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Changes in Nutrient Composition and Fermentation Properties of
Abalone Mul-Kimchi using Dried Pollack and Licorice Stock

Mi-Soon Jang*, Hee-Yeon Park, and Ki-Ho Nam
Food and Safety Research Center, National Fisheries Research & Development Institute

Abstract This study was carried out to investigate changes in nutrient composition and fermentation properties in abalone
mul-kimchi using dried pollack stock (AMKP) and licorice stock (AMKL) during storage at 4°C for 35 days. The levels
of moisture (88.37-90.94%) and crude ash (2%) did not differ much between AMKP and AMKL during the 35 days of
storage. But crude protein and crude lipid levels decreased gradually until 21 days of storage. AMKP and AMKL
fermentation during 21 days led to a decrease in pH, increased acidity, and the highest Leuconostoc sp. count. AMKP and
AMKL showed acidity of 0.50% at pH 4.30, when the kimchi samples were ripened properly. Glutamic acid showed the
highest content in AMKP and AMKL, and hydroxypoline was the most abundant of all free amino acids. We have
provided basic data for commodification research on abalone mul-kimchi.
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Table 1. Ratio of ingredients for abalone mul-kimchi preparation

Abalone mul-kimchi

Ingredient
composition (g) AMKLY AMKP?
Boiled Abalone 1,000.0 1,000.0
Licorice 25.0 -
Dried pollack - 70.0
Baik-kimchi 870.0 870.0
Radish 108.8 108.8
Watercress 52.0 52.0
Shiitake 65.3 65.3
Pear 65.3 65.3
Pine nut 87.0 87.0
Jujube 43.5 43.5
Water 2,000.0 mL 2,000.0 mL

DAMKL: Abalone mul-kimchi added licorice stock and baik kimchi
liquid (1:1, v/v)

YAMKP: Abalone mul-kimchi added dried pollack stock and baik
kimchi liquid (1:1, v/v)

Table 2. Recipe for baik-kimchi

Ingredients Weight (g) Ratio (%)
Salted cabbage 1,000.0 59.3
Radish 20.0 1.2
Green onion 20.0 12
Garlic 10.0 0.5
Ginger 5.0 0.3
Jujube 30.0 1.8
Pear juice 200.0 11.9
Sea tangle 400.0 23.7
Water 3,200.0 mL 3,200.0 mL
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sp= Leuconostoc sp. AIHHIAZ phenylethyl alcohol} sucroseE
713t phenylethyl alcohol sucrose agar medium(PES medium,
Difco, Detroit, MI, USAMIAE A3} 3L, Lactobacillus spi=
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THoo| =it B

AEEZR] AlE AMKP 2 AMKLS HE, b5, =59 ¥&
o] 1:12Agg/gy’t HESE 47 ANEE AHS $HAREL
e AE 05gS A3 FHste] AEH] Y3 6N-HCI 15



FEER 0

= 7kl 7P E3k & 110°Ce] dry ovenoll A 24A17F o]
B A7teRE] AFT Glass filter? Ea]S ofFsla A&
AN 55°ColM ASFsS ste] Gt 5 ehds] S o
S, 5549 AEE sodium citrate buffer(pH 2.20)2 25mL F&
Z}2a=0]] 83t 0.45 membrane filter® o33k A|§AS o}
n =2t 2% #24]7](Biochrom 30, Biochrom Ltd., Cambridge,
UK)E AME-ste] thrst 22 202 #2493191t). Cation sepa-
ration column(oxidized feedstuff column, 4.6 mmx200 mm)< A}
2393 02M sodium citrate buffer(pH 3.20, 4.25)9F 12M
sodium citrate buffer(pH 6.45) 2 0.4 M sodium hydroxide solu-
tions olEH R AMESIATE o] %2 042 mL/min,
ninhydrin 89| <2 0.33 mL/min, column &%=+ 48-95°C, t
SREE 135°CE B A 65 minSZ &t

