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Background: A growing interest in health has increased the need for the development of potent
antioxidant materials known to play a role in various physiological activities. Currently research
and development of non-toxic natural antioxidants with high activity is ongoing.

Methods and Results: In this study, we measured 2,2'-azinobis- (3-ethylbenzothiazoline-6-sul-
fonic acid) (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging ability of 10
plant essential oils, selecting samples of Dendranthema indicum, Dendranthema zawadskii, and
Citrus sunki essential oils. The samples were analyzed using liquid chromatography (LC) and the
radical scavenging activity on LC-based systems with the same conditions. In the LC-mass spec-
troscopy (MS)/MS analysis of the active compound peak, 2-methoxy-4-vinylphenol with a molec-
ular weight of 150.1 g/mol was identified in C. sunki essential oils. Eugenol or isoeugenol with a
molecular weight of 164.1 g/mol as identified in D. indicum and D. zawadskii essential oils as radi-
cal scavenging active compounds.

Conclusions: In the LC-based measurement system, the active ingredient can be identified by
simultaneously conducting profile analysis and the radical scavenging activity of essential oil sam-

ples. In addition, LC-MS/MS analysis of the active compound peaks can be performed under the
same separation conditions to obtain data that can identify the active compounds in the sample.
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(Gaunt e al., 1965; Devasagayam et al., 2004). ©]o]
wEt AE FEEY 22 AAEE2RY 54o] glowx 93
T st S-S TR A FAsE Aol ik A
oF shtho] A&EH o R o]FoX| L St} (Kim et al., 2018;
Yoo et al., 2019).

TheFeh oF&AFES] A ¢ o8
olX|1 glom, ZlE AlEo| shiE|o]
2ol A (essential oily= XWP“J 7
of AA k=, A=) AHEFAl A
ARiHE |t} (Bakkali et al., 2008). LuHE o
(monoterpene)F5 FACE sh= HEZ3 sthHE
2 dHA o Zfe 98 AE wet e
Zo] E]_Euq o|& olaf] z} AHF7F 7= AEE
o} Aol w3l AHE GHOEAM A=gS 9
o] AE A= 8 B IR By N a9E
JHAY Kim et al, 2013), 2EdS A7 2 AAl ok
a7 e Ae= 4eA Utk (Holmes and Ballard,
2004). =3 AR7E 7= kst 4 Tl gk Aol =
oA, TS A= AFEo] AFely s Fo AF
o] A RIS AsPEAA] 522 o853 Ut} (Holmes
and Ballard, 2004; Lin et al., 2007; Kim, 2011; Kim et
al., 2013).
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Al 853 T} Profile ¥4 LS

AlgE & 3kl @S S78517] 918 radical -8 WREA
Z 4 o 2elE 28] /EAQ radical A7 S =
A & A "ok HAZ o] LC ¥4 S 7o g 3
AE"E AAZE 24 Ee 2 st 24 AT ok A
B2 ez YoM FP=E Jt (Inoue er al
2012; Im et al, 2017). ¥4, LCO] AZE7] & stz &
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o] Aol ARRTAllM S8t oKL ot 53] F
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1. 8% MEQ TH|
A+ (essential oil) F= 5715 7Y (hydrodistillation)
o7 FEIACE 10 £ T2 Zek=To] oF 1 kgo] AEE

vy ANE 7F &4 o Z=22 Aok Alart 971
S Zg23E 102+1CoA 718§ WE (MS-DM608

heating mantle, MTOPS®, Yangju, Korea)S 01*9-0}04 71 =]

Atk ol o3l FHE TV WA $5FE $ dean
stark trapoll A R = Ak

Aol del 8 o] s &5 W7 FESIieH,
=4 BH7E 5H e EFA £S5 AAS = AAE

At Gfol Hol A FE-2 anhydrous sodium sulfate

(Samchun Co., Ltd., Pyeoungtack, Korea, 98.5%)5 AF&-3}
o] HFHOZ AAG F 4T W 2AsIGLh F=EH F
] &2 thae] Aol sty AlLlsiaitt

mass of essential oil obtained (g)

