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Abstract

This study was conducted to investigate total polyphenolic contents and reactive oxygen species (ROS)
scavenging effects of extracts from peels of ten Jeju native citrus fruits according to the harvest from August
2006 to February 2007. Total polyphenolic contents from methanol extracts of citrus peel were the highest in
Jigak (Citrus aurantium) and Hongkyool (C. tachibana) by over 200 mg% in the unmatured period, from the
late August to the late September, and all the citrus peels mostly decreased while ripening. Scavenging effect
of superoxide anion radical showed good correlation with total polyphenolic contents. The unmatured periods
of Hongkyool and Jigak were the highest with more than 60%. Hydrogen peroxide scavenging activity was
the highest in Sadoogam (C. pseudogulgul) at 73.8% in late August and the second highest activity was observed
in Jigak at near 70%, and all the citrus peels decreased during ripening. Hydroxy radical scavenging activity
were the highest among all the ROS scavenging activities, especially in the Jigak and Dangyooja (C. grandis)
at 75.1% and 74.6%, respectively, and not much affected by increased maturity of the fruits. Nitric oxide radical
scavenging activity was the highest in Bungkyool (C. platymama) at 58.4% in late February, and increased
with fruit ripening. In this study, Jigak was generally the highest in the polyphenolic contents and ROS
scavenging activities, so the further studies are needed for industrial applications.

Key words: citrus, reactive oxygen species, superoxide anion radical scavenging, hydrogen peroxide scavenging,
hydroxy radical scavenging
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Superoxide anion radical(Qz « 1) A&

Superoxide anion radical A &4-& Nagai 5(16)¢] W
Holl whg} S35 A ok Al Foll 0.05 M sodium carbonate
buffer(pH 10.5) 0.48 mL, 3 mM xanthine 0.02 mL, 3 mM
EDTA 0.02 mL, 0.15% bovine serum albumin 0.02 mL, 0.75
mM nitro blue tetrazolium(NBT) 0.02 mL9} A58 0.02
mLE 78k 25°Coll A 1087 WXk & 6 mU/mL xan-
thine oxidase(XOD) 200 pL& 7}l 25°Coll A 2053t whg-
S A7 g8 HEHOZ 6 mM CuCl 002 mLE ¥ &
560 nmol A FF =5 SAHsATt

Hyadrogen peroxide(H:0) A7 &+

Hydrogen peroxide AAE42 Muller(17)9] WH<l
2,2—azinobis(3-ethylbenzthiazolin)-6-sulfonicacid(ABTS)~
peroxidase systemol A Hy0y 2AZAL =439 96
well platedl] A A| &8 80 uL, 10 mM HxO, 20 uL} phos-
phate buffer(pH 5.0, 0.1 M) 100 pL.& ¥ o] 37°Coll A 587+
WA T 71 Fol] 1.25 mM ABTS 30 uL¢} 1 U/mL per-
oxidase 30 LLE ¥ &3¢ & 37°CAlA 10823 REE-A] 7]
I enzyme-linked immunosorbent assay(ELISA) reader
(Sunrise, Tecan Co. Ltd., Austria)E ©]-83} 405 nmol A
FZ=E S A

Hydroxyl radical(HO - ) A~7{&kA

Hydroxyl radical 2~4842 Chung 5(18)¢] el w
2} ethylenediaminetetraacetic acid disodium salt(EDTA)
7} 239 Fenton WA (Fe* +HoOp— - OH+OH ol A
A3 th 10 mM FeSO4-7H:0, 10 mM EDTA, 10 mM
2-deoxyribose2 Z+zt 200 nL9] Fenton ¥H3 £35HEd] A&
£ 200 uLell 0.1 M phosphate buffer € (pH 7.4) 1.0
mLE Yol F &4 18 mLE XAtk oA 10 mM HO,
200 uLS 7tk £33 F 37°ClA] 4A12t incubationAl
A tA] 2.8% trichloroacetic acid(TCA) 1.0 mL<} 1%
thiobarbituric acid(TBA) 1.0 mL-& H7}sle] & EolA
1027 9212 E}p“ Ao A WZAIZ F 395 % goll A 5
27 9A883E & 532 nmollA UV-VIS spectropho-
tometerg °|-&3te] FHFEE A3

