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during Fermentation and Its Sensory Properties
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Abstract

This study was conducted to investigate the physicochemical characteristics of seafood added kimchi (SAK)
during fermentation and its sensory properties. Korean cabbage kimchi (KCK) and four different SAKs were
prepared and stored at 5°C for eight weeks. The SAKs contained pre-treated octopus, squid, abalone, and webfoot
octopus added at 12% (w/w) to the brined Korean cabbage. The fermentation patterns of SAKs were similar
to those of KCK, indicating that the SAKSs followed a typical fermentation process. Comparison of the physico-
chemical characteristics of SAKs with KCK revealed that the pH and acidity of SAKs was higher. The maximum
concentrations of Lactobacillus spp. and Leuconostoc spp. for SAKs ranged from 8.31~8.85 and 7.60~8.14
log CFU/mL, respectively, which were higher than those for KCK. Therefore, the production of organic acids
by microorganisms was greater in SAKs, which explained the higher acidities of the SAKs. Nitrogenous com-
pounds hydrolyzed during fermentation, as well as reducing sugars and other nutritious compounds in SAKs
might provide a good medium for lactic acid bacterial growth. Sensory evaluation was carried out using optimally
ripened kimchi (pH 4.3%£0.1, acidity 0.7+0.1), and the scores for sour taste, sour smell, and carbonated taste
were significantly lower for SAKs than KCK. In the preference test, texture and overall acceptability were
significantly higher for SAKs than KCK. Significant differences were not observed among SAKSs upon subjective
and preference evaluations. In conclusion, the fermentation patterns of SAKs were normal, regardless of seafood
sources, and their sensory characteristics were comparable to or superior than those of KCK due to free amino
acids, nitrogenous compounds produced during the fermentation, and reducing sugar present in the seafood.
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Table 1. Recipes of Korean cabbage kimchi and seafood kim-
chi using in this study

Ingredients (%) Korean cabbage Seafood added

kimchi kimchi

Korean cabbage 84.9 75.8
Seafood — 9.1
Garlic 25 25
Ginger 0.5 0.5

Red pepper powder 2.5 2.5
Fermented shrimp juice 1.7 1.7

Sand eel fermented juice 1.3 1.3
Glutinous rice paste 3.7 3.7
Green onion 2.3 2.3
Sugar 0.5 0.5

Total 100 100
kgt W (DOl F3k9aL, AR FJ7F AR Az v S
A gEHel F8&3te A AYg FAES HUtstAn &,
30~35 kg9l FHFE 25Rke] ¥ 22| 4~6 cm B
e F SRW AF FY 3% FA 27 wFl
Aol Wy om 10% P58 WF &

l 1A

E H7F AA e HF drE 22+201%H T B A
H AR FHF= gt vjF=7 X (Korean cabbage kimchi,
KK)$} #o] 7} A X (octopus added KK, OK; Fo1 7)),
QAo H7} 71X (squid added KK, SK; @A 7x)), A&
7} 71X (abalone added KK, AK; AE-71%]) & F3wn] 3
7} AR (wetfoot octopus added KK, WK; 0] A X]) 5%
Folth.

22X =7 &Y

=X AR E(245x26%x34 cm)ol] & 3 =
HA 715 AAS AL, gRhd T 2o S A3t
71 938t 5°C2 AA" WAI(CRF-1764D, Samsung,
Gwangju, Korea)ol A 857t A3t AT A4717te] ma}
pH % A=E A3l 718 B3 Att AHX= pH
5.8+0.1, acidity <0.2%, A <:7]+= pH 4.3+0.1, acidity 0.7+
0.1%, F<4:71= pH 4.0+0.1, acidity >1.0%2] 7] we}
A2 pH 2 At=7E A4 Mol 223t dEs WE &4 7]
2 AstArH4,25).
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A ANZzE& AFEE ALESAT. A Algde FA AXE
21 4 7)1 (GPT-E1303, Green power Co., Suwon, Korea)ol] ]
2 F ol FAS AFESIATH

pH & At

pHE 39 10 mLE FH &bl A=A pH meter(S20,
Mettler toledo, Greifensee, Switzerland) 2 =33l 1, &
e XY 10 mLE 0.1 N NaOH £ ° 2 pH 81714
Z3lA)71= 9 44" 0.1 N NaOH 48] mLE lactic acid
(%, w/w) gFoz atsto] AYU=(%, w/v)Z EAS}
ATH26).

