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Analysis of Antioxidant Compounds of Broad-Leaved Tree Leaves using
an Online LC-Radical Scavenging Ability Measurement System

Kyoung Hoon Sun', Chul Hee Choi’, Young Seung Yoon®, and Kyoung In Lee*

ABSTRACT

Background: Antioxidant compounds have been reported to be effective in preventing and
improving various diseases, including cancer and neurodegenerative diseases. In this study, an
online liquid chromatography (LC) radical scavenging ability measurement system was used to
explore the antioxidant compounds present in the leaf extracts of five broad-leaved tree species
native to the Jeonnam region.

Methods and Results: Ultraviolet (UV) absorption spectra and LC-mass spectrometry (LC-MS)
analyses were performed on 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging active compound peaks identified in the
measurement system. In Morus alba leaf extract, 3-caffeoylquinic acid, 4-caffeoylquinic acid, and
isoquercitrin were identified as the major active compounds. In Eriobotrya japonica leaf extract, 5-
caffeoylquinic acid, 3-caffeoylquinic acid, and epicatechin were identified. In Dendropanax mor-
biferus and Kalopanax septemlobus leaf extracts, 3-caffeoylquinic acid was identified as the major
active compound, and in Crataegus pinnatifida leaf extract, epicatechin was identified as the major
active compound.

Conclusions: The online LC-radical scavenging ability measurement and compound analysis

method used in this study can be applied to study the antioxidant activities in other plant materials.
@ @ In particular, it can be a useful method for screening analyses in the early stages of research and
development.
Key Words: Antioxidant, Crataegus pinnatifida, Dendropanax morbiferus, Eriobotrya japonica,
Kalopanax septemlobus, Morus alba
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2T} (Choi et al, 2012; Griffiths et al., 2016; Amato
et al., 2019; Condello and Meschini, 2021; Maccioni et
al., 2022; Farhan et al, 2023; Hatami et al., 2023; Juiz
et al., 2024).

AE FEET 22 AAEY] st A ATellA 7
ditxo g E8Hy Qe SAYHLS 2,2-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS)®} 1,1-diphenyl-
2-picrylhydrazyl (DPPH) 22 £2-& ©]83 radical 44
s sk AoB2A TBFEAS} S S ARSslo
H|a2] GA7kel] o] Z5go] Thsstn, A vlart golg
S 7R e} (Li and Jeong, 2015; Kim et al., 2019).
ok AlE7F AE FEE 2ol B ARl E3E FHY
749 oAy o] EAol HHEY YRR 24 A4S
TAH o FRlsh] Yallre F7HHl Ee 2 gl o]
a3

olgl Fitol theh afAM<te] shtE liquid chromato-
graphy (LO)E °©]&3t] FEE29 A4S EEAZ] F radical

gz} Bk3-A)J]= online LC-radical 275 &4 A]2H9]
&Ko7 853 Tt (Inoue e al., 2012; Zhang et al.,
2015; Im et al, 2017). Online LC-radical &A% &4 2
Iz gAJo] gelE AR thale] 712 mass spectrometry
(MS)4} nuclear magnetic resonance (NMR) #2415 53|14
Ao BN FA Aol thgk Aol &olgh A= 7L
It} (Braham et al, 2020; Lee et al, 2023; Lee et al.,
2024a; Lee et al., 2024b; Park et al., 2024).
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3. Online LC-radical &2Hs &4

7} 3% E9] online LC-radical 22715 £l Elite LaChrom
(Hitachi, Tokyo, Japan) LC2} column®ZA] ZORBAX Eclipse
XDB-C18 (4.6 mm x 250 mm, 5 ypm, Agilent, Santa Clara,
CA, USA)S ARE3ITE 06722 0.1% formic acids 3
3 water (A)9} acetonitrile (B)S ARE-3l1oH, o] 54k Al
Z7L Table 12+ 7o) Z-4314th. Column ovend 35C
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TS RN

)=}
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Table 1. Mobile phase conditions for online LC-radical scavenging
ability measurement.

Cradient (%)

Time — Flow

(min) ~ Water containing 0.1% Acetonitrile  (mY/min)
formic acid

0.0 95

5.0 95

55.0 50 50

70.0 0 100 0.8

79.0 100

79.5 95 5

90.0 95 5
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g 5] FR1S ¢t LC profile ¥4 radical £-242]
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Table 2. Mobile phase conditions for quantitative analysis of
major active compounds.