wElof| it 24

AEEZA] A& AMKP 3 AMKLS] Al&7HE HE, 8fF,
=2 HEo] L2y H=F ANEE AF st FAAxs)
I B3 AF 200 ethanol 30mLE ¥ 2 AL oS 4°Ce]
A OAZE R & 307 FESSAT A RESS AR
(10,000xg, 4°C, 20 min)alo] DL F5AE 40°ColM AFes Al
1 F SHFE A7 AF7IE 713, ethe® o] oF7]
2 &l H8E 23] vEE 7719 seds IR &
A 55°C olgtellA ZASFEHT the SHTE o8t AYES
< 33 o WHEEIN). T5E AlE+ lithium citrate buffer (pH
22002 25mL AHEZT2Fo HE3SIAL sulfosalicylic acid
(Sigma-Aldrich, Inc., St. Louis, MO, USA) 1g& H7lste] H4l
oA 1AIZE WMAAIZ F AEE](10,000xg, 20 min)dked 0.45
membrane filterZ 17} 3 A|FAS Biochrom 30 oAt 2}
X718 AMEet] ot 22 2702 B ST Cation
separation column(lithium column, 4.6 mmx200 mm)S ARE-3133L
02M lithium citrate buffer(pH 2.80), 0.3 M lithium citrate
buffer(pH 3.00), 0.5M lithium citrate buffer(pH 3.15), 0.9M
lithium citrate buffer(pH 3.50), 1.65M lithium citrate buffer(pH
3.55) 2 0.3M lithium hydroxide solutionS ©]FAS 2 ARE-3IA
t}. olEAel #4S 033mL/min, ninhydrin &% HZ&&
0.33 mL/min, column %% 31-76°C, ¥H-&-2%+= 135°CE 313
B4 AI7Re 200 min 2 SHATH

=t

EER g kS,

Bolako 7k7h 88.37-90.94% 2 88.74-90.30%°1%0 3L, %3]
2 e AMKPS AMKLAIA 2% oW E Ueht A sl 7]
7k Fob zpo)E Holx] ekttt a3y, HEEZX] AMKP %
i e AR 21987 = s A%

14
offf o
o
0,

}

%
BN

2
R, ARAES ARSI 292 AEEAXQ] AMKL
S 0UA 2o SRS 440%019 Aol 2194 3.91%
T 22807 28U A 4.13%% F713810T) o9 7+e HARS
AERZ X9 mlAdEoL} A Gl s A& 2pHe] whaz
o] Ballglol A AR Ho HERAA Y] AXNGFFE &

AEEAX ] TaEA 615

Table 3. Changes in proximate composition of abalone mul-
kimchi using dried pollack stock and licorice stock during
storage at 4°C

Storage Proximate composition(%)
Samples  period . Crude Crude Crude
(days) ~ Moisture protein lipid ash
0 88.37 6.53 0.68 2.3
7 90.72 5.61 0.39 2.0
AMKP" 14 90.94 5.14 0.28 2.0
21 90.02 4.02 0.15 2.1
28 90.45 4.52 0.10 2.1
35 90.53 5.17 0.08 2.1
0 88.74 4.40 1.43 2.0
7 90.30 424 1.30 2.1
AMKL? 14 89.40 4.08 0.51 23
21 90.09 391 0.48 2.1
28 90.24 4.05 0.24 2.0
35 90.25 4.12 0.13 2.1

DAMKP: Abalone mul-kimchi added dried pollack stock and baik
kimchi liquid (1:1, v/v)

YAMKL: Abalone mul-kimchi added licorice stock and baik kimchi
liquid (1:1, v/v)
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Fig 1. Changes in pH of abalone mul-kimchi using dried pollack

stock and licorice stock during storage at 4°C.
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Fig 2. Changes in acidity of abalone mul-kimchi using dried
pollack stock and licorice stock during storage at 4°C.
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Fig 3. Changes in Leuconostoc sp. of abalone mul-kimchi using
dried pollack stock and licorice stock during storage at 4°C.
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Fig 4. Changes in Lactobacillus sp. of abalone mul-kimchi using
dried pollack stock and licorice stock during storage at 4°C.
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St AE At A9 BAE BA3l=  Leuconostoc
mesenteroides’}, $710= M Atz &8 Fo43l= Lactoba-
cillus plantarum 2-& brevis7} o] EXEo] ATH(32).
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29] HEAFTEE HAE AR AMKPED 725 A3 AMKL

9] 7499l Leuconostoc sp. 73 Lactobacillus sp. 3¢ & =Z7]
of A Uebsth o)A Zite] ASe] &gk wazr)o
Az FEdERsolgs il Aikt AAAR 285tV
wjitoletal gk Kot Lee(31)e] A2zt FARBIATE o)
o] AARTH A7 5 AEAHAE FE2Y T/
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=& TR E AEEAXY A7) gE Aot
Zke] S W3k Table 40 UERSITE AMKPSE AMKL|
8 FAolu| =4k glutamic acid, glycine, aspartic acid ¥ argin-
ine®|$ Y, 71 oM x gt #A oln| =4kl glutamic acid®] $HE
o] &&7|7F B 7P =A Ve A& Aotk F
glutamic acid®] Fol 7P =J}Thal g Lee $(33)°] A+43
o dXsh= AFAE B Ao Azdn)

