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Abstract

This study was conducted to investigate changes in the physicochemical properties (proximate compounds, reducing
sugar, organic acid, ATP and related compounds, and free amino acid) of beachu kimchi (BK) with octopus, abalone,
squid and webfoot octopus added during its storage at 4°C for 35 days. The crude protein content of the seafood
Kimchi, 1.98~3.41%, was higher than that of the BK. The organic acid level did not significantly differ in the
four kinds of seafood during their fermentation, and their malate and succinate contents decreased while their lactate
content increased. The levels of the ATP and related compound substances of the hypoxanthine contents were
high but decreased during their fermentation. However, 3.40 numol/g of IMP was detected in the Kimchi with octopus
added; 0.67 pmol/g in the Kimchi with abalone added; and 1.80 pmol/g in the Kimchi with squid added after
they were fermented for 21 days, but the same were not detected in the BK. The taurine and y-amino-n-butyric
acid contents of the free amino acids in the seafood Kimchi were approximately two to 10 times and 1.5 to three

times higher than in the BK, respectively.
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Table 1. Ingredient ratio in spice and chinese cabbage of Kimchi
added with seafood

Sample
Ingredient composition Beachu Kinchi Beac]zzéealiz)nc()dbi with
Ratio (%) Weight (g)| Ratio (%) {Weight (g)
Pickled Chinese cabbage 84.95 1000 7830 1000
Red peeper powder 2.55 30 235 30
Sand lance source (Fermented) 127 15 1.17 15
Soused shrimp (Fermented) 1.70 20 1.57 20
Galic 255 30 235 30
Ginger 0.51 6 047 6
Glutinous tice paste 3.67 432 3.38 432
Suger 0.51 6 047 6
Small green onion 229 27 211 27
Seafood 7.83 100
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Table 2. The organic acid analysis condition of seafood Kimchi
during fermentation

Analysis condition
Aminex HPX-87H column

Column (300 mm x 7.8 mm)
Column temp. 35C

Eluent 0.008N H,SO;4

Eluent flow rate 0.6 mL/min

Detecter 210 nm, UV

Analysis time 20 min
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Table 3. Proximate compositions of Kimchi added with seafood

Proximate composition (%)

Sample” Storage period (day)

P g P Y Moisture Crude ash Crude lipid Crude protein
0 87114083 341+041° 046+0.01° 2.63+0.17"

7 89.33+1.24° 357+0.12° 042+0.12° 1.82+0.02°

- 14 88514129 2.27+0,09" 040+0.02° 2.06+0.26"
21 89.8540.26" 231:0,01° 044003 1.78£0.05"

2 89354022 2.6140.09 045+0.04° 1.59+0.09"

35 89.55+0.22° 247+0.10° 0.55+0.04° 1.98+0.01°

0 87.714081° 2.7440.10° 0.38+0.22° 3.05+0.30"

7 87.70+044° 2714020 0.55+0.02° 3.530.12°

08K 14 87.53+0.05" 2.65+0.02° 0.50+0.04° 3.01+0.01°
21 87.89+046" 247+0.12° 0.38+0.09° 328+0.14°

2 87704034 2.514002° 040+0.04° 3.10+0.03"

35 87.79+0.11° 2.9620.04® 041£001° 3.4140.24°

0 85.52+0.55" 3.51£0.07° 0.5740.03° 2.824027"

7 85.62+0.30° 272003 0.48+0,03° 3.3820.12°

ABK 14 87.46+0.63" 234+0.18° 047005 2.590.11°
21 88.76+0.23° 2724008 0.25+0,01° 2624009

2 86.85+0.19" 2.53+0.08" 0.27+0.02° 2784011

35 87.42+0.55" 2.8740.03" 0410,03" 3.06+0.12"

0 89.690.41° 2.33+0.09" 04110,05° 3.05+0.10"

7 86.550.33" 2.69%0.10° 0420.10® 3.98+0.18°

Bk 14 87.09+0.38" 2.5540.14% 037+0.05° 3.2820,08°
21 85.55+0.54" 3.05£0.10° 0.75+0.03° 381027

28 88.53+0.36° 2.47+0.06" 0.430,05° 327+0.10™

35 88.010.32° 3.0740.05° 0.720.05" 3.2040.18"

0 87.88+0.89° 2.86+021° 0.36+0.05" 3.1420.13°

7 89.15+0.33¢ 2.20+0.04° 0.29+0,04° 2764007

WOBK 14 87.1240.15° 2.6440.15° 0.29+0.01° 3.1340.10°
21 87.52+0.51° 279+0.13° 0.58+0.11° 3.5920,19°

2 87.06:0.55" 2.66+0.06° 0.52+0.04° 3.70+0.64°

35 88.23+0.29° 27740.00° 0.46+0,03" 3.12£0,07"

The experimental seafood Kimchi sample are as follow : BK (Biechu Kimchi), OBK (Octopus baechu Kinchi), ABK (Abalone baechu Kimchi), SBK (Squit baechu Kimchi),

WOBK (Webfoot octopus beachu Kinichi).

