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Summary

This study was to examine the physical and chemical properties of six
varieties of Cheju citrus for the basic data of developing citrus products,

The fruit index of Citrus. unshiu Marc, var. miyagawa, C, natsudaidai Hima
ranged from 1.14~1,38 with oval form. The fruit index of C grandis OSEEX, C
aurantiun LINN and C, platysamsa, Hort. SWINGLE ranged from 0.89~1.03 with round
form. The weight showed the heaviest in C grandis OSEECK followed by C
natsudaidai Hwrs, C aurantiun LINN, Citrus. unshiu Marc, var., miyagawa, ©C.
platymapma, Hort. SWINGLE, C. sudachi . The rate of flesh showed the highest in
Citrus. unshiu Marc, var, miyagawa followed by C platymamma, Hort. SWINGLE, C
natsudaidai Hwas, C. sudachi, C. grandis OSEEXX, C aurantiun LINN, The ratio of juice
showed the highest in Citrus. unshiu Marc. var. miyagawa followed by C
sudachi, C. platymamma, Hort. SWINGLE,C, natsudaidai Hwm, C grandis OSEEXK, C
aurantiun LINN, Citrus, unshiu Marc, var. miyagawa and C, platysamma, Hort.
SWINGLE which showed high in the rate of juice considered as appropriate for
making citrus juice,

Both total soluble solid and the Brix acid ratio showed increasing
tendency as fruits matured. In particular, Citrus. unshiu Marc. wvar.
miyagawa and (. platymassa Hort, SWINGLE showed high Brix acid ratio at the
level of 10.39 and 7.67 respectively in full ripe. Acid content of C(
natsudaidai W, C. aurantiun LINN, C. grandis OSEEXK and C sudachi ranged from 3
to 5% which showed possible utilization as flavor-borne products like citrus
vinegar., Vitamin C content showed the highest in (. sudachi with 77.48mg/100g,
but showed no significance under different stages of growing citrus.

Free sugar content under the different stages and varieties showed a
little differences. Among the free sugar in fruit juice, sucrose showed the

highest in content with 44.9~66.0%, glucose and fructose showed 15.7~25. 7%
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and 17.5~30.1% respectively. Free sugar content increased as fruit matured,
Organic acid content decreased gradually as fruit matured. 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 in 0.98-9. 45%.

Both naringin and hesperidin content showed markedly high in rind compare
to fruit juice. Immature fruits showed high in both naringin and hesperidin.
Naringin and hesperidin content decreased as coloration progressed. It was
estimated that fully matured fruits should be used for making processed
products which lead to less turbidity and less bitterness, Both color
value of rind and fruit juice showed the increasing tendencies in
lightness(L), redness(a) and yellowness(b) as fruits matured. Negative
number of redness(a) in the rind of C natsudaidai Hwm and C. grandis OSEECK
until late of November elucidated the presence of chlorophyll in internal
portion of rind. Thus, it was suggested that coloration didn't make in C
natsudaidai Hwan and C. grandis OSEECK, while coloration made in Citrus. unshiu Marc,

var. miyagawa, C. sudachi and C. platymamma. Hort, SWINGLE,



Citrus Linn <of &3l= AIFe A= 57 sidetol ¥ i At 53
o] ARFol I dixoln J19A 1147173 F3A tiF o 7jE}l 252t o
ol A4gE AHE= AuiE7] Aot dafA glch feluetelde o 570
3 ARE A Fo] AFEolAM o Patsglon} 19119 o] ¥ 2FUH, TE
Wzto] =AM 2HAOE aufst ofo Ari(E, 1991). feluiely ZAEL
MA L zrEafula] F 7133, AeHLz &t fA3 lojA J2 %
& Wol ol I FFE E F 71 W2 2=oA AY 4 9t mandarinA|d
2FU7e] FF& ol vk FUAY Aul2Ex 15T7 FHolx -5T7t
2 AW 4 THZE, 1987). 1960dchiE F4R317] A2 AFe HIAGL2
¥ F7h AP Frie} Auirlge] Yo s ufd FUista 9l
th I ARl FEY TR dBF ATl 0UEE dolMZ Aoy
el Ftol vidte] AujP2 P2 43 Lule] I3 3 ¥HH 7HEY
e ABE A2 JAdEe] mel Y de Ut oY 32 A gt
A3t $IlAGo] YA A x ST} ¥, 1994 REPRAMA
WA, 1996). TSl IRYA Zhol wel 1995948 W= Ug+UdE A%
S2 ARFUE] F7Ie} 19973 THFE = sl AR o H ©A
FE4u A Fo] A AYHHe we} 22 R e Y #4457 1Y o
EARo] ol Fol=A] UL FF BAE 22 avlo] VA U A= nkt
o 2ulate] 71T xof gt 2FE iyt AFide] Wett 4ot

og] Fd F I HE vlehl Agh u[El] C ¥l FH 3 F FE vlEl
2l PE §R3Ea Qlo] mEete] Hrt ol A W 4AE oYU FE A%
Z2¥, dEFSE, A vopddel= F JIEE2 BElE de] A=, vfHi o
th ZEFe £uPele BT F BALo] 77~94%, JHFRo] 6~26%2 LH]E

dem, o] F 71382 %= ZAIAFZTROITE A oYY HF NEE F
FHESEE M4, B7] gte] Holy tlE AMSERTE I 4u|Fo] A3
Zbst oled feluete] F¢ A4F AASE F 60xoldE AIFAEFSETL A

ke oft

oN oY
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28t e Zeg oA orh

AFA oM AuiER e FFS F2 2FUA(Citrus unshiu)oln], ol F
F3EE FEY B¢ 285 AT FURA(C unshiu Marc. var. miyagawa),
ZAZA(C unshiu Marc. var. okitsu), CIHZAP 5o] glon, HEL2ZAHo|A
= YLF(C unshiu Marc., var, hayashi), 32W&F(C. unshiu Marc. var.
oukaiyama), B|®)-23(C unshiu Marc. var. yonezawa)} A A€ ZtFE MI3l=
T8 EQ A= 2F(C. unshiu Marc, var. aoshima) Solv] 1 2|8 A7e] LR
& At ool &7 BATS IRPLF} 35,6508 02 AN A Ak
9] 6.8%2 2AHX|3}L Y3l RELFE= 400,63080F 76.8%, HE-LF 79,8002
2 15.3%& A3}l glon] HELSF UYL o€ W 2ELF Auj Ay
Aareke uid F7isia Qo HAHE 5641808 AN g BArge] 1x 2x]
33 glen] ApuisEls EFLE IFd 2.3178, ¥ 8368, uE2UA 860.5%,
U 80, Mujw 73E, J|ElE WA, 1, AEpX], 42y, dEF Fo| 72
SRE7F B glen o] Fof TR 34 o] ¥t FF Bile] Y
Bl 5& 2|3t ohE A B4t oo §t A Folth(1996d HF At zALE
2, Mrx).

