J Korean Soc Food Sci Nutr
42(2), 1563~160(2013)

[

Z=2 ntufel w=d 3t

SF=- &) 3 o ok 3} 5} 5] %]
http://dx.doi.org/10.3746/jkfn.2013.42.2.153

Phenolic Compound Content and Antioxidant Activity of Citrus Peels

Joon-Ho Hwangl’z,

Kyeong-Yeol Parkg, You-Sung Ohl, and Sang-Bin Lim>®"

IDept. of Biology, ZBJ'oteclznology Regional Innovation Center, and
'?Dept. of Food Bioengineering, Jeju National University, Jeju 690-756, Korea

Abstract

The peel from seven types of citrus was extracted with 80% methanol, and their phenolic compound content,
oxygen radical absorbance capacity (ORAC), inhibitory activities of nitric oxide (NO), and reactive oxygen spe—
cies (ROS) production induced by LPS and t-BHP in LPS-activated RAW 264.7 cells were measured. Total
phenolic content was high in Yungkyool, Cheonhyehyang, and Jinkyool (30.6, 30.2, and 28.2 mg GAE/g, re—
spectively), while total flavonoid content was high in Yungkyool and Jinkyool (30.3 and 25.5 mg RE/g, re-
spectively). ORAC was the highest at 1,076 mM TE/g in Yungkyool, followed by Cheonhyehyang (1,012), Jinkyool
(984), and Hallabong (914). High inhibitory activity against NO production was shown in Cheonhyehyang,
Yungkyool, and Jinkyool with IC5 values of 215.3, 259.2, and 328.9 ng/mL, respectively. LPS-induced ROS
production was inhibited by 16.4% and 12.8% in Hallabong and Jinkyool, while t~-BHP-induced ROS production
was inhibited by 28.7%, 26.1%, and 26.6% in Jinkyool, Hallabong, and Cheonhyehyang, respectively. Correlation
coefficients between total phenolic, total flavonoid content, and ORAC were 0.884 and 0.855. Inhibitory activity
against NO production showed higher correlation with total phenolic content than total flavonoid content. It
was concluded that citrus peels had potent antioxidant activities and could be used as natural antioxidants in

the food and pharmaceutical industries.
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A AFRR, S, 588, A, g, HlE, AgE Tl
E3eeH(9-11).

wEhA B AT A=
&2 FE3 FAEH F
AL, F3l2k2 F%5 3 (oxygen radical absorbance ca-
pacity, ORAC) £24& 573 free radical 2453 RAW
264.7 murine macrophageE ©]-83F & 249} nitric oxide
(NO)9l A4 Asles H/HFo=ZzH g A3 FE5F0]
A A A=A &8 7t S 7|2ARE AT
staLzl AT

xH = 4l tc'>“f':'|'
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B 230 AFE-3E A & Table 19] el oW, JF
(Citrus sudachi Hort. ex Shirai), A3 &(((C. unshiux C.
sinensis) X C. reticulata) X (C. reticulate x C. sinensis)), %3
A(C. unshiu Marc. X C. sinensis(L.) Osb.), &2 ((C. un-
shiu Marc. x C. sinensis Osh.) x C. reticulata Blanco), 212
(C. sunki Hort. ex Tanaka), 2587 (Citrus unshiu Marc.)
2 AFIURetEqA F3A o, U4 vlojE2 A
A|(C. sinensis Osb. forma Navel)= ©]FtEANA Y35}
AT FEE AEE ES FEEE 239 A2
< HIg Bt FAUE 3t AT FAUET
© 2+ quercetin(Sigma-Aldrich Co., St. Louis, MO, USA)
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=
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Table 1. Citrus species investigated in this study