QAT A1 YA} RS WA ke R 7]
ZerA o) el Aol fo4e Yeh ek ol @
A%z Hol MFRA R} Folg} AR, 0Aol, F3]
A7k WFE0A FPiel e A BEE Ak

rk
o
o
Al
1>

riot
o,
oft
Lo
i)
ot
M
1x
X

ZAy= Table 49 2o} 27] 3993
A7F8A] & AX = 269 mg/mL
h S22 9] 79 253 mg/mLE
£ A7k wiSx1 9 7

ps
-

M 32 o
kI lo
o

:{o

N

r=

o 1

= o
he)
o~
£
o
2 il
L
[/ N o
N

to

o,
2. d

= 7}2} 29.0 mg/mL, 33.7 mg/mL, 31.0 mg/mLO.Z o}t
| btk olzle Hele) rlae] Bess Ay
Zol HlglHog F71e A72329) e ZHel gkl

g, LTIz Foke] AR sl el wskE
AWEH, PSS HUbHA 2 AA9] A FaTIR
B YA FE R Frashor vl Fof, WE, 2o
g FE AR AR RERVIVH WAATAE
WE o] FHE Holtt A 35dANE = AT



408 Sk 2 5275818 A #1208 A335 (2013)

Table 4. Changes in reducing sugar content of 5 different Kimchi added with seafood during fermentation for 35 days at 4C

(unit : mg/mL)
Storage period (day) Sample”
BK OBK ABK SBK WOBK
0 26.88+0,05" 29,04+0,01° 33.74+0.04° 31.08+0.00° 25.33+0.00"
7 25.9240.02° 26.38+0.02° 21.87+0.04° 30.14+0.03° 2421£0.01°
14 24.28+0.02° 2020+0.01° 21.46+0,04° 29.56+0.01° 18.84+0.02°
21 21.570.02° 19.81+0.04° 21.730.02° 22.24+001° 17.81001°
2 20.150.01¢ 19.20£0.01° 20.13£0.03° 16.96+0.04° 17.39+0.03°
35 19.73:0.02" 1743001 19.73£0.01° 16.72:0.01° 15.87£0.02°
YRefer to the footnote in Table 3.
Table 5. Organic acid contents of Kimchi added with seafood during fermentation for 35 days at 4T
(unit : pgfmL)
Sample” Storage period (day) Citrate Malate Succinate Latate
0 3530.55+1.77° 4242.1122.40° 4103.382.00" 135.02£0.53"
7 3754.40+1.03" 4425.15£1.56" 4009.50£0.45° 13321£1.55°
- 14 965.40+1.56" 1765.85+1.12° 791.67+0.65" 323061£3.55"
21 1481.69+1.55° 2276.59+1.56° 1285.42+1.12° 7713.532.88"
28 1494.29+1.79° 1626.35+0.44° 705.87+0.68" 6975.67:0.68"
35 113145+ 1.11° 1793.79+1.59° 810.20+1.12° 7625.07+1.99"
0 2246.74+1.48" 317613127 4022.54:0.74° 306.040.96°
7 2325.1241.55" 3116612222 1357.55+0.34 841.00£0.46'
0Bk 14 2334574133 2462124157 1013.64£1.54° 2024.43:0.71°
21 962.16+0.68" 1996.21£1.79° 1156.09£1.12° 8704.32£2.01°
28 956.81+1.55° 1687.52£1.34° 1076.36:0.68° 8592.53:0.69°
35 947.06£0.67° 1538.63£1.32° 1043.35:0.67° 8902.83+1.31°
0 2382.57+1.79° 3184641257 3886.741.06" 213.85:0.14°
7 2733.97:0.66" 3492.14£135" 1303.911.56° 48320+1.12°
ABK 14 1214.16:0.67" 1462.22+1.10° 963.44£0.67° 5004.33£1.57°
21 977.10£1.08° 1822.79+1.56" 1555.50£1.56° 9436.901.09"
28 352.87+0.68" 912.89:0.46" 801.93£0.44° 7396.181.10°
35 853.35£1.36" 1561.47+1.10° 1023.27:0.68° 9378.12<1.12°
0 3633.88:0.75° 323538:0.78° 3497.83+1.12° 134.13£2.39'
7 3942.91+0.46° 474129+041° 2632.63+0.66" 1218.07:0.67
14 1935.85+1.35° 2473.23:0.66° 1175230 44° 4544.740.70°
SBK 21 1025.75+0.69° 2057.84:0.67° 1062.63£0.66" 9886.640.71°
28 1055.91+1.12° 145830+1.12° 712.35+0.66" 6684.730.66"
35 103641+1.13° 1571.65+0.67° 723.50+.045" 8761.76+0.64°
0 2867.08+1.87° 4192.63+1,04° 4736.20+0.90° 134.99+097°
7 2873724111 3736.77+0.59° 1286.79+0.36" 797.16+132°
WOBK 14 1742.91+1.09° 2497.09:0.39" 798.75£0.67° 4862.46:0.67°
21 248.23+0.69" 1277.34+0,68" 895.48+1.12° 8096.05:0.68"
28 326.52:0.28" 1123.9620.66" 957.33¢1.10° 8278.77:0.39"
35 986.40+1.77° 1555.630.67° 755.83£0.66" 8482.73:0.80°

