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Abstract

The extraction of polyphenol and flavonoid from citrus peel was performed by the ethanol, sugar, hot water (80°C), and
subcritical water extraction methods. The maximum yields of total polyphenolic compounds (27.25£1.33 mg QE/g DCP,
QE and DCP indicate quercetin equivalent and dried citrus peel, respectively) and flavonoids (7.31+0.41 mg QE/g DCP)
were obtained by subcritical water extraction (SWE) with operating conditions of 190°C, 1300 psi, and 10 min. The yields
by SWE were over 7.2-, and 8.5-fold higher than those of total polyphenols (3.79£0.73 mg QE/g DCP) and flavonoids
(0.86+0.27 mg QE/g DCP) obtained using the ethanol extraction, which showed the highest extraction efficiency among
tested conventional methods, respectively. Antioxidant activities of extracts obtained by different methods showed no sig-
nificant differences. However, the relative antioxidant yield per 1g dried citrus peel by SWE (190°C, 10 min) was over
9.5-fold higher than that by the ethanol extraction.
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Fig. 1. Schematic diagram of subcritical water extraction
(SWE) system.
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Table 1. DPPH free radical scavenging activity and relative
antioxidant yield of the extracts obtained from dried citrus
peels using different extraction methods

DPPH radical scavenging  Relative antioxidant

Extraction activity (%)’ yield
(of the dried extracts) (% / g dried citrus peel)’
BHT

(0.2 mg/mL) 89.29+2.03°
Hot water 21.14+1.38 311
Ethanol 21.16%1.53 502
SWE 130°C 21.05+0.92 2921
SWE 150°C 21.1741.20 3363
SWE 170°C 21.3740.98 4724
SWE 190°C 21.57+1.71 4768

'DPPH radical scavenging activity (%) = [(ODc-OCs) / ODc] x 100.
(ODc; optical density of control, ODs; optical density of sample)
“Relative antioxidant yield (% /g dried citrus peel) = DPPH radical
scavenging activity of the dried extracts x Solid content of the extracts
obtained from 1 g dried citrus peel

3 Each value is represented as meanststandard deviation. Data are the
means of three determinations.
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Fig. 2. Contents of total polyphenol extracted from citrus peels
using different extraction methods. Each bar represents means
+ standard deviation of three measurements.

'QE and DCP indicate quercetin equivalent and dried citrus peel,
respectively.

i
o)
)
=

[e]
annd
J
—_
e}
T
==

E.?L'o

oF 15.78), 1]
51480 o]’d¢] =2 polyphenols
2A] olQlA FEe] 71Ee] HAFH FEH
2 #9]9] 7154 polyphenols F&3t=tl vi
WHAS AAISHAL Tt
Bocco et al.(1998)0ll ]3]l 7Ha 3] e} Aot FEE|A
74k Fakslsg 7R HmEeEe] EAF B ol
72 #925H polyphenols FE37] 3 thdet Al
7F A SO ™, Manthey & Grohmann(2001)2 7= 3439
% polyphenol 24 glyceride(hesperidin=}
naringin)2 | F8F I, methoxyl”]7F 2] £-& flavoned}
2L hydroxycinnamate”} A Stk W &4}

& e
—1[
M o
1
)
I
1

ol
b

% o
4
My
)

Y jo ol

=2

do = o
e Sl

L

flavanone

FZHHEH0|| 2 & flavonoid2| B2 24
V| Z5E o}dAl FEFH(SWE) B &7, ollghs,
a3 Aggd FE29S 59

o
3]
4

(

2 flavonoid®] FEa&o| H7t=EAh A
2 OE FF 2= 54 oA FE59 4+, Fig.
3(A)IA BAAX]E= A 7ol 22 9] polyphenol FE L&
< YERIRE 190°C102)elA Az 22 #49) 1g 3 A
the] flavonoid §%(7.3140.41 mg QE/g DCP)o] &2
om, 130-190°C7HA] & 2527} 20°C 7HAC2 oo
wel 2 3 9] ZH7F 3.4540.32, 4.1740.39, 6.21+0.25,
22]3 7314041 mg QE/g DCPZE polyphenol®] &3 H3}
o} FAFSHA F7Feke A &S YR AT

