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The Effect of Freezing and Thawing Conditions on
the Quality Characteristic of Blanched Radish (Raphanus sativus L.)
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Department of AgroFood Resources, National Institute of Agricultural Science, Rural Development Administration

Abstract

This study investigated the effect of various freezing and thawing conditions on the quality characteristics of radish.
White radish was blanched and cooled down to corresponding freezing temperatures of -20°C, -40°C and -60°C and,
thereafter, the radish was finally frozen in a -20°C refrigerator for 24 h. The frozen radish was thawed at 4°C, 25°C
and with running water, radio-frequency thawing machine. As quality parameters, pH, drip loss, hardness, color, and
sensory evaluation were evaluated. No effect of freezing and thawing conditions on color, pH, and total bacterial
count was observed for the samples. Samples that underwent immersion freezing (-60°C) had lower drip loss and
higher hardness than samples in other freezing conditions. Sensory evaluation showed that color, hardness, and over-
all acceptability increased with a decrease in freezing temperature. These results indicate that the temperature of

freezing affects the quality of radish.
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Fig. 1. Freezing curves of blanched radish (Raphanus sativus L.)
according to different freezing temperature.
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Fig. 2. Thawing curves of blanched radish (Raphanus sativus
L.) according to different thawing methods (LT : Low tem-
perature, RT : Room temperature, RW: Running water).
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Table 1. pH, drip loss and hardness of blanched radish (Raphanus sativus L.) by freezing and thawing methods

Sample Freezing methods Thawing method pH Drip loss (%) Hardness (kgj)

6.23£0.02 - 2.71£0.13

LT 6.69+0.05™ 10.07 1.91£0.20%

o) RTY 6.60+0.01% 10.09 1.91+0.17%

-20°C , ,

RW® 6.62+0.07" 13.46 2.51+0.13%

HF? 6.610.03% 13.86 2.13£0.27*

LT 6.68+0.05™ 11.26 2.22+0.38%

+0.02% 1031
Processed 40°C? RT 6.60 0.02b1 13.92 2.9740.31

RwW 6.61+0.03™ 10.27 2.72+0.28*

HF 6.68+0.02% 12.85 1.85£0.21¢

LT 6.75+0.02* 4.82 2.42+0.15™

Immersion RT 6.72+0.02% 5.69 2.89+0.28*

(-60°C)” RW 6.70£0.02% 5.77 1.87+0.16

HF 6.65+0.03° 5.43 1.79£0.10%

“*Means with different superscripts within the freezing method column are not significantly different
**Means with different superscripts within the thawing method column are not significantly different

D-20°C : Freezing in -20°C convectional freezing

2-40°C : Freezing in -40°C convectional freezing

9.60°C : Freezing in -60°C immersion freezing

YLT : Thawing condition at low temperature (4°C)

YRT : Thawing condition at room temperature (25°C)

®RW : Thawing condition at running water temperature (20°C)
HF : High frequency wave (0.8 kW for 40 min)
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Table 2. The color value of blanched radish (Raphanus sativus L.) by freezing and thawing methods

Aglo] = AT W /17 AARAY
BRYSAA AL A1

CERREE

*

*

Sample Freezing method Thawing method L a b’ AE
(90°CBl:tn§}rE?futes) . - 5414135 -1.8240.05 2.49+0.47 -
LT 42.06+0.21% -1.54£0.08" 0.93+0.21% 5.4243.69
geCh RT® 42.86+0.49" -1.41£0.07% 1.5£0.21" 4.83+1.89"*
RW® 43.03+0.28" -1.48£0.10% 0.96:0.20% 3.97+1.67
HE? 42.88+0.51" -1.45+0.05% 1.51£0.25% 3.03+1.14%
LT 41.79+0.40 -1.68+0.03% 1.53+0.17% 3.97+1.67%
o) RT 40.37+0.96% -1.45£0.09 0.54+0.41% 2.77+1.18"
Processed -40°C i b
RW 40.49+0.5% -1.24+0.07* 1.83+0.13% 3.76£2.50%
HF 44.95+0.86™ -1.420.06> 2.73+0.10™ 1.96+1.30"
LT 39.73+0.47% -1.30+£0.07* 0.62+0.22 3.89+1.99%
Immersion RT 42.54+0.64™ -1.30£0.06™ 1.28+0.30™ 4.3542.16™
(-60°Cy” RW 40.72+0.84% -1.52+0.07 0.71+0.33% 3.89+1.99%
HF 45.14+0.54% -1.53+0.07 2.50+0.38" 3.89+1.99%

*dMeans with different superscripts within the freezing method column are not significantly different
**Means with different superscripts within the thawing method column are not significantly different

