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In the current study, peel extract from Citrus junos Sieb. ex Tanaka (C. junos) was characterized and its antioxidant
efficiency was investigated. The main constituent of the C. junos peel extract was quantified using high-performance
liquid chromatography. Results showed that two types of flavonoid, viz. hesperidin and naringin, were mainly
contained in the C. junos peel extract. To evaluate the antioxidant effect of C.Junos peel extract, we quantitatively
analyzed the content of total polyphenol (8.05+1.05 mgGAE/g) and total flavonoid (0.93+0.87 mgQE/g) in the peel
extract. Results confirmed that the extract had the scavenging ability of both DPPH (10.57+0.75 g/L) and ABTS
(1.82+0.11g/L) radicals. These results showed that the C. junos peel extract is a natural antioxidant and can be used to
synthesize novel beauty products and cosmetic materials.
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al., 2002)

2} (Citrus junos Sieb, ex Tanaka, C. junos)+= =+U] AYAFF
O] 60%7} &= ALSol|lAl, 1ol A, A, &=, AA|, @
S5 EZet Fofgtoll A AYstaL glom, A AR At
£ A4k =71 gk, Y, T SollAl dAR AR &
o] L=gto] ] glo] AjollAf ikt A5 1, FHot
= AR ol BHS] &5kl thJin et al,, 2008; Lee et
al., 2010: Moon et al., 2014). 53|, A5, 7=, 2@z} ¢
< A2 A4S 2 5] o] &5 A g Sk o
S} ogo] ol A, 244, Yok4l, HIgHl B, e
9 C, Ak 2lEdl, HY 5 ohekeh e ARl I
of glFol ¥ A aL gFu|7} Fof BTt ofuet Ty EIF &
4 2 9 AE Q722 AREE AL ok (Park et al,, 2001; Lee et
al,, 2005; Shin & Lee., 2008; Vieira et al., 2018). o]of w}
2t fAF 4 YARS Q19E AFE 7H SH A dAt7) o] Fo
A glom 5o FAPE 2 HTls F 7Y YokE
I A= Y= QJrk(Yang et al., 2015).

FAE vE SHIAAE FAH 55

H
S8 AAY 4 ks 7HsAol AXFYTH Wang et al.,
2020). Eek, §Ael FHE ZAGAAL AL harabgo
oot 2A4 3 Sz, 329 WY 34 2 7% 44
Fa% %S Sustel ALY A4 e as

et al., 1980; Wang et al., 2020).

AL Fofl= THFol 18%= 4L TS AA|617] ujof
FAE 78 o] oheke] 1y 2 (A A (THe]) 45%, SN &4
A 20%, A 15%, 71Ek 2%)7} WASHA Hk, o]2igth Ztol=9
UK AFEE|AL QIAINE I 2 XS - FEol 7 ik
a1, Algbo] ZFshe, Axsk7] 913t vl @Wol
of, 113 ZAe 2 ARIHV|ER HEH1 e HAol
tHWoo et al., 2009), °] oA F4 = Fde=
Uepdo] oA ANt A= REEA] fasta] o-5o] uhe-
Afor FHEu 9lon, Ko 2EEde 2ErolE &
SA|7F @] wisol £0to] Fsto] AEA o re At YEhd
tHWoo et al., 2006). 44+ 23] 9] -0l FARRE AH]E
< A 2 A A5 Tkl o] 85 AL glot 1T o]Q]o=

Foito] H7IAE =aL 917 wiie] 1 g8 gt A+ 2
Q35}ch(Lee et al,, 1987; Kim et al., 2010).
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1. 7171 % Aot
1) &8717]

A #o FEo+= wHZ](MS300HS, Coretech, Suntec,
Singapore), 4%s=7](Eyela, N-1300, Tokyo, Japan),
S AAZ7](Gyrozen, Hypercool HC4055, Seoul, Korea)
£ AHgstslow, Aksl Brtel= B3 =4 (Human
Corporation, X—ma 1200v, Seoul, Korea), SZE=Z=47]
(Thermo, Multiskan Go, Wlatham, USA)E AR&stch &
2} ) AR BAMo= Agilent 1260 Infinity diode—array
detector HPLC(Agilent Technologies, California, USA)S
AR,

