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Summary

The high acid juices obtained from C. natsudaidai, C. grandis, and C.
unshiu were electrodialyzed with different membrane cartridges(bipolar and
organic acid selective membranes) and electrolytes(K2SOs and Na:SO,). There
showed a tendency of the pH increase 10.9-25.2% when the samples were
treated with electrodialysis using bipolar membranes while the result levels
remained consistent when organic acid selective membranes were applied. The
total acidity level decreased by 44.3-57.2% after electrodialysis for 100
minutes with the use of bipolar membranes and more than 15% with organic
acid selective membranes. The conductivity rose by 9.7-27.9% with bipolar
membranes while its value continued to fall rapidly from 3.2 to 09 with
organic acid selective membranes when the samples were put through the
electrodialysis for 100 minutes. The contents of free sugar and flavonoid
remained without any significant differences before and after the
electrodialysis. However, the organic acid levels in the samples were
significantly down, raising the ratio of sugar to acidity by 1.4-2.0 times. The
level of sodium ion content in the treated juice with electrodialysis remained
almost unchanged when K>SO, was used as electrolyte, while there were
increases by 3.4-7.7 times when NaSOs used. There showed insignificant
level of decreases in cation and anion contents of the electrodialyzed samples
with bipolar membranes. Although antioxidative activities were somewhat
lowered, the electrodialyzate of the C grandis juice showed the highest
antioxidative activities in all of the experiments. The use of bipolar
membranes gave better sensory quality juice than that of organic acid

selective membranes.
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cartridge™= bipolar "HBP-1E, NEOSEPTA, ASTOM Corp., Tokyo, Japan)¥}
&o]2 "HAMX, NEOSEPTA, ASTOM Corp., Tokyo, Japan)& A= )3}
of 714 &4 9 cartridgest 22 W& WA o w AYPMolA AZ ko] A}
g3tsieh 9 cartridge ¥ o] &5 Fig. 13 2tk A7|FAS F 7hA
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< B-A-BY type cartridge >

S A C” type cartridge >

Fig. 1. Process flow sheet and cartridge stack of the electrodialyzer.
B : bipolar membrane, A : anion and anion exchange membrane, C @ cation
and cation exchange membrane, S : sample juice, W : waste liquid, E
electrolyte

1)Bipolar membrane cartridge

2 . . . .
“)Orgamc acid selective membrane cartridge
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3tk e ZF5AS millipore filter(0.45 )2 o] 33 & Sep-Pak(Cig) 2.2 *
o]

—l

HPLC(Spectrasystem, Spectra-Physics Co.) F9& A BE A}83F a1,
¥ w22 = fructose, glucose, sucrose(Sigma Chemical Co., USA)E Z ol
o ez Frh. FEld #A42 HPLCE A&ssiern, &9z
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Table 1. HPLC conditions for analysis of free sugars

Parameters Conditions

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

Detector Shodex RI-71

Injection volume 10wl

Flow rate 1.0 mé/min.

Column temperature 20C

g ZAFde {714 A Kang 51008 Wl Fato] th&3 o] &4

O

sttt 7= ZEF AL millipore filter(0.45 mm) &2 o] ¥3F & Sep-Pak(Cig) 22 A

o] HPLC(Spectrasystem, Spectra—Physics Co.) FYU& A|E&E AFE3F 1,
¥+E22+= oxalic acid, malic acid, ascorbic acid, citric acid, succinic
acid(Sigma Chemical Co., USA)E ZTFd = ZFdoz A&t 771

A BALS HPLCE AME3tgon, £9%7L Table 29 2t}

Table 2. HPLC conditions for analysis of organic acid

Parameters Conditions

Column 1 - Bondapack C13(3.9mm x 300mm)
Mobile phase 2% KHoPO.(pH2.5 with H3PO,)
Detector Spectrasystem UV 1000

Injection volume 10 1

Flow rate 1.0 m¢/min.

