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Summary

The effects on deacidification of premature citrus fruit picked out
and citrus fruits produced at early harvesting season for juice
products were examined by heating treatment of raw fruits and
electrodialysis of juice. Weight and total acidities were decreased by
heating treatment 40 hours at 25T, 30T, 35T, 40T, but °Brix, pH
were increased. Sugar to acid ratio also were increased. Total
acidities of premature citrus and citrus fruits for processing were
decreased from  3.15(Aug.22), 1.62(Sep.19), 1.45%(0ct.20) to
2.37(Aug.22), 0.86(Sep.19), 0.74%(0ct.20) and 1.25(0Oct.  30),
1.24(Nov.5), 0.99(Nov.13), 0.98%(Nov.19) to 0.48(0ct.30), 0.51(Nov.
05), 0.37(Nov.13), 0.42% (Nov.19) by electrodialysis for 100min, respe
ctively and "Brix were also slightly decreased, but solid to acid ratio
were increased as a result. However, pH and color remained almost
unchanged by electrodialysis. Also, free sugar contents of citrus juice
had been almost unchanged, but organic acid contents were decreased
fairly. Narirutin, hesperidin contents among flavonoids were slhightly
decreased by electrodialysis, but it was not significantly different.
Among measured ion, K*, PO, S0.%", ClI” contents were decreased
by electrodialysis, and K* contents of premature citrus fruit and citrus
fruits for processing were decreased more than 60% and 80%. But,
Na" contents were increased above 2 times. Total polyphenol contents

and electron donating abilities were decreased a little by



electrodialysts but nitrite scavenging abilities had almost not changed.
By Acceptability test, citrus juice prepared by electrodialysis for
100min was preferred to original citrus juice. By sensory evaluation
test after adjusting the ED processing juice to 12°Brix with sugar, the

juice (Sep. 19) was preferred to other juices(Aug.22 and Oct.20).
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, 35°C, 40CollA 4077 T FHE A
Azbe]l @2 FHWEHE 2A4sn, AL 8 F #2HFE9 pH, FA4EH,

2) AZIFAE AT A5 AAY

E AgoA 248 AEZ AET vsHe 8] BF FEL AA=E 284
AHE F oA H42 AFH3AY. 282 F9 358 FA AFH F
2% 7)(Model A-30L, Leekun, Korea)Z 13] Skg¥ #F 15kgs #HEF3I & 8
0CA 2083 A7 F WAAREFAA E48 AIRE2 AMESAT

o}
H

3) A71%4

g Fo FHEH dE #7I4HE AAY Astd F BA 550w 10%
o] Yol2-Fo]2 uFRoz FAHO = cartridge(AC-230-550, Asahi
Chemical Co. Shizuoka, Japan)7} #&" A 7]%F4 7] (MicroAcylizer-S3,
Asahi Chemical Co., Shizuoka, Japan)2 A7|FA4 & 3 H(Fig.l). d7]F4
o AgoA 9VE 1008 F HAFHeY, A=A HAL 3% NaSO.%
258 47 1LY AMESET 281 1008 % H7IFAHE SEAM 58
ot} ZEFHFA 5mE A pH, AERE, FAEE FSAHSHRT, 1080
e EES oY, AlgH] Had oE HIFMY FFE A
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HE 4294 pH meter(IQ-240, Dasol, Korea)& A}& 3}

=2
Lo
o]

Z2H5A 1, 7124 1EELS Abbed EHZEA(Nippon Optical Works Co.,
LTD. No. 501)& At&3te AP o™, °Brix® UYEHHAY. ZZ2 259
% 2= McAllister (1980)9] %o £t SAS AT F, Alg InE F
te /T2 108 3¥etn 1% dHszgyd fA4E Artoz 3o

ol

0.IN NaOHE&Ho 2 HAsld 4AuFE F3 F g2 Ao 3} citric
acid2 #tste] Ao

Titration volume(m)x0.1x0.0064x10x100
Sample volume(mt)

Total acidity(v/v,%) =

Gatdle 7H8d ¥ Fa HY ¥EE UEHAZ, A:e YA
(Model TC-1, Tokyo Denshoku Co. Ltd)E AF&3dte] L(B%), a(A=%E), b
(BHE)E ESAHFod, #dF FFL DNS(3,5-dinitrosalicylic acid)®
(Miller, 1959)2.2 o3 Zo] AUt ZAZ2FHFY s 3t
2 10w} AM3E 3, 2 F Il DNSAIYF IS A2 FHetn 2 HE %
B S &4 158 u&tA 3 tg 20TelA 15837 Wzstdo. 2ad

