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ABSTRACT

Background: Coffee tree leaves contain bio-active compounds that exhibit various functions.
Recently, coffee trees have been cultivated in Korea, mainly in the south. We analytically investi-
gated the antioxidant activity of coffee tree leaves grown in Korea.

Methods and Results: We prepared hot water extracts with a specific extraction time (10 min -
120 min) and ethanol extracts using specific concentration levels (5% - 80%). 1,1-Diphenyl-2-pic-
rylhydrazyl (DPPH) radical scavenging activity was investigated using liquid chromatography
(LC) analysis. We performed a mass spectrometry (MS) using the identified radical scavenging
active compound peaks. We confirmed 7 compounds, including 5-caffeoyl quinic acid, 3-caffeoyl
quinic acid, cinnamtannin B-1, mangiferin, 3,4-dicaffeoyl quinic acid, 3,5-dicaffeoyl quinic acid,
and 4,5-dicaffeoyl quinic acid. The MS with multiple reaction monitoring (MRM) mode analysis
provided a method for analyzing radical scavenging active compounds in coffee tree leaf extracts
using LC-MS/MS.

Conclusions: The comparative analysis revealed, ethanol extraction had a higher extraction effi-
ciency of the antioxidant active compounds than the hot water extraction. The optimum thechnique
used over 40% ethanol for extracting the highest levels of antioxidant activity from coffee leaves.

Key Words: Coffea arabica, Coffee leaves, Antioxidant, 1,1-Diphenyl-2-picrylhydrazyl Radical,
Liquid Chromatography, Mass spectrometry

Mo al., 2019).
AU 9& F2 ol &He AT Fo] 7KL AUe 7HA
AR = H5FAHF (Rubiaceae)®] Coffea 502 2 A 2 Q8 2 77 FAEAY Bl WARE, =8 A7
AFSZ 70 oJFo] dom, hEAR] FLL2A o7 Je AGE TAHOE TSt gk A5y S| 4351 9
(Coffea arabica), 7MIEEE (Coffea canephora)®F W27} 3 AFHo=Z o] 8= o]gko (Ngamsuk et al., 2019), -4

% (Coffea liberica) 5-°)
59 22 ZolA 29l 26

At} (Davis et al., 2006). #¥]+=
T Abelo] fRF=E A &

3} (European Union)®] A28 2% gl w2} 202019
ol]go] FHo 7 AU} (Tritsch er al., 2022).
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(Coffee zone) ol2}al BEle AEE F4HoE ¢ I 4 of 719 Foll thek Aol mlsiM = 22 HolARt sj2le] 7
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M o] ofFAR AFE, A, A A FAM ARA A

v WRAlS ggate] Aulrt dxl Solua vk (Moon et o]

rﬂ,}:

T} 3 FEEE Eol7] fgk At AEHow
o]Z)3 AT} (Chen er al., 2018; Chen et al., 2019; de
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Almeida et al., 2019; Hariyadi et al, 2020; Monteiro et
al., 2020; Maxiselly et al., 2022). =Wl = FH AFE 7}
ol Ay o FEE0] 7I58E 28] % 72 &
A A7t FYE ey (Im and Doo, 2021a; Im and
Doo, 2021b), 7A¥] Fo| A& % &4 Foll uigh s
50l BlEiAE obd 7HAE =53 Aotk (Nam and

T T
Kang, 2015; Lee et al., 2016; Kim and Lee, 2018; Lee
et al., 2018; Shin, 2019).

ofe] 7H A FIME FAFol w4 5 o
Fet B Aol B RO Fudl YA B 2

o] Jhe] thgk A7t A&EH o= Y5l Tt (Song and
Lee, 2015; Yoo et al., 2019; Im and Lee, 2020; Kim et
al., 2020).

kst & A AFEolA tidel HA e 0
(reactive oxygen species)®ll = hydroxyl radical, superoxide

anion 59 free radicalE°] o, EA4k4o] FLoz

ElUbE DNA WA, Alze &4, chilg wy 5o o)
HResh) G5uks, oF 59 45 IS dod)E o)

Ft} (Devasagayam et al, 2004; Valko et al., 2007; Lee
et al., 2015). o]gjgt GAikiof O1-g3H7] Sl A F
A= AESEA| 24 butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT)2} 72 31 EibslA|7t 4
FA7HE 528 ARSEAL ot st A Aol g
ARl To2 QI8 AE FEEH 22 AFEESE kst
2AE 7] A% Aok gl AEH R o]FoIR| AL Uk