Scientific name Korean name

C. unshiu Marc. Onjumilgam
C. sunki Hort. ex Tanaka Jinkyool
C. sinensis Osb. forma Navel Navel orange
C. sudachi Hort. ex Shirai Yungkyool
C. unshiu Marc. x C. sinensis (L.) Osb.  Cheungkyoun
(C. unshiu Marc. x C. sinensis Osb.) Hallabong
x C. reticulata Blanco
((C. unshiux C. sinensis) X C. reticulata) Cheonhyehyang

x (C. reticulatex C. sinensis)

900 uLE &£%3}aL, Folin-Ciocalteau’s phenol reagent 100
uLE 7hste] & 4 F 587 20 wEAI A o719
20% NayCO3 300 uLE 713t £¢ vbs S/RFTE 713t
2 mLE ZASATE o] §HES 20X 2412 B WX §
& 760 nmol A FIZEE A3, gallic acid(Sigma-
Aldrich Co)& o]-&3t AZFAH Hluste Fos T&EFs
mg gallic acid equivalents(GAE)/g2. & YENHAT

-l R o] =9 kS Chang $(13)9) WS WaE}
o S A AIEENS 47 1 mg/mLe s&7F HA
SHFl A% & 200 ulLE FH3ka 7)ol o eke 800
uLe} 5% NaNO;, 60 uLE F7ste] FAsA £33k & 5

ZF Ao A RESAI712 10% AlCkS 60 ul H7hste] A
o] A thA] 5EZF WA T 2 % 1 M NaOH &8 400
ul H7Fete] 183 20 A WA 713 F/5 500 uLg
7Vyste] A AIZ] F 200 pLE #3e] 96 well plated] £
3} Microplate Reader(BioTek Instruments, Inc., Win-
ooski, VT, USA)Z 415 nmoll A FZ=2 =43t 5
EAZE rutin(Sigma-Aldrich Co.)& o] &3t EFIA
& AR, A5y FEHEECE IS mg rutin

equivalents(RE)/g2.2 Uel AT}

Folldtd E+53(0RAC) Y

a3l A2 peroxy radicale] BT Adol o1& flu-
orescent®] ZAEE FAS A=, A4ts B A4
S 93l 2,2'-azobis(2-methylpropionamidine) dihychloride
(AAPH, Sigma-Aldrich Co.)& A8} fallita S5
H(ORAC)E SH3IAHH14). E AFoM T &N 5=
W Xy A8 A F29 A X e F4 phosphate buffer
(0.075 M KzHPO, : 0.075M NaH:PO4=61.5:385(v/v))E AH&
ATk AFA FAAAS 93 TFEN O Z = trolox(Sigma-
Aldrich Co.)oll A4tkFHS 718l 2+2) 1.65, 3.125, 6.25,
125, 25.0, 50.0 uM 5= & 3] X 3}o] AL8-319 o). Fluores-
cent TFENL Ou 5(15)9] W we} fluorescein so-
dium salt(Sigma-Aldrich Co.)E 75 mM phosphate buffer
o] 7}sted 78 nM FE= AxstFTh kst &9 S
ZHavy 253 589 100 pLol fluorescent T8
50 uLE 7hstar, #4kst et dEEQ AAPHE Q14
gt Aol 7hal 34 mM=E 343 & 50 pLE 71t WA
71 3 FLUOstar OPTIMA(BMG Labtech, Inc., Offenburg,
Germany)E AF8-3}9] excitation 485 nm, emission 538 nm
ol A 1AIZE F<F 3EFY FEEE SAFAS

ORACE trolox ¥FI41 02 HE A=319=d], 2 24
< o574 2o

AUC (area under the curve)=1+ (f1/f0) + (f2/10) +

(f3/ £0) +---+-- + (£19/10) + (£20/10)
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M EZ=H1} nitric oxide(NO) MM Malls &

A o] AL-8-3F A E = murine macrophage cell line RAW
26472 3= Al Z 23 (Seoul, Korea)oll Al F+U3FF o1,
10% fetal bovine serum(FBS)¥} 100 unit/mL penicillin—
streptomycin(Gibco Inc., Grand Island, NY, USA)¢] ¥+
H Dulbecco’s modified Eagle medium(DMEM, Gibco Inc.)
S AFE3S 37°C, 5% COy 7)o A 8] 3l Aot

