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Carotenoid, Color value, UV Spectrum, Organic Acid and Free Sugar
Contents of Citrus Varieties Produced in Cheju

Byung-Ju Kim, Hyo-Sun Kim, Jeong-Sam Koh*, Yeung-Joo Kang

Dept. of Food Science and Technology, *Dept. of Agriculural Chemistry,
Cheju National University, Cheju

Abstract

Total carotenoid contents, color values and spectrum characterization in the range of UV of fruit
Juice and organic acid and free sugar centents determined by HPLC were Investigated on 10 varieties
of Cheju citrus fruits,

Carotenoid contents of juice were 0.47-9.20 tg/ml which showed higher with Dangyooja while
showed lowest content with Meiwa Kumquat. Lightness(L) of juice was highest in Meiwa Kumnquat,
and n the order of Sankyool, Navel orange and Hungjin. Redness(a) and vellowness(b) were in the
order of Dangyooja, Natsudaidai, Sambokam and Kinkoji.

The maximum absorption wavelengths if citrus juices were variable at 269.5-285. 5nm according to
varteties and it was observed that were changed by mixing with juices of other varieties.

Major organic acids of citrus juice were citric and malic acid, and citric acid was 64.4-95.1 % of total
organic acids. Ascorbic acid was high in Navel orange, Sudachi and Dangyooja, and low in Meiwa
Kumquat and Hung]m Major free sugars were sucrose, glucose and fructose. Sucrose was 49.2-75.2
% of total free sugars, and high in Sankyool and Meiwa Kumquat. Glucose and fructose were high in
Meiwa Kumgquat and Navel Orange.
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Table 1. HPLC conditions for analysis of
organic acid

Column #~Bondapack C-18(3.9mm x 300mm)
Mobile phase 2% KH,PO.(pH 2.4 with H,PO,)
Chart speed 0.5¢cm/min

Detector Waters 484 UV Detector(214nm)
Injection volume 1021

Flow rate 1.0ml/min
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Table 2. HPLC conditions for analysis of
free sugars

Column Carbohydrate analysis(3.9mm x 300mr)
Moblie phase 85% CH.LN(V/V)

Chart speed 0.5em/min

Detector Rl(differential refractometer R401)
Injection volume 104

Flow rate 3.0ml/min

Column Temperature 25°C
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Fig. 1. Carotenoid content of juices from
citrus-varieties.
HJ : Hungjin, IY ; Iyo, ND : Natsuda-
idai, SB : Sambokam, MK : Meiwa K-
umquat, KK : Kinkoji, NO : Navel Or-
ange, DJ : Dangyooja, SC ; Sudachi,
Sk : Sankyool

REF 1412 25YU7 2Fel Foxlo] gl
carotenoid+= 1.93-3.71mg% wlx ®» vslz 3o
o FA(13]% 2597 752 carotenoid FHake
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Table 3. Hunter color values of peel and juice
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in citrus varieties

Citrus Juice Peel

Varieties L . A B AR L A B AE
Hungjin 53.16 -3.42 19.00 47.20 52.49 30.97 32.02 62.46
Iyo : 50.73 -3.72 18.14 49,07 38.99 31.58 31.58 63.79
Natsudaidal 46.01 -2.71 22.43 54,98 55.16 18.28 33.45 56.01
Sambokam 46.29 -267 - 2108 54.23 59.33 15.48 36.00 53.77
Meiwa Kumquat 57.40 -8.74 15.64 42.68 4414 16.22 25.82 60.39
KinkOn 45.75 -3.28 22.00 55.10 56.28 21.93 34.93 57.41
Navel Orange 54.75 -6.45 19.13 46.50 52.80 32.50 31.86 62.93
DangtooJa 41.27 2.65 . 2371 55.90 50.19 26.15 29.76 62.73
Sudachi 46.85 -5.02 21.40 53.98 51.27 15.91 30.70 56.70
Sankyool 55.96 -7.18 21.40 4343 53.02 19.85 . 31.82 57.23
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Table 4. Maximum absorption wavelengths and absorbances of uuices from citrus varieties

Citrus Peak detection Valley detection
Varieties Wavelength(nm) Absorbance Wavelength(nm) Absorbarnce
Hungjin 269.5 1.954 248.0 1.810
Iyo 275.0 2.063 259.0 1.969
Natsudaidai 285.0 3.215 261.0 2.591
Sambokam 285.5 3.125 258.5 2.591
Meiwa Kumquat 280.5 2.290 252.5 1.630
Kinkoji 275.0 2.591 260.0 2.301
Navel Orange 271.5 2.312 264.5 2.232
Dangyooja 282.0 1.931 254.0 1.130
Sudachi 280.0 2.515 259.5 2.107
Sankyool 279.5 2.173 255.5 1.790
A -272.5 1.950 259.5 1.892
B 276.0 2.334 257.0 2.094
C 275.0 '2.063 253.5 1.747

A ? Mixered citrus juices of Hungjin and Iyo.

