ~ Ethylenediaminetra

acetic acid (EDTA) ~ iZ & + & (Gallic acid) ~ # ¥ fi= (Tocopherol) ~ 2,2-=
F A-1-5 4 ¥ (2,2-Diphenyl-1-picrylhydrazyl, DPPH) ~ & # & (Citric

acid) ~ ABTS %2 Trolox Fp Sigma =7 » £ | o
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=2 REEE
BATENETFTRIAEFFRE ~ 45C 4 0 A8 PR > BRI E
& (40mesh) > TFF £ FTREFFHEFESH R -

E o~ FTE B N2 F
(-) AW F - - F]F FERFEH

% & < Fliz v 2. Milestone START D Hrik 3k # & (7 fi #f 25 55~

oo RS RIE (2015) R EBA o R E A TRD R RESE A

dvo~ ZEAEORT 250 mL FIA S PP o AL W B B - - B3 R

e ERAREIHWEARBEFED > 5B 4C ~ 12500 rpm Hr 15 4
E

Fof Ak TR D 250ml o j T
3 200 kg o HEHTS A E AT

&0 P it S0CT RRIEHL - R

1. # 3 1100~ 300~ 500~ 700 ~ 900 W
2. PFERF 110 ~20~ 30~ 40~ 50 min
3. Fgert D 1:10 ~ 1:20 ~ 1:30 ~ 1:40 ~ 1:50 (g/mL)
(5) A4 R FB— £ - N3 FEEH
# * ChromTech UC-10200BDT 42§ A Kk # B {7425 A B4 X B~F %% o
HAEEREFFHERSE X0 4o r Z4-K3 250mL = 48557 > B FAF
BB R B - F)F R E S o Z BT 47C ~ 12500 rpm Bgee 15 4248 o
Peb ot SOCT R RENL - LR £ M AEARTE D 250 mLo 5%t <20
T ARBEY o AT F AT
1. # % 1 40kHz ~ 60 kHz
2. B & 140-~50~60~70C

3. PFFREF 110~20-~30-~40 ~50min
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4, FHjgye D 1:10 ~1:20 ~ 1:30 ~ 1:40 ~ 1:50 (g/mL)
5, FP#F 125-~50~75-~100~ 150 ~ 200 W
I EmAMH
Sl Mo 2 AR AW B R B0 0 0 022 um JptiBin 0 £ B A R AR &
17 % (High Performance Liquid Chromatography, HPLC) i& {7 & 47 o i #-7 F Jk
B 2. % & Fn %] (ergothioneine) #%# &-;x » HPLC » d #7183 hae ff 5§ Ik £
A o %ﬁk«”??ﬁ R F AT R o Bk 1T RS #5 HITAHCI
Chromaster 1110 % j# > HITAHCI Chromaster 1410 UV detector - :if ‘% #icdy few
2_ Chromaster Sys 1 © & »Tst ;% 40 & +7 1% % 34% Dubost (2006) & {7 i3 i
1. /A 3#¢+  Inertsil HPLC NH2 COLUMN (5 pm, 4.6 x 250 mm) e
L 5+E 120 uL

48 1 ¢ %5 mmol firfki%=80: 20 (v/v)

LR D

seitk 0 1 mL/min
5. &Pl E: 254 nm
A~ F Y @ iE
(-) Mk if et F 5
1 R%&&
dhm— - FF2 %5 PENRFELFIBE G BFPE2 T
F oA F Y G AT FRHLIT FR P KR HERER o - -
T+ R S F AT R ST 2 BRI Bk S TP F R G s
PR E HRieZ B F]F AT 2 F]F Z FF A 2 Box - Behnken K0 F Sk ek

£4 1500 F BB Aok - A e
2. R H LT

F b ELF)E B 2 R F Bh

Y
"
T
/?4}
(\s.
o
pai)
=

BiF o BB EBRA S



- ~ £T8 B & & ETF2 = F|F = B¢ 427 Box-Behnken 3% 3t
Table 1. 3-level-3-factor Box-Behnken design of ergothioneine in Pleurotus

citrinopileatus (n=3)

Coded level of factor

Treatment

Power (W) Time (min) S/L ratio
1 0 (500) -1 (20) 1(1:40)
2 -1 (300) -1 (20) 0(1:30)
3 -1 (300) 0 (30) 1(1:40)
4 0 (500) 1 (40) 1(1:40)
5 1 (700) 0 (30) 1(1:40)
6 1 (700) 1 (40) 0(1:30)
7 0 (500) -1 (20) -1 (1 1 20)
8 -1 (300) 0 (30) -1 (1 1 20)
9 1 (700) -1 (20) 0(1:30)
10 0 (500) 1 (40) -1(1 - 20)
11 -1 (300) 1 (40) 0(1:30)
12 1 (700) 0 (30) -1(1 2 20)
13 0 (500) 0 (30) 0(1:30)
14 0 (500) 0 (30) 0(1:30)
15 0 (500) 0 (30) 0(1:30)
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cikE2 TR 0 2 {82 HPLC &7 A 47 o B3 % % 11* STAGRAPHICS .