NO A4 AH#ls& RAW 2647 MEZE 1x10° cells/mLE
ZA3 T 96 well platedl] AF8}1 o] L9 AJEZ 1A
7+ Z¢t A3 & lipopolysaccharide(LPS) 100 ng/mLE
7tate] 2412 vl kgt & Ad " NOE Griess A ¢FS o] &
ste] Sttt S A EZeieF 45 100 uLe} Griess A %F
(1%(w/v) sulfanilamide, 0.1% N-(1-naphyl)ethylenedi-
amine(Sigma-Aldrich Co.) in 2.5(v/v) phosphoric acid)
100 uLE &3} 96 well plateol] A 108 S<F ¥4 71
& 530 nmoA] EFEE =3 H ou:] AA=E NO9 k&
sodium nitrite(NaNO9) 2] A3} vl wste] FAkslgdch
(16).

MEZA H7l= WST-1(EZ-CyTox enhanced cell via-
bility assay kit, Daeil Lab Service, Seoul, Korea) 52
o] &3t ME AESS 33] W SR oH, 2 A5
X g3 FREE SAS F dxTe FEE vt
o] RAW 2647 Al3Eo)] i3t Alg 9] MESA ;ﬁ_‘-:_g 3r)s}
At

LPSe} t-BHPOI| ofst EH Aol MY Xsis £

G4k A4 7‘13}] 2 Kimura 5(17)¢] WHE ¥3
el =431t} 12-well plates(SPL, Inc., Seoul, Korea)oll
A RAW 264.7 murine macrophage cell®] 5x 10° cells/mL
7F H == 24A13F B2 37°C, 5% CO; vl 7]l A vl 31
o} Al EZHjtAS 1% FBS7F X3+ PBS 58902 w
A3t 25 uM H.DCFDA (Invitrogen, Carlsbad, CA, USA)
Z 307 383 & DMEM high glucose Bj A & w A&k
< 7t AR & 500 pg/mLE 1A17F 53 AA Y st o] %
Z=A Q1 200 uM tert-butyl hydroperoxide(t-BHP, Sigma-
Aldrich Co)Z 3087 A gk MEL LPSE 24A)7F 52t
88k MEE fluorescence activated cell sorter(FACS,
Becton-Dickinson, Mountain View, CA, USA)E o] &3}
GG E FEH3tE AXE SHEAUT

%m%ﬁ

-‘-’4 | ;‘é( Duncan'’s multlple range
test)ii, <& A 3A 4= (Pearson cor-
relation coefficient)®ll -4 3 F9A HAS AAE AT EE
AFLe 33 WkE AAslga RE BAAEE SPSS pro-
gram(ver. 12, SPSS Inc., Chicago, IL, USA)E ©]&3}4
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ety WE e A, AR Y E eEg 2 FE39 F
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(20)2 o] &2, H Aol A, H&E, T o|z=

T 13%9] 2 Fool g FEGR 0T TS w4
3}l 0.3~31.1 mg quercetin/g®]&tx R uslF=d], ¥ A
TAHS FAS AEFE el AT SdtReolEE ds
A SFEZ A 1 TFY FFS FF e =2
(1), 3, &4, g, g, Fits 5 AH7HA Y H

AES ML A= AeZ EEA JAT2D.
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Fitsls AW T sl falatA 45
2 radical chain reactiond] 7H¢ @412l Sl
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Table 2. Total phenolics and total flavonoids contents, and
antioxidant activity of methanol extracts from citrus peels

Total Total

Citrus species phenolics flavonoids ( mli)qR?g /o)
(mg/g) (mg/g) g
Onjumilgam 204+88"  161+16°  7669+405
Jinkyool 28.2+4.3¢ 255+£16% 9844527
Navel orange 175+4.4" 9.3+1.2° 613.3+47.2%
Yungkyool 30.6+75° 30.3+58°  1076.2+68.1°
Cheungkyoun 22.2+8.1° 91+16° 626.6+27.3°
Hallabong 23.6+6.0° 174+16° 914.7+42.0°
Cheonhyehyang  30.24+9.0° 169+33 1012.9+62.0¢

"Mean+SD (n=3).

