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Abstract

This study investigated the quality changes in cabbage brined with deep sea water salt and in a commercial brined
cabbage product. The subject cabbages were separated into two groups: those manufactured in the Lab (ML) and
the commercial brined cabbage product (CP). Each group had three brining treatments: with sun-dried salt (S, CS),
refined salt (R, CR), and deep sea water salt (D, CD). The salinity level of the ML group was 2.1~2.3%, higher
than that of the CP group (1.1~1.5%). The total plate count (TPC) was detected as 5.0 log CFU/g with the S,
R, and D treatments at Day 7, but the growth rate of the TPC with the CS, CR, and CD treatments was faster
than that with the S, R, and D treatments (6.9~7.7 log CFU/g). A lactic acid bacteria (LAB) level of 5.0~6.6
log CFU/g was also detected in the S, R, and D samples, but only 7.0~7.6 log CFU/g was detected in the CP
groups at Day 14. The instrumental hardness levels of the cabbage brined with the deep sea water salts (D and
CD) were 3,971 g and 3,932.4 g, respectively, which were significantly higher than those of the samples that
were salted with sun-dried salt and refined salt (p<0.05). As for the sensory attributes, S, D, and CD maintained
their marketability scores until the end of the storage period for all the properties. CD presented the highest total
free amino acid (478.9 mg%), glutamic acid (107.0 mg%), citric acid (428 mg%y), and sodium (189 ppm) contents.
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Table 1. Proximate composition of salted-cabbages prepared by various types of salt on initial week.

(unit : %)
Parameters
Group”

i Moisture Crude ash (1:impi((ile Crude protein Carbohydrate Salinity
920,12 250,118 15+0.12% 02+0.0° 36+021° 2.540.05°

R 9.2+0.11° 2640218 1440118 02+0.0° 384023 2,6+0.20*
D 91.8+021° 2740314 15+0.32% 030.0° 3740.15° 2.540.06°
cS 93.5+0.22* 1.80.12° 1.5+0.24 0420.0* 3340.12° 1.8+0.12°
CR 92.340.12° 19+0.13° 19+0.14* 02+0.0° 370,16 1.7+0.07°
CD 93.14021® 1540.11° 1.8+020* 02+0.0° 3440.16° 1.1£0.04°

. cabbage brined with sun dried salt; R :
salt CR : purchased cabbage brined with refined salt; CD : purchased cabbage brined with deep sea water salt

cabbage brined with refined salt; D :

cabbage brined with deep sea water salt; CS : purchased cabbage brined with sun dried

"Means with different letters (A-F) between the different treatments differ significantly(p<0.05).
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Fig. 1. Changes in moisture content of salted-cabbages prepared by
various types of salt during the storage period.

@ ; cabbage brined with sun dried salt, O ; cabbage brined with refined salt, W ;
cabbage brined with deep sea water salt, A ; purchased cabbage brined with sun
dried salt, I ; purchased cabbage brined with refined salt, [ ] ; purchased cabbage
brined with deep sea water salt. The expression level is presented as means (bar) with
standard deviation (error bar). Significant differences between untreated and treated were
determined using a Duncan’s test (p<0.05).
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Fig. 2. Changes in salt content of salted-cabbages prepared by
various types of salt during the storage period.

@ ; cabbage brined with sun dried salt, O ; cabbage brined with refined salt, W ;
cabbage brined with deep sea water salt, A ; purchased cabbage brined with sun
dried salt, I ; purchased cabbage brined with refined salt, [] ; purchased cabbage
brined with deep sea water salt. The expression level is presented as means (bar) with
standard deviation (error bar). Significant differences between untreated and treated were
determined using a Duncan’s test (p<0.05).
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Fig. 3. Changes in pH values of salted-cabbages prepared by
various types of salt during the storage period.

@ ; cabbage brined with sun dried salt, O ; cabbage brined with refined salt, W ;
cabbage brined with deep sea water salt, A ; purchased cabbage brined with sun
dried salt, I ; purchased cabbage brined with refined salt, [] ; purchased cabbage
brined with deep sea water salt. The expression level is presented as means (bar) with
standard deviation (error bar). Significant differences between untreated and treated were
determined using a Duncan’s test (p<0.05).
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Fig. 4. Changes in titratable acidity values of salted-cabbages
prepared by various types of salt during the storage period.

@ ; cabbage brined with sun dried salt, O ; cabbage brined with refined salt, W ;
cabbage brined with deep sea water salt, A ; purchased cabbage brined with sun
dried salt, I ; purchased cabbage brined with refined salt, [ ] ; purchased cabbage
brined with deep sea water salt. The expression level is presented as means (bar) with
standard deviation (error bar). Significant differences between untreated and treated were
determined using a Duncan’s test (p<0.05).
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Fig. 5. Changes in total aerobe bacteria counts of salted-cabbages
prepared by various types of salt during the storage period.