PR TE - oSN TS BY 5B B AR Z fpIR

(Pareto graph) o 11 T K-ff P = AR S B2 *

(1) FRdY B2 EZAE: BEF ks cndd > Vigd ¥ B %R2 5
i N N AR B

(2) tp4e B FEd WY LB FRE L GERBS T PRCOEHENT %

REHFLRE L THARRS L B

dhF- - FI2FREF O PENHS LT ET HFR L2
¥+ ’Jl’f FE R mEFENTFIFEORI R 35 A uim—,.E’w-H—o'ﬂ%};;l

P iEE g P S ERRESFRE T 60 kHz 5Bk B8 % < 3% 40

L

kHz> Flot 6 K P L E P 5 5 60KkHzo & w2 02 ~ Fig v 2 ¥

Figz BFFEFZ F]F = FF K 2 Box - Behnken %30 Sk lkck 7
K ?l%&ij.'kr%‘— Ll 7

BERLSNCZEMAF LI FREE AP R B ERT S FF R

FUNET F U ERTEN R

S AR EEG AL ViR TR

(-) £FRIZFRUFFUA

L #kye$
FP £ RR B K 6.67 g0 B3 250 mL 4475507 > 4o~ 200 mL F 4

Ko 3t 100°C T e 5B 2 0] pF > £ 02 Whatman No.l g /A3 § B > 3o
g

fn

i i&-,}a,’i '1’:3‘4 K ﬂ}?ﬁ’i‘l » 3 50C T )E\‘@/}E 1}1‘__L TE o f ,;i:eﬁ‘f’J\A
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= ~ £TRRIR F & EF)2 = F]F = 1F 2 4255 Box-Behnken %3t
Table 2. 3-level-3-factor Box-Behnken design of ergothioneine in Pleurotus

citrinopileatus (n=3)

Coded level of factor

Treatment Time (min) Power (W) S/L ratio
| -1 (30) -1 (50) 0(1:30)
5 -1 (30) 0 (75) (1= 40)
3 1 (50) 0 (75) W&, 40)
4 0 (40) 1 (100) "1(1:20)
5 0 (40) -1(50) L 20)
6 1 (50) 0 (75) -L(1:20)
. -1 (30) 0(75) -L(1 = 20)
; 1 (50) 1 (100) 0(1:30)
g 0 (40) 1 (100) 1(1 = 40)
10 0 (40) ey P
s -1 (30) 1 (100) 0(1:30)
12 1 (50) 160 2k
13 0 (40) £5 S
14 0 (40) Calef) 05
Is 0 (40) 0(75) 0c:30
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250 mL » #THE Z PP b ik grg (e 0 B3>t 200 O o
2. PR E B

FEE£ TR A R 6.67 g0 B3 250 mL FBHg e o 4~ 200 mL 4
Ko 0552 W X B~ 29 445 0 £ 02 Whatman No.l g A3 F g Ao e dim
T ESELY 0 50T TR RE&D - 2B 0 Ak RE D 250 mL
PR B L R (S 0 R 200 A o
T PR RS S

P £ RDE A 667 g0 B3 250 mL4AAFLE > 4o x 200 mL KA
ko 7AW FB~ 47 2450 £ 2 Whatman No.l Jg A § g > <t b im
RLRHFFLY 0 50C TRERESHFI- LR LM EAKTED 250 mL o
TR Bl RS 0 Rt 2200 H F o

(=) #2F 14 )

1. % DPPH §d i 4 (Hyun,2009)
(1) DPPH f o fhif o4 i 4

B kR (20~1051~05 0.1 mg/ml) 2 # 5 E 54 1000 pL -
A w)4c » 250 uL DPPH 7% » P8 2R3 1000 uL ® f+c ~ 250 uL DPPH
A s Wk FE R 30 A48 0 R &R A k kB (Hitachi U-2001
Spectrophotometer) » > 517 nm TR THE R K E  FRKEA K0 A TR &
#'% DPPH f ¢ fh2 i+ §3 - ECso i (mg/mL) %' 50% DPPH f o
A2 g ok Rod SR F M EE T E A TV I FUR e (ascorbic acid)
7 A" 5 % (butylated hydroxyanisole, BHA) %2 o-# ¥ fi= (a-tocopherol)
4 Songt e o DPPH p o fhifFh e 2504

Scavenging effect (%) = [1— (As17am sample ) / ( Asi7nam control ) ] x 100%
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2. FEL4ag3 a4 (Dinisetal, 1994)
(1) 7= 3%

B 250 uL # R kR (20510~5~1~0.5+0.1 mg/mL) 2 # &% B4 250
DL 2025l P fE 2 25 ul2mM § ©* L4BR g R A 5 K 30 A5k
4e~ 50 uL 5 mM ferrozine > 8 TR F B 10 2450 Bl H & 562nm T
2%k iE o ECso 5 A& 50% 4+ 2 5 2cik & o d SRR FILPN
3R A E ¥ R (citric acid) fre = 'ew ¢ i (EDTA) & ¥R

5 N -\ .
aE a ;’L‘Er 2 ;(\‘ S L

Antioxidant activity (%) = [1— (Ase2 nm sample) / (Ase2 nm control) ] x 100%
3. RR A 2 BE (Oyaizu et al., 1988)
(1) 5% 2

P2k ER 2010~5-1~05~0.1 mg/mL) 2 # &% 2% 75ul » 4c
>~ 75 uL 02 M pH 6.6 #ifc B % e 2 75 uL 1% # & B (potassium
ferricyanide) % /% » iR 3 (£ 50°C -Kig ™ F & 20 & 485 4 Fris e~ 75 ul
10% TCA ;3% ~300 pL 2 33 -k 2 300 uL 0.1% % “ 4832 R & F & 10
AR > A kR R A T700nm TRITHERGRE S gk E g F 0 & o7k
2B R4 g% o BCs B (mg/ml) k@ 05 2§ 0k » d &t
R AR A T PR T AT T -2 TR

4. FHABTS fd A4 (Arseral, 2003)

ARk RZ EEF (20010~5+1~0.5~0.1 mg/mL) 50 uL > 4 » 1 mL
ABTS i3/ Rmafs H#Em3 1044, 1A LERI R EE & 7340m

Tz ki e ECso & (mg/ml) 5% 50% ABTS fd &2 3 kR 04
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S ) gEE T E A @5 5 Trolox T 5 4RI Sk SR o B

AT L
Scavenging effect (%) = [1— (A7za nm Sample) / (A7zanm control) ] x 100%

A B AT

B2 R A BRI E% s Al 1 um 2 R (Merck KGaA,
Darmstadt, Germany) 2 ,f;aﬁ{r | % 7w ;i g (Tangential Flow Filtration,
TFF) fe & 5Pz | & 3 pik > £ S0CT BB IEHEL 100 == > S8 {1
Intersil™ Diol COLUMN (20 x 250 mm, 5 pm) #5fic 4~ ;% Jc & ® (Fraction
collector) » fc & % 4% (1.5 mL x 22 ¥) L% F it & & g %o 452 2 Pl 2
HTARET ZE AT U LB iEE

