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Abstract

Peeled chestnuts were stored at different temperatures(—10°C and —20°C) and after blanching at 90°C for different
lengths of time(0, 10, and 20 min) for 6 months. After the storage period, the texture, color, DSC and sensory characteristics
were analyzed. Hardness, fracturability and chewiness increased with storage time, whereas springiness and cohesiveness
decreased. Additionally, the L* decreased and a* and b* increased with storage time. Analysis of the DSC revealed that
the peak of the retro gradation was approximately 46~60C and enthalpy for the peak increased with storage time.
Additionally, the increment of enthalpy for samples stored at —20C and blanched was lower than that of samples stored
at —10C and non-blanched samples. The sensory evaluation scores were also higher for samples stored at —20C and
blanched samples than for those stored at —10°C and non-blanched samples.
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Table 1. Operating condition of TPA for chestnuts

Index Condition

Type Two bite compression test

Strain 20%

Test speed 0.5 mm/s

Probe diameter 30 mm
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Fig. 1. Freezing curve of peeled chestnut according to
air-blast freezer.
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Fig. 2. Freezing curve of peeled chestnut according to
still-air freezer.
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Table 2. ANOVA result for TPA analysis for peeled chestnuts with texture characteristics

0 2 4 6 F-value

Hardness
A 1,139.344277.60 967.96+161.53 911.62+164.47 846.42+187.99 3.23*
B 1,087.484234.62 1,052.684+202.73 1,019.54+166.04 983.47+225.10 0.36
C 1,085.544204.36 946.16+271.01 920.62+124.00 909.80+115.03 1.93
D 1,139.344277.60 961.38+170.75 952.76+134.95 932.40+195.35 2.09
E 1,087.484234.62 1,039.56+125.42 1,031.46+108.22 1,020.17+265.86 0.21
F 1,085.544+204.36 935.30+184.53 925.534+230.97 901.40+203.31 1.60
F-value 0.17 0.56 0.85 0.61

Fracturability
A 9.64+1.23 9.92+1.34 9.62+1.12 9.5540.56 0.20
B 10.01+0.92 10.01+0.78 9.37+0.55 9.3240.74 2.49
C 10.16+1.00 9.93+0.82 9.36+0.91 9.31+1.28 1.84
D 9.64+1.23 9.83+1.12 9.7540.83 9.04+1.61 0.77
E 10.01£0.92 10.02+1.03 9.96+1.08 9.76+1.10 0.13
F 10.16+1.00 10.09+1.14 9.98+1.14 9.51+£1.10 0.76
F-value 0.68 0.07 0.70 0.45

Springiness
A 0.62+0.05 0.65+0.04 0.661+0.04 0.70+0.06 6.21%*
B 0.67+0.03 0.71+0.04 0.7240.05 0.7440.02 8.21%**
C 0.71£0.03 0.71£0.03 0.7140.03 0.7240.04 0.21
D 0.62+0.05 0.65+0.05 0.67+0.06 0.70+0.05 5.07**
E 0.67+0.03 0.73+0.05 0.73+0.03 0.73+0.03 8.45%**
F 0.71+0.03 0.73+0.05 0.73+0.05 0.75+0.03 1.57
F-value 16.16%** A Vi 5.09%** 2.95%

Cohesiveness
A 0.57+0.02 0.59+0.02 0.5940.03 0.59+0.03 3.11*
B 0.61+0.03 0.62+0.03 0.6240.02 0.6240.02 1.01
C 0.61+0.03 0.61+0.03 0.6040.03 0.60+0.04 0.67
D 0.57+0.02 0.57+0.02 0.5840.02 0.5840.03 1.11
E 0.61+0.03 0.63+0.03 0.63+0.01 0.63+0.03 1.79
F 0.61+0.03 0.62+0.03 0.6240.02 0.63+0.03 0.86
F-value 12.14%** 7.63%** 8.11*** 7.08%**