ehaet &3
g9 3FS dinitrosalicylic acid(DNS) ¥ o g2 =334
TH27). FA A ZE 12,000 rpm, 4°Col A 2082 941 E2
1 & 4598 Ak 45 1 mLe} DNS Al¢F 3 mLE

AR
o 583+ T 83 & v AIA ELISA read-

stel =

Bio
540 nmel A E%E% =439 GlucoseE ©o]&
J 29 39U F=E AAFEAG

A4E ohg A

Z:ﬂ_/ﬂ
il

e =£F
HA, %7, A7l =293 1A F94 1 mLE B
T FFRFE 10 ~107HA SAH 2 FAste] 2t 34
% 1 mLA S E S Leuconostoc Spp AR 2 ¢} Lacto-
bacillus spp. A1) =] (Table 2)° 2
20°C 27190 A 59 3%, Lactobacillus spp.= 37°C 2719
A 397 @718 o2 H vl gste colonyE A3

= A

< 31 Leuconostoc spp.=

|

2Hsgot
A&7] A 5% #HeHrte vEE dds g4d &
9] (replicated randomized complete block design) .=
A2 F5AAE 84 158 (F)o] 98 A== JfdE
o] &3t H(1). AL Al HA= FEE oF 15 g4
Aol ot AlFstAar kA H7hgk 9] sho]
FA BEF A5 Au-S
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Table 2. Composition of medium for Leuconostoc spp. and
Lactobacillus spp.

Lactobacillus Leuconostoc

Ingredients

SPp. SPp.
MRS (g/L) 55 —
Sodium acetate (g/L) 35 —
Acetic acid (mL/L) 25 —
Tryptone (g/L) — 5
Yeast extract (g/L) — 05
Sucrose (g/L) — 20
Ammonium sulfate (g/L) - 2
Magnesium sulfate (g/L) - 0.24
Monopotassium phosphate (g/L) - 1
Phenylethylalcohol (mL/L) — 15
Agar (g) 15 25
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FH W (moldy smell), &9t (salty taste), 412 (acidic taste),
2 uk(bitter taste), 7 9(moldy taste), Er4+H](carbonated
taste), o}2Fo}2k8H(crispness)& A ®™3Z FHrlo| o&f Z 7
Ao EAE FEZ YEAAL, ¢ F(appearance), HA
tk(taste), &7 (texture) ¥ FEH 7Hoverall ac-
ceptability) & H71A1e] 7|Z 22 ZA 54t 1™ A 94
A BF TS AMEEt] Bt on 7t e digh
HAre Ao A5 179(01'—715 gS), 58 (B%), 9 (o}F o5

)0 g JZE = 18 (o} Ug), 58 (2%), 98 (o5
£5)02 1 ﬂ 5*‘é—f 14 (o} kg, 5H (R %), 93
(o} Zsho g Hristet

(smell),

SAXE|

AF A dojx A= SPSS(Statistical Package for
the Social Sciences, ver 18, SPSS Inc., Chicago, IL, USA)
soft-ware packageE ©]-&3te fFolAo] e B¢ tsH
277 (Duncan’s multiple range test)S 33} Al 5719
FroAHE A5 A THp<0.05).

o], A0, A& % FHuE Hrtste] @ 459 4t
E A7F AR FAES FUbekA e AW WA E
5°Cell 8577+ A4stAS W pH ¥ th=o] W34 Fig.
13 2o @5 A% dub w303 pHe 563019131, Fate
A7} A pHE 584~6.002.2 Aut vjF X H]5)] thi
=Xt A7 5 pHO ¥st= Be HATolA Havt

APEHA FA8HA o 1% A% Hds Ba A F
WS E FAI oY Ba e duk wjFH A H]
3l FAHE HZF AV v =9 Ao E yekn. A%