1. 4 & 41 Intersil™ Diol COLUMN (20 x 250 mm, 5 pm)

\S]

CasE: I mL
3. ¥%PIAE: 254 nm
4. #6>4p: ¢ % 5 mmol/L fiy % 7%=80 : 20
5. ik 3.0 mL/min
SRR S
BRIMBTRARAATREY B AT A 20 R Lt R
_7E_11:
2. WACH BT AT BR N 2 F R FIREE N LB A ATE L B
FRFlE B KR
1~ AT ETD B

1. Mj%47 F 3% & % 21 5L : Finnigan LCQ ion-trap mass spectrometer
(Thermo Finnigan Corporation, San Jose, CA)

(1) #&k @ 7> (Electrospray ionization, ESI)
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Q) #4 FE#F : 50-1000 m/z
2. B f#45 F ¥ & ¥ 3150 ¢ LTQ Orbitrap XL (Thermo Fisher Scientific,
Bremen, Germany)
(1) ##k © 2% (Electrospray ionization, ESI)
2) #f ?frfé_% &l : 229.9652~230.2272m/z
R )

F % ¥c¥p ¥ 1 mean t+ standard deviation (SD) #% 7= o i * Statistical
Analysis System (SAS Institute, Inc., 2000) #it %8 & {7 vzt 4 47 » ¥ 12 ANOVA 4%
NABBE A mE LS BB R%E p<005 U RTISELHELE - F BV §
i 20 3B B Py T2 88 5 STAGRAPHICS Version 16.1.11 (StatPoint

technologies, Inc.) °
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e BERoits
-~ EMERBEIFIRME RS EAFIZIBEE 2 3T
pifd eht Y O REFE S 1 LA o EAATH R BN 12 Fa
FRY O BEPITL G FEI R FARABP L EREUF I AZT
a5 e 2 & kg (Eskilsson & Bjorklund, 2000) - i 2 42 F 4 4 24 X BBt
BT E KRR AR ER S E Y T EL SRR TP E o A
ORI BU o f IR (T RO 0E 1 2 R

(—) HAKBZP- X - FlFiFEHF

Wiy

Mok WP Bk B iE 1 S B R S 1R S 5 (Azmir eral, 2013)5 &
B MR E RS B Bt B F LTS S Bl

1. FB#F

bR e SE S B L%&*ﬁlgﬁf;{ a“gl,fa‘y]% ,l‘tj&i& ¥ F LV X BpF
i & ] i o Mandal ¥ % (2010) % 45 > § A # F 34 > T HFRE B
Foroet@Ed3#» 37 ERERALB B PRSP E Fi2 Ad%
VAR RIE L EBR A FRER E L 40 A48 B 5 1040 (g/ml)
¥t H b A & (100 ~ 300 ~ 500 ~ 700 ~ 900 W) $t&£F R B2+ F ML A &
ERFEREORE R I F-FETEFEHF L I00W PFo B2 5 040
mg/gdw (2 =2);300 W S Rikbr1d 3 > §#F 5 500W ¥ 530 &3 7
2 & &m7F 2.0l mg/gdw)e e x F2 3 T00W P> & & 5 F] 5B 22 500
WXasg® i3 5 O00W BFEBEFm % 1 1.45(mg/gdw)eMichael %
L(2017) dph # A FE TG oA S BT R R M 5 R DR
FlOb 7wt chr R B H B b M Foank hendd Rl R H F T A

URERAF ik E S P EE B AEZE 12 (Mandal et al., 2010) ¢ & ¢
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Figure 1. Effect of microwave power on content of ergothioneine from

Power (W)

Pleurotus citrinopileatus fruiting body powder
Each value is expressed as mean + SD (n=3)
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A2 MAFIHETRAFIFHE R § ERTFIEP T E PR
Table 3. Effect of microwave power on content of ergothioneine from Pleurotus
citrinopileatus fruiting body powder.

Power (W) Content (mg/g dw)
Ergothioneine
100 0.40+0.01 D
300 1.65+0.20B
500 2.01 £0.03A
700 1.93+0.01 A
900 1.45+0.14C

2Each value is expressed as mean + SD (n=3).

Means with different letters within a column are significantly different (p<0.05)
Microwave-assisted extraction experimental conditions:

Time: 40 min

Solid/Liquid ratio: 1:40 (g/mL)
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500 W2 700 W ¢ APl 5B algF LB R0 &8k 5

Stk
o

& S00W 15 BBz i

2. ZBER

EEBBE L (AAND R REERD k o L FERERBE
HEARZEZPP R 5 @53 VAR A TRT - ¢ BTN X
(Mandal, Mohan & Hemalatha, 2007) o & 385k 11 Z 4 K (T 5 Z B3 H » 3 Br

FEEE S00W Bt 5 1:40(g/mL) > £33 4 B EBER (102030 ~
40 ~50min) HEEFREFFHE AT LAFIZZ AL d Bl 7 ovg ¥
PR L 102 20 A 4BPE & A FIE BB R A B E 124 2 1.10 me/g dw -
PYRMFLIR RS PERALIOCER VEFLAS 2 5 1.5l mg/g

5T A
FAR FEEPEFRA L S0, SRR F a7 5 .23 mg/lgdw °

ﬁ?

