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Abstract

Centella asiatica (C. asiatica) has been widely used in food, cosmetics, and pharmaceutical industry as a functional material. In
a previous study, we have investigated not only pharmacological effects such as antioxidative and anti-inflammatory effects, but also
analyzed various functional ingredients. In this study, triterpenoids were analyzed using HPLC-DAD to determine marker compounds
among functional ingredients. When triterpenoids were analyzed, asiaticoside from C. asiatica was determined as an optimal marker
compound. Next, specificity, linearity, limited of detection (LOD), limited of quantification (LOQ), precision, accuracy, and range were
evaluated using HPLC-DAD to determine asiaticoside contents in C. asiatica juice and extracts. The specificity was elucidated by
chromatogram and retention time using an established analytical method. The coefficient of correlation obtained was 0.9996. LOD
was 4.99 pug/mL and LOQ was 15.12 pug/mL. Intra- and inter-day precision of asiaticoside were determined to be 0.48~1.68% and
0.08~1.09%, respectively. Furthermore, the recovery rate of asiaticoside was 98.88% and the analytical range of Field-70E was
determined to be 0.625~10 mg/mL. As a results of evaluating ABTS, DPPH, and FRAP antioxidative effect, Field-70E showed potent
antioxidant activities. Results of this study could be used as basic data for quality standardization of C. astiatica juice and extracts.
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M B oFF IR 12 th5et A Aks Ao E dTA QL

ThHEom 5 2021). oA = Fofiet AlFE doolA A3

W E (Centella asiatica)S HS X FEdl= Zo|gh= L0, é}t— Aoz dHA 9o, FH o I z|ukEdl oz}

u|u}2] 3K Apiaceae)Q] THAAY ZEAEZA FYoAE= S 25 Z=o| A sl Ao A QrHCho S 2021a)
o] Zo|gty By F2 nft/lAvE, L, 3 5 oA WILo rlofsl oFejAol AR TANE AEQHS

' Corresponding author: Kwang-Won Yu, Professor, Major in Food and Nutrition, Korea National University of Transportation,
Jeungpyeong 27909, Korea. Tel: +82-43-820-5333, Fax: +82-43-820-5850, E-mail: kwyu@ut.ac.kr

- 903 .



94 Y% - Y - SR A - A - AN - 7

°fgoz olgHol gtoH, FAT ANE T WAz
(Bom 5 2022) ! Y A= EIKHa 5 2009)25F of2t ¥
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Fig. 1. Chemical structure of (A) madecassoside, (B) asiaticoside, (C) madecassic acid, and (D) asiatic acid.
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Table 1. HPLC conditions for the quantitative analysis of
triterpenoids

Analysis Conditions
Instrument YL-9100 series
(Young Lin Co. Ltd, Anyang, Korea)
Column YMC-Triart C18
(150%4.6 mm, 3 ym, YMC Co., Ltd., Kyoto, Japan)
Column temp. 30C
Time Deionized water  Acetonitrile
(min) (%) (%)
0 79 21
9 79 21
12 77 23
20 77 23
Mobile 24 65 35
hase
(Glzadient) 30 65 33
32 56 44
34 33 67
42 33 67
45 0 100
50 79 21
65 79 21
Flow rate 0.8 mL/min
Injection 20 1L
volume
Detector UV at 205 nm
callc)jltztor Clarity system

mg/mLE AR 0% SISl Feof| iRt WA HE S 2t
QST HPLCS: B3 R4S 217} 38] wisiglon BAgh
#S Edlz= 24" A4 S 71271(slope), EEHAF
(standard deviation) H AJAR)E BRISIA

L Ae AF go=
UePd & Qle BN R HARS 531t Asiaticoside
[e) }

o] AEAALOD)2}t HAFHA(LOQ= Al AAd/dolAM Al
A dFA S 71E719 EEA ] 2519 offier 22

418 o]-g3to] A4tE gLt

LOD=3.3x0/S
LOQ=10x0/S
o: standard deviation of intercept

S: mean of slope

9] Fxof siFoh=s EEEEZ BHE S5t AE/d(repeat-
ability)2 1ot} E3F, D /d(intermediate precision)> U
U (intra-day) 2! DZH(inter-day) JEd 0= UERHOH, 3Y
7t HEESto] Z46kal 1of et A 33 H K (relative stan-
dard deviation, RSD %)= FAUTE TIs}3ch

