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ABSTRACT In this study, we investigated the quality, antioxidant properties, and sensory characteristics of tofu
coagulated with ‘Tsugaru’ apple (Malus domestica Borkh) juice. Yield, °Brix, pH, total acidity, total polyphenol content,
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activity, and 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) radical scavenging activity of ‘Tsugaru’ apple juice were 60%, 10.3, 3.89, 0.51%, 2.26 mg gallic acid
equivalent (GAE)/g, 20 pg L-ascorbic acid equivalent (AE)/g, and 75 pg AE/g, respectively. In case of Tofu coagulated
with 20% (w/v) ‘Tsugaru’ apple juice, yield, °Brix, pH, total acidity, hardness, chewiness, cohesiveness, total polyphenol
content, ABTS radical scavenging activity, and DPPH radical scavenging activity were 165%, 6.23, 0.27%, 513 g,
315, 0.61, 12.04 mg GAE/g, 80.67 ug AE/g, and 92.32 ng AE/g, respectively. Both the manufacture yield and pH
of tofu decreased with increasing amount of ‘Tsugaru’ apple juice, whereas total acidity increased. Regarding the
texture and chromaticity of tofu coagulated with increasing amounts of ‘Tsugaru’ apple juice, hardness, chewiness,
and a- and b-values increased, whereas cohesiveness and L-value both decreased. In terms of antioxidant activities,
total polyphenol content and DPPH radical scavenging activity increased, whereas ABTS radical scavenging activity
was maintained within a certain range. Finally, concerning the sensory evaluation (taste, color, flavor, and overall
preference) of tofu coagulated with 30% (w/w) ‘Tsugaru’ apple juice showed the highest scores. Taken together, these
results support the possible use of ‘Tsugaru’ apple juice in producing various foods, as addition of juice enhanced
quality, antioxidant properties, and sensory characteristics of tofu.
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’ Washing ‘
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’ Soaking (at room temperature for 12 h) ‘
!

’ Grinding ‘
!

’ Heating at water bath (80°C for 10 min) ‘
!

’ Filtering ‘
!

’ Collecting soymilk ‘

!
Coagulation (adding 20% MgCl,, CaCl, sol. and
20, 30, 40% apple juice at 80°C)
!
’ Moulding ‘

!
] Cooling \

!
’ Tofu (soybean curd) ‘

Fig. 1. Preparation procedure for tofu coagulated with various
coagulants.
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Table 1. Physicochemical and antioxidant properties of ‘Tsugaru’
apple juice

‘Tsugaru’ apple juice

Yield (%) 60.7+2.5
Total acidity (%) 0.51+0.03
pH 3.89+0.03
Color L value 72.77+1.32

a value 14.25+3.99

b value 23.25+1.16
Total polyphenol content (mg GAE/g) 2.26+0.45
ABTS radical scavenging (ug AE/g) 20+0.6
DPPH radical scavenging (ug AE/g) 75€1.4
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Table 2. Physicochemical properties of tofu coagulated with various coagulants

Coagulants for tofu preparation

20% (w/v) 20% (w/v)

20% (w/v) 30% (W/v) 40% (w/v)

calcium magnesium ‘Tsugaru’ ‘Tsugaru’ ‘Tsugaru’ F-value
chloride chloride apple juice apple juice apple juice
a 2 b b *
Yield (%) 161.33+4.73 148.67:!:9.71bb 164.67+3.79 146.67+8.96 144.33+4.73 5.45,
pH 5.4120.310° 5.64+0.194™ 6.23+0.066" 5.9+0.03" 5.79+0.18° 8.34,
Total acidity (%) 0.32+0.05" 0.39+0.03" 0.27+0.09 0.39+0.02" 0.38+0.03" 3.36

Hardness (g)  633.2446.17"

630.9+117.95™

513.5486.57° 831313647 1,114.5£203.50°  10.01.

Texture Chewiness 342.50+14.622"  322.55+77.03° 315.23+35.01° 482.8zi68.7b2*‘ 488.59+82.69° 6.09_
Cohesiveness 0.60+0.010" 0.57+0.064" 0.61+0.031" 0.5+0.01 0.42+0.03° 15.46
L value 8437+0.098 845341165 76372450° 72543027 69.48£495° 1716

Color  a value 0.23+0.23° . 0.24+0.23° . 1.27£0.30° 1.68+0.56" 2.29+0.61° 13.83,
b value 14.23+0.644" 13.48+0.370" 12.00£2.268 15.0£1.47" 16.29+2.02" 3.27

““Means represented by different superscripts in the same row are significantly different at P<0.05.

Significant at P<0.05, "P<0.001.
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Fig. 2. Images of tofu coagulated with various coagulants such as (A) 20% (w/v) calcium chloride, (B) 20% (w/v) magnesium
chloride, (C) 20% (w/v) ‘Tsugaru’ apple juice, (D) 30% (w/v) ‘Tsugaru’ apple juice, and (E) 40% (w/v) ‘Tsugaru’ apple juice.
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Table 3. Antioxidant activities of tofu coagulated with various concentration of ‘Tsugaru’ apple juice
Coagulants for tofu preparation
20% (w/v) 20% (w/v) 20% (w/v) 30% (W/v) 40% (w/v)
calcium magnesium ‘Tsugaru’ ‘Tsugaru’ ‘Tsugaru’ F-value
chloride chloride apple juice apple juice apple juice
Total polyphenol content 15 77,4 56" 13 4020.77° 12.040.63" 15.43+1.59" 16.13£0.50°  13.90"
(mg GAE/g)
ABTS radical scavenging 6033, 05°  703347.37™  80.674321"  7633+493"  65.67+11.02  3.60
(ug AE/g)
DPPH radical scavenging g9 33.513° 903341172 92.321626°  12231429.54"  154.67+48.50" 336
(ug AE/g)
““Means represented by different superscripts in the same row are significantly different at P<0.05.
Significant at “P<0.05, = P<0.001.
Table 4. Sensory test profiles for tofu coagulated with various coagulants
20% (w/v) 20% (w/v) 20% (w/v) 30% (w/v) 40% (w/v)
Coagulants calcium magnesium ‘Tsugaru’ ‘Tsugaru’ ‘Tsugaru’ F-value
chloride chloride apple juice apple juice apple juice
Color 3.18+0.60° 3.36+0.67" 2.82+0.75% 2.91+0.83" 2.27+0.90° 3.30°
Taste 2.45+0.69° 2.64+0.50" 2.82+0.60"™ 3.00+0.63" 3.18+0.40° 2.75
Flavor 2.55+0.69° 2.82+0.75% 3.18+0.75"™ 3.64+0.92" 3.36+0.81% 3.32
Overall preference 2.45+1.04° 2.45+0.82° 3.00+0.63% 3.27+0.79° 3.27+0.65" 2.96
““Means represented by different superscripts in the same row are significantly different at P<0.05.
Significant at "P<0.05.
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