Chewness
A 403.10+£73.98 361.18+ 75.86 323.54+ 56.34 320.95+ 51.01 2.26
B 396.38+61.04 390.46+102.98 396.28+ 45.12 378.16+ 83.80 0.12
C 396.45+84.05 392.71£105.35 355.51+ 70.74 358.30+ 80.92 0.59
D 403.10+£73.98 367.22+ 96.53 363.34+ 62.17 356.92+114.17 0.36
E 396.38+61.04 403.13+127.50 407.79+111.25 403.09+137.88 5.46%*
F 396.45+84.05 391.86+ 92.59 388.92+ 84.05 378.59+104.46 0.05
F-value 0.02 0.24 10.61%** 0.55

A: Blanching for Omin at 90°C, storage at —10°C; B: Blanching for 10min at 90C, storage at —10°C; C: Blanching for 20 min at 90C,
storage at —10°C; D: Blanching for Omin at 90°C, storage at —20°C; E: Blanching for 10min at 90°C, storage at —20°C; F: Blanching
for 20min at 90C, storage at —20C; *** and *** Mean significant at the p=0.05, 0.01 and 0.001, respectively.
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Fig. 3 Changes in L* value, a* value and b* value of peeled chestnut during storage.

A: Blanching for 0 min at 90°C, storage at —10C; B: Blanching for 10 min at 90 C, storage at —10C; C: Blanching
for 20 min at 90C, storage at —10C; D: Blanching for 0 min at 90°C, storage at —20°C; E: Blanching for 10 min at
90°C, storage at —20C; F: Blanching for 20 min at 90C, storage at —20C.
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Table 3. ANOVA results for CIE color value of chestnuts

0 2 4 6 F-value
L*
A 57.2142.14 53.17+4.58 50.26+2.45 47.24+4.22 7.95%*
B 50.5242.39 50.35+1.41 50.62+0.88 47.76x1.75 4.11*
C 51.49+£1.15 49.85+2.50 49.12+1.26 49.72+0.89 233
D 57.21£2.14 54.16+£0.95 54.13£2.15 54.07+1.05 3.93*
E 50.52+2.39 49.48+1.34 48.97+1.77 49.01+1.82 0.80
F 51.4942.39 51.36+2.00 51.12£2.17 49.40+1.94 1.69
F-value 18.08*** 4.05%* 5.31%* 4.28%*
a*
A 7.61£1.17 8.02+0.91 8.29+0.95 8.41+£0.42 0.61
B 4.26+0.59 4.51+0.57 4.49+0.62 4.78+1.16 0.50
C 3.80+1.27 5.03+0.65 5.31+1.02 5.44+0.78 4.07*
D 7.61+£1.17 7.84+1.08 7.61+0.44 7.72+0.25 0.06
E 4.26+0.59 4.62+0.55 4.55+0.94 4.56+1.20 0.24
F 3.80+1.27 4.61+0.66 5.13+0.60 5.26+0.99 3.23*
F-value 19.24%** 20.40%*** 19.92%%** 12.53%**
b*
A 27.8244.03 28.92+1.09 30.52+1.52 34.03+£6.13 1.80
B 15.03+1.81 19.41£2.49 21.87+2.09 22.5843.11 13.84%**
C 14.87+2.91 15.87+2.24 17.20+3.45 18.50+2.43 1.80
D 27.82+4.03 27.42+2.48 30.57+1.75 33.60+0.16 5.71%*
E 15.03+1.81 17.05+2.16 18.11+2.04 20.61+1.89 7.19%*
F 14.87+2.91 15.24+0.47 17.19£2.52 18.87+£3.77 227
F-value 32.42%%* 31.15%%* 34.90%** 19.83 %%

A: Blanching for 0 min at 90C, storage at —10C; B: Blanching for 10min at 90°C, storage at —10°C; C: Blanching for 20 min at 90C,
storage at —10°C; D: Blanching for 0 min at 90°C, storage at —20C; E: Blanching for 10min at 90°C, storage at —20°C; F: Blanching
for 20 min at 90C, storage at —20°C; *, ** and *** Mean significant at the p=0.05, 0.01 and 0.001, respectively.
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Table 4. DSC characteristics of peeled chestnut during storage