=2 A
arT

Bhg oo FFF 3mE Ho 4T F EFFEAModel UV-1201,
Shimadzu, Japan) 546nmolA FFTE A9, glucose EFEH HF

doll o) BUY P FHAL

pEagde] $29% AL Kang? Rhee(2002)9] Miol Z3he] thest



Zo] ZA3gd, FFHFAELE Millipore filter(0.45m=2 A F
Sep-Pak(Cig) 22 23l HPLC(Spectrasystem, Spectra-Physics Co.) =
AL Algz AP n, BFEAFZE fructose, glucose, sucrose(Sigma
Chemical Co., USA)E Z&Fdd 59 EFdoz 9t fyd 42

HPLCE At&3tg o, AL Table 13 2t}

Mo
oB.
\1

Table 1. HPLC conditions for analysis of free sugars

Column Carbohydrate analysis(4.6mm x 250mm)
Mobile phase 85% CH3CN(V/V)

Detector Shodex RI-71

Injection volume 108

Flow rate 1.0mé¢/min

Column temperature 20°C

ZFEHEHY f714 AFLS Kang¥ Rhee(2002)9) o Fatd o3
Zol ZHsddt. #EFAEAL  Millipore filter(0.45m)=2 A #F &
Sep-Pak(Cis) 2.2 A& dt] HPLC(Spectrasystem, Spectra-Physics Co.) +
AL Algz AL H1m, TFEZEE ascorbic acid®} citric acid(Sigma
Chemical Co., USA)E ZX&Fol 59 FFRo2 AR F7I1d 24

2 HPLCE Atg3sl3en, 9242 Table 29 2o}

_10_



Table 2. HPLC conditions for analysis of organic acid

Column

Mobile phase
Detector
Injection volume
Flow rate

Detected wavelength

p - Bondapack C1s(3.9mm x 300mm)
2% KH3PO4(pH2.5 with H3PO,)
Spectrasystem UV 1000

10ul

1.0m¢/min

214nm

7) ERxol= AP

ZgAFde ZER ol FFL Leed}t Kang(2004)9] Wiel &3t ot
&3 ol 2AH3}IY. #HZFAFYL Milipore filter(0.45m)= o 3+ F
HPLC (Spectrasystem, Spectra-Physics Co.) ¥U& AIE2 Al43Hxn, EF
E A 2 ¥ narirutin(Extra synthese, 02100910, France) % hesperidin, neohespe
ridin(Sigma Chemical Co., USA)2 dimethylsulfoxide:methanol(1:1)o] £33+
S0ug/mt FEZ st BENRo 2 ALLEHPT. EFRxOlE EHL FIIG A
Zoj el 2 7712He 2 28nmollA FA3U LT, o]F44L2 Table 39

e,

_11_



Table 3. Mobile phase conditions for analysis of flavonoid

Time(min)  Methanol =~ Water/Acetic acid(1000/5) Flow r‘ate
(m¢/min)

0 15 85 1.0

15 15 85 1.0

20 30 70 1.0

45 60 40 1.0

46 100 0 1.0

52 100 0 1.0

53 15 85 1.0

8) o]2 AF
(1) oj]gazvtEad 9o 2§ chloride, phosphate, sulfate 33

o] EXE 3] chloride(Shannon Co., Clare, Ireland), phosphate

(Shannon Co., Clare, Ireland), sulfate(Shannon Co., Clare, Ireland) & T F
of &3t 10u/L =2 3t FFA0E AE39Y A5 AEFFY

€ Millipore filter(0.45mm)2 <33t ¥ Sep-Pak(Cig) 22 A 2]stx 1004} 3

o

Aste] o] =2 ZutE Y (DX-100, Dionex Inc.) FUE AIEE Al43t4

o, #4272 Table 49 Zth

M

_12_



Table 4. Ion chromatograph conditions for analysis of chloride, phosphate

and sulfate

System DX-100

Analytical column Dionex IonPac AS144-mm(4x250mm)
Eluent 3.5mM NaxCOs + 1mM NaHCOs/2L
Detector Conductivity detector

Injection volume 1048

Flow rate 1.2mé/min

(2) 4R &FEFAN 2% sodium, potassium A F

ol EAML 9 sodium(Shannon Co. Clare, Ireland), potassium
(Shannon Co., Clare, Ireland)& Z&4o] £33t9 10/l T2 39 &
Fdoz AML3HT. AlEv ZEEFFAE Millipore filter(0.45m) 2 o 33
% Sep-Pak(Cip)22 stz Na'& 108, K'2 1008} slAsted dz&2
B2 A(AA-670]1, Shimadzu, Japan) FUE A58Z Al&s g ony F4
Z7-& Table 58 2.

