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Free sugar, Organic acid, Hesperidin, Naringin and Inorganic elements
Changes of Cheju Citrus Fruits According to Harvest Date
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*Cheju Citrus Research Institute
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Abstract

Free sugar, organic acid, naringin, hesperidin and inorganic elements change of six varities of Cheju citrus
fruits; Citrus natsudaidai, C. grandis, C. platymamma., C. sudachi, C. aurantiun and C. unshiu Marc. var. mi-
yagawa by harvest date were investigated. Changes in free sugar of citrus fruits on the different harvesting
stages and varieties showed a little differencies. The content of sucrose, glucose and maltose in citrus juice
were 44.9~66.0%, 15.7~25.7% and 17.5~30.1%, respectively. As the fruits were matured, free sugar was in-
creased, but organic acid was decreased gradually. The major organic acids from the fruit juice were citric
acid, malic acid and oxalic acid. Citric acid content exceeded 90%, oxalic acid ranged less than 3.58% and

malic acid ranged 0.98~9.45%

in total organic acids. Both naringin and hesperidin content showed markedly

high in immature fruits, and in rind compare to fruit juice. Naringin and hesperidin content decreased as peel
coloration progressed. It was estimated that fully matured fruits would be useful for making processed pro-

ducts, which lead to less turbity and less bitterness.
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sudaidaiye- A EA] EFENA, GF2HC. grandis),
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Fig. 1. Bio-LC chromatogram of organic acid of Citrus
unshiu Marc var. miyagawa juice.
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Table 1. Changes in organic acid of citrus fruits ac-
cording to harvest date and variety (unit: %)

Citrus Harvest date

variety” 9/24 10/10 10/28 11/11 11/23 12/12 12/27 1/15

Oxalic 0.03 0.08 0.02 0.02 002 tr - -
acid
Citric 3.16 2.07 1.83 139 123 102 -
M acid
Malic 0.07 0.08 0.07 007 007 0.01 - -
acid
Total 3.19 223 192 148 132 1.03
Oxalic 0.04 0.05 0.02 0.01 001 0.01 0.01 0.02

acid

Citric 5.11 5.01 4.23 415 4.19 358 3.45 330
N acid

Malic 0.39 032 0.27 0.20 0.16 0.21 .25 0.19

acid

Total 554 538 452 436 436 3.80 3.71 3.51

Oxalic 0.02 0.02 0.02 002 0.02 002 0.02 0.01

acid

Citric 4.39 3.62 296 292 289 273 2.68 2.68
G acid

Malic 0.46 0.24 0.16 .16 0.16 0.14 0.14 0.12

acid

Total 4.87 3.88 3.14 3.10 307 289 284 281

Oxalic 0.03 0.02 0.02 0.01 0.02 0.03 002 0.02

acid

Citric 2.80 2.89 296 232 1.28 1.12 1.07 095
p acid

Malic 0.20 0.22 0.23 0.13 040 0.24 0.15 0.10

acid

Total 3.03 3.13 321 246 1.70 139 124 1.07

Oxalic 0.06 0.01 0.03 0.04 0.01 0.03 0.03 0.03

acid

Citric 3.55 435 341 3.04 3.04 280 2.69 3.04
S acid

Malic 0.21 036 034 030 030 0.23 0.21 0.25

acid

Total 3.82 4.72 3.78 338 3.35 3.06 293 332

Oxalic 0.06 0.02 0.02 001 0.01 0.01 0.01 0.01

acid

Citric 4.87 4.68 4.66 451 427 424 402 354
A acid

Malic 0.39 039 (.38 032 0.20 0.09 0.09 0.08

acid

Total 5.32 5.09 5.06 4.84 448 434 4.12 363

"M: Citrus unshiu Marc. var. miyagawa, N: C. natsudaidai,
G: C. grandis, P: C. platymamma, S: C. sudachi, A: C. au-
rantiun.
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Table 2. Changes in free sugar of citrus fruits accor-
ding to harvest date and variety (unit : %)

G714, e, vzl 7o)

Citrus Harvest date

variety” 9/24 10/1010/28 11/11 11/23 12/12 12/27 1/15

Glucose 0.62 0.65 124 1.30 131 1.37
Fructose 0.65 0.76 1.68 1.76 150 158 - -
M Qucrose 1.79 274 329 479 497 4.77