BFA Ago] B A7 B F(1967) # F(1968)o 2gt MFAr FHRY
E5H HYEE, @ 9 AR AIZ|A W] oyt A, ® 5(1993)o 2%
FE7RAEY AMz2e FARE BY AF, ® F(1994)9] HFA 2P L3
B3 BASY. & 5(199)9 AR 2IF ¥ 1 B4, ¥ N19NY
Mg ol&3l] MY, Hawzd, Ul FEubdE BB, o &
(1979)2] WAL ZHFFe 713540l B¢ A+, T 5(1982)8] H¥E o] &3}
o YEZE UL & YER AA T2 2ast gled, A 5(199)9 #HF
carotenoidM 4o #¥ AF TN FHAIJE HaPHI Fo AF X7} qlrh

2] e A7 Yt A7 2= Lu|AHY J|Bo] RS JHFLRENY AHF
o] £¥AZIE ZASIAY, FAE4, resin(Matthews T, 1990)2} A 4 AQ] Az
T ol &Y 2ndEY E83 U AIFIEY MEE JRVIext By
(Braddock 3} Cadwallader, 1992)o] A% X3l ZAIF FTE¥E F 8
-carotene, vitamin C, folic acid 9] ¢¥e|2}&ol thit ¥ 37 (Rouseff £} Nagy,



1994), A& 23U AF 713 ol i E &, Au], Fo] FIIEFo|
B HE F42 AF AEY 35 § AFF2Y EH nAE 2o
iyt AU BI(F]RAK, 1992) 5ol o]Fojx| glch,

Zdo] FolMe HFAgolrt BAtx]7] wfFof chE Fopol s A7}
o] &F¢ Holu], dF AFxbEol o3 A F4t Hge Y HEo BY dFE
Tl FRA4T Y EHMARE HA A2 8] AHFR]GollA] Fatxe 2B
ol g £42t27 vju]¥t Aol oo ulel EEol H 4 A& AP 2
7Y FETHE AEL EE olod BTt 4F 2o ¢ ¥¥E AERY
gart ort ¥}, AFat AAF 5L ¥7], vE, |74 o 7I)Fo] F
FotA gREol ey Aute] st an] o] wol YREo] glo] BAge
g 2uEz] X3l geo] ¥ulE Foslr] fisiMgt A ARSEoA it o
2y HIZ AFA ZAERY 426 9 FIRA Y S 3 HE8AA)
U A2y sHE AR AIVREIRE Yt 9=HT oy By
24 BEEE BY 4 At AENL] Y A7} ol FY dFolct. wety £
AYolde MFA A §Y o184 33 9 AEL I THEE A 712
2z BEE BHog AF oM AuiE I Qe AIF 671 FFE Ao
T8 7)o ol AW durd R, felw, 8714t naringin % hesperidin &

ZApsgT),
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m. == 9 ¢y

1. j=

€ AYe] AEE Age MFzoA i e 1996~1997d 4 AFF
Folx MH(C. natsudaidai Hwm)S MAXEA] EBRFIA, EHTF(C grandis
OSEECX), #E#(C. platymamma. Hort. SWINGLE), AE}X|(C. sudachi), X|Z}H{(C.
aurantiun LINN) 52 #AFA] =d5ox, JFHVRM(C unshiu Marc. var.
miyagawa)S A FAFAT4L AHEF oA 1996'd 9€ 25U FE 97d 19 1547
2] 159 RHee ZAIUR SAEE 448 wolo wel 43ty 2uey £
% A% ZAEE A7 2~ A3t EHAES AMESlATHTable 2).

Table 2. Citrus varieties used in this experiments

Variety Harvested place
C. unshiu Marc. var. miyagawa M) Harye Namwon
C. natsudaidai Hayata (N) To-pyung Seogwopo
C. grandis OSEECK (D) Do-ryun Cheju
C. platymamma. Hort. SWINGLE P Do-ryun Cheju
C. sudachi (S) Do-ryun Cheju
C. aurantiun LINN (A) Do-ryun Cheju

{ ) abbreviations
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2. A8y

1) Alg2] ANe

o] EAER YA G ¥ FAL AANL FAIE AHEI] AF3a
3000rpmofl A 1042 F<F WAL 2](VS-5500 Vision) ¥ F YL AEE AHE3HA
th. AA" e 50T, 2443 BRI)(KMC-1202D Vision)ol A ARAIZ ¥ E4
71§ ol-§ utilsted 0.3m mesh¥ & F24 ¥ A5 AREsiAh @) 28|
&3 AFU &S 4G FF5 Pl oy A8 9 AEFTY WEEE vehhodch

2) ZEAFS g

(1) 718428 E( °Brix) ¥ At
A&5e JIRA4R¥E 9 AP AEFH 4EE ARAMBES KR
(NH-1000, HORIBA, H&E)E AF&3lo A0A &Asdct

(2) 4h]
23 AFe Jahble AEMEMEE T2 M (NH-1000, HORIBA, HX)E &3 ¥
748 E( “Brix)2} AH¥Ere] vl &2 Yehfdct

(3) ®lEp C ¥

HlERRl C& A& 10g§ 5% metaphosphoric acid 50ml& 7}%t ¥ ulafsle] 2t
Az AAZIE £FY ES AN 72 2% ¥ 1002 T e
hydrazine¥] 4% (%, 1989)efl &3t} ¥Astgich

(4) Bio-LColl 2% 2t 2AFe RII4t BT

7l Alge] Ae
dalBe] g Millipore filter(0.45um) & ARt ¥ 2&4 FRTE AHE3HS
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1000u] 2] 3to] HPLCFQ-E A RZ AME3toich
. Bio-LCY 2%¥=x2
S 7|4 2242 Bjo-LC(Dionex DX-500)8 AMgstgon, 4o AH-H Detector
= ED 40 Electrochemical, Conductivity® AMESl] &A3lgct {714t £4&
2%t Bio-LC 9 24L& Table 33} Ut}

ch EEEI AP 24
|714 A Y FEEAZANE= L-malic, citric, oxalic acid(Sigma
Chemical Co., GR)E AH&3ldon ZHd AFY A7IAte T3] Y EEEY
Fxot oA Table 40 Uehfdct

Table 3. Bio-LC Conditions for analysis of organic acid

Column lonpac® ICE-AS6

Mobile phase 0.4mM Heptaflorobutyric acid
Detector Conductivity

Injection volumn 0.54¢

Flow rate 0.9m¢/min

Column temperature 28T

_13_



Table 4. Concentration and retention time of organic acids in

Bio-LC analysis

Organic acid Concentration Retention time(min)
Oxalic acid 20ppm 5.62
Citric acid 20ppm 7.07
Malic acid 20ppm 8.13

¥ FE] chromatogram oxalic acid, citric acid, malic acid %8 E£ES
ol wo 2z} 20ppnd] EE THEO] EUY ¥ FFslo UEhfodch(Fig.
1). A]88& 3000rpnE 108 Y4 &2A]F ¥, 3 oJd§ micro membrane filter
2 ATA71T 2 ojelg 10008 HHAY F Espsc

(5) Bio-LColl 2i%t & &2 /" BT

7h AR Ae
QA1 e g millipore filter(0.45um) 2 o2 ¥ FHTE A&t 10008]
¥ M3l Bio-LCFY& AIEE AHE3IATEH

L}, Bio-LC] &4z
feld ¥4 Bio-LC(Dionex DX-500)F AHgstden| Eof AH&¥ Detector
= ED 40 Electrochemical, INT Amperometry& AH&3lo] FAsldct. feld &4
£ 9%} Bio-LC 249 =Z 2 Table 59} Ztl

tl. EEE APAY 34
falgd ALESE AP FEEUR A= fructose, glucose, sucrose(Sigma

Chemical Co., GR)& AMg3taled a3 2AFe ReldE FH37] HY BEFH
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=2 B FFAIT2 Table 60l Ltehf 2T

Table 5. Bio-LC Conditions for analysis of free sugers

Column CarbopacTM PA1
Mobile phase 100mM NaOH
Detector INT Amperometry
Injection volumn 0.54¢

Flow rate 0.6m¢/min
Column temperature 28°C

Feld EEE?L chromatograme fructose, glucose, sucrose(Sigma Chemical
Co., GR)E AMS3tdon &4+24 ZZ 20ppeitste] &FsAct (Fig. 2). Al
EE 3000rpns 1087 JARA X, I ANE micro membrane filter2
A7)0 2 elg 10008) HHAZ F EHstact

Table 6. Concentration and retention time of free sugers in Bio-LC analysis

Free suger Concentration Retention time(min)
Fructose 20ppm 6.70
Glucose 20ppm : 6.15
Sucrose 20ppm 10.90
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1
$
Oxalic acjd 7/ 5.62
Citric acid / 7.07
]
Maljc acid /7 8.13
us
4
2
(]
TTI]IIII]ITT]II!II]ITIT]IIIII'Ill"l]lllll
2 3 4 ] ¢ 7 8 9 10
Minutes

Fig. 1. Bio-LC chromatogram of standard organic acid mixture.
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708