Detected wavelength 214 nm




g FEde Zelricols AL Lee (1592 WHlol F3to] by o)
=As A9t #AE FEHXS millipore filter(0.45 )= o] 73 3 HPLC(Spectra
system, Spectra-Physics Co.) THE& AlEZ AMEsRNL, ZTEIEE
narirutin(Extra synthese, 02100910, Japan), naringin, hesperidin, neohesperidin,
diosmin, qurecitrin(Sigma Chemical Co., USA)<S dimethylsulfoxide : methanol
(1:1)ell &3liste] AFEatATh 54 342 285 nmolH, o] &4 Table 3o 4
B A ot

Table 3. Mobile phase conditions for analysis of flavonoid

Time(min.) Methanol  Water/Acetic acid(1000/5) b fate
(m¢/min.)

0 il 3) 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

7) ol AF

(1) o]a=2utEadg | 93 chloride, phosphate, sulfate 3 %

Sol2 #4& 93] chloride, phosphate 123l sulfate ¥ =% Z (Shannon Co.,
Clare, Ireland)E Z <ol £33t 10 w/L =& sl FFHo R ALE3
o A 5E 7E ZEHS millipore filter(0.45 m)&E o33 & Sep-Pak(Cig) & &
Agsta 1008 3Aste] o] &a 2w E 17 ¥ (DX-100, Dionex Inc) T4 Al

22 AMEEd o, $4x21E Table 49 2th



(2) QAEFFEFAN 293 sodium, potassium B F

ol XS 93] sodium¥} potassium FFEZ(Shannon Co., Clare,

£ ¢
=2
M

Ireland) S Zw=Fl &3liste] 10 w/L $=2 3

=

ooz ALgetgith A

N

-5 millipore filter(0.45 m)= o] 33+ &
3 Na'& 104, K& 1008 34 &t QAF3E33%=A(AA-6701, Shimadzu,

Japan) FYE& A B2 AFEFF o, BEAFAL Table 59 2t}

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

Parameters Conditions

System DX-100

Analytical column Dionex IonPac AS144- mm(4x250 mm)
Eluent 3.5 mM Na,CO3 + 1 mM NaHCOs / 2 L
Detector Conductivity detector

Injection volume 10

Flow rate 1.2 m¢/min.

Table 5. Atomic absorption spectrophotometer conditions for analysis of
sodium and potassium

Parameters Conditions

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

Gas consumption 3.0 ¢/min. argon

Wavelength Na"(589.0 nm), K'(766.5 nm)

Lamp mode BGC-SR

_10_



8) T3 49

T Egdl=s AF
T ZYdE g9 AW eR Jdy A5 i 9le Folin-Denis®H (16)&
o Wydste] FASA Y. FE ZFAF A S millipore filter(0.45 m)= o] 33 &

I o310 3AA) 1 mlel 50% FolinAlek 1 mE 713tz 38 & 10%
sodium carbonate 1 mE Yo] 33t 30TCAA 1A17F WA 7] tF8 700 nm

A FFEE A3, (+)catechin EF8 HAHEFAo o&] = ZgdE 3

(2) ARE A 2-E

AT A28 7bd ZZHS millipore filter(0.45 mm) &2 o] 33+ 3 1 of 3} oH
9] qa, a-diphenyl-B-picrylhydrazyl(DPPH)ol| th3dl o] yleho] 3l S =A==
Ao % Kang (178 Wl Fste] AU Al el zbzte] o 3oy
400 pb ol 4x10* M DPPH(in ethanol) 800 x£<} 0.1 M phosphate buffer(pH
6.5) 4 mE 7} F vortex mixerZ 1023+ F&sta 108 WX & £33 =A
£ AHEste] 525 nmolA FAEE SAsAH. AAE S (EDA)S oAFfdS A
7VelA ke Fo| thst oJFH HUbpe] FAL Ao)lE MBS ey

