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Studies on Deacidification of Premature Citrus Juices by Electrodialysis
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Abstract Juice obtained from premature citrus fruits was deacidified by electrodialysis (ED), and its physicochemical and
functional properties were evaluated. Total acidities decreased from 3.15 (Aug), 1.62 (Sep), and 1.45% (Oct) to 2.37 (Aug),
0.86 (Sep), and 0.74% (Oct) by electrodialysis for 100 min, respectively, whereas °Brix to acid ratio increased, and pH and
color remained almost unchanged. Free sugar content of premature citrus juice remained almost unchanged, while organic
acid content decreased significantly. Narirutin and hesperidin contents among flavonoids slightly, but not significantly,
decreased. K*, PO,>, 8SO,2", and CI” contents decreased by ED, with K* content showing more than 60% decrease, while
Na’ content increased 2.5-3.5 times. Total polyphenol content and electron-donating ability decreased slightly by ED, while
nitrite-scavenging ability remained almost constant. Sensory evaluation indicated juice (Sep) subjected to ED processing to

12°Brix with sugar had the highest preference.
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Fig. 1. Process flow sheet and cartridge stack of the electrodialyzer.
A: anion and exchange membrane. K: cation and exchange
membrane, a: sample juice, b: waste liquid, c: cartridge stack, d:
electrolyte liquid, e: conductivity cell, p: pump.
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Table 1. Physicochemical properties of premature citrus juices at different picking date

. ) om s Total acidi . Reducing sugar Color values
Picking date pH Brix %) v Sugar/acid" (%% & 0 " 0
Aug. 22 3.12+£0.01 7.4+0.07 3.15+0.02 235 1.95+0.00 3990+0.86 -6.87+0.10 1547+0.59
Sep. 19 3.51+£0.01 7.2+0.00 1.62 £ 0.00 4.44 2.64+0.33 3926+1.50 -535+£0.06 19.89+1.01
Oct. 20 3.66+0.02 8.5+0.07 1.45+0.00 5.86 286+0.15 4417095 -470+0.06 23.63+025

D°Brix/total acidity ratio.
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Fig. 2. Changes in pH of premature citrus juices during
electrodialysis.
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Fig. 3. Changes in total acidities of premature citrus juices
during electrodialysis.
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Fig. 4. Changes in ‘Brix of premature citrus juices during
electrodialysis.
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Table 2. Physicochemical properties of premature citrus juices treated for 50 and 100 min by electrodialysis

o . . . Reducing sugar Color value
Picking date ED time (min Sugar/acid" & SUS
e (mmin) e (%) L a b
Aug22 0 2.35 1.95+£0.00 3990+ 0.86 -6.87+0.10 15.47+0.59
50 2.35 1.80 £ 0.13 40.09+1.18 -6.91£0.05 1542+ 1.00
100 2.57 1.80+£0.12 40.10=1.14 -6.98 + 0.05 1543 +0.84
Sep.19 0 4.44 2.64 +£0.33 39.26 £ 1.50 -5.35+0.06 19.89+£1.01
50 5.08 2.36=+0.09 40.30£0.76 -5.35+0.02 20.59 +£0.62
100 7.09 238 +0.04 3974+ 1.17 -5.57+£0.06 20.00+£0.75
Oct.20 0 5.86 286+0.15 44,17 £0.95 -4.70 £ 0.06 23.63 £0.25
50 7.05 2.80+0.21 4520+ 1.24 -4.51+0.11 2473 £0.52
100 10.00 2.66+0.29 4450 £ 0.98 -4.82+0.16 2390+045

YBrix/Total acidity ratio

Table 3. Free sugar, organic acid and flavonoids contents of premature citrus juices treated for 50 and 100 min by electrodialysis