@ ; cabbage brined with sun dried salt, O ; cabbage brined with refined salt, W ;
cabbage brined with deep sea water salt, A ; purchased cabbage brined with sun
dried salt, I ; purchased cabbage brined with refined salt, [ ] ; purchased cabbage
brined with deep sea water salt. The expression level is presented as means (bar) with
standard deviation (error bar). Significant differences between untreated and treated were
determined using a Duncan’s test (p<0.05).
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Fig. 6. Changes in lactic acid bacteria counts of salted-cabbages
prepared by various types of salt during the storage period.

@ ; cabbage brined with sun dried salt, O ; cabbage brined with refined salt, W ;
cabbage brined with deep sea water salt, A ; purchased cabbage brined with sun
dried salt, I ; purchased cabbage brined with refined salt, [ ] ; purchased cabbage
brined with deep sea water salt. The expression level is presented as means (bar) with
standard deviation (error bar). Significant differences between untreated and treated were
determined using a Duncan’s test (p<0.05).
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Fig. 7. Changes in hardness of salted-cabbages prepared by various
types of salt during the storage period.

@ ; cabbage brined with sun dried salt, O ; cabbage brined with refined salt, W ;
cabbage brined with deep sea water salt, A ; purchased cabbage brined with sun
dried salt, I ; purchased cabbage brined with refined salt, [ ] ; purchased cabbage
brined with deep sea water salt. The expression level is presented as means (bar) with
standard deviation (error bar). Significant differences between untreated and treated were
determined using a Duncan’s test (p<0.05).
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Fig. 8. Changes in chewiness of salted-cabbages prepared by
various types of salt during the storage period.

@ ; cabbage brined with sun dried salt, O ; cabbage brined with refined salt, W ;
cabbage brined with deep sea water salt, A ; purchased cabbage brined with sun
dried salt, I ; purchased cabbage brined with refined salt, [ ] ; purchased cabbage
brined with deep sea water salt. The expression level is presented as means (bar) with
standard deviation (error bar). Significant differences between untreated and treated were
determined using a Duncan’s test (p<0.05).
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Table 2. Mineral content of salted-cabbages prepared by various
types of salt on initial week.

(unit : ppm)

Group” K Na Fe Zn Mg

S 245 135 0.7 05 03

R 238 138 0.7 02 0.1

D 257 137 08 0.8 04

CS 232 126 0.7 09 0.1
CR 215 114 08 10

CD 233 189 08 L1 02

g cabbage brined with sun dried salt; R : cabbage brined with refined salt; D
: cabbage brined with deep sea water salt; CS : purchased cabbage brined with
sun dried salt; CR : purchased cabbage brined with refined salt; CD : purchased
cabbage brined with deep sea water salt

Feloto] et

AAdage] T/l wE dduise] A% 072k frelof
0= Ab SRS Table 33 2th fElopu] it S S,
R, D 77} Z¥7} 3443, 347.0, 327.7 mg%, CS, CR, CD 7}
7}7} 3443, 422.1, 4789 mg% = JESTE S, R, D ¥ CS,
CR, CD 9] F8 op1| =2k serine, glutamic acid, alanine,
valine, GABA, arginineQ! 2 2.2 UElsta, fe|olu] =it
ZZH] °F 61% 459 Aoz ZANE|Q ) Fohn] At
Ql threonine, valine, methionine, isoleucine, leucine,
phenylalanine, lysine®] & % H|&2 S, R, D + 727t
91.0, 90.3, 80.2 mg%, % relobr| At S| vl &
27.3, 260, 24.5% = | FHNSTA AU F7F AL ok
A AdulFol] H]al] Bolm| At FheFo] e o=
e kAR A| A1 #<1 CS, CR, CD -] H4=opn|
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o

A N

Table 3. Free amino acid contents of salted-cabbages prepared
by various types of salt on initial week.

