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Physicochemical and Microbiological Properties of Skate (Raja kenojei) Kimchi on the Market
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Abstract

In this study, the physicochemical and microbiological properties of market-available skate (Raja kenojei) kimchi were
evaluated in comparison to long-term fermented Baechu kimchi. The comparative results for the skate (Raja kenojei) and
Baechu kimchi products are as follows: salt concentrations = 3.40% and 3.95%, respectively; pH and acidity values = 4.01
and 3.90, and 0.65% and 0.82%, respectively; redox potential Eh values = 119.82 mV and 123.08 mV respectively;
reducing sugars levels = 15.51 mg% and 13.23mg%, respectively; ascorbic acid levels = 24.21mg% and 22.18mg%,
respectively; color L-values = 46.86 and 44.54, a-values = 15.46 and 12.28, and b-values = 29.94 and 28.36,
respectively; hardness properties = 11.36 kgf and 10.23 kgf, respectively; hot water soluble pectin (HWSP) contents and
sodium hexametaphosphate soluble pectin (NaSP) contents = 15.23% and 17.35%, and 32.51% and 29.64%,
respectively; hydrochloric acid soluble pectin (HCISP) contents = 55.1% and 53.2%, respectively; total viable cell counts =
4.78x108 and 1.35x 108, respectively; lactic acid bacteria counts = 5.18x10° and 1.32x10°, respectively; and yeast levels

= 8.52x10° and 5.23x10°, respectively.
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FA7IE AdE diA HER ] gt a7t a5k
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oA o TolE o] ZAR ¢1Aslal YJrHCha
2003). Z0]9] &-2lofl= Q4 (urea)?} trimethylamine oxide
(TMAO)9] o] v ersof e, Ta 7|7k Fof
Z8et dEYolE7F =t o= 8.4:9F TMAOZ} w|Ad&Eo]
ofsff ZafiEo] A7 dEYol wiZolw, ojuf AAHE =
Uok= $hkes F3HA71aL, ol tE AAAIZIAL, AU
oflAl Falet Alate] S AAIsk:s 2= 3t (Sato &
1986). Fole] orsial 71 Fole] wal wHst wAY}
ek, B4 oA gaat §lotuiitel Rk, Aol o
2 EPA, DHA 59 &gfo] Oﬂokt‘ﬂz—] oo ol=3lr)
(Park 2003). g-ojo] 3-8-E|o] Q)
alanineth 24 948 oful ke W Sl % Hol 4
AE]oj =1 (Kang 2003), A|lE9 oH43s}t z-g3) dk =l
o 3 ARHEe) opEIp) v, 44 W] Fas
V5e SaEn, GRS FATH 289 95 92
& QIH(Cho 1994; Kang 2003). ®3F Zololl= 2wl
254, ol =4t 5o e AAte] v ghrEof 8l
ol G ZH2EHES TaAIn Fu/diaat 9147
o= FIAAETHLee 1996), HRF oftfz} Fo]o] Ao
= At TRl FEzo|do] v - (Park 2002)
ol A% W AAFeR dA QUth(Heo 1991). FHA
olgft Foj&S Hrksto] AlxE Fol JAZF AjE R
A AR £ BHS- AL tH(Kang 2006),

A AAF 2 7HEolA AR Alzske] 7ijle] 71E
of we} %457 o)A AAAE HAY AFs] HaAA
AHst Aluke Y= sAAAAE 24 Heloy, A AE
WAL7L AESHE A 2 E A, 4 1A, 52 4
AR AnfRie] 717t vheFstA| APES} E e, A= 2t
< AAE ATt anjAEe] AAUHA 7oA Bt
ofye}l HAlF NN e e er B2 HAE AEsek
Q= AAo|tk (Yoo 5 2001; Kim 5 2006).