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

Aol W7o FHE

B : ojael £sbye] FHE
AR ool AAe FHE

(3) otAME =AZE
of AL AAAEL Gray®t Dugand WHAR)o = =AH3 AT, & #FHFA

< millipore filter(0.45 )= o3 & 1 of #to 1 meoll 1 mM NaNO, &< 2
meol 743k 3 0.1 N HCl(pH 1.2)3 0.1 M citrate buffer(pH 3.0, 6.0 A}-&3}

of h&-&de] pHE ZH7F 1.2, 30, 6,022 x=Hsta HF wHg& A9 FI& 10
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Table 6. Physicochemical properties of citrus juice

secies I °Brix Total Sugar Reducing Color value
D b acidity(%) /acid”  sugar(%) L a b
C. natsudaidai  3.0120.0° 10.9+0.08 1.93+0.02 565  4.67+0.21 fggg ;(5)'(1); ig'g
C grandis  2.87+0.03 9.7+0.12 254+0.12 382  4.61+0.26 ﬂ'f’)i ;g'gi fg'g
C unshiv®  298+0.02 75+027 162+003 463  4.02+0.20 fi'if’) +261267 z;ig

DeBrix/Total acidity ratio
PValues are means = S.D. (n=3)

YPremature citrus juices (In October reaping)

_14_
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Fig. 3. Changes on total acidity during electrodialysis. B-A-B type

bipolar membrane cartridge, C-A-C type :
cartridge
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Fig. 4. Changes on °Brix during electrodialysis. B-A-B type : bipolar
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Conductivity (ms/cm)
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Fig. 5. Changes on conductivity during electrodialysis. B-A-B type
bipolar membrane cartridge, C-A-C type : organic acid selective membrane
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Table 7. Physicochemical properties of citrus juices treated for 50 and
100min. by electrodialysis

Color value

i Fhme Sw e

: L a b
0 559 462£026” 34711026  -505:002  10.810.01
(B?A7%€§,U?<ii§dgi 5 50 7.20 4524017 3427:007  -501x004  10.77£0.17
100 11.39 434+005  3308+0.16  -488:0.04  9.78+0.05
0 5.71 A75:011  3401:087  -509:023  10.70+0.53
(BfA7‘éfS§di§dgi ’) 50 735 457+017  3300+103  -486+019  9.87+1.00
100 10.60 437:031  3384+004  -514x014  10.74%0.18
0 3.80 458£029  4227+053  -567+0.04  21.05+0.23
(B—i—g a’g’;m ) 50 443 432023 4213061  -562:005  20.82:0.41
100 5.28 431£0.17 4187072  -562+001  20.66+0.59
0 385 463023 4037029  -572:002  19.37+0.22
(B—i—g,r agj’; & 50 448 434005  4043:0.14  -559+0.04  19.54%1.30
100 520 449+025 40258045 -567+002  19.49+0.78
0 457 397+021 5443558  210:035  20.87+4.09
(B—i—ﬁs}ﬁgm | 50 5.93 406+002  5754+248  194:020  2051+3.74
100 9.21 393+036  5722¢1.05 220014  23.12+0.72
0 A72 A06+017 5262244 223009  21.74%252
(Bff;];”f\gi‘s . 50 6.49 408016 5177+556 303080  19.68+2.34
100 9.92 406£009 5363570  203:083  21.07+1.36
0 563 469035 3317071  -556£007  10.99+0.38
( Cf' A’f"éﬁ{’df{’i‘é‘& ) 50 7.82 437+043  3302¢1.02  -566+007  1049+0.35
100 1578 4412007 3342+049  -572+001  1064+0.27

DeBrix/Total acidity ratio

?Bipolar membrane cartridge

YK2S0y electrolyte

YNazS0;4 electrolyte

Premature citrus juices (In October reaping)
9Organic acid selective membrane cartridge

PValues are means + S.D. (n=3)
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F7F % sucrose, fructose, glucose =02 =k
ow AA 8% F sucrose’t BE A FZoA oF 446-479% % 7} =o I
S HYoh o] Aye sz, @A 729 §8d FES sucrose, fructose,
TOo 2 =rha Bidk Song(6)e] AP dAst= A3E HIT Kim
S(25)8 7 F2o FEl9 S sucrose 2.92%, glucose 1.47%, fructose
=vty BHausta Qar, FHAR F29 FaYd FEHLS sucrose

