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Abstract This study aimed to develop a robust analytical method for quantifying ergothioneine
(ERQG) in the rhizome of Gastrodia elata using high-performance liquid chromatography with a
photodiode array detector (HPLC-PDA) and to evaluate the effects of the extraction method,
cultivation type, maturity stage, and harvest time on ERG content. The method exhibited excellent
linearity over the range of 1.953-250 pg/mL, with limits of detection (LOD) and quantitation (LOQ)
of 4.12 and 12.48 pg/mL, respectively. ERG levels were consistently higher in rhizomes cultivated
in indoor facilities compared with outdoor fields, regardless of maturity stage. Among plant parts,
the flower bud contained significantly greater ERG concentrations than the cortex or epidermis,
indicating a distinct distribution pattern. Seasonal variation was also evident; autumn (October)-
harvested samples (0.40+0.03 mg/g DW) contained approximately 1.6-fold higher ERG than those
harvested in spring (April) (0.25+0.04 mg/g DW). These findings demonstrate that cultivation under
controlled indoor conditions and harvesting in autumn can substantially enhance ERG level in G.
elata rhizome. The established HPLC-PDA method provides a sensitive and reliable approach for
ERG quantification and can serve as a valuable tool for quality control, functional food
development, and the optimization of cultivation practices aimed at maximize ERG content.
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1. ME

[ -

o 2378 2 ¥ Ql(L-ergothioneine, ERG)Z L4 ofu|leAbf 59] ShuQl S|AEHoA fFafish=
318} olu] - Ak2-mercaptohistidine trimethylbetaine) 2.2 4] 1909E0f| WZ-(Claviceps purpurea)
oA Ao & WA= Borodina 5, 2020). AANA WAE o]FE o] ofu|i4te] 2] H &y
2 RUA A - diAbel] plA|= GOl R B2 A7 FRE oW, A B P}
2o AolM BiaE AlASH AES &4 WAISH: anolth. o]dk oA thAL
4, g o, F9S, =, H 71e A 9 AdA7IS AsE A, & N vt 5 ot
S A Ao A4 JthFue} Shen, 2022; Halliwell 5, 2023; Park 5, 2010; Tsai®}
Shen, 2019; Wu 5, 2023; Zhong 5, 2025). ERGE= QAU 55 AAF o2 AsHA 5HA| Holar
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QIR ZHE Fgiofol St ofn|icito 2, vt A7 A
£ AU Avhe o] HeA A4 AFEERAE 9 FE
F7HE 9 o]-8=IL Uth(Zhang &, 2025).

3HH, AEA o= ngfo|A|gk ERG7}F g-Eo] 9lon 1
S| M & HAul(Gastrodia elata Blume)Q] <79 t}=F -5
Aoz 4#A 9t (Kimd} Park, 2013; Park 5, 2010),
Oh= W&3K(Orchidaceae)ol] &5k= 2414 AEE, HE 115
Al EO|AY JEA7} §17] wiZol FHdS SHAl ZotEE &
WA SASHEA 125 YRS 3ol ARt
thLiu 5, 2024; Park 5, 2010; Wu 5, 2023). Hv} 24L&
S S04 AEHoR 18, FE, @715, AE, AS,
A4 9 HHFT 22 X A A% Ag 9 fAE S
Aok 2 o] &E]|o] Yth(Jang 5, 2015; Matias 5, 2016; Tsai
5 2011; Wu 5, 2023). 29| A4 AFEToIA = Huf &
7ol 735t A &4 (Cheah®}t Halliwell, 2012; Kim 5,
2014; Wijesekara 5, 2024; Wu 5, 2023; Zhong 5, 2025),
Yzstold, 7+, AH, HAMS, 1EY, A} T HAH 2
S 9 Y 7|5 7fA 3K Ahn 5, 2007; Matias 5, 2016; Zhan
5 2016; Zhong 5, 2025) ¥4k opet FESE, 7|19
9 x| o] 3K ChenT} Sheen, 2011; Huh &, 1998; Jung 5,
2007; Zhong 5, 2025y5 AYIL Qlth= Zlo] gzt Hule]
CHJSE ABRgdE o AlEont E440g EAfstAY tE 4
£of vlef Tl =2 A 2 dstA BREA, o
HA0] AEOF gastrodigenin®]|2talE 5}+= 4-hydroxybenzyl
alcohol (4-HBA)Q} 4-HBAS] vldA|Ql parishin A (tris[4-(B-
D-glucopyranosyloxy)benzyl]citrate), B, C, D, E, gastrodin
[4-(B-D-glucopyranosyloxy)benzyl alcohol] ©]2]o|= ERG ¥
vanillyl alcohol 5°] ATHChen 5, 2016; Lin &, 1996; Matias
5, 2016; Taguchi 5, 1981; Wang &, 2007; Zhan -5, 2016).
53] ERGE Auje] 20 A2 AR £ sjjolu, ol A
of AolA] AR 27} thAkE] ozt Aslet e
Aol Sl BrpmeAolA A0 Heke Holshe Ao
& A UrkPark 5, 2010). T2HA Hote] ERG g2 &
AoA e AR A5 sy Hute] s,
T8 A7) Fol Wt B2 S Weth(Jiang 5, 2025; Kim
3} Park, 2013; Kim 5, 2018; Kim &, 2025). =Uo]|A] At
H "] ERG $t St Park 5(2010) 2= 371 A
oA % Hute] ERG e AR AT, B4t A9
we} B Xjolzl QIlrhal B 15lal Kimd} Park (2013)%
WA B ozt 242 S7]0] WA ERG §% Aol
7F AT HArsit)