Yields (%) = x100

mass of oven dry matter (g)

2. ABTS radical 2 Hs &3
A AES Atst S-S SRIsh] 218l 2,2-azino-bis(3-
ethylbenzthlazohne -6-sulfonic acid) (ABTS) radical &~7%
S 243U Re et al, 1999). A|E= methanolol] &As}
o] 0.005-1% §%== FHSITE 7.4mM ABTSSH 2.6 mM
potassium persulfateS —“?1?;" AL obhollA] 4 AJ7F Fot
HFX)3}e] radicalS A4Sl A& 735 nmol| A S4 =7}
0.700 + 0.0507} =% /7 wq s},
AlE 20 U9 ABTSEY 180 s Edtate] 30 #7F
Aol|A ¥2]g £ 735 nm °ﬂ’\1 FREE S48 S84
BT E ulEoZ 50%2] ABTS radicals AAsR=d 28
3 T (SCs)E AlAFSIAA T Positive control 2  ascorbic

acid®} BHAZ AFR-31STh.
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Table 1. Information of plants for essential oils.

Scientific name Korean name Part Region Period Yields (%)
Pinus strobus L. Seuteulobeujat namu Leaves Pocheon  2019. 4. 0.17
Pinus rigida Mill. Ligidaso namu Leaves Pocheon  2019. 4. 0.14
Citrus sunki Hort. ex Tanaka Jingyul Peels Jeju 2019. 2. 6.48
Orixa japonica Thunb. Sangsan namu Twigs and Leaves Jeju 2019. 4 0.13
Chaemaecyparis pisifera (Sieb. & Zucc.) Endl. Silhwabaeg Leaves Pocheon  2019. 4. 2.33
Vitex rotundifolia L.f. Sunbigi yeolmae Fruits Yangyang  2018. 11. 0.41
Dendranthema zawadskii var. latilobum (Maxim.) Kitam. Gujeolcho Aerial parts Yeongju  2018.9. 0.08
Dendranthema indicum (L.) DesMoul. Gamgug Aerial parts Yeongju  2018.9. 0.12
Peucedanum japonicum Thunb. Gaetgileum namul Aerial parts Yeongju  2018. 9. 0.16
Agastache rugosa (Fisch. & Mey.) Kuntze Baechohyang Aerial parts Yeongju  2018.9. 0.21
DPPH & 180 pb ok A& 20 (0 & ST § Fdoll  AXsglen, §42 03 m/min®=2 f25t3Ac)
20 27+ REAIA 517 oA S SA I, AAAR] Al="e] 42 Fig. 13 32o] 7dstsien,

Z3H THEE vEOZ 50%9 DPPH radical® 2473}
=8 a3 FE (SCs)E AlLFSIATE Positive control =

ascorbic acid®} BHAZ ARE-3}iT

4. B3ROl LC profilet} radical &M &4 SN 53
AH A8 LC profile 813 radical 275 54 S8
#31 LC-30A (Shimadzu Co., Kyoto, Japan) HA|IT2W[EL
g9} column® 24 Kinetex CI18 (2.1 mm x 150 mm, 2.6
(m, Phenomenex, Torrance, CA, USA)S 7|8 AH] A%

2 3lo] B4 AAEAY 1% 52 methanolol] 341471
AHE Aol ARESIHeH, AlE FYHS 1 4, column

ovene 40CE FASINAL. o] 54422 water (A)2} methanol
(Bye AH&3te] 271 2% Bellx Al=Fsled 100% B7HA] <=2t
Hog Wil & T 0% BE A 90 27k EAS

radical &g F=3t7] 9@l F7F=E LC-20AD pump
(Shimadzu Co., Kyoto, Japan)& X3}tk Columnoll A &
21E A E N} radical o] EFE ©]F radical & ¥
S A8 Zo] 1 m9 reaction tubings X3t} DPPH
radical 227 &4 ZAd= methanoldl 50 pM=Z £3A]71
DPPH €95 AREaI o™, 42 0.2 m/min® 2 FA3hH
2] negative mode®] 517 nm oA &L Y3