3.97%, fructose 1.63%, glucose 1.55%¢] o= Evhil HIEL oM,
ARl Advkal FedH 2 AR
glucose, fructose®] 3H&F zpol7F Aol ik A7 FA A] AFE-F o1 KoSO4.2%
Na;SOs 7+ A= w2 Zol= {13, bipolar 9@ f-7]4F A8l dhe

cartridge® Q1%+ Z}o]l %= Gl T}

(

glucose, fructose®] =lol:= 23 o

_23_



Table 8. Free sugar contents of citrus juices treated for 50 and 100min.
by electrodialysis

(%)
section ED t ime Fructose Glucose Sucrose Total
(min.)

0 1.53+0.06” 1.40+0.04 2.69+0.01 5.62+0.04

(B?A?aBtf?’”f{‘Z’ggi N 1.48+0.02 1.38+0.01 2.70+0.05 5.56+0.02
100 1.45:0.02 1.34:0.02 2.71+0,00 5.500.02

0 1.55+0.00 1.46+0.02 2,69+0.03 5.70+0.02

(B?Agt,sﬁdi?g)if”) 50 151+0.08 1.40+0.06 2.69+0.05 5.61+0.06
100 151+0.07 1.42:0.04 2.70+0.03 5.63+0.05

0 152+0.03 1.38+0.01 2.3320.01 5.22+0.02

(Bfii‘”’z@w 50 1.54+0,03 1.38+0.06 2.35+0.06 5.27+0.05
100 151003 1.35+0.04 2.32+0.02 5.18+0.03

0 157+0.05 1.34:0.05 2.28+0.05 5.20+0.05

(Bjéf “;Z’SS Do it 1.55+0.02 1.32:0.00 2.29+0.05 5.16+0.03
100 1.55+0.01 1.36+0.00 2.26+0.06 5.18+0.03

0 1500.04 1.31:0.03 2.28+0.03 5.10+0.03

(Bfif]‘;““%:o@ 50 1.49+0.07 1.29+0.08 2.28+0.04 5.06+0.06
100 1.44+0.06 1.23+0.06 2.25+0.01 4.93+0.04

0 1524001 1.31£0.02 2.28+0.03 5.110.02

(B fﬁé’”ﬁl;”g oy 151+0.03 1.31+0.03 2.29+0.06 5.11+0.04
100 1.47+0.01 1.26+0.01 2.29+0,04 5.02+0.02

0 1.58+0.02 1.39+0.05 2.6520.01 5.63+0.03

( C(f A’faéﬁf’dﬁi‘éa&) 50 1.63:0.05 1.46+0.08 2,63+0.02 5.72+0.05
100 1.59:0.01 1.40+0.03 2.68+0.01 5.68+0.02

1)Bipolar membrane cartridge

YK,S04 electrolyte

INaxS O, electrolyte

YPremature citrus juices (In October reaping)
“Organic acid selective membrane cartridge

Values are means + S.D. (n=3)
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Alg & F714Fe 2= oxalic acid, malic acid, ascorbic acid, citric acid,
succinic acid’} A&H M, citric acid?7} L F oF 97-75% = hH-ES 2 &}

AH(Table 9). Kim 5(25)& 34zt 2 Al59 4§ citric acid7} 2.41%,

o

malic acid= 0.12%, T-+%}2] citric acid= 2.66%, malic acid’} 0.16%2}3L
Hu3sla, Koh 5(26) 327 Al59 4§ citric acid 1.47%, malic acid
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H &2 7439 2 oxalic acid®} succinic acid®] 2% W3t7F iAWY okzr 7+
= AFgS BAh {1 A wtez 1008 A7IFAS 3 sEE Als
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Table 9. Organic acid contents of citrus juices treated for 50 and
100min. by electrodialysis

(%)
. . Oxalic Malic Ascorbic Citric Succinic
section time . . . . . Total
. acid acid acid acid acid
(min.)
0 0.015+0.00” 0.100+0.01 0.028+0.00  2689+0.21 0175001  2.89240.07
C. natsudaidai 50 0016+000  0.088:001  0025:0.00 1938011 0170000 2.133+0.04