Aok ) AolA] PSR AS AFt0] ol 8tol %
oL, 27 HSE vislel R A s Aelke 7o)
2% 250 ol ABAM 710l o] 7t B
o, Ax Al Hupe] tfFE-2 =A(outdoor field)ofA]

>|
i

[e)
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At Aolck. Ty 71438 Wslket Fg fAof whE F+
o] Ej3}, A%} Gofg QI 7F A4 2 F4 A

& vk Aui7]e o] e
o= drte] HgA ik o FAFSS fIste] F&E
2 Axdor 28T 4 Qe AR R (indoor facility)°]
M=ol 7ol BRI ou, AlEAu e A A Hop
o] BEgg AE 244 L B/ Aolo] gt Fr = uf¢
BE3 Aot whebA] 2 Aol HutoA HPLCH O]
o3k ERGY| EAWE Hd7stal ERGY| &%, A4
(=2l g AEAE), 5717 maturity stage) R FHE=
Hoto] ERG g £A% o2 o5 Edi= Huf Auj
M 47371548 452X &8 SHE T 71xAE
£ AFskaat sl

ox,
=
R}
ol
i)
o
e
L
o
=
¥
I

2. Mg % diH

2.1. X029 4t

Zntke] AdA = 20220 FE 2025970 AEEEAA| T
A71ed AAEATLEE ZME XIQHH)olA st
AU LA = AE B MIHOA F=35et. AAA
] Huk= 2022 4€o]] A A5kl 20249 HE@EY)T 7H2E
(109)°]l ==otlar 2023 4] HAg /iA1= 29 A &
Q1 20254 4] st A A e Faet QWY 370
7oA 20239 4o HAlstlom, FUsHAl 2d AHi 2l
2025 490 $=3s1oit}. 20254 490 $=8k5t Al AR &
LA Hrhs 2749 2719 EeEteh] BA o Fd o
2} Aul(mature rhizome)2} A}HH(immature rhizome)Z F-E-5}
ACHKim 5, 2018). Jrh= Fig. 19149} o] Zwo] J/4=
o] 917 W TALE oF 60.548.3 g(Zo] 13.2 emx3 A 3.2
cm)o| o™, Atz Fipo] FAHA P2 AoEA FA=
16.2+£5.2 g(Z0°] 9.1 cmxZ7 1.7 cm)o]l o, B A7Lo] A}
5 AR9 AR A= Table 13} 2t
AAE] A flste] H7F] AA(F 4.8 mxZo] 7.5 mx
o] 5.5 my& A3t th& 0.1 mm FA9] polyethylene (PE)
5O R 1E5IY 6Y olefE 99 2e7HA] WES A
oh 4= Qb= AFFH95% APg)S AAoRet. Hnt 42 4
A7)(F 32 cmxZo] 44 cmx$0] 18 cm)Q] AFAtof| 57]9] Hlja=
T30 cmyZ Fof ARESHITE A2 AxRet FHE(F
73 10-12 ecmxZo] 20 ecm)E A 2708 YWl eHE(1
L) 827t0 & Aut BURHA S-S AT 4 2244 JF
g ol HiYEE 10 cm FAE EESIY HiYES TER
20 Helo|EF 7:3(viv) HIEE st} AMESI, BEE &
3o B E 2RI A B70E -30 kPa,
YAHH7]= -50 kPag FA5}a ALY == oA
22171(20+1°C), BB F471(25+1°C), AU 7](151°C) H