““Values with different letters in the column are not signifi-
cantly different at p<0.01 according to Duncan’s multiple
range test.
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S48t W olth(22). o] WL AF Yol EAlsts AF 542 2 oWA NO A Adllse] 52 FEES AL
A AET IR AR 250 whgety] Wi $& WUt 30 selectivity index(SI=CCsy/ICs0) = AFE3FATH Table 3).
Wohe S AT ok T3 ik g 2EAE S84 g By FE2EY AEE5AS 24T A9 v 04
HER EE AMSstal 3% B3 AdAZo =24 vbg 7 A Z] RAW 264.79] tiste] 1,000 ug/mL o] &te] &=l A]
=7t sl HEEE =Y F A= P 7= STH23). © BEE AR FAo] BEEA gdth NO 84 A5
g 399 80% WS FEE Falita F45E S (IC50)2 A3 &ko] 21563 ng/mLZ 7 =ker, I go
4% A= Table 29F 2tk @=0] 1076 mM TE/go= Z 9E(259.2), F=(3289), sHEHE(500.7), HlolE AR
M = A4S Yehen, o tgo] A& F1012), (583.1), HA(607.2), &FL7H805.3) &<l AT}, Choi T(7)
Z=(984), 2He}E-(914), &L 7H(766), 74 7(626), U0 &2 L AF AN ZF A9 S 0% NELE 53] RAW
AA(613) w02 s s FEFol =2 AE A F 2647 MEFNA NO B4 AdlsCxn< B4 24 1
ZE0] fralitd FrsEE =9t Cai 5(24)% T4 o] 580.9, gtHs-o] 8159 pg/mLE £ A4 2] NO 44
AAshE FEAE 112F 9 FEEAA FHE 7 I A sret o 168 wton FEEoE FFRUE
3 A= v FoF9 FBRAAE YERdT L R g nobiletin®} tangeretin 22 A&°] NO A4 Ao Ho}
AL AR 2945 e A AT AA7F vt Husigo a3d 2 dFoMs
g Fod o5 FaiA Fregd #} ATEE Fgol 7 L& FEYAEY FEHEEE FHS B
Kim 5(25)°] B2 33 F&59] Falitd F5582 Ao A o] 71 =& NO A4 Adlss JEhd AL
21.8 uM TE/2 pg De(Dangyuja extract)2}al R 13}z, o]8]dt EA TR olt ARE 93 AoT =AHE
Khan(26)e @& #39S 80% gLz F&3 4-$ 509 F3 8 FetR o= Aol tigh Ao dasith
mM/100 g FW (fresh weight)g}x X 118} ch. Z} A& 9] SIi= NO AA AlsCyoo) 7HE =& M
o 2} X9} o [e=] =z sl i
A 5 SN0 8 ks A9, Mg, 38050, S50 9
Qe Al AAG ol Yol B A W T e
. ] i ) 2 AN ZERTLOZ AFE3 quercetin(6.15) R U= 2 e
5317 938 71" o)™, free radical, cytokine 59 A=A e
Edol tigh Wo] Rz dEA JTh27). AP A8 '
QAN ELFE LPSE AFS Hod 934 cytokine(pro- LPSe} t-BHPOI| st a4 Aol MY Xalis
inflammatory cytokine)< *Z3}A % il inducible nitric B A3 AFE-3F RAW 264.7 macrophage= LPSE A=

oxide synthase(iNOS)9] ZdES =317 NOS A3l StH 9% WHE-F 74 NADPH oxidaseE /435t &4
A=ur-3-S wj/REA FoH28). 3] NOE I AAEAE AAaE AASHE ¥E(30), t-BHPE AH=sld mlEZ =g
BE