ki
dw (R 2) 5 3 XBprmsise 2 40 4P > $ & T X £ 22 30 44

BFEEZTRACFEEEERT > UEBEEE 30 AL SERRES o
3. Fikw
2R A2 B g BREP RS 4P Pond > Fla- TLARP 7
et b7 EREFAERLE > 2 gHFRTHTE R R ERA
(Yanik, 2017) - Cheng (2017) % Xie (2014) % % &3 4 0 > I * Bk o o> 55~
WY 2 A PW P LY EREMEC LB FR L 11207 BT A
XN A SEF R T B BRI o AR AR G R
AR B EFEELE 500 W R O30 A48 FHHERY 1:10-1:201¢
30~1:40~1:50(g/mL) $42FREFFHE*FEMFTEEDEL -
ZREHETOERR L1102 1:20 H B 4w 5 143 v 1.47 mg/g

dw A 4 X ERFLE (RI): 4 AR5 1:30 B v EREF F5

\V‘\ﬂ

Y
I

1.99 mg/g dw ; BREEFE R cn2 B(1:40 2 1:50) $ 4 FFEBEF @
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Figure 2. Effect of extracted time on content of ergothioneine from Pleurotus
citrinopileatus fruiting body powder

Each value is expressed as mean = SD (n=3)
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A A EPEREHETREFFHE AY $LRFERE SRR
Table 4. Effect of extracted time on content of ergothioneine from Pleurotus
citrinopileatus fruiting body powder

Time (min) Content (mg/g dW)a
Ergothioneine
10 1.24+0.13B
20 1.10£0.03 B
30 1.51£0.06 A
40 1.48 £0.08 A
50 1.23+0.06 B

2 Each value is expressed as mean + SD (n=3).
Means with different letters within a column are significantly different
(»<0.05)
Microwave-assisted extraction experimental conditions:
Microwave power: 500 W
Solid/Liquid ratio: 1:40 (g/mL)
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Figure 3. Effect of solid / liquid ratio on content of ergothioneine from
Pleurotus citrinopileatus fruiting body powder

Each value is expressed as mean + SD (n=3)
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23 CFERVCFETREFIFTHE R FERFIZEE ORE
Table 5. Effect of solid / liquid ratio on content of ergothioneine from Pleurotus
citrinopileatus fruiting body powder

Solid / Liquid ratio Content (mg/g dw)a
Ergothioneine
b+10 1.43+0.07 B
I-20 1.47+0.07B
i 1.99 +0.05 A
- 40 1.14+0.02 C
A 0.75+0.02 D

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

Means with different letters within a column are significantly different (p<0.05)
Microwave-assisted extraction experimental conditions:

Microwave power: 500 W

Time: 30 min
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WBrE N o (A BRI E R 1130 0T L B BiE R o
(Z) MF RY G EFHEAFHI$ T2 g iEe
FEFH - Z- FFFHRRONEFFAFFFRI Y 2P T

]
KRB F W G R R AL B £

(RS B ERR A S TR ST Rl
i€ o AFE Sk * Box-Behnken design (BBD) = F]+ = fF A K32 0 k- =X
- R R TR R F R KRR LN RER -
ABHRUEFPHEF PR FRZ TS L0 R FREPEA GG
300~700 W ~20~40 ~45% 1:20~1:40° 4r# = #757 - ¥ §]* BBD &7 F.

A

P TEIS B FFBER s drh S r o AP Rz i Fz B
EAFY B MR ISBRREERI R AL ELEEEFEF I oL TR
2 FAREIFPE PSR AR S A o d A0 F 50 g FEor F RS
PR RER . SEFARTEREF AR AT EHY o B TP

1.812~1.978 mg/g dw » @ F ke 15 2. ZB~if it » ¥ BE{F & F e & F] 5B

g

¥ 15 5 BE 2% ﬁg,] » STATGRAPHICS 3zt #c#8:i&i7 4 7 > ¥ 73] -
LI AR AeT @ H B u i@ Aok N AT L
Y =-1.58598 + 0.00284521xPower + 0.0769375X Time + 0.102212XS/L ratio -
0.00000340833 xPower"2 - 0.000007875%xPowerx Time + 0.00003675XPowerxS/L
ratio - 0.000755833xTime"2 - 0.0009125xTimeXS/L ratio - 0.00153333xS/L
ratio”2

Pk LB sV R B s 154 (ANOVA) (2 4) » 7 #4e# 5 »

PR E BRI H A e 2 FREL R
FEKkEF O PEA 005 A7 AP EFHEEFR D A4 7 B
T+ B - Bk AR ¥ o0 (p<0.05); R-square & 5 76.4877% > % 7 it 2
WAL E R B G RS EZAPM LR o R A IR 2R SR B i
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%~ £TERA $ &£ FF) = F]F = FF k& Box-Behnken I B-ik it £ Sk
P 5% 2 45 7

Table 6. The reaction parameters experiment range of 3-level-3-factor
Box-Behnken design (BBD) of ergothioneine from Pleurotus citrinopileatus

Coded level of factor

Factor
-1 0 1
Power (W) 300 500 700
Time (min) 20 30 40
S/L ratio 1:20 1:30 1:40
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- ~ £TBRIAB F £FF2 = F]F = FF & Box-Behnken X2 EHEE (Y)
Table 7. 3-level-3-factor Box-Behnken design (BBD) and the extraction yield (Y)
of ergothioneine in Pleurotus citrinopileatus (n=3)

Coded level of factor

Y (mg/d dw)
Treatment , , _ extraction
Power (W) Time (min) S/L ratio yield of
ergothioneine
1 0 (500) -1 (20) 1 (1:40) 1.820
2 -1 (300) -1 (20) 0(1:30) 1.530
3 -1 (300) 0(30) 1 (1:40) 1.551
4 0 (500) 1 (40) 1 (1:40) 1.625
5 1 (700) 0(30) 1 (1:40) 1.658
6 1 (700) 1 (40) 0(1:30) 1.836
7/ 0 (500) -1 (20) -1 (1 - 20) 1.556
8 -1 (300) 0(30) -1 (1 - 20) 1.731
9 1 (700) -1 (20) 0(1:30) 1.844
10 0 (500) 1 (40) -1 (1 - 20) 1.726
11 -1 (300) 1 (40) 0(1:30) 1.585
12 1 (700) 0(30) -1 (1 - 20) 1.544
13 0 (500) 0(30) 0(1:30) 1.942
14 0 (500) 0(30) 0(1:30) 1.812