ne He

ol
)
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(A) . B)
e /Flower bud

132(L)x32em (D) —»
91 (L)yx1.7cm (D) —»

Fig. 1. Morphology of mature (A) and immature (B) rhizomes
of G. elata. Average weight per piece: A, 60.5+8.3 g (n=10);
B, 16.2+5.2 g (n=10).

FH7)(5+1°0)2 TRt 2 ATk AR 2002 4
HF7) oA 2025 AR 7HA] AE B2 opAuio] makola
A7ge 37 s7elA RSkl Zrte] Fuhe 20234 49of
gAIsto] o] 5ol 1090 &dhe WAl o g st} AHjA|= o]
2 Z 100 cm, F5 %£0°] 50 cm, I &2 90 cmE 3T
AAE A SO 1020 gy o MIH] F7HA
At 22 AlEsto] ©9i(10 a)d 120-150 kg 459l

Table 1. List of G. alata rhizomes used in this study

A =2 A9t FUFH(HA 12-15 emxgo] 30-35 em)yE
Adslo] BE o 552, (10 )G 4,500-4,800715 AHES
Ak B St AlAAEel ARgR AT BAE Ae
AEBIALL Ft(d. galica)Z FREE ST 249 HA A
= A7aolA dstel ARSSel. A ulA] AdE st
o AAT 3/ Y9 EAL BT AFEZA {789 g
2 9F 0.5%2] 30|93 EFAEE pH 5-6 W0t} E
A AR (FF)S] A5E BEE(6-89)E 29.9°C,
Ad 2&(1229)= -13.9°C H A7) Fad2E@-119)=
17.6°Co|3itK(Tak 5, 2025). 78 AelA] Hef= ojn] Hald
29 (Kim 5, 2017; Kim 5, 2018)0] &3] A5t

2.2 Alg FHf
e A9 NEe
Tt F85] AlE = -80°CY] WsAHoA HakstHA
NEZ2 ARESIon, 2025 E0] 483t Anfo] YR Ho
d ERGY] &2 RAFSH7] 915to] Fig. 13} Zo] ¥ F(shoot),
Q)] (epidermis) X E=& FQ(cortex)Z T-E5}% tHBetekhtina
S, 2023). He AlRe ARRt A7|E ddste] 523%
(FD5508, IlshinBioBase Co., Dongducheon, Korea)st T}
E27](SFM-555SP, Shinil Industrial Co. Ltd., Eumseong,
Korea)Z £4f5t0] -20°C9] Y540 BHysHA ARE-oFATE

A S 291} Qe Awe
H

SEeR
=170

2.3 A%

L-(+)-Ergothioneine (>98.0%)< Sigma-Aldrich (St. Louis,
MO, USAYE AR&519 1, HPLCHY methanol 2 acetonitrile
2 Avantor Performance Materials Korea Limited (Suwon,

No Harvest year Cultivation region Cultivation method Harvest time Growth stage
1 2024 Jinan" Indoor facility Spring Mature

2 2024 Jinan Indoor facility Autumn Mature

3 2025 Jinan Indoor facility Spring Mature

4 2025 Muju® Outdoor field-Y? Spring Mature

5 2025 Muju Outdoor field-L Spring Mature

6 2025 Muju Outdoor field-K Spring Mature

7 2025 Jinan Indoor facility Spring Immature
8 2025 Muju Outdoor field-Y Spring Immature
9 2025 Muju Outdoor field-L Spring Immature
10 2025 Muju Outdoor field-K Spring Immature

YMedicinal Resource Research Institute under Jeonbuk Agricultural Research and Extention Services, Jinan-gun, Jeonbuk.