B Mixered citrus juices of Hungjin and Sambokam.
C : Mixered citrus juices of Hungjin and Meiwa Kumquat.
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Fig. 2. UV apsorption spectra of juices from
citrus varieties.
HJ : Hungjin, IY : lyo, ND : Natsuda-
idai, SB : Sambokam, MK . Meiwa K-
umquat, KK : Kinkoji, NO : Navel Or-
ange, DJ ! Dangyooja, SC : Sudachi,
Bk . Sankyool

ric, formuie, lactic, citrie, malic, fumaric acid 5 7
Fo] A2=¢x 38 v)elwl Cql ascorbic aci-
d= &= F84E 7148 =42 oxale,
tartaric, formic, lactic, fumaric acid §& |3
ge5e] gldzm F8 A4S citric acidg} malic ac-
idsc}). Citric acid9] §-8-aF8 ¥ Sudachiz} 3

A37W A 132(1996)

0.0lmg/ml2 7} wo) FFHel UL =HA
s} #}Fo] zhz} 26.58mg/ml, 24.12mg/mlE &
e 2 veiA FFE5L 5.04-16.79ng/
mledch. Malic acid g2 Abgo] 3.05mg/ml, &
Fo| 2.79mg/ml 22|31 4k¥zre] 2.77mg/mlE €}
E F5ol nls =A e

Fumaric acid® 0.3-1.0mg% 2. EE F-Fo] 0l
o 2 velgy vmAe] Frl4be EAFU)
Fa=lo) el 93 welwl Cal ascorbic ac-
id= 0.21-0.52mg/ml=, Ye]E, Sudachi Z8]x
@392k So| Zi7t 052, 045, 0.44mg/mlE wi
ERA vEe 2T FFol 0.21mg/mlE 7}
a4 wioh}, AA F7)4tel] R FA ¥]EE citr-
ic acide ZFo] 64.4%%E 7} ok Abge] 7
8.7%, AR} 852%% & Weolglew vE F
£S5 90% ol42] ¥ »l&g A M-
alic acide= A7 §7)4ke] 4.9-356% A% TH
ol AN FFAH AelE: Hodk F F{6]
£ mandrain juicee)= citric acid7} 10.1-14.4mg/
ml, malic acid7} 0.5-1.0mg/mle] =L zt3 9l
B3 RuslgdEd 2 A7 Al citric acd
L 10.76mg/ml2. ®]=F ¥k malic acidy 2
Z2 A ¥£T AsE Vehgled A, A
w7, FRelAE 3 Jehde

Organic acids

Oxalic acid
. Tartaric acid
Formic acid
Malic acid
. Ascorble acid
. Lactle acid
. Citrie acid
. Fumaric acid

oy Enen e L pa =

1

S S S S Y A |
0 2 4 5 8 W 12

Fig. 3. HPLC chromatogram of organic acids
in hungjin juice.
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Table 5. Contents of ascorbic acids and organic acids in citrus juices

unit : ng/ml(Mean +8.D)

Cltfrll.s Citric acid Mali¢ acid Fumalic acid Total Ascorbic acid
varieties .

Hungjin 10.76 £ 0.44 1.02+0.42 trace** 11.78 0.28 +0.02
(91.3%) (8.7%) '

Iyo 16.79+0.10 1.74 £0.06 trace 18.53 0.31+0.01
(90.6% ) (9.4%)

Natsudaidai 24.12£0.71 1.23+0.04 trace 25.35 0.33+0.01
(95.1%) (4.7%)

Sambokam 15.89 +1.56 2.77 £0.56 trace 18.66 0.39£0.08
(85.2%) (14.8%)

Meiwa Kumquat  5.04 £0.20 2.79+0.20 trace 7.83 0.21£0.02
(64.4%) (35.6%)

KinkOi 12.081+0.42 1.10+0.13 trace 13.18 0.34 £0.01
(91.7%) (8.3%)

Navel Orange 13.87 £0.57 1.48+£0.12 trace 15.43 0.52+0.01
(90.4%) (9.6%)

Dangyooja 26.58 £0.51 1.63+0.07 trace 28.21 0.44 £0.01
(94.2%) (5.8%)

Sudchi 30.01+0.20 1.75+0.20 trace 31.76 0.45+0.02
(95.5%) (5.5%)