52 A 22 A7 Al Bt A= olketA
g nAl55H4 EA W3 (Yoo & 2001), &4 EA(Park
5 2003), €AX W B2 EAHIHChung 5 2005),
P i 54 (Kim 5 2006) 5ol #ste] o]FoF e
U 7154 245 Arste] AlxE 52 Aol ek A+t
= A 3 v gl Aol

2 AtllME oY 715 7 FolE Arlste] Alx
52 8ol A9 F4 EA4S A ffste] &of 4
749—} Hlw A gro] W5l Ql= 52 wiFdAE 4+ A
moﬂfﬂ Tste] o] 59| F4 A4S vl Ao EHN, 3F
A7 71578 AR gl g8E = Q= 712 ARE A
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Tl A FEEHIL e B2 FolHAE FYSAL AlE

Az d¥ed; 2006d 79 20, <A717F 18 2719, A
A2 —1£1°C, F-373H: FJOﬂFéEil e HEA Y
tEE Fof FUste] WA By (4°CE1°C)stUTEF ARSSE
At 52 v A= B[R] HhEo] £ CGAR A
FAE 99 2006% 84 10, M4717_& 19 1714,
AT —1+1°C, SEAME; U2
ZA Y nES o Fdsto] Fof 7 ilsl}
wskelek, Zof e} viE A= HA =
Y HstaA E48 AlRR ARgStelen, di= X
7] FE& AFH sk texturee v o 7 ZA}SHI T
TARE ol AL} T2 i A AR, AR
9 IR <Tab1e 1, 2) % (Table 3>0ﬂ A5}

st X9 =X
Mohr(AOAC, 1990)Ho 2 =43l om Aks) -
3 A Q&= platinum redox electrodeS ion analyzer
(EA 920, Orion Research INC,, USA)o| dZ&3s}o] X
Hof As} - gkl A9E S48kt (Park 5 2003).
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<Table 1> Ingredient composition and constituents composition
analysis of Skate (Raja kenojei) and long-term fer-
mented Kimchi

Ingredient composition Long-term fermented Skate (Raja kenojei)

(g Kimchi Kimchi

Korean cabbage 100.0 100.0
Powdered red pepper 4.1 4.0
Garlic 2.8 2.8
Ginger 0.8 0.9
Fermented anchovy sauce 5.6 5.6
Green onion 2.1 2.0
Sugar 0.7 0.7
Fermented shrimp sauce 3.5 3.5
Watercress 1.4

Onion 2.8 2.8
Welsh onion 1.4

Skate (Raja kenojei) meat 4.2

<Table 2> Constituents composition analysis of Skate (Raja
kenojei) and long-term fermented Kimchi

Constituents Long-term fermented  Skate (Raja kenojei)
composition Kimchi Kimchi
Moisture (%) 88.51 86.33

Ash (%) 2.57 2.52

Mg (mg) 18.54 23.43

Na (mg) 447.25 436.12

K (mg) 295.11 357.23

Mg (mg) 18.54 34.25
Capsaicin (mg) 1.16 1.55




<Table 3> Nutrition components analysis of Skate (Raja kenojei)
and long-term fermented Kimchi (Per 100 g of edible
portion)
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<Table 4> Condition of Operation of Rheometer

Maximum force ~ 10 kg

Chart speed 120 mm/mim
Nutrition Long-term fermented ~ Skate (Raja kenojei) Table speed 8 mm/sec

components Kimchi Kimchi Maximum force =~ Maximum peak force of sample cutting force
Calorie (Kcal) 30 33
Moisture (%) 88.5 86.3
Pmt(eii‘(l §g) 2.2 15~65 0.5 cm)& 3x2 cm 7|2 YASHA AojA Rheometer
Llpl g 0.5 0. . s e _ Hll=0] &
Carbohydrate (g) 41 43 (St‘m Smeflmf{c Co., CR—500DX, Japan)& HjZ9] Atk
Crude fiber (g) 7.2 8.9 HEYHE 545to] maximum force® FEE UEFHS
Calcium (mg) 40 51 (Rhee 1995), 24 X7L (Table 4y} 7},
Iron (mg) 28 35
Phosphorus (mg) 0.4 1.6 _ B
Vitamin A (R.E) 16 17 6. Pectin & &3
Vitamin B, (mg) 0.05 0.06 1) "ElRe] B3l
N 608 .08 AT 244 DL Ryu 5(1996)2) WL AM83}
Vitamin C (mg) 20 24 o AA 30 g 59 &F &84 ¥ E(alcohol insoluble