(B-A-BY, K:S0,%)
100 0015000 0073000 0020000 1247020  0.168:000 1.434+0.07

0 0016£0.00  0.103£000 0026000  2690+024  0170£001 2.886+0.08

C. natsudaidai

(B-A-B, NasSO.”) 50 0015+000  0.085+000  0023+0.00  1.958+0.21 0.156+0.01  2.138+0.07

100 0.014+000  0.082+0.01 0.02240.00 1401010  0.165+001 1.589+0.04

0 0017000 01013001  0030:0.00  32%4+016  0.055:001 3.3390.06
C. grandis 50 0016£000 0089000  0026:0.00 27344037 0057002 2.81740.13

(B-A-B, KxS04)
100 0.016+0.00 0.081+0.01 0.024+0.00 2.302+0.57 0.052+001 2.37840.19

0 0.016£0.00  0.089£000  0037+0.00  3363x0.09  0.035£000 3.455+0.03

C. grandis

(B-A-B, Na,SO,) 50 0.016£0.00  0.081£0.00  0032+0.00  2807+0.07  0.051£000 2.889+0.02

100 0016000  0.066+0.01 0.025£0.00 24501002  0.048+0.01 2.523+0.01

0 0.012£0.00  0.165£000  0019:0.00  2.027£003  0.624£003 2.669+0.02

. 1)
C. unshiu

(B-A-B, K:SOy) 50 0011000  0.138+0.01 0.016£0.00  1.506£005  0.604:+0.03 2.126+0.03

100 0010000 0.097+0.01 0.015£0.00 0948008  0.590+0.03 1.553+0.04

0 0011000  0.164+0.01 0.023£0.00  2.050+008 0671003 2.744+0.04

C. unshiu

(B-A-B. Na,SO,) 50 0.011+0.00 0.135+0.01 0.019+0.00 1.446+0.02 0.634+004 2.09940.02
, Nazs0q4

100 0.010£0.00  0.099t000  0.016+0.00  0962£008 0594001 1.571+0.03

0 0015:000 01095000  0025:0.00 26974018 0153000 2.87240.06
C. natsudaidai 50 0013+000 00812000  0019+0.00 1628006  0.142+000 1.789+0.02

(C-A-C”, KsS04)
100 0012:000  0.052+000 0013000 0806002  0.143+0.00 0.962+0.01

1)Bipolar membrane cartridge

YK,S04 electrolyte

INaxS O, electrolyte

YPremature citrus juices (In October reaping)
“Organic acid selective membrane cartridge

Values are means + S.D. (n=3)
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100% A7) F4& sk 59t flavonoids & W3l Table 1001 # &3St
st FA A FA0AE narirutin 3877 wg/ml, naringin 522.96 pug/ml,
neohesperidin 159.07 pg/ml, diosmin 71.38 pg/mleo] AZE HJow, FHa F2
+ narirutin 52.72 pg/ml, naringin 514.75 pg/ml, neohesperidin 376.70 pg/mé,
diosmin 160.91 wg/ml, qurecitrin 7.51 pg/ml7F AEH AL, Z715d=FE 79
74§ narirutin  88.25 pg/ml, hesperidin 185.78 pg/m¢, diosmin 8.38 ug/ml,
qurecitrin 12.92 pg/mle] AZ=H A}, A FH-A ol A naringin $F=o] 7FF
, 271Ul 4¢ hesperidin® o] 7FF :9kow diosmin
e Aol @ BE FAA AN AT 7P =30 Lee (B2 23

Al &9 A naringin, neohesperidin, qurecitrin®] T2 flavonoidszZ}i H 313} S

Aol A4 = naringin, neohesperidin®] A& thal B 313k k. Rhyu
2 108 ¢ 75 F ZEiste] s2d=xT

