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8 oF E A= ofQele| WAl (Pleurotus eryngii var, ferulae)ol| =0l &= A B2 9 ]EF_E]QH]
Qlof geke Pare BT 4 ol A RS Sl ofslmrel Al 35 (ug, Bl 25, WIho o2
Beddl o # e 58S st UG AR B Y 749 HPLC 24 23& Hlﬁ-o}ojl
oFPI=EeH Al d FEEC] d2iE el IS AFT o e 24 £ (shodex HILIC column, 35
C, 10 mL/min)& 2HRISH00] olF olgalel 355 ofgletelual A 2aEo] T o= e 2l
sheFs A4S TS 3.04 £ 0,02 mg/g, H]AF 2% 3,15 £ 0,05 mg/g, W3} 1,13 £ 0,07 mg/g). ETF,

F30) oSl ElEIM Al A522EE] DPPH W ABTS 207 2494 S Sgolgen, 3 o o % 5
SelolC QS A4S AEASE § 7S Feiel AALGAA e 2Eern ofnelo
vl BES AV AT SAT 4 i BAUS Saron, B 9 A 25 oSluEel A BT EE
AL e o2aE el BET S P BHS Hedtn Ut AoR WA FT P A5
MRa 154 BAE Aol o8 4 %S ASE wekHr,

Abstract: This study was conducted to establish optimal high pressure liquid chromatography (HPLC) conditions for
estimation of the ergothioneine contents in the three kinds of water extracts of Pleurotus eryngii var. ferulae (Meaksong,
Beesan No. 2, Baekwhang). By comparing the four different HPLC conditions, optimun condition for quantifying the
contents of ergotioneine was established (shodex HILIC column, 35 °C, 1.0 mL/min). By this method, the contents
of ergothioneine in Meakong (3.04 + 0.02 mg/g), Beesan No. 2 (3.15 + 0.05 mg/g) and Baewhang (1.13 + 0.07 mg/g)
were estimated. DPPH and ABTS radical scavenger activities of these three kinds of Pleurotus eryngii var. ferulae
were estimated and the contents of total phenol and flavonoid were also estimated. Taken together, this study establish
an optimun HPLC condition for determining the ergothioneine contents in water extracts of Pleurotus eryngii var. ferulae.
Furthermore water extracts of Maesong and Beesan No. 2 showed relatively high contents of ergothioneine and antioxidant
activity, suggesting that these materials could be used as potential antioxidant in developing functional cosmetics.
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Table 1. HPLC Conditions

2. Y Q1(Ergothioneine) 4 &¥ = &4k3} Aol w3k A 51

2.3. OfPI=El2|HA FE=9| eiitet s &4
OFI=ERHA FE=e] st a5S dolr] ¢

34 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Alfa Aesar Co.,
USA) ght)d AAE4] 9 2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) (Sigma-Aldrich, USA) }t]Z 47
S S5k

DPPH #it]d 2AE] AF-2 Choisol HH
HFsto] ARSI 11]. DPPH 2] 4724
sl7] flsiA, SRl A ofl=EEHAl d =&
& &5 mg/mL) 0.5 mL} offghEo] -8siA1X] DPPH 2}
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() Cies
Noox Hr

Korea)S ©o]&3}o] 517 mmojlA] &4 =5 ATk
DPPH 2t 47|34e MEBARE () 6hydoxy-

2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox) (Sigma-
Aldrich, USAY2 o]gaglon], 2 AR = 0.99)2
ZrAd51o] Trolox equivalent (vmol TE/g) o &2 LERY ST
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mM potassium persulfate 292 100 : 19} H| &2 &35}
o] 16 ~ 18 h £t HLSA]7] ABTS =}jZ £ole Az
alick ABTS 2}tz ol Egsls ol gato] 734
mm] I 0.7 & 0.05)3k 2Hes S5k, 314

AZ1 ABTS 2tt] 88 1.8 mLe} S<poll 3415 of9]
LERHAL 94 25505 mgml) 70 (LS 33 5 o

AoflA 6 min 5t WS- &, 734 nm ZPgolA FFEE
Z745k5t]. ABTS gjt|Z AASAL #3554 Troloxs
o] 83l FEITHR® = 0.996)2 AJ3}o] Trolox equivalent