Cradient (%)

Time — Flow
(min) ~ Water containing 0.1 % Acetonitrile  (md/min)
formic acid

0.0 98

8.0 98

48.0 75 25

50.0 0 100 0.8
58.0 0 100

58.5 98 2

70.0 98 2
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1. Online LC-radical 2Hs

ABTS radicalZ} DPPH radical &715 =74
=AI A A ARl vEEsie] Al4te] W3
71712 F8shs week datel Aol vt 8ol
o= Qlal kst &4 A AFelA 7 Hol o] 8
It} (Cha, 2015; Li and Jeong, 2015; Im et al, 2017; Kim
et al, 2019). ABTSE %°]2 radicalS, DPPHE &°]<
radicats sk zpol7t Jlemg 7b 7% 4 WA
7183 whg=de] AY Arrt AR gt 34 A3yt Aol
F AT dHA At (Lee et al., 2012). T3 4=z}
2 fr71&vel ©f & &alE= DPPH radicalol H]3l
ABTS radicalo] & E+= §7]80 25 gsfj=|2= 7}s)7]
wpRel 4 8wl AR BTN Fust B 240l §
olslti= xFol7t Ut} (Awika et al., 2003).
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Fig. 1 — Fig. 52| (A), Bl AAE A3} 7o) 7} radicalol
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HHA FBETE Yol Al Ho| baselines 715oE ok W
o] peaks FAsHA Hrh dF AFdAM= AE719
polarityE W2 H3sle] SHTFozH Udbyd LCe
chromatogram} 72 402 FAISH o= YA S (Im et
al., 2017; Lee et al., 2023), et o g B oArore}l 7+
o] ksl &4 e whEEte 1 o] g E=
radical®] E4Jo] |2 utgdE £
(Hong et al, 2014; Braham et al., 2020; Lee et al., 2022;
Lee, 2023; Lee et al., 2024a; Lee et al., 2024b; Park et al.,

al

fid
=

-0

=743}

R

.

o
90

J=s FASL 9

=
X
AN

=



w04 RT20.1min RT20.7min RT286min RT29.8 min (A)
| \
woo 4 L dL o - -
N o [WJV Y ]
- i (B)
o /M“\w
o1 — 4
(©)
Dé )‘A, ~ A A J’\h, A AR o AA,,\fL«,,,,7

o

o 0

Fig. 1. Radical scavenging active compounds in leaf extract of Morus alba. (A) ABTS radical scavenging ability measurement, (B)
DPPH radical scavenging ability measurement, (C) LC-UV profile at 254 nm.
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Fig. 2. Radical scavenging active compounds in leaf extract of Eriobotrya japonica. (A) ABTS radical scavenging ability

measurement, (B) DPPH radical scavenging ability measurement, (C) LC-UV profile at 254 nm.
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Fig. 3. Radical scavenging active compounds in leaf extract of Dendropanax morbiferus. (A) ABTS radical scavenging ability
measurement, (B) DPPH radical scavenging ability measurement, (C) LC-UV profile at 254 nm.
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A3} 7ro] zF AE-2] UV S5 spectrum GA] FAFS ez
I wet #Ad 1S Fasie] 3 Fo] &4 Aol
caffeoylquinic acid A8 HELS & T AATH (Bajko er
al., 2016).

G Aol gRle Erprel nishir o 55 A 8
3} caffeoylquinic acid A€ AR d4H EIS AT & 7t

e EFEd Uiz 248 AAlske] Fig 8 (A) - (C)ell A
Ak Rzt 7o 7F B2 ARt peak’t HFEAILE AR 5-
caffeoylquinic acid (neochlorogenic acid), 3-caffeoylquinic
acid (chlorogenic acid), 4-caffeoylquinic acid (cryptochlorogenic
acid)dS 2135ttt (Lee and Choi, 2012; Zhang et al.,
2015; Chen et al, 2018; Kim et al, 2020). Caffeoylquinic
acid 5 TFFSE Aol st 24454 i 95,
ot A, 9 24, AAERAE 29 i a3 55 e
Ye Zeg BIET Yt (Kim et al, 2015; Kim et dl.,
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Fig. 4. Radical scavenging active compounds in leaf extract of Crataegus pinnatifida. (A) ABTS radical scavenging ability
measurement, (B) DPPH radical scavenging ability measurement, (C) LC-UV profile at 254 nm.