100

Glucose / 6.15

Fruc e / 6.70

sucrose / 10,90

IIIIIIIIITIIIIII"IIIII|IIIII

4 ] ) 10 12 . “*
Minutes

Fig. 2. Bio-LC chromatogram of standard free sugars mixture.
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(6) Naringin, hesperidin&®

2334E2 naringin?} hesperidin®] &8-& Davis®(Ting} Rouseff, 1986)0i
g3A  FFstdct ABAel YAHEEY 0.1m1 A 99¥DEG(diethylene
glycol) 5ml2} 4N-NaOH 0.1ml§ 7}¥t thd 10237 ¥ ¥ 420nmoll A naringing]
P& &F3IHUL hesperidin 302 WA F 360nmol A FFFIAch AP
naringin(Sigma Chemical Co., GR)3} hesperidin(Sigma Chemical Co., GR)2] E&
& A3t st

(7) M=&%

ZE AFY A== gLy 2592 MAA(Macbeth Color-Eye 2145)&
AHg38te] LB E), ag(Fwx), bA(BAE)E 47 &Ysided Aue 245
o] Mx &P} 2A FFstach

(8) BA4E
SABYoT ANAY F Caf v]RY Fr4Ee) LG atomic absorption

analyzer(Varian, U.S.A)E £AJ3lgct

Table 7. Operating conditions of atomic adsorption spectrophotometer

Inorganic elements
Ca Cu K Mg | Mn Zn Fe
Wavelength
() 422.7 3274 | 7665 | 2852 | 403.1 | 2139 | 372.0
Slit width(nm) 0.1
Lamp
Current(mA) 10 4 5 4 5 5 5
Fuel and Support | Acetylene/NO, Air/Acetylene
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m #22 9 a3

1. #d39 ADid, 534 Yl

1) APA 4

Table 82 4¥A|7] 9 ZAFESH AV 4L HYS FHYN FAA=2M AF §
Foll uletd xlo|l& Roch & AEelM FARA, 3, LA B¢ APA
47} 1.17~1.25, 1.17~1.30, 1.18~1.382 A4 ejgd¥e] Hel§ /X3t e
o, g2, €& Az EFU ZF$ 0.97~1.03, 0.89~0.94, 1.04~1.072 A

2) 25

Fig. 32 %71 #348%E &3 AA2 o] 4<Hdl et BE &
Foldq AFS F7iHe Z¥E 2ok ey, FARAPA FE ndwA 2
29 2718 Bgoltl I olF ZAAI AElXE 1289 F& olF A= B
gojgla 3tF, BHAL W, AP 4FFE 14 F& o|Folx A%NA F7H
t A%E Rdch e INE B SR 7 23 2 ohg 3kE, A,
FAzA, B3, Arpx £oldith. #IFY £HA7|et AF ] LJEBAE table
9ofl Ltehfi it

3) A%% ,

Zgfe ol Ao visty F&o] A3 HoA(R F, 1967) fz 7t 7}
Ao XEHE 22 A3 JELAA 7 79.5%2 Y wUIL 2FUHA
XA z2M0] 73.0%, o|of|Zto] 69.4%, AE}X| 65.4%, 3}F 64.3%, AhF 63%, FF=A}
62.8%, AtRZ 61%, PRAI7 HAQ 53.9%x2 EFqo] I xloj§ Rt R 5
(1967)2 2FUzto] 72.3%2 A UElNta ¢4t Yo]godR] 71.1%, n]ZAt
Yol g8 oMx] 79.3%, 3tF 62.7%, 2=} 62.3%, AE7 55.2%, YRR} 48, 5%
Ztz} R3astg 3 7)o W&4& st FANAR et 2R, A F
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Table 8. Fruit index changes of citrus fruits according to harvest
date and variety
(Length/Width : =m/mm)

Citrus Date

varieties 9/24 1010 1028 11/11  11/23 12112 12/27 1/15

Length(mm) 59.59 65.62 7000 7313 7558 74.36
M Width(mm) 5095 52.38 6152 6367 6292 6329

Fruit index 117 1.25 1.14 120 117 117 -** -

Length(am) 7701 82.76 8944 9766 9977 10210 10391 106.96
N Width(m) 6576 70.38 7484 7537 8059 8120 8282 8356

Fruit index 1.17 1.18 1.20 1.30 1.24 1.26 127 128

Length(mm)  82.78 82.78 9303 9723 9964 10057 10331 97.15
D Width(mm)  84.99 84.99 9339 9701 9815 9860 9851 98.72

Fruit index 097 0.97 1.00 1.00 1.02 1.02 1.03  1.02

Length(mm)  50.67 52.64 5578 5832 5901 5851 6201 6256
p Width(mn)  56.78 58.78 6179, 6274 6359 6271 6201 6256

Fruit index 0.89 0.90 0.90 0.93 0.93 0.93 094 092

Length(am)  41.12 44.32 4955 5406 5349 5492 5638 56.78
g Width(en)  34.89 36.85 3911 4080 4045 4038 4065 41.77

Fruit index 1.18 1.20 127 133 1.32 1.36 138 136

Length(mm)  62.98 65.78 69.74 7318 7382 7478 7467 7463
A Width(om)  60.78 63.51 6655 6855 6952 7003 7051 69.89

Fruit index 1.04 1.04 1.05 1.07 1.06 1.07 106 1.07

% See Table 2 for the names of citrus varieties.

¥ ¥ Not determined
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¢ Myagawa
m =
0 Natsudaidal
X0 + A Grands
;-? X Platymammay
£
>
] R
S 20 X Sudachi
0 Aurantiun
1m -
o 1 1 i 1 1 'l 1
oM 1010 1028 11111 1123 1212 12Z7 OV15
Date
Fig. 3 Veight changes of citrus fruits according to harvest
date and variety
Table 9. Correlation between fruit weight and harvest date
Variety Correlation
C. unshiu Marc. var. mivagawa y= 9278x + 10372 ry= 0.8764
C. natsudaidai Hayata y=17033x + 111.70 7= 0.9841
C. grandis OSEECK y=33060x + 17276 7y = 0.9858
C. platymamma. Hort. SWINGLE y= 11075x + 83833 »= 0.8923
C. sudachi y=51595x + 17982 7= 0.8912
C. aurantiun LINN y=49667x + 73075 7= 09177
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¢ Myagawa
0 Natsudaidai
m -
A Grandis
g X Platymammay
i
° .
[T X Sudachi
0 Awrantiun
m .
o 1
0 1 1 1 1 1 4
oM 1010 108 11V11 1¥23 1212 12Z7 OU15
Date
Fig. 4 Rate of flesh changes of citrus fruits according to harvest
date and variety
Table 10, Correlation between flesh and harvest date
Variety Correlation
C. unshiu Marc. var. miyagawa y= -0.4696x° + 36789 x+ 7213 7= 0.9402
C. natsudaidai Havata y= -0.8427 % + 9.1548 x + 47521 7 = 0.8926
C. grandis OSEECK y= 08542 x + 58805 r = 0.9424
C. platymamma. Hort. SWINGLE y= -04833x + 71.125 y = 0.8432
C. sudachi y= -13381x + 70.621 y = 0.9823
C. aurantiun LINN y= 14095y + 42982 y = 0.9079




(1968a)2 FHZPLF 75.5%, HAJE ulolg 75.3%, 2=} 70.7%, 3} 64.8%,
ool 7t 58.8%, YHAF 57.4%, A7} 49 3%, Ab2 44.0xelxl 2t B astAdch
2 AYolMe +3A7d F58 38L& M3 Fig. 43 23 d4H e}
FAZPL 94 Fhe~119 F71A] 75.0%004 79.3%2 3FL 949 3e~114
FE7HA] 51.9%00M 70.8%2, B2 94 3l ~10¥ 3te7HA] 70.8%0l A 71.7%2
F7Hecizt 3 olF AR, FRA} AL F EFL 18 FEUA] 64, 9%
A 61.1%%, 41.6x0lq 52.7%2 AL3AM FriEdon AEIXE 99 she~14
FC7HA] 69.8%0l M 61.0x2 A E FYE RArt. 3 AU A5E
Zte] AT B#AE table 100] Ltehfgict.