2 Ansung-myun, Muju-gun, Jeonbuk.
J0utdoor field Y, L and K are symbols for each farm.
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Korea)ol| 4] +J5to] ARE-5FITE Deionized water= Human
water purification system type Il (Seoul, Korea)= A|Z5}0]
RGBT 71Ek AISRE atkekWonju, Korea)oll 4 723t
HA8 AOHEE At

24 F=
FEAAZX EZ AR 0.2 g9 70% methanol =8 5 mLE

7Folal Aol A 3024 23] 223t A3 o HAEE7]
(CR22N, Eppendorf Himac Technlogies Co., Ltd., Tokyo,
lapan) 2. PAE(5,000 xg, 1585 olo]A] e o
BE 045 pm microsyringe filter (nylon, Sartorius AG,
Gottingen, Germany)Z 13t & high-performance liquid
chromatography (HPLC)H 02 EA3}9th Et &89
&= AR Aot Aol &, olgE B= 58 22
ofetE -8&A(30-70%)2 25814 7Istal oAt 22 ¥
o8 F&sto] EA40] ARG

2.5, HPLC 24

HPLC £42 Waters 2690 separation module, Waters 996
photodiode array detector (PDA)Z T’%¥ HPLC system
(Waters, Milford, MA, USA)YS A&t 48 column
Gemini C;g (250 mmx4.6 mm, 3 um, 110 A; Phenomenex,
Inc., Torrance, CA, USA)E A85}91, Kalarass(2017)9]
HIH-S 2F315}10] o] F5AF A €1 0.1% triethanolamineX} 3%
acetonitrile 3351+ 50 mM sodium phosphate (dibasic) &
ol B acetonitrile 18] C= deionized waterS ARR-511L
o]FAF FHlE AB:C=0:15:85(%, v/v, 0&), 5:15:80(0-55),
0:10:90(5-61), 0:3:97(6-85), 0:3:97(8-155)0.& 51t} &
3} ERGY) peak+= photodiode array detector (PDA)E AR89
o] 254 nmo|A HESHIH

26, 249 75

HPLCO|| 23t HutoflA| ERGO] £411 A5 fIste] ICH
7ho] EZRI(ICH, 2023)0 wet A A4 (linearity), HETHA
(LOD), AZFSHA(LOQ), 3]a=E(recovery), YU(intra-day) L
U7HY U (inter-day precision)E 2435} th. ERGY AFAl
23S QJsto] HA HEES ARESHY] stock solution (1,000
ugmLye FAG The o}S ARgSle] 14:5]4 ¥ (serial dilution
method)©. 2 0.9766 pg/mL7HA] S]A5lo] EXA3510H HE
E49] peak area®} FLE W42 HHFAE FAdsta FA4
9] A= AAA S (coefficient of determination, R)Z FE &5}
Aot AESHAE 3.3xo/s, A= 10xo/s (o: standard
deviation, s: slope) 41 o|-&sto] AAbsict. E3F Ay €
U7 AEE A2 5Y 52125 ng/mL)2] ERGE AHE-5}o]
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Fsiolon, Qi HUEL 3% 53 v 24T Fajoln
A7k FUEE 59 5 sto] s3] W 24 Azl 4
HFFHx(relative standard deviation, RSD %)& &75lo] B
7Fot9ict. 348 A8 ERG £9(1,000 pg/mL)E AR8-510

X2 02 gofl tiated 50, 100 2 200 pg (250, 500, 1000 pgle
DW)9| 5%7} HE5 Z47F 7kl 5 mL7} E XS 70% W]
e 89S SIS § fl9f FUt o R &%t v
HPLCE #A45t3lom Hro| lgo] gle 3 BE A2
3] WHE9] WHZ+HEH A (meantstandard deviation, SD)&
EAS

2.7. A4

EARAL SPSS software (ver. 12.0, SPSS Inc., Chicago, IL,
USAYE Aot 9¥5199tt. & 15 7 H] W= Student’s t-test
£ o3I, Al 15 ol 719 Hlie YHEAREA (one-way
ANOVAYE AIAI3ISLo8), 913k Rjol7} Hehd: 39 Duncan's
multiple range test® #-83}0] p<0.05 $£F04 F48S #