(Kim et al., 2018; Kim et al., 2019).
apq AR 2250 HA 5 WyER] o)Ak A
GéEﬁi’ﬂ 2] HS HHskeitha
k= S A EeElshe
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7h Aok EgE AR 540wk AE B3ttt g
HAAO R AMGEHE ooy 3 2], 28E A2
TR Rlo] ofgle 7t vIws] WS =, Al
D28l BE el tiek £5F A9 ddHoEE ofHTh
Hekgh A=A E8 =7} =0}
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=
-‘—lj-\_
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[SE =1

01313]_ A== e

T =
AE27] (mass spectrometry; MS)y= 74 A&
E]“JX“] LC 7ol kgt 27 7] %L

T APAR] BFEF UL o A= F
ojr, dmHQ] AHEH] =T F

Ne HE

=
MS FH] FoA =
quadrupole ?Z:i 7HA AL
MSellA F8E = 9= scan
(STM) mode ‘:"“J% A 5%k EaEAl (molecular ion)Z -
B AAEE EAT 27} o] (product ion)yS Aoz 7

7b

- o]L—

AT

2 GRS S = triple
LC-MS/MSL AREA 2]

R
m

= selected ion monitoring
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2z A 24 M2
Z 3= multiple reaction monitoring (MRM) HE+= selected

reaction monitoring (SRM) mode £-4]0] 7Fgh AtA
H|2A] (Na et al, 2020), MRM®]L} SRM mode #41S
gPapd APE 2708 WS product ionthS AESH=

oz ol YukAel LC BAoA Yehts e Wl
o S FAastd F Jom, HEE AlZE (retention
time)e] AXE Ao HeiXE E4o] 7FssA ©th (Im
and Lee, 2020).
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)

UM AujE AT olo] 2 FEES e E
akst @93t caffeineS 23HSE 3 714 AEe] vl A3
A= AN 7 g f‘z}ii} 4 Aol i e
< ¥FEA 2UTh (Im 00, 2021a). T3+ LC EA0
A Yehd 5 e dF AR JH HAdeld Axle=g gk @
FE ] 18 MS B4 5 F71EQ 7F0] o] Fox]%]
AT

2 Al E AT o FEE EAlske Atk 84

ol i S SIs) AR 2 FEES o 11

diphenyl-2-picrylhydrazyl (DPPH) radical &7 #4& LC
A% A S F ERlE radical A B AR

(o]
peak®] AEAHE AAISHL, MRM mode ¥4 2715 474

gl LC-MSMSE 283 79 vr o 5% % radical &
A &4 A B IS AEsIITh
Mz 3 e
1. AEMNE
AT A2 AT AGoA Au=EL A= ofH]7E
(Coffea arabica L.) &N 20203 HFT 2L 60T

48 A7t Bt AR F Ay xAsie] nakshEa ARSI
om, B2 A}F8-3ld 60 mesh ©]ate] AR HdalA E

A e F20) At

15 goll AAF 250
1A 51T 7HE S A
10 ¥, 20 &, 30 &,
FE5 Az, o
F 4T o3tz W naspd

, 120 274 5
A AR F A=
ol ARttt
7MLI~r o S F=
20%, 0%, 80% ek 25
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3. Online-LC-DPPH radical 2s &3

ATYE A F2E A8 LC £ 2 radical 27%
Al 245 98 LC-30A (Shimadzu Co., Kyoto, Japan)
AAZvlE 2T 9} column®ZA] Kinetex CI18 (2.1 mm x
150 mm, 2.6 /m, Phenomenex, Torrance, CA, USA)S 7]
dH) FAHORE st A4S AT
A8 FUES 5 4, column ovens 40CE FA3FF o,
OlF4C=Z 0.1% formic acid (A)2} methanol (BYS AM&-3}
o 52 025 m/min® 2 FABIA. ol5de 7] 5 &
7 2% B, 5 2OlA 47 £7HA] 40% B7F HES 8131,
47 FolA 48 E7HA 100% B} HE= dlod 54 E7A]
A3 T A 2% BE SHA 60 7 =3
=

