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Abstract

This study evaluated the effects of heat treatment on gastrodin and gastrodigenin content, and antioxidant activities, in Gastrodia
elata Blume. Gastrodin and gastrodigenin content was analyzed post-method validation, and antioxidant activity evaluation, including
assessing total polyphenol content, DPPH, and ABTS radical scavenging activities, was done. The validation of the analysis method
demonstrated excellent linearity. The limits of quantification of gastrodin and gastrodigenin were 2.89 and 3.47 png/mL, respectively.
Moreover, the results of intra- and inter-day precision analysis demonstrated relative standard deviation values, within 5%. The
recovery rates for gastrodin and gastrodigenin were 97.22~98.85 and 97.99~99.91%, respectively, indicating good accuracy. Under
different heat treatment conditions, gastrodin and gastrodigenin content significantly increased (p<0.05), ranging from 91.15 to 310.27
and 559.66 to 830.02 mg/100 g DW, respectively. Additionally, the total polyphenol content exhibited a significant (p<0.05) increasing
trend, ranging from 1,444 to 1,798 mg/100 g DW, as the temperature and time of heat treatment increased. The DPPH and ABTS
radical scavenging abilities demonstrated an increasing trend at 120°C during heat treatment. These research findings are expected
to enhance our understanding of the changes in gastrodin and gastrodigenin content, and antioxidant effects in Gastrodia elata Blume
during heat treatment.
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A}, &, AEHA dfjd, A, o]k, F7]57l 52 7N
A a7t e 202 A JrhKim F 2018). HE ¢
TFoAE ABAIE EHE(Kwon 5 2022), FH|THKim &
2022), 3HAFSKKim 5 2014; Doh 5 2015), &H-FE(Lee
S 2013) 59 &5 H7iol| BWe A47F P AU

AFo dA Y T AEY AYE 9, 2 &
A 9 Y ARAE YA, ol vIAe LR, A
24 =49 T} Hrgh Aol ot YAYsh= FollE
4 5o& Qs At dAZ 27049 7FHAEE F8
Sttt F(Lee & 2009), B9, T2X|(Hwang 5 2011a), of
Z(Hwang 5 2013), ZFHAUE Y(Park 5 2019) 59] =4t
Eol GAY 7H3AE Al AR} &3 AR 2t 7t
Stthe A57F HarE o] glow, Hwang 5(2007)2 E4e]
2 RE AEA B4E= 4t &4 & thiacremonone
qeg B9 - 543 v Qloh

vk BAvhd A4%dn), 8, 2}, 2 522 7HE 0]
FEEHIL ek E9], HulE 283 28, 559, AF
o] et 7 AlE S Al 58 Axe 4ol
7MY dHHH 08 AMRE= At eFEE AR I A
T= F53 Aot mEtA £ dAAoA= FEE AR
GANA AL 7Hset AT 2ZeF AXF 24 Hute
E 7154 E49l gastrodind} gastrodigenin $HFI} FAE
3} 53 BISkE BUtolo] 585 AR 72AEE &89
EIR g o 1

WE X

1

£ Aol A8 Huks 20224 109 WEE 2R
a7 7R RE Fojsle] A8ttt Al ARt 7Y
24 AH 5 A@sto] 60TolA 24 h AEAZAIYT. A
ZH Hoks E415t] 30 meshAE FHAA #E5IEE o
= —20Co]A E#stHA Almz ARSI Gastrodin,
gastrodigenin, Folin-Ciocalteu reagent, gallic acid, 1,1-diphenyl-
2-picrylhydrazyl(DPPH), 2,2-azino-bis-(3-ethylbenzothiazoline-
6-sulfonic acid)(ABTS), potassium persulfat = Sigma-Aldrich
(St. Louis, MO, USA)olA F+Udt¥aL, 1 €9 A|F2
analytical 2@ HPLC 5H<& Ar&sI3itt.

