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Abstract

The rate of salt and sugar into pickled cabbages was determined, and physicochemical characteristics, such as
sensory, texture, and pH, of vinegar pickled cabbages during storage were examined at different storage tempera-
tures and vinegar concentrations. The rate of salt and sugar penetration was faster in smaller size and on leaves
rather than the stem of cabbage. Also, higher salt and sugar concentration and higher storage temperatures led
to increase in salt and sugar permeation rate. As a result of sensory test, lower storage temperature is the most
suitable, and 6% vinegar concentration was the mostly appropriate. Hardness and cohesiveness were decreased
significantly at the initial 1 week storage time, but storage temperature did not show any significant effect.
Addition of vinegar contents enhanced the hardness, but decreased cohesiveness. The pH was lowered with
increasing vinegar content, indicated most significant factor on pickled cabbage. In general, salt and sugar con-
tents rather than storage temperature have greater influence on permeation rate, and especially, addition of vinegar

affects the texture of pickled cabbage.
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Table 1. Salt (A) and sugar (B) penetration rate into stems and leaves of cabbage cut into 3x3, and 5x5 cm during storage in

different concentrations of solutions at 25°C

(A)
Conc. 3x3 cm 5x5 cm
Sample %
(%) Penetration rate (%/h) R? Penetration rate (%/h) R?
2 0.27+0.00¢ 0.68 0.46+0.04° 0.79
4 0.47+0.00° 0.92 0.67+0.06° 0.95
Stem b b
6 0.80+0.06 0.98 0.72+0.04 0.93
8 1.43+0.15° 0.99 0.92+0.04* 0.98
2 0.49+0.00°¢ 0.84 0.19+0.09¢ 0.49
Leaf 4 1.02+0.10° 0.99 0.87+0.08° 0.96
e 6 131£0.26" 0.95 1.020.10° 0.93
8 1.44+0.01° 0.97 1.34+0.03* 0.96
(B)
Conc. 3x3 cm 5x5 cm
Sample 5
(°Bx) Penetration rate (°Bx/h) R? Penetration rate (°Bx/h) R?
5 0.1820.08° 0.68 0.090.13" 0.77
Stem 10 0.500.19" 0.89 0.070.02" 0.6
15 0.750.01" 0.93 0.29:0.08" 0.87
20 1.17£0.05* 0.97 0.7740.08" 0.99
5 0.55+0.00°¢ 0.77 0.24+0.06° 0.77
Leaf 10 0.70+0.09¢ 0.90 0.38+0.13°¢ 0.86
15 1.39+0.00° 0.97 0.95+0.12° 0.99
20 1.63+0.18* 0.99 1.52+0.08* 0.99

*“Value with the different superscript within a column are significantly difterent (p<0.05)
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Table 2. Salt (A) and sugar (B) penetration rate into stems and leaves of during storage in 8% salt and 20 brix sugar solutions at
different storage temperatures

A
Temp. 3x3 cm 5x5 cm
Sample N - -
(°C) Penetration rate (%/h) R? Penetration rate (%/h) R?
5 1.26+0.09° 0.97 0.74+0.10° 0.96
Stem 10 1.28+0.08° 0.99 0.74+0.04° 0.88
25 1.43+£0.15° 0.99 0.92+0.04* 0.98
5 1.43+£0.16" 0.97 1.29+0.04% 0.99
Leaf 10 1.40+0.07¢ 0.98 1.33+0.07% 0.97
25 1.44+0.01° 0.97 1.34+0.03* 0.96
(B)
Temp. 3x3 cm 5x5 cm
Sample N - -
(°C) Penetration rate (°Bx/h) R? Penetration rate (°Bx/h) R?
5 0.81+0.15° 0.99 0.57+0.04° 0.97
Stem 10 0.90:+0.13° 0.97 0.63£0.10® 0.97
25 1.17£0.07° 0.97 0.77+0.09* 0.99
5 1.43+£0.14* 0.98 1.34+0.25% 0.98
Leaf 10 1.49+0.19% 0.96 1.42+0.08* 0.98
25 1.63+0.22° 0.99 1.51+0.09* 0.99

*®Value with the superscript within a column are not significantly different (p<0.05)

