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Abstract

The chemical properties and nitrite scavenging ability were analyzed which on a citron (Citrus junos) of
4 kinds purchased in different regions [Namhae (1, I), Tongyoung and Koheung]l in Korea. Four kinds of
organic acids were determined. Citric acid contents in flesh and peel of citron were 10.2+0.14~17.7%+0.17
g/100 g. The organic acid content was the highest in citron purchased from Koheung. Total mineral content
in citron was in a range of 2,844.3~4,022.4 mg/100 g, the potassium content was the highest in the range
of 1,332.4+2.31~2,308.5+3.25 mg/100 g. The major free amino acid from citron were proline, asparagine and
glutamic acid. And the highest in peel of citron purchased from Tongyoung by 326.9 mg/100 g. However,
the kinds and contents of chemical components in citron were somewhat different among various regions.
The electron donating ability using DPPH method of citron juice was more than 80.0% at the concentration
of 0.1~0.2% and it was stronger by increased the juice concentration in the reaction mixture. SOD-like activity
showed 10.2+0.50~20.1+0.77% at the concentration of 0.01~0.2%. The nitrite scavenging ability was pH
and sample concentration dependent. It was the highest at the pH 1.2 and more than 73% in 0.1~0.2% citron
juice. On the contrary in all concentration of added citron juice lower than 27% at pH 4.2.
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Table 1. Content of organic acid in citron from various regions

R R E R

At o2 Al o] A9 v Ee] 1 o] Aadviy &
#HA U oh2D). FHEF] 7142 citric acid?} 90% 14k
2 7R e gEks AAee], L #) malic acid7} 0.98~
9.459% W 9], oxalic acid”} 3.58% ¢| s} & v 45 o} gt
& ®asle] 9leh(22). Kohe} Kim(21) 772 f-714ko]
F£o g} oA 2ol gl citric acid7t 75.7~96.2%
2 o328 A3yl 3 2 9] malic, oxalic, fumaric acid®)
Fo 2 A gixe] vz gk vk ok Jung(3)&

A F21] f714HS EA% A & 8F ) f7)4ke] A
EEdon & F gefol o wotod, A8 2 Iy 2%
citric acid®] ko] 7}k Eopvha shoich B APE T &
& A B4 citric acidZ} 78 F714bel o, 74k £5F9
FaFe) Abo] = A o) A o] 7} s & o3-S WA
= Aoz AzkEg.

FI18 &

frabe] 5 9w FrE T
Zro) 10%-9] %71%01 AE=NY. T8 g 4 E,
245, Q, ehaulE, 2 ESE 5 6F0) 7l da
o 2 gfrEo] sisle, 53] 2EY FH2 1,
2.31~2,3085%£3.25 mg/100 g& & 7t =A A
g o2 1 §gEe] ¥ A2 485511.99~816611.40
mg/100 g9 WAG 2w At 2} 25 B5olA] 19
800 mg/100 g o] A 0.2 of e} Aj@oll vl &l 1 geko] Zotrh.

(g/100 g)

Organic acids

Samples

Malonic acid Malic acid Citric acid Succinic acid
Nambhae (1) Flesh 3.3+0.32" 9.6%0.21 10.2%0.14 -
Peel 37+025 -2 1352015 -
Nambhae (1I) Flesh 42%0.22 851012 12.8%0.18 10.3£0.20
Peel 3.7+0.24 - 16.0£0.19 -
Tongyoung Flesh 26%+0.18 - 14.0£0.12 -
Peel 3.6+0.20 - 12.3%£0.15 106+0.23
Koheung Flesh 3.9+0.21 - 17.3£0.16 7.1£0.22
Peel 26+0.17 - 17.7£0.17 621018
})Each value represents mean of triplicates.
“Not determined.
Table 2. Content of mineral in citron from various regions (mg/100 g)
Samples Nambhae (1) Namhae (II) Tongyoung Koheung
Minerals Flesh Peel Flesh Peel Flesh Peel Flesh Peel
Fe 1101+1.21Y 4484+1.22 1306+2.01 1203*1.25 90.1£223 372.3%£3.35 75.811.23 937x3.21
Na 885+215 125.7£1.25 1016123 1215%£221 10565%289 136.81268 83.4%£2.13 73.7£2.45
Mg 2548+1.35 189.81+1.32 301.1%x212 2188%+235 2359*213 186.7X259 2353%235 163.0%3.36
K 19855+423 13324231 2,133.3*+301 16434£305 23085£325 1,736.9%389 22509+322 1,7156%4.12
Ca 6452+231 816.6%1.40 77871098 805114223 7237X256 76041X267 676.4%235 4855%1.99
Mn 25+1.22 2.7%1.29 20*x1.12 1.3£0.85 2.3£0.87 1.5+0.82 2.0*1.25 0.8+0.95
Cu 11+214 34%*133 241185 6.5%11.25 1.0£0.78 3.1%£023 1.1£1.12 3.0£0.45
Zn 3.7£1.20 4.4+0.28 39%+221 4.4+213 7.8%11.02 34%133 56+1.78 56*£1.24
P 47741215  340.7£1.30 504.8+212 3140*124 542.1£256 333.8xX125 4898+125 2973%2.35
Al 54%+213 129%1.23 48*234 121%+2.05 551289 94*235 621235 6.1+264
Total 3,574.2 3,277.0 3,963.2 3,246.9 4,022.4 3,544.3 3,826.5 28443