URefer to the footnote in Table 3.
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Table 6. Changes in ATP related compounds content of 5 different Kimchi added with seafood during fermentation for 35 days at 4'C

(unit : pmol/g)
Sample” Storage period (day) IMP ATP AMP Hx
0 2.11£1.05° 3.10£0.16° 2.9740.01° 849+007°
7 1.8120.00" 0.9820,01° 1.82:001° 7912001
- 14 0.73£0.00" 2.200.04° 2.50£0,03" 6.410.04°
21 ND. 1.940.02° 2.39+0.01° 449:0.11°
28 ND. 1.56+0.06" 2.37+0.06° 422+0.50°
35 ND. 131£0.02® 247+0.02° 449£0.10°
0 3.63+0.03" 1.5840.01° 2.3340.15° 8.430,09"
7 4.19+0,03" 1.88+0.00" 2.82+0,04™ 13.62+037°
0BK 14 2.86+0.09" 2.16£0.10™ 2.84+0,05™ 8.68+0.04"
21 3.40+024° 2.26+0.20" 2.87+0.05™ 5.5340.26"
28 3.81£0.01° 2.660.05° 3.12+0.00° 5.5020,03"
35 4.77£0.07 2.740.02° 2.59+0.05° 6.5620.10°
0 1.2520.06° 2.73£0.15" 4.8240.85" 8.59+0,06°
7 1.06+0.01™ 202021 2.88+0.36" 8.21£0.04°
ABK 14 0.7740.02™ 1374003 2.2540.03" 340+0.02"
21 0.670.01" 1.5620.12° 2.48+0.10° 401£0.12°
28 0.6620.00° 2.18+0.06° 2.53+0,05" 5.91+0,04°
35 0.600.02 1.64£0.02° 23720.12° 4,6920,04°
0 1.57+0.08" 1.530,01° 1.96+0,01° 9.430.15°
7 2.6520.00° 1.59:0,03° 2.3320.82° 8.49+0,02°
Bk 14 1.65£0.01° 2.00£0.10® 2.8940,05° 8.39+0,05°
21 1.800.01 3314007 3584003 744£0.12°
28 1.8620.01° 2.18+0.08" 372+0.02" 48740.15"
35 1912001° 1.76+0.06° 3.78+0.18" 4.67+001°
0 1.63+0.00° 337+0.19° 378+1.49° 5.54+0.03°
7 1.35+0.00° 2.13+0,03" 2.28+0,01° 6.95+0.06°
14 1.15+0.00° 1.9840.15" 2.31:007" 5.94+0.06°
WOBK . . N
21 ND. 1.95+0.03 2.25+0.04 3.75+0.09
28 ND. 1.9120.00" 2.29£0,05° 3341007
35 ND. 2.04+0,02° 2.24+0,00° 3.89+0.00"

YRefer to the footnote in Table 3.; ND. : Not detected.
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Table 7. Changes in free amino acid contents of Kimchi added with octopus during fermentation for 35 days at 4T