_13_



Table 5. Atomic absorption spectrophotometer conditions for analysis of

sodium and potassium

Detector Photomultiplier graphite furnace automizer
Temperature range ambient to 2,600T

(Gas consumption 3.04/min. argon

Wavelength Na“(589.0nm), K*(766.5nm)

Lamp mode BGC-SR

9) Fatst 49

) F E9As A%

ZYds #FFE EMUgez 99 AHEHT 9lE Folin-Denis(AOAC,
1990) ¥ S o WY 2AHSYGY. 22 AEFAS Millipore filter(0.45um)
Z g3 & a2 AFA108 FAA) 1mll] 50% FolinAlF 1mlE 7Fstx 3

T ¥ 10% sodium carbonate 1m¢E Fo] E£83ti 30Tl A 1Az BMA A
02 700nmolM FZEE AU, (+)catechin EFER A HFdd 93
% Zeds &%¥& Fedh

Z22F A48 Millipore filter(0.45m2 o3 £ 2 oo g a
-picrylhydrazyl(DPPH)o| W3t Hz}F o202 A oJapde] 3
d"E A3 E ZoZ Kang 5(1996)9 W &3t SAHsAC Algn
of ztzte] ozl 4004t P 4x10°M  DPPH(n ethanol) 800gt,
0.1M-phosphate buffer(pH 6.5) 4mE 7}3 F vortex mixer2 10% 7+ &
st 10% BAF EFFEAE AHESt 52ommellA F2EE FAsoh

|
e
e
=
€]
3
‘i
m
9.
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AAFS(EDAS ABAS Brstx we Tol W@ oA Yohre
#E Aolg WEgR il

EDA(%) = "1-(A-C)/B]} x 100

Al cjztel B7hPe FRE
B 4l 27T FAE
NE Az AHe) FRE

(3) ol NG 2AFL

obAAE £AAELE Gray®t Dugan(1975)9] o=z o 2=
&g Millipore filter(0.45m)E A ¥ 71 A 1E 1mM-NaNO-»
£8 2mee] 7} ¥, 0.IN-HCI(pH1.2) ¥ 0.1M-citrate buffer(pH3.0, 6.0)%
A g3te] wbg 8o pHE 742t 12 30, 6022 XA FHE dhggd9
FHE 1I0mZE st of EF AL 37T, 1A ¥HE A7l F o] ukgdg
2z 1mbE FHEte 2% ZAEH 5ml, griess A 2F(30% ZAlo® zbzh 23

A
oxl
Ol

3 1% sulfanilic acid®t 1% naphthylamineg 1:1 B]€ 2 £33 Ho=z A}

€ Ad Ax) 04mE st 2 EFFT o5 A2eA 158% HAAR

T ORYYEAZ S5 S0nmeld EBEE ZHs] BEsE obRA

dg& AESATD 2T griess AGUN FHRFE
Hog

0.
A%, 7 cizee) olaNd 2AREL ABnAL Ut

N(%) = [1-(A-C)/B] x 100
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b £AE

ImM-NaNO; &lo] A28 H7lstel 107 WA Fof FA=
ImM-NaNO; #90l A& oAl 2R+8 ¥7tsted 12 WA 9 F24=
NE oAzt AR FBE

o w B Z

axasdes U A509 1092 Agsd 2FAEFYAT 1008 HA7)F

A AYd ZFAF A A, 3 o FEH 7IExE vustgen, 100w A

2EAEAL 12BrixZ A3 ¥ F 5% H=WoR 7154

_16_



m A3 2 2z
1. o|sist =

F8A7d t&5AEREAT v AF FEHFA o AYEWE
Table 6o UELRAT P52l 8 9, 108 AEAFAL Asgl =} pH,
NEHDEE 9T FHFol Fristgen, I #FFE pasAd BT
MEAREE FFol Frkstn  Fab ol FasdM B/ARe
2.35(Aug.22)ol 4 586(0ct20).2 o 258} F7tstAow, Mxe F&A7]7
520]2A5 2 L, a bt BF Vet AAHoz UE HAE He A2 u
Elywth olE Kang 5(2005)% Park %(1998)°] miszZEe SA4A7IE 4F
Hsto] thalM Bod A G pHE dASGRAAT A= 4t Felst
A et MEzh o7k AolstA YEbd A2 Park §(1998)°] =
S 4% 7z 28 £ AgdAe F39 A55E A AFAI

ool Jgoz AAHA Aert FA% Aoz YT ¥ FF P2

Tz QAR Gol @AY FEA 7|7 2]FF4E pH, 7HEAIYEE, B4
2 HaEol Frlstged, 4 §F S FaAUT P M1

Z7bstn 24 3ol ZadtAAM Z/ahHlE 7.04(0ct.30)o1 A 9.49(Nov.19) 2

2 110
Mo
2

t}. Han S(1970)& AFA 7F9 Fabule FFo g & Aol& 2o
22~1430] ol20}t3 stgon, dutHog Auz7 M3 & v FAkd
= 1250]4to] Fojok st Aoz dA UoH(Park, 1998). 2t & HF

N Aug227 Sepld Pl AL A IS EL T FIL Sobx
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O AAEE F2AE o &E7I7E @I, Oct209 ASolE FAeEol
1.45% 2 1%°)8t2 il 2uxt 7|axrt 433 g2 A2 YERO
v AE ZEE FAMIE 7.04(0ct.30), 7.50(Nov .05), 9.09 (Nov.13)
9.49(Nov.19)2 Bl d A o] g3, F FFL Yolrq I AARE F2
Z o] £377F oHE 3, Oct.30% Nov.05d3 A Sole FAF ol 1.25%=
1%0]88 Yt 2HA 7|EZERT 433 ¥& Aoz JeEwTh

|
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Fig. 2. Changes on total weight of citrus fruits for processing at

different heating temperatures.