Sankyool 11.291+0.12 1.75+0.20 0.01 +£0.05 14,35 0.30+0.01
(78.7%) (21.2%)

Recovery 97.7+24 100.6 +2.6 102.3+2.9 88.1+24

(%)
» Ratio fo total organic acid.
©xx% less Img%
olEd A= 2 F{9]9 #FHe} n|%EH m- #a30g5e gelg
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Y wel 9FE F= AeE Ay7Eoh 9 ogram2 FFo] ulE alol= =A] ¢lgtom o
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id 97.7%, fumalic acid 102.3% 5 =& 582
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1%=% o7} 2 388 ®eld) ascorbic aci-
de] Hgo] Fe olfEE XEF A= T
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3l®  sucrose, glucose, fructoser} 7ZJ&5 o
Basty gloly 2wty 97 fh 5[10]e suc
rose, glucose, fructose, maltoser} & ¥w 7 &
maltose2] ekl vlgkolzlm lgort B A
2] Ao 23 maltose: 7EEA) gl
#= (5] Ax}e} ok}

w5 o] ke Table 60 vjehyolch

Z= IFe e §8-e sucrose, fructose,
glucose 2 2 wigten) & feid ke FFo)
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121.44mg/mlZ 7} ¥A @459 AT sudac-
hiz} 27.97mg/ml2 7b4 & TS vebich
Sucroset AbEI FFo] zhzt 87.0mg/ml, 65.46
mg/mle ¥ FAS vERT oldzh ARz
2E] T ulo]lRE 44.0~46.0mg/mlAFE R0 sud-
achiz} 13.86mg/ml% 717 2& i3S vheb
t}. Glucosel= &3} vle)¥e] Z+z} 25.22mg/m-
19} 22.37mg/ml2 o} zHEel B8l FUD o
7 E2E.2 6.17-18.29mg/mlglr}

Fructosex 3o} 30.76mg/ml], ulo]Eo] 23,72
mg/ml2. ¥ty A FEE-E 7.94-18.95mg/

mlgden AFg< A 9FlL glucosed} w]xdF A

=337 AH3A A1E(1996)

Sugars

1. Fructose
2. Glucose
3. Sucrose

¢ Bslch

z =[6]< mandrain juicesll= sucrose?} 45.9
-52.2mg/ml, fructoser} 6.9-12.9mg/ml, glucose

0 2 4 6 8
Retention Time(min|

Fig. 4. HPLC chromatogram of free sugars

Table 6. Contents of free sugars in citrus juices

in hungjin juice.

Unit ¢ mg/ml(Mean £ 5.D)

ClFm.S Glucose Fructose Sucrose Total
varieties

Hungjin 8.84+0.44 10.10 +0.57 38.31£1.69 57.25
(15.4% )* (17.7%) (66.9%)

Iyo 18.29+0.32 18.85 +0.50 46.77 £3.90 83.91
(21.8%) (22.4%) (55.8%)

Natsudaidai 14.71£0.58 14.46+£0.48 29.24 +0.89 58.41
(25.2%) (24.8%) (50.0%)

Sambokam 16.62+1.11 17.57+1.32 44.69+7.69 78.88
(21.0%) (22.3%) (56.7%)

Meiwa Kumquat 25.22+0.50 30.76 £0.50 65.46 +0.50 121.44
(20.7%) (25.3%) (54.0%)

KinkOQijt 9,99+0.43 11.17 +0.43 34.491£0.14 55.65
(18.0%) (20.1%) (61.9%)

Navel Orange 22.37+0.34 23.72+0.32 44.61 £0.85 90.70
(24.7%) (26.1%) (49.2%)

Dangyooja 15.45+1.12 16.27 +0.84 39.72+£2.04 71.44
(21.7%) (22.8%) (55.5%)

Sudchi 6.17+0.40 7.94+0.40 13.86 £0.40 27.97
(22.1%) (28.2%) (49.7%)

Sankyool 12.96 £0.50 15.76 +£0.40 87.0+0.29 115.72
(11.2%) (13.6%) (75.2%)
Recovery 87.3+5.1 92.4+4.5 84.9%5.1

(%)

» Ratio of total free sugar.
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7} 12.0-16.8mg/ml2) A& viepdicly B33}
Aed # APAAeE sucroses FAZA, 3
=, 587 WAL Sudachi Fo) WA Jehde
o, oozt AtRzk ve]E F& wElelm AF
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otil fructose= 13.6-23.72% %7 glucose: 11.
2-25.0%% A=stalom Felde] F58L gl
cose7} 92.4%, sucroseZ} 84.9%, fructose= 87.
3%E heblct.

2 o

AF=4F 25 107 FFo) thsted & carot-
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