(unit : mg%)
. ) d OBK"-fermentation period (Day)
Tee amino acl

0 7 14 21 2 35
Taurine 11.51+0.86" 14024063 15.43+0.46° 14.40+0.53" 14.94+0.73° 13.1340.14°
Urea 77341170 7.28+1.01° 5.92+0.58" 9.70+1.61° 8.54+0.20" 6.89+0.31°
Aspartic acid 0.08+0.10° 0.18+0.03" 0.09+0.11" ND. ND. ND.
Hydroxyproline 443.98+61.70% 347.33+69.80" 295741648 507.72423.98° 462.88+78.05* 291.304.20°
Glutamic acid 2.96+3.95° 6.43+4.26™ 7.97+1.30% ND. 12.16:2.85° 7.55+0.06"
Sarcosine ND. 0.95+0.63" 0.31:041° 0.96+0.64° 0.33+.43" 0.73+0.48"
a-aminoadipic acid 0.90+0,03° 1.28+0.18° 1.0240.10" 1.08+0.10™ 0.78+0.01° 0.88+0.06"
Proline 15.64025" 9.01+6.01° 420+0.24° 6.79+0.56" 5.58+0.32° 4.56+0.28"
Glycine 3.8240.14° 455+0.30° 5204013 5.7240.18d° 6.15+027° 5.39+0,03"
Alanine ND. 11.43+7.62™ 15.78+021° 16.28+0.33" 10.48+6.99” 527+7.03"
Citrulline 3146+044° 10.65+14.19" 3.07+0.20° ND. 9.58+2.78" 19.93+13.29"
a-amino-n-butyric acid 0.37:0.01° 0.40+0.04" 0.39+0.04" 048+0.04" 0.39+0.02° 0.38+0.04"
Valine 7.08+0.18" 8.64+0.49" 9.59+0,20% 10.08+0.37° 9.98+0.31° 9.11+0.12"
Cystine 0.05:001° 0.1140.00° 0.1240.00* 0.14£0.01 0.15+0.01° 0.13£0.01™
Methionine 1.35+0.05" 2.14%0.16" 2.62+0.02° 3,03+0.12° 3.50+0.10° 3,00+0.08°
Cystathionine-1 0.28+0.03° 0.24+0.07° 0.16+0.03" ND. ND. ND.
Cystathionine-2 023£0,03" 0470.04° 0.46£0.03° 0.50£0.05" 045£002° 0.4420,05°
Tsoleucine 454+0.12" 5.34+0.30° 6210.13° 647+022° 6.37+0.22° 5.98+0.08°
Leucine 456+0.14° 6.49+0.50° 7.86+0.11° 8.98+0.29" 9.89+0.46° 8.31+0.06"
Tyrosine 2.17+0.05" 330029 3.98+0.08° 435+0,14° 4.84+0.22° 4.15+0.05°
B-alanine 2.66+0.14° 2.66+0.28" 2.39+0.11° 34120.14" 351+003° 328+023"
Phophoethanolamine 342+0,08" 459+.031° 5.3140.07 5424017 5724026 5.2240.08°
B-aminoisobutyric acid 0.05£0.04' 0.07+0.02" 0.050.00" 0.1420,04® 02120.09° 0440.11°
Homocystine 0.04£0.01" 0.03+0.01* 0.05£0.00™ 0.06£0.016° 0.08+0.02° 0.10+0.02°
y-amino-n-butyric acid 2.58+0.13" 14.05+0.44° 14.71%0.14° 12524054 1253073 12.1740.17°
Ethanolamine 0.5420.08" 0.740.01° 0.700.23¢ 0.70+030™ 0.68+0.02% 0.6120.01®
§-hydroxylysine 0210,05" 020:0.11° 0.22+0.04° 0.34+0,02° 0.32+0,01° 0.30:0.01°
Ornithine 0.51+0.03" 0.53+0.01" 2.6240.15° 8.46+0.25° 9.34+0.53° 8.140.06°
Lysine 392+0.13° 0.75+0.03" 1.62:0.08° 3.19+0.12° 372+0.16" 3.17£001°
1-methylhistidine 1.3020.05" 141003 1.61£0.05 1.33:0.08" 1.33£0.06' 121£0.01%
Histidine 1.9320.11% 230:0.14° 2.7240.04" 2.63+0.11" 291+0.19° 2.52+0,02°
3-methylhistidine 0.02001® 0.030.00° 0.01£0.01* 0.02:001® 0.030.00° 0.0240.00"
Anserine 0.02:0.00° 0.03£0,00° 0.02£0.01° 0024001 0.0120.00° 0.01£0,01°
Carnosine 0.08+0.05™ 0.080.01™ 0.080.02" 0.0320.01° 0.02+0.01° 0.130.07"
Arginine 11.30£0.51" 13.77£1.09° 10912057 19140.04° 0.70£0.03" 0410.02'