15 0 (500) 0 (30) 0(1 : 30) 1.978
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2N BA R S P2 RIE S A TR B B2 2 =5 R N B i
A
Table 8. Second-order model equations for the response surfaces fitted to the
experimental data, as a function of microwave assisted extraction of
ergothioneine in Pleurotus citrinopileatus and the analysis of regression

Regression coefficient for ergothioneine

Coefficient Estimate
constant -1.58598
A:Power 0.00284521
B:Time 0.0769375
C:S/L ratio 0.102212

AA -0.00000340833
AB -0.000007875
AC 0.00003675
BB -0.000755833
BC -0.0009125
CC -0.00153333

The equation of the fitted model is

Y =-1.58598 + 0.00284521 xPower + 0.0769375xTime + 0.102212xS/L ratio
- 0.00000340833xPower”2 - 0.000007875xPowerxTime +
0.00003675xPowerxS/L ratio - 0.000755833xTime”2 — 0.0009125*x Time

x S/L ratio - 0.00153333xS/L ratio"2
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FA AR EFETERIA S AT T 2 R AT

Table 9. Analysis of variance for factors related to microwave-assisted extraction of

ergothioneine in Pleurotus citrinopileatus

Sum of Degree of Mean )
Source F-Ratio P-Value
Squares freedom Square
A: Power  0.0294031 1 0.0294031 1.97 0.2190
B: Time 0.0000605 1 0.0000605 0.00 0.9516
C:S/L
_ 0.00117613 1 0.00117613 0.08 0.7899
ratio
AA 0.0686281 1 0.0686281 4.61 0.0846
AB 0.00099225 1 0.00099225 0.07 0.8066
AC 0.021609 1 0.021609 1.45 0.2823
BB 0.0210936 1 0.0210936 1.42 0.2874
BC 0.0333062 1 0.0333062 2.24 0.1950
CC 0.0868103 1 0.0868103 5.83 0.0605
Total
0.0744569 5 0.0148914
error
Total
0.316672 14
(corr.)

R-squared = 76.4877 percent
R-squared (adjusted for d.f.) = 34.1655 percent
Standard Error of Est. =0.12203

Mean absolute error = 0.0637889
Durbin-Watson statistic = 1.37857 (P=0.0807)

Lag 1 residual autocorrelation = 0.27368
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cc

AA

BC

A:Power (W)
AC

BB

C:S/L ratio
AB

B:Time (min)

Standardized Pareto Chart for Ergothioneine

0.5 1 1.5 2

Standardized effect

2.5

il

Ble ~p B — i e X1 EE R F EMFIEEE i By
Table 4. Pareto chart of main effects for microwave-assisted extraction conditions

of ergothioneine content in Pleurotus citrinopileatus
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Table 10. Optimum conditions and the ergothioneine predicted yield value of
response at the optimum conditions

) Optimum Modified
Factor Low High o o
conditions conditions
Power (W) 300 700 552.398 552
Time (min) 20 40 29.139 29
S/L ratio 1:20 1:40 1:31.279 1:31
Predicted
yield value 1.919
(mg/g dw)
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Table 11. Verification tests for fitted model of ergothioneine yield

Variable : Ergothioneine yield (mg/g)

L U Lower Upper
r r
owe PP el std oL sd .
N CL Mean CL Min. Max.
Std Dev Std Err
Mean Mean
Dev Dev
4 1.83 1.92 1.96 0.03 0.06 0.22 0.03 1.83 1.96
Variable DF t Value Pr>|t|
Ergothi 1
rgo .10neme 3 0.08 0.94
yield
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Figure 8. Effect of ultrasound frequency on yield of ergothioneine from
Pleurotus citrinopileatus fruiting body powder

Each value is expressed as mean £ SD (n=3)
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Table 12. Effect of ultrasound frequency on content of ergothioneine from
Pleurotus citrinopileatus fruiting body powder

Content (mg/g dw) )

Frequency (kHz)
Ergothioneine
40 1.01+0.01 B
60 1.25+0.03 A

2Each value is expressed as mean + SD (n=3).

Means with different letters within a column are significantly different (p<0.05)
Ultrasound-assisted extraction experimental conditions:

Temperature: 60°C

Time: 40 min

Ultrasound power: 200 W

Solid/Liquid ratio: 1:30 (g/mL)
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Figure 9. Effect of extracted temperature on content of ergothioneine from
Pleurotus citrinopileatus fruiting body powder

Each value is expressed as mean + SD (n=3)
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Table 13. Effect of extracted temperature on content of ergothioneine from
Pleurotus citrinopileatus fruiting body powder

Temperature ('C) Content (mg/g dW)a
Ergothioneine
40 0.11£0.00 C
50 0.14+£0.02 C
60 0.55+0.02 B
70 0.88+0.03 A

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

Means with different letters within a column are significantly different (p<0.05)
Ultrasound-assisted extraction experimental conditions:

Frequency: 60 kHz

Time: 40 min

Ultrasound power: 200 W

Solid/Liquid ratio: 1:30 (g/mL)
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Figure 10. Effect of extracted time on content of ergothioneine from
Pleurotus citrinopileatus fruiting body powder

Each value is expressed as mean + SD (n=3)
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Table 14. Effect of extracted time on content of ergothioneine from Pleurotus
citrinopileatus fruiting body powder

Time (min) Content (mg/g dW)a
Ergothioneine
10 0.33+0.00D
20 0.80 £0.05 C
30 1.11+£0.18 B
40 1.27+0.12A
50 1.31+£0.05A

2Each value is expressed as mean + SD (n=3).