2. Az| B

gAg AL Hul AR 2.00 gof] 257 50 mLE 7}3l
TS 100£2°C, 110£2°C 2 120+2°Co A Z+2F 30, 60, 120
min GA oA Z7e] 2A0 R AT thg AR
2](1,750xg, 15 min) & F5qo| S{FFE H7Iot S

50 mLZ %J-8-5}9] gastrodini} gastrodigenin 24, & Z]
W B 9 T 245 Bohe AR Agast. o
27 AL TFEE00 pm, 2 hF the YAl
(1.750%g, 15 min) 5 AF5O}S 2= 50 mLE A 8sto] 4
W8 AR ASST RE 43S 33 wEaigl

3. Gastrodin} gastrodigenin &=4d

Gastrodin®} gastrodigenin $H=FE-4-2 Kang 5(2017)2]
WS WEgsto] UPLCE E4319th &, A= 2.00 g
50% methanol 25 mLE 7}51 30 mint 281} =&3F o
& FAIR(1750xg, 10 minjslol A5%e Destgion, 9
29 23] whelol Segt A0S 25 50 mLe HE319)
ot $E&2 0.2 um nylon syringe filter2 o]¥}slo] UPLC £
AL Ag2 ARSIt UPLCE Waters ACQUITY™ Ultra
Performance LCE AF&-5}9Th Columne CORTECS® C18
column(2.1x150 mm, 2.7 ym, Waters)S AME-5}31 1, column
2= 30CHHY. olF5AFY AEM(0.1% formic acid in
water)2} B-21(0.1% formic acid in acetonitrile)S gradient
F7A0=2 ZHFA, 27] 2% BEH oA 8 min7HA] 20% B
€, 12 min7FA] 90% B84, 16 min7}A] 90% B-&Hj= 5%
511, 19 minZ7}A] 2% B&4l, 25 min7}A] 2% Baujz2 AA35}
o] A5t 8452 0.3 mL/minC 2 319, Alw 1 uLs
FYste] UV detectors ARHE-6F0] 220 nmof|A] 24510

4. Gastrodin} gastrodigenin 2AMH 2=

o] gastrodind} gastrodigenin®] Wet E4H HAF
Lee 5(2018)9] A5 L= Eol/(specificity), 244
(linearity), A<&3HA|(limit of detection, LOD), %TFstHA|
(limit of quantitation, LOQ), A A(precision) & &4
(accuracy) B7FE &9l HFOIITh E0]/d2 gastrodin}
gastrodigenin ¥F-8-M7} Ao} 2558 UPLCE HAJslo] 3
FotE 7340 HEE A)ZHretention time)X} UV spectrum=
H|wolo] EQI5tAT. A AAL gastrodini} gastrodigenin I
F89-S 1.5~200.0 ng/mLY) 5L HYZE A F3slo] UPLCE
63](13]/1Y) ¥HE EXste] Eg90] 13 Wiy} 5k
£ HEE e AFAY ABEASR)GES ol85te] 2
AL EQ15H9 Tt ESH gastrodin®} gastrodigenin®f TSk
STA= 3.3x0/s(0: BHEY] HEHAL, 0 EEHTFAY 7]
=71), BEAE 10x0/s A& o]-&sto] AAbstaict. Hd
AL A YA (intra-day test)T} YZFA] S (inter-day test) O &2
o] B7FsHITE dUiAES S B9t 6319 & H &
AZ HHE ST Ao, ATAEE 6 Bt 5HF) 3
39 & 9 B42 §HESto] d2 Aao] A EEHA)
(relative standard deviation, RSD)E &7%5lo] H7}sl Tt

rlo

oy

o
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32 FE(recovery) AlHS B3l FRI5HAL, gastrodin
T} gastrodigenin 242 0.5, 1.0 © 2.0 mg/mLe ==
ZHsto] ARgSIIT. 242+ gastrodind} gastrodigenin -
4 1 mLE F& A AR F7etaL, & 4ol w2t
=3 F UPLC £4Z 53 @2 4249 5&9 & o&
sto] 3leas AAMSHAT

2 A

M

HI

5.

Op

Za|4

T

EI"O |
& &9z £42 Folin-Denis®| S o|-3to] 573t

Y H(Hwang 5 2019). A& 100 pLof| 2% sodium carbonate
89 2 mLE H/HE F 3 minZt FLoA AR 1
& 50% Folin-Ciocalteu’s phenol reagent 100 pLE Sgo}12
30 minZt WFA]Zl & UV spectrophotometer(SpectraMax
M3 microplate reader, Molecular Devices LLC, San Jose,
CA, USAYE AF&510] 750 nmolH FHEE Z4sieitt.
REEAR gallic acids AMESlo] & AFAS AT &

