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Preparation of Minimally Processed Mulberry (Morus spp.) Juices
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Raw mulberry (Morus spp.) juice was prepared by minimal processing using several filter aids, fining agents, and
clarifying enzymes, followed by filtration, centrifugation, and membrane filtration. Control of browning in
minimally processed mulberry juices by anti-browning agents, sodium hydrosulfite, L-ascorbic acid, citric acid,
and NaCl, was investigated using quantitative measurements of color changes during storage. Clarification of
mulberry juice was improved by adding several filter aids, fining agents, and enzymes, followed by filtration and
centrifugation. Several fining agents, including chitosan, chitin, PVPP, gelatin, and casein at a concentration of
1%, and combination of ultrafiltration and centrifugation at 8,000 rpm were not suitable for clarification of juice
owing to strong adsorption of anthocyanin pigment. Combination of 0.0lum membrane filtration and
centrifugation at 8,000 rpm was effective for clarification of mulberry juice. Browning of minimally processed
mulberry juice was inhibited significantly by adding 200 ppm sodium hydrosulfite, and 0.1% L -ascorbic acid (L-
AsA) and 0.1% citric acid (CA) also showed considerable browning inhibition. Combination of L-AsA and CA,
which was moderately effective for browning inhibition of juice, may be useful as a sulfite alternative for
mulberry juice. Optimum sugar (°Brix)/acid ratio and commercial sterilization of minimally processed mulberry
juice were approximately 40 and 10 min at 85-90°C, respectively.
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Table 1. Extracting efficiency of anthocyanin pigments from
mulberry fruitsin relation to addition of distilled water prior to
manufacturing of mulberry juice

Mulberry Didtilled weter addition Absorbance

(9) (mL) (at 510 nm)®
5 10 0.78°
20 0.80°
30 0.89"
40 1.14°
50 1.06®
60 0.95

YAbsorbance of mulberry juice was determined as described in
Materials and Methods.

The data was average of triplicate experiments. Standard deviations
were omitted for simplicity.

Values in each column with similar superscript letter are not
significantly different at P < 0.05.
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Table 2. Effect of filtration and centrifugation on browning in mulberry juice
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Absorbance Colorimetry value
Treatment (510 nm)? C a b
Filtered through cheeze cloth 0.622 45.71 17.97 13.97
Filtered through Whatman No. 4 paper? 0.48° 70.12 16.26 14.39
Centrifuged at 8,000 rpm for 10 min 0.45° 80.23 15.04 11.01
Filtered through 0.01um membrane® 0.3% 92.40 5.67 420
Filtered through 30 K Dalton cut off membrane® 0.25¢ 94.45 37 2.64
Filtered through 10 K Dalton cut off membrane® 0.04° 98.88 0.18 -0.58

YAbsorbance a 510 nm was determined by five time dilution with 0.1% HCI.

AFiltered through Whatman No. 4 paper with suction.
IPrecentrifuged at 8,000 rpm for 10 min before membrane filtration.
L: lightness, a (+) redness/(-) greeness, b: (+) yellow/(-) blueness.

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.
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Table 3. Effect of centrifugation speed on browning in mulberry juice

Absorbance Colorimetry value

5 )

Speed (rpm) RCF? (Xa) (510 nm)3) L a b
2,000 762 0.54% 7247 14.72 1544
4,000 3,046 0.52° 76.28° 14.16 15.24
6,000 6,854 049 79.51° 15.04 1332
8,000 12,186 045 80.48° 13.56 1179

10,000 19,040 0.44° 80.16° 13.95 11.05

HJuices centrifuged for 10 min a room temperature.

IRelative centrifugal force.

9Absorbance at 510 nm was determined by five time dilution with 0.1% HCI.

L: lightness, a: (+) redness/(-) greeness, b: (+) yellow/(-) blueness.

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.

Table 4. Control of browning in mulberry juice by filter aids addition and centrifugation

Filter aid? Colorimetry value
L a b
Control (centrifuged at 8,000 rpm)? 79.66°% 15.02 11.76
Cdlite 545 78.82%(82.23) 13.46 (12.24) 10.99(8.85)
Talc 79.33%(83.64) 12.94(11.08) 11.03(10.72)
Slicagd (TLC) 79.90° (84.33) 13.98 (10.94) 11.92(8.31)
Bentonite 79.58°(82.88) 6.80 (5.17) 11.63(10.58)

YConcentration of filter aids used was 1%.

AJuices centrifuged at 8,000 rpm for 10 min at room temperature after filter aids addition.
Values in parenthesis represent when concentration of filter aids used was 2%.

L: lightness, a (+) redness/(-) greeness, b: (+) yellow/(-) blueness.

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.