]
ST AXE &4 R B ol A4 FQ su- o}9] cytochrome

=5 = Clol & A= o] t-butoxyl,

peroxide$} 2FA] ¥H-3-Ad o] B% 733t peroxynitrite?] & El t-butylperoxyl & methyl radicals 52 A3t A ¥ W
2 A Eo] Mx s FIstA Bu(29). oxidative stressE F23TH31). T3 HepG2 A Z oA hy-
2 AFdAe g 43 FE2E0 945 i<l NO drogen peroxide®} t-BHPZE oxidative stress® = 2%
o] A Asfet MESAY ARE Z7G317] flste] AA=Z t-BHP®] #}=oll o] 8 A vk antioxidant enzyme©] % 7}+Hch
FE LPSE A53 F 7 A|52] NO B4 Adles 438 (32). 5 ME= &7 A5 g WolAAZA antioxidant
o] NO A4S 50% Adfste 5= ICs o2 e enzyme©] A= o] AEXUdA A= P40 AA
A, E3F WST-1& o] &3 A ESFE £43kd 50% Al gtk whebA A EE LPS9}F t-BHPR #453te] 8/ ak4o
545 Uelle 559 CCy @22 Yep Rt 5 Al e A 3 AlEY Al e LA A HY

Table 3. Inhibitory activity of methanol extracts from citrus peels on NO production and cell cytotoxicity in LPS-activated
RAW 264.7 cells

Citrus species 50% Cytotoxic concentration 50% Inhibitory concentration of Selectivity index
(A) (CCso, ng/mL) NO production (B) (ICs, ng/mL) (SI=CCs0/ICs0)
Onjumilgam >1000 805.3+1.6" 1.24
Jinkyool >1000 3289+2.6 3.04
Navel orange >1000 583.1£5.6 1.71
Yungkyool >1000 259.2+10.6 3.85
Cheungkyoun >1000 607.2+12.0 1.64
Hallabong >1000 500.7+1.5 1.99
Cheonhyehyang >1000 215.3+6.3 4.64
Quercetin (positive control) >20 3.25+0.02 6.15

"Mean+SD (n=3).



e F9e Hsd sge S s 24 157

55 =43
Z.%% 3] FZEo0] LPS¢} t-BHPo| &3 RAW 264.7
Ao 4k8lA A4S HEdte a9E 233 AR F
J% 29} 2t} Raw 264.7 A|E£ES 500 pg/mLe] 7+ PM

LPS¢} t-BHPE A 2]3te] Al Z)
%*ﬁ/&_’-\_«] g4 %EJ I FEAZTENNZ 2.7 -di-
chlorofluorescin diacetate(Ho.DCFDA)o 23 FFF =&
439tk HbDCFDAE A xete] 4244 S 543t
o AIXWE o]F e 4 912 1(33), endogenous esterasedl|
9]&] HoDCFDAS®] ofME 2717} Zhial = o] F3-& 7}
AA F AEHE 4T F gle HDCFE W ¥ F o] A
ZYd A=A ==, o] H:DCF+= H:0:9F §F&-3t] 3
Z& o 2’7 -dichlorofluorescein(DCF)S & A3}, 488
nm¢ excitation® 530 nm<] emission peakE ERHTH
(34).

LPS(Fig. 1)¢} t-BHP(Fig. 2)2 X 2|3 A ZolME &4
izl Blste] &334 S FEste Ao = YEy
<], LPS$} t-BHPE ©= A3 9 3¢ Sz
Hlgted M1 9] Woll fix|et= aejzrt L EXF0 R 747}
56.7%9F 50.2% ol = Att. ol @A FUHE 9w