YEach value represents mean=SD of triplicates.
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serine -] A A fra] obv] Ak §Hee) 70~819%685 #4783l
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Ak 2 Aol FAE F219] frefopvlmal 2 )
o] A e} v w3 & of A S FHoE FFEHA
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o352 An&o] F7lste] A RYL] FEI} Sl
3 < vehyadct 0.1 2 0.2% 52 A A
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FA H7A 80%
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Table 4. Electron donating abilities of citron juice from

various regions (%)

Concen-— Samples

trations Namhae (1) Namhae (II) Tongyoung Koheung
0.001 2.1%016"” 30%041 30033 15016
0.002 3.8£045 4.3x0.17 3.1+0.29 2.210.40
0.01 11.2£0.81 126057 125+052 11.1+0.78

0.02 210, 207063 216087 225%£0.77
anine 2 1Y51ne” 2ol gk em et Ao} Fd 0.1 gg; rg.gg 8414029 838%042 828+052
A Ao AHe AEH A== =R ok} 02 85.810.65 864065 8.1+086 87.0=0.82

Jeong 5(9) 1.E5 4L $-AE A SulW S o]l G2 YEach values are mean+SD of triplicates.
Table 3. Content of free amino acid in citron from various regions (mg/100 g)
Samples Namhae (1) Nambhae (II) Tongyoung Koheung

Amino acids Flesh Peel Flesh Peel Flesh Peel Flesh Peel
Phosposerine 261041" 3.1%£0.19 271035 32+09%4 - 661082 3.0%£034 47077
Urea -2 - - - - 1722055 - -
Aspartic acid 16.0x2.01 261098 148£1.10 53*1.03 139%158 6.8+1.02 176*£3.05 50+1.04
Threonine 0.1£0.04 - 1.1£0.09 - - 45%0.72 16£0.14 -
Serine 97*£1.10 5.0£0.98 89*1.12 81%x0.99 971159 116*201 108*+203 08*=042
Asparagine 44,7378 109*1.24 404%3.25 - 416%£243 770x214 439£320 838*=2.75
Glutamic acid 12.8+£1.23 38+t056 119+135 308%+254 122%=1.02 124%+135 158+201 32+099
Proline 60.71+3.68 433+£312 584%£324 833%215 673%245 982+2.17 667269 7761245
Glycine 0.9+0.23 06*0.12 07015 11%£014 - 3.8£0.72 14+089 1.1%£0.29
Alanine 7.9+1.98 6.1£2.32 6.12.04 94%156 84*t145 185%245 794275 126%2.16
Valine 1.3£0.98 - 1.0£0.35 - - 49+123 20%025 19+047
Isoleucine ~ - - - - 29%0.78 1.3£0.68 -
Leucine 1.2£0.56 - - - - 51095 22%043 24*0.56
Phenylalanine - - - - - 34099 1.7%0.41 -
Amino-n-butyric acid 123+1.24 492089 141%+204 93+097 11.0+245 11.3+£268 150+£299 89+197
Ethanolamine - - 09£0.22 21%0.14 - 3.1+£0.88 12081 28%+096
Ammonium chloride 82x1.11 104+1.24 84+135 182+245 191X278 269X£227 120*156 19.0X247
Lysine - - - - - 1.9+£0.21 1.1+0.19 -
Hydroxylysine 25%1.13 31x1.48 1.710.59 55*x1.24 29053 108*+224 58+142 38*£147
Total 180.9 93.8 171.1 176.3 186.1 326.9 211.0 2276

DEach value represents meantSD of triplicates.
ZNot determined.
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Fig. 1. Superoxide dismutase-like activities of citron juice
from different area.
A: Namhae I, B: Namhae II, C: Tong-young, D: Koheung.
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Fig. 2. Nitrite scavenging ability of citron juice from different area in pH 1.2 and 4.2.