Means with different letters within a column are significantly different (p<0.05)
Ultrasound-assisted extraction experimental conditions:

Frequency: 60 kHz

Temperature: 70°C

Ultrasound power: 200 W

Solid/Liquid ratio: 1:30 (g/mL)
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Figure 11. Effect of ultrasound power on yield of ergothioneine from
Pleurotus citrinopileatus fruiting body powder

Each value is expressed as mean + SD (n=3)
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Table 15. Effect of ultrasound power on content of ergothioneine from Pleurotus

citrinopileatus fruiting body powder

Power (W) Content (mg/g dw)a
Ergothioneine
25 1.25+0.04 AB
>0 1.26 = 0.06 AB
2 132+ 0.02A
100 1.24+0.07 AB
150 124+0.04 B
200 1.1240.02 C

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

Means with different letters within a column are significantly different (p<0.05)
Ultrasound-assisted extraction experimental conditions:

Frequency: 60 kHz

Temperature: 70°C

Time: 40 min

Solid/Liquid ratio: 1:30 (g/mL)
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Figure 12. Effect of solid / liquid ratio on content of ergothioneine from

Pleurotus citrinopileatus fruiting body powder
Each value is expressed as mean + SD (n=3)
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Table 16. Effect of solid / liquid ratio on content of ergothioneine from Pleurotus
citrinopileatus fruiting body powder

Solid / Liquid ratio Content (mg/g dw)
Ergothioneine
L+ 10 0.71+0.01 B
120 1.11£0.07 A
L 1.21£0.09 A
- 40 1.1240.01 A
14 1.14+0.06 A

2 Each value is expressed as mean £ SD (n=3).

Means with different letters within a column are significantly different (p<0.05)
Ultrasound-assisted extraction experimental conditions:

Frequency: 60 kHz

Temperature: 70°C

Time: 40 min

Ultrasound power: 75 W
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Table 17. The reaction parameters experiment range of 3-level-3-factor
Box-Behnken design (BBD) of ergothioneine from Pleurotus

citrinopileatus
Coded level of factor
Factor
-1 0 1
Time (min) 30 40 50
Power (W) 50 75 100
S/L ratio 1:20 1:30 1:40
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Table 18. 3-level-3-factor Box-Behnken design (BBD) and the extraction yield (Y)
of ergothioneine in Pleurotus citrinopileatus (n=3)

Coded level of factor

Y (mg/d dw)
Treatment _ , _ extraction
Time (min) Power (W) S/L ratio yield of
ergothioneine
1 -1 (30) -1 (50) 0(1:30) 1.173
2 -1 (30) 0 (75) 1(1:40) 1.240
3 1 (50) 0 (75) 1(1:40) 1.418
4 0 (40) 1 (100) -1 (1 1 20) 1.179
5 0 (40) -1 (50) -1 (1 :20) 1.483
6 1 (50) 0 (75) -1 (1 :20) 1.482
7 -1 (30) 0 (75) -1 (1 :20) 1.385
8 1 (50) 1 (100) 0(1:30) 1.432
9 0 (40) 1 (100) 1(1:40) 1.281
10 0 (40) -1 (50) 1(1:40) 1.255
11 -1 (30) 1 (100) 0(1:30) 1.290
12 1 (50) -1 (50) 0(1:30) 1.408
13 0 (40) 0 (75) 0(1:30) 1.397
14 0 (40) 0 (75) 0(1:30) 1.451
15 0 (40) 0 (75) 0(1:30) 1.424

95



P RFAFEFETRR S AMTFF R G2 - X SN ok
A
Table 19. Second-order model equations for the response surfaces fitted to the
experimental data, as a function of ultrasound-assisted extraction of
ergothioneine in Pleurotus citrinopileatus and the analysis of regression

Regression coefficient for ergothioneine

Coefficient Estimate

constant 0.134021

A: Time 0.0454799

B: Power 0.0162003

C: S/L ratio -0.0200804
AA -0.000454811
AB -0.0000935043
AC 0.000201644
BB -0.0000835925
BC 0.0000297335
CcC 0.0000304779

The equation of the fitted model is:

Y =0.134021 + 0.0454799x Time + 0.0162003xPower - 0.0200804 xS/L ratio -
0.000454811xTime”2 - 0.0000935043x TimexPower + 0.000201644xTimexS/L
ratio - 0.0000835925xPower”*2 + 0.0000297335xPowerxS/L ratio +
0.0000304779xS/L ratio™2
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The equation of the fitted model is:
Y =0.134021 + 0.0454799xTime + 0.0162003 XPower - 0.0200804 X S/L ratio -
0.000454811xTime"2 - 0.0000935043 X TimeXPower + 0.000201644 X TimexS/L
ratio - 0.0000835925xPower”2 + 0.0000297335xPowerXS/L ratio +
0.0000304779xS/L ratio”2

Pk B R R R Gics 74 (ANOVA) (2= 1) ANOVA ~
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Table 20. Analysis of variance for factors related to ultrasound-assisted extraction

of ergothioneine in Pleurotus citrinopileatus

Sum of Degree of ,
Source Mean Square ~ F-Ratio P-Value
Squares freedom
A: Time 0.0528973 1 0.0528973 25.30 0.0040*
B: Power  0.00330735 1 0.00330735 1.58 0.2641
C: S/L
) 0.0506371 1 0.0506371 24.22 0.0044 *
ratio
AA 0.00763767 1 0.00763767 3.65 0.1142
AB 0.00218576 1 0.00218576 1.05 0.3535
AC 0.00162641 1 0.00162641 0.78 0.4182
BB 0.0100784 1 0.0100784 4.82 0.0796
BC 0.00022102 1 0.00022102 0.11 0.7583
CC 0.0000342979 1 0.0000342979 0.02 0.9031
Total
0.0104556 5 0.00209112
error
Total
0.13817 14
(corr.)