ABTS radical &7 4 =A== 74 mM ABTSS} 2.6
mM potassium persulfateS 9 & 7, diolA 4 AZF
ZoF Wx3te] FAE radicals =4 ZAd] 700 nm oA F
FE7F 0700+ 0.0507F HE= SRTE 4T A4S AR
slRon, £ 02 m/min®E -FA3PHA negative mode
©] 700 nm oM HES 3Tt

o

3

o

<—e Radical scavenging ability measurement line

Mobile phase Pump-1 Column ]
Pump-2 —e Injector
DPPH or ABTS radical
solution
Detector-2 Reaction 2 Detector-1
uvD - 517 or 700 nm Tubing UVD - 254 nm p—
(negative mode) "1 (positive mode)
]
]
Detector-3 P |
ESI-MS

<«~-~-- Mass spectrometry line

Fig. 1. Scheme of online LC profile - radical scavenging ability measurement system.
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Table 2. Mass spectroscopy (MS) parameters for analysis of major
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Table 3. ABTS and DPPH radical scavenging ability of essential

active peaks. oils.
MS/MS parameters o SCs0" (%)
— Essential oils - .
Interface Electro-spray ionization (ESI) ABTS radical DPPH radical
Interface voltage 3kV Pinus strobus 0.03112 1.8900
Conversion dynode voltage 2kV Pinus rigida 0.09096 2.1150
Nebulizing gas flow 3 £ /min Citrus sunki 0.15146 0.3450
Drying gas flow 9 £ /min Orixa japonica 0.09791 1.2100
Heating gas flow 9 £ /min Chaemaecyparis pisifera 0.50195 9.6838
Interface temperature 300C Vitex rotundifolia 0.06192 0.4300
Desolvation line temperature 250C Dendranthema zawadskii 0.00857 0.8800
Heat block temperature 400C Dendranthema indicum 0.00684 0.3300
Peucedanum japonicum 0.26919 2.7050
5. Radical 2 S AMS0| LC-MS/MS 2 Agastache rugosa 0.11495 1.0150
Radical 27 B4 %ol v dzesle Lesa  MC 0.00031 0.0050
BHA?Y 0.00034 0.0030

(Shimadzu Co., Kyoto, Japan) I ZrlEague} A5
LCMS-8050 (Shimadzu Co., Kyoto, Japan) AaA=AF 2
24 7] (triple quadrupole mass spectroscopy; MS/MS)&
ARE3F90H ) Fig. 19] LC profiled} radical 227 €/ FA
A 213 Fde 28 271ES A 83t electro-spray
ionization (ESI) FAE A EZ o] L3N] & BAS A5}

Atk

al
=<

=

Zdy ¥ A
1. 853 MZ9l ABTS ¥ DPPH radical &Hs

ikl g FH AFoA] HIlsHA ©]4-=+= DPPH
radical?} ABTS radical £27% &4 ZF2+9] radical =237
aA B4 Edo] Ao =N Ago] Wale ALE 4T

How SAske delE 28 vk HEE radical FE
?l DPPHE] 73 &/ £4olM RS o} H] radical FEh

2 ¥ ke A fEl7]Ee] wheEte] vEEojzl Yol
Pl ABTS7F &4 =40l o8l skddth= Aeo] F 7K
Z=79] ol LA ATk (Yu er al, 2002). T3 ABTSE
9Fo]& radical®, DPPH+= 5] radicale A= xfpo]7}
nom, o] F 7R WS 71d¥ whg=Ae] A A=Tt
ME gt 4 At Aol = dvkal deiA Ut (Lee
et al., 2012),

ABTS radical &27%59NX = [Dendranthema indicum
(L.) DesMoul.] A7F 0.00684%2] SCsp #o2 7F¢ =&
2A%5S JeidYt. 8% [Dendranthema zawadskii var:
latilobum (Maxim.) Kitam.] Z-57F 0.00857%2] SCsy #O=
= B o R B2 a7%S BoH, UHA| AREY
2SS A= FEz Bl e e Es THE AeR
bttt £3] A [Chaemaecyparis pisifera (Sieb. &
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SCs0; concentration of each samples for scavenging 50% of ABTS
and DPPH radical, ?Vit C; ascorbic acid as positive control, ?BHA;
butylated hydroxyanisole as positive control.