1) A5

Fig. 5& 713340l 718 BA7 242 34 AEE HAUSA FA=NA 3
< 99 e ~119 FE7HA| 47.3%0] A 61.3%x2, PIF2 99 st ~129 dlehR|
28.6%0ll 4 43.0x2, AElxE= 99 Fhe~129 FE71A] 34.0%0l M 48.5%2, 2|z
2 99 3l&~129 31ETHA] 16.6%00 M 26.9%2 F7E|TIZ 3 o oy ZtA
i, 3d, IRA F EFEF2 9Y e~1d FETA 24.1x0A4 39.0xE,
33.0%0ll A 35.6%x2 ASHA F7HE Boch #29] +H¥AV AEFEA] 42
A& table 110 ehfgdch

¥ 5(1979)8] RojAet o] 4R AE4F AFELS H437] "ol
F2E AR AL T8 F A AF3NE= o] §F& 2oz P4Wr} 2
2l2 BE7Y HEFEE AolF Eded AEFE0 w2 FAZY, ¥HF Fol #
a4 Mz AHygsicia BztHct

5) ¥ &

+¥A 7)o 8 FFH v & HHE Fig. 6olq Hi= uiel Zho] 2|zt 7
2 99 sle~19 Z&71A] 58.4%ol A 47.3%x2, BRR}7} 45 1%0 A 38.9%x2, &}
0| 48.1%0llA 30.7%% ALKHOE ZasiA g FAZAHL 99 ste~114 F¢
7t2] 25.0%0fl A 20.7%2 ZAsicirl 3 o] ¥RE L= FUEE Zgoldx HEH
2elx] £ EF2 99 te~14 FviRl AZ 29.2%0 A 32.4%Z, 30. %0l A



39.0x2 #vks] FUlEE Z¥olAdrh A 5(1968)2 Il gl &I ¥
71l 4% 2Aurt B3] golxls 8ol 3ol A[of ol RLEH »
KR 2lojof 7]A3la 7ol Av|o] wol FFHI Frdle Kol Wol
ol¥d Zlojm ZJlof 2}zof FAATII} Fol AZFLE o]MWF oAUl B}
Az AEd £34 A9E&E B & 5(1996)2 FAXAPo| 27.0%, 3tF 29.7%,
A} 46.1%, AELX] 34.6%2 B 5(1967)2 92} 48.6%, 31F 35.0%, &3
7 26.7%, 4tE7Z 40.0%, ZZ=} 36.8%, Ulo|lE 28.4xetn Rusldon K &
(1968a)2 WH=}139.4%, 313 33.5%, FVRPLF 24.5%, 4tH 3 45 8%, oo
39.7%, At 36.7%, 2FAF 27.7%, WAE uolE 24,58, T B 5(1967)
A& 234zte] BF 2y go] 22.7%0]L YT E Xo} 23~24%7} 2] A3}ctan
stded 2 AEZA FARP] st BE 114 ske~12d Fe7iA
22.1~22. 23 =2 v|x3tA Uelutch 32 YAV 2Au &2t FIIAE
table 120 Lehfelch.
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Fig. 5 Rate of juice changes of citrus fruits according to harvest
date and variety

Table 11. Correlation between juice and harvest date

Variety Correlation
C. unshiu Marc. var. miyagawa y= -1.2679 x“+ 10.790 x + 36.72
C. natsudaidai Havara y = 03591 x + 33.036 x + 20.054
C. grandis OSEECK y= 02131y + 4.0512
C. platymamma. Hort. SWINGLE y= -04684 " + 50935x° -129 x + 43.364
C. sudachi y= -04946 x* + 58768 x + 25.13
C. aurantiun LINN y= 13714 + 16454

y = 0.9508
y = 0.9952
y = 09532
= 09432
y = 0.9656
7 = 0.8748




o}
+ Myagawa
O Natsudaidai
A Gandis
X Platymammay
X Sudachi
0 Aurantiun
15 " ) 1 " 1 A 3 e 1 3 4 1
09 110 W3 111 13 17212 12Z7 OovH
Date

Fig. 6 Rate of rind changes of citrus fruits according to harvest

date and variety

Table 12. Correlation between rind and harvest date

Variety Correlation

C. unshiu Marc. var. mivagawa y= -04696x* - 36789 x+ 27.87 7= 0.9402

C. natsudaidai Havata y= -0.8429x* + 9.1548 x + 52479 7 = 0.8926

C. grandis OSEECK y= -08596 y + 45.144 y = 0.9402

C. platymamma. Hort. SWINGLE y= -04833y + 28.075 y = 0.8432

C. sudachi y= -13381x + 70.621 y = 0.9824

C. aurantiun LINN y= -14095x + 57.018 y = 0.9079
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2. #3AFY MDY, F5Y YuYE

1) 7H¢ 48 &, AF 9 F4h|
THA|7]of wtel ZhgolA ot FAE AASI AFY AFY JH8HD

BE W Atytake] HEN= Fig. 73} Fig. 8 Zrh % 5(1979)2 A Fat g9
B 748 E 9~10 “Brix, AR 1.4~1.6%2l31 ¥ aslga, =3 F &
(1987)2 10~12 °Brix, 0.7~1.2%2}2 B a3lgdon, & 5(1992)0] ojshd &3
o W& 7H4I1BE W Agstol FAZA 11.1 ‘Brix- 1.05%, 3F 12.2 °
Brix-3.17%, Y-RA} 11.8 °Brix-2.78%, AEIX 7.4 °Brix-4.89%2}3 B 3s}gc}.
2 YoM E 45Hd gl BE §Fo o ©lg FE gH4aYEL FA
ZAo] 99 stE~124 FE7HA] 7.0004 10.6 BrixE, stE, BR/x, HF, A
E}x] gl zjZto] 94 skE~14Y FE7A] 9.0004 11.5 Brix, 7.50014] 10.6 °
Brix, 9.604 11.2 “Brix, 9.6004 10.6 °Brix, 8.2~9.9 °BrixZ A&l 27}
He 3%E& Xtk WAE 2FUzolA seRo] Alyao] sk ol2n
3 32 axolidolel ALl 109 ool 2% HolAcin sl EAH AR
T FAZPA B ABE FE& AUFPo] 99 FE~124 SR 3.03%00 A
1.02%2 ZtAsh=d 109 A2 Zlo] 2.2%2 Ao 2 Hol e Aol Ao
2stdch 99 3he~19 FE7Hx] F1FL 5.25%00A 3.06%, FHA= 4.30%0 A
2.92%, WFS 2.71xofM 1.46%, AERX|L 3.39%0]x 3.06%, =2} 5. 25%0]A
3.64x2 Z4z} d<dol wel gastdct. 53] 19 Fe71A Atgdate] &A /-
He kg, @b 2elA A 22 4552 A2 5o YiA R o) f s}
Cll 4Zbdcth Fig. 92 o] Aol o AR st HE Fahy)
2N d5Ho mel ZE 39 Fihle F7HEE Fdolden o 4%
A7t =& Aol Wotol wet gahzt FUMEE € + A3 F3)
FA2AR3 HF F 550 ¥57d 2 10.39, 7.672 v|ay wten tiE
232 o W2 gillE Uehddch # 5(1970) A4 728 gahule
F3ol ulet F xlol§ B 2.2~14.30] o]Egictn BIdldn, & F(1992)2
At ZEwel SE 242F 10.6, 3hF 3.8, ZRA 4.2, £E}R] 15812
Bastgch FAR(1992b) = AES] 71382 9} At ¥ atgo] wie} ofgputs
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Zol ¥AHI glon Ygutyoz Anxirl wolsEd 4 gt wWih: FHolx
12.50]°o] Eojo} 3 AtgtTgell whel Y wWer WMty Basigct ule}
A AFx fde] Fihls o] &ol £t JZe] AER|E= kx|t
B717 #7] "ol 27Uz F& MZEA Jul§ RVY 4 s WPHow 3y
7t 2 AT ARRE €822 U 72 EYLOE o]8Y WAyt ol Holu}
(R o8, 1992). % 5(1978)2 Yty o g ©eyl wodl J|IEL Arjyes
253H7] npdolA|gt §Y BrixeEolME ARV o A T eI w2 AL
=L AR E4F DolAA o2 Aol 2 Fo| AMus} U}, ¥ 3
CI Rlat ggew gahrl YoB g AljEre ZolAU R4 IPES Fol
t ko] Yoyt Zoe MAHCHE, 1992). ZFY $YA7|9 Gx I abgtal
o] H}FZA/AE table 133} table 140 Uehfec).