*: Significant at 5% level

R-squared = 92.4328 percent

R-squared (adjusted for d.f.) = 78.8118 percent
Standard Error of Est. = 0.0457287

Mean absolute error = 0.0220732
Durbin-Watson statistic = 2.67845 (P=0.9431)
Lag 1 residual autocorrelation = -0.375702
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Standardized Pareto Chart for Ergothioneine
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Figure 13. Pareto chart of main effects for ultrasound-assisted extraction
conditions of ergothioneine content in Pleurotus citrinopileatus
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Figure 14. Surface plot and contour plot of extraction power and S/L ratio on
ergothioneine in Pleurotus citrinopileatus
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Figure 15. Surface plot and contour plot of extraction power and time on
ergothioneine in Pleurotus citrinopileatus
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MR ERR A R Rk KRB RAREAELE L8 NETA
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BELR oDt BE 1.73P B &3 0135 F]10.13 3 0.050 FP F %
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Figure 16. Surface plot and contour plot of extraction time and S/L ratio on
ergothioneine in Pleurotus citrinopileatus
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Table 21. Optimum conditions and the ergothioneine predicted yield value of

response at the optimum conditions
) Optimum Modified
Factor Low High . .
conditions conditions
Time (min) 30 50 46.799 47
Power (W) 50 100 74.281 74
S/L ratio 1:20 1:40 1:20 1:20
Predicted
yield value w52 7
(mg/g dw)
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Table 22. Verification tests for fitted model of ergothioneine yield

Variable : Ergothioneine yield (mg/g)

L U Lower Upper
ower er
N g‘; L sd CLoosd
ean 1n. ax.
Std Dev Std Err
Mean Mean
Dev Dev

4 143 150 156 002 003 006 002 144 1.53

Variable DF t Value Pr > |t|
Ergothionei
rgo '10neme 3 173 0.13
yield
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(2010) A L £ FIFH G L IEEP T L b BE I REZEBE 1V
Fadn o F1% A2 i e P48 Ao e P RE 2 ¥RER R R0 PR 7
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Tt e RFAEP RG22 RPRMAZTIRA M 2 F e e ZR
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REZPAEREZRE > 2233325 EE Y 3 % A& (Sandrina et
L 2016) 5 gttt AT R Y 2 AQH AW R R BRF BE R kA R 2T

* 5 43 = 24
37 WP EBoRE -

~FuF van 4 A4

PR ETRRIB Y AT g g EMTFE AR Ba AL 0 B LR
Fouk o PN AL e B ACH AR R B R BOR S LG B
E%%’U%ﬁ(Mdn@m;éﬁwﬁﬁiﬂﬁ®Wiyé%%%IWH{é
dRES CFE LMY R R oS ABTS B s o ErE

ECso M a5 Pode2 g it 4 o

(-) EERIEFIRWUI P FP 32 XK

/

Bz BBk g FEB S N ERAR - FREFA RS ARG R T
AR (£ 0 2000) 0 AET R R AR AR AW FEZ BRT P2 s
R B kAo

d 22227 ERAFTRHLIEIRTRAZRF A FEH LY
BP>HCA MRS E B > B E B K A U L 47.21% ~ 44.49% % 43.65% o Bendicho
(2012) dp MAZH A H P ZPF H F FBF ~ B Z Pk R P MATHE SR 1
N AR S BB R (2000) AR IRACRE BT G BN T R P B g
Pt Ban v mR B RORBES T AR o8 LF AT
Gude (2013) 45 ik 3 24 Z 241 % Bl B3P 30084 s F Boif kv b A 2
BRI TR R TROF B FEF o
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Table 23. Extraction yield of microwave, ultrasound-assisted extraction and hot
extracts from Pleurotus citrinopileatus fruiting body powder

Extraction yield ’ (%)

MEP " 43.65+0.09 C
UEP " 4721 +0.28 A
HWEP 44.49 £ 0.04 B

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

> Microwave-assisted extract of Pleurotus citrinopileatus fruiting body powder

¢ Ultrasound-assisted extract of Pleurotus citrinopileatus fruiting body powder

dHot water extract of Pleurotus citrinopileatus fruiting body powder
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Figure 17. Scavenging ability of microwave, ultrasound-assisted extraction and hot

water extracts from Pleurotus citrinopileatus fruiting body powder on
DPPH radicals
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Table 24. Scavenging ability of microwave, ultrasound-assisted extraction and hot extracts from Pleurotus citrinopileatus

fruiting body powder on DPPH radicals

Scavenging ability * (%)

Amount
(mg/mL)  Ergothioneine  a-tocopherol ~ Ascorbic acid BHA MEP b UEP ¢ HWEP ‘
0.1 80.96 026D 8829+035C 91.99+0.15A 8929+025B 7636+020E 10.73+0.15G 25.16+0.10F
0.5 82.73+045C 91.29+0.55B 92.16£020A 90.99+0.06B 78.29+0.12D 50.59+0.25F 52.03+0.06 E
1 84.86+036C 9229+0.65A 9223+0.06A 91.33+0.55B 78.69+0.15D 68.63+045E 65.06+0.20F
5 9233+£0.06 A 92.19+044A 92.19+0.15A 8243+035C 8393+£0.55B 81.39+0.06D

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

® Microwave-assisted extract of Pleurotus citrinopileatus fruiting body powder

¢ Ultrasound-assisted extract of Pleurotus citrinopileatus fruiting body powder

dHot water extract of Pleurotus citrinopileatus fruiting body powder
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Figure 18. Chelating ability of microwave, ultrasound-assisted extraction and hot
water extracts from Pleurotus citrinopileatus fruiting body powder on
ferrous ions
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Table 25. Chelating ability of microwave, ultrasound-assisted extraction and hot extracts from Pleurotus citrinopileatus fruiting
body powder on ferrous ions

Amount Chelating ability ? (%)

(mg/mL) Ergothioneine EDTA Citric acid MEP ® UEP ¢ HWEP ‘
0.1 5753+ 1.13 B  69.19+1.68A 31.94+032F 4527+1.04D 3946+1.03E 49.25+0.19C
0.5 5839+1.61D 8694+0.19A 3570+0.19E 67.74+£032B 60.75+0.67C 66.56+1.13 B