Astgnt
3. 24t A uF

3.1. HPLC-PDAE0f S/at ERG 2418 ZE

ERG= EALZ Yo carboxyl”?| 2} thiol7] & XYl Q10
A3 F4E Uehle SRIEZA A8 FolA= wAF
Ao Eo] shFE o] ItH(Dubost 5, 2007; Halliwell &,
2023; Tsiantas 5, 2012; Sapozhnikova &, 2014). 352 0]
ot ihg AYASHA] Fo17] whizoll = A4 A=
ERGE= 2Jo|E 53] S4H Aoz ¢alA Qth(Amaranthus,
2023; Liu 5, 2023). Z&1} opxj& 9 #AZo|A%x ERG7}
o] 3hRE o] AR, IFAE FHoE Wol FhiH AE
A= Huke] Z7olot. Hulol] 24 sl= ERG JA] A7FHo]
oyl 3ATA ] U= FUTFHAFCREE HolH Zo=
A JQHKimI} Park, 2013; Park 5, 2010). 121} HA
FollA ERGE] Aoy oFg E4of et A4 ATt v
HEo] QIARE HutoflA ERG ool thet Bl Hie- B
Ho|t}. & AdoA HPLC-PDAH| 23t Hulo]4 ERGY
242 98 2ol Hd ofe 714 2H2ACEE 2 ofE
4] £7, ol5ae] PEA B2 AET 27 BAROA
R o] ol ALBEE YATI17E 5 umel HAHCro)
SRrh BUF 2012} YAE60 mmd.6 mmpolEA AR
7713 el A ALESHL, Az B WHolHe} 2ol 3 8o
AE A-&t9= W ERGE} A AEEE tE /d&(matrix)of
ogt M FasstHA ERGE A& o AT o] 24
oA Hut 70% HeE FEE0A= ERG REET} HEEA]
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7to] Ax|3H= peak7} AEEAH, UV profiled| A= 22
homae 257.1 NE. EEE ERGE B2 mio] Ax]51tkFig.
2. $AMI9) 4 B Fotel ERG EEES ALt
ARG AL 1 FFAL y=55237x-216748 LIEET
R2ZES 0999824 9451 1ML Hyor ZRAHQ(linear
range)= 1.953-250 pg/mLO| QT Table 2). E3t AET 1-7:]](LOD)
o FAA(LOQ)= 44t 4.12 pg/mL B 12.48 pg/mLo] T
LU B (intra-day)T}  AZEATH(inter-day) ZTo A= 7—.‘7—}
200 pg/mLT} 1.68 pg/mLOZA 5% oftfo] AtE=m}
(RSD %) & eRflo] 952 §U4S epholch. 4o

HAZSE Hsto] AR ERG E2EE 22 250, 500 E 1,000
ug/e A71SH T BAT AT} 5482 98.23-102.95% H9)
oJaL i HE = 5% oI5t

Z—'
THR

3.2

Aulo| A ERGQ] 2& ﬁg— Hwsl7] Yoff &, S0l
9] st 9 70% WS ARESto] ARG Hukg &%
A= Fig. 33 2t Ta%ﬂﬂ FoME 70% HHHE FE5=
oAl ERGY] §eFo] 0.37+0.02 mg/g DWE 7P &9tom, &
FZEAE 0.34+0.02 mg/g, 30-70%2] ofE+S 4L oA
0.29+0.02-0.32+0.01 mg/g DW 181 100% o+ &5

A= 0.20£0.01 mg/go|3iet. T2vt xqu]ug A Zo|} okg o7
E]—.Q.o]— == 0 X‘]]J_o]ﬂ‘ Eﬂ 0101 U.HE]. /\]__g_o]. PN 040 o

xRﬂﬂO/ 010/'

Table 2. Validation parameters of HPLC-PDA for analysis of

ergothioneine in G. elata rhizome

Parameter

Value

Regression equation

y=55237x-21674

Coefficient of determination (R?) 0.9998

Linear range (pg/mL) 1.953-250

LOD" (ug/mL) 4.12

LOQ? (ug/mL) 12.48

Precision SD (RSD%)
Intra-day 2.00 (1.64)
Inter-day 1.68 (1.37)

Spike amount (pug/g DW?)
1,000
500
250

Recovery (%, MeantSD)
98.2342.58

99.68+2.68

102.9742.48

YLOD, limit of detection; LOD=3.3xstandard deviation/slope.
ILOQ, limit of quantitation; LOQ=10xstandard deviation/slope.