ZAAQ] Alzdle] F8-e Fig. 13 o] #4d3k e, 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical €& 333}7] ¢
3] F7F= LC-20AD pump (Shimadzu Co., Kyoto, Japan)
& AX3AE ColumnollA E2]E A|EN radical £ 0]
&34 o]F radical 2A WHES 8 Zo] 1 mY reaction
tubingS X3} TE Methanoldll 50 yMZ £3A1Z1 DPPH
SHE ARG oM, F4-2 0.15 m/min® 2 FA]3HHA 7
Z7] (SPD-10Avp, Shimadzu Co., Kyoto, Japan) 3732
517 nm 2 2733t DPPH radical &7 WHg- 540 & <l
af 24 I radical &o] WEgSt] FFETF Hopx]
e AEslor slng 34 § A3 5 goldS f8 4
719] polarityE WHY (negative mode)Z 2735t} &4
o] A A4S 9% LC profile 42 DPPH radical &
HE G| g e HE71E 43 (positive mode)S 2 A
g

A3 T 280 nm oA AA|EATH

&
ol
ol

2t
=

ox My | ¢

4. 2 MR2O| LC-MS/MS A

DPPH radical 2&A &4 AR sl @deRAdE LC-
30A (Shimadzu Co., Kyoto, Japan) YA T2 rlE 1o} A
&% LCMS-8050 (Shimadzu Co., Kyoto, Japan) 2FsAle=

Reaction L
Tubing

<«--- |C profile line
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Fig. 1. Scheme of online-LC-DPPH radical scavenging ability measurement system.

Table 1. Mass spectrometry (MS) parameters for analysis of major
active peaks.

MS/MS parameters

Interface Electro-spray ionization (ESI)
Nebulizing gas flow 3 £ /min

Drying gas flow 10 £ /min

Heating gas flow 10 £ /min

Interface temperature 300C

Desolvation line temperature 250T

Heat block temperature 350C

Collision-induced dissociation gas ~ Ar, 270 kPa

237] (triple quadrupole mass spectroscopy)s AR

™, LC profile?} radical &7 &4 A 9 =43
] 8510m, Table 13} 7H Al 271

ERETE

i=)
;{101__

H X e o
X

82 A% BAolE o$4T f5 AP FAsC
AR FATE | w2 A4Sk olFde 27 5 2

A 2% B, 2 ¥olA 19 714 40% B7F HE= S99, 19
ol 20 2£7H4] 100% B7F H=5 slo] 2587KA] fAI%
T T 2% B WEHA 30 #1242 AAEiTh

2DE

=

i

bl

1. Online-LC-DPPH radical ~HS

Pt AL Zshe ol P S AE
o] kst & Sl 7P dnkHoR 28
diphenyl-2-picrylhydrazyl (DPPH) radical 4:#
o) B9l W A WEE SHstel Azte] vlmst gol
g 4HE 73 itk (Blois, 1958; Cha, 2015; Im et dl,
2017).
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UWFH O 2 spectrophotometer 7]4W+e] E-538h2 7
&= DPPH radical 22715 34 AdRIN & F2&
7o) mig- B Aol EE e AEY e A 2

AT Aol B Ao EAolgr|ETe o
WAl 2489 Futel (lvh. webd st 24
gk S 98-8 FXIAT7] SlEl AR A= eE L
chromatography; LC)E °©l&3ste] A& g
A&HF 0" HEjE AR st S AES] 9% A
7} ksl A EL ATk (Hong e al, 2014; Zhang et
al., 2015; Im et al., 2017).

Online-LC-DPPH radical &A% &4 AlZ"HAdA=
column £2] °o|F AZE7|2 AZA=E Sl radical 4=
G sl HBER ilks) S dEe] wElEo] e
£ AJ7bollut radical &7 Whg-o] UEl4A ®©th DPPH
radicak> AHS YER|R|TE ksl &S 7= i bt
S8 gaE]o] Sgwrt A Hct wiEkA HE71€]
polarityS ¥}l (negative mode)2 A 3to] UukAel LC ¥
2] A3} chromatogram¥} Y3t Fe|Z HIsto 22X A=
LolsHAl & 4 Ut ole} THEHE AF ZAELS M A+
EollX HAEE WES wgaiitt (Im et al, 2017; Kim er
al.,, 2019; Im and Lee, 2020).