1 60.65+036E 87.26+0.19A 4656+1.66F 7333+122B 66.88+1.52D 69.89+0.49C
5 8742+ 0.19A 48.06+032D 8280+093B 7247+£0.67C 7226+1.16C

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

¢ Ultrasound-assisted extract of Pleurotus citrinopileatus fruiting body powder

dHot water extract of Pleurotus citrinopileatus fruiting body powder
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Figure 19. Reducing power of microwave, ultrasound-assisted extraction and hot
water extracts from Pleurotus citrinopileatus fruiting body powder
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Table 26. Reducing power of microwave, ultrasound-assisted extraction and hot extracts from Pleurotus citrinopileatus fruiting

body powder

Amount Reducing power * (Absorbance at 700 nm)

(mg/mL)  Ergothioneine  a-tocopherol  Ascorbic acid BHA MEP UEP*® HWEP ¢
0.1 020+£0.01B 0.01+£001E 0.67£0.01A 0.11£0.02C 0.06£0.00D 0.06+0.01D 0.06=+0.00D
0.5 0.50+0.02C 0.06+0.01F 075+0.02A 0.56+0.02B 0.11+£0.00D 0.12+£0.00D 0.08+0.00 E

1 0.63+£0.01D 0.65+£0.01C 0.80+0.01A 0.74+0.02B 0.19+£001E 0.15+£0.01F 0.09+0.00G
5 0.71£0.02B 0.81+£0.01A 0.82+0.01A 0.57+0.01C 0.56+0.00C 0.41=+0.02D

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

¢ Ultrasound-assisted extract of Pleurotus citrinopileatus fruiting body powder

dHot water extract of Pleurotus citrinopileatus fruiting body powder
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Figure 20. Scavenging ability of microwave, ultrasound-assisted extraction and
hot water extracts from Pleurotus citrinopileatus fruiting body
powder on ABTS" radicals
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Table 27. Scavenging ability of microwave, ultrasound-assisted extraction and hot extracts from Pleurotus citrinopileatus

fruiting body powder on ABTS" radicals

Amount Scavenging ability * (%)

(mg/mL) Ergothioneine Trolox MEP - UEP HWEP ‘
0.1 16.96 + 0.69 A 17.82+0.53 A 08.88+0.53 B 03.00+040C  02.99+0.40C
0.5 3437+0.20B 50.00 = 0.87 A 14.07+1.40D 34.83+0.53 B 18.69+0.69 C

1 47.17+0.80 B 87.89+0.40 A 25.61+0.35D 40.02+0.53C  4048+035C
5 89.45+0.35A 71.16 £ 0.53 D 86.66 =0.20 B 84.66+0.20 C

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

® Microwave-assisted extract of Pleurotus citrinopileatus fruiting body powder

¢ Ultrasound-assisted extract of Pleurotus citrinopileatus fruiting body powder

dHot water extract of Pleurotus citrinopileatus fruiting body powder
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Table 28. EC50 value of microwave, ultrasound-assisted extraction and hot extracts from Pleurotus citrinopileatus fruiting body

powder and ergothioneine standard in antioxidant properties

ECsovalue ? (extract mg/mL)

5 . b © d
Ergothioneine MEP UEP HWEP
Scavenging ability on
. 0.06+0.03 A 0.07+0.01 A 0.49+0.04 B 047+0.03B
DPPH radicals
Chelating ability on
: 0.09+0.01 A 0.18+0.06 B 0.30+0.05C 0.12+0.02 B
ferrous ions
Reducing power 0.50+0.03 A 428 +0.18B 443 +0.44 B 14.67+0.11 C
S ing abilit
cavensing aviy of 1.06 + 0.01 A 1.89+0.36 B 1.86 +0.06 B 2.64+0.23C

ABTS" radicals

2 ECso, the effective concentration at which the antioxidant activity was 50%, the 1,1-dipheny1-2- picrylhydrazyl (DPPH)
radicals were scavenged by 50%, the absorbance was 0.5 for reducing power, and ferrous ions were chelated by 50%

ECso was obtained by interpolation from linear regression analysis

b Microwave-assisted extract of Pleurotus citrinopileatus fruiting body powder
¢ Ultrasound-assisted extract of Pleurotus citrinopileatus fruiting body powder
dHot water extract of Pleurotus citrinopileatus fruiting body powder
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Figure 21.

HPLC chromatograms of Pleurotus citrinopileatus fruiting body
powder extract obtained by microwave-assisted extraction (A) and
ergothioneine standard (B)
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Figure 22. HPLC chromatogram of Pleurotus citrinopileatus fruiting body

powder extract obtained by microwave-assisted extraction Intersil™
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Table 29. Ergothioneine purity and yields of the different steps from Pleurotus citrinopileatus fruting body powder

Ergothioneine  Ergothioneine

Dry weight (g) ~ Volume (mL) Purity (%)  Recovery (% °
(ng/mL) (mg) y (%) y (%)
crowave
) 38.727 1130 48.95 55.31 24.48 100
extraction
Tangential
) ) 750 54.90 41.17 29.03 74.43
Flow Filtration
Intersil ™ Diol
100 363.66 36.37 83.25 65.72

COLUMN

a
Purity: Calculated by the ratio of ergothioneine area to total peak area in high performance liquid chromatogram
b
Recovery rate: Calculated by dividing the total amount of ergothioneine in the microwave-assisted extraction by the ergortioneine

content obtained in each purification step
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Figure 23. Finnigan LCQ ion-trap mass spectrum of ergothioneine standard



94-Ergothioneine standard-H #1-20 RT: 0.01-0.28 AV: 20 NL: 6.88E6
T: FTMS + p ESI Full ms [50.00-1000.00]
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84-Ergothioneine sample-H #1-20 RT: 0.01-0.28 AV: 20 NL: 8.16E5
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