2) Vitamin C

BIElYl C& ascorbic acideli® sto} @A zhgolu} g, Tyto] 2AEH
o] AYg EZM, wo} olo] Yt FEes W MR AME T4} £
of Wagt g ofjlo] AYUEE HHo| mAFHo U2EL Yosl: APHS
Fsia ojjlolol 5o W dwdo] FolE dozitin BIAHTHM, 1993). Fig.
102 243 E349 4370 mE uletul ¢ Y] W) thsied Ay Aos
857] e 2l 9 vl ¢ P AERA I} 77.5m8/100gE 71 wWol &
o] Qg FHEAo| 49.9mg/100g, 2|2} 48.2mg/100g, 512 43.3mg/100g, H&
2} 43.2mg/100g, HF 30.2mg/100gw 28 AERx] EF& A% EF o= 2 2}
ol& Rolx| lgtrh Ee +¥A|7le}l vleln]l co] HFH HIBAE table
150 Yetolch MKk BRS o] 4Ko] URPH ujet 3}, Lo BF
HlElgl C2] §ero] F/IRIcia Shlar, M (1993)2 AAbx|of uwhel wlElq] co] @
o] xlolF Roln 7)&o] W Pitx|e HMolME AF Fo] viepw col gt
< goul 2y Fof LS A1 I PUL J2o] Y2 RoME £7]e] WUo)
wi27] ool 2}z Fo viepwl co| sk Yolxy wHERt oM e i
Fo] ®olABE }K Fo sEol HMFo AFF ulelgl ¢ Yigo| FHojAr}
2 B asidcl],
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Fig. 7 Soluble solids changes of citrus fruits according to harvest

date and variety

Table 13. Correlation between soluble solids and harvest date

Variety Correlation
C. unshiu Marc. var. miyagawa y= -0.1321x° + 1685x+ 534 7 = 0.9966
C. natsudaidai Havata y= -00631 x“ + 0.8798 x + 8.275 r = 09585
C. grandis OSEECK y= 04036 x + 7.0464 y = 0.9844
C. platymamma. Hort. SWINGLE y = 00196 x* + 0.0577 x + 9.4768 7 = 0.9950
C. sudachi y = 0.0083 x°- 0.0643x% + 0.2774 x + 82357 v = 0.9887
C. aurantiun LINN y= 01929y + 8.1071 y = 0.9435
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Fig. 8 Acid content changes of citrus fruits according to harvest

date and variety

Table 14. Correlation between acid and harvest date

Variety Correlation
C. unshiu Marc. var. miyagawa y= -0.0754x° - 09048 x+ 3.78 7= 0.9853
C. natsudaidai Havata y= -00232x“ - 01253 x+ 5458 r= 09793
C. grandis OSEECK y= -02105x + 4.3896 7 = 0.9492
C. platymamma. Hort. SWINGLE y= 0.0228 x* - 04161 x + 3.2767 7= 0.9754
C. sudachi y= -03846x + 54706 y = 0.9790
C. aurantiun LINN y= -0.2302x + 55661 r = 09788
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Fig. 9 Sugar/acid ratio changes of citrus fruits according to harvest

date and variety

Table 15. Correlation between Sugar/acid ratio and harvest date

Varnety Correlation

C. unshiu Marc. var. miyagawa y= 16226 x+ 0.556 y = 0.9925
C. natsudaidai Havata y = 0.2856 x + 1.3061 y = 0.9552
C. grandis OSEECK y= 02471 x + 1.7904 r = 0.8873
C. platymamma. Hort. SWINGLE y= 0.6741 x + 25489 y = 09752
C. sudachi y= 03014y + 1.1843 y = 09435
C. aurantiun LINN y= 01519y + 1.3389 7 = 0.9650
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Fig. 10 Vitamin C content changes of citrus fruits according to
harvest date and variety
Table 16. Correlation between Vitamin C and harvest date
Variety Correlation
C. unshiu Marc. var. mivagawa y= 2529 x + 36.481 7 = 0.9679
C. natsudaidai Havata y=0.1508x° - 24759 x + 52952 ¥ = 0.9851
C. grandis OSEECK y= 19446 y + 28.808 ry = 09715
C. platymamma. Hort. SWINGLE y= -0.6812x° +4.3556 x + 37.301 7= 0.9760
C. sudachi y=10539x° - 48261 x + 59676 7= 0.9769
C. aurantiun LINN y= 10491 x + 41.761 y = 0.8986
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3) |74

3tz f714F $32 citric acid 3.03~4.49%, malic acid 0.33~0.56%,
tartaric acid 0.037~0.0059%, succinic acid 0.53~0.68%, 4=t 0.004%n]gto]
3, Aol malic acid, 4o} WL citric acid7} L RoE HIAs|gon
fr71ke] gFY Aol EFY FHU SEo ol 1 dUoE Msidch
£ A ZAE AF oM HEH /714 FHE oxalic acid, citric
acid, malic acid®] 3IFH AT AL RS L citric acidifdle] BRE EFof
A wA Uetkch £% AF dE 239U AR {704 24 F2 4bo|
citric acid® HAM 90%o]m malic acid?} & 5% J|E} oxalic acid, «
-ketoglutaric acid, succinic acid, formic acid o] A& #&Fo] gl B
23R (K, 1991), % F(1987)L citric acid®} malic acidule] ZZEHAcrlx
Yaxdoen, & $(1996)2 oxalic acid, tataric, formic, lactic, citric,
malic, fumaric acid §F 7%S Z&8}FAI oxalic acid, tataric, formic,
lactic, fumaric acid 2 ©]3} UREo| glom F9ALS citric acid®} malic
acidoldcia RIstHT, & F(1995)2 R/71AF £HE citric acidZ} 75.7~
96.2%2 M c¥-2& ARA|FIP R, 1 & ¥ malic, oxalic, fumaric acide&og A
Z gREe ria Bastdch £3A70 o2 EFE R4 e wHs
Table 17¢] Uehjglct. Zad AFUY R714b §#§8: citric, malic, oxalic
acid &2 8 Yoton o] J&5¥ o wal A FF 3 /714 g 94
ke ~128 FE7HA] ARl 3.19%0lM 1.03%2, 99 ske~149 Fe7ix] 8
F2 5.54%0l A 3.51%, T-F2l= 4.87x0llA 2.81%, #HF 3.03%0)A 1.07%, AE}x]
3.82%01 M 3.32%, x|z 5.32%0| A 3.63%x2 WA} ZAEE Aol EZo
gt f7late] HEUZL 23 xol7t dgon RE EFo glojy AA R4
of th¥t Fgul &2 citric acid7} 90% o]t o 2 7H} &S HIEE AA ST AN
2 3 92 malic acid7} 0.98~9.45%12], oxalic acid: 3.58%0)3}2 %85 o]
aAddch F53] stF, LElA], 2z, GRA 4E2FL2 19 FE7A] citric acidiad
o] 3.30%, 2.68%, 3.04%, 3.54%x2 A & 24L& 2Arh
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Table 17. Orgarnic acid content changes of citrus fruits according

to harvest date and variety (unit : %)

Date

Citrus varieties™
924 10/10 10/28 11/11 11/23 12/12 12/27 1/15

Oxalic acid 0.03 0.08 0.02 0.02 0.02 tr
M  Citric acid 3.16 2.07 1.83 1.39 1.23 1.02 - -
Malic acid 007 0.08 007 0.07 007 001

Total 3.19 2.23 1.92 148 1.32 1.03

Oxalic acid 904 005 002 001 001 001 001 002
N Citricadd g5 501 423 415 419 358 345 330
Malic acid 939 032 027 020 016 021 025 019