Storage Peak 1 Peak 2 Peak 3 Peak 4
Samples time

(month) To Tp 4 H To Tp 4 H To Tp 4 H To Tp 4 H

0 n.d. n.d. n.d. 68.58 73.17 1.45 83.54 85.87 0.09 94.41 96.31 0.15

1 48.02 51.43 0.25 68.60 72.97 1.59 89.07 90.72 0.01 94.53 95.99 0.15

2 46.91 51.26 0.23 69.43 73.23 1.87 84.64 86.05 0.05 94.44 96.16 0.16

A 3 50.25 53.76 0.14 70.27 74.29 1.67 85.12 86.27 0.02 94.41 96.57 0.19
4 46.33 50.96 0.29 67.84 71.87 1.17 84.11 86.02 0.07 94.51 96.49 0.16

5 50.23 5431 0.24 69.24 73.56 1.07 83.56 85.80 0.12 94.60 96.83 0.16

6 49.70 53.73 0.33 67.84 72.99 1.13 82.88 86.10 0.07 94.49 96.55 0.18

0 48.62 52.82 0.96 n.d. n.d. n.d. 82.23 85.60 0.13 94.44 96.29 0.18

1 48.15 53.99 1.15 n.d. n.d. n.d. 84.66 86.07 0.04 94.52 95.91 0.16

2 48.53 54.36 1.14 n.d. n.d. n.d. 83.94 86.37 0.09 94.83 96.86 0.14

B 3 49.31 54.83 1.08 nd. nd. nd. 84.72 86.34 0.02 94.35 96.68 0.27
4 46.25 51.71 0.87 nd. nd. nd. 83.75 85.99 0.07 94.40 96.46 0.16

5 50.60 56.13 1.15 n.d. n.d. n.d. 83.21 85.71 0.11 94.61 96.47 0.14

6 48.54 54.03 1.19 n.d. n.d. n.d. 80.74 84.49 0.11 94.53 96.42 0.21

0 49.00 54.87 1.14 n.d. n.d. n.d. 81.32 85.08 0.14 94.58 96.28 0.16

1 49.22 53.56 0.87 n.d. n.d. n.d. 84.15 86.56 0.12 94.46 96.46 0.13

2 4724 51.93 1.17 nd. nd. nd. 83.99 86.03 0.06 94.57 96.55 0.14

C 3 49.39 54.14 131 nd. nd. nd. 83.93 86.23 0.03 94.45 96.62 0.16
4 46.22 51.58 1.18 n.d. n.d. n.d. 83.54 85.99 0.08 94.40 96.64 0.16

5 49.56 54.42 1.42 n.d. n.d. n.d. 83.34 85.78 0.12 94.43 96.45 0.17

6 48.59 53.73 1.57 71.71 77.74 0.27 83.60 86.04 0.04 94.43 96.57 0.20

0 n.d. n.d. n.d. 68.58 73.17 1.45 83.54 85.87 0.09 94.41 96.31 0.15

1 nd. nd. nd. 69.09 73.53 1.46 84.71 86.22 0.03 94.40 96.61 0.14

2 50.28 54.61 0.09 69.03 73.55 1.37 84.71 86.11 0.02 94.38 96.65 0.19

D 3 55.16 58.07 0.03 68.59 72.92 1.50 84.80 86.15 0.03 94.41 96.63 0.15
4 52.20 55.78 0.07 68.21 72.63 1.53 84.11 85.86 0.04 94.50 96.51 0.16

5 50.45 56.12 0.08 67.33 71.98 1.72 83.52 85.88 0.09 94.40 96.93 0.26

6 50.35 53.81 0.07 67.50 71.87 1.49 83.51 86.12 0.04 94.55 96.64 0.19

0 48.62 52.82 0.96 nd. nd. nd. 82.23 85.60 0.13 94.44 96.29 0.18

1 50.85 56.28 1.10 nd. nd. nd. 83.94 86.23 0.08 94.50 96.59 0.12

2 48.78 55.14 0.98 n.d. n.d. n.d. 84.37 86.12 0.03 94.39 96.52 0.14

E 3 51.42 56.89 1.18 n.d. n.d. n.d. 83.32 86.17 0.08 94.49 96.70 0.16
4 48.84 54.02 091 n.d. n.d. n.d. 83.47 86.06 0.07 94.60 97.26 0.18