(unit : mg%)
Group”
Free amino acid

R D CS CR CD

Phosphoserine 1.8 22 1.8 0.0 L5 21
Taurine 0.0 0.0 0.0 0.0 09 04
Aspartic acid 7.1 6.2 129 224 100 154
Threonine 102 121 9.7 84 141 139
Serine 270 291 309 150 321 236
Glutamic acid 549 619 515 269 692 1070
a-amino adipic acid 04 04 00 0.0 00 09
Glycine 9.1 8.8 89 9.2 124 116
Alanine 674 732 N7 617 796 918
Citrlline 0.0 0.0 0.0 193 0.0 0.0
a-amino-n-butyric acid 04 03 0.0 0.0 0.6 05
Valine 262 218 254 255 334 237
Methionine 6.1 53 50 58 6.3 6.1
Cystathionine 5.1 37 42 31 30 33
Isoleucine 113 1.7 103 121 17.5 144
Leucine 158 143 117 156 198 179
Tyrosine 5.8 30 35 53 39 7.1
Phenylalanine 17.1 94 105 116 153 186
[3-Alanine 42 43 42 4.0 40 42
¥-Amino butyric acid 102 36 28 401 202 235
Ethanol amine 27 30 23 22 24 38
Ammonia 84 73 73 185 102 196
Ornithine 09 05 04 9.8 13 6.2
Lysine 43 9.7 7.6 102 157 157
Histidine 4.7 5.8 64 58 40 83
Arginine 320 435 318 58 45 331
Total 3011 3036 290 3385 3774 4456

S : cabbage brined with sun dried salt; R : cabbage brined with refined salt; D
: cabbage brined with deep sea water salt; CS : purchased cabbage brined with
sun dried  salt; CR : purchased cabbage brined with refined salt, CD : purchased
cabbage brined with deep sea water salt
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Table 4. Organic acid content of salted-cabbages prepared by various types of salt on initial week.
(unit : mg%)
Groupl) Tartaric acid Malic acid Lactic acid Acetic acid Citric acid Succinic acid Fumaric acid ~ Propionic acid
N - 61 21 - 126 14 2 65
R - o4 25 - 29 20 - 85
D - 59 25 - 70 20 - 49
CS 148 108 49 40 171 21 52 49
CR 169 65 41 - 207 19 52 57
Cch 267 - 48 - 428 19 - -

S : cabbage brined with sun dried salt; R : cabbage brined with refined salt; D : cabbage brined with deep sea water salt; CS : purchased cabbage brined with sun dried
salt; CR : purchased cabbage brined with refined salt; CD : purchased cabbage brined with deep sea water salt

Table 5. Changes in outer-apperence of salted-cabbages prepared
by various types of salt during the storage period.

Storage time (weeks)

Group” | ) ] i
S 50:007Y 43:03%  41:09"  36:15%  32:04%
5000 42057 40:04%  34:149  32:05%
D 50:00™ 45:05"  43:11™  38:16  33:06™
€S 50:00™  45:06"  41:13* 345167 30:157
CR 50800  41:04™  34205™  28:05%  26+13
D 50:00™  40:08™  34:16™  34:08%  30:15%

'S : cabbage brined with sun dried salt; R : cabbage brined with refined salt; D
. cabbage brined with deep sea water salt; CS : purchased cabbage brined with
sun dried salt; CR : purchased cabbage brined with refined salt; CD : purchased
cabbage brined with deep sea water salt

Means with different letters (A-F) between the different treatments differ significantly
(p<0.03).

Means with different letters (a-¢) between the different storage time differ significantly
(p<0.03).

Table 6. Changes in sourness of salted-cabbages prepared by
various types of salt during the storage period.

Storage time (wecks)

Group”
0 1 2 3 4
S 50£00"  42+05"  38+05%  32:04  30:1.0M
R 50100 4.1406™ 35:05% 3005 28+10“
D 50100 4305 3807 3310 3005
cS 50100 40t05°  34:05%  32:05%  29+05™
CR 50:00°  40:07" 30109 2806  26:1.0™
D 50200 42106  34:10% 33205 3.0:05M

S : cabbage brined with sun dried salt; R : cabbage brined with refined salt; D
: cabbage brined with deep sea water salt; CS : purchased cabbage brined with
sun dried  salt; CR : purchased cabbage brined with refined salt; CD : purchased
cabbage brined with deep sea water salt

IMeans with different letters (A-F) between the different treatments differ significantly
(p<0.05).

Means with different letters (a-¢) between the different storage time differ significantly
(p<0.05).

Table 7. Changes in overall acceptance of salted-cabbages
prepared by various types of salt during the storage period.

Storage time (weeks)

Group”
0 1 2 3 4
S 5000 42:04%  38:11%  32:04M  30:04™
R 50000 41:05%  35:05%  30:05%  28:05%
D 50800 4305 38:05%  33:04™  30:06™
CS 50000 40£1.0”  34206% 32106 2905
CR 50100  40:06”  30:05%  28:10%  26t1.0%
CD 50100 42:05%  34208% 33112 3005

g . cabbage brined with sun dried salt; R : cabbage brined with refined salt; D
. cabbage brined with deep sea water salt; CS : purchased cabbage brined with
sun dried salt; CR : purchased cabbage brined with refined salt; CD : purchased
cabbage brined with deep sea water salt

Means with different letters (A-F) between the different treatments differ significantly
(p<0.05).

3E\/Ieans with different letters (a-¢) between the different storage time differ significantly

(p<0.05).
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