Total 554 5.38 4.52 4.36 436 38 371 3.51

Oxalic acid 902 002 002 002 002 002 002 001
p Citicacd 439 362 296 292 289 273 268 268
Malic acid 046 024 016 016 016 014 014 012

Total 487 3.88 3.14 3.10 307 2.89 2.84 2.81

Oxalic acid 903 002 002 001 002 003 002 002
p Citricacid 98y 983 1296 232 128 112 107 095
Malic acid 929 022 023 013 040 024 015 0.0

Total 3.03 3.13 3.21 2.46 1.70 1.39 1.24 1.07

Oxalic acid 9o 001 003 004 001 003 003 003
s Citricacid 355 435 341 304 304 28 269 304
Malic acid 921 036 034 030 030 023 021 025

Total - 382 4.72 3.78 338 335 306 293 3.32

Oxalic acid 0.06 0.02 0.02 0.01 0.01 0.01 0.01 0.01
A Citric acid 487 468 4.66 451 427 4.24 4.02 354
Malic acid 0.39 0.39 0.38 0.32 0.20 0.09 0.09 0.08

Total 532 5.09 5.06 4.84 448 434 412 363

% See Table 2 for the names of citrus varieties.



1) #eQ

&Y #ede FH+= glucose, fructose, sucrose?] 3EF7F oAt}
Kawamura 5(1957)2 8t&d, &F, C limonoll A4l glucose, fructose, sucrosed§ &
Astdd, A 5(1968b)2 ZHFfolM glucose, fructose, sucrose, maltose?}
€531 1 5 maltose?] P2 ujgoleta i, £ F(1974)2 [xlolA
glucose, fructose, sucrose, xyloseZ} ©-73l1 Q= ZAeg BIdYct 28y
& dYolA= naltose?} xyloseZt Z&E A kot % 5(1984)z & 5(1996)
o] Aot fAlsiodth. YA e F3E felT UkE Table 189 1}
Epfiadct 2 2AE9 Rl $a2 sucrose, fructose, glucose £0 8 uigto
o o] Z4Eol wel RE £33 F ReTY ©P2 949 ske~129 B¢
7Hx] FAzAgol 3.06x0lM 7.72%, 9¥ FHe~14 FETA] FHES 2.33%ofl A
6.35%, FRHAN= 1.75%0)|A 6.04%, W 4.62%0]A 7.85%, AERx] 3.62%0)A
5.02%, 2|zt 1.12%0llAq 3.40x=2 H2} F7EE F¥olodrh EFol wat Rl
HE> 4B Aolg Hooy BE 3o Ao AN KUY F sucrose’}
44.9~66. 02 A 713 o] ¥RE A% 3 2JF glucosed} fructoseZ} 15.
7~25.7%, 17.5~30. 1524 vl 24& R4t 43 AEFEFZEY R
o g H| &2 fructose : glucose : sucrose’} 1 : 1 : 29| d|&olz}lx B IF
o] a3, Z (1986)+ sucroseRl&o| fructose, glucosePtare] 2~2 SujA T2t
B354, € 5(1996)2 7d HFe Ry ek sucrose, fructose,
glucoseo 2 wigtom HA Kol tfyt Z/dH]= sucrose 49.2%~75 2%,
fructose 13.6%~23.72%, glucose 11.2%~25 0%& x}X|§icia Baslgdr & 5
(1995)2 sucrosex 46.8%x~64.0%, fructose?} glucose’} ZtzZ} 18.4%~26.9%2}
15.2%~30. 2%t R as}gdc}. '



Table 18. Free sugar content changes of citrus fruits according to

harvest date and variety (unit : %)
Citrus varieties™ Date
9/24 10/10  10/28 11/11 11/23 12/12 12/27 1/15
Glucose 0.62 0.65 1.24 1.30 1.31 1.37
M Fructose 065 0.76 1.68 1.76 150 158 - -
Sucrose 1.79 274 3.29 479 497 477
Total 306 415 621 78 178 7.72
Glucose 053 0.54 1.00 103 094 1.14 1.16 1.39
N Fructose 046 051 1.20 1.30 1.00 1.19 122 141
Sucrose 1.34 1.87 221 295 306 322 349 355
Total 233 292 447 528 500 5.55 587 635
Glucose 037 050 061 089 092 0.97 125 136
D Fructose 038 048 076 0.99 1.04 1.04 132 145
Sucrose 1.00 153 202 279 29 3.09 319 323
Total 175 251 3.39 467 491 5.10 576  6.04
Glucose 111 1.24 129 1.42 1.48 1.46 152 1.73
P Fructose 114 1.23 1.32 1.58 1.62 1.65 1.71 1.92
Sucrose 2371 264 295 370 39 4.05 417 420
Total 462 511 556 672 706 7.16 740 785
Glucose 081 060 073 103 094 1.11 1.11 1.24
g Fructose 081 0.61 092 1.37 1.16 1.27 1.37 1.46
Sucrose 2.00 1.25 141 253 192 194 209 232
Total 362 246 306 493 348 4.32 457 502
Glucose 025 036 043 055 058 051 061 082
A Fructose 029 034 039 061 0.64 0.65 070 074
Sucrose 058 0.82 0.96 1.13 1.81 1.84 1.82 1.84
Total 1.12 1.52 178 229 303 3.00 313 340

¥ See Table 2 for the names of citrus varieties.



3. A7ld, S84 A& % 212 naringin®t g}

FYA 7o) E EFE AF W A9 naringingtdre] W= Fig. 1134 Fig.
120] Yehjolrh AEFU naringin@t32 99 ke 3tdo] 2994g/mto e 7h3
ol ¥fiEo AAUT AERATIL o] A|J]o] 1926g/mLLE 1 T E #-HEF o
UAI 22 813sg/me, WF 4788/ml, FRAF 330g/me, THZA 289g/mee O
2 R0l ol 949 3¢ ol Fol: FAY B4AE Racrh A9 naringinglal
o] Mg BE 22 99 dleold 19 FE7R] 7.51%0) A 4.31%2, ZR=}s}
3,52%00 4] 2.46%2, AERX]|7} 4.59%0ll A 2.20%%, HFo]| 3.65%0lA 1.74x8, F
V2D Z% 124 ST 5.20%00 4 1.68%2 }Ailo] d<&Hol whel Hapyo
2 #asirh. 239 $%A171¢ a0y naringin@@2te] AT AAEF table 19
of Uehhglch RE F2FAUY Fo A3l dd2 Ay dme ¥8¥
essential oiloJu} Wit dF<Ql naringino] EUX|AY sidolut B2ty A
Fofl 2%t 8712 HA o) Rkt BA4HI) wWiolth ol § AFF2Y 2
o EHE ¢4 naringinZ K 2X7)o B E o] o] FIIETII} 4o =}
AIsiE = tF22 A 59 pestinWat AYstod BLPo= iy sy,
¥E 59 7tdAel2 Adslo AF Foll 8&€rl. £2¥ naringintdro] 30mgs
ojideold ul& 7|A HEd(FE 1970) FHFat 2FUztolM AFY FAE
&3] anj7t Zsich olZe] uiz WIFAL AFFL Fo EA Aoy 3}

< Ato|e} o)zt Bt AR izt go] ol 2FURFA EggoS
FEY "ot odon(L, 1996) YO 2 naringin AA Py Sol JLEL /&
o] I AFE YEE = Z4F /H3AEY AU oluta|sfol W e
e ital=3

4. ADIE, 349 A5 9 219 HesperidinBte

ZEd XY AXA| SRIA Uehds syrupd]| Y G4t Qo] 4E NI E
A7l F2 YUL2AM U3 hesperidin®] Yare] W= Fig. 133}
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Fig. 11. Naringin content changes of citrus fruit juices according to

harvest date and variety
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Fig. 12 Naringin content changes of citrus fruit rind according to

harvest date and variety

Table 19. Correlation between Naringin and harvest date

Variety Correlation
C. unshiu Marc. var. mivagawa y= -0670x+ 6.17 r = 0.9485
C. natsudaidai Havata y=00536x" - 0809+ 62546 7= 09952
C. grandis OSEECK y= -0.0389x* + 0.1427 x + 36629 7 = 0.9240
C. platymamma. Hort. SWINGLE y= 0.0473x“ - 0.7084 x + 43873 7= 0.9642
C. sudachi y=00738x" - 0.7084x + 4.3873 7= 0.9881
C. aurantiun LINN y= -04908 x + 8.1975 y = 0.9888