H
=
=
£.
o

W

[l
n
I}
&
Tl

SRS

AT

AR TS a7 dksE FAo] sk Ao s g9l
H AIUE (Coffea arabica L) & 80% o+ FEES
de 2 Fig. 13 72 A|2¥S &83 online-LC-DPPH
radical 227155 545 AFolA Fig. 29 o] atH g7HA|
7 708l F8 radical &2 B4 peakE ERIT Ut 2
Aol &g FA A|2"e] AolA peakE LERH A1
A g Akl ksl 24S TEE Aol el
UstaS orlstH, peakd] WZo] S5 FAkst &4do] 4
tiFog 7k Aol AY Fe] =5 F dSS eIt

=

2. £ 2 peak®] LC-MS &4
Fig. 19] A& =4 A" % DPPH radical 82|
& BAS el T LC 7 271e 483k

positive mode®] 280 nm A& ZAo|A Fig. 33 722 AE
profile 2345 4& F oM, aFH gAY 74 &4

peak WIRE A V1EOR ABEHE HAIST,

APFEA S online-DPPH-radical 2A% =4 % LC
profile &A12} FYg 2] 218 AEsion, ol wt

bl [e)
g AR 71E0R 7F @4 peakd] AiRiA AAE A
E3IY. U0 2 electrospray ionization (ESI) ©]23} %+
& 7Hke 2 sh= AR 7)o M= positive model| A

60" Pefector & 517m

275 Ef) 325 330 s 400 45 430 45 min

Fig. 2. On-line LC radical scavenging effects and major active peaks of the extract of Coffea arabica leaves. Different superscripts (a

- g) are major active peaks.
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Fig. 3. LC profile of the extract of Coffea arabica leaves. Different superscripts (a - g are major active peaks.
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Ehje 2EAE gjelel [M+H], [M+Na]'$} negative mode SHA, dut oehe FEEXY e & vl A=

M Yehs 2EALe] e [M-HJE A5 tjZse] ZEA} 7} T2 AE FEE £ A8 radical 27 84 AHELS

F2 FHY & Aot phenolic acid AIEe] EAAE FZ ol hydroxyl group
R

450000000

ESI Positive(+)*—

P
ooy ST Negative(-)e
300000000
250000000 [

200000000

150000000

100000000

o]

25 5o s 180 125 180 175 200 225 20 275 a0 25 380 ES 400 425 430 475 min

Fig. 4. LC-MS total ion chromatograms of the extract of Coffea arabica leaves. Different superscripts (a - g) are major active peaks.
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Fig. 5. LC-MS analysis results of the major active peak a. (A) positive mode MS spectra of the major peak a, (B) negative mode MS
spectra of the major peak A, (C) MS? spectra of m/z 353.1(IM-HI").
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(-OH)S X338h= 7397 BolA negative mode H A 2
A positive modeRTF Tt BiEAL HH-S 7RI

AT A 80% NEHE FE2ES w481 Fig. 49 22
AFEAN 43S IS F e, LC profile ¥43 DPPH
radical 2245 54 23] &4 peak W5 A7 IR2E &
3] dlFsl= a - go EEAES Fig. 5(A, B) - Fig. 11(A,
B)#t o] #1% & Ul

Fig. 50 AAgk &2 peak a9] MS spectras R negative
modeol|Al [M-H” BelZ & 4 A& 353.1 m/z} positive
modeollA [M+H]" FH|Z & 55.1 m/izZ7} Eelgd
whE} BREAfEe] 35421 A T A8 duEe
2 molecular ion®] Z33HA] UERE negative modeol|A] 353.1
m/z2 58 AAE MS? spectras HH EFFoZ 1911,

2
F A= 3
< T

Inten.(x10,000,000)

2ic|

Z+

7| FA]

=}

A7

ok
AL

179.1, 135.1 m/z 9] ion®] AA3E
e MS spectras 7|E2] 3
acid Al9e] diLolA vehte HY
Tt (Bajko et al., 2016).