FAEEE Fig. 33 2ol ¢ B3 Aoy dAHez Il ofs)
Zaste A48 2ot 224 b Aeole gioy sHE AA AT A
2 30TolM FAgEe] 157%AM 11%2 oF 30% Zasyi, TR
£ 157%01M 1.24%2 21% Zastdch 22y A2l Agke] 2741t Y 2
o2 Ab ko] 3 EolE AFE HIAEU, ol FEITLR UT
FEEY gEQ oz addd AN AF2Ed E W FFef W
e 227t 284 E 43 dastei(zs A, 1994), 7FaE BEY A
% of $3%7122 AvHe o @] ZAHETIT Hud = YT,
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Fig. 3. Changes on total acidities of citrus fruits for processing at
different heating temperatures.
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Fig. 4. Changes on soluble solid content of citrus fruits for processing

at different heating temperatures.
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Fig. 5. Changes on pH of citrus fruits for processing at different heating

temperatures.

dxelo] 9 ZFawle ¥Wste Fig. 63 2ol FAHLR Il o
dzt Frtete FAE BAth 22EEE 30TAN FAFZol dastn 7t
S4nYE ko] FbstAA A7 497914 7642 53.7%7 T 7Hsh

g Huy £xz ZAEUT,
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Fig. 6. Changes of soluble solid/total acidities ratio of citrus fruit by

heating treatment.
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B FEZEY B4E Hdd #HE AT EXHYE 7] HAMe 5 4
£

ol £R2LE AY FAP2E PAHor ¥ Aoz 4RAY

3. M54

10025t A7IF4sAEA pH, 7HEAAIEE, T4, dxk9

L SR U

L)
2
tlo

TER

a8
28 2% Hssl Ae AU #7 Fkste ZHE dEud

3T
=T =]

(Fig.7). Kang® Rhee(2002)= ¢%3 w599 FgMgadF2rt A
w

Aok A71FHE e FG FRFAY pHE viEd 3 W
p

ol

rE

7

A

oz

ols) pH7} 4259014 3802 ZASFEHT Bustg o
7154 ste ¢ U= 312(Aug.22), 3.51(Sep.19), 3.66(0ct.20)°l A
3.08(Aug.22), 361 (Sepl9), 3.71 (Oct20)E, H] 4F FHEL 3.3 (Oct.30),
3.65(Nov.05), 3.87(Nov. 13), 3.86 (Nov.19)ollA FA o] zlsHo| mat pH7}
3.78(0ct.30), 3.84(Nov.05), 4.07(Nov.13), 401 (Nov.19)& 93t F7tste tHE

2ES HERIAT
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Fig. 7. Changes on pH of citrus juices prepared with different

harvesting date during electrodialysis.

W7 B o o & FAte] W3lE Fig. 8o YetUAT vis#e FA FRFE
Aug.220] 3.15%°l A 2.37%%, Sep.19< 1.62%14 086%=2. Oct.20& 1.45%
AAX 074%2 H71FAel os) ztzh 24.8%, 469%, 49.0% ZHAstAH. F,
Aol @ H4E A7|FENo 9T #AEL HAon, Aug22 HisHIEHE
Aol HLolE= 1008 AZFAY Fox F4b o] 237%E e =A UE
U 7155 Edold 1% olstz "ojmE ] M E ol2uiéue WAE
gAY, ANEA ALE JdFEe ¥ 2eR AREY. v 4F BEL
Oct.300] 1.25%1 A 0.48% &, Nov.05& 1.24%°1 4 0.51%2, Nov.132 0.99%
oA A 037%2, Nov.19& 0.98%°lx 042%2 H7|FXd o3 Z2 61.6%,

—
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589%, 62.6%, 57.1% ZrAstal 50%°|4 gAte] 7t5d Ao ZAE A
a2U 1002 A/ EAS B AS 34 ol 05%015E FEaA A7
S0l 4 ware] w9 27] HEol 07~08%HES) A FFo] HEE Wi
M Azre ZAsE Aol WRY Aoz WUHD 1T BN FIe B2

= Kang® Rhee(2002)7} ¢&3 &9 gAEF2 F4 FF] A7NF
Mo o8] ZAasaon 2nd A FAF Aol

Total acid(%)

0 20 40 60 80 100
ED time(min)