Total 3.06 4.15 621 785 7.78 7.72

Glucose 0.53 0.54 1.00 1.03 094 1.14 1.16 1.39
Fructose 0.46 0.51 1.20 1.30 1.00 1.19 1.22 141
N Sucrose 1.34 187 227 295 3.06 322 3.49 3.55

Total 233 292 447 528 500 555 5.87 6.35

Glucose 0.37 0.50 0.61 0.89 092 097 1.25 1.36
Fructose 0.38 0.48 0.76 099 1.04 1.04 132 145
Sucrose 1.00 1.53 2.02 279 295 3.09 3.19 3.23

Total 1.75 2.51 3.39 467 491 510 5.76 6.04

Glucose 1.11 1.24 129 142 148 146 152 1.73
Fructose 1.14 1.23 1.32 1.58 1.62 1.65 1.71 192
P Sucrose 2.37 2.64 295 370 3.96 4.05 4.17 4.20

Total 4.62 5.11 556 6.72 7.06 7.16 740 7.85

Glucose 0.81 0.60 0.73 1.03 094 1.11 '1.11 1.24
Fructose 0.81 0.61 0.92 1.37 1.16 1.27 1.37 146
S Sucrose 2.00 1.25 1.41 253 192 1.94 2.09 232

Total 3.62 2.46 3.06 4.93 3.48 432 4.57 502

Glucose 0.25 0.36 0.43 0.55 0.58 0.51 0.61 0.82
Fructose 0.29 0.34 0.39 0.61 0.64 0.65 0.70 0.74
Sucrose 0.58 0.82 096 1.13 1.81 1.84 1.82 1.84

Total 1.12 1.52 1.78 229 3.03 3.00 3.13 3.40

"Names of citrus variety refer to Table 1.
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Fig. 2. Changes in naringin of citrus fruit juices ac-
cording to harvest date and variety. —&: Miyagawa,
[—{J: Natsudaida, A—aA: grandis, X—-X platymamma,
*—x* sudachi, @-—@ aurantiun.
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Fig. 3. Changes in naringin of citrus fruit rind ac-
cording to harvest date and variety. ¢—4: Miyagawa,
[—{: Natsudaida, A—a: grandis, X—-X platymamma,
*—-% sudachi, @—@ aurantiun.

F2- 94 s shEe] 2,994 pg/ml o2 7HA ol
a5l 9lels Aeb 7} o] AA)el| 1,926 pg/mLo
2 oo gREe] dsled, 217 813 ug/ml,
Wl 478 pg/mL, 52} 330 pg/ml, A=A 289 pg/

L &2 747} g-fs o] glolA] 94 gk o) F o=
%7—%75& ZHag Bodvh A9 naringin §He) WS
B 2 z-e 9y dleellA] 19 bR 7.51%04
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Table 3. Correlation between naringin content and harvest date

Variety Correlation
C. unshiu Marc. var. mivagawa y=-0.670x+ 6.17 1=0.9485
C. natsudaidai Hayara y=0.0536x>-0.809x+6.2546 r=0.9952
C. grandis OSEECK =-0.0389x"+0.1427x+3.6629 r=0.9240
C. platymamma. Hort. SWINGLE y=0.0473x"-0.7084x+4.3873 1=0.9642
C. sudachi y=0.0738x°-0.7084x+4.3873 r=00.9881
C. gurantiun LINN y=-0.4908x+8.1975 r=(.9888
Table 4. Correlation between hesperidin content and harvest date.

Variety Correlation
C. unshiu Marc. var. mivagawa y=-0.8603x+10.666 r=(.9693
C. natsudaidai Hayara y=-0.4375x+7.65 r=0.9587
C. grandis OSEECK y=0.0887x*-1.372x+13.055 r=0.9971
C. platymamma. Hort. SWINGLE y=-0.4143x+8.4343 1=0.9562
C. sudachi y=-1.4189x+15.816 r=0.9370
C. aurantiun LINN =-0.7801x+11.159 r=0.9613
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Fig. 4. Changes in hesperidin of citrus fruit juices ac-
cording to harvest date and variety. #—4: Miyagawa,
[-: Natsudaida, A—A: grandis, X—xX platymamma,
*x~—x: sudachi, @ —@: aurantiun