FA Al=29 49 naringin
2.91%, hesperidin®] 0.15%, neohesperidin®] 1.82% 3oF-f% Attar s1$)aL, Satoru
SM)e A7 A8 79 naringin, neohesperidin, narirutin 22} 1l rhoifolin
< T8 flavonoid= X139t Ko )2 10¥ &gt 25U F2d
H flavonoid¥= % hesperidin®} narirutin®] .3l neohesperidin®] A

of vtn ®uEgn. & AIolM = staz, At AlEolA hesperidine]l #

= HAx &, Z7|FeFE o= neohesperidin A& A &okEd, 7]
A

Hug =3ddds &% AFo] FIAY HEHA €+ Aoz Huxa glon
(2, 4, 5, 8), o]+ 7= &xo wel flavonoidse A F} $heFo] Eelx| a1 v g
e B AdAd AP FE Aol oste] HE o R AA H o]
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Table 10. Flavonoids contents of citrus juices treated for 50 and

100min. by electrodialysis

(ug/me)
ED
section time Narirutin Naringin ~ Hesperidin  Neohesperidin Diosmin Qurecitrin
(min.)
0 3877158 52296392 ND.” 150.0747.24  71.38+4.84 ND.
<B§A7§f”f§i§8i 2y 50 3774217 49R50£12.96 ND. 163852562 66014233 ND.
100 32204121 48298391 ND. 150361493  67.830.4 ND.
0 37884124 558013824 ND. 16486330 8130474 ND.
(BfA7‘éfSL§d;§i:;i,g)) 50 358136 523012733 ND. 148341087 7584455 ND.
100 3561075 534.09£0.29 ND. 47842008 7771056 ND.
0 52724724 5147542719 ND.  37670:2373 160911197 751080
(B—i—g a'Z?on 50 4973479 495094802 ND. 360.70:886  151.27+1052  698:041
100 47914177 49459:4.68 ND. 32976563 152012400 7.34:020
0 50.83+465  506.32+37.45 ND. 362001541  14985%342 834005
(B—i—g agji;o,n 50 5272428 513.17+158 ND.  35357:2386 14022308 844009
100 525654319 49487756 ND. 3633752 13387:026  7.95:0.16
0 83254303 ND. 18578+20.04 ND.  838:1.06 1292+167
(B—i—ﬁs}ﬁz:on 50 76.28+1.64 ND. 169.80+12.83 ND.  681:131 1171£157
100 72414274 ND. 165.18+1584 ND.  638:029 1086t175
0 9084129 ND. 19327+12.17 ND.  753:030 1361:023
(Bff;];”f\gi‘sw 50 R.96+853 ND. 197441066 ND.  826:011 1390+1.06
100 90524618 ND. 20094:149% ND. 8241033 1364:0.19
0 36904256 51483767 ND. 15458t903  6872+354 ND.
( CC; A’f"éﬁf’d}‘g‘é"&) 50 37384189 51807+4.16 ND. 154231602 7181734 ND.
100 36631214 506254187 ND. 152511449 6870353 ND.

1)Bipolar membrane cartridge

K280y electrolyte
INazS04 electrolyte

YPremature citrus juices(In October reaping)

5) . . . .
Organic acid selective membrane cartridge

Values are means + S.D. (n=3)

"Not Detected
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Table 11. Ion contents of citrus juices treated for 50 and 100min. by