A! Namhae I, B: Namhae 1I, C! Tongyoung, D: Koheung.



F7hel shata 54

78.0%0.65%, 0.2%} A &9 H7+To) A} 884+0.82~95.0+
1.17%2) opA AT 2752 e 201 0.02% o 3tef A
B FxelA e 35% o]t 2 opdAtd *74—01 e b Ass
pH 4.29) RE-&-E&Ael A oAt &%
7hell A 279 ol et whgkew, %}W
052~252+0.98% % opabed 2:7)%5]

4719 A Lee $(29)9

nE /x] Eou zJ
ZH el 123+
713 %7 Vrehygel,

NEF F2E9 oA

27%0) pH 1.2914 743 $-4st vt A7 A 3ol A x5}
dow, A FEE obdAld &27%°] pH 1.2914

19.0% % the= 11(26)01] vl &4 f2ke] obdAld A2
AperE] & st °.2 vehgt) Song 5(30)2 AHE, &,
=&, 13 8 287 F4F o] 4-351e] pH 259 ¥F-§-8-9 o
A b 2AFE SAT A RE AE AHoMelA 50
% o 42) 22758 wel o pH 4.29] W&ol A 5mL
o] e&1A] F2 H7HA] 86.1%9] obd A A 5ol vieh}
Az &3k ascorblc acid, & FgES 2gelgn
Husigch A EFH L A A R deFEEoA
ol Abed 9] A Ko] o2 By 9lvi13). wet
Al fARe A F e obd AR o2 At AAL
oA &2 4 g)E WA nitrosamine®] QA QA o &

AT
ZE vepd £ & Aoz dxb”o

= =

.'_.

Hie
rlo

ri
=
lo 032 mlo >.§_,

C_J_‘l:
2} Ak#) _1 ‘E-LEH(I o), %9 2 2304 #
) 71—z}~ .,_a]a—]- o];].é;]—xJ /H
B & &A1t 4% 9 frl4te] A
) gl.ev citric acid®] -2 10.2£0.14~17.7+0.17 g/lOO
goller, LEAL frAke) 3§ 2 el A 2b7t 17.31£0.16
g/100 g, 17.720.17 g/100 g2 2 7¥AF & A A== o) F-7]
E2 AR ol wh-2 Ajolr} gt an, o] FFe] 13324+
2.31~2,308.5%3.25 mg/100 g & 2 7} Egke}. f2)obv) e
4F-&- proline, asparagine, glutamic acid”} ¥ 2A &4 3+
el e T3t 2k Ao ellA] F 3269 mg/100 g
27 A AEE AT 2 AF5 9] Axpye]Fe A8
N e} Fr} Frgtel uet A5t s 0.1~0.2% T2
ARAH A g A 7EA] 80.0% o)) A st eyt SOD
FAFEA 2 0.01 ~0.2%9) A ZF5 X4 1021050~20.1=F
0.77% Rtk o} A4} 2752 pH 1.2914 0.1~0.2% A &
o A7 A B 73% o] 2] of-ate] A& vERY
%o} pH 4.2 4= BE A5 Hrlol A 279% o] 32
Egia=s

=
5

rot

Ho

1. Chung HY, Kim HB. 2000. In vitro studies on the super—
oxide scavenging activities, the cytotoxitc and immunomo-
dulating effects of thirteen kinds of herbal extracts. Korean

=1
=

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

) opdated 47)aHe

J Food Sci Technol 32: 699-705.

. Ham YK, Kim SW. 2004. Protective effects of plant extracts
on the hepatocytes of rat treated with carbon tetrachloride.
J Korean Soc Food Sci Nutr 33: 1246-1251.

. Jung JH. 1974. Studies on the chemical compositions of

citrus junos in Korea. J Korean Agric Chem Soc 17: 63-80.

. Lee HY, Seog HM, Nam Y], Chung DH. 1987. Physico-
chemical properties of Korean mandarin orange juices.
Korean ] Food Sci Technol 19: 338-345.

. Jeong JW, Lee YC, Jung SW, Lee KM. 1994, Flavour com-

ponents of citron juice as affected by the extraction method.
Korean J Food Sci Technol 26: 709-712.

. Jeong JW, Lee YC, Lee KM, Kim IH, Lee MS. 1998, Manu-
facture condition of oleoresin using citron peel. Korean J
Food Sci Technol 30 139-145,

. Doosan World Encyclopedia CD-ROM 1996.