hesperidin®] a2 99 F47 2l 58 F =2
& 7t} 2,644 pg/mL, 2,657 ug/mL O 2 7}A} wro] &
fElel ol 27 1,178 pg/mL, ¥ 997 pg/mL,
FAF 534 pg/ml, FHEAY 269 ug/ml o8 7hz}
el el 99 F¢ olF FAF) Paso]
104 FaellA 19 Fw71%) 2ebxQ) 2 1,837 py
mLell4] 256 pg/mL3, #]zko] 887 pg/mLsl| 4] 372 pug/
mL 2 2, ¥do] 370 ug/mLol| 4] 185 pg/mLo 2 35
b7} 442 pg/mLoll 4] 167 ug/mLo 2, F-A -z Qo] 227
pg/mLeoj| A 161 pg/mL 2.2 7k 43} 7 gkolg]c},
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Fig. 5. Changes in hesperidin of citrus fruit rind ac-
cording to harvest date and variety. ¢—@: Miyagawa,
TF{1: Natsudaida, A-—aA: grandis, X —X platymamma,
*—x*: sudachi, @—@: aurantiun
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A 5.25%, TAZA A 12%1 42742 9.55%]
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Table 5. Inorganic elments content of rind and juice
among citrus varieties
Citrus (%) (1g/mg)
vatiety" TN K Ca Mg Fe Mn Zn Cu
0.71 1.62 038 0.10 52.7 10.99 5.97 3.60
(0.04)(0.30)(0.04)(0.03)(70.6) (0.83)(3.51)(1.08)

098 1.59 0.83 0.16 69.6 840 6.19 4.90
(0.06)(0.28)(0.05)(0.03)(55.6)(0.61)(5.23)(1.05)

G 100 162 049 0.17 602 6.94 897 483
Rind®  (0.06)(0.30)(0.05)(0.03)(54.3)(0.97)(5.70)(1.59)

(juice) 0.95 1.46 0.43 0.08 555 4.01 424 4.04
(0.07)(0.36)(0.04)(0.02)(62.5)(0.42)(5.37)(0.79)
0.92 130 043 0.10 57.0 977 7.09 5.06
(0.10)(0.37)(0.05)(0.03)(56.0)(1.06)(4.20)(1.06)

081 143 039 0.16 767 5.11 742 5.42
(0.08)(0.37)(0.08)(0.03)(90.1)(0.72)(5.84)(1.20)

'fNames of citrus varicties refer to Table 1.
“Dried rind.
() Inorganic element content in juice.
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ToR Eeket o RIS FE Aelvt
72 gliz Holgleh. oF S0& A 2 Hele] 7714
- &eke 3§l 4] K,0>N>P.0:>Ca0>Mg0>S0, 4=
o7 @, 538 Aoel= K gao] 7k w3t
ovf of=abe] wllod SjAkS KAJEe] A Cagh
Mge] graFo] rhar Mirslelch.

olg} zro] 58A]7| B EFol ulel frel, £7)4,

dlade e, ezl £ o] 7HgA] e vieix o g
shab/) ool Agie] o454l ek ki &
BHA) 7 E A A sl ol ofu) g} AJk-glepe] RS

4o AE Skl ke v RS 208

Aahis alo] Foashrh WekEich mAETel o)
AALEL R ol gl gHRel A9 1A e s
o Y ol 4 B §9 - ahzi b

o sekElc), el a fzkuw%w_ﬂ 7}*& =
oL dh sepA]s zide] AE ] o]dle| 423}
hv, oAb AbR o] g3z Jw"rx}, A7t 5 skl Ay
y],‘ l loﬂ vr-sz}s}@i o]-g-3h= nhate] whghysict.
fob AR o] g3tel e Ak
”3 1f‘rcﬂxb °‘°N Aol (A bl oAl
vl g vzt o] Feil
tod 7hgalef sz olo] AR Aow welrh =3,
Fapa) 7)ol whE ARRA AL o] g3k IR S
dlzsle)elat el gaks ol 5 glelr] 4k



312 g2l Eats) =] A 304

A ol B4 F 5 oe B ohe} shEne
A B F AR A9olE o) Are] st
& A4S 5 ol ALHF 78] Baw A

28 oA}
2 o

W3AH ] AFAL AT &, FaAb HE, 2
2, A, FHEA, 63F5S 374 a2t fel,
f714F, dlzseld, Jlal, $7188 27 B4 sk
oh A freiute] el 23 Aol F u
douf mE FEel glold] B F2i FA su-
crose”} 44.9~66.0%2 714 wol fso] gl glu-
cose®} fructose+= 15.7~25.7%, 17.5~30.1%2 A2 H|
Z3HA RElel slsdoh frelde] Feke A5
w2} AEH o8 Frlshe A% Bk foAF &