-20°C : Freezing in -20°C convectional freezing

2-40°C : Freezing in -40°C convectional freezing

9-60°C : Freezing in -60°C immersion freezing

YLT : Thawing condition at low temperature (4°C)

JRT : Thawing condition at room temperature (25°C)

®RW : Thawing condition at running water temperature (20°C)
"HF : High frequency wave (0.8 kW for 40 minutes)
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Table 3. Total aerobic bacteria of blanched radish (Raphanus
sativus L.) by freezing and thawing methods

Total aerobic

Freezing Thawing )
Sample bacteria
method method 100 CFU/ml)
Blanching
(90°C at 3 min) - - 3.11£0.02
LT 3.18+0.00™
RT” 3.010.06>
-20°C"
RW? 3.02+0.09%
HF” 3.140.04™
LT 3.02+0.07%
processed 40°C? RT 3.15+0.04%
RW 3.17+0.04%
HF 3.14+0.13%
LT 3.0440.128Y
Immersion RT 3.01£0.10»
(-60°C)” RW 3.1740.04%
HF 3.1240.02:*

*®Means with different superscripts within the freezing method column are
not significantly different

**Means with different superscripts within the thawing method column are
not significantly different

D-20°C : Freezing in -20°C convectional freezing
2-40°C : Freezing in -40°C convectional freezing

9-60°C : Freezing in -60°C immersion freezing

YLT : Thawing condition at low temperature (4°C)

“RT : Thawing condition at room temperature (25°C)

®RW : Thawing condition at running water temperature (20°C)

7HF : High frequency wave (0.8 kW for 40 minutes)
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A A8l ZpelE YERRA] oSkt ARkAEQl 7] x|
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Table 4. Sensory evaluation scores of blanched radish (Raphanus sativus L.) by freezing and thawing methods (intensity scores)

Freezing Thawing

Sample method  method Appearance  Color ~ Off-flavor ~ Flavor =~ Hardness Sweetness Saltiness Bitterness ~ Umami
Blanching
(90°Cat  RW" - 547£1.51° 587136 3.33+1.18 547+1.51 527+1.83 4.87+1.96 7.73£1.03* 4.60+2.35 6.07+1.44
3 min)
20°C?  4.33£1.23" 5.67+1.05 3.93+1.67 5.80+1.52 4.80+£1.78 4.60+1.76 7.67+1.18* 4.87+2.59 5.27+1.75
Processed RW -40°CY  3.87£1.60° 5874223 3.67+1.54 5.73+1.79 4.53£1.96 4.87+1.16 7.60£1.72* 4.87+2.56 5.87+1.68
I'g_‘g;g%“ 6.00£1.60° 587125 3.67+154 573179 4.00£1.60 440115 6.53+1.19° 487+2.56 5.93+1.16

*®Means with different superscripts within the freezing method column are not significantly different.

NSNot significant (p<0.05)

YRW : Thawing condition at running water temperature (20°C)
220°C : Freezing in -20°C convectional freezing

9-40°C : Freezing in -40°C convectional freezing

9-60°C : Freezing in -60°C immersion freezing
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Table 5. Sensory evaluation scores of blanched radish (Raphanus sativus L.) by freezing and thawing methods (overall acceptability)

Sample iﬁzilzlghg Tr};:tlvzgég Appearance  Color ~ Off-flavor ~ Flavor =~ Hardness Sweetness Saltiness Bitterness Umami acgggﬁﬂity
Blanching
(90°Cat RW" - 5.60£1.45* 4.87+1.55" 5.60£1.06° 6.13+0.92™ 573139 5.00+1.69 3.27+1.33 5.07+2.12 5.67+1.54 4.93+1.39°
3 min)
20°C?  433+1.35° 5.00£1.07° 4.07£1.39° 5.13+1.41  4.73+1.62 5.53+1.41 4.33+2.55 5204224 5.33+1.54 4.73£1.22°
-40°CY  3.87+1.25° 3.40+£1.18° 4.73£1.10° 527+1.53  5.73+2.25 5.33+0.98 3.07+2.29 4.13+2.33 5.13£2.00 4.07+1.62°
Processed RW .
I‘(‘_lgz)‘?,ré;?)“ 573:1.44° 5.67H1.59° 5.13£1.25° 5.67£1.63 6.07+2.19 5.80+1.70 4.60+1.76 5.07+231 6.00+1.41 6.07+1.49°

F-value 6.820" 7.324" 4364"

1.551M 1.388 0.786 2214 0.719 0.811 5.019°

*®Means with different superscripts within the freezing method column are not significantly different.

"significant different at p<0.01,
YRW : Thawing condition at running water temperature (20°C)
220°C : Freezing in -20°C convectional freezing

9-40°C : Freezing in -40°C convectional freezing

9-60°C : Freezing in -60°C immersion freezing
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