URefer to the footnote in Table 3, ND. : Not detected.
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Table 8. Changes in free amino acid contents of Kimchi added with abalone during fermentation for 35 days at 4C
(unit : mg%)
) ABK"-fermentation period (Day)
Free amino acid
0 7 14 21 28 35
Taurine 8.25£0.60° 12.40£0.80° 1472048 12.770.02° 11.90£0.35° 1027:0.71°
Urea 1.25+0.01° 2304127 1.53£0.17° 3.14£1.23° 2.16+1.13" 2.19+1.32°
Aspartic acid 0.17£0.06" 0.0620,09° 0.1520.20° ND. ND. ND.
Hydroxyproline 488.15+31.38" 291.64+30.11° 311.85+25.84° 440.08+6.66" 430.62+49.33" 28397+23.92"
Glutamic acid 5.70+3.80° 448+2.99° 8.1245.42° 4.85:647° 8.17+5.44° 6.63£0.59"
Sarcosine ND. 1.74£0.11° 1.310.07° 1.58035¢ ND. 0.68£045"
a-aminoadipic acid 0.82:0.01° 1.2840.12" 1.35£0.13¢ 1.10£0.06" 0.720.01° 0.71£0.06"
Proline 15.05:0.34" 7.88+4.17° 5.01£0.26' 6.63:0.20° 4.48:0.20° 3.81:0.32°
Glycine 5.06:045" 6.60£0.45b° 832028 7.22£005° 7.25£0.16° 6.40£0.33"
Alanine 5.242021° 15.86:151° 5.76+7.68° 11,02£735° 9.64£6.43° 4.442092°
Citrulline 20.59:13.72° 1.51£057° 26.6115.89" 1025£3.67° 9.45£2.60° 18.44£2.29"
a-amino-n-butyric acid 0.37:0.02° 0.39001° 0.46£0,03" 0.4820,03" 0.3520.03° 0.3420,02°
Valine 6.8410.12° 8.61:0.78" 11.10£0.64° 9.10£0.11° 89810.35" 8.15:0.52°
Cystine 0.04+0.00° 0.100.02" 0.16+0.01° 0.1420,01 0.12£001" 0.3540.02°
Methionine 1.39+0.06" 217:022° 3.08+0.06™ 2.70+0.03° 2.79+0,09 2,65+0.18°
Cystathionine-1 0.25£0.00° 025£0,05" 0.06+.09" ND. ND. ND.
Cystathionine-2 0.25£0,00° 0.47£0.05" 0.5520.04° 0.5320.06° 0412001° 0412003°
Isoleucine 425:0,08" 528:0.51" 7.18£0.44° 5.92£0,05" 5.65020° 53240.38"
Leucine 475:021° 6.26£0.59" 8.62:0.30" 7.98£0.12" 84310.28 7.60£0.51°
Tyrosine 22540.08' 3534033 4.87+0.18' 4.22+0.04° 4,540,159 4.15+0.32°
B-alanine 1.77£0.06° 1.6210.07" 1810.12° 189008 1.640.14° 180£0.11°
Phophoethanolamine 3.25+0,09" 4.46+048° 6.24+0.33° 4.87+005° 5.08£021° 4.80£029"
{B-aminoisobutyric acid 0.03£0.00° 0.040.00° 0.05+0.00° 02420.13% 0.16+0.04" 0.3540.05°
Homocystine 0.04£0.00™ 0.02+0.00" 0.040.00™ 0.07+0.03° 0.04£0.02" 0.07+0.01°
y-amino-n-butyric acid 2.31:0.04° 11.02+0.63 10.86+0.63° 10.95:0.38° 7934029 7.1840.62°
Ethanolamine 0.63+0.03" 0.74+0.04° 0.70+0.49° 0.64+0.03" 0.62:+0.01° 0.59+0.03"
§-hydroxylysine 0.18£0.03" 0.15£0.09" 0.33£0.09° 0.31£0.04° 0.23£0.01" 0.16£0.02"
Ornithine 0.4320,02° 0.73049" 7.00:049" 895:0.04° 9.81£0.36' 829+0.48°
Lysine 42040.16" 1.65+0.22° 3.63:022" 3.15+0.02" 4444014 392+0.34°
1-methylhistidine 1.000.02° 163+0.17" 2.06:0.17° 1.31£0.06" 1.27+0.02° 1.0620.11°
Histidine 1.75+0.02° 2.48+0.28" 3.65+0.28" 2.55+0.06™ 276+0.08° 224+023°
3-methylhistidine 0.01+0.00° 0.02:001° 0.02:0.01° 0.02:001° 0.02+0.00" 0.010.00°
Anserine ND. 0.06:0.05" 0.0540.05° 0.02:001° 0.01+0.00" 0.010.00°
Camnosine 0.06:0.04° 0.09:001° 0.040.01° 0.11+0.07" 0.13+0.08" 0.09+0.05°
Arginine 1140£0.35" 14.11£1.34° 8.05+1.16" 0.86+0.09" 0.74£0.10° 0.24£0.03"

URefer to the footnote in Table 3; ND. : Not detected
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Table 9. Changes in free amino acid contents of Kimchi added with squid during fermentation for 35 days at 4C

1—_‘7_5'_ 701 Ei
], lactate©]

(unit : mg%)
Free amino acid SBK-fermentation period (Day)