—e—Aug22? —®—Sepl9 —A—O0ct20 —»—0ct30
—6— Nov 05 —O—Nov 13 —+—Nov .19

Fig. 8. Changes on total acidities of citrus juices prepared with

different harvesting date during electrodialysis.
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129% Zastgos, nsAd+-s AAYET 2 A2 vugd. ¥ 4F
222 Oct300] 8894 7322, Nov.05& 93914 822, Nov.13& 9.0 4
782, Nov.192 93clM 822 H7|FAd o3 ZZ 17.0%, 11.8%, 13.3%,
118% ZAastAnt o 22 74T ¥ E e Wate Kang® Rhee(2002)7h ¢
%3 FEode sMTEF2e JMEH4LFEE FFol A7IFA 23 1089
A 10022 74% FAFATT B ARG AL 5L FaE WIIFH
st T AAE ol AE AUYHE Aoz Yt of
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Fig. 9. Changes on soluble solid content of citrus juices prepared

with different harvesting date during electrodialysis.
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Table 72 ZF A &0 thstd 508 2 100% HZ/IFHE RS o T4y,
g, Mo wWaE ygd B2 vsdes 2AhH7E 235(Aug.22),
444(Sep .19), 586(0ct.20)ol A 100% A7IFMe) o  257(Aug.22),
7.09(Sep.19), 10.00 (Oct20)2 Z+z} 9.4%, 59.7%, 706% F7tstdoh. 2eju
1008 A7|F4 Folx Z4tu]7} 120148 dates AHA7IZE BHoe 43
3 Fatu)zl @7 e gaAFa g AR ojREvle ARAAT, =
A FAE T g FarRoT HRo| 7MY AR @G H AEFE
7@ e Fahu7h 7.04(0ct.30), 7.50 (Nov.05), 9.09 (Nov.13), 9.49(Nov.19)°ll A
1008 #A7)FEAo &) 1521 (Oct .30), 16.08(Nov.03), 21.08(Nov.13J,
1952(Nov.19)2 ZFAtu| 7k 2w} o] FrtstR e, A7 548 50& ol st
Ae 9 Fvhgol A A gyt oA gF M go] oid A
F22 887 dsiMe 1008 #A721FH ste A Boe 2 123 =
7t Hl3, AF gol 0.7~-08% A=V HEE FAANE Ede Aol AT
& ez Az 3UdT L v v A4F ZE EF F7IFAHA
o #astgoy & aeole fden, 4xx 7o HErt JUUTH Kang¥t
Rhee(2002)= 3N 7EFF29 FAH|7F "7 56 o 25¥ F7hstdz,

M= A9 ¥Wsrh gt 2k

o
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Table 7. Physicochemical properties of citrus juices treated for 50 and

100min by electrodialysis

Harvesting ED Sugar Reducing Color value
date (mr?r?) /acid” sugar(%) L a b
0 235 1.95%0.00 39.90+0.86 -6.87%0.10 15.47+0.59
Aug22 50 235 1.80£0.13 40.09+1.18 -6.91£0.05 15.42£1.00
100 257 1.80%0.12 40.1041.14 -6.98+0.05 15.43£0.84
| 0 444 2641033 39.2641.50 -5.35£0.06 19.89%1.01
Jl:;e Sep.19 50 508 2.36+0.09 40.30+0.76 -5.35£0.02 20.59%0.62
100 7.09 2.38£0.04 39.74%1.17 -557£0.06 20.00%0.75
0 586 2.86+0.15 44.17%0.95 -4.70£0.06 23.63%0.25
Oct.20 50 7.05 2.80%0.21 45.2041.24 -4.5140.11 24.73%0.52
100 10.00 2.66£0.29 44.50£0.98 -4.82+0.16 23.90+0.45
0 7.04 - 2.87£0.17 - 39.16+0.10 -3.84%0.11 21.84+0.21
0ct.30 50 8.78  2.69£0.11 39.68+0.31 -3.68+0.06 22.39+0.28
100 15.21 2.680.09 39.16£0.42 -3.86£0.05 21.85%0.41
0 750 2.91£0.18 41.57+0.52 -3.65£0.01 22.95+0.26
Nov.05 50 9.25 2.81+0.08 41.6840.75 -3.66£0.11 23.11%0.57
Juice 100 16.08 2.83+0.16 41.34+0.38 -3.83+0.11 22.69+0.21
B” 0 9.09 4.1240.15 41.3240.95 -3.76+0.36 22.82+0.96
Nov.13 50  11.55 3.58+0.04 40.92%0.94 -3.89+0.25 22.51%0.99
100 21.08 3.76£0.02 40.7240.82 -4.03+0.30 22.27+0.88
0 949 4.32+0.52 38.42+0.44 -2.87+0.46 21.58%0.75
Nov.19 50  11.62 3.9740.45 38.03+0.23 -2.7940.22 2151%0.08
100 19.52 3.880.17 37.9240.42 -2.83+0.16 21.41+0.09