2017; Chen et al, 2018; Amato et al, 2019; Gao et al.,
2020; Kim et al., 2025).

Fig. 7 (D)l AAIgE MF-FAIZF 23.5 2] &4 peakol] th
Sk MS spectra % negative mode®lX= [M-H] FH <]
289.1 m/z7} YEFSEAL positive model| A= [MHH]™9} [M+Na]*
o2 B F A= 2911 miz8t 313.1 m/zZ7k SRl wet
ARl 29091 AEdS & 7 AUUTE o9k A Fig. 6
(D)2} 22 UV &5 spectrume 7HA= slgteEe] dish &4
< HESI ZApe} 2 2lE] EAISH= catechin
epicatechin®] S FH5I3M o™, EFE3 Uz #2498 A5
slg &4 AR peak’} Fig 8 (D)ol AAF 2z 7o)
epicatechin¥ & &3 TE (Choung and Lee, 2008;
Ananingsih e al., 2013). Epicatechin 7]¥-29] &xt3s} &
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(Kwon et al., 2011; Choi et al, 2012; Reygaert, 2018;
Hatami ef al., 2023).

Fig. 7 (E)ll AAIgE MFEAIZF 28.6 2] €4 peakell T
3k MS spectra®l A= negative modeol| Al [M-H] 3 Hl <]
609.1 m/z7} YEFSEO ™ positive mode®l Al [M+H] <}
[M+Na]" Hel2 & 4 & 611.1 miz2t 633.1 m/z7F 82l
Holl we} EA%e] 6103 AEdS & F AUk Fig 6
Bl #AAZ UV T spectrume UERE 315tEo] oigh
e AEsl] A el quercetin 35 EFSh= rutind}
722 flavonoid 3tet=Eolld Uehd & FEidS @RleEilon,
AFF U 242 AAE Fig. 8 (Bl AAISH Az 2o
rutingd S FCIEIATH (Zhu er al,, 2015). Rutin® TS 2%
of EAlsi, Filst S Fiete] FAF, =
&% A 23, SUSHE Ast 54 23S THE AeR
2HA ATt (Gim et al., 2020).
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Fig. 5. Radical scavenging active compounds in leaf extract of Kalopanax septemlobus. (A) ABTS radical scavenging ability
measurement, (B) DPPH radical scavenging ability measurement, (C) LC-UV profile at 254 nm.
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Fig. 6. UV absorption spectra of major active compounds. (A) compound of retention time 15.5 min, (B) compound of retention
time 20.1 min, (C) compound of retention time 20.7 min, (D) compound of retention time 23.5 min, (E) compound of
retention time 28.6 min, (F) compound of retention time 29.8 min.

B A HRE Table 300 AAISHIH

Table 40l AAE 7t FEE] B9 A% o 3% 2,
B Q) FEE= 3-caffeoylquinic acid’l 502.3 ug/md 2
7P o] & ARo® RIS, 4-caffeoylquinic
acid9} isoquercitrin®] 3ol ztzb 2235 ug/ml 9 188.2
pgmlE e, vlap T 9l 552 S-caffeoylquinic acid
7} 2853 pg/mb 2 7P Shgo] w2 Ao E UEEeH, 3-
caffeoylquinic acid®} epicatechin®] 210.1 xg/ml <+ 191.0
pg/ml o] s VEPATE SRV ST o FEES 3-

Table 3. Calibration curve information of major active compou

caffeoylquinic acid’} ZFz} 461.7 pg/md 9F 159.4 pg/md o] e
S UepdozH ERF oz ksl &8 el AECE
golgglom MR 9 FE2ENA = epicatechin®] 213.5
pgml 2 gkl 848 Jeplle 528 AAESZ YETh

A B ==

2ge B3]

B Aol A e} 73o] online LC-radical 275 &4 A
AE FEE T EXlske st 44 AR
S IS A7 AEHez FHHT k. AU

(Coffea arabica) U= 5-caffeoylquinic acid, 3-caffeoylquinic
acid, cinnamtannin B-1, mangiferin, 3,4-dicaffeoylquinic acid,

nds.