Zucc.) Endl}Z AZ1EYWE (Peucedanum japonicum Thunb.)
e 02% o3l SCs ws 7HIE Ao veht dA 6]
LS ABTS radical 2A%S 7K Ao 1=t}

DPPH radical 2759 % 7= AH7F 0.3300%2] SCso
woez 7 =& A4S Jehlew, A& (Cirus sunki
Hort. ex Tanaka)Z} <=B]7|€vl (Vitex rotundifolia L£) 3+
7F 0.3450%F 0.4300%°] SCs, #o=2 = Afr tao®
E2 27ss Bk Ashls AV|evE, 283 27ioka
W (Pinus rigida Mill) B 2% °132] SCs @2 7F
Ae Aeg yey b& A AR v A5 w2
DPPH radical £271%5% 7 Aoz 59t}

ABTS radical 275X HolE =3} 4% Ao &
Ae FE R 15 Tl Ui kst 24 B Aol
&g 24191 clove bud FfFHET= Tha Wk

2 EHE U Flow B BT

[e]

e

L
[¢)

R
[e)

(Illicium anisatum) 8- H = 2AFOIAT TS A=t
I & 52 DPPH radical &7%52 Y3 71& A+
AN ER1HE clove buds} < A+ SR Ygke
W, AEZIUF (Zanthoxylum coreanum)$t 33 (Ligularia
fischeri) -2l &3} FAFSE radical 2AFHE & & AR
o (o et al, 2018).

2. 853 NR9| LC profile A X radical 21 &4
At AEE e SAT radical 2A% A4S HlRS
2 AtEor 2o 1& ARE AHste] dAamrtED
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Fig. 2. LC-UV detector profiles and radical scavenging effects of essential oils. [A]; chromatograms of Citrus sunki. [B];
chromatograms of Dendranthema zawadskii. [C]; chromatograms of Dendranthema indicum. Peak of the same retention time in
the square is the radical scavenging active compound.

g3 (LC) 71¥ke] AJ2EoA profile 43 radical 47 & DPPH radical 2759A 7= AF 202 58 47%59]
S Al S8k 7R FAS AAEIT 5, ABTS IE JF BHF 5 F 3 T A W s s
radical 2271504 =& S Ve =3 HEE Ao oh S A=A profile A FUS Z7A EEE
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Fig. 3. Total ion chromatogram and scan data of major active peaks. [A]; total ion chromatogram and scan data of Citrus sunki, [B];
total ion chromatogram and scan data of Dendranthema zawadskii, [C]; total ion chromatogram and scan data of
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a indicum.
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sle] ABTS9} DPPH radical 271
20 1 A3 AAsHAT

Fig. 2 [A]9} 2ol Jd F/9 B4 ZAoA retention
time 25 ¥ $IX]¢] Ad¥&-o] ABTS®} DPPH radical &7 &
AE 7THE AR RlFAY. FEx Aol 79 Fig 2
[B]¢} %] ABTS radicale A73k= #J%©| retention time
34 W 46-47 W, 75 &, 2EIL 86 w F2olA ERIES
©™, DPPH radical® &7 8k= AdE-2 retention time 34 &
oM yebstth. A= B2l 7 Fig. 20 [Clell yepd
npel o] Az AF9k FAFSE retention timeol 4] ABTS
radicals 2~715k= A% DPPH radicals 4&7ske A&l
RIFAT}. =3 4z FRolA AR 235 2 A
< F AF AEe] =3k (Compositae)®] LT A=<

295 FAsivlon, Fig.

T
(Dendranthema)ell &53k= 5/d¢] Rigdd zo2 ActE)