Fig. 3(A)IA HAR= A o], o, dere 9 A
FEAE o] 7E FEHE o g5H FEAEY
flavonoid & 4] A 4 polyphenole] & W=
W7rek A Aot vl FAR F3S R 47
o] FEE sk Ax 7 39 1g I flavonoid2] &
2o Mg 2Z5(0.1140.19 mg QE/g DCP) %
FZ25(0.3240.13 mg QE/g DCP)ol| H]3] ogts 3
(0.86+0.27 mg QE/g DCP)oIA TS =4 HEES o,
olggt A= HA FE2Z7(190°C, 102)014 F5H o}
AA FEE(7.3110.41 mg QE/g DCP)?l| Y3} flavonoid2]
FEa g0 A doe Ag ousith Ax¥ o= 7ha
HF2HEH 59 ofdA FE=L deE FE=0| 93|
oF 8.5u), W4 &5 thu] of 22.8v) 2| AEEY
Z& tH] oF 66.449) o]’de] &L flavonoidE Tl
o2, olA FEHo] 71E9 HEH FEyol sty
= 33 9] polyphenolZ =& flavonoidE FE& | 2UoiA
T uf 83 WAL AASIL Atk HS°] Fig. 3(B)
oAl YEhd A o], FEFES F polyphenol ol
gt F flavonoid®] & H]&2 190°C(10 )] 3

| otdAl FEHo] 71 FE2WH T 7P ¢ vlE

=2

/e

ft
o sl N



170 A3} - Y2 - A2 - I - 2 -
8 -
= A
= E
o 7
=)
o0
= 6
o
g 5|
S 4t
=
S
E 3
=
§
2 2 f
=
<
g 1t
=
0
Hot Ethanol Sugar SWE SWE SWE SWE
water 130°C 150°C 170°C 190°C
g
= 257
£
L
=
22 |
=3
=
g
s 15 7
=
g
£ 10 |
»
<
=
= L
£ 5
o
0

Hot Ethanol Sugar SWE SWE SWE SWE
water 130°C  150°C 170°C 190°C

Extraction method

Fig. 3. Contents of total flavonoid extracted from citrus peels
using different extraction methods (A) and ratio of total
flavonoid to total polyphenol content in the extracts (B). Each
bar represents meanststandard deviation of three measurements.
'QE and DCP indicate quercetin equivalent and dried citrus peel,
respectively.

2 2ol ok ZZ ol B3l °F 41% ol49] flavonoid
7 EHE FEES ANSE 9 B Y
el A F3 Yk

7+ 73] 9] bioflavonoidse &F 60 oFo] HETEo] 1
TFZ7F 9 A et 90% ©]’d©] hesperidin®} naringin
2e8]al ©]E59] aglycone FENQ] naringenin} hesperetin
2 gdEA dow, 29l rutin, deosmine, nobiletin,
tangeretin 5°] 2 ¥E H} ATHRousff et al., 1987; Chen
et al., 1990; Cha et al, 2000; Chung et al., 2002). ™2}

A - ] - WS - W - A
A Ao A7E sl =€ 22 A9 {2 flavonoid
o] thH-E-2 hesperidin@} naringin 223 °]5¢] aglycone
FEY Aoz dqigd # lon, g% Aldetal J&dt
F= i B2 240l I Foltk

FEEHO| ME eiis gy A4y
A U ERE oAl FEMESWE) B 4, dEe
He S g55 FEAE] s &) v A

3]
HATH M E T2 & 2504 FEH oA F2E9
BAR = A Zo] FE22% 190°C

I 84 9A] 7z}t 21.0520.9290 4 21.5741.71%= i -9
ZaH S7VeleE AES Jepfgley & Aol #EEZA|

-
At E, HE AUZVE G5 W @S FEYS
Sol A58 F2AE Fus B4 B4 Ak 2 52

5
Az FEE THd s 842 dF FE2F
(21.14+1.38%) 2 &S FEE(21.16£1.53%)1 4 A <]
fFARHA S = eH, olgjgt A= HAY FE2x4
(190°C, 10:)NA F54 oldA FEE9 kst &4
(21.57£1.71%)H = A9 fArgE Aoidoh. 23t 4
Hu| 2HE oA FEHSWE) 2 &, dete &
< B3l g59 FEAE s & 2
Abe AAE UERileH, tixwto 2 AREE 8 &
SHAIQl BHTO] =2 &4tst £4(89.2942.03%)° HI3lA]
T AnH oz vre glo] AU oled A= e
HF2HE F5H FEEC] A AH S AXA & 1
3} AR o] %7} BHTO Hlal] Az
=51 , 2 FEWH et g
NEZHYH F249 &5

a)
N

22
o
fru

N
it

ox
flo
=
Ju)
T,

R
.
iy
il
f
>
ot

it

Sl

o 2

Ra e U )
o A
uv)
A
"