" °Brix/Total acidity ratio

2 Juice obtained from premature citrus fruits

Y Juice obtained from citrus fruits for processing
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A7|EMe o8 FEFHFAY P, A7 B SR eol=e T
Z Table 8 YetTh vl H&gdd @t §2J2 3 ascorbic acid®
ge Zylslg o citric acid, S Exol= FHFL AAEFIC H AFH
FEA 77t FAXNEA BFHFAY citric acidE FF B
B9 489, ascorbic acid, TR o= UAHF AL HolA Futh
olg FZF AAAFol t=7] W
flavonoid 3+ &L Lee?t Kang(1997)c] T ZA S A% naringine H &5 7
9Fet3  hesperidin® 181mg%ztr B33 o™, Kim® Kang(2001)&
naringin®] 1.95mg%, hesperidin®] 18.84mg%zt 1 R nst@=dl, & A FelA
= hesperidin® 7S 13~28%, narirutin® 5~8d o BL o2 ZAHU
t}. 7+E flavonoids® 71542 g z7)aE FIESHE % FYzE
ol Rusm 9omz olg usz P 2y £ v FF FEFLY O
ge JlaRe BRI} 754 HelMes T 247 2 F dE Rolh
.

W, 25377 flavonoidE hesperidin® naringin®©]

rlr

o

"
}m
)
gV
i
£
e
Hr
i
N

}.

ol

(Rhvu <, 2002; Sohn® Kim, 1998; Park 5, 1998; Song %, 1998 Eun &,
1996)5 0] oy, HIoe 23279 flavonoid F/A4El narirutind
hesperidine] 2t B35 32 Ath(Kang 5, 2005 Satoru &, 1999).

AFazalel 1002 H7FAH An vgHeg v 4F FE EF FEUBE
ozt F gt 2 aole fied, f7IA FFe ATE FaA
39 §714 FAME o] 7bF BE citric acide P& 37H 3164(Aug

22), 1662(Sep.19), 1516(0ct.20)el A A7 T2l oJsf  2.241(Aug.22

o

A
ol

o
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0.811(Sep. 19), 0.68%0ct.20)2 100% A7) FAlol & zkzh 29.2%, 51.2%,
546% wAastged, ¥ AFFHE 1355 (Oct30), 1.334(Nov.03),
1.005(Nov.13), 0.907(Nov.19)elA 100% H7IFAe] 23] 0.425(0ct.30),
0.357(Nov.05), 0.286(Nov.13), 0.325(Nov.19)Z 100% A7|FAd ojaf 2z}
68.6%, 73.2%, 715%, 64.2% Zastgod, #7I1FAHE 50% oY i< o

Zagol ¥ 2 Ao et o= HA7FEAM 9 citric acid& AAE

M

o2M 0T ZadE 4L M Aoz AzEch T WA
go gaoE 4L vy fTol ¥ AEH AL FHNZLL

AL &eo] 07~08%A =7t =1, ascorbic acid®}t #Eld FFY FAE
A

Flavonoids® narirutin® hesperidin® %% <7k ZAsRAAT & zols
2o U2l neohesperidin® BT sl H7|FAo] o3 JIgE B
& 47 gtk Kang® Rhee(2002)& &3 &89 MFAEF2E A
71EA 3 A3} flavonoids 33FE 3 naringin® hesperidin¥t #Fo] % Ta
3t7)e AR & Aole AT BuAH.
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5. O|2&te

A7 E Aol 23t o2& T WEE Table 991 YEMAAT SHH ol24d
n)&3tet v AE ZE 2F K>POS >Cl >SOS >Na'&2o2 &5
of, K'&#o] tf& o] Hz] 953 B ole #FIHEoA
7N EE K:O>N >P0s>Ca0>MgO>SOse 2.2 fEo 93, K&
7b4 @b B3(Song %, 1998; Yang &, 1967)® A3 U s:=
Zolch, #EFaF A 1008 H7IFA 2 visae v 4F 2 25 K,
POS, SOS, Cl #o] gastgon, 1 FodAx K#go nisie
60%, v BF TEL 8% TAdd b Fo K9 A gol st v
4E BEEY 20%AH = AA dEREH, ofE mlsHd Fol FiEH
z

59 4ESo] AT PHTAZ GFL 7Y Ao

p .

Shid
of

2
4o X2
4

o

o

ih3

N
-

T K, PO, SO 2 5087 A7|EAE st o
Ze HIEA  oF) 038 2~3u M ZHrtstAed
ol HIEAL = Eot IR0 AL 3% NaS0:;9) Na'o] o] 7
71EN HAHAM =g T3 FUIEH FFS 9 ZoeE AZddg WIE
Aol oj3) oj 2 FEFo] FAITA HMINHELEE vl Aug2lo] 2004
1322, Sep.19e 16014 0622, 0ct.202 15014 012 A7EAd o)