o] A /\]E'r_—- Waring blender® Ulfst & 20 g2 5}
o] 27 180 mLE 3435}l o]i}x](Whatman No, 2)&
oAl T of NS ARBSIITE & A= ofakgh 7|
2 0.1% phenolphthalein AJA]9FE A}E3}6] 0.05 N
NaOH=Z AA3t & lactic acid(%)= EHAFsko] FEA|SHE L
H (Yoo 5 1998), AX|MQ pHE pH meter(EA 920,
Orion Research INC,, USA)® =735}t

4, 8¥et 2 Ascorbic acid g2 £H
ST T UHH@’ :5?01 Aot bl

1 mLof| DNS A|¢F 3 mLE 718l & oL
Al 5E7E REGAIZIAL 2N A A E e g A
(UV—-1601, Shimadzu, Japan)E A}E3}6] 550 nmoj|A]
SRS S5 eH, o] SHAE glucosez Htslo
FEAIBFE T Millers 1959). & HIEMY] C= 23 249t 3
o] ZA)e} viE A 10 goll 5% wEIAHEH 100 mLE
7Vl wHkskar, {AIEE] (12,000 rpm, 4°C, 108)3F &
Aol o -HO]:TL o]7}Z] (Whatman No, 6)= oJi}s}e] 100
3 2, 4—dinitrophenyl hydrazineH|AIH S
2 =% éE}MIﬂ-(Park 2003),

5, Mz 3l Texture &3

M 240 M)A (Chromameter CR—200, Minolta,
Japan)Z =743} Hunter scale®]] 2J3]] W&x (L, lightness)
M (a, redness) AT (b, yellowness) #FS 53] HHE
SAskL 1 Btgre 2 VElgieh. ojuf AREE=
Z(standard plate)2 LgF 96,95, aft —0.03, bgk 1,4290]
Atk A S48 ARIF S £7] 229 7

solid, AIS)& FZdIGlth, AIS 0.5 gC2HY T/,
sodium hexametaphosphate, HCl 5 812 slo] &
27184 #El A (hot water soluble pectin, HWSP) &7}
€4 #H¥ (sodium hexametaphosphate soluble pectin
NaSP), A7F&4 @€l (hydrochloric acid soluble pectin,
HCISP)S 231515t}

7}
Bter & 2291 0.1 mid] A1t 1 & bl AN &
= =4 1083 7HEd & PAAX o 0.15%
carbazole reagent 0.5 mLE 7}5tal 2 &36to] 2587
HF2|51 0 B3 A2 525 nmol|A] S EE 2439}
Anhydrogalacturonic acid 0,001~0,01%3H2 29} &
st Azl Holdl EERAoZRE 7t A|Ro) 2

= RS AAFYTE Blank test= absolute ethanolS

AR&-8HTH
7. dX[e| OjdE =8

% &4\{— Shin 5(1996)9] W o=z A5, = 7
Ao 72 AAEN 1 mLE F5te] 0.1% peptone water®

23] _‘]/\‘]b‘]- Aol | mLE
yeast extract) agar HJX]¢]| pouring culture method®
HZE5E o2 30°Col| A 4847t HljFSt & FAIE colonys
= AalgT Ut A¥S 39 HiEsle] PHERE AR
39}, A MRS medium o]83t0] 24519}
an e AXEFY 34N 0.1 mLE Fsto] vl 10%
tartaric acid® HjX]9] pHE 3.5+ 0,12 ZA3%t potato
dextrose agar(Difco)Oﬂ T3kl 30+ 1°Cof|A] 37 vl

F5lo] FAE colonyE A48 3L (Shin 1994), T3
TS 39 whESto] Ftglo= Fshqlt.