Fig. 69 UePd A peak b2l MS spectrad = &4
peak a9} fAFSH dEle] MS 2 MS? spectraZ YEPHO] w}
2} caffeoyl quinic acid A€ 8IS F4E F AU
Caffeoyl quinic acid A|goIA gty o=z Yepd F = 3
Shpze} 7|E AT HAE HES] 3., 5- 2R caffeoyl
715 EFFeh= UeH,
2 peak a, b7} Z}Z} 5-caffeoylquinic acid, 3-caffeoylquinic
acidgd S A3ttt (Zhang et al, 2015; Chen et al.,
2018).
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Fig. 6. LC-MS analysis results of the major active peak b. (A) positive mode MS spectra of the major peak b, (B) negative mode MS
spectra of the major peak B, (C) MS? spectra of m/z 353.1 (IM-HI).
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863.1 miz2H-E] AYAH MS? spectras HW SO =
7111, 411.1, 451.1, 573.1 m/z 59 ion°] BHHS & &
A =H o9} 72 MS spectra= catechin®|U} epicatechin®]
trimer FEfOlA AR A} FxoA Uepbs FEYS &
T ANeH, procyanidin 3= tigh FHEA Ao &
3k 7]& E33 ¥W3ke] cinnamtannin B-19-8 E<lslith
(Rue et al., 2018; Rush et al., 2018).
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FUF Qo) EAsl= Ao E HAEAUNT (Ngamsuk ef al.,
2019). Cinnamtannin B-12 Y| (Osmunda japonica)?} 7+
& el EAlske Zlew HiEHoH, £ st &4
S VK= AeZ EIENOY (Kim et al., 2016; Woo et
al., 2017), oF& =jollA] ZulE AT dollx] Gl vt
AATH

Fig. 8l #A|AIgH &4 peak d2] MS spectras X negative
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fu

modedllA [M+H]" FEIZ & 4 U= 423.1 m/z7} E1Eo
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Fig. 7. LC-MS analysis results of the major active peak c. (A) positive mode MS spectra of the major peak c, (B) negative mode MS
spectra of the major peak C, (C) MS? spectra of m/z 863.1 (IM-HI").
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Fig. 8. LC-MS analysis results of the major active peak d. (A) positive mode MS spectra of the major peak d, (B) negative mode MS
spectra of the major peak D, (C)' MS? spectra of m/z 421.1 (M-HI").

331.1 mlz 59 iono] AFEE & F U= o9 T

MS spectra= AL 9 Foll EAISk= mangiferinoll Al Ut
Ehjs e & 5 e, gekdt Aol AduE
o] Qo EAlske Fitst B4 A7 F SR Bkl ol
(Campa et al., 2012; Chen et al., 2019; Ngamsuk et al.,
2019; Monteiro et al., 2020).

Mangiferin =FUjollr] AJeko 2 ATl AR (dnemarrhena

asphodeloides) 2] F2=9 AE JEO2ZA & ¢ it
3} A8 AlEZES g3 S| S Zlor HIHY 9t

(Lee et al., 2018).

Fig. 99l A|AJgk &4 peak e2] MS spectraS 2W negative
modedlA [M-H]” JEIZ & < U= 515.1 m/z9} positive
modedllA] [M+H]" FHIZ & F U= 517.1 m/z7t EAE
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quinic acid’t AgE FHQ] dicaffeoyl quinic acid T+FE
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Fig. 102} 119] Yebd 24 peak 12} g2 MS spectracll 4]
= 4 peak e} U3 siEe] MS ¥ MS? spectras U}
Pl W} dicaffeoyl quinic acid 72E 7= JEEUS
& 7 AT AT de] AR #S 7' AFES 4
Esfe] &4 peak e, f, g7} ZH7} 3.4-dicaffeoyl quinic acid,
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Q13}Att (Campa et al., 2012; Chen et al., 2018; Montelro
et al., 2020).
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e major peak E, (C) MS? spectra of m/z 515.1 (IM-HI).

Hohzl—l ‘o/]

H
B

:‘n)‘;,"

