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Effects of Freezing Temperature on Quality of Mulberry
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Abstract This study aimed to determine the optimal freezing temperature for preserving mulberries. Mulberries were
frozen at —20, —45, and —70°C immediately after harvesting. After 24 h, frozen mulberries were stored at —20°C for two
months and then thawed at 4°C and room temperature. Frozen and thawed mulberries did not differ significantly in color
and pH from fresh mulberries. However, the content of anthocyanidin and sugar, and the hardness of mulberry significantly
decreased after feeze-thawing. Drip loss of the thawed berries increased as the freezing temperature decreased. A
comparison among cross-section images of mulberries frozen at different temperatures did not show any significant
differences. However, after thawing at 4°C or room temperature, the total number of aerobic bacteria found in mulberry
decreased more than ten times. Consequently, the freezing temperature showed no significant effect on the overall quality

of the mulberry.
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Table 1(a). Physicochemical properties and free sugar content of the mulberry frozen at different temperatures

Freezing Thawing Properties” Free sugar content (mg/mL)"?
0O QY Drip ratio (%) pH Glucose Fructose Maltose Total
Before freezing - - 4.71£0.11 10.9+0.32 21.5+0.3” 20.1+0.3¥ 1.3£0.0? 42.9+0.3Y
20 25 27.6£0.7% 4.73+£0.07 13.1+0.32 19.5+0.39 17.2+0.3" 0.7+0.0" 37.3£0.3%
4 11.5£0.9” 4.60+0.08 13.5+0.78 19.6+0.39 17.3£0.3% 0.6+0.0° 37.5+0.3%
-45 4 12.3+0.0 4.88+0.17 13.6+0.50 18.5+0.2% 15.8+0.3" 0.4+0.09 34.7£0.2%
-70 4 15.9+0.8° 4.49+0.11 11.9+0.04 14.8+0.6" 12.7+0.59 0.4+0.09 27.9£1.19

DValues were reported by meantSD.
JSucrose was not detected.

*dScheffe’s multiple comparisons were indicated by values which have the same letter. The same letters were not significantly different (p>0.05).

Table 1(b). Effects of different freezing temperature on the color and anthocyanidin content of mulberry

Freezing Thawing Chromaticity"? Anthocyanidin (ng/mL)?
O Q) L a Delphinidin Cyanidin Pelargonidin Malvidin
Before freezing - 15.3+0.45Y 0.27+0.08” 0.77+0.10? 1.2+0.05  1018.5+12.4Y  14.3+0.04V 46.7+1.49
20 25 15.0+0.85Y 0.78+0.37% 0.60+0.15 0.50.08 545.3+8.9" 6.0£0.2" 28.3+0.3"
4 15.2+0.46Y 0.98+0.78% 0.63+0.19? 0.7+0.01° 529.7+28.07 5.3+0.1" 21.7£1.3V
-45 4 14.9+0.44 0.82+0.34% 0.65+0.13? 0.2+0.16 582.4422.07 7.3£0.3° 28.1£1.9Y
-70 4 15.2+0.38Y 1.21£0.98% 0.74+0.29? 0.3+0.28" 375.5+68.8° 5.4+0.4" 23.1£5.6”

UL: degree of lightness (0 black to 100 White), a: degree of redness (-80 greenness to 100 redness), b: degree of yellowness (-80 blue to 70 yellowness)

DValues were reported by mean+SD.

*dScheffe’s multiple comparisons were indicated by values which have the same letter. The same letters were not significantly different (p>0.05).

Table 1(c). Viable microorganisms in the mulberry after freeze-
thawing

] (Log CFU/g)V
Storage Thawing -
(°C) (°C) Total aerobic Yeast and
bacteria mold
Before freezing - 7.19+0.27% 5.68+0.117
20 25 6.30+0.17% 6.00+0.28"
i 4 5.80£0.139  5.58+0.417

YValues were reported by meas+SD.

*9Scheffe’s multiple comparisons were indicated by values which
have the same letter. The same letters were not significantly different
(p>0.05).
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Fig. 1. Effects of freezing-thawing temperature on mulberry
hardness. “”Scheffe’s multiple comparisons were indicated by
values which have the same letter. The same letters were not
significantly different (p>0.05).
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Fig. 2. Cryo-SEM images of cutting-sections of the frozen mulberry at —20 (A and D), —45 (B and E) and -70°C (C and F). Scales are

given as white bars.
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