Table 5. Control of browning in mulberry juice by fining agents addition and centrifugation

o Colorimetry value
Fining agent”
L a b

Control (centrifuged at 8,000 rpm)? 80.98° 13.95 11.45
Starch 80.67 (81.15) 13.82 (11.79) 12,12 (10.26)
cMCe? 78.39° (80.65) 12.97 (1357) 12.34 (11.41)
B-Cyclodextrin 81.75 (69.44) 13.20 (13.84) 11.62 (11.27)
Agar 78.91° (82.72) 14.31 (10.50) 12.67 (10.50)
Arabic gum 80.48 (80.52) 14.03 (13.56) 11.02 (11.43)
Cassin 89.14° (92.46) 7.36 (9.69) 6.34(7.55)
Gelatin 87.13° (90.12) 8.04 (10.19) 8.16 (9.92)
Chitin 88.54° (93.31) 5.84 (6.20) 6.31(4.89)
Chitosan 92.41° (95.73) 3.23(1.94) 476 (2.12)
PVPPY 93.95% (99.34) 2.70(0.2) 4.92(1.32)

YConcentration of fining agents used was 1%.

AJuices centrifugedat 8,000 rpm for 10 min at room temperature after fining agents addition.
ICarboxymethylcellulose.

YPolyvinylpolypyrralidone.

Values in parenthesis represent when concentration of filter aids used was 2%.

L: lightness, a (+) redness/(-) greeness, b: (+) yellow/(-) blueness.

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.
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Table 6. Clarification of mulberry juice by enzyme addition and centrifugation

Colorimetry value
Enzyme
L a b
Control (centrifuged at 8,000 rpm)? 81.22° 1252 15.10
o-Amylase 80.60% (84.40) 12.40 (10.56) 1513 (12.12)
Glucoamylase 79.81%(81.19) 13.40(11.91) 15.20 (14.64)
Cdlulase 78.98°(80.16) 13.51 (10.26) 16.78 (15.12)
Pectinase 80.61°(83.74) 11.80(5.48) 18.28 (34.92)
HJuices centrifuged at 8,000 rpm for 10 min at room temperature after enzymes (0.1 mL) addition.
Values in parenthesis represent when concentration of enzymes used was 1.0 mL.
L: lightness, a (+) redness/(-) greeness, b: (+) yellow/(-) blueness.
The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.
Table 7. Effect of anti-browning agents on browning in minimally processed mulberry juice
) ) Colorimetry value
Anti-browning agent”
L a b
Control 80.84° (68.92) 13.74(21.02) 10.83 (25.99)
L-Ascorbic acid (L-AsA) 83.74° (73.15) 17.16 (26.35) 5.76 (12.94)
Citricacid (CA) 82.45° (77.85) 22.45 (28.64) 6.64 (10.15)
NaCl 80.99° (65.83) 13.93(30.67) 10.57 (23.62)
NaS,0O, 86.65° (81.63) 12.73(13.22) 6.75(9.23)

YConcentration of anti-browning agents used was 0.1% with exception of 200 ppm Na,S,0,.
Values in parenthesis represent when colorimetry values of mulberry juice were determined after one day stand at room temperature.

L: lightness, a (+) redness/(-) greeness, b: (+) yellow/(-) blueness.

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.
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Table 8. Effect of combination of anti-browning agents on browning in minimally processed mulberry juice

Colorimetry value

Anti-browning agent”

L a b
Control 80.84 (68.92) 13.74 (21.02) 10.83 (25.99)
L-AsA+CA 81.88*(75.97) 25.62(33.21) 6.46 (9.59)
CA+NaCl 81.33 (74.41) 24.74 (30.70) 6.55 (12.11)
NaCl+L-AsA 73.79° (63.56) 22.30 (24.86) 11.98 (14.83)

YConcentration of each anti-browning agent used was 0.1%.

Values in parenthesis represent when colorimetry values of mulberry juice were determined after one day stand at room temperature.

L: lightness, a (+) redness/(-) greeness, b: (+) yellow/(-) blueness.

The data was average of triplicate experiments. Standard deviations were omitted for simplicity.
Values in each column with similar superscript letter are not significantly different at P<0.05.

Table 9. Sensory evaluation of minimally processed mulberry
juice

Table 10. Changes of colorimetry and absorbance of mulberry
juicein relation to different heating time

Sugar (°Brix)/ Sensory test Hesting time Colorimetry value Absorbance
acidratio Flavor Teste Color (min) L a b (et 510 nm)

20 35 3.1° 45 Control 80.71° 14.28 11.20 0.77°

30 36° 35° 43 5 78.94° 14.91 11.37 1.15°

40 40" 47 40 10 7755 15.03 12.20 1.29°

50 40" 45" 40 15 73.38° 18.08 1832 1.23°

60 40" 41° 40 20 69.75° 19.87 21.25 1.26°

30 58.91° 28.39 29.85 113

The data was average of triplicate experiments. Standard deviations
were omitted for simplicity.

Vaues in each column with similar superscript letter are not
significantly different at P<0.05.

5: very good, 4: good, 3: moderate, 2: bad, 1. very unpleasant.

2% & Lgs =743 A3 control-(80.84 — 68.92)9F NaCl
(80.99— 658)A T+ ZHzt AA wFolxl o CA(8245—
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The data was average of triplicate experiments. Standard deviations
were omitted for simplicity.

Vaues in each column with similar superscript letter are not
significantly different at P<0.05.

Mulberry juice was prepared by centrifugation a 8,000 rpm for 10
min after heating treatment.

L: lightness, a (+) redness/(-) greeness, b: (+) yellow/(-) blueness.
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