Nitric oxide radical(NO - ) 2~7{&t

Nitric oxide radical 2A &2 Griess lllosvoy 8-l
A 24L& 39 TH19). Griess Hlosvoy &ML 1-naph-
thylamine(5%) Tt 419l naphthylethylenediamine dihydro-
choride (0.1% w/v)& AF&3F A ]tk 10 mM sodium nitro-
prusside 2 mL, phosphate buffer saline(pH 7.4, 0.01 M) 0.5
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AR AbebA Iitske] Ay Fol AR EE A Ak
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A, 715 B3 AT} Hes nE TR 3 peroxide dismutase(SOD)el|l <& w=A4 IF2eF4
St slol o3| Fitsl TEH S YERATHZ0,21). FEA] 7] (H:O)2 HAZHAT. 22y o] YA &atst oA A 7k
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Table 1. Changes of total polyphenolic contents in the peel of Jeju native citrus fruits during maturation (unit: mg%)
Section Harvest date
8/28 9/26 10/30 11/29 12/27 1/29 2/27
Gamja" 85.2+0.5” 72.3%6.3 62.1+t24 56.3£9.5 53.2+£2.0 54.8+1.8 -
Dangyooja 135.4+11.6 90.3+6.0 75.2+5.2 73.8+6.4 80.9+20.7 709+2.6 94.3+4.2
Bungkyool -3 117.6+6.9 68.1+3.2 50.9+0.3 68.9+5.9 59.4+1.9 55.9+4.6
Sadoogam 113.8+25 94.7+6.1 61.9+34 446+0.3 54.1+0.6 514+1.0 64.2+34
Hongkyool 191.4+4.1 208.6+10.2 132.7+5.1 100.7+7.5 129.3+23.4 98.4+38 -
Dongjungkyool 144.2+10.0 101.8+5.3 88.6+4.0 101.6+74 105.3+2.9 779+5.1 85.9+5.9
Jigak 229.7+79 203.6+9.0 162.1+8.8 144.8+7.1 133.6+3.6 130.3+3.9 143.3+10.4
Jinkyool 126.8+3.6 132.7+85 88.4+25 98.9+0.6 825+1.8 949+2.1 85.2+109
Binkyool 151.1+1.0 150.4+7.7 120.8+9.5 75.9+38 102.4+7.4 783+2.6 141.1+4.7
Inchangkyool 137.9+34 1152+75 86.3+2.4 70.8+3.8 86.3+4.7 85.6+3.6 92.6+4.3

YKorean name.
?)The data represent the mean=+=SD of three determination.
YNo examined.



FHANE AFADE FEA Y BYVLF 273

2]

4 465

Table 2. Changes of superoxide anion radical scavenging activity in the peel of Jeju native citrus fruits during maturation

scavenging effect (%)

Harvest date

Section 8/28 9/29 10/30 11/29 12/27 1/27 2/27
Gamja” 439+1.2% 50.9+5.3¢ 40.1+£0.8° 40.7+3.1% 51.3+2.2¢ 38.9+3.1% —
Dangyooja 52.5+0.6° 50.2+1.3¢ 57.1£0.6° 52.4+1.9¢ 515+1.3¢ 51.8+2.8¢ 521+1.4°
Bungkyool ~7 53.6+ 1.6 523+ 1.7 48.4+0.5° 51.6+1.1 375+2.4" 489+0.5°
Sadoogam 36.9+0.6" 38.2+3.9% 341+25" 35.340.8" 355+0.5" 294+0.3' 41.0+0.3¢
Hongkyool 66.7+3.3 67.0+1.1° 586+1.1° 53.8+1.1¢ 57.24+2.0° 484+19° -
Dongjungkyool ~ 43.7+0.6' 462+19° 423+1.6" 450+4.0" 470+0.8° 26.0+£2.2 514+1.9¢
Jigak 62.6+1.9" 60.0£0.5" 579419 56.8+0.8° 50.8+1.9¢ 442402 52.0+1.0°
Jinkyool 53.6+1.6° 55.2+1.6° 523+19¢ 459+16° 50.0+1.1% 484+1.1° 48.6+2.0°
Binkyool 49.1+0.3° 436+1.4° 480+1.7° 353+1.6" 39.3+4.6" 31.7+1.6 52.9+0.8¢
Inchangkyool 57.4+0.8° 53.9+0.6° 491+2.2° 505+2.2¢ 57.2+40.3° 51.4+1.6° 444+1.1"

1
'Korean name.

YMeans with the same letters are not significantly different (p<0.05), as determined Duncan’s multiple range test, n=3. The tested

concentration was 0.6 mg/mL.
¥No examined.
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Table 3. Changes of hydrogen peroxide scavenging activity in the peel of Jeju native citrus fruits during maturation
scavenging effect (%)

Harvest date

Section 8/28 9/29 10/30 11/29 12/27 1/27 2/27
Gamja” 53.2+26" 46.6+£4.3° 41.0+9.9° 443+35° 37.44+3.9% 470+1.1° -
Dangyooja 66.5+2.3° 55.8+2.8 55.3+3.6" 56.1+1.3" 50.0+£4.3° 55.1+88" 58.9+3.4"
Bungkyool -9 53.4+4.2° 49.3+6.6° 485+2.0° 40.0£2.2° 39.1+6.3¢ 345+2.8%
Sadoogam 738415 70.94+3.0° 68.7+1.4% 60.5+5.0° 585+1.1° 55.0+45" 576+36°
Hongkyool 53.1+37° 55.9+0.8" 495+65° 469+12° 448+35° 487+33° -
Dongjungkyool ~ 56.0+35" 53.3£0.9 492+56° 455+3.3° 38.6+1.7 39.4+5.2% 445428
Jigak 68.0+0.2° 67.3+0.7° 65.4+7.6° 71.3+0.6° 66.8+2.2° 675+4.6 71.9+3.2°
Jinkyool 64.4+1.8° 571+2.8" 53.4+39" 68.1+0.7 454+1.2° 50.6+4.8° 419+35°
Binkyool 51.9+22° 491+15° 451+2.3° 44.6+0.6° 46.6+4.4° 435+49° 454+1.7°
Inchangkyool 615+49° 50.3+4.0° 453487 48.1+2.7° 57.6+28.8 46.3+56° 413+1.2°