FE5 A Agg Aol e gheteol 40.3%, o]
43.9%, 8|3 51.4%%ro] Z71etg e, o] LPSH| o3|
A EE H0.9 -OH =5 3etio] 164%, J&Eo] 12.8
%, Ma|gFo] 53% At AeS fnlgth

t-BHPS] #=ol 23] 30% %C’P AR E FA4kA4(Fig.
2)= t-BHP @&A gl A= 50.2% S 7Fsk ¥HH, t-BHP
o} AIRE A A APToAMe 20| 21.5%, ﬂﬂ‘r
Ho] 24.1%, oﬂt*ol 236%%He Z7Ao R M =
A WA AdeS BYed, ol t-BHPE OJo}Od
A A== H.0:.9F -OH ‘r—i‘% A&, seE H& o] 44
287, 26.1, 26.6% A &S veEbdTh &, dhebe, e gko)
LPS¢} t-BHPZE A 2|gh EE AlXoA &4k A A
5ol M8 =kt

53] dE2 t-BHPO 93t &4k A4S 5940

2 Ao} LPSe o3 A4k S AslskA &
3l Ao Z YeltEd], o= LPS$ t-BHPO &8 &34
A A 71He Aol gk Aoz FAEY 5 FUHHQ
ARyl oy 38 FUZFOZ A3 quercetine
LPS¢} t-BHPO <23t &A2ka A o] zHzr 23.0%9}
3T%E ME Wl A B0 AN aRH o2 A3}

=

AZW H0:9 -OH &0l S7H =S Yehdth = AL Z Yeigted], et sc]=9 g F7<1 quercetin
LPSe] Aol ofaf 24417 &< A" &9k (Fig. < NF-kBe| 845 JAstaL AEellA &gditae] 44
DE LPS ¢E5A 2Pl ME 56.7% 713 ¥Hd, LPS$} Al S faAANE Ao dHA ATHE5).
A) (B) (9)
g & g g
i 8 21 g
5.07 56.70 54.19 43.92
2 ,'f r% [ K3 [ 2] [0
H 3 g 5
Eg 59 “g1 gs.
o & 2] s
"0 10’ ﬂtgi i Ity i ol e 10* " 10! Fl.‘éii 10 10! W 10! m‘i 0° 10
(B = R s Q) & H) =
2 4 3 84
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Fig. 1. ROS production induced by LPS in RAW 264.7 cells. RAW 264.7 cells were stimulated with LPS (100 ng/mL) for 24 hr
with and without pretreatment of methanol extracts from citrus peels for 1 hr. (A) Negative control, (B) t-BHP only, (C) Onjumilgam,
(D) Jinkyool, (E) Navel orange, (F) Yungkyool, (G) Cheungkyoun, (H) Hallabong, (I) Cheonhyehyang, (J) Quercetin (positive control).
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Fig. 2. ROS production induced by t—-BHP in RAW 264.7 cells. RAW 264.7 cells were stimulated with t~-BHP (200 pM) for 30
min with and without pretreatment of methanol extracts from citrus peels for 1 hr. (A) Negative control, (B) t~-BHP only, (C) Onjumilgam,
(D) Jinkyool, (E) Navel orange, (F) Yungkyool, (G) Cheungkyoun, (H) Hallabong, (I) Cheonhyehyang, (J) Quercetin (positive control).
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SPSS12%& ¢85l T <& A 4= (Pearson correlation
coefficient)Z 2+ tH(Table 4). B4 3¢5 ghkz)
Gatsl At AABAAE B FHE3 ORAC 7He] 4
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= 08552, ORACH 9 ditsl &4 Fos 2 FF
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Table 4. Correlation between total phenolics and total flavonoids content, and antioxidant activity of methanol extracts from

citrus peels

Total Total ORAC NO ROS production  ROS production
phenolics flavonoids production by t-BHP by LPS
Total phenolics 1
Total flavonoids 0.772" 1
ORAC 0.884" 0.855" 1
NO production 0.921" 0.683" 0.817" 1
ROS production by t-BHP 0.432" 0.475 0.660" 0.462 1
ROS production by LPS 0.008 -0.032 0.156 -0.115 0.612° 1

'p<0.01.
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