2
S
5
1o A B o

o
rg
o,
ul

il
"
o
=

N -3
1o
o)

o
oX,
rlo
ot
e

oL
™
o
N
S
M
@

-
<
off
H
it
4»
]
e
o
o
i
o oft @

o

o e L
=
I

rht

)

:Jd

©

1o e
ﬂng&'ﬁu

oX o

e

N o
o 1

g
N2
T
lo 7=
A B
N{N' ol-ﬂ
On‘,
EE i,
20
k=)
o
i
d
lo
o%
l">'

Y
©
ML=
El
\ i
off
>
i~
N
i
M)
i
PN i)
Hof W O

T =& (relative yield, %)
. Table 1914 Wbt A3} Fe], AxH
= 3] 1 gOZHE oA FEFH(SWE) ¥ €, et
< FEHS 53 I5% FAtst AR A & (relative

A FZZ7(190°C, 108)9] olYA F&%&

0a

oft

i

Jo

K}

o2t
AR
Lo

o,

rlo

yield, %)



7+ 79 82 Flavonoidd] & 2 &4k} &3 v 171

(4768%/g DCP)IA 71 =71 gRl= o, o]RS I
ZZ%(SII%/g DCP) ¥ &g FZE(502%/g DCP)<]

o Hla] ek 15.3809F 950 o] =& FEIES

‘/}E}LH*‘ Zolt},

o o] ]

bl =
AFoNM = e Fu 7HEHRAE
phenol & flavonoid’} A28 FZWHH ol
3 FZ2EHUL, E4(80°C), dleke, A
71E FEHAe %ﬁ%ol IRTARGES Rl

}.
& F3ZHEH F polyphenol(27.25+1.33 mg QE/g
3k
_%
=0

fru
-z
Tt
N
olr
oX,

rﬁi’ filo k? (o

po
¥ o
£ o

g

DCP) ¥ flavonoid(7. 31+0 41 mg QE/g DCP)el|
F&o] ofdA F=W(190°C, 1300 psi, 10 min)
gEHNeH, o]A 7|E FE2H 7k 7
< H dqEE FEHES 5 F polyphenol
(3 79+0.73 mg QE/g DCP) ¥ flavonoid(0.86+0.27 mg QE/
& ojn] 7.201¢F 85w o o ¥ Aot

%% °ﬂ e g Ay FEE] itst 4 2 A
o] YehlA egtont, o|@d Awe Az 1E 73
1g 2 obdA F29(190°C, 1300 psi, 10 min)oll £]3F &
2bs} AgEe] Al & (relative yield, %)°] the FEUH
S E3) g9 ARk thek 95 o o Eohe AL
Adte AH=E 0]—‘”74] =ZWo| 7|2 AEH =2

=4 polyphenol ¥ flavonoidE
FZ3t=t 5 @@La WA S AL AT

daATA R A9 ok £ 71 2ATAUNo.
2009-0075601)
2nEs

Ahn MS, Kim HJ, Seo MS. 2007. A study on the Antioxidative
and Antimicrobial activities of the Citrus Unshju peel Extracts.
J. Korean Food Culture. 22: 454-461.

Baddock RJ. 1983. Utilization of citrus juice vesicle and peel
fiber. Food Technol. 12: 85-87.

Blois MS. 1958. Antioxidant determinations by the use of a stable
free radical. Nature 181: 1198-1200.

Bocco A, Cuvelier ME, Richard H, Berset C. 1998. Antioxidant
activity and phenolic composition of citrus peel and seed
extracts. J. Agric. Food Chem. 46: 2123-2129.

Bok SH, Lee SH, Park YB, Bae KH, Son KH, Jeong TS, Choi
MS. 1999. Plasma and hepatic cholesterol and hepatic actibities
of 3-hydoroxy-3-methylglutaryl CoA reductase and acyl CoA:
cholesterol transferase are lower in rat fed citrus peel extract of
a mixture of citrus bioflavonoids. J. Nutr. 129: 1182-1185.

Cha JY, Kim HJ, Kim SG, Lee YJ, Jo YS. 2000. Effects of Citrus
Flavonoids on the lipid peroxidation Contents. J. Korea Post-
Harvest Sci. Technol. 7: 211-217.

Cha JY, Kim SY, Jeong SJ, Cho YS. 1999. Effects of hesperidin
and naringenin on lipid concentration in oratic acid treated mice.
J. Korean Life Sci. 9: 389-394.