—_

7+7b 350%, 62.5%, 93.3% #FAsAoH, AZEA x7|de MM Pad
b Alzkel Z#atw A w2 Fastgch(Fig. 10). 281 H&0 2 &
2 AERY Zago] Hu HAP gade Aoz ZAHJAG v A4F
FL Oct.30 o] 0994 012, Nov.052 1394 02%, Nov.13& 19914 0.2
2, Nov19€& 12014 012 Zastgdon, ul&3e sldrtxag A7 &Y =
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7lolle HHE) Fasditirt Alzte] ZzstHEA wEA FZAs. Kangt
Rhee(2002)E &3 5% NI F29 A7t 754l ofs) 23
oA 858 F 022 #Asgen, Na ¥ K o] AxErt Zg gol2o

o2 Axxrt Zagdn stged B dF7dMe K= &
£3) 72891, Na® 715t Ro2 ZAEJY. o) HIFRAHE e

gatol] i3k AthA F3&o] citric acid ©l&2 0.21~0.320] 12,
Na', K9 1% 1592t 53&=7 o =27 dgEd Aoz A=y
(Asahi, 1998).
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Table 9. Ion contents of citrus juices treated for 50 and 100min by

electrodialysis (ug/mé)
Harg:;tmg time  Sodium Potassium  Phosphate Sulfate Chloride
{min)

0 15.83x4.83 969.71+£15.93 172.29+15.01 42.26%6.58 77.82+23.69

Aug.22 50 34.31%0.52 638.64+61.36 132.13%26.64 25.56+0.21 98.07+0.028
100 41.18+2.04 384.80x9.00 121.26+30.31 32.56+17.74 66.72+49.77

0  7.44%£0.07 B867.01%£32.89 141.06+23.02 39.55+7.67 93.12+13.16

Sep.19 50 26.38+1.23 451.67%£29.74 108.82+4.66 1561+3.42 88.86+10.93
100 28.72+1.22 186.93%15.22 63.94%x0.43 16.36+1.88 91.68+7 .46

0 12.61+4.32 767.95+260.11 137.54+£7.11 50.49112.08 129.19+58.20

Oct.20 50 30.80%£7.93 481.48+56.96 116.13+12.09 21.35%+1.91 95.33%1:.86
100 33.49+3.40 182.47+31.81 74.55+13.74 11.65£0.30 81.47+1.96

0 11.06£0.18 932.57+34.68 169.22+15.82 65.97+0.04 103.90%1.83

Oct.30 50 40.26+7.38 454.82£39.41 103.10%£17.52 22.24+3.95 113.15%£19.20

100 28.61+4.00 148.88+9.96 51.53+1516 12.8012.12 107.24+43.07

0  9.9310.87 922.07+43.89 199.64+11.65 62.95+3.74 105.84+8.08

Nov.05 50 28.7410.66 460.56+2.74 108.2415.04 20.96%3.43 90.73x6.24
100 22.00£0.08 141.87x8.26 67.42£450 13.46x1.11 93.10x15.08

0 12.7710.49 1047.32+£33.59 206.08+0.32 68.26%+5.40 92.99+1 46

Nov.13 50 23.8112.83 566.21+149.67 157.80+11.32 26.6817.89 5540+51.69
100 20.89+1.75 155.04+68.03 77.65+8.70 15.70+0.07 90.59%21.45

0 13.1040.92 1008.89+24.31 220.93+18.91 69.65+6.40 111.20124.49

Nov.19 50 25.45%1.22 484.06+27.58 151.05+2.67 21.42+2.88 91.43x5.44
100 20.25+2.14 146.01+£18.92 91.75+5.45 17.58+46.58 106.8510.37
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Conductivity(ms/cm)

—e—Aug22 —®—Sepl9 —A—0ct20 —»—O0ct30
. —?—-Nov.OS —3—Nov .13 —f—quA.jg

Fig. 10. Changes on conductivities of citrus juices prepared with
different harvesting date during electrodialysis.
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dEol d 5 E HU|FEMA o3 avt AL Aoz vyEwed, ¥ 4F
ZHEE Oct.30°] 699.15ug/meoN A 52899ug/mE, Nov.05 655.82ug/miel A
541.97ug/mE, Nov.13& 52258ug/mtoll A 389.64ug/mtE, Nov.19<2 571.23ug/
mioll A 41836pg/mE Z+Z}y 24.3%, 17.4%, 25.4%, 26.8% ZAastd FEA 710
BAglel ZAago] A vHxIAH(Fig. 11). 4F HsHdFES HEES
ko] AHAZ TAI}AY FuAsAZ FHEds RAoE LA dod
(Kang %, 1996), Park 5(1998)2 w349 #3) A 5F A8 E5FEF o
9o % EZede §F2 FS5H FIs 1678 37.59%mg¥ At RIS AL,
Kang $(2005)& E¢xrt ZFdey F Eguls o] w1, 8~10¥ &
ZaAFAe F Zldls FFo] 7182~70Im%E A7I7F =
dotn Bustach 2 d¥eAMe vs3t % ¥ ¥F FE EF

£ &Fo]l Kang 5(2005)% fFrAFSIA AT Park (1998
ol4 ol A Uelded], ole FEY FFol thE ¥R oy F2

=
obd AFAL XD BAARR SR BEo] Aelst 47 Aoz BT

U

o H
i
4
o
o
b
_O‘ll
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Fig. 11. Changes on total polyphenol contents of citrus juices
prepared with different harvesting date by electrodialysis.