5) Mk

et Aghol - H=E oJujsto] EAzto] dut
U ZHSH=AE UEtH, 244 o8 AEE sk 9
oA 0.24, 048 L 0.71 mgmLe] Lo Fol= EFREH
= A% ¥ 53] BHE ZAo] whE ket gkl tigh 3l
E(recovery %) AbEolo] AR A SRl

6) 24 el M

Aol o2 WE AZo 2o IR asie-
ticoside2 X HEEA T 28317 93] A AZLS ulx
27 asiaticosideS 0] §3to] PETA U FFAA 5L
Tejstel AR B4 BT WIS YAk

5. &St g

AT 2580lo] G2 HFA U 2520| FAks

e W] SAeto] shin S2020)2) S Fadhod
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid(ABTS, Sigma-
Aldrich, St, Louis, MO, USA)2} 2,2-diphenyl-1-picrylhydra-
zyl(DPPH, Sigma-Aldrich)E ©]-&3t A5 2z &A1
ferric reducing antioxidant power(FRAP) &-A1-S 45} th.
L-ascorbic acid(Sigma-AldrichyE EEFEZZE o|&35lo] Alm
o] A&l FAtesZ Blastglon, Als Ao gt =
O AA%5S ng AEAC(ascorbic acid equivalent antioxidant
capacity)/mgC & LERH O™, FRAP 42 ug AE(ascorbic
acid equivalent)/mg® L EFHTE

6. SAHXZ
= Al Z42F 22000 gHA| 38 o)A HHESko] AA[S
gov AnE PFEZWAHED)E Hehd T SARNL
Statistical Package for Social Science(SPSS V 26, SPSS Inc.,
Chicago, IL, USA)E ©]-&-5to] E4J5}9t}. HPLCE 55 4
Rt g 2Ate] B WISt ] A3H Leven’s testE A
SHck. ZgEE0] AL 2 A9 BARHANOVAIS
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BAE S Ut fadEe] B o 70% 4
Z2Z 50| A madecassoside= E7J0] $AAuE T} F 234
Z7}=]9) 11, asiaticoside= 9F 1.58] 27}, asiatic acid= 473
o| EZHEt} 298] =75t ¥HH, madecassic acid= -S-AFSH &=
Z02 ey Al oot GEgRel 2 FjolS ol
% 4 Itk 2. shin 50219 AFoIN BES Az
¥ W H9lo] wet Refste] Lol Wil U5TES

i

T
:J_‘
T
i
o
o|N

)

Voltage (mV)
s
2

0.2 |

0.0

(B)
03

0.6

Voltage (mV)

0.4

0.2

00—

Asiaticoside
27423

"% Madecassoside
20.890

I .

Asiaticoside
27.365
Madecassic acid

Madecassoside
20.840

Time (min)

97

60

Fig. 2. HPLC chromatogram of (A) Field-70E and (B)

standard mixture.
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Table 2. Contents of major triterpenoids in C. asiatica juice and extracts
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Sample Madecassoside Asiaticoside Madecassic acid Asiatic acid

(ug/mg) (ug/mg) (ug/mg) (ug/mg)

Juice n.d” 3.70+0.15° nd nd

Field HE? nd 4.82+40.15¢ nd nd
70EY 17.9440.44° 35.24+1.61° 0.94+0.01 0.74+0.03

Juice nd 2.22+0.02" nd nd

Hydroponics HE 3.64+0.03¢ 6.68+0.03° nd nd
70E 7.85+0.11° 24.30+0.56° 0.97+0.02 2.17+0.05

D Not detected.
? HE: hot-water extracts.
 70E: 70% EtOH extracts.