2) A<k

Gallic acid, foline & Ciocalteu's phenol reagent,
aluminum nitrate, sodium chloride== Samchun Pure
Chemical(Seoul, Korea)olA F+sto] AH&3t%ict. DPPH
(2,2-Diphenyl—1-picrylhydrazyl), ABTS(2,2—azino—
bis(3—ethylbenzothiazoline—6—sulfonic acid), diammonium
salt)= Alfa Asesa(Haverhill, USA)oA FQ5to] AR8-31%
t}, Butylated hydroxytoluene, L—ascorbic acid, quercetin
dihydrate thA43}(Siheung, Korea)ollAl F+3te] A
3519t sodium carbonate?} potassium persulfate=
Junsei(Tokyo, Japan)? A&S AH&3I3 Tt Potassium
acetate Ishizu Pharmaceutical(Osaka, Japan)2] #|&
2 ARESFYIT Ethanol2 Duksan Pure Chemicals(Ansan,
Korea)o| Al +¥3lo] AR5}t HPLC grade water,
HPLC grade methanol, HPLC grade acetonitrile
Avantor(Radnor, USA)o|A Fdlo] AFRSFATE 0. 2um
PVDF filter+= GVS(Bologna, Italy)ollA] +¢8}o] A-&319
o, Sk A 13 (AE 18 FUH A7 Ed oA
Fe2TRDAA Al & £LA H 44 o) Y5 EES
20209 99 269 U5t ARgSHATE
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Table 1. Mobile phase consisted of solvent A and solvent B for HPLC
analysis

Time (min) Solvent A (%) Solvent B (%)

0 0 100

3 85 15

5 60 40

8 25 75

13 50 45

15 80 20

17 100

18 100 0
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1) HPLC £4

Gx wu o] FAR BAL Zorbax Eclipse XDB-C18
4,6x150 mm 5 m(Agilent, USA)7} A2t 1A SN2
2utE 15 (HPLC)E AH&-stoith & 242 A 0.1%
formic acid& E3%F5l= HPLC grade water, B: HPLC grade
acetonitrile®2 stglct & Sl Table 10 AJAIH H]&of
uep FA5HY, 8 5 $E+ 1.0 mL/ES= %A,
A& 280 nmZ 39Tk, 200 mg/L, 2000 mg/Le #
A B} FZF=3 200 ppm, 100 ppm, 50 ppm®] HFAIR
(Hesperidin, Naringin, Phroletin)+ 80% (v/v) HPLC grade
methanol®f &o] A% 2 0.2 um PVDF filter2 oj1}slo] A}
Skt AHMEAO A7k 280 nmoll A9 intensityfbe
23t & OpenChrom Data Analysis Systeme o]&35fo] A
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2) Naringin 2! hesperidin g'2

T4 1] 2EES SRl &8liste] 20, 40, 60, 80, 100
g/L 02 Azt by 7 %9 A8 6 uls diethylene
glycol €9 100 4L @ 4 N NaOH 2 uL& 234 0.2 7}s}o]
&gl & AL 108 59 WAIskith, 1 ok 420 nm T+
A9 BREY SFEE ST 1 F FUHHOE 20+
< RIS ok 360 nm T4 Y BESE0 FHEE 54
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1) & polyphenol &2

A ] 2E2ES SRl &8iske] 10, 20, 30, 40, 50,
60, 70, 80, 90, 100 g/L o& Ax3 v} ZF =9 g4 &
o 33 uLS phenol reagent 33 uLi} E3TH & A Lof 5E
¢ AT, 1 & SRR &g 10%(w/v) sodium
carbonate &N 33 uL F7FE & Al2of 1A17F 54k HA| 5}
o] BESAIF Tt HEA O R 700 nm T A9 HES-Eo] Fat
L& A5 #2254 E ok &3] Alx1 0.01, 0.033,
0.1, 0.33, 1, 3.3, 10 g/LY galic acidE Al&3slo] AAS
2gste] 42 &5 &9 W £ polyphenol e AARsto]
mgGAE/g@9 &= FA|5k3IT

2) & flavonoid &tz

10, 20, 30, 40, 50, 60, 70, 80, 90, 100 g/L&] A&l
10 pLof SH,2 8318t 10%(w/v) aluminum nitrate 2 uL
7} 1 M potassium acetate(pH 7.5) 2 uLS ¢35t & ALof
A 40 Fet WAIske] REEAIFITE 1ok 405 nm wHgof A
O] W& FHEE Skt AEEARE gk &84l
71 0.1, 0.2, 0.3, 0.5 1, 2, 5, 10 g/L9 quercetine A-&3}
of IS At A4 & W F flavonoid = Al4tst
o] mgQE/gH9I 2 FAISHITE,