E9¥s I oA

6. 2lIC|Z A7 s &3

DPPH(2,2-diphenyl-1-picrylhydrazyl) ]z A5
Hwang 5-(2019)2] o] wzh S4513ct. 100% e
o DPPHE &3 & 2 h ®WAISIAL 1 & FF= Fto] 1.0
o 7H== 3]Asto] Ao ARgSIlth 55 50 uLe}
DPPH €N 1 mLE Y1 £33t & A4 30 minZt ¥
SAAT. o] ¥hgH-E UV spectrophotometers AF-8-510]
517 nmojlA] EFEE =H5F9ct. ABTS[2,2’-azino-bis
(3-ethylbenzothiazoline-6-sulfonate)] BFHZ 4752 Hwang
5(2019)9] o] wek SA5I. 7 mM ABTSC} 2.4
mM potassium persulfate NS T3}5}10] 24 h'EQF ¢F4lo]
A ¥ESAIA ABTS 2tz F4sHal 1 & 3% 4ol

GX 27} Hute] Gastrodind} Gastrodigenin e}z 4750 ujA &=
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10°] E=2 3|45t 7 A A8 FEE 50 1L
S|4t ABTS 89 1 mLE E95to] oA 30 minZt
WAl 3 735 nmo A SBEE S5t EEEAR
L-ascorbic acid(AAYS H715191, & FASHE-E& AEAC
(L-ascorbic acid equivalent antioxidant capacity, mg AA

eq/100 g)= e AT}

A9 33 HHE AAJstlon, A EAS SPSS
EA =7 73 (Statistical Package for the Social Science, Ver.
12.0, SPSS Inc., Chicag, IL, USA)S o] &35}ttt 2 &4+
o WaT EEUAE 4FS A2 e Ao] §72
one-way ANOVA(analysis of variation)2 2435t F 54
Z ¥ 9] (Duncan’s multiple range test)S AR5} p<0.05 4=

ZolA Rolde AFsiALk
2o o naE

1. GastrodinZ} gastrodigenin M HZE

ko] gastrodind} gastrodigenin 4O G842 7
Zai7] a) Sol4, A4, AEeA, FFA, B 2
HYS BT EE§AT Aot 2EZ0)A gastrodin
3} gastrodigenin®] HESA| 72 ZHZF 2. 4653} 353202
AAeFAI 2 wF9] THEQlo]l 9 HAE HEHSGIS
™, UV spectrum A max7} LS &013t0 24 Eo[A S
AZ35}9tH(date not shown). Gastrodind} gastrodigenin®] 7
AL A3 AT} 27 y=7,246.2x+2,385.99F y=11,360x+
3,791.32 e AFA| 4 (correlation coefficient, R
HE 1.00002 43t A A4S EFtH(Table 1). Gastrodin
3} gastrodigenin AFA Q] 7179}t yEHS o] &5l A&

Table 1. Validation parameters of the developed UPLC analysis for gastrodin and gastrodigenin

Gastrodin Gastrodigenin
Regression equation y=7,246.2x+2,385.9 y=11,360x+3,791.3
Correlation coefficient (R?) 1.0000 1.0000
LOD" (ug/mL) 0.95 1.14
LOQ? (ug/mL) 2.89 347
Mean+S.D. (mg/100 g, DW) 57.07+0.91 420.92+8.06
Intra-day (n=6) 5
RSD? (%) 1.60 1.92
MeantSD (mg/100 g, DW) 55.30+1.32 414.53£10.39
Inter-day (n=6)
RSD (%) 2.38 2.51

D Limit of detection.
2 Limit of quantification.
% Relative standard deviation.
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A2}t FHRHAE AL A= A& 0.95, 1.24 pg/mlL,
A= 2.89, 3.47 pg/mLE YEFGTH(Table 1). AEA

¢
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i)
w [

T+

N

5.21~57.61, 410.46~428.85 mg/100 g DWS &}
™ A E#ZHAHRSD) #Eol 5% oW} 943t F
d2 UEth(Table 1). e/ HSZ 9190 gastrodin 5
£ 0.5, 1.0 9 2.0 mg, gastrodigenin F&F=8M 2, 4 L 8
mgS AR M7 & REAR Ay e 47
97.22~98.85% % 97.99~99.65% WAL, RSDE 5% ©]
st2 Fo3t FeHdE YETH(Table 2).
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2. AX 2|0l (= gastrodin2} gastrodigenin &2k B3}