0 7 14 21 8 35
Taurine 3510.98" 444£0.15" 5.17+024° 498:1.18" 5.09:049" 3.60£0.50°
Urea 131£031° 201£1.09® 2.98£1.15% 1.20£0.23" 341£1.53° 1.23£0.06"
Aspartic acid 0.17:0.11° 0.03£0,03° ND. ND. ND. ND.
Hydroxyproline 414.92+61.19" 279.62+18.80° 280.34+16.95" 469.97+8.69" 432,04+10.74° 311.26+27.56"
Glutamic acid 339+4.50° 7.80£1.61° 6.04£4,03° 7.01£6.23° 119443.15° 757:0.77"
Sarcosine 0.242032° 1.800.34° 1.15£0.77° 0.96+0.43" 148059 0.93£0.11%
a-aminoadipic acid 0.88+0,08" 1.2920.08° 1.25£0.10° 0.89£0.15" 1.06£0.17° 0.83£0.06"
Proline 14.19:2.94° 9.5245.79" 5.42£0.26" 6.71£1.52° 737£146" 491:057
Glycine 3.92+0.89" 48240.16" 5.6620.10% 6.09+1.58" 6.24£0.54" 534£0.39"
Alanine ND. 1046£697° 16460.17° 15.80+1.18" 1069£1.13° 1439:6.40"
Citrulline 3044£167° 11.72+14.03" 2,60£0.15° ND. 925£2,34% ND.
a-amino-n-butyric acid 0.35:0.06" 0.44£0,03° 0.4820,04° 0.46£0.10° 0.47£0.08" 0.3920,02°
Valine 7.63+121° 8.65:0.28" 9.8040.23" 10.80£2.70° 10.500.88" 9.29+0.96'
Cystine 0.10£0.03" 0.15£0.01" 0.210.00™ 0.20£0.06™ 0.26:0.03° 0.16+0.02"™
Methionine 1.69+0.52" 27340170 3.660.05" 383+1.18° 4.200.36" 35410.42°
Cystathionine-1 0.16£0.11° 0.13£0.09" 0.01£0.01° ND. ND. ND.
Cystathionine-2 0.26£0.06" 0.47£0.00" 0.52£0,04" 04420.12° 0.55:0.12° 0.46£0.03"
Isoleucine 5.08:0.60° 5.58£0.16" 6.27£0.12° 6.92:1.60° 6.82:0.58" 6.08:0.64"
Leucine 5.39+1.98" 7.42£0.10" 898:0.15" 1075330 11.181.00° 9.65+1.04°
Tyrosine 2.59+0.81" 351+0.04° 4.17+0.07° 478+1.43" 4.98+0.46" 43840.46°
[B-alanine 1.60£027° 1.58+0.16" 1.51£0.11° 1.59+0.04° 1.630.28" 1.79:0.08"
Phophoethanolamine 4,04+0.63" 471+0.11° 5.48+0,08" 5.87+1.46' 5.86+0.51" 5.37+0.55"
B-aminoisobutyric acid 0.06£0.04™ 0.03+0.00° 0.030.00° 0.17£0.08" 0.25+0,14™ 0.28+0.09°
Homocystine 0.04£0.02" 0.02+0.00" 0.04£0.00" 0.05+0.01° 0.09+0.04° 0.08+0.03"
y-amino-n-butyric acid 4.1843.17° 12.1040.68 1295037 12.16+4.22" 13404131 10.39+1.09°
Ethanolamine 0.610.14° 0.60+0.09" 0.67£0.07" 0.76+0.18" 0.77+0.09" 0.65+0.05"
§-hydroxylysine 0.1620.08" 0.15£0,09" 0.15£0.03" 021£0.08" 0.19+0.04" 0.15£0.02°
Ornithine 276+3.24" 1.62+1.60° 4,66£0.14™ 9.36+3.22" 9.710.85" 830£048"
Lysine 3.600.69° 1.15£0.35" 2.11£0.05" 464£1.15° 435040 443£039"
1-methylhistidine 1.36+0.16" 1.3120.14° 1.39+0.03" 1.54035" 1.26:0.14° 1.11£0.12°
Histidine 233+0.36" 2.59+0.03" 3.1540.03° 32140.82° 327+038" 2.60+0.31°
3-methylhistidine 0.01+0.00° 0.0240.00" 0.03+0.00" 0.030.01™ 0.04+0.01° 0.030.00"
Anserine 0.03+0.02" 0.04001° 0.03£0.00° 0.03001° 0.03+0.00" 0.010.00°
Camnosine 0.10+0.06" 0.05+0.03" 0.05+0.02° 0.130.10° 0.18+0.11° 0.19+0.08"
Arginine 743£3.78° 1043330° 6.92+0.30" 0.670.09" 0.30:0.01° 0.31£0.02°

URefer to the footnote in Table 3., ND. : Not detected.
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Table 10, Changes in free amino acid contents of Kimchi added with webfoot octopus during fermentation for 35 days at 4C

(unit : mg%)
Free amino acid WOBK-fermentation petiod (Day)