=
o

3
2
%

il oX

Fo] stk o7} SRS §J—0]€E]- 2= 9igl o
7t 73] peak WAE HlaLst] Table 3o viebd g 3
F A34E =T F AAyTE 60 7 AAIE Fig. 3¢9] LC
profile 4] Aol wlel] 7 o] wF-5 AlZF 7HA0] Fo}
Aot MEE X7to] AArtE BAlo] 71535 MRM mode
BAHS olgsld B4 A7 60 l-"f:q]/ﬂ 30 Hog =l
ghe AvUE Slell EAshe it

o

=0

=

QS-S stk =R B g 4R A
of et AEol WAHER A LC B A9A



—_ =] = =] =
HULR & F==9| 2t 1 24 M2
Inten.(x10,000,000)
“1 (A)
257
209
=
159 g
< +
104 [M‘l’H] =
- ®
0.5 ~ Lo
&~
L% ¥
0o T T T T T T T T T T T T T T T T T T T
400 410 420 430 440 450 460 470 480 430 500 510 520 530 540 Ss0  S80  570 580 miz
Inten.(x10,000,000)
309 (B) [b/]_H]'
259 =
0
=
209 0
157
109 -
5
057 0
0o - }
\ r r \ r r r r r r r r r \ r r \ r r r
400 4l 420 430 440 450 460 470 480 490 S00 10 &20 530 540 Sa0  Se0 570 &80 miz

Inten.(x10,000,000)

¥ (C) 179.1«—

1.50

1.25-

191.1

1.00

1791

075

050+

0.25+

135.1

0.00-

HO.
HO

353.1

100.0 1250 150.0 1750 2000 2250

250.0

2750 300.0 3250 350.0 3750 400.0 miz

Fig. 10. LC-MS analysis results of the major active peak f. (A) positive mode MS spectra of the major peak f, (B) negative mode MS
spectra of the major peak F, (C) MS? spectra of m/z 515.1 (IM-HT).

(ultraviolet; UV) AZ715 %83 chromatogramel] Blal| 7+
alal Weksl vyt 7FsekiTh
4. FE THE HUUT o FES Hlw 24

Table 3o A|AIgH Ae} 7ro] FE ofehE: FE=9] &
2 Aol ek s} ZolXw Aukdoz B4 Aol

F AT ek, S-caffeoyl quinic

acid®} 3-caffeoyl quinic acid= 20% °E&HE FEOIM= F=
o] FR3| o]|FoXE Aoz Yelgtoen, 34-dicaffeoyl
quinic acid®} 4,5-dicaffeoyl quinic acide 40% olehe F&
AN 80% oletE FEI fFARE FF FHFS HAT
Cinnamtannin B-12] 73-%- 40% ©]/39] o|&r XA F=
o] Y&3] o]FR = EAS HERISH, 10% ol3te] ofe

P M Sy

273

= LM Ao r &Y HEES] FF 580 W
Zog SRl

dF FEEAME FF AZPER S-caffeoyl quinic acid7t
80% olErE FEE tiH] 34.0% - 70.5%, 3-caffeoyl quinic

acid= 36.9% - 58.9% ] A TS UERIIT. F
1A RS AL JRES 5 FE oM 2
o FZEo] ol AS 3 AATE AH g =&
Al Zko] Eof Z7tEe Aoz Yehgoy
cinnamtannin B-1, 3,4-dicaffeoyl quinic acid, 3,5-dicaffeoyl
quinic acid, 4,5-dicaffeoyl quinic acide A7kl FAIRl0]
FZo] A9 HA FAY FTHEe] B o= e
ol¢} & A= FuolA AuiE ATy o] 244 4
ol tigh & AollA] neo-chlorogenic acid, chlorogenic



Inten. (x10,000,000)

(@A)

1.00+
0754
0.504

0.254

539.1

499.1
545.2

0.0 T T T T T T T T T
400 410 420 430 440 480 460 470 4ED0

Inten.(x10,000,000)

450

500 540 50 S0 570 580 miz

(B

0.0

—537.1

400 4l0 420 430 440 450 460 470 440

Inten.(x1,000,000)

450

;
500 510 50 530 540 S0 560 570 &80 miz

(O

2.25+

2.00

1911

1.754

1.50

1.25+

1791

1.00

HO

0.754

0.50

0254

1361

F173.3

0.00

OH

+179.1

—+135.1

/0
OH
OH

353.1

2000 2250

prA

1500

1000 1250 750

2500

2750 3000 3250 3500 3750 4000 miz

Fig. 11. LC-MS analysis results of the major active peak g. (A) positive mode MS spectra of the major peak g, (B) negative mode MS
spectra of the major peak G, (C)'MS? spectra of m/z 515.1 (IM-HJ").