All results of composition content are expressed as meantS.D. for three independent experiments. Different letters within a column are

significantly different (p<0.05) by Duncan's multiple range test.
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E3, EYEH 20| & 4F9] Fa/d=ol it HPLC &
A A7}, madecassoside?] 739, T —.—ﬂEﬂ oA F3oHA]
0} O ™, madecassic acid & asiatic acid= 25N T} G4-2E
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HA o2 AFHE ZAAsT A
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mgmLz ZAske] 22 33] W0 HPLCE B43te] 2
2obe e AR S AAskckFe. 3). AR AT
St 0999602 BHRIE|0] 94t A4 o] YEE| T v
£ ARHE 273276512 SIHQLon AEHRO] AL
A 5 U B A A (7=2,719.6524x - 3.6730)0] AFE]
At ol2fet 2¥E Ediz 7 ARl A4dde 7=

AN - ke - el - K3

s
2

Asiaticoside 0.95 mg/mL Asiaticoside
1 27.623 -, ‘ §= 2710482003670
= 0.9996
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]
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g
g
8 F
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=3

Asiaticoside 0.76 mg/mL 27.692

Asiaticoside 0.57 mg/mL 27.632

Asiaticoside 0.38 mg/mL | 27.392

Asiaticoside 0.19 mg/mL 27.307
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Time (min)

Fig. 3. HPLC chromatogram of asiaticoside and blank.
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1.68%2] RSDE YetH o, A7t 0.08~1.09%2] RSDE et
HTH(Table 4).

5) M&tM

Hee ofn] &1 9]

A= Hgro 2T H&E QulsiH
FAgkol Fghol duhy ZFsH=AE UEtdthlee &
2021). EAAIR JAAHE Bt = "] Sl A7t
A =g H7tete] E4A 38 SRlste] HFEES
B71st A} 3482 98.63~10221%2 ZAE o, B
3482 98.88%= FRIE|Gl 0T, £5% u|The] FEHAHS

EFATH(Table 5).

L=
L

FEE 639
asiaticoside= ‘1 Z-zbo] sheFS
off etilich. QA BE] 0% F73 F5=0°] 7
R(33.32 ng/mg)yS YERHILTL, A 70% 57
=(21.93 ng/mg), 774 FLFEE(6.21 ng/mg), 74
EE(435 ngmg), B 25333 ngmg) 2 7%
(1.85 ng/mg)2] =02 FRIEUTH(p<0.05). o]= FAl
Ao] Bgne B3] ANtE T SARE AR Bl
o, AFEZ asiaticoside= TI=
soside, madecassic acid ¥ asiatic acid)Z} o] 4 = A

E2 FEES YEURleH, EeFEEEtl A0AT

HE

st

=

1
o 2
ol

SaAE 33 (madecas-

OhE 3% et 2] A5dolA = gRlo] & &1t ot
6) X|ZZ=& asiaticoside &2 & EA W ZA Yzt EFHEN R0 4F T4 MY w2 dF= IR
A A4352 59 dE HPLC 24302 Aujghgd St= 2108 golEo] AEEHRE AP Ao E SRIEY
Table 3. Linearity regression, limited of detection (LOD), and limited of quantification (LOQ) for asiaticoside
Range Correlation coefficient LOD LO
Anatyte (el ®) o i pgml) g
Asiaticoside 0~950 0.9996 4.11 2,719.65 4.99 15.12
" Standard deviation of intercept.
2 Mean of slope.
Table 4. Precision of intra- and inter-day variabilities for asiaticoside
Variability Concentration (mg/mL) Area Observed (mg/mL) Mean+S.D. RSD" (%)
1 0.24 618.44 0.23
2 0.48 1,303.20 0.48 0.23+0.00 1.68
3 0.71 1,886.13 0.69
1 0.24 620.05 0.23
Intra-day 2 0.48 1,312.79 0.48 0.48+0.00 0.48
3 0.71 1,933.62 0.71
1 0.24 601.34 0.22
2 0.48 1,314.97 0.48 0.70+0.01 1.24
3 0.71 1,908.70 0.70
0.24 640.21 0.24
1 0.48 1,318.94 0.49 0.24+0.00 1.09
0.71 1,908.70 0.70
0.24 654.17 0.24
Inter-day 2 0.48 1,319.25 0.49 0.49+0.00 0.08
0.71 1,900.58 0.70
0.24 649.67 0.24
3 0.438 1,317.33 0.49 0.71£0.01 0.90
0.71 1,933.62 0.71

D RSD: Relative standard deviation.
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Table 5. Recovery rate of analytical method for asiaticoside