TGY (tryptone—glucose—
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<Table 5> Quality characteristics of long-term fermented and Skate (Raja kenojei) Kimchi

Samples Salinity (%) Redox potential (mV) Acidity (%) pH
Long-term fermented Kimchi 3.95+1.08" 123.08+0.18" 0.80+0.15" 3.90+1.12"
Skate(Raja kenojei) Kimchi 3.40+0.23 119.82+3.12 0.65+1.21 4.01+0.23

YMean of three replicatesstandard deviation

g 9 e T
© €79l 52 g0 Yok v A SR
obd FUzASNA] B3t Aolct, Wi WX H7

e Aoy At w2 UrEMttﬂ, 2k A]
o19] A9 Yl ARE Cho(1991)9] AAte]l ofshH A
=, 471 A9 dAe] S AAE AHAE ko, &
AE AL 7ho] oty Aulet XS @, AAME
T AAl ol A=e wol §al &8 ¥o] g, et
A= ol ¥ol Wi gastar gto] Zsto] 7+ Bt
°l bl AL glek, & AtollA 2 Fof HAeH &

< HiF FA[8] H=E vt Ay} (Table 5)f AAIE v}
o} o], %01 A 3.40%, HiF HA| 3.95%2M 52 &
AA7E 52 vila JAEY A ety 439 de
Sh= Hils lHﬂJ AR @Al A dode vAe A
O ALREW At o Y FFPo| o] FoAH Hre| 4
2= A =8tEE Aoz AREHT (Yoo 5 2001). =4
A Z 4291 Codex 72 (Codex 2002)0l14 AT 71| 9]
Hie= 4% ool EZtE= Helolrh, whehA & AJ el A
| 52 AA= 25 Codex 1AM} AlEF32o Agst
o2 e

Abs}- 319 Z‘]H Zre 2O To] 712 Eh,; o] 119,82

mVolH, E2 uj3 7A] 123,08 mVLt, Park 5(2006)
< Gl %IXH 27| At} 2k 9] g2 230.1~236.9
mVE UERl=t, Earh AgEHA A5 st
ZAEolzkal Hilsiitt, Yi 5(1998)9] FAEE H7IRE A
2] 9 Park £(2001)9] 9AF B3} HZS HUlst 71| S dF
FAZE o A4S} - 2kl A9 g ATt [y whet
st 6‘ﬂP7l°ﬂ A S7Fhs Aake HAthal sk
o, absl - gl A9t AstEs A2 A =80 Oﬂbﬂ
Alhos &OIE'W A2 Wil 0,5 &HsH nEE

_4

1k

orEi

>

o) Wgow 5 AnAYe] 57 47 o el Aelt &
o e e =] gEoln, 1 o)F Ak} 2l A9
7} F7ksRe R A 2o glolaAt wel ARYH

AESo] hal shajslo] Lheht B0 R Rrku wl ot
Qth(Park & Cho 2005).

2.5 M ™ pH
AA = 24 dkg A Folung F ARS ZAL o g 4
Aksto] (Table 5y FEAIBFIT, F-2 Fo] LA F AR

<Table 6> Quality characteristics of reducing sugar and ascorbic
acid content of Kimchi

Reducing sugar ~ Ascorbic acid

Samples content (mg%) content (mg%)

Long-term fermented Kimchi ~ 13.23£1.23*  22.184+0.62°
Skate(Raja kenojei) Kimchi 15.51£0.51 24.21+0.86
“Mean of three replicates+standard deviation
0.65%, &2 wi5= 2= 0.80%= o A7} ui5= A2