‘”Korean name.
“Means with the same letters are not significantly different (p<0.05), as determined Duncan’s multiple range test, n=3. The tested

concentration was 7.7 mg/mL.
¥No examined.
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Table 4. Changes of hydroxyl radical scavenging activity in the peel of Jeju native citrus fruits during maturation
scavenging effect (%)

Harvest date

Section 8/28 9/29 10/30 11/29 12/27 1/27 2/27
Gamja” 66.5+0.7" 65.7£0.8 66.0+£0.5" 64.4+0.6% 66.0£0.4> 64.3+0.2" -
Dangyooja 746+0.6" 730+ 1.7 69.0+9.1° 67.2+85" 68.6+6.8” 701+54 725+0.7
Bungkyool -9 65.0+1.1" 65.3+1.0" 65.9+0.7" 665+0.7" 64.8+£0.4" 65.1+0.4"
Sadoogam 69.1+0.4 69.7+0.4 69.0+0.7° 69.1+0.9" 705+0.3" 68.9+0.5" 66.5+0.3"
Hongkyool 67.1+£1.0° 64.4+1.6" 65.4+1.2% 65.5+0.6% 64.0£0.6" 65.5+0.5% -
Dongjungkyool ~ 67.2+25" 67.0+0.7° 67.8+0.8" 67.0+0.9" 66.5+0.6" 66.6+0.3 66.2+0.6
Jigak 75.1+0.6° 72.8+0.7 64.9+2.9 65.1+2.9" 665+4.8" 70.3+£3.9" 72.9+05°
Jinkyool 67.1+09" 65.2+1.2" 62.8+0.7" 64.5+0.8" 64.7+0.6" 65.6+0.4" 64.6+0.5%
Binkyool 64.4+0.8" 64.6+0.8" 65.2+0.4> 65.5+1.1% 65.2+0.6" 58.2+0.5° 63.3+£0.5%

Inchangkyool 65.1+1.0 63.8+1.0" 65.7+0.5> 65.5+1.0 65.24+0.5 65.2+0.6™ 67.3+0.3"

Al)Korean name.
“Means with the same letters are not significantly different (p<0.05), as determined Duncan’s multiple range test, n=3. The tested

’ concentration was 1.3 mg/mL.
YNo examined.
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Table 5. Changes of nitric oxide radical scavenging activity in the peel of Jeju native citrus fruits during maturation

scavenging effect (%)

Harvest date

Section 8/28 9/29 10/30 11/29 12/27 1/27 2/27
Gamja" 50.7+1.3% 52.9+0.8" 502+1.2° 52.7+0.2° 548+1.1° 57.6+0.6° —
Dangyooja 156+4.1% 14.2+1.4% 215+15° 23.6+05" 28.4+0.6° 259+1.1" 24.0+3.1"
Bungkyool -9 537+15° 55.6+£3.4° 54.7+0.7° 55.7£0.9° 57.3+0.9° 584+1.7°
Sadoogam 243+4.3f 248+0.6 21.2+52% 214+27" 226+5.0 457+25° 476+1.3°
Hongkyool 43.0+2.04 41.8+2.34 4274354 449+1.4° 43.8+0.9% 53.2+09" —
Dongjungkyool 47.0+2.8° 473+1.3° 48.6+3.9° 491+1.3° 48.3+0.9° 56.8+0.5° 54.7+2.7°
Jigak 33.1+88¢ 25.8+2.50 30.2+1.0° 347+3.1¢ 26.8+2.2° 26.7+2.1° 243+1.3
Jinkyool 481+2.0° 486+1.3° 50.0+1.9° 51.940.2° 50.442.0° 54.6+0.3 544+1.3°
Binkyool 498+15° 48.2+0.6° 515+19° 55.0+0.8 55.2+1.2° 59.1+0.2° 57.6+16"
Inchangkyool 51.0+£1.2° 50.8+1.6 527445 52.4+0.3" 51.3+22° 55.3+£0.2° 55.4+0.5°

1
'Korean name.

YMeans with the same letters are not significantly different (p<0.05), as determined Duncan’s multiple range test, n=3. The tested

concentration was 2.8 mg/mL.
¥No examined.
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