Auto] g E 7|52 OS2 = gastrodind} gastrodigenin
AEOE AA on, T Hie Huk ok E4EE
AEorr AAE0] AUt Gastroding FAISH B4, 719
F, TAF, @A 59 A5, gastrodigenin e
HAESE a7t Ql8o] BEalE Qitk(Park & Kang 2020). &
A7 59} A7t wE AHut9] gastrodind} gastrodigenin

L)

342 - 2o} - Pl

UF WIS BHT ABE Fig 13 2o BA2 AWopo)
gastrodin®} gastrodigenin = Z+ZF 56.17 ©  500.78

mg/100 ¢ DWO 2 2453t} 22 Lo} Alzto] 27}
Y4E gastrodin TFF2 91.15~310.27 mg/100 g DWO.E &
9)A 0 & (p<0.05) S7ol= AFS ). ESE gastrodigenin
S dx2] 240 wat 559.66~830.02 mg/100 g DWL.
2 89H 07 (p<0.05) Z7}5t9h. Choi & Jang(2021)
gastrodinZ} gastrodin®] aglyconQl gastrodigenin< & * 2|2}
AT 98] HEEH, 0, 30, 60 Z 90T L-ofA
FEE A Al gastrodin FFE FF 227 5S7E F
7SR AL, gastrodigenin T2 307} 60CS] &3 2o A
Z7lek= Ao g B sttt Choi 5(2011)2 Hul A g
SAAE fet A (EE, €8, 949 dx)ol =
2} gastrodind} gastrodigenin &= X}ol= & Z 07 H 315}t
AUk 53], e Hduts SAAE & EF 4 dFHd A%
3199S o gastrodin FFEFS Z7}5}aL gastrodigenin THEFS
Fastes 20w UeEth & AFolA9] gastrodin 3
A2 A0 St parishin 53 22 &2 7R

Table 2. Recovery of gastrodin and gastrodigenin for the validation of analytical method

Compound Original (ug/g, DW) Spiked amount (11g) Recovery rate (%) RSD" (%)
500 97.43+3.48 3.57
Gastrodin 572.51£14.68 1,000 97.22+2.40 247
2,000 98.85+2.27 2.29
2,000 99.65+2.05 2.06
Gastrodigenin 4,293.33£117.23 4,000 99.91+3.24 3.24
8,000 97.99+2.43 248
D Relative standard deviation.
(A) (B)
400 700
O030min  @60min  ®120min 0 O030min @60min  ®120min
a £ 600 - 5
ﬂ Q abcd a—.—b 2 abc
5 E 300 b "g‘g 500 - @ bed L abed cdab% i
g e : c g D" 400 N ]
. - 1
FEY ; ts
59 ” de oo 300
0 = e T
% E 100 | f £ E 20 1
§="1 = :
ﬂ o 100
0 2 : : 0 - :
Cnontrol 100°C 110°C 120°C Cnontrol 100°C 110°C 120°C

Fig. 1. Effect of heat treatment on the gastrodin (A) and gastrodigenin (B) contents in Gastrodia elata Blume. " Raw
material. 2 The different letters in the same bar are significantly different (p<0.05).
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2 9%t Aoz AZE Y, gastrodigenin TF 7} QA%E
aastodine]| 298l o] A2l oI olel Aoz 374
Ht}. 3% parishin, parishin -4, gastrodigenin F5&E-&
olga Qe S4 AT WAT Aow WeHG

3. gxf2lofl IE & E2Il= &2 Y SHAkst g4 Bis

g2l mE Hnte] F EPdE S BT Ao
Fig. 29} gt} Tx%ﬂl Ante] & EYvE S 1,364
mg/100 g DWOIQ1l, FA2] &e} A|7to] F71E4E &
Zo)HE TS 1,444~1,798 mg/100 g DW HIZ §-9]%
O &(p<0.05) F7toH= AFE BEAth ol Ao gt
2%4Y =459 fY3ery A%, 1EA HedEY
A4 HlEdRore] 2ot 5 a0 FFoE A%
A2 AZETHLee 5 2009; Hwang 5 2013). Hwang &
(2011b)9] A+tell oot A2 gt g3t A9 F &
o= S FAZF(0.60 E 0.59 mg GA eq/g)ol HI3f
247+ 0.92~6.31 @ 0.99~7.34 mg GA eq/g HYZ Z7}519
ohal B35}, E 1WAl (Choi 5 2006), oFE(Hwang &
2013), IAF(Kim 5 2008) & S4AHEE Ao w2t F
Za|E o] 27Kttty Buste] B A Axkel At
gt A YEh