0 7 14 21 8 35
Taurine 245£0.26" 2.91£038" 3.40£0.06" 353:027" 2.96£0.15" 267:0.36"
Urea 1.17£0.15° 1.1840.15" 1.3840.12° 1.50£0.11 2.09+0.16' 1.1740.24"
Aspartic acid 0.0920.12° 0.260.03° ND. ND. ND. ND.
Hydroxyproline 375.34+59.10™ 377.50+44,85™ 315.58+20.28" 513.97+37.22" 480.16+55.20™ 325.44+32.39"
Glutamic acid ND. 5.06+3.38" 2.95+3.93" ND. 2.89+3.86" 7.00£61°
Sarcosine 0.85:0.62° 0.49£0.65° 0.95£0.19° 023:031° 029+0.38" 0.13:0.17"
a-aminoadipic acid 0.82£0.07" 1.3620.16° 1.020.04° 0.870.09° 0.75£0.04° 0.72£0.09"
Proline 10301.13" 5.5242.40° 428:0.11° 5.5240.56" 4,65:0.58" 3.88+0.39"
Glycine 3.62£034° 442044 5.96:0.11° 5.69:0.23" 6.20:0.18" 5074040
Alanine 13.7320.95" 16.10:0.74' 15.44:022" 15.76+0.54° 10.26+1.84" 14,54+ 68"
Citrulline 0.324042° 2854048 2.5240.09° ND. 9.78:0.95" ND.
a-amino-n-butyric acid 0.35:0,03" 0.3820,08° 0.42£0,02° 0.45£0,05" 0.35£0.01° 0.33£0,05"
Valine 647057 7.96:0.86° IND.024¢ 9.1440.56° 9.71+0.20° 8.61+.74b°
Cystine 0.06+0.01° 0.24£0.12° 0.18+0.01" 0.11£0.00™ 0.14£0.00"™ 0.10£0.01°
Methionine 1.48+0.12° 1882034 2.94+0,03° 278+0.15 3.070.06° 2.60£021°
Cystathionine-1 0.2520,04° 0.21£0,00° ND. ND. 0.30:040° ND.
Cystathionine-2 0.26+0.04' 0452007" 0452001° 0.3920,03" 027:0.18" 0.40£0.05"
Isoleucine 427:039" 5.11048" 6.04£0.17" 5.74£.33" 5.97:0.13" 5.641047°
Leucine 4.89:042° 6.01:087" 8710.19" 8531043 9.13£0.26" 7.9410.66"
Tyrosine 228:021° 3.04£0.50° 43240.06° 403£0.18° 4441014 390£035°
[B-alanine 1.46:0.20" 1.67£0.29° 1.59+0.05" 1.84021° 1.60+0.14° 1.710.28°
Phophoethanolamine 32340.29" 4.180.56" 5.50£0.11° 493£022° 527+0.13" 491+045b°
[3-aminoisobutyric acid 0.04£0.03" 0.04£0.00" 0.04£0.00° 0.0240.02° 0.23+0.04" 0.33£0.07°
Homocystine 0.03+0.01° 0.02+0.01° 0.05£0.00" 0.06+0.01° 0.07£001™ 0.08+0.00°
y-amino-n-butyric acid 1.88+0.16" 11.06+0.94° 9.68+0.08° 6.8920.47" 8.02+0.24° 6.8610.63"
Ethanolamine 0.68+0.04' 0.59+0.05" 0.86+0.04° 0.61+0.04' 0.68+0.03" 0.58+0.03"
§-hydroxylysine 0.16£0.04' 0.19£0.05" 044£0.12° 0.390.05° 0.32£0,03" 0.28+0.03™
Ornithine 0.3920,05" 0.6420,09" 6.28:0.22" 7.97:0.22° 8.61:0.35" 7.13043°
Lysine 433047 1.60£0.37" 4484023 536028 5.510.19° 431+035°
1-methylhistidine 1.1240.11° 1.4440.17" 1.640.05° 1.290.07" 1.560.07° 1.18+0.09"
Histidine 1.67+0.15° 2.30+0.30° 2.83+0.04° 247+0.11™ 2.89+0.13° 229+020°
3-methylhistidine ND. 0.01£0.00® 0.02:001" 0.02:001® 0.02+0.00" 0.010.00"
Anserine 0.04+0.00" 0.03+0.01° 0.08+0.07° 0.03+0.00" 0.02+0.00" 0.010.00°
Carnosine 0.08£0.01” 0.05+0.00" 0.05+0.01° 0.17+0.09" 0210.01° 0.09+0.05™
Arginine 9.37:0.96" 7.40£1.30° 3.26:0.30° 0.83£0.06" 021£001° 021£0.02°

URefer to the footnote in Table 3, ND. : Not detected.
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Table 11, Changes in free amino acid contents of beachu Kimchi during fermentation for 35 days at 4C