electrodialysis
(pg/mt)
ED
section time Sodium Potassium Phosphate Sulfate Chloride
(min.)
0 19.43:097°  1191.20+6.93 161502318 52.88+11.02  100.83+6.99
(B?A7GB€?,U?<CZ§JSZZ>> 50 2385323 1283416815 161.37£1037  46.03t7.22  8348+1.90
100 2393267  1056.70:26.48 133.16:2308  5268+211 7170281
0 1971:098  1129.05:98.52 161.47£30.19 555841082  9833+1.94
(BfA7‘éfS§d;§dgi:g)) 50 57.27+1.16  1080.22:2897 177681951 59961528 7250142
100 67.87+1.18 956932095 14585¢2507  5859+242  72.60+6.12
0 11.95:001  115958+4245 2174303092  71.38+1403 123584671
(B—i—%ﬁa’zgoo 50 1258039 1260.28+1589  215439+4639  7054:11.97  99.80+1.17
100 1436206 1232799821  2246.20:9047  7898+10.07  8530:9.87
0 975079  107827+5210 2236316860  69.94:1001  13355:9.98
(Bi;gmgji;% 50 3473:612  99875:3380  2379.76x11051 73511324  107.42+3.33
100 6012536 991985273  208120£3580  7448:511  96.12+1.50
0 11.65¢1.03  929.13:48.36 55724:8581  27.29+0.75  5359:2.30
(Bfigyﬁfg@” 50 14044253 907.94:14.25 486561694 28584025 41724447
100 14714306 919.62+38.79 307.74:1410  2989+157 4473811
0 9.40+1.04 952.26+5.84 51414:5431 2755049  5898+1.90
(Bff;];”ﬁfsoq) 50 5183506  913.63+24.22 351.76:1816  3043:4.10  5457:11.12
100 7228113 894.24:33.18 30530:27.07 32204674  47A7:026
0 15594100  1144.86:4587 164.14£320  60.37+11.48 10573535
(CC; A’f"éﬁf’d}‘{’i‘é‘(’;) 50 1665080 526.79+34.42 9781247  4845:6.08  79.13:13.04
100 1834:082  102.26:1655 6356206  4495:205  7373:198

1)Bipolar membrane cartridge

YK,S04 electrolyte

INaxS O, electrolyte

YPremature citrus juices(In October reaping)
“Organic acid selective membrane cartridge

Values are means + S.D. (n=3)
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Section
I : C. natsudaidai (B-A-B type, K:SO,) I : C. natsudaidai (B-A-B type, NasSOy)
I : C. grandis (B-A-B type, KoSO,) IV : C. grandis (B-A-B type, Na2SO04)
V @ C. unshiu (B-A-B type, KySO,) VI : C. unshiu (B-A-B type, NasSO,)
VI : C. natsudaidai (C-A-C type, K2SOy)

Fig. 6. Total polyphenol contents of citrus juices by electrodialysis.
B-A-B type : bipolar membrane cartridge, C-A-C type : organic acid
selective membrane cartridge
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V : C. unshiu (B-A-B type, KsSO,) VI : C. unshiu (B-A-B type, NasSO,)
VI : C. natsudaidai (C-A-C type, K2SOy)

Fig. 7. Electron donating abilities of citrus juices by electrodialysis.
B-A-B type : bipolar membrane cartridge, C-A-C type : organic acid
selective membrane cartridge
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Table 12. Nitrite

scavenging abilities of citrus juices at different pH

(%)
section ED Fime pH
(min.) 12 30 6.0

C natsudaidai 0 72.0626.05° 39.90+0.14 24.09+1.00
(B-A-B", K;50”) 100 62.21+4.39 33.88+1.41 14.03+4.21
C natsudaidai 0 57.21+9.55 40.53+2.09 21.52+6.99
(B-A-B, NaxSO:”) 100 61.95+4.53 35.86+1.83 13.88+4.23
C grandis 0 81.89+0.38 48.56+0.96 23.82+2.38
(B-A-B, K:504) 100 78.74+151 42.83+0.43 17.39+7.93
C grandis 0 78.51+1.87 46.90+0.21 97.40+1.01
(B-A-B, Na:SO.) 100 74174024 43114034 21.36+1.10
C unshii 0 45.81+0.91 28.91+2.89 21.72+0.90
(B-A-B, K;50) 100 40.92+3.11 25.10+0.97 11.13+1.93
C unshiu 0 48.20+2.00 30.87+1.73 20.39+0.45
(B-A-B, Na:S04) 100 44.28+0.33 24.24+1.83 10.81+1.66
C natsudaidai 0 73.24%5.11 38.75+1.16 25.70+0.84
(C-A-C”, K:S0) 100 63.29+5.80 32714154 16.98+3.41

1)Bipolar membrane cartridge

K280y electrolyte

"Na:SO; electrolyte

YPremature citrus juices(In October reaping)