gxjgo] wZ Hule] DPPHS ABTS oz AALS
SA3 A3= Fig. 31 o] Yehgth 100CollA Hutks
Fx2] A| DPPHE} ABTS 2ttjZ &7 52 FAjgjto] H]
S 722 0 & (p<0.05) ZHASHRIL, 110T FA 2 Alole &
AFstlom, 120 ColA= F71ehe A YRl 100T
9] 2o A A FAkSE Dol FAacE AL A
of oJsf| == FASE Ad=oll Bls) HERl CoF Z2 &
off RIZFet Fite} AJwo] o] iAo g wot vERdt
Ao AZrE 12009 22 2TolA] F4tst 24

= =

EX 27} Mute] Gastrodin®} Gastrodigenin Y 2|z

(A)

150
2 O30min ¢ @60min  ®120min
g <12 »a
D o d d
5 g 9 1
> -— e e
g? 60 alt
3¢
k-l=)}
8 E
= 30 -
o
o
a

0
Cnontrol ”

100°C 110°C 120°C

A7l mAe g 493

2,400

O030min @60min  ®120min

2,000 - 4
cde,, e abogy  abcd
o e

1600 { o
1,200 -

800 -

(mg/100 g, DW)

400

Total polyphenol contents

Cnontrol "

100°C 110°C 120°C

Fig. 2. Effect of heat treatment on the total polyphenol
? The
different letters in the same bar are significantly different
(p<0.05).

contents in Gastrodia elata Blume. " Raw material.

o] Z715H ol g BXelo] it HlmgRe| Frhe of
Yot 945 BHE LRl A0z nuE g B
o] BYEY] WEQA Aom YzHrkeong T 2004;

i)

Hwang 5 2011b).
20t w #E
H A= Ao uhE Hul9] gastrodind} gastrodigenin

A G4t &4 HolE AW E7] 9151 100~120 Tl A
30~120 minZt A 5}FH Tt Gastrodind} gastrodigenin s}
T A4S B4 128 44 @ OFS 242 NPsAc
TF4tet &4 37k & EYdls = DPPH ¥ ABTS
gd A5 ARttt B4 ASE 59) gastrodin
3} gastrodigenin®] W=7} 27 W70 7Hglo] B W=

2 BoEe] 94d A44LS Bt AEWAE 4%
(B)
150
2 O30min  @60min  ®120min
of a
‘E 120 b2 be b z
E’g B o o b k2
Do ¢ ¢
= 90
is
= 60
g
£
w"’ 30
0 >
Cnontrol 100°C 110°C 120°C

Fig. 3. Effect of heat treatment on the DPPH (A) and ABTS radical scavenging activity in Gastrodia elata Blume. " Raw
material. 2 The different letters in the same bar are significantly different (p<0.05).
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0.95, 0.14 pg/mL, FFsHA = 27} 2.8, 3.47 pg/mL=E e}
Stk ES QU 9 9 U4 B4 A A EEnd
o] 5% ©oJu, gastrodin¥} gastrodigenin®] 3|42 Z+z}
97.22~98.85% % 97.99~99.91% W= Fo3t HsHHS 1}
B it EA 2 27of whet gastrodin} gastrodigenin &
F2 Z+7F 91.15~310.27 E 559.66~830.02 mg/100 g DWO.
2 §9140R(p<005) F7H $ EellE B o
Ag] L8t A|7to] Z71SA4E 1,444~1,798 mg/100 g DW
o2 99]7 0 2(p<0. 05) z7}ste AgkS UERY T, DPPH
2 ABTS 2t 2752 1204 A Al Z7lek= 7
Fe Hoh 2 A4 731—}—— Hul9] gastrodin, gastrodigenin
W ek B S @4REE AE © A0S
At 7IZAEE &80l M ALE Z|gHH.

ol

2Atel 2

B A31E 20239k 5EATH T5ATAIFHAH
$:RS-2022-RD009980)2] A|of oJ3ff o]FojA AU th
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