Table 3. Results of sensory test of vinegared stems and leaves of cabbage at different temperatures (A) and vinegar contents (B)

during storage

(A)
Temp (°C) Time (wk)
1 2 3 4
5 4.65+1.93® 5.35+1.64" 4.95+1.67* 4.00+1.53°
Stem 15 4.95+1.47% 4.70+1.35% 4.75+1.72% 4.05+1.40°
- 25 4.65+1.76™ 4.85+1.54M 3.65+1.73% 3.30+0.98°
avor
5 5.30+£1.81" 4.75+1.52% 5.25+1.69M 4.70+1.42
Leaf 15 5.55+1.44" 4.70+1.814 425+1 217 4.25+1 417
25 5.30+£1.50" 4.45+1.71% 3.05+£1.51% 2.55+1.40%°
5 4.504+2.14% 5.30+£1.72% 5.25+1.62M 4.35+1.47%
Stem 15 4.80+1.58* 4.85+1.57™ 4.75+1.62 4.45+1 647
Tast 25 4.95£1.91% 4.90+1.524 3.55+1.61% 3.25+2.00%
aste
5 5.304£2.06" 5.10+£1.89" 5.30:+1.93% 4.95+1.71%
Leaf 15 5.70+1.46" 4.35+1.70™ 4.25+1.877B 4.15+1.35"80
25 5.2541.69" 4.25+1.49"® 3.30+£1.79% 3.20+2.15%
5 6.30+£1.81" 5.30+£1.63" 6.25£1.41" 5.20+1.58"
Stem 15 5.90+1.78" 5.80:£1 .44/ 5.15+1.828® 4.70+1.87"°
ori 25 6.10£2.03" 5.65+1.57" 4.35+1.79%° 3.40+£1.91%
rispy
5 5.95+1.77" 5.80+£1.40" 5.55+1.36™ 5.15+1.93%
Leaf 15 5.70+1.46" 4.90+1.66™ 4.80+1.717B2 4.80+1.86"%
25 5.85+1.82" 5.15+1.67" 3.85+2.14% 3.65+1.67%
5 5.15£2.01" 5.85+1.50" 5.30£1.50" 4.70+1.76™
Stem 15 5.05+1.74% 5.60+1.61%° 4.85+1.144 4.65+1.76"
Overall 25 5.05+£1.94" 5.30+£1.81" 3.55+1.28% 3.35+1.67%
preference 5 5.30+£1.98" 5.55+1.51M 5.65+1.317 5.25+1.49%
Leaf 15 5.45+1.71% 5.00+£1.56" 4.95+1.36 4.45+1.80"
25 5.40+1.85" 4.70+1.76™ 3.25+1.56% 2.80+1.44%°

*¢ Value with the different superscript within a same row are significantly different (»<0.05).
A€ Value with the different superscript within a same column are significantly different (p<0.05).



370 GERRE LIS

Table 3. Results of sensory test of vinegared stems and leaves of cabbage at different temperatures (A) and vinegar contents (B)
during storage (continued)

B)
Time (wk)
Conc. (%)
1 2 3 4
0 3.95+1.50" 3.30+1.63° 3.25+1.715 3.50+1.79<
Stem 3 4.30+1.63% 4.90+2.00% 4.85+1.76" 4.70+1.38%
6 5.55+1.47% 6.25£1.94% 5.25+1.924 5.85+1.90%
- 9 6.00£1.49% 5.801.7482 5.60+1.88" 6.10£1.62"
avor
0 3.75+1.65% 3.85+1.84" 3.40+1.57% 3.65+1.93"
Leaf 3 5.15+1.42 5.204+1.94% 4.60+2.164 4.10+1.55%
6 6.50+£1.28" 5.90+1.74" 5.85+1.844 5.70+1.66
9 6.65£1.42" 5.75+1.86™ 5.25+2.204 5.20+1.64
0 3.60+1.39" 3.30+1.84 2.95+1.545 3.45+1.93"
Stem 3 4.05+1.85% 5.00+1.865 4.85+1.50" 4.75+1.55™
6 5.45+1.93% 6.35+2.13% 5.50+2.09% 5.80+2.07*
Tast 9 6.35+1.39% 5.65+1.9340 5.95+2.09% 5.80+1.79*
aste
0 3.55+1.90 3.80+1.54" 2.95+1.79" 3.25+2.10"
Leaf 3 4.95£1.61% 5.054+2.194 4.45+2.39 3.95+1.43"%
6 6.10£0.72" 5.80£1.85% 5.85+2.034 5.60+1.76
9 6.15£0.934 5.50£2.12% 5.20+2.28% 5.25+1.48%
0 5.10+£1.74% 4.30+1.98% 3.90+1.715 3.85+2.08"
Stem 3 5.35+1.79% 6.15+1.69" 5.65+1.42% 5.00+£2.05%
6 6.10£1.414% 6.55+1.64" 5.50+2.01% 5.85+1.79%
Cri 9 7.05+1.10% 6.65+2.01% 6.10£2.10" 6.20£1.61"
ris
i 0 5.15+1.98 5.15£1.50% 4.25+1.65% 4.20+£2.35%
Leaf 3 5.35+1.428 5.304+2.114 4.80+2.074% 4.30+1.78%
6 6.15£1.09% 5.80+1.74% 5.6542.08* 5.75+1.624
9 6.35£0.73" 5.55£1.61% 5.60+2.14% 5.25+1.86
0 4.00+1.528 3.55+1.825 3.15+1.398 3.60+1.855%
Stem 3 4.60+1.35% 5.15£2.01% 5.10£1.41% 5.00+1.38%
6 5.75+1.52% 6.30+1.874 5.45+1.99% 5.95+1.96*
Overall 9 6.50+1.28" 6.15+1.76" 6.15+1.76" 6.10£1.65™
preference 0 3.90+1.86 4.40+1.60% 3.45+1.85% 3.70+1.95%
Leaf 3 5.35+1.145 5.2042. 1448 4.60+2.1448 3.95+1.43%
6 6.15+1.09"B 5.85+1.79% 5.85+1.93% 5.90+1.744
9 6.25+1.04" 5.35+1.9045 5.6542.18% 5.15+1.60%