Fig. 140 vehdiglch & ¥ 23 A7)0 wh2 35U hesperiding] g3}
< 949 33 2l 3d F EFS 2644u/nl, 2657ig/me O JHA Tro] &8
ol A 2|2 1178mg/ml, W 997g/ml, BRx} 534ug/me, TR 2698/
wEo® YREHAEE 99 FEol¥ FAHs HAFH 108 FolM 19 2¢7)
2] 2ERX Q) 7% 1837mg/meoll A 256:g/mbR, %] 2}o] 887ug/meoll A 372ug/meO 2,
Wado| 370mg/meoll A 185/ O 2 AT} 442/ moll A 167ug/me O 8, EHZ
o] 227ug/mboll A 161/ me O 2 ZtASH= ZAggo|sitt. ) hesperidin®] §al
o] #FU hesperidin®] ¥gtol nis] W5 wWol H{Eo glon
hesperidin®] #F-L 99 shcolA 19 FE7HA] AE}X| 7} 15, 76%0] A4 8.72%Z,
D27 11,6604 7.82%2 2, x]Zto] 11.28%0lA 5.62 %o, wWZFo| 7.60%0]
A 5.25%2, FURAPA F¢ 129 FE71A] 9.55%00 4 5.61%0.8 o] H&E
o mat AF Zastart zFe £¥A719 AU hesperidinyatzte] AT
A& table 200] Ltel2ith. #M(1993)2 hesperiding 2}u|o] o] §{E|o] Q)
3 237t ofF Al njg7le] FHxo] 2Mo] AP tEo] A& AW
Hustgon, FAK(1992b)o] 2|sbH hesperidin® 2FWzte] 03} flavonoid
£ 239z ¥ hesperiding] $342 100mgxd ¥t a3t o, =Y FiE
W WHE(1975)2 A& 2FULY in-lineX}FA] XABLF7} 98ngy, 2FWo]
103~109mgx°] Q131 chopper pulpergAlolM= B2 27} 115mex, 3 Wzo] 11
4~125mgx= Huslglon], £(1992)2 FFZAo| 108me%, AEIXN 7} 167mex, 8}

< 168mg%, FHAHs 260mgx 2 FUZNE YEE § JIFE AMRAE T8
€t & 22E A3 FiAtY EHEE S RoE MaFHTh syrupd] W
& 842 A% Foll dog Za3h= flavanonedl A UZEQ) hesperiding] ¢
= AFol wolalxwt titFo| pulpo] ZYs o BLE HFEo2 FHo Q)
7t 7H8 & 7tdAE 2 U3 E-8%4 hesperidino] 718402 Wl Wy, R
o] A4 AAel H7l dEolth. 23y o]&2 vitamin PEA BAYAS] A3
= 373 F& d2F A8 9 S x5 Aol 2§t YALHe] Ao
g Yol Z}Holzln Yk ZE, 1979).
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Fig. 13. Hesperidin content changes of citrus fruit juices according to harvest
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Fig. 14. Hesperidin changes of citrus fruit rind according to harvest

date and variety

Table 20. Correlation between hesperidin and harvest date.

Variety Correlation
C. unshiu Marc. var. miyagawa y= -0.8603 x + 10.666 7 = 0.9693
C. natsudaidai Havata y= -04375x + 765 r = 0.9587
C. grandis OSEECK y= 00887z - 1.372x+ 13.055 7= 0.9971
C. platymamma. Hort. SWINGLE y= -04143 x + 8.4343 7 = 0.9562
C. sudachi y= -14189x + 15816 r = 0.9370
C. aurantiun LINN y= -0.7801 x + 11.159 r = 09613
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5. Al71d, 534 25 % 219 4=

HA2AE AHEste] el AFI ¥ MTE FFY A= Table 213
Table 220] Uehfidlct. A3 BE FFolA 27N £82 7712 23lo)A
BEE UehdE L3t AREE UehdE bl BAEE Ushie agl2 4<Hol
el F7tEe A¥oldrt & F(1992)2 ZEuolN WHE LI24tR )
59.3328 71 WA Uelgts FAZXAo] 53,16, shFo| 50.73, =R} 41.25,
AERA] 46.85% Hl¥ ZYo|Ail HE/T ak FIAZMo] 0HXE wA UElud
I sldo] 18.28, ©R=} 26.15, AEIR|7} 15,918 WA UEluict AT b
FAzPol 32.02, sk 33.45 FRAZ} 29.76, AERA] 30,7022 v|¥ AR
2o 22y e} 252 ag) be ZEH oM A Ueldcin BIastda p
K5(1983)= AMZ7oAM $YY77A] L, a, bt BF F7BBIAT 2 Fol: a
U Frke As=EHAU LS bUS 4T Aadlgcrieln Badda, ¥
(1991) #d FMLE carotenoidAF ] FYMAZ A bglo] wrhe RS UY
MA7 B Yusiy] E5F JEFSERY F$ 2Fe FM4Q carotenoid=
AE28 3 pulpol] East2 oy HMAFLEolME pulpT o] FL
ZX bglo] ¥ fdddojelaz Bl £ AY A3 ¥x LS FAXREL 9
d skeolld 10¥3ke71=] 38.950014 59.802.2 F7tEchst O ol 23 LA
Sld i, st 129 FE7H] 32.49004 61.178 F715lg, AElXE 119 8
«7HA] 27.87004 58.318 F715tgla, HEF2 129 31¢7tA] 36,1304 56.632
2 F71td R 2Rl A2 19 3ke7iA] ASA $71E B BAE b
2 ZAZAML 99 BkEolA 109 3ETIR] 17. 4704 35,198 275l n, 3tEe
129 31&7HA] 11,8504 34.40712] F7tsict ZAAsidn, AElxE 114 sker)
2] 8.4400M 32.517kx] F713td R, HE2 1249 ste7iA] 14.94004 31.948 3
Z1stda 2Rzl A4 F 532 14 stertA A4yes Fuisidch Aws
ait2 19 3l ol ¥71Al ALAHA F7HE BAch. Hd Hulel AFolM L, a, b
UE vlZEA L, a, b2 AN &A Yelus §3] ART aflo] &
A detddch AFU AsT adS FHRZAA HS 99 dieolA 108 F&71A
=9 A& Jdelda 32, 2ERX], X7 £F52 14 F7A 29 U Rye
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Table 21. Hunter color values changes of citrus fruit rind according

to harvest date and variety

Citrus

Date
varieties™
924 10/10 10/28 11/11 11/23 12/12 12/21 /15
L** 38948 44043 59803 59671 57.883 57.341
M a -7.855 6837 18639 23826 30.470 32.082 - -
b 17470 22864 35193 33808 32826 32.865
L 32487 35897 38280 42642 51362 61.165 60305 59.774
N a -6.741 -7161 -7508 -6490 -458 11911 17.374 19622
b 11851 13720 17697 20663 26232 34220 34400 34.123
L 29473 29998 30433 33088 37.872 44267 47929 53.836
D a -5339 -5638 -5935 -5477 -4859 0384 14505 24.382
b 9357 10545 11975 13920 17.222 22209 26598 29.769
L 36.131 37100 52563 54592 55857 56276 56.632 54.795
P a -6.251 6374 4302 11680 15281 19.059 23509 26.187
b 14942 16983 29114 29615 30.747 31259 31938 30.689
L 27.867 32624 48404 55565 58313 57.383 56732 56.248
S a -5151 -6.456 1138 7872 23499 27956 32280 28870
b 8447 13527 28087 23499 32509 .32.227 32131 31452
L 30743 32157 32991 38037 43160 44319 45405 46872
A a  -58% -6328 -6527 -7511 0957 3140 12922 22529
b 1118 13017 14611 18902 20870 22267 24074 25189

¥ See Table 2 for the names of citrus varieties.