3. Radical 2 2 MFO| LC-MS/MS 2M
A= HEz, Jd AT AR 24 Aiela] gkl

ISR

HT

=S|

negative mode®] 132} scan #2494 [M-H]” FElZ Hol=
149.1 miz5 SH = Yepde] w2}t EEakwge] 150.12)
siHER A Fig. 39] [BIh [Clol AAgH A 7ho]
e FEE AR BAelx ABTSSH DPPH radical 427
24 Aelx] FU3A retention time 34 o 4 AR
2 3le peakE negative mode®] 13} scan F-2JoA [M-
H]” el 163.1 mizE8 53X 22 Yepdel wel Al
o] 164.1%1 sIFHER FAH =AU

& 49 12 scan mode A5 ngog
precursor ion 149.1 m/z= 73 T negative modeol|A]
product ion scans AA|SH A3} Fig. 49] [A]2} Zo] 149.1
m/zt @7 CH; groupe] Eojx Uik FHIZ & F+ U=
134.0 m/z7b SRAFAT ol EAFRA shte] CH;
groupe] GA o3} A F HoA Wil vpA|l= H|aE
S F2E THE B 150.19] SREE FHE T 3
= Aol

At Az AR

1=]
w4

12} scan mode ¥4 A= HiS

radical 227 &4 peakoll thet A4S Fig. 13} 2] LC 2 precursor ion 163.1 m/zZ 2373 & negative mode°ll
profile¥} radical 224 &4 A 4 243 FLS 2 = A] product ion scans AA|gH A3} Fig. 49 [B]e} ol
& A&ste] AAlsiiTh 163.1 m/z9+ S| CH; groupe] Eolx Uzt ez & 4=
Fig. 39] [AJ]e] AXIG Azt o] g A 4] AijolA = 148.0 m/z7t RIS & GfrolA E1E A v
retention time 25 ¥ A4 AE o2 IFAE peak: 7R 72 BEAFZAA CH; groupe] FA] ol23} 34 5 &
Inten.(x1,000,000)
4.0
s [A]
. HO 2
259 = =
a el @
204 £ *F L
] H C d CH2 Sp
154 3 7\0 /
| <«
1.04
05
o -5'0 80 70 a0 a0 100 110 120 130 140 150 160 170 180 180 miz
Inten.(x1,000,000)
1.50—_
1‘25—5 [B]
1.00—2 HO =
] g =
0754 / i =
| HiC, -
_ 25 NCH, o
0.50] e
0‘25—5
U.UU:

60

50 70 80 30 100 110

120

160

130 140 150 170 180 190 miz

Fig. 4. Product ion scan data by negative electrospray ionization mode LC-MS/MS of major active peaks. [A]; product ion scan
data of Citrus sunki., [B]; product ion scan data of Dendranthema zawadskii and Dendranthema indicum.
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ofd Uz = e FEE EAF 16419 gERE F4Y
= Aot}

2 AolA YeRD radical &4 A3 719 ATRY
S HESIY & A9 retention time 25 & peaks
Fig. 4¢] [A]e] 3}8+ZE 7FA= 2-methoxy-4-vinylphenolZ
F4 39tk 2-Methoxy-4-vinylphenol-> 4-vinylguaiacol©] 2}
EZ71% b, Citruss &S Eghste] vt 2lEolx o
Ax+= AdEolt} (Hillebrand ef al, 2004; Averbeck and

Schieberle, 2011; Gonzilez-Mas et al., 2019). Z=3 74

% 9 retention time 34 & peaki= Fig. 4 [B]e] s}
ZE 7= eugenol T isoeugenolZ 73T Eugenol

o|t} isoeugenolE =3kt Abdre] A& EAlshs S
2 st o st 24 THE Aeg dEA 3l
t} (Giilgin, 2011; Bidarigh, 2015; Fan et al., 2018).

2 dAFdAe 10 T HE ARE FeE ABTSS
DPPH radical £2715-8 2743 dldoz 953 &A
THE e xR, aPa JE AR AEE A
LC profile ¥4} radical 224 €4, 28]a AJFEAE
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