2) AR T ARG

2EaAEYe] AATAEL FEA 7 BE o7t Ao fiUx, 100%
A71EA 0 93] vl&T= Aug.22°] 61.64%0°lA4 54.71%E, Sep.192 55.64%
oA 4959%2, Oct.202 59.3%°l|A 5598% 2 ZA3dtAx, ¥ 4F AEL
Oct.300) 52.1%°01A 48.03%=2, Nov.05& 5751%°lA 5161%%, Nov.13Z
55.77%90 A 5592% &, Nov.192 59.15%°1 A 48.12%2 okt ZH A A 7|
s3toh vl AE FE ETF 50% A=Y AAT A7t e A2 YER
thFig. 12). AaAFo 242 84 fdZdd AAE Fostd HF F9 A
S AsE AAY B obel, AA WHellA FA4HZA 4T =3tE o
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A & ehH(Choi 2t Oh, 1985). Park (1998)2 wl& o) zajeh 5o Hztg o
E3E 478%% 641%2 FFol FHRY FUT, Kang 5(20052 #F=Z 3
FHol HAFARIHTE 556-616%HATt Eustden, & H4¥9 As
oMz e ¥ 4F ZE EF ol fAE ZHE YEAT

Concentrate(%)

30
2
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0
Aug.22 Sep.19 Oct.20 Oct. 30 Nov.05 Nov.13 Nov.19
Harvesting date
B Original juice DED100min juice

Fig. 12. Changes on electron donating abilities of citrus juices

prepared with different harvesting date by electrodialysis.
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Fig. 139 Yttt o2 d 2AfHRE w3 & 8 4F 248 BF &
g7l wE atol7k A9 QUAL, pHEZE pH 12214 712 =4 100%

7} 9tk Park $(1998)2 otdAddE 2 g UERARE AAs==2 of
Adde aRHoz AAstd EALTE 2FH4E 2D 7 A& Aol

T st en, pH 12, 30, 6.0 3 pH 12014 otdAE 2A&ZAZ 713 20
o 231389 Kang 5(2005)2 8~10¥ ZE&F
488~525% At Bustgon B Ao dAF FFAAE ol FAg
2732 Yehdoh A A3 e opddd 2AFEo] 1008 7
EA Fo® AA G e Aoz B o IdAEHst g1 Al
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Table 10. Nitrite scavenging abilities of citrus juices at different pH

Harvesting pH
date pH1.2 pH3.0 pH6.0
Aug.22 52.48 34.54 7.78
Sep.19 48.76 28.18 8.05
Oct.20 51.12 31.34 0
0ct.30 44.07 30.17 6.78
Nov.05 53.61 36.02 0
Nov.13 49.96 31.74 0
Nov.19 44 .45 26.97 0
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Fig. 13. Changes on nitrite scavenging abilities of citrus juices
prepared with different harvesting date by electrodialysis
at pH 1.2.
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Table 12& 1008 A7|FAF v&#AZAFAE 7HAT 12°Brix® 7t22
g F 5% HEYPOR 71EAHS AT AR, A5 wE A3 Fe 7]
F5= Z7tatgnh B3 F¢E 71EEClXE Sepld viSHEHAET A T

B 2o oz ZAHAUT Aug22 RIS EAFY L HIFH st @
st ol 2o 714 ol Aste] YR st v1EAde] € Aow
zAE AT wEd 7154 Eol7l AsiME AIIEA AEE 1008 oY
o2 dAY olemAe) WHG A7 o 4 FFE o Fojor ¥ Ao
M7k Oct20 P SHELFAE 23] A Fako] HojAM ozt SISlE st
S UetdAn 55 P480z g8AY tEE o @99 VEds %
g 3+ AE zez AZ"Ed § 9, 108 F FERHNI=T M F2

R
Sep.19 P& EAFTAL AdstEA 438 %L dehdol F2 1 AA=

5 280 sbsd Aoz BudH, 1S BoE V15NE Y F g

Table 11. Sensory evaluation of original citrus juice and juice prepared

by electrodialysis for 100min

Overall
Sample Flavor Color Taste o
acceptabihty
Original juice + - - -
ED 100 juice - + + +
Hedonic scale (+: good, -: bad)
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Table 12. Sensory evaluation of premature citrus juices adjusted to

12°Brix with sugar after electrodialysis for 100min

Parameters Aug.22 Sep.19 Oct.20
Flavor 2.0 3.0 3.5
Color 2.0 3.0 4.0
Taste 1.5 4.0 3.0
Overall acceptability 2.0 4.0 3.5

Hedonic scale (1: very bad, 2: bad, 3: moderate, 4: good, 5 very good)
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