(tmol TE/g) o= UFERYSITh

(A) B) © D)
Detector uv
Mobile phase 20 mmol/L. Ammonium acetate in DW (pH 6.0 acetic acid) : Acetonitrile = 15 : 85
Colum HILIC column Capcell pak A Q column  Capcell pak A Q column Shodex HILIC column
(4.6 mm x 250 mm, 5 gm) (4.6 mm x 250 mm, 5 gm) (4.6 mm x 250 mm, 5 gm) (4.6 mm x 250 mm, 5 um)
tei;gf;ﬁre 40 °C 35 °C 25 °C 35 °C
Flow rate 1.0 mL/min 0.7 mL/min 0.5 mL/min 1.0 mL/min
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Figure. 1. Chemical structure of ergothioneine.
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Figure. 2. HPLC chromatogram of hot water extracts of Pleurotus
eryngii var. ferulae. L-ergothioneine and hot water extracts of
Pleurotus eryngii var. ferulae were separated with different HPLC
conditions (A, B, C, and D are chromatograms which resulted
from different HPLC condtions described in Table 1). Upper
pannels were the chromatogram of L-ergothionein and lower
pannels is that of hot water extracts of Pleurotus eryngii var.

ferulae at each HPLC conditions.
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Figure. 3. Calibration curves of ergotioneine (A) by standard solution and the contents of ergotioneine in

water extracts of Maesong, Beesan No.2 and Baewhang (B) (N = 3).

Table 2. Antioxidant activities and ergothioneine contents of Pleurotus eryngii var. ferulae

Polyphenolic contents

Flavonoid contents

Antioxidant capacity

Samples DPPH ABTS
(mg GAE/g) (mg QE/g) (umol TEg) (umol TElg)
Meaksong 8.89 + 0.07 335 + 0.4 17.01 + 1.11 3475 + 1.04
Beesan No. 2 9.17 + 0.11 220 + 0.25 17.92 + 1.03 36.66 + 1.34
Baekwhang 6.71 + 0.05 1.15 + 0.08 7.17 + 0.29 24.96 + 1.01

J. Soc. Cosmet. Sci. Korea, Vol. 46, No. 1, 2020



54 3 -

ABTS ot} 27842 tehglom wajo] 7b 1
© ABTS 2elz 2A24E BerhTable 2). Ak} &
52 Holl AR ofg] X7t Baise] qlAg o2
TE QU] Fhago] Fhg Ae uige] gAle} ko] 7}
A e AR Leht, o 23] 2u|2] Fepo] DPPH B
ABTS etc) 2 AAZHel g & Ao Arsr,

33. OF=ERIHA FE= £2| & Sz |

ik

&,
'S
ok
ot
flo

|4k 237} 9.17 £ 0.11 mg GAE/g
g B2 dFe UEIRIAL wiEo] 889 + 0.07
mg GAH/go] 91k meon uigio] 7H e gkl
6.71 + 0.05 mg GAF/g2 UelQtt & R o]=
Y] AF WE] 332 + 04 mg QEg= 7MY w2
2ke wolon] HjAl 257} 220 + 025 mg QFg ©& U
Ebgton, wigto] 115 + 0.08 mg QF/ge = 7P w2 3
Fa UEiiek

{'4% of
ﬁ\[_( »
N
‘
o

4.8 B

BAol ThR, ofmlidl Eejulsint ofe) thop
ot Hleb W eyl EReka glon] e Wkt &

50l 3 Aem Ad=A lo], A Ve A=A B
< A7 XeEo] gk AAlz m]i AlZFof =1

U9l AHefshH ApejAdel ofgt Alzd ik
(ROS) L& Atz Aor dBfA qlom21], A<
Aoj) oJ&f 6% matrix metalloproteinase 1 (MMP-1) &
/d& AISHL type I procollagen #5E A sh= A&
2 HuEQoh22]. ot AvEE of|EalE ylo]
ZrejAe] ozt R 3kE AT 4= Sl 8%t A
2 AME 5 ok S ARFSRL Sl BAleA 9] B
A3 582 8 ks W b o] EA] Aol
83 AT & Aog ARRESeY T HAlo] o
EVERYIRE 7H wol RS Qe Ad A=
A A|7] AlAFsPEA o 2arEl 2H|Qle] o]-gof Tthet
Aol F7HEAL ok & AtollA= oFI=EHAl 3F