(unit : mg%)
) BK"-fermentation period (Day)
Free amino acid
0 7 14 21 8 35

Taurine 1.9240.10a 2.6440.28° 2.67+0.18° 2.194025 1.88+0.06™ 1.65£0.10°
Urea 1.5820.10a 1.59£027° 1390.19" 2.85£1.24° 1.1820.11° 1.34£021°
Aspartic acid 0.3620.03c 0.300.20" 0.14£0.19™ ND. ND. 0.040.01%
Hydroxyproline 453.51+46.24ab 408.31£110.15" 415.73+68.01" 520.55+32.24" 453.61+42.07" 328.57+24.13"
Glutamic acid 1046+0.62b 8.5145.67" 8.33£5.56" ND. 326£035" 8.114046™
Sarcosine ND. 1.7740.58" 0.5120.69" 0.630.84" 0.52035" 0.67045"
a-aminoadipic acid 0.59+.012a 1.15£0.11° 1.20£0.17° 1.0820.11% 0.8120.06" 0.92£0.05"
Proline 10.52+0.77a 7.88£0.49" 4.66£0.50° 5.33:0.78" 442£035" 3.99+0.38"
Glycine 348£0.18a 4712046 5.28+0.44° 4.7920.26" 4912015 457£0.19"
Alanine 14.02+0.68a 9.89+0.66' 10.82021° 11.24£050" 15.19:0.33" 9.98+0.66"
Citrulline 0.36£0.48a 11.05+0.84° 14.78+0.50° 10.52+0.02° ND. 9.96£0.28"
a-amino-n-butyric acid 0.32£0.02a 0.43£0,06" 0.43£0.04° 0.3620.04" 0.300.02° 0.29£0,03°
Valine 7.02£0.34a 9.50£0.88™ 10.15+1.01° 9.14:0.36" 8.74:0.46" 8.59:£0.34™
Cystine 0.05+0.00a 0.14£0.02° 0.3540.12° 0.1040.02° 0.11£0.01° 0.2540.09°
Methionine 1.25+0.05 227+0.18" 2.38+021° 2.0040.19" 22540.11° 2.17+0.12"
Cystathionine-1 0.23£0.02a 0.29+0.10" 0.0540.07" ND. 024+031" ND.
Cystathionine-2 0.1920.02a 051007 0.6120.08" 0.4720.10° 027£0.18 0.380,04°
Isoleucine 409:0.22a 5.83£0.52" 6.6740.65" 6.00£0.20° 5.84£0.28" 5.88£0.26"
Leucine 4.08£0.15 6.95:0.62" 7.94£.061° 7.13039" 755£027" 7.48£0.32°
Tyrosine 2.02£0.09% 355:031% 3.9940.29" 354:023" 3.8240.16' 3.73:0.23"
[B-alanine 1.43£0.06a 187£034° 2,05£0.15° 183£0.14° 148:0.05° 1.73£024°
Phophoethanolamine 3.38:0.17 5.16+041° 5404047 4.94+0.20" 4.88+0.18" 493+025"
B-aminoisobutyric acid 0.01:0.01a 0.11£0.08" 0.13£0.06" 0.17£0.10° 0.14£001" 0.23+0.18"
Homocystine 0.03+0.00a 0.05£0.02 0.08+0.02° 0.08+0.02" 0.06+0.01° 0.06+0.02*
y-amino-n-butyric acid 2.60+0.15a 547055 6.560.99° 460029 3.8840.10° 445025
Ethanolamine 0.58+0.05 0.840.18 0.83+0.06° 0.59+0.04° 0.55+0.02° 0.53+0.05°
§-hydroxylysine 0.08:0.01° 0.23:0,05" 0.27£0.06" 0.24£0.03° 0.130.04° 0.0920.05°
Ornithine 0.44+0.02' 0.60£0.09" 3.0120.15° 7.40£0.52 84310.16° 7224031°
Lysine 3.99:0.18" 6.2420.58° 6.650.33 6224033 6.78+0.28™ 562029"
1-methylhistidine 1.56+0.11° 1.9840.19° 1.824027 1.70+0.06™ 145£007™ 131+0.08"
Histidine 2.09+0,13" 2.82+026° 2.90033" 253:0.13° 2.59+0,08" 226+0.11°
3-methylhistidine 0.01+0.00" 0.01+0.00" 0.010.00° 0.01+0.00" 0.01+0.00" ND.
Anserine 0.01+0.00™ 0.03+0.01° 0.03+0.01° 0.02+0.00® 0.01£0.00" ND.
Carnosine 0.13+0.03" 0.14£0.03" 0.06£0.02" 0.010.00" 0.1740.02° 0.06+0.02™
Arginine 12474062 16.02£1.20° 10.1820.98° 201026° 0.260.03" 0.56£0,05™

URefer to the footnote in Table 3, ND. : Not detected.
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