. Lee YC, Kim IH, Jeong JW, Kim HK, Park MH. 1994.
Chemical characteristics of citron (Citrus junos) juices.
Korean J Food Sci Technol 26: 552-556.

. Jeong JW, Kwon DJ, Hwang JB, Jo Y]. 1994. Influence of

the extraction method on quality of citron juice. Korean J

Food Sci Technol 26: T704-708.

Jeong JW, Park K], Jung SW, Kim JH. 1995. Changes in

quality of citron juice by storage and extraction conditions.

Agric Chem Biotechnol 38 141-146.

Cha JY, Cho YS. 2001. Biofunctional activities of citrus

flavonoids. J Korean Soc Agric Chem Biotechnol 44: 122~

128.

Yoo KM, Hwang IK. 2004. In vitro effect of Yuza extracts

on proliferation of human prostate cancer cells and anti-

oxidant activity. Korean J Food Sci Technol 36: 339-344.

Kim SM, Cho YS, Sung SK. 2001. The antioxidant ability

and nitrite scavenging ability of plant extracts. Korean J

Food Sci Technol 33 626-632.

Seo A, Morr CV. 1984. Improved high-performance liquid

chromatographic analysis of phenolic acids and isoflavo-

noids from soybean protein products. J Agric Food Chem

32: 530-533.

Jayvaprakasha GK, Sakariah KK. 2002. Determination of

organic acids in leaves and rinds of Garcinia indica (Desr.),

by LC. J Pharm Biomed Anal 28 379-384.

Chung M]J, Shin JH, Lee SJ, Hong SK, Kang HJ, Sung NJ.

1998. Chemical compounds of wild and cultivated horned

rampion, Phyteuma japonicum Miq. Korean | Food & Nutr

11: 437-443.

. Sung NJ, Kim JG, Lee SJ, Chung MJ. 1997. Changes in

amino acis contents of low-salt fermented small shrimp
during the fermentation. J Inst Agri & Fishery Develop
Gyeongsang Nat’l Univ 16: 1-10.

Blois MS. 1958. Antioxidant determination by the use of
a stable free radical. Nature 26: 1199-1200.

Marklund S, Marklund G. 1974. Involvement of superoxide
anion radical in the oxidation of pyrogallol and a convenient
assay for superoxide dismutase. Eur J Biochem 47. 468-
474,

Kato H, Lee IE, Chuyen NV, Kim SB, Hayase F. 1987. In-
hibition of nitrosamine formation by nondialyzable mela—
noidins. Agric Bio Chem 51: 1333-1338.

Koh JS, Kim SH. 1995. Physicochemical properties and
chemical compositions of citrus fruits produced in Cheju.
Agric Chem Biotechnol 38: 541-545.

Song EY, Choi YH, Kang KH, Koh JS. 1998. Free sugar,
organic acid, hesperidin, naringin and inorganic elements
changes of Cheju citrus fruits according to harvest date.
Korean J Food Sci Technol 30: 306-312.



502

23.

24.

25.

26.

REERRETRES 5%

o

Yang CB, Park H, Kim ZU. 1967. Studies on the chemical
composition of citrus fruits in Korea (1) - The chemical
composition of main varieties. J Korean Soc Agric Chem
Biotechnol 8 29-37.

Kang YH, Park YK, Lee GD. 1996. The nitrite scavenging
and electron donating ability of phenolic compounds. Korean
J Food Sci Technol 28 232-239.

Park YK, Kim HM, Park MW. 1999. Physicochemical and
functional properties of turnip. J Korean Soc Food Sci Nutr
28: 333-341.

Kim SM, Cho YS, Sung SK. 2001. The antioxidant and nitrite
scavenging ability of waste resource extracts. J Korean

-

27.

28.

29.

30.

g - 28% - A

Soc Food Sci Nutr 30: 589-593.

Ameer B, Weintraub R, Johnson J. 1995. Metabolism of
naringin and hespridin. Clin Pharmacol Ther 57: 186-190.
Kuramoto T. 1992. Development and application of food
materials from plant extract such as SOD. Fd Process 27:
22-23.

Lee SJ, Chung MJ, Shin JH, Sung NJ. 2000. Effect of natural
plant components on the nitrite-scavenging. J Fd Hyg
Safety 15: 88-94.

Song MH, Shin JH, Sung NJ. 2000. The effect of citrus juice
on nitrite scavenging and NDMA formation. J Inst Agric
& Fishery Develop Gyeongsang Nat’l Univ 19: 7-14.

(200413 129 229 A4 20054 29 214 A=)