Hop o w2 Zles E4990a, pHe Fol #A7F 4,01,
3= Z2|= 3.900]t). ZA|¢e] 47| Mheen & Kwon
(1984)0] pH 4.2, & A} 3+F 0.6%, Shin(1994)0] %
0.3~0.6% % Choi 5(1990)9] & % A= 0.6~0 8%9—]—
BT EE 2o Fol YAL AP go] 2o Aty 2
4= QJt}. Park 5(2003)3 A A9 A v 1049 A
2 pH 4,75, 3 Ab 0.84%2taL Hyste] B J+19] xR
o =AU F *JE 0.8% ol/dollAl= Alnto] Zstal ++4
HAE W71 Al d=iA Qlth(So 1994),

ol
0

e 2l Ascorbic acid gfzf

T2 Fo] AAet F2 w5 A9 gl fFdE (Table
6yl LER ute} o] k2t 15,51, 13,23 mea2 LFeRy
At} Park 5(2003) 7A w72 9] Yy Tafe
13.25 mg%etal H 131331, Yoo 5(2001)& B2 7%
M7z 3 3 Wake 21.15~9.5 mg% ZO& U}
RS waslel, 2 Aslold Fol A9 s

xoh%}s Lo Aoz AlRETH BHT dleko] 7Faske
o] mAIES] AL O 7 lactic acid, acetic
acid, alcohol, carbon dioxide % 1 & &8 7} &2
52 wisj| ol 7717} elojro] et sele o] A
ofAH, AA&] T2 ndESo] BafshA ouAdes
ol gRrozx Hrar|tto] zdol whet ghld shko] A
He Aoz AlmErh(Yi 5 1998).

W] A4 34 B Acker wske) sl & wlghy
cE AAe] FARO Y= BEo] 5717 npE] olelo]
e A =4 227]00 43101] gttt dEA Qe
g, = oo Be Fol PAsh HL vjE A & ule}
nl oL 7z} 24,21 9 992,18 mg%7} ﬂogq 913lT}. Yoo
=(2001)9] AFtolA B 305 Foke] B 7)xutaaty
oA BE AlZZ o] 16,0~22.3 mg%2] H]E]—‘ﬂ 7} 3o
H go= Base] B A7) At ok B FFeld)

3.
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rBL flo
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2] 7HA] 2 e Ae® dEAA e 2rlEy 3
Aw7t oA 9, A e 8719 9%, AE, IF 4
ofu|icAbe] M7t wiAl= G, WA 2 wE
o B2 A7t e o] Frk(Park 5 2006), A4
of wE A Aol et AFRolA HlEHl C e HE
7 AaEo] weba gastozm 44 A7) olFe) 1AE
Wletl col FFFUOE 77t AskEe wae w9
(Park = 2003).

4, Mg gl xxZ

AR M=E Z4%H A3} (Table 7)o 42} Zo] 52
Fol AAet 52 vis 9] Y= (ightness, L)= 242}
46,86, 44 545 BYPO ] AHMI (redness, a)= 1546 U
12,28 18|31 M X (yellowness, b)= 29.94 9 28,362
UpeRl S8 Fol A7h B A Lhebed). Shin (1996)
& AAE =R AL Ade TEEled 2%
7b w=o s B A=) dstal 53] As77HA] Lkl
Aeshal Aol FMEE IA SIS HAlsHl
o}, Yoo 5(2001)& H-2 A9 4717k wE AR 9
S SIS e A3k 12Ee H4710] o|2e] 19 A
70| Yol AT 1 o] Folw Hrt A o 227l
55.45% 2|32 5 YR Irkal Harste] & AvjEc) Y=
7t ESJeh, Park (1996)2) ohAk A\ W23 e] Aol
A LEk 30.75, agh> 18.03, bgk 17.28% UEhf £
A+2] Ao mlste] B2 A5 Hl=], o]AE A
20 7 W AFgel Aol Yol Uolvt Aolzt A
2y,