AR - $heA] - A - AN -

A7HEel - Amd - 3

Recovery (%)

Analyte Concentration
(mg/mL) Recovered Mean£S.D. Mean
0.24 0.2340.01 98.81+£2.99
Asiaticoside 0.48 0.49+0.00 102.21+0.21 98.88+2.38
0.71 0.70+0.01 98.63+0.89
£ AT Qow, 154 AMRA F45} B0l 2k o
Tao] IS D ok 2 R0z dyEn webd AuBg] B HE &
2 400 o 21 2121 1=
& ¢ B9 9 £320) P B BrEOH, ABTS %
: g DPPH 2] 2 7% AH= Fig. SA] UEHTh ABTS eht]
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Fig. 4. Contents of asiaticoside in C. asiatica juice and
extract. All results of composition content are expressed as
mean+S.D. for three independent experiments. Bars with
different letters are significantly different (p<0.05) according
to Duncan’s multiple range test. HE: hot-water extracts,
70E: 70% EtOH extracts.

O B3, AREAL AV Bol TRIAAE £ A 10%
274 2529 B4 WS AHS] QA A2S Sr
2 03125, 0.625, 125, 2.5, 5 2 10 mymLe] S04 A &
A%t ATK(Fig. 4), asiaticoside?] S 217} 10.9, 24.2, 50.7,
107.8, 262.7 & 513.5 pg/mLE YEFHH. 0.3125 mgmLe] =
E 24 4] 109 pginlo] ABEL] YL Yeifol AE
A% 499 nginl = 2T, HRRA 1512 ugnl
= EESHA] E3f AR 24 B = 03125 mgmlE A€
3t 0.625~10 mg/mLE A 5IA Tt

3. = =S

AR ARl AGEE A EtH 2 A W
oA A, &, DNA 9l a4 55 m3sto] A2 22
A5, FH o}, oF 5o ARt &S oISk Aer &
A ATH(Choi 5 2016). °1E 7HAT & Ue TAeE B4
A5, TF NA 9 I T ot A2 gt vd

Radical scavenging effect
(ng AEAC/mg)

Field Hydroponics
B)
@ 40
E a
=
< 30 ¥
=
Nt
B 2 |
z c
g d
a 10 r
Z : :
0
Juice HE 70E Juice HE 70E
Field Hydroponics

Fig. 5. Antioxidant activity of C. asiatica juice and
extract. (A) ABTS and DPPH radical scavenging effect and
(B) FRAP activity. All results of composition content are
expressed as mean+S.D. for three independent experiments.
Bars with different letters are significantly different (p<0.05)
according to Duncan’s multiple range test. HE: hot-water
extracts, 70E: 70% EtOH extracts.



Vol. 36, No. 2(2023)

o £7 9 57 45012 AYHOR IS ABTS 475
< EQith DPPH Stz &AZ] Aol FARE A3k
= Uel=tl, EF 70% 4 F55(17.2 ng AEAC/mg)o]|
A 71V St BHd AASE Belo, 7 A5HE.S
ug AEAC/mg)> 22 DPPH 2tz &AZYS YETh
Benzie & Strain (1996)2] d2o] wa} ferric jon(Fe’") &34
£ ferrous ion(Fe’)2] FHIE FUA7]= YT & o] &sta] 3
Ars) 242 H7hek Z3k= Fig 5Bo YER It 423,
E7 70% F4F2E°] 318 ug AEmgl = 7MY} w2 &84
= Yetilon, BH 7 ZAFH-L 0.8 ng AE/mgC & At
qoz Vg e TS et TR, AT &
As 9 FRAP &4 B3t alst &4 B7HEa B4 0%
T FEE0] 7MY ST AR A4S YEleH o=
FARL G4 T 7154 AAEA S8 T AOE AR

.