HEEZR AMKP B AMKLS] AlRolA Folr|i=it §hagst
Folu| = AHEAA: threonine, valine, methionine, isoleucine, leu-
cine, phenylalanine, histidine, lysine, arginine) 32 ¥a7} 18
Hel wet FEHoR sk A4S Uit B3, SE
o] FRol AHglol AE=AXE] Dol it oA arginine
o] Fepo] FHHORE M wE TS JEMIISL methionine
o] 7P W TS VeI E ARk A9 A A34)
of mEW AL DHAEF AL FAEL Fole Dol
Ab gkl & ApolE HolA] ko, FEAHORE Fpotu| At
% arginine®] o] 7P EUTIAL SileH], oA HAEEH
2] Fgobr At i FEAE AR A5 ZA Y] obn] At

Table 4. Changes in amino acid contents of abalone mul-kimchi using dried pollack stock and licorice stock during storage at 4°C

(Unit: mg%)

AMKP" AMKL?
Amino acid Fermentation period (days) Fermentation period (days)
0 7 14 21 28 35 0 7 14 21 28 35
Aspartic acid 3854 3682 3398 34.14 3736 3496 3515 3430 32,68 36.63 3056  29.28
Threonine 16.12 15.59 13.87 14.36 14.91 13.85 14.47 13.82 13.88 14.82 12.70 11.74
Serine 20.35 19.05 17.42 18.37 19.63 18.46 18.00 17.32 17.63 18.67 16.80 15.02
Glutamic acid 70.73 6136 5894 5997 59.72 5794 5799 5775 5475 58.16 5044  49.92
Proline 25.10 0.00 0.00 0.00 0.00 0.00 15.22 1238 20.28 0.00 0.00 0.00
Glycine 4890  36.41 3249 3981 3845 2682 3435 3327 3541 33.12 3520 2651
Alanine 26.83  23.81 21.91 2432 2442 2361 22.64 2224 2130 2328 21.12 2041
Cystine 0.00 0.00 0.00 0.00 0.14 0.17 0.00 0.00 0.00 0.14 0.00 0.00
Valine 13.32 11.99 10.58 10.24 10.24 9.44 12.13 11.26 10.10 10.12 8.41 8.53
Methionine 5.76 5.71 5.27 476 5.60 5.71 5.25 5.19 5.00 6.22 425 4.58
Isoleucine 11.12 10.59 9.31 8.32 8.85 7.91 10.53 9.67 8.70 8.81 7.03 7.11
Leucine 23.69 2324 2150 2006 22.10 20.19 2264 2201 20.07  22.68 17.98 18.76
Tyrosine 8.86 9.22 8.53 8.48 8.65 831 8.98 8.14 8.15 8.90 7.40 7.36
Phenylalanine 10.95 10.68 9.71 9.93 9.69 9.53 10.47 9.91 9.44 9.92 8.74 7.39
Histidine 7.16 6.51 5.78 6.27 6.43 5.97 6.37 591 5.90 5.97 2.88 4.92
Lysine 2132 2047 19.27 19.19 19.83 18.62 18.84 18.71 17.38 19.69 16.56 17.99
Arginine 42,67 3365 3034 3153 3075 2848 32,01 31.81 30.19 3034 27.16  25.79
Total AAY 39148 325.09 298.88 309.75 316.78 299.96 325.06 313.69 310.85 30747 26724 25631
EAAY 152.11 13843 125.62 12466 12841 11970 13273 12830 120.65 12858 10572 107.81
EAA/Total AA 0.39 0.43 0.42 0.40 0.41 0.40 0.41 0.41 0.39 0.42 0.40 0.42

YAMKP: Abalone mul-kimchi added dried pollack stock and baik kimchi liquid (1:1, v/v)

YAMKL: Abalone mul-kimchi added licorice stock and baik kimchi liquid (1:1, v/v)

YAA: Amino acid, YEAA: Essential amino acid
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Table S. Changes in free amino acid contents of abalone mul-kimchi using dried pollack stock and licorice stock during storage at 4°C

(% to total amino acid)

