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Effects of Freezing and Thawing Methods on the Quality of Dongchimi

Do Hyun Lee, Seok Jun Park, Jiyong Park
Department of Biotechnology and Bioproducts Research Center, Yonsei University

Abstract

Dongchimi (Korean-style fermented radish with juice) products were frozen to prevent further acidification
and softening of texture by restraining microbial growth and enzyme activity during storage. Dongchimi juice
and radish were separated prior to freezing process. Dongchimi radish was frozen at -20°C, -70°C and
immersed in liquid nitrogen and dongchimi juice was frozen at -20°C and -70°C. Frozen dongchimi samples
were thawed with ambient temperatures of 4°C and 27°C and with 915 MHz-microwave, respectively.
Dongchimi radish immersed in liquid nitrogen and thawed with 915 MHz-microwave showed the highest
pectinesterase activity and hardness, and the lowest polygalacturonase activity and color change, indicating
that this quick freezing-quick thawing method can be used for the long-term storage of dongchimi products.
Dongchimi juice frozen at -70°C and thawed with 915 MHz-microwave retained its pH and titrable acidity,

and showed a largest reduction in total aerobic count and lactic acid bacteria.
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Table 1. Effects of respective freezing methods on the quality of dongchimi radish and dongchimi juice

Sample Measurement Non-frozen Method 1" Method 2%
Relative hardness (%) 91.84£697° 79.58 +7.67
Dongchimi L-value 62.07+£2.15 4899+3.13 43.82+2.85
radish a-value -1.88+0.79 -0.76 £0.63 0.30+0.21
b-value 4621098 2.81£0.76 344+1.13
A E? 13.25 18.41
pH 3.80+0.00 3.78+0.01 3.87+0.05
Titrable acidity (%) 0.20+0.00 0.21+0.01 0.18+0.01
Dongchimi L-value 88.02+0.34 84.70+0.76 84.14+0.90
juic a-value 0.34+0.07 045+0.11 0.5510.10
b-value 540+0.12 6.79+0.87 7.961£0.47
4FE 3.60 4.65

"Dongchimi radish and juice were separated and frozen at -70°C respectively; thawed with 915 MHz microwave.
YDongchimi radish and juice were frozen at -70°C together: thawed with 915 MHz microwave.

Values are mean = standard deviation.
YAE = J(AL)? + (Aa)’ + (Ab)°

Table 2. Effects of sample size on the quality of dongchimi radish frozen at -70°C and thawed with 915 MHz microwave

Condition

Sample size (cm)

Non-frozen
Measurement 2X2X6 4X4X6 6X6X6
Thawing time (sec)” 0 130 175
L-value 62.07£2.15% 48.99+3.13 48.57+2.68 45.74+1.91
a-value -1.88+0.79 -0.76 £ 0.63 -0.71+0.43 -0.791£0.31
b-value 4.62+0.98 2.81+0.76 2324092 2.02£0.51
4EY 0 13.25 13.74 16.57
Relative hardness (%) 100 91.8+6.97 84.8 +8.86 83.81+8.36

"The thawing time was determined when the center temperature of sample reached to 4°C.

YValues are mean = standard deviation.
“AE = J(AL)® + (Aa)’ + (Ab)°
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Table 3. Effects of freezing and thawing methods on thawing time and surface temperature of dongchimi

D himi radish D himi jui
Freezing method Thawing method P orfgc e oTlgc _m"imce‘
Thawing time" (min) Surface temp ( C) Thawing time” (min)
4°C 285.0 53 1530.0
-20°C 27°C 68 79 425
915 MHz MW" 1.5 6.5 1.7
4°C 295.2 55 1555.2
-70°C 27°C 74 8.1 4.50
915 MHz MW 1.75 6.9 1.92
4°C 295.2 55
LN, 27°C 74 8.0
915 MHz MW 1.75 6.8

“The thawing time was determined when the center temperature of dongchimi radish reached to 4°C.
PThe thawing time was determined when the volume of thawed dongchimi juice was 50% of total volume.

"Microwave. *Liquid nitrogen.
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Fig. 1. Effects of freezing and thawing methods on
pectinesterase relative activity (%) of dongchimi radish.
Error bars represent the standard deviation.
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Fig. 3. Effects of freezing and thawing methods on
relative hardness (%) of dongchimi radish. Error bars
represent the standard deviation.

97.2%2.2 Ae]|Ale] Alejs} vwsted 2] el ¢l
71o A7) AR FbsAE AASEE. F2v] Fe
hardness® 572 W #F whgel @l f20%Ql Aol
£ el ohP<0.001). ole} 22 Ay GEE F
& 7351992 o cell damageE WHAE F ok B
318} Fuchigami 599 Za}e}l dX|sle] F4 FHo
F-9] hardness Aol EAH o)l FekE g
Table 40 572 % 35 uhyol] upE FXjv] F R
me] AT 2478 vehigich Lgke 28 ATl
FTAMEY Zashs S ¥PAN LN9ISMWE
5422 7F ¥4 veEpted, 200004 545 27°C
oA #Ea Ae] 4472 FHR e ke vEhig
o} FAA] Fe] a b3S LEC} AR wi$
wokar, xe] Fol= a, bghe HTE Feo)r} §i%)
LN9I5SMW7E 7k A& Lzke] W3E Jehdeoen

AEYE 71 A Jeldth 54 459 6% £
7} el E JEgtel AAslRE g4 % I5
AEL AAH) MEE FR|ehed Hapaoleln
kel glc}, o)A FZHE E5olE microwave® F5
s A oE sF wRe L3 #sl Hdz
B8t Phan®e] Ael dRjsgo). L, b3k 52
9 #F dhdel wel f2)el Ae]E JJehyond
(P<0.01), a%t2 F2& el #ol7} ¢adohP>0.05).