Picking  ED time Free sugar (%) Organic acid (%) Flavonoids (ug/mL)
date (min) Fructose Glucose Sucrose Citric acid ~ Ascorbic acid Narirutin Hesperidin  Neohesperidin
Aug.22 0 1.13£0.02 1.16+0.06 0.85+0.04 3.16+0.02 0.020£0.00 162.30+3690 260.90+4.63 4.08+0.08

50 1.09+0.02 1.13+0.03 078+0.02 274+0.01 0.017+£0.00 160.33+46.90 256.11+052 4.35+0.05
100 [LI0+£0.02 1.15+£0.03 079£0.05 224+0.00 0.015+0.00 160.23+37.49 25439+750 520+£3.68

Sep.19 0 1.44+£0.04 1544007 1.754+0.10 1.66+0.02 0.037+0.00 15444+197 249.29+523 1643+8.33
50 1.39+0.05 148+0.07 1.68£0.05 127+0.02 0.034+0.00 15330+£2.00 243.96+134 9.18+0.57
100 1.38+0.05 147006 171007 081+£0.02 0.032£0.00 153.04=0.13 244.79+3.66 7.66=3.25

Oct.20 0 1.69+0.10 1.69+0.07 280+0.10 1.52+0.01 0.060+0.00 132.44+7.06 216411633 6.64+044
50 1.64+£0.09 1.63£0.06 271£0.10 1.13+0.06 0.058+0.00 13024+20.22 211.80+930 7.61+538
100 1.60£0.06 1.57£0.06 270%0.18 0.69+0.06 0.055+0.00 12974276 211.50+4.48 9.55+6.46
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Table 4. Ton contents of premature citrus juices treated for 50 and 100 min by electrodialysis (ng/mL)
Picking date ED time(min) Sodium Potassium Phosphate Suifate Chloride
0 15.83+4.83 969.71 +15.93 172.29 + 15.01 4226 +6.59 77.82 £23.69
Aug22 50 34.31+0.52 638.64 + 61.36 132.13 £ 26.64 25.56 +0.21 98.07 +0.028
100 41.18 £2.04 384.80+9.00 121.26 £ 30.31 32.56+17.74 66.72 +£49.77
0 7.44 4 0.07 867.01 + 32.89 141.06 £23.02 39.55+7.67 93.12+13.16
Sep.19 50 2638+1.23 451.67 +29.74 108.82 + 4.66 15.61+3.42 88.86+ 10.93
100 28.72+1.22 186.93 £ 15.22 63.94+0.43 16.36 + 1.88 91.68 +7.46
0 12.61+432 76795 +260.11 137.54 £ 7.11 50.49+12.08 129.19+ 5820
Oct.20 50 30.80+7.93 481.48 £ 56.96 116.13 £ 12.09 21.35+191 95.33+11.86
100 33.49+340 182.47+31.81 7455+ 13.74 11.65+0.30 81.47+1.96
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Fig. 5. Changes in conductivities of premature citrus juices
during electrodialysis.
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Fig. 6. Changes in total polyphenol contents of premature citrus
juices by electrodialysis.
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Fig. 7. Changes in electron donating abilities (EDA) of premature
citrus juices by electrodialysis.
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Fig. 8. Changes in nitrite scavenging abilities (NSA) of

premature citrus juices by electrodialysis at pH 1.2.

Table S. Sensory evaluation of original premature citrus juice
and juice prepared by electrodialysis for 100 min

Overall
|
Sample Flavor Color Taste acceptability
Original juice + - - -
ED 100 juice - + + +

Hedonic scale (+: good, -: bad).

Table 6. Sensory evaluation of premature citrus juices adjusted
to 12°Brix with sugar after electrodialysis for 100 min

Parameters Aug.22 Sep.19 Oct.20
Flavor 2.0+047 3.0+0.39 3.5+£0.53
Color 2.0+0.24 3.0+ 046 4.0+025
Taste 1.5+0.16 4.0+0.25 3.0+0.39
Overall

acceptability 2.0+0.24 4.0£0.00 3.5+£053

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