27 pH W3lE 430~4762.2 T2 A 7|7 vla) 713
£ 2ol Y= It w7 x), A8 FHu] 7

0 1 2 3 4 5 6 7 8
Fermentation (week)
Fig. 1. Change in pH and acidity of 5 different kimchi during
fermentation for 8 weeks at 5°C. KK, Korean cabbage kimchi;
OK, octopus added Korean cabbage kimchi; SK, squid added
Korean cabbage kimchi; AK, abalone added Korean cabbage kim-—
chi; WK, wetfoot octopus added Korean cabbage kimchi.
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)& pH 4.30, 441 12) 3L 4400] =28, Foj7x], &
Aol X = AA 3FA Z+2} pH 4.24, 4200 T@3sle] A&
71(pH 4.3=0.1)° = 0}95‘\‘3} A7 8FA Ak v F=7 %] <]
pH= 395911 4%29] & A7 7AX] 9] pH= 4.04~4.079]
AT B AT AH= "*Pg A7V AX 9 pH 4 57}
dutk w =3 X]HE} Ei‘:}L **83 AT GAEATH2A4,

o7 Eiﬂﬁiﬁ}. 5 €l @7} Z:‘XH oElH @ﬂ%%ﬂ
Hl 3l pH W87t foF o2 depivial Bast k).

AR AEe ek i F 427 0.28%E 7HE =9ko
IR B8 (0.19~0.23%°] At
5°Col A3 5% AX ] Axe 1~2F0] F43] F7)eta,
5F7MA A&H o2 FUkek § $hkshA wskste A A
AR TEFTS BAHFg 1. AE57] B2o] =2e A%
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A (A= 1.01%) B FHFE ARG 1.06%)= A7
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Fig. 2. Changes in reducing sugar content of 5 different kim—
chi during fermentation for 8 weeks at 5°C. The abbreviations
of kimchi refer to Fig. 1.
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AR Lactobacillus spp.<F
W AAA 9 Lactobacil-

Table 3. Changes in Lactobacillus spp. and Leuconostoc spp. of Korean cabbage kimchi and 4 kinds of sea food kimchi

(log CFU/mL)

Lactobacillus spp.

Leuconostoc spp.

Sample” Optimum-ripening ~ Over-ripening Optimum-ripening ~ Over-ripening
Fresh stage Fresh stage
stage stage stage stage
KK 3.35+0.03 8.30+0.04 5.28+0.10 4.30+0.07 7.28+0.02 6.67+0.13
OK 353+0.07 8.85+0.04 5.81+0.09° 4.82+0.04" 8.14+0.02° 6.95+0.03°
SK 3.59+0.02° 8.72+0.07 6.99+0.05° 478+0.05" 8.10+£0.08" 7.83+0.05°
AK 357£0.08" 8.43+0.16° 6.51+£0.04" 4.93+0.03° 7.94+0.06" 753+0.07
WK 3.48+0.06" 8.3140.02 6.60+0.08" 457+0.06° 7.60+0.05° 7.38+0.03"

DThe abbreviations of kimchi refer to Fig. 1.

Data are mean+SD. “ “Different letters within a row indicate significant difference (p<0.05).
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Jus spp. 3.35~3.59 log CFU/mLe]aL & <7]9) 8.30
~885 log CFU/mLZ At #50l =&3 & 7|2 ol
S 74 5te] 528~6.99 log CFU/mL 450l =239
tH(Table 3). Yxt HHZ7 121 9] Lactobacillus spp. =< A
AZ71ZHe Tl AR A AA RS Sdkvk Leuconostoc
spp.Y Al 7:1%] ‘?:v_‘ ) 4.30~4.93 log CFU/mLo]a1, %
Z7]ol= 7.28~8.14 log CFU/mL, 34 7]+= 6.67~7.88 log
CFU/mLZE Lactobacillus spp. B3} 33 sd3AT. &
AT AP o3t FAHES AU AX T gyt s3]
oF o] FHikol A siHe] Aol