ietaldE e8] A, A6 A 1 Z, 2020

- o]

oy

<

TS, vAl 23, wigho] o 2arE e yQl dRkE
517] 915k 22 HPLC 271 gsiglon, o] o] &3
of|EleH Al 3F(UE, vlitk 23, WEho] o e L
yolo] sheke ZAstelct 1wk opel W ulAl 2
%, uigke] 3 Eejulsdty 9§ SefeolE AR 5
At A FAEE fsS Bkl 2nE el 2
Sohs FAlet AALARA 7S BB & o
oA ARgH WE Wl HjAL 25 offuElEuAl G4 S

-

Hop w2 o=arEleyql ewke HAskal Qs AeR
SRR w2 Pibet TS ERShL e o=
A % et 71eA AE B KR AR o8

2 7Rl 2 AOR AREE 1 ohet i <l

dl

¢

FolH A o= o] HF BAEe I o
2 uAR Ref adiE e dlzueevele] 3

G 2AolE o188 4 Y JoR AfREo] o2y
SUIQIS EFFH= HA 24 el el o8 5 9
2 Ro= Wt

Reference

I. Kk R Martin and J. C. Barrett, Reactive oxygen
species as double-edged swords in cellular processes:
low-dose cell signaling versus high-dose toxicity, Hum
Exp Toxicol, 21(2), 71 (2002).

2. E. Birben, U. M. Sahiner, C. Sackesen, S. Erzurum,
and O. Kalayci, Oxidative stress and antioxidant defense,
World Allergy Organ. J, 5(1), 9 (2012).

3. B. Halliwell, I. K. Cheah, and R. M. Y. Tang,
Ergothioneine - a diet-derived antioxidant with therapeutic
potential, FEBS Lett., 592(20), 3357 (2018).

4. 1. K Cheah, and B. Halliwell, Ergothioneine; antioxidant
potential, physiological function and role in disease,
Biochim. Biophys. Acta., 1822(5), 784 (2012).

5. I. K. Cheah, R. M. Tang, T. S. Yew, K. H. Lim,
and B. Halliwell, Administration of pure ergothioneine
to healthy human subjects: Uptake, metabolism, and effects
on biomarkers of oxidative damage and inflammation,
Antioxid.. Redox Signal., 26(5), 193 (2017).

6. D. Turck, J. Bresson, B. Burlingame, T. Dean, S.
Fairweather-Tait, M. Heinonen, K. 1. Hirsch-Ernst, 1.



10.

11.

12.

13.

R =EFMAl FEHE9] o 231E 2|1 (Ergothioneine) 8 &Y 2 &kst &

Mangelsdorf, H. J. McArle, A. Naska, M. Neuhéuser-
Berthold, G. Nowicka, K. Pentieva, Y. Sanz, A. Siani,
A. Sjodin, M. Stern, D. Tomé, M. Vinceti, P. Willatts,
K. Engel, R. Marchelli, A. Péting, M. Poulsen, J. R.
Schlatter, R. Ackerl, and H. V. Loveren, Statement
on the safety of synthetic L-ergothioneine as a novel
food — supplementary dietary exposure and safety
assessment for infants and young children, pregnant
and breastfeeding women, E. F. S. A Journal., 15(11),
5060 (2017).

. M. Y Kim, I. M. Chung, S. J. Lee, J. K. Ahn, E. H.

Kim, M. J. Kim, S. L. Kim, H. I. Moon, H. M. Ro,
E. Y. Kang, S. H. Seo, and H. K. Song, Comparison
of free amino acid, carbohydrates concentrations in
Korean edible and medicinal mushrooms, Food Chem,
113(2), 386 (2009).

. M. Zhang, S. W. Cui, P. C. K. Cheung, and Q. Wang,

Antitumor polysaccharides from mushrooms: a review
on their isolation process, structural characteristics and
antitumor activity, Trends Food Sci. Technol., 18(1),
4 (2007).