3) DPPH radical 2715

0.01, 0,033, 0.1, 0.33, 1, 3.3, 10, 33, 100 g/L 2] 47
&4 10 uLof ofehE= §aligk 0.2 mM 2,2-Diphenyl—1—
picrylhydrazyl (DPPH) 90 uL& &3t & A-2ol4 302 &
Qb W& Ao} WAste] vhgAIZTh I th 490 nm I}
oM HeEe] F}EE ST 2l r SR
20,01, 0,03, 0.1, 0.3, 1, 3, 10 g/L& 433+ BHTS} 25
=& 0,003, 0.01, 0.02, 0.03, 0.05, 0.1, 0.3 g/L& &3l
L—ascorbic acidE ARHEsFATH AR FH7MEHESHFS 10 ul

=
243 & t}S A8 HlE o 2 DPPH radical A5 MBS
2 HASFE AL GraphPad Prism 9.0 AZEQo]E ARE-3}o]

sigmoidal curved 24Jsto] 105 4k AHE3FSIT)
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Inhibition(%) = (1-A|&H47}29] SF=/AEFH7EY] &
ZE)x 100

4) ABTS radical 275

7.4 mM 2,2—azino—bis(3—ethylbenzothiazoline—6—
sulfonic acid) diammonium salt®} 2.45 mM photassium
persulfated FTFo &allgh & A-29] ¢kao] 2447 52t
"X 5k ABTS cation radicale FAAI7] & 734 nm 94
A = kol 1,57 HEg FRa2 3450 ARSI
0.033, 0.1, 0.33, 1, 3.3, 10, 33, 100 g/L ¢ A & 5
pLoll ABTS €9 95 ul& &9t 3 A12-9] oo 308 F¢F
WR)sko] HESAIATE 1t 700 nm 3o A o] HES-E9] &
BEg S dxte 2 SR, 0.33, 0.1, 0.3, 1 g/
L2 833t BHTY S$F<=2 0.1, 0.33, 1, 3.3, 10, 30, 100
g/L2 &35t L—ascorbic acidE ARESIATE AR FA7

(FF 5 ule F4 89 B dj2 £ ojAl ARS8
o] ZAEE ZA3 Tt} Al HlE o & ABTS radical 47
S-S wE9® FA|E}9 L GraphPad Prism 9.0 2AZEYo]S
A& sigmoidal curveE 2HJste] 1Cs gh2 AFE3FSATE

Inhibition(%) = (1-A|2H7}20] 4% /AR H7}20 &
F2) x 100

5. SAIAz2

oo Ay Ay 2% 33 HhE =Hsle] 3
(average) ¥ FZFHA}(standard deviation, SD)Z LERY
™, GraphPad Prism 9.0 Z21#S AMgato] HekAS
skt

o ;Rﬁli
ox [0 B

ool S UepATiel oldas Avislel S04
R S Qe HES Yool oA el +23
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HHE A2 =
of 2 FH|E A x5, FAART AF =74
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@S oEke 2379 94 3pu) Bure] Aeph wlwstel 48
& AUSREAAET B2 G100 ol 2 4
Zbo] kb vlE A3, 24412 SO BT A0} 34 Fok
S8 A9 Sgo] 242 375, 36HUL & % UL, §AF
o G Lrer9l7] el B3 Alzko] Al OR HE 347k
& 47 1) 350 Ak A7rom AHs