S Y olfE 80| SX(0f 24| EH0H| 0(X|f= Q&

Table 3¢ Fx|u] o] 54 9 &g el a}&
A Azt 3 eE BEE vehigdch FXv] 99
HF2 Ho o] ofo] MA R 50%] =2slg
& 9 kRt 50 d= FAv] Fo} vlEz}R|
2 200CelM EFE Flo| -70eCelA FAE AXc
& E Al7be] EH< T 915 MHz microwaved] 2]3}
4 d59 48 E 4+ At ol lF Azt
9] whEe AR Ao FMelA HAAL, A, 7H
HA 5§ P ez s

Table 59 572 9 si% Wyl $xn) d< pHe}
Abzel vlAE 3kE Jeplisich WA 2<%7)ql pH
3.800ll 4 SA3 Fx|v] AL s]Fsh pHE ozt 7t
A% A Jehdd -70ecelA EAsEE 915
MHz microwave® &3t §X|v] ¥2 pH:= 71 ¥
£ 378& Jehlglx, 20Ce)A EA4=ET 4T 8%
¥ 50 49 pHE M W& 3755 dEpsiH-
8% Alzko] ZojAle] wzl vl Ee] 2)3 {74k
yAJo] Yol o @ 4°C #Fo] 7H & pHAE W}
el Aelgt AAHEAT. Alxe] A 4 9 HF
F 23 Frlslgdort, pHY ALE 2F 22 dhye
-2 FolHel zelE VehdR] obakehp>0.05).

2 W E whe] BAn] Ao} FAggel At

Table 4. Effects of freezing and thawing methods on L, a, b values and total color difference (AE) of dongchimi radish

Freezing method Thawing method L-value a-value b-value 4E"
Non-frozen 62.07+£2.15% -1.831£0.79 4.62+0.98 0

4°C 47.70+2.22 -0.11£040 351+£070 14.52

-20°C 27°C 44,68 +3.26 -0.040.79 301%1.12 17.56

915 MHz MW? 48.12£3.97 -0.61 £0.46 293+0.32 14.11

4°C 48.15+2.19 -0.44 042 2461114 14.16

-70°C 27°C 4555+2.27 -0.16 £0.55 1.97 £0.98 16.81

915 MHz MW 4899+3.13 -0.76 £0.63 2.81£0.76 13.25

4°C 5221+244 -0.69+1.15 3.85+1.58 9.96

LN, 27°C 45.80+£2.27 -0.51+0.43 2.21+1.89 16.50

915 MHz MW 54.22+3.01 -091+037 3.04£037 8.06

DAE = J(AL)? + (Aa)® + (Ab)°
Values are mean = standard deviation,
PMicrowave.’Liquid nitrogen.
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Table 5. Effects of freezing and thawing methods on pH
and titrable acidity of dongchimi juice

Freezing Thawing H Titrable acidity
method method p (%)

Non-frozen 3.80+0.00" 0.20%£0.00
4°C 3.75£0.01 021£0.00
-20°C 27°C 3.771+0.00 0.21+£0.00
915 MHz MW?  3.78+0.01 0.21+0.01
4°C 3.75+0.01 0.21+0.00
-70°C 27°C 3.77+0.01 0.21£0.00
915 MHz MW  3.78 £0.01 0.21£0.01

YValues are mean * standard deviation.
"Microwave.

Table 6. Effects of freezing and thawing methods on total
aerobes and lactic acid bacteria of dongchimi juice
(unit : CFU/immL)

Freezing Thawing ~ lactic acid

method method total aerobes bacteria
Non-frozen 3.28 <108 2.50< 108
4°C 6.62X10° 4.46X10°
-20°C 27°C 7.04X10° 3.94 % 10°
915 MHz MW" 51410} 2.88 X 10°
4°C 6.24 X 10° 4.18x10°
-70°C 27°C 570X 10° 348X 10°
9I5SMHz MW 294 % 10° 1.36 X 10°
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Table 7. Effects of freezing and thawing methods on L, a, b values and total color difference (AE) of dongchimi juice

Freezing method Thawing method L-value a-value b-value 4EV
Non-frozen 88.021+0.347 0.34+0.07 540£0.12 0
4°C 87.49+1.86 0431£0.11 5.73+1.93 0.63
-20°C 27°C 8525+1.58 0.49+£0.05 6.81 +0.67 3.11
915 MHz MW? 84.54 £ 0.54 0.46+0.05 6.80:0.24 3.75
4°C 87.69+1.22 0.34£0.10 5.98+0.58 0.67
-70°C 27°C 86.82:1+0.84 0.35+0.05 547+£0.29 1.20
915 MHz MW 84.70+0.76 045%+0.11 6.79+0.87 3.60

PAE = J(AL)? + (Aa)®+ (Ab)?
YValues are mean * standard deviation.
SMicrowave.
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