=

acid, caffeine 5 3 7FA] A& o] &
< FEEAN AW oR EA Jehd
FAFSE Ao g HolXTE (Im and Doo, 2021a),
Al 2o g A A7), AFARD FE L] Zfo)
[ F7HQl AF7F AEHH O R o]Fojxol & Ao
Hoh

A= v AT, A, Ad A9 SolA Al
Al AE -gste] Azt Fxp 5o

3L X%

o

o}

[e=]
=
)J\

[€)
o 1ae &E0 -Q-Ei 'T,\:]_-
HE AF NS s ok A7t sl FujelA
A Auby <ol EAlske Fitst 24 Aol tigk &
A5 93] DPPH radical 274 4L LC 243 EA9)
St & ER1¥ radical &A 849 A3 peake] ATHLA]

3tod  5-caffeoyl quinic acid, 3-caffeoyl quinic acid,

3l

o
=
g

o Ay

A

274

cinnamtannin B-1, mangiferin, 3,4-dicaffeoyl quinic acid, 3,5-
dicaffeoyl quinic acid, 4,5-dicaffeoyl quinic acid & 7 F<]
24 AEs ERlskr

Agrs Ane

71

A
F=E

2
lo,
R
X
o
N

[o]

o Ao

o

e

T
2

N
Fo = Q0 ox
M

o
(R

%oy 2
rz

o &
o
<



HULR & F==9| 2t 1 24 M2

A (B)
5 (x10.000.000) _ 5 0(x10.000,000)

[Es% [a ible d ef 2 THw-10m [5 b d olf
25 25]
S \
5 x10.000,000) 5 o0x10.000,000)

{E10% {Hw-20m
25 25]
- i = & g
5 x10,000,000) 5o010.000,000]

{E-20% {HW-30m
251 25]
s | KA " A &
5 X10000000) T | 5 o(x10.000.000)

1E-40% 1 HW-60m
25 25]
0.0 u 0.0 h A
5 X10.000000] 5 010,000,000}

1E-80% :HW-120m
2 | =
00t I\ — J._ A 0.0 I A A —

T
10.0

125 150 175

20.0

min 10.0

T
125

T
15.0

175 200 min

Fig. 12. MRM mode LC-MS/MS chromatograms of active compounds by extraction conditions. (A) ethanol extract by concentration
(5 - 80%), (B) hot water extract by extraction time (10 - 120 min). Different superscripts (a - g are major active peaks.

Table 2. Negative ESI mode multiple reaction monitoring conditions of LC-MS/MS for analysis of radical scavenging active compounds.

Peaks

Compound

Retention time

Molecular ion

Product ion (m/z)

(min) (m/2) 1 2
a 5-Caffeoyl quinic acid 11.1 353.1 191.1 179.1
b 3-Caffeoyl quinic acid 13.9 353.1 179.1 135.1
¢ Cinnamtannin B-1 14.1 863.1 711.1 4111
d Mangiferin 16.3 421.1 301.1 271.1
e 3,4-Dicaffeoyl quinic acid 18.9 515.1 353.1 179.1
f 3,5-Dicaffeoyl quinic acid 19.2 515.1 353.1 191.1
g 4,5-Dicaffeoyl quinic acid 20.6 515.1 353.1 179.1

Table 3. Relative contents of active compounds by extraction conditions.

Relative content (% of peak area of 80% ethanol extract)

1)
Extracts 7 b c a c ; 5
5% 0.7 0.8 0.1 0.6 0.2 0.3 0.4
10% 52.2 54.9 0.0 5.4 1.3 0.8 0.8
Ethanol 20% 102.5 105.7 2.9 42.4 26.9 17.2 20.4
40% 105.2 107.3 60.0 89.8 92.7 79.5 103.0
80% 100.0 100.0 100.0 100.0 100.0 100.0 100.0
10 min 34.0 36.9 0.1 0.6 0.9 1.1 0.8
20 min 443 43.7 0.0 1.9 1.4 1.7 0.8
Hot water 30 min 50.5 48.0 0.1 3.2 1.9 2.2 1.1
60 min 60.9 53.9 0.1 4.6 2.2 2.7 1.3
120 min 70.5 58.9 0.0 5.4 2.2 2.8 1.2

DExtracts: different extraction condition by concentration of ethanol in ethanol extract / extraction time in water extract. ?a - g: DPPH radical
scavenging active compounds (see Table 2). *Values are expressed as percentages for each compound based on peak area of 80% ethanol extract.
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