Chen YT, Zheng RL, Jia ZL, Ju Y. 1990. Flavonoides as superox-
ide scavengens and antioxidants. Free Radical Boilmed. 9: 19-
21.

Chung SK, Kim SH, Choi YH, Song EY, Kim SH. 2002. Status
of Citrus fruit production and view of utilization in Cheju. Food
Ind. Nutr. 5: 42-52.

Eun JB, Jung YM, Woo GJ. 1996. Identification and Determina-
tion of Dietary Fibers and Flavonoids in Pulp and Peel of
Korean Tangering. J. Korean Food Sci. Technol. 28: 371-377.

Francis AR, Shetty TK, Bhatta Charya RK. 1989. Nodulating
effect of plant flavonoids on the mutagenecity of N-methyl-N-
nitro-N-nitrosoguanidine. Carcinogenesis 10: 1953-1955.

Gutfinger T. 1981. Polyphenols in olive oil. J. Am. Oil Chem.
Soc. 58: 966-968.

Han SK, Lee KJ, Kim JD, Lee YW, Row KH. 2004. Extraction
of isoflavones from Korean soybean by sub/supercritical water.
Korean Chem. 42: 669-672.

Hyon JS, Kang SM, Han SW, Kang MC, Oh MC, Oh CK, Kim
DW, Jeon YJ, Kim SH. 2009. Flavonoid component changes
and antioxidant activities of fermented citrus grandis osbeck
Peel. J. Korean Soc. Food Sci. Nutr. 38: 1310-1316.

Kamiya S, Esaki S. 1971. Recent advances in the chemistry of the
citrus flavonoids. Nippon Shokuhin Kogyo Gakkaishi. 18: 38-
48.

Kawaguchi K, Mizuno T, Aida K, Uchino K. 1997. Hesperidin as
an inhibitor of lipases from procine pancreas and pseudomonas.
Biosci. Biotechnol. Biochem. 61: 102-104.

Kim YD, Kim YJ, Oh SW, Kang YJ, Lee YC. 1999. Antimicro-
bial activity of solvent extracts from Citrus sudachi juice and
peel. J. Korean Food Sci. Technol. 31: 1613-1618.

Lee HY, Seog HM, Nam YJ, Chung DH. 1987. Physico-chemical
properties of Korean Mandarin (Citrus reticula) orange juice. J.
Korean Food Sci. Technol. 19: 338-345.

Manthey JA, Grohmann K. 2001. Phenolics in citrus peel byprod-
ucts. Concentrations of hydroxycinnamates and polymethoxy-
lated flavones in citrus peel molasses. J. Agric. Food Chem. 49:
3268-3273

Monforte MT, Trovato A, Kirjavaninenm S, Forestieri AM, Galati
EML, Curto RB. 1995. Biological effects of hesperidin, a citrus
flavonoid hypolipidemic activity on experimental hypercholester-
olemia in rat. Farmaco. 50: 595-599.

Moreno MIN, Isla AR, Sampietro Vattuone MA. 2000. Compari-
son of the free radical scavenging activity of propolis from
several region of Argentina. J. Enthropharmacol. 71: 109-114.

Moresi M, Clementi F, Rossi J, Medici R, Vinti L. 1987. Produc-
tion of biomass from untreated orange peel by Fusarium avena-
ceum. Appl. Microbial. Biotechol. 27: 37-45.

Parichat B, Artiwan S. 2009. Enhanced recovery of phenolic com-
pounds from bitter melon (Momordica charantia) by subcritical
water extraction. Sep. Purif. Technol. 66: 125-129.

Ra YJ, Lee YW, Kim JD, Row KH. 2001. Supercritical fluid
extraction of catechin compounds from green tea. Korean J.



172 3o - 4

e

T - e - TG - P9 - olAE A - v - AT - ) - Y

Biotechnol. Bioeng. 16: 327-331. Agric. Food Chem. 35: 1027-1030.

Rhyu MR, Kim EY, Bae 1Y, Park YK. 2002. Content of naringin, Song EY, Choi YH, Kang KH, Koh JS. 1998. Free sugar, organic
hesperidin and neohesperidin in premature Korean citrus fruits. acid, hesperidin, naringin and inorganic elements changes of
J. Korean Food Sci. Technol. 34: 132-135. Cheju citrus friuts according to harvest date. J. Korean Food

Rousff RL, Martin SF, Youtsey CO. 1987. Ouantitative survey of Sci. Technol. 30: 306-312.

narirutin, naringin, hesperidin and neohesperidin in citrus. J.