““Value with the different superscript within a same row are significantly different (p<0.05).
A€ Value with the different superscript within a same column are significantly different (p<0.05).

el EAske ofe] aae] @ T Fol AVle IR VIRV FoHoR FUkele A Sl
sz i, FEEE ) ZHe A JlanE Hxe H4 dyel
A F Az g e wjF gF] AeHIIE AA 4%31-_’ 1115 H} AThKoh et al, 2012). 2% H7}
I 23S Table 3B YERAIT WS &7 3¢, BE A M v dss
& IFATE 4T BE FERAA 9% 4 %] 75 UrEM% ‘ZiE‘r.

bV w9, A9l Aol AAzke] Al whet

=

ol

¢

N

12
5(
rlo
=
N
-LI
o
O

BE FEAAM 6% 2z A3t 7P 59 tiAA NE & =2 xI':- F' % pH Hs}
o= I F79 7|EEE AT HETE =UAT, W 920 A% F ARE e vjF £7]9] e
Holx| (hardness)®} -4 (cohesweness) 1

179 ol Fel AAZ mE FHe Folg
gkom, Az 1FARE 42 ¥t FHU5E RE o UBhiglth BE Agewels

_l_, m[o
e
oZi
rob
i
:Jd
il
&2
(4}



sz 4% %

WS Belse wsk) di 97

371

(A) 18
—&— 5T stem of cabbage 121 —— S’Q Stem of cabbage
16 | —O— 157 stem of cabbage —0— 15!(3 Stem of cabbage
—w— 25TC stem of cabbage —w— 25T Stem of cabbage
14+ 1.0
-~ 7]
=
9 12+ ¢ o0s8f
P 8
[ T] 2
2 g osf
° =
<4
s gl Q
T 6]
04 F
6 -
4} 02F
2 ) | L L L 0.0 L L L L L
0 1 2 3 4 0 1 2 3 4 5
Time (wk) Time (wk)
(B) 18
—&— 0% Stem of cabbage 12} —&— 0% Stem of cabbage
16 | —O— 3% Stem of cabbage —O— 3% Stem of cabbage
—w— 6% Stem of cabbage —w— 6% Stem of cabbage
—&— 9% Stem of cabbage 10k —&— 9% Stem of cabbage
14+ :
- 7]
12 F L
g g 08
[ P
8 10 2 =5 %
[
c o 06
Fd <
=
© 8l Q
= (6]
04}
6+
02}
4
2 L L 1 ' 1 0.0 L . L | L
0 1 2 3 4 0 1 2, 3 4 5
Time (wk) Time (wk)

Fig. 1. Hardness and cohesiveness of vinegared stems of cabbage according to different temperature (A) and vinegar content (B)

during storage.
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Fig. 2. Change in pH of stems (A) and leaves (B) of cabbage according to vinegar content during storage at 5°C.
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