2. AL o] FYE Y

A o] FEEe 23 FAES Tobstr] fiste] 2000
mg/L ¥ 200 mg/L %9 FAME9 HPLC 242 43
sttt 2 23} 2000 mg/L(Fig. 1A)3 200 mg/L(Fig. 1B)
o] G2} MZo A ZHzF 8.0828 8075504 714 =& w4
£ Yelyglen, o] standard® ARESF hesperidin® Zof
13 A< A1ZH200 ppm, 100 ppm, 50 ppm?] hesperidin
ol A Z}z} 8.088%, 8.083%, 8.087+)1} FAIACHFIg 1C,
1E, 1G). 8.082%0x #&H 2000 mg/L FAHEZ] At}
93 e 170,63 mAUGOH, o8 AER9| Ly} o2
hesperidin®] 3= Z%=(200 ppm: 327,45 mAU, 100 ppm:
174,43 mAU, 50 ppm: 92,60 mAU)S vjeo 2 243t A
AFig 1Dl dste] 5= kS =3t Ay, 2 )39 3
Fohe FEo] 100% hesperidinolet 819 74 A4+ 2]
2000 mg/Lell= 99.03 ppm? hesperidin®] g% &S
o & A3 o]= 44 F1] 1 mg T hesperidin 49.5 ug 2
(49.5 mg/g) o2 AXFE 4= At E3t hesperidint
labonoid AE<] #FgH=Ql naringing Y3 27104
A1} 200 ppm, 100 ppm, 50 ppm&) naringin®] ¥ 3
Fz} 8.056%, 8.055%, 8.055594 AZEE Ak Fig 1D,
1F, 1H, 1I). o= 4 o9 FE50A 7MY =2 927t 4
2% 8.0825(1000 mg/L), 8.0755(200 mg/L)T} A5+
U, 4718k hesperidin®] & Al7hE 11231 naringin
A ) S

S0l 2ol AR BAU, hesperidind} ZH
o] ZAtE] 1 AtfA el 9FS naringin 2Tt hesperidin®] @

o] o3l 2ie,

ol FA3| st & dAtolAs A Haof EASH=
hesperidin ¥ naringin® %2 DavisHH ol wje} A3
tH(Davis, 1947: Lee et al., 2017), Hesperidin ¥ naringin
o] Wke%Z w2 uleto g 3} AN ZAE T =Y &
A ) FEEY WS FHEE At 74 w2 A
] 225 Yo £33} hesperidin @ naringin® 34
2% mgHE(hesperidin equivalent)/L ¥ mgNE(naringin
equivalent)/L @92 AF&E3F¥ T mgHE/L(Fig. 2A) ¥
mgNE/L(Fig, 2B) ©$] 4243t 4 2] 2259 5%
(g/LE AA T2 Hedo] 92 71e7] = Axtstaal
AR A Hu 2EE Yol £A5H= hesperidin 2
naringin® $H9-3FS 77 399 12+ 15,76 mgHE/g, 7.79
+0.50 mgNE/g& hesperidin®} naringin®] 51:19] H|&
2 2 44 ATk Fig. 2C, 2D). o5 vigo g Abv|et
HPLC ARk st §A9 2o A& v)=Lo] sl 3
=°] 100% hesperidine|z} 512 7-9-ofl A4 49.5 mg/
g oA AAZE hesperidine 48.6 mgHE/g7}, naringin<
0.9 mgNE/g7} -5 o] kil A== qict,
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Figure 1. Quantification of a main constituent of C. junos peel extract using HPLC. (A) HPLC chromatogram of 2000 mg/L C. junos, (B) HPLC
chromatogram of 200 mg/L of C. junos, (C) HPLC chromatogram of 200 ppm hesperidin, (D) HPLC chromatogram of 200 ppm naringin, (E) HPLC
chromatogram of 100 ppm hesperidin, (F) HPLC chromatogram of 100 ppm naringin, (G) HPLC chromatogram of 50 ppm hesperidin, (H) HPLC
chromatogram of 50 ppm naringin, (1) Titration curve of hesperidin, (J) Titration curve of naringin. * indicates the highest peak among the peaks of C.
Jjunos peel extract sample.
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Figure 2. Quantification of hesperidin and naringin in C._junos peel extract. (A) Titration curve of hesperidin, (B) Hesperidin concentration in various
concentration of C. junos, (C) Titration curve of naringin, (D) Narindin concentration in various concentration of C. junos.