¥ ¥ Hunter color value :

(L : lightness, a :

+red ~ -green, b : +yellow ~ -blue)



Table 22. Hunter color values changes of citrus fruit juices
according to harvest date and variety
Citrus Date
varieties” ooy lom0 1028 1/ 1B 1212 2@ 5
L 20287 18269 18724 21.071 21.884 20.837
M a -0672 -0331 0.158 2214 3321 3479 - -
b 3.130 3413 3.906 7911 9843 9.803
L 13399 18884 19.039 18257 19257 18515 18.037 19.354
N a -1.185  -1.327 -1435 -1574 -1574 -1.141 -0.897 -0.941
b 0.450 0.408 2.016 3474 3474 4006 3907 5054
L 18022 17540 17445 17.227 18.132 17.790 17.062 20.183
D a -1629 -1334 -135% -1.051 -0998 -0533 -0.316 0.067
b 1.142 1.072 3.332 3553 5253 4870 4938 17.151
L 10.287 16814 16814 17.087 16158 18.044 19.060 22.088
P a -1.042 -1.043 ' -0835 -0.442 -0684 -0.023 0.029 0984
b -0.130 -0.130 5294 5912 5322 7769 8450 10.113
L 15775 20986 18887 18939 17.999 20321 22490 21.129
S a -1288 -2410 -2014 -193 -1.746 -1323 -1320 -1.008
b 0.991 3.988 4.394 5357 4193 6622 883 7826
L 17.161 19.090 19362 19958 21.730 20338 20304 20018
A a -1.778  -1410 -1226 -1.001 -1354 -1353 -1.297 -1.138
b 0.497 1.186 1.557 1634 2460 3562 3623 3925
% See Table 2 for the names of citrus varieties.
%% Hunter color value : (L : lightness, a : +red ~ -green, b : +yellow ~ -blue)
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o, ¥E&2 129 Fe7A 29 %S Rych

Y 45 % 3ulo folAuY

6. &

OB

A F(1992)2 ¥4 F FIAL AP HEo2 NuddM AL dolus 3
S FU Ak AUE AN RE J5S Q¥ o, 53] A
of W Aoley] F FIHY g¥o| 2 uF2 AASL AL F3] Na, K& A
U Hsid ciabet BAZE 2ol DY, AR, APAR, APAY 5o oy
Ayl dBE uAo, Ca, P 437] ofjlo]e] Wo] UsAola 24y olF
o oAgelAAM Yelds FtiEs, 2EHFo 98 uAn gFLo Eolas
Mg 2 alcohol®] FAT HAE AlujolM e &4lo] daix: Br)jdoleln &
astoich v, AFUL] FI4EE £4Y Z43}E Table 233 g} 13y &
7182 & KeZol ¥y 1.30~1.62%, 2FulolA 0.28~0.37%2 713 glo] ¢
#Eo] 2, I thol N, Ca, Mg 2 WQtD Fe, Mn, Zn, CuSL umjeog
dasddrh F&8 FIIEE 3 ke FARAP, 982l 33, HE 27, 2w
x2] ¢o2 wtou B} FIGEES 53 Aolsl A9 Qdt moldrh B &
(1972)2 f=tztulell glolMq HF Cad= 0.30%, MgO7} 0.13%, SO,7} 0.06%, P,0s7}
0.06%, K07} 0.22%24 Ca0>K0>MgO>P0s>S0, &0]3l Fa}AKo = HWF Ca0k
0.48%, K07} 0.27%, Mg07} 0.23%, P,0s7} 0.20%, SO7} 0. 18%0]oy Ca0>Kz0>Mg0>S0>P,0s
TME gRE AR Auet (&g vl g/E Fr4ERY 254 ¢4t
TYUBIAL Cal= 1:1.58 o] F3 KO 1:1.28 A L H|&E Fo] 93 Mgo=
1:1.7 B]&o|n POs= 1:3.2, SO 1:3 H]&E 8ol o @ol] YR AUz 7
a7l dlolx BIIE F K4 1002 3 71219 3 57, 9%o0f v|3pa 24t Hz}
£ o 3%2A ol&E} 43| xlo|st qdria Masiach B 5(1967) M) zie)
7V S 220l KOONDPOs>CaldMg0>S0i2. 2§85 23, 58] o= K
ol 7 woten Jate] Hidle faelite KdEe] M2 Cag} Mgl ¥
2o] Frlz MIslgct.



Table. 23 Inorganic elments content of rind and juice from citrus

varieties
Citrus (%) (u8/mg)
varieties™ T-N K Ca Mg Fe Mn Zn Cu
. 0.71 162 0.38 0.10 82.7 1099 597 360
(0.04) (0.30) (0.04) (003) | (706) (083 (351) (1.08)
N 0.98 1.59 0.83 0.16 69.6 8.40 6.19 490
0.06) (0.28) (0.05 (0.03) | (556) (061) (5.23) (1.05
5 1.00 1.62 0.49 0.17 60.2 6.94 897 483
Ang** 008 (030 (005 (003) | 543 (097 (6700 (159)
(uice) 095 146 043 008 | 555 401 424 404
’ (007) (0.36) (0.04) (0.02) | (625 (0420 (5.37) (0.79)
. 0.92 1.30 0.43 0.10 570 9.77 709 506
(0.10) (037) (0.05) (003 | (56.0) (1.06) (4200 (1.06)
A 0.81 143 0.59 0.16 7€.7 5.11 742 542
(0.08) (0.37) (0.08) (0.03) | (90.1) | (0720 (584 (1.20)

¥ See Table 2 for the names of citrus varieties.

# % Dried rind
X% () Juice
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At 2ER ol 3 W AITRE i A N12ARE Agsiaa AFA 2
2 671 EFE o183 +YAIE HEEH % I 54& FEsidch

FAZA, shE, AN A9 AWA|47} 1.14~1.382 ElLY SHejua 98
Zl 22, ¥EFL AP} 0.89~1.0328 A FPolgrlh AFL FHatr)
7B A3 3 o skd, A IR, EE, 2B ¢oldda A8ge FA
ZA4ol 713 wolem O kg W&, 3td, £ehA], €8x, G $oldrt. A
&2 FUxAo] JHg Wy AElx], ¥, sF, BRAL AZ ¢ojden 5
ol ¥ FAZY, HF 52 LI FA Mo AYsitia AW}

o] d&5ded wet BE EFolAM MR A4Y B B FHE Aol
oo = Pz FUlEE Aol F3] FARAY, HEFS 9470 e
FFol vi3l 10.39, 7.672 A Uehigch Agae 3@, 2, gia, A
2] EF BF 94 3teold 14 FE7A] 3~5%0]4 ®A RAIFo] I 29

< YAAR ol & 7Hsd& BArh Vitamin C& AERX| oA 77 48mg/100g0 8
718 ©ol A&=AR A7E /94 & 4 gk

A7 EF5E fegY e 234 xolg BYoy BE EZof glojA
AEFU #eg FolAd sucrosest 44.9~66.052 7}F wo] WREO Qladd
glucose?} fructose: 15.7~25.7%, 17.5~30.1%2 MZ u]siA ¢85 9d
o RelRY UFL dEUol met AsNos Frhshe ZA¥E 2tk #u
o] {BL o] F<Hol ulel BxHos ZAED ol Abgtare] Wle} uls
¢ e Boch ZIFAFAAM AE2H Fo¥ {74HE citric acid, malic
acid, oxalic acidgon A {74t Fo citric acid7} 90xo]Ado g jyg
A28t Qlely, 2 &2 malic acid7} 0.98~9 45%u2]2 $&Eo Qgzm
oxalic acid7} 3.58%0|3}2 o2} 3tg-xlo] algr}.

&34 AF3 AU flavonoidAl 4#¢) naringinz} hesperidin®] #atg
ZARY A3} o] F HEL 2u| FolM 453 wol ¥REH AAT usHY o
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