lo

Bor

Q% ¥ #=

BE(C asiaticay® A%, BFIE 2 A AGNA 7154
2924 el A8HT Uk ABATNN P, FAF
5 oFelHQl EIEEE ofjek, HPLCE 53] thokdt 7154
HEg BAstgon B AT 154 AR 452
98] HPLC-DADE 3] #41% %52 W5sAch. Made-

cassoside, asiaticoside, madecassic acid 2 asiatic acid 52| E
HE 28 o] =of thsf] EAZ XdPstlon, £4 2, 7]
SAABEAPEOZ asiaticosideS A A5}t HPLC-DADS
AHE&5HY] asiaticoside TS Z517] 9% Sol4, F A4,
A% WALOD), %% TAL0Q). AL, e, 14 89
£ WisIglt S0484S BUE RAES A8sie] A2
SPE IR PRE Ao Agsigon, AA4E B
371 918 Qoldl ABASRYE 0999622 ehton,
LOD ¥ LOQE ZHzZH 499 @ 15.12 pg/mLE LFERG T} asia-
ticoside®] YUj(intra-day) ¥ LZk(inter-day) R Z+zt
0.48~1.68%, 0.08~1.09%=% EFG O™, asiaticoside®] 3|4&
< 98.88%= UEINITh ASH EAMOR IRIgt EF 70%
FAFEE(Field-70B)2] £43 9= 0.625~10 mg/mLE et
Wrh ES, AL B4E B4 2T, 0% FAFEE
(Field-70E)9] ABTS ¥ DPPHO] }t)Zt A7 241} FRAPO]
A Z¥Z} 53.9 ng AEAC/mg, 17.2 ug AEAC/mg, 31.8 ng AE/mg
o g et ojzat Aok 2 24 Wo] asiat-
coside £40] e A0 AXHZ O, BE 2 %
FEEY AE/AR7SAE 2AREY AYE AL 7HsA
of gt 7|xAEE AMEE = S ALE 7|YH

101

:J_‘
=
T
i
o
oN

ZHAl| =

EEe 20229% WSRO AYoR mAFAEY
< ot = E AAA-det F=H7RE A A A9
U TH2021RIS-001; HA7|E7EANRY).

P
Mo e

]

4

&

References

Benzie IFF, Strain JJ. 1996. The ferric reducing ability of plasma
(FRAP) as a measure of “antioxidant power”: The FRAP
assay. Anal Biochem 239:70-76

Bian D, Liu M, Li Y, Xia Y, Gong Z, Dai Y. 2012.
Madecassoside, a triterpenoid saponin isolated from Centella
asiatica herbs, protects endothelial cells against oxidative
stress. J Biochem Mol Toxicol 26:399-406

Bylka W, Znajdek-Awizen P, Studzinska-Sroka E, Brzezinska M.
2013. Centella asiatica in cosmetology. Postepy Dermatol
Alergol 30:46-49

Choi EY, Heo SI, Kwon YS, Kim MJ. 2016. Anti-oxidant
activity and anti-inflammatory effects of Spiraea fritschiana
Schneid extract. Korean J Med Crop Sci 24:31-37

Choi HM, Kim SG, Kim HY, Woo SO, Kim S, Moon HJ, Han
SM. 2022. Determination of spermidine in freeze-dried royal
jelly using ultra performance liquid chromatography. J Apic
37:51-57

Choi JN, Lee HJ, Lee YJ, Jeong JT, Lee JH, Chang JK, Park
CG. 2020. Growth characteristics and asiaticoside content,
and antioxidant activities in Centella asiatica by cultivation
and irrigation methods. Korean J Med Crop Sci 28:254-259

Choi JN, Oh MW, Lee HJ, Lee JH, Jeong JT, Lee YJ, Chang
JK, Park CG. 2021a. Comparison of growth characterisitics,
asiaticoside content and antioxidant activities of Centella
asiatica (L.) Urb. Korean J Plant Resour 34:44-51

Choi SI, Han X, Men X, Lee SJ, Park MH, Lee OH, Yang JM,
Choi YE, Cho JH. 2021b. Development and validation of
an analytical method for 2-furoic acid in Benincasa hispida
extracts (HR1901-W). J Agric Life Environ Sci 33:311-320

Eom HJ, Shin HY, Ji YM, Kwon NR, Yoon HS, Kim 1J, Song
Y, Yu KW. 2021. Nutritional components and physiological
activity of Centella asiatica cultured in Chungju by drying
method. Korean J Food Nutr 34:165-173