5 52.59 56.85 1.66 n.d. n.d. n.d. 83.06 86.15 0.23 94.87 96.87 0.16

6 50.01 55.91 0.99 nd. nd. nd. 82.84 86.18 0.05 94.66 96.70 0.19

0 49.00 54.87 1.14 nd. nd. nd. 81.32 85.08 0.14 94.58 96.28 0.16

1 50.22 55.92 1.21 n.d. n.d. n.d. 243.46 85.22 0.05 94.39 96.15 0.13

2 49.19 55.08 1.08 n.d. n.d. n.d. 84.61 86.37 0.02 95.04 96.81 0.11

F 3 51.51 57.04 1.09 n.d. n.d. n.d. 85.00 86.47 0.03 94.57 96.64 0.17
4 49.24 55.39 1.03 n.d. n.d. n.d. 83.49 86.04 0.08 94.36 96.84 0.17

5 52.58 58.03 1.06 nd. nd. nd. 82.88 85.63 0.12 94.80 96.98 0.14

6 50.27 55.81 0.94 nd. nd. nd. 83.21 86.29 0.04 94.74 96.72 0.18

To: Onset temperature; Tc: Conclusion temperature; ./ H: Enthalpy of endotherm,
A: Blanching for 0 min at 90°C, storage at —10C; B: Blanching for 10 min at 90C, storage at —10C; C: Blanching for 20 min at 90C, storage at —10°C; D: Blanching
for 0 min at 90C, storage at —20°C; E: Blanching for 10 min at 90C, storage at —20C; F: Blanching for 20 min at 90C, storage at —20C.
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Table 5. Analysis of variance, mean values and Duncan’s multiple range test for sensory evaluation of peeled

chestnut
Color Taste Texture Flavor Preference
0 month
A 10.19° 6.17° 10.87" 7.49 59
B 8.13% 797" 7.09° 748 7.91%
C 6.15° 10.09" 4.19° 9.09 9.88°
F-value 3.79% 5.68%* 20227 0.95 7.26%*
Color Taste Texture Flavor Off flavor Preference
2 month
A 7.34% 731 6.54 9.06" 7.61 8.20°
B 7.80° 5.49 8.36 433° 7.88 5.49®
C 4.59° 6.18 5.26 4.57™ 7.02 4.70°
D 7.55% 9.48 7.83 8.64° 5.59 8.64"
E 6.55" 6.43 5.81 791" 6.71 6.74°
F 9.49" 732 6.87 7.63" 4.84 8.32°
F-value 2.45% 1.59 1.48 3.37% 0.97 2.49%
4 month
A 471° 6.97 7.09° 6.90 6.70 6.77
B 6.89™ 7.11 7.53% 7.38 6.23 7.11
C 5.49° 6.3 535 5.44 7.69 6.15
D 8.19° 8.93 9.00" 8.17 5.09 8.41
E 6.99™ 7.84 9.88" 7.00 5.40 8.84
F 11.42° 5.04 8.15% 5.05 8.93 5.15
F-value 7,82 1.91 2.46* 1.67 1.87 223
6 month
A 7.18" 6.26 8.07 6.98" 8.64" 6.24
B 567" 742 6.00 6.25" 9.02° 743
C 7.24° 8.48 7.76 7.75° 7.23% 7.28
D 10.38" 7.94 8.44 7.39° 737" 7.79
E 10.08" 9.66 772 10.62" 4.54 9.83
F 7.72% 7.49 8.70 7.74° 6.15" 736
F-value 3.23% 1.05 1.00 3.50%* 3.32% 1.88

A: Blanching for 0 min at 90°C, storage at —10°C; B: Blanching for 10 min at 90C, storage at —10°C; C: Blanching for 20 min at 90C,
storage at —10°C; D: Blanching for Omin at 90°C, storage at —20°C; E: Blanching for 10 min at 90°C, storage at —20C; F: Blanching
for 20min at 90°C, storage at —20°C; Mean values within a column followed by same letter are not significantly different at @=0.05,
¥, *¥* %% Means significant at p=0.05, 0.01, 0.001, respectively.
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