> Aol A5l wel Ao 7HaEY, o)
= At ko] wistel v A ook g
oA ZHEF F23 F7]AR citric acid, malic acid,
oxalic acidl.em] QA F7]4F S citric acid”} 90%
ol dNE-S AX sl YU, 2 2Z malic
acid7} 0.98~9.45% W2 =] AU oxalic
acid7} 3.58% o]3}Z vz F=lo] lgich. F54
53 #=)v] 9] flavonoidA] A3 £-<) naringins} hespe-
ridin®] RS BT Az o] T ALE ) Tl

53] wol dfuEo] AT vl%d o 7 gheko)
Fghou} Atdlo] zlsgglel we} YA o fhishe
e Hydoh S o] 83 E A FAele <t
SI-E ARSEof g £ &uto] & Aow
| Ak= et

AR 2
o) EEL 19973% TEY GeAd TR (5
shell o3l 44 A7) AR2A, oo ZHAhE
Yot

&l

MO

1. Yang, C.B, Partk, H. and Kim, Z.U.: Studies on the
chemical composition of citrud fruits in Korea (I) (in

10.
11.

12.

13.

14.

A 2 % (1998)

Korean). J. Korean Agric. Chem. Soc., 8. 29 (1967)

. Koh, 1.S. and Kim, S.H.: Physicochemical properties and

chemical compositions of citrus fruits produced in Cheju
(in Korean). Agric. Chem., Biotechnol,, 38(6), 541 (1995)

- Kim, B.J,, Kim, H.S. and Kang, Y.J.: Comparision of phy-

sico-chemical components on citrus varieties (in Korean).
J. Post-harvest Sci. Technol. Agric. Products, 2(2), 259
(1995)

. Kim, B.J,, Kim, H.S. Kob, J.S. and Kang, Y.J.: Caroten-

oids, color value, UV spectrum, organic acid and free
sugar contents of citrus varieties produced in Cheju (in
Korean). J. Post-harvest Sci. Technol. Agric. Products,
3(1), 23 (1996)

. Chang, H.N., Nam, K.E. and Hur, J.H.: Studies on the u-

tilization of Korean citrus peel waste (IT), contents of
pectin, hesperidin and naringin (in Korean). Korean J.
Food Sci. Technol., 9(4) 251 (1977)

. Rhee, C.O., Shin, D.H,, Yoon, LH. and Han, P.J.: Stu-

dies on the processing quality of Korean citrus fruits (in
Korean). J. Korean Agric. Chem. Soc., 22(1), 28 (1979)

. Park, H., Yang, C.B., Kim, Z.U. and Lee, C.Y.: Studies

on the chemical composition of citrud fruits in Korea (III)
(in Korean). J. Korean Agric. Chem. Soc., 8, 97 (1968)

. Ting, S.V., Rouseff, R.L., Dougherty, M.H. and Attaway,

JLA.: Determination of some methoxylated flavones in
citrus juices by high performance liquid chromatography,
J. Food Sci., 44, 69 (1986)

. Lee, HY., Seog, HM., Nam, Y.J. and Chung, D.H.: Phy-

sico-chemical properties of Korean mandarin orange juices
(in Korean). Korean J. Food Sci. Technol, 19(4), 338
(1987)

R REA A, 25, 44 (1970)

Araki, C.: Characteristics of Satsuma Mandarin for Juice
Processing with Special Reference to Relation between
Chemical Composition and Juice Quality (II) (in Japanese).
Nippon Shokuhin Kogyo Gakkaishi, 39(6), 555 (1992)
Ifuku, Y. and Maeda, H.: The difference in qualities
between juices of Citrus unshiu processed by in-line ex-
tractor and by chopper pulper juice extractor (in Japanese).
Nippon Shokuhin Kogyo Gakkaishi, 22(5), 211 (1975)
Nisperos-Carriedo, M.O., Buslig, B.S. and Shaw, P.E.:
Simultaneous detection of dehydroascorbic, ascorbic and
some organic acids in fruits and vegetables by HPLC, J.
Agric. Food Chem., 40(7), 1127 (1992)

White, D.R., and Widmer, W.W.: Application of high-
performance anion-exchange chromatography with pulsed
amperometric detection to sugar analysis in citrus juice, J.
Agri. Food Chem., 38, 1918 (1990)

. Seo, 1.S. and Jeong, E.J.: A study on mineral content in

processed foods (in Korean). J. Korean Soc. Food Nutr.,
5(2), 104 (1992)

(19983 149 26 A<