Eom HIJ, Shin HY, Park HJ, Kim KH, Kim JH, Yu KW. 2022.
Functional components and physiological activity in different
parts of Centella asiatica. Korean J Food Preserv 29:749-



102 91 - A1AY - 5k - TR - A

761

Ha JH, Kwon MC, Kim Y, Jeong SS, Jeong MH, Hwang B, Lee
HY. 2009. Enhancement of immuno-modulatory of Centella
asiatica L. Urban with edible polymer through nano-encap-
sulation process. Korean J Med Crop Sci 17:257-265

Han X, Choi SI, Men X, Lee S, Oh G, Jin H, Oh HJ, Kim E,
Kim J, Lee BY, Lee OH. 2022. Modification and validation
of an analytical method for dieckol in Ecklonia stolonifera
extract. J Food Hyg Saf 37:143-148

Hong JH, Lee MJ, Jo YI, Moon SM, Lee SA, Kim CS. 2021.
Analytical method validation of cynaroside in domestic
Anthriscus sylvestris (L.) Hoffm. leaves extract for stan-
dardization as a functional ingredient using RP-HPLC. J
Korean Soc Food Sci Nutr 50:395-402

Kil YS, Sin SM, Lee DY, Min JW, Yang K, Lee SW, Kim YH,
Goo YM. 2018. Analysis of triterpene glycoside levels and
antioxidant activity in the different shoot tissues of Centella
asiatica (L.) Urban. J Life Sci 28:917-922

Kwon JG, Jung YW, Choi YH, Lee JE, Jeong W, Lee JA, Choi
CW, Ahn EK, Choi Y, Hong SS. 2022. Development and
validation of an analytical method for the detection of
resveratrol and trans-scirpusin A as functional ingredients
Smilax sieboldii extract. J Korean Soc Food Sci Nutr 51:
1171-1177

Kwon KJ, Choi SJ, Yoon Y. 2012. Improving effects of the
cleanser containing Centella asiatica extracts and charcoal
and pearl powder on the facial skin. Korean J Aesthet Cosmetol
10:581-586

Lee JH, Jeong KO, Im SY, Lee SJ. 2021. Analytical method
validation of ellagic acid as an antioxidative marker
compound of the Rubus occidentalis extract. Korean J Food
Preserv 28:663-673

Li H, Gong X, Zhang L, Zhang Z, Luo F, Zhou Q, Chen J, Wan

A7HEel - Amd - 3 A=A EIYeEA

J. 2009. Madecassoside attenuates inflammatory response on
collagen-induced arthritis in DBA/1 mice. Phytomedicine 16:
538-546

Liu M, Dai Y, Li Y, Luo Y, Huang F, Gong Z, Meng Q. 2008.
Madecassoside isolated from Centella asiatica herbs facilitates
burn wound healing in mice. Planta Med 74:809-815

National Institute of Food and Drugs Safety Evaluation [NIFDS)].
2021. Guide to preparation of submission materials for
recognition of functional ingredients for health functional
food. pp.42-49. National Institute of Food and Drugs Safety
Evaluation. Report No. 0769-04

Oh S, Park S, Lee S, Park Y, Jang KI, Yu KW, Kim D, Shin
H. 2021. Comparison of growth characteristics and physio-
logical activity of two Centella asiatica cultivars in green-
house soil culture. J Bio-Environ Control 30:351-358

Park DW, Jeon H, So R, Kang SC. 2020. Centella asiatica
extract prevents visual impairment by promoting the pro-
duction of rhodopsin in the retina. Nutr Res Pract 14:203-
217

Shin HY, Kim H, Jeong EJ, Kim JE, Lee KH, Bae YJ, Yu KW.
2020. Bioactive compounds, anti-oxidant activities and
anti-inflammatory activities of solvent extracts from Centella
asiatica cultured in Chungju. Korean J Food Nutr 33:692-
701

Shin HY, Kim H, Jung S, Jeong EJ, Lee KH, Bae YJ, Suh HJ,
Jang KI, Yu KW. 2021. Interrelationship between secondary
metabolites and antioxidant capacities of Centella asiatica
using bivariate and multivariate correlation analyses. J App!
Biol Chem 64:82

Received 13 January, 2023
Revised 14 February, 2023
Accepted 24 February, 2023