B

E3E flavonoid Al¥ 9] 3¢HE<l phroleting FYot &
oA HPLCE o83t —‘vﬂ—éﬂ% a3t A1} 200 ppm(Fig, 3A),
100 ppm(Fig. 3B), 50 ppm(Fig. 3C)9] phroletin® 1=
Zyzy 95418 9 540-c, 9,540l A HEE o] & A
F==°] phroletin Z3HE|o] QU4 o5& & = AU

d

[

3. ghutst

—

0
]

1) & polyphenol &2
Al az2jo] hydroxyl groups 7HAL Qe
phenol group®] & 7 o4 2% H =2 023 phenol
group?] 33t TR Y EAS fuste] ks 9 A
etz A AR 9&-s gt Polyphenol& A1&9) 22} ALY
2 AEA oAl atst 28-S o] ¥EA Sledl, 44
oA e 4 Sl= polyphenol®] g A2, =4}, ¥
b, 32 5 25 catechin®9] polyphenol o] ot H
ot ast anE JehdthKomes et al,, 2010). 2 9o
% polyphenol o] =2 252 XT= g 53| 2u|9] Mo

Polyphenol-2 Hl

&= polyphenol 8FFo] =th(Kaplan & Naida, 2014).
FlavonoidE= polyphenol® F8 groupl® AEH W9
polyphenol®] HFHE-L flavonoid FEHE 243t} Flavonoid
© FARHE ofY et S, BHE A, FEHAVeH oA &
5 7HA]AL Qlom, o3t 540 R Qldf Y] 8 A&
o7 ZEET Qoh(Kim et al., 2010).

2 AFoAs FA4 By FEE Woll FiEol 9
polyphenol & B7sl7| flsto] A|xgt {4 v 2=
132 7 5% galic acid®] =S
“of?} @%%(Flg. 4A)el A-8-3t] mgGAE/L T

5 mgGAE/L&H] 4= 7 4+ 2 =&+
o] F=(g/L %H)%—J SR e & 220 787 g
Axksto] HFH o8 §A 3hu] FEEo 234 Z polyphenol
skaFo] 8,05+1.05 mgGAE/gO] S 4 4 tHFig. 4B).

o] gk g =Fo|A dAtH 0% = =9 94
7] 9] polyphenol gl dgst= 6,1+0,01 mgGAE/g X}
b =2 3 e o™ (Lee & Lee, 2017a), ©l& 2]

o orir



Characterization and Antioxidant Evaluation of Citrus junos Peel Extract 245

(A) (B)
2800 r proletin 2800 2800 r  Proletin 1400
200 ppm 210 100 ppm 1050
=5 2100 ¢ PP 1400 52100 | 2 700
2 700 z 350
= 1400 F 0 -‘514,00 2 0
£ SeaARRREETAE 2 9394959697938
E 700 } £ 700l
0 0
0 2 4 3 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
Time (min) Time (min)
(€)
2800 r proletin ;gg
50 ppm
52100 | PP 350
gz 175
= 1400 0
8 939495969798
]
£ 700 b
0 I

0 2 4 ] 8 10 12 14 16 18
Time (min)

Figure 3. Spectrum of various concentration of proletin for the quantification of proletin in C. junos peel extract. (A) HPLC chromatogram of 200
ppm proletin, (B) HPLC chromatogram of 100 ppm proletin, (C) HPLC chromatogram of 50 ppm proletin.

(&) 3 z ®) I 1000 |
3 & 800 | ;l;
s 2F . =, 5
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Figure 4. Quantification of the contents of total polyphenol in C junos. (A) Titration curve of galic acid, (B) Amount of total polyphenol in various
concentration of C. junos.

AR W 229 9] Zpolof 7]Q1gE A0 AFRHETHShin et al,, N =] Sl Aot ool dtu] 9 HFHT Ao s
2008). W3 7 Tho] B polyphenol B §44 B HE AL VeASES 1) AYH ol87H) WolAL 2k 9l 3}
o] 70% e FE=o £ polyphenol ol didsh= ol F-83HA AMEE & Y= AlAKSESIT

7.8+0.08 mgGAE/g(Lee & Lee, 2017b) Xt} tha =8

2RI 4= qlglen, 4AF A ote] 70% ollghe &= 23 2) & Flavonoid &
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Figure 5. Quantification of the contents of total flavonoid in C junos. (A) Titration curve of quercetin, (B) Amount of total flavonoid in various
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Figure 6. DPPH radical scavenging activity of C. junos (A), (B) BHT, and (C) L-ascorbic acid.
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2 Aol M= ohefet =9 A 71 #5535 DPPH €94
I Este] FREE Bk, OGS AR TV &%
T ZF vwste] DPPH radical 2759 1050 HE A2
t}, 2 A3 50%2] radical £AAE&S Hol=
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[
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