. J. L. Mau, H. C. Lin, and S. F. Song, Antioxidant

properties of several specialty mushrooms, Food Resl.,
35(6), 519 (2002).

N. J. Dubost, B. Ou, and R. B. Beelman, Quantification
cultivated
mushrooms and correlation to total antioxidant capacity,
Food Chem., 105(2), 727, (2007).

Y. Choi, S. M. Lee, J. Chun, H. B. Lee, and J. Lee,
Influence of heat treatment on the antioxidant activities
and polyphenolic compounds of Shiitake (Lentinus
edodes) mushroom, Food Chem, 99(2), 381 (2000).
C. I. G. Tuberoso, M. Boban, E. Bifulco, D. Budimir,
and F. M. Pirisi, Antioxidant capacity and vasodilatory
properties of Mediterranean food: The case of Cannonau

of polyphenols and ergothioneine in

wine, myrtle berries liqueur and strawberry-tree honey,
Food Chem, 140(4), 686 (2013).

F S. Reis, A. Martins, L. Barros, and 1. C. Ferreira,
Antioxidant properties and phenolic profile of the
most widely appreciated cultivated mushrooms: a
comparative study between in vivo and in vitro samples,
Food Chem. Toxicol., 50(5), 1201 (2012).

14.

15.

16.

17.

18.

19.

20.

21.

22.

ol

o,

of &3t A 55

F

E. J. Kim, H. J. Lee, H. J. Kim, H. S. Nam, M. K.
Lee, H. Y. Kim, J. H. Lee, Y. S. Kang, J. O. Lee,
and H. Y. Kim, Comparison of colorimetric methods
for the determination of flavonoid in propolis extract
products, KOREAN J. FOOD SCI. THCHNOL, 37(6),
918 (2005).

D. B. Melville, W. H. Horner, and R. Lubschez, Tissue
ergothioneine, J. Biol. Chem., 206(1), 221 (1954).

T. K. Shires, M. C. Brummel, J. S. Pulido, and L.
D. Stegink, Ergothioneine distribution in bovine and
porcine ocular tissues, Comp. Biochem. Physiol. C,
Pharmacol. Toxicol. Endocrinol., 117(1), 117 (1997).
H. B. Salt, The ergothioneine content of the blood in
health and disease, Biochem J., 25(.5), 1712 (1931).
I. K. Cheah, L. T. Ng, L. F. Ng, V. Y. Lam, J.
Gruber, C. Y. W. Huang, F. Q. Goh, K. H. C. Lim,
and B. Halliwell, Inhibition of amyloid-induced toxicity
by ergothioneine in a transgenic Caenorhabditis elegans
model, FEBS Lett., 593(16), 2139 (2019).

R. D. Williamson, F. P. McCarthy, S. Manna, E.
Groarke, D. B. Kell, L. C. Kenny, and C. M. McCarthy,
L-(+)-ergothioneine significantly improves the clinical
characteristics of preeclampsia in the reduced uterine
perfusion pressure rat model, Hypertension, 75(2), 561
(2020).

Q. Liu, W. Zhang, H. Wang, Y. Li, W. L, Q.
Wang, D. Liu, N. Chen, and and W. Jiang, Validation
of a HILIC method for the analysis of ergothioneine
in fermentation broth, J Chromatogr Sci, 54(6), 934
(2016).

K. Obayashi, K. Kurihara, Y. Okano, H. Masaki, and
D. B. Yarosh, L-ergothioneine scavenges superoxide
and singlet oxygen and suppresses TNF-alpha and
MMP-1 expression in UV-irradiated human dermal
fibroblasts, J Cosmet Sci, 56(1), 17 (2005).

Y. C. Hseu, Y. Vudhya Gowrisankar, X. Z. Chen, Y.
C. Yang, and H. L. Yang, The antiaging activity of
ergothioneine in UVA-irradiated human dermal fibroblasts
via the inhibition of the AP-1 pathway and the
activation of Nrf2-mediated antioxidant genes, Oxid.
Med Cell Longev, 2020, 2576823 (2020).

J. Soc. Cosmet. Sci. Korea, Vol. 46, No. 1, 2020