Equation

Coefficient of determination (r%)

Compounds Retention time (min)
5-Caffeoylquinic acid 25.2
3-Caffeoylquinic acid 30.8
4-Caffeoylquinic acid 32.0

Epicatechin 36.1

Rutin 43.6

Isoquercitrin 451

y=0.0000725x-5.6618
y=0.0000664x-7.2861
y=0.00007.2x+1.0859
y=0.0001301x+0.4202
y=0.0001042x-2.7595
y=0.0000841x+3.7896

0.9994
0.9989
0.9999
0.9999
0.9987
0.9991
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Fig. 7. LC-MS analysis results of major active compounds. (A) compound of retention time 15.5 min, (B) compound of retention
time 20.1 min, (C) compound of retention time 20.7 min, (D) compound of retention time 23.5 min, (E) compound of
retention time 28.6 min, (F) compound of retention time 29.8 min.

3,5-dicaffeoylquinic acid, 4,5-dicaffeoylquinic acid’} =2 &H4ks}
A AJEelo] BRIEINC™ (Lee ef al, 2022), 331 (Artemisia
argyi)| A= 3,5-dicaffeoylquinic acid, 3,4-dicaffeoylquinic
acid, 4,5-dicaffeoylquinic acid, 1,4-dicaffeoylquinic acid, 3-
caffeoylquinic acid’} SRI=ATE (Yang er al., 2023). Hgh
A (Humulus japonicus) = luteolin-7-glucoside 433
o] 8 &4 AESE YEHOT (Lee, 2023), FEUT
(Aralia elata) 92 5-caffeoylquinic acid, 3,5-dicaffeoylquinic
acid, 3,4-dicaffeoylquinic acidE dits}l &4 JEo= ¥3)
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KN

So] BT} (Lee et al., 2024a).

TR (Cudrania tricuspidata) $3X+= 6,8-diprenylorobol
olgl= flavonoid Ad¥-¢0] BRIEN O™ (Lee et al., 2024b), &
glAlo} (Polynesia) A% o] AllX= Calophyllum inophyllum,
Gardenia taitensis, Cordia subcordata, Ficus prolixa 52
A A& LA A radical 27 BA AROS 2 quercetin-
O-rhamnoside, rosmarinic acid, 3-caffeoylquinic acid, procyani-
dins, epicatechin, 5-O-caffeoylshikimic acid 5-°] FI=UTH
(Chambon ef al., 2023). ¥ 72| Az= St o 2%
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Fig. 8. LC chromatograms of standard compounds under LC-UV profile analysis conditions. (A) 5-caffeoylquinic acid, (B) 3-
caffeoylquinic acid, (C) 4-caffeoylquinic acid, (D) epicatechin, (E) rutin, (F) isoquercitrin.

Table 4. Contents of major active compounds in leaf extracts of five plants.
Contents (ug,/md)

Compounds M. alba E. japonica D. morbiferus C. pinnatifida K. septemlobus
5-Caffeoyl quinic acid 36.8+1.3" 285.3%9.0 57.7+1.9 2 -
3-Caffeoyl quinic acid 502.3+15.7 210.1%6.7 461.7x14.4 16.7+0.7 159.4%5.1
4-Caffeoyl quinic acid 223.5+6.8 19.9+0.6 28.9+0.9 23.4+0.7 -

Epicatechin 22.6+0.7 191.0+5.9 23.8+0.7 213.5£6.6 -
Rutin 129.2+4.1 - 34.6x1.1 - -
Isoquercitrin 188.2+5.7 50.2+1.4 - 45.6%+1.3 -

"alues are means = standard deviation (n=3). ?Not detected or below the calibration range.

¢l A5 ALt AE Foll EAlste FAkst &4 A B AlME oheket Akl o side] a3 YeR
caffeoylquinic acid AIE<] 4%} luteolin®|L} querceting} 72+ = ZOZ RIEI Q= bt 4 &A@ AFEo sk
< flavonoid %2 FEA7} ¥ A7 BS & 7 S fEiA A Aol Apske By, vy, 3
Atk weEbs] 2 Aol ARE 4 3 B Riel e W AR, U T 5 F 299 o FEES U
A& Al Fakst 2 A dAF® $8o] 7Fs® Z1& = online LCradical 2275 578 A2HS E-8ste] Aks)
2 AgEm, 58] A 27l A3Ed B4ES 99+ 248 ARl diE s AAlskinh

83 el 2 5 S Aelth 7} FZ5ol|A S1E ABTS®} DPPH radical 271 4 A
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Fig. 9. LC chromatograms of major active compounds in leaf extracts of 5 plants. (A) Morus alba, (B) Eriobotrya japonica, (C)
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