SDW, distilled water.

0.01-0.33+0.01 mg/g DW)°JAl= SolF el Zo|7} g9l

70%-100% ofghe &

=2T¥1 O

FEET T=

48] f v etk A

e sl 22800l TE ERGY 328 vng ddTe
&, A &S st & 9 oe=(F4) F5To] 7hsst Al F7HA] Bl "E glou, Nguyen 5(2012)<> Ho|HAlo]A
o}, o] 79 B} 30-50% 9] ofekeo] 4 222032 ERG 320 ofet 8019] AUE HWSIRS uf Zolu o=
100
(A) :
0504 4« ERG “ UV, 257.1 nm
0504
LI
000
(B) 0y 4« ERG B UV, 257.1 nm
0154
7 0404 o
005- " 20000 22000 24000 000 2000 10000 W00 000 W00 W00
0,001 s S
100 200 300 400 500 6.00 700 800 900 1000 1100 1200 1300 14.00 1500
Mindes

Fig. 2. Comparison of HPLC chromatogram (left) and UV profiles (right) with authentic ergothioneine and compound detected in G.

elata. (A), standard ergothioneine; (B), 70% methanol extract of

https://www.ekosfop.or.kr

mature G. elata rhizome.
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04 . a
b i A
g C
203 |
D
[=)]
E d
202 |
E
o
£
[e]
301 |
Ll
0
Water 30 50 70 100 70%
MeOH

Ethanol concentration (%)

Fig. 3. Effect of different solvent extracts on ergothioneine
content of G. elata. Values are meantSD (n=3). Different
superscript letters (*®) on the bar indicate significant differences
by Duncan’s multiple range test (p<0.05).

Hot ogre 9 Herg FEo0] o, 2F9 & 2%
50-70% 8% A&ERE Ao] EpAolgicky B vl 9)
11, Yen 5(2018)2 AZSt S-ele|WAl(Pleurotus eryngii)i;
LB WA(P. citrinopileatus)O 4] Arg- 80 2 &4
of W& ERGY 875 H|W6IS T E4(hot water)2}
70% OH=E F=E5k= Ao] 7MY anpAo|glon, W
O g2 A ufo]7 23K microwave), Z=THultrasonic) T 112
%7 (autoclaving)o]l 2J3t FEHET I Ei= 70% gk
& FE5h= Zlo] AupAolgtal Bargh vl Qlr}. 2 AdoAe
A 0|9} FAF BAFORA 50-70% LR FE3H= A0
aBHo|gon Al B2 F2AAS ol Alzdl o
§ H2o] B3Elo] ERGE] $28 ook AT Bt

3.3. AHfEra/o] Faf

Ak JE471 glo] B sHAl &ob7] HiZol SuF
HA T SYLAE B0 FUES Tad=rt wehA HnkY
ERG g2 3ATY &4, AR H4] F=, A4 2 A
Highgo] Jafs B &= Qi oo & AdoA= AulAla
32 DA} Avte] ERG o] mlAE e ZASI
Fig. 40]|4] Holi= e} o], gui(/d%3et Huhe] 38 AEA
v ZulofA] ERG L 0.36+0.02 mg/g DWE RO,
37 =7tolA AERSE A A E] Hul= 0.16+0.00-0.33+0.03
mg/g DW Lol Qlet. Aup(u]dset Hnh) A AL AH]
(0.25£0.01 mg/g DW)7} A A H}}(0.1440.00-0.19+0.01 mg/g
DW)ETh =9ttt & Ado)4 ERGE] HETHA|(LOD)= 4.12
ng/mL(AZEE SH4E A] 0.10 mg/g)e] 3L ZFFRHA(LOQ)E= 12.48
pg/mL (0.31 mg/g DW)Z AR off i FE Al&52] BAGS
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04 r

0.35

03 r

d
ef N

Ergothioneine (mg/g, DW)

ID OF-Y OF-L OF-K ID

OF-Y OF-L OFK

Mature Immature

Fig. 4. Comparison of ergothioneine content in mature and
immature G. elata cultivated in indoor facility and outdoor field.
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