AMKP" AMKL?
Free amino acid Fermentation period (days) Fermentation period (days)
0 7 14 21 28 35 0 7 14 21 28 35
Phosphoserine 0.21 0.21 0.19 0.18 0.18 0.15 0.18 0.19 0.15 0.23 0.16 0.11
Taurine 12.51 9.03 9.35 13.83 12.07  10.38 1227 1519 1283 13.47 16.11 15.22
Phenylalanine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Urea 1.47 0.80 0.73 0.59 0.63 0.47 1.06 0.82 1.18 0.44 0.94 0.70
Aspartic acid 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hydroxyproline 31.04 4386 4616  39.13 3889 4266  39.07 3543 3553 3455 3007 29.81
Threonine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Serine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Asparagine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Glutamic acid 0.00 2.29 2.30 2.23 237 2.32 0.00 2.64 247 2.60 2.60 2.53
Sarcosine 0.20 0.10 0.04 0.00 0.04 0.08 0.04 0.00 0.04 0.04 0.00 0.00
o-aminoadipic acid 0.18 0.11 0.11 0.14 0.12 0.10 0.18 0.09 0.10 0.10 0.12 0.10
Proline 431 3.44 3.16 3.12 3.54 3.24 3.81 3.52 3.64 3.68 3.46 3.78
Glycine 8.16 549 5.52 7.17 6.78 6.04 6.84 7.82 7.14 7.39 8.47 8.19
Alanine 5.76 5.03 5.13 6.04 6.58 5.77 5.74 5.61 5.79 6.22 6.46 6.99
Citrulline 0.25 0.32 0.38 0.45 0.50 0.65 0.22 0.35 0.50 0.72 0.90 1.20
o-amino-n-butyric acid ~ 0.10 0.06 0.05 0.06 0.06 0.06 0.08 0.06 0.06 0.06 0.05 0.06
Valine 2.14 2.09 1.99 2.13 2.50 2.28 2.12 1.83 2.00 221 222 2.54
Cystine 0.10 0.08 0.08 0.02 0.30 0.08 0.11 0.00 0.10 0.10 0.03 0.10
Methionine 0.71 0.39 0.32 0.08 0.04 0.04 0.49 0.27 0.23 0.07 0.03 0.03
Cystathionine 1.80 1.28 1.22 0.97 1.27 1.54 1.21 0.86 1.86 1.47 1.74 2.06
Isoleucine 1.30 1.26 1.20 1.30 1.53 1.38 1.27 1.05 1.16 1.32 1.27 1.49
Leucine 2.37 2.32 2.19 2.50 3.09 2.69 2.09 1.90 2.15 2.51 2.50 2.93
Tyrosine 1.13 1.16 1.06 1.13 0.91 1.07 1.17 1.01 1.09 1.14 1.19 1.21
B-alanine 0.69 0.49 0.45 0.48 0.48 0.47 0.46 0.51 0.52 0.57 0.58 0.61

Phophoethanolamine 1.61 1.48 1.37 1.53 1.71
B-aminoisobutyric acid ~ 0.04 0.04 0.03 0.02 0.04

Homocystine 0.01 0.00 0.00 0.00 0.00
y-amino-n-butyric acid ~ 0.81 0.84 0.79 0.87 2.80
Ethanolamine 0.28 0.25 0.23 0.30 0.31
8-hydroxylysine 0.08 0.06 0.22 0.00 0.03
Ornithine 0.66 1.16 1.40 1.58 1.61
Lysine 3.04 2.54 243 2.53 2.96
1-methylhistidine 0.25 0.33 0.30 0.30 0.30
Histidine 0.98 0.83 0.77 0.78 0.83
3-methylhistidine 0.33 0.22 0.17 0.13 0.12
Anserine 0.00 0.01 0.00 0.00 0.00
Carnosine 0.00 0.00 0.00 0.00 0.00
Arginine 17.45 12.41 10.67 10.42 7.69

1.57 1.47 1.38 1.49 1.65 1.65 1.80
0.03 0.03 0.03 0.04 0.04 0.03 0.05
0.00 0.01 0.00 0.01 0.00 0.00 0.00
0.91 0.80 0.84 0.89 1.01 1.02 1.09
0.39 0.22 0.25 0.23 0.27 0.29 0.32
0.52 0.04 0.03 0.05 0.05 0.03 0.00
2.01 0.72 0.68 1.00 1.70 2.18 3.33
2.81 2.58 222 2.53 2.60 2.69 2.95
0.36 0.32 0.24 0.28 0.26 0.25 0.27
0.89 0.98 0.72 0.87 0.85 0.95 0.89
0.14 0.35 0.21 0.28 0.13 0.24 0.17
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00
8.90 14.09 14.25 13.81 12.55 11.76 947

D2See the legend of Table 4
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