5) . . . i
Organic acid selective membrane cartridge

Values are means = S.D. (n=3)
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80 k B ED 100min. juice
S
T 60
o
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< 40
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20
0
[ 11 |V V Vi VIl
Section
I : C. natsudaidai (B-A-B type, K:SOy) I : C. natsudaidai (B-A-B type, NasSOy)
0 : C. grandis (B-A-B type, K2SO.,) IV : C. grandis (B-A-B type, Na2SO4)
V : C. unshiu (B-A-B type, KsSO,) VI : C. unshiu (B-A-B type, NasSO,)
VI : C. natsudaidai (C-A-C type, K2SOy)

Fig. 8. Nitrite scavenging abilities of citrus juices by electrodialysis.
B-A-B type : bipolar membrane cartridge, C-A-C type : organic acid

selective membrane cartridge

_37_



TH
Jo
)

7]

LN

)=

23} 100

]

-
fins

Table 12¢] YRR AT

[e]

o] 12 °Brix®=
vl ghof o

=3
a

g oke] A

a3

-
1

of wha 23t

ze]
il
T
Jlo

%

aF

bol vl ALE

S

%

Apol 7k A

Rl

) 1.t} bipolar 9S A&

[e)

tgom A7,

S

CIves

AL

B A THp<0.05). Al

[e)

o] MA7} Bel wet

shech
S O
i=]

4
=
=
BA

o

ez}

)

el
B
—_
fite)

el

7]

[e)
T

o] 1l oy bipolar %

H7E 9 =

sk
=

T+

=l
N

L3

ol Lhebuom,
=5
N

of 12 °Brix® 7}33}

=
=

oy
el
!

%

—~
fite)

gAY o]

714 Ade =

1A =

9]

o

]_

S

DIRE

ol

=

o] & F2E bipolar

J

d

el

o

7o

N

==
"o

T
-

%

oF

el

Uz

0
a
I

—~
o

!

o

7} &F

=]
i=i

_38_

g2 slwe] 7}

1

2

-



Table 12. Sensory evaluation of original citrus juice and juice prepared

by electrodialysis for 100min

. Overall
section Color Flavor Taste .
acceptability
[ 4.18+41.85* 7.18+1.03* 1.70+£0.78* 2.82+1.11°
Original juice
0 4.10£0.85° 7.36+£1.07" 2.18+0.94™ 3.53+0.96®
o I 4.2241.34*  7.27+1.05° 4.64+£1.07" 5.64+1.15¢
.. ED 100 juice
C. natsudaidai (B-A-B")
0 4.45%+1.23° 7.45+0.89" 7.10+0.74°"  7.65%0.66°
N -a + a + c + be
ED 100 juice [ 4.27+1.05% 7.27+0.45° 3.18+1.03° 4.18+1.44
N2
CACH 1 436+1.67° 7.27£1.29° 6.42+1.03°  7.0940.67°
[ 5.73£1.05° 6.45+1.56° 1.27+0.45" 1.82+0.83"
Original juice
0 5.46+1.07° 6.36+£0.64° 2.46+0.88" 2.83+0.62"
C. grandis
[ 5.62+1.40* 6.27+0.75° 2.91+1.24> 3.27+1.05"
ED 100 juice .
i I 555+1.37° 6.62+1.11° 4.82+1.27° 5.45%1.44°
[ 3.36%£1.15* 6.09+0.79"° 2.73+1.35° 3.45+1.37°
Original juice
0 3.2841.03* 5.83+0.62° 5.45+1.56° 5.64+1.23°
C. unshii’
[ 3.45+0.99" 6.00+1.21"7 4.00£1.15"  4.45+0.99"
ED 100 juice
-A-B
B ) 0 3.3841.27° 5.91+£1.08* 7.8241.19* 7.36+0.64¢

1)Bipolar membrane cartridge
?Organic acid selective membrane cartridge
YPremature citrus juices(In October reaping)

YValues are means + S.D. (n=3)
I : unsweetened juice

II : sweetened juice by 12 °Brix

a-f : Means with the same letters are not significantly different (p<0.05)
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