Lactobacillus spp. ¥ Leuconostoc spp. &
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Table 4. Objective sensory evaluation of five different kimchi"

Wl g B4 1775
2ot

A4 7](pH 4.3+0.1, acidity 0.7+0.1)o] =&3F 712 &

73 ExQS H Z 9] H7HTable 4)9} 715 % H7}H(Table

52 AABAT 7%‘1 A B7F FE F FoHR) Aolg Bl
Ele;’it‘r(p<005) R
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at optimum-ripening stage (pH 4.3%0.1, acidity 0.7%0.1)

KK OK SK AK WK
Appearance Color 48+1.7*" 62+1.1° 49+1.2" 58+1.0" 55+15"
Smell Acidic smell 7.140.9° 6.1+1.3 62+1.3" 6.4+1.0" 6.0+0.9°
Moldy smell 29+1.0% 32+15 32+14 30+15 32+1.7
Salty taste 48+16"° 47+19 43+1.2 46+16 48+1.7
Acidic taste 75+£09" 6.4+1.4° 6.8+1.4" 6.8+1.17 6.4+15"
Taste Bitter taste 254117 26+15 26+1.0 28+14 28+1.1
Moldy taste 28+1.6% 25+1.0 29+1.3 29+1.7 29416
Carbonated taste 7.3+0.9° 60+1.3" 6.0+1.3" 59+1.0° 60+1.7°
Texture Crispness 57+1.2% 58+0.6 57408 58+12 59+1.0
DThe abbreviations of 5 different kimchi refer to Fig. 1. Kimchi was stored at 5°C.
YKimchi was evaluated with nine score scale test. Score 1 means poor quality and 9 refers the best quality.
Data are mean+SD (n=15).
**Different letters within a row indicate significant difference (p<0.05).
NSData in the row are not significant different.
Table 5. Preference test of five different kimchi” at optimum-ripening stage (pH 4.3%0.1, acidity 0.7%0.1)
KK OK SK AK WK
Appearance 58+0.9% 63406 58+14 65+0.8 6.4+0.8
Smell 62+1.2" 55+1.0 52+14 58+16 6.1+1.4
Preference test Taste 58+1.1% 6.1+1.2 55+19 6.0+1.8 6.2+1.7
Texture 59+1.2% 6.1+1.0™ 51+16" 6.4+1.4° 55+15
Overall acceptability? 53+09" 6.6+1.0" 6.0+1.4" 6.4+15" 58+15"

‘I)The abbreviations of 5 different kimchi refer to Fig. 1. Kimchi was stored at 5°C.
YKimchi was evaluated with nine score scale test. Score 1 means poor quality and 9 refers the best quality.

Data are mean+SD (n=15).

*PDjifferent letters within a row indicate significant difference (p<0.05).

¥Data in the row are not significant different.
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~613/627) 3 712 % Frhs Sk Ao A7t
gk Frhe T X, AELAX| oA Iyt w7 X] ¢ 1] 3
oo g = HAE MR om(p<0.05), 53] AEAX

o], A&, FruE A7be A= ik v F
& 7E=7} w4 HrE <, 3 EojnA sk A
Az =t o= 4 Z

N
(

e HT

L o

Qol, W8 9 2702 Brhee] B2 FE A
H T‘:—_—_ \?i 7
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FAA N Wl 2w olel] Wl At S W7h DA}
Ak W FPA BT BTk A AR Bt A i

= Lactobacillus spp. 8.31~8.85 log CFU/mL, Leuconos—
toc spp. 7.60~8.14 log CFU/mLE ¥t vjF7 X4 H] 3|
e, ol A= H7F AR 9] A" FFol =37

Zolth A% 7](pH 4.3+0.1, 2% 0.7+0.1%)° =&3t=
Al7I= Rk iS22, A5AA] 2 FRu A 7F A 2F
A, FoAdA 9 L AAHRAI}Y A% 3FAE YEtsTh ds
71(pH 4.0 °la}, AF% 1.0% ol 24 AAX (A7 654)
£ Aleg BE wo]l A% §FAE YEET H57]e] Ae
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