AR o] 22 7IAA o= S A= (Table 7)°]
UeRt it gt

52 Zol PAoF T2 v HA= 2 .23
kg2 %7 Uepti), B8 Fol AHe] 49 28 W
AAEGg 240o] d E8A= A & = 3 A
of 2HPe wRe BE, Ao w9l AWAY] S wre
S e (Lee 5 1988) AT 2] B Q9] B

o
59
=
=
A

<Table 7> Hunter’s color value of long-term fermented and Skate
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7)1 HES ARE ARSI A= WA /o] Aastel
ute} o] ¢IstE|o] hardness7} HA} Fhadh=d] o]t
A3} FAS protopectinase, polygalacturonase, pectin
methyl esterase 52 B4x9] 2hgof osff AT 4
Hop7l = 2o dHA Qth(Lee T 1986). No &
(1995) &g AU Al ZIEAF J7F A9 24%o] WA
Z7lole izl Hlsh BE9] S F3stglon 1 A
T WA Fo AAF AAsklekal HArskglal, Lee
5 (1994)& 9 1 T 71BANS HA7PF 7 2AS
FAIFATAL Haagt vE Qleh, Park 5(2001)¥} Park &
(2006)0] = E3}BAlofl= #E A} chitin oligosaccharide
2 gl 9ol olelet 4EEe] A WE & 1A2A
o Qsie o ATl Aoz wad b ook 2 A7
M= Fol Ao TaE Folgo] wa Y F A 2
Ho] ddstEls A4S Azl Ao AzhEr,

SAESEEA NP EAIS)S Yoy faoA Bres
2 IS T AIS Fo] werE Bt =

onz 779] 24|} ik H7HA] ASe] AR 13 4
A YA FErt fgaks 22 dHA gith(Kattan
S 1963; Yoo 5 1998; Park 5 2006), & A3 9] 7] A
2ERE 9o A IS (Table §IF Pt B 5ol
HAoF F-2 v A9 ATS 9Fe 6,899} 553082 &
& ol AL =4 vt dEEE8d 1¥ER
FE 2ee W dprHed HEHWSP), @7 B
(NaSP), A7H&AHE (HCISP) 9| SHgHIE AuHH 52
Fo1 7A)9) 7%, methoxyl group®] HlaH B2 484
gElQl I el (HWSP)2 15,23%, low methoxyl
growp® 23 Y= WAl @S e (NaSP)E
32.51%, protopectin®| FO 2 HA|EE= Al7EA #HE
(HOISP)IE 55,10%2 eI} Ab7kg4 slele] shgol 714
EoT 52 v A oAM= BT HE(HWSP)
17.35%, A7H8/d ™ (NaSP)> 29.65%, 4784 #E
(HCISP):Z 53.20%= UEh AR dH €l o] gho] 71

<Table 8> Pectin content in long-term fermented and Skate (Raja

(Raja kenajei) Kimchi kenojei) Kimchi
Long-term Skate Pecti tent Long-term fermented ~ Skate (Raja kenojei)
Parameters fermented  (Raja kenojei) ectin conten Kimchi Kimchi
Kimchi Kimchi
HWSP (hot water a a
oncers o L 445422467 468621247 soluble pectin) 17.35+1.41 15.23+0.52
et a 122843.96  15.462.12 NaSP (sodium
vaie b 2836321  29.94+1.11 hexametaphosphate 29.65+2.02 32.51+1.12
Texture  Hardness (kgf)  10.23+£1.63  11.36+1.32 soluble pectin)
HCISP (hydrochlori
L: Measurement of lightness and varies from 100 for perfect white acid s ol(uf})’ler;zc tiorsc 53.20+3.02 55.10+0.21
to zero for balck, a: Measurement of redness when plus, gray when Alcohol insoluble
zero, and greenness when minus, b: Measurement of yellowness 5.53+1.13 6.89+0.21

when plus, gray when zero, and blueness when minus
YMean of three replicates+standard deviation

solids (AIS) content

YMean of three replicates+standard deviation
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<Table 9> Total, lactic acid, and yeast counts in long-term fer-
mented and Skate (Raja kenojei) Kimchi
(unit: log CFU/ml)

Long-term fermented ~ Skate (Raja kenojei)

Bacteria Kimchi Kimchi
Total microbial count 1.35x10° 4.78x108
Lactic acid count 1.32x10° 5.18x10°
Yeast counts 5.23x10° 8.52x10°

=t o3 A= Yoo 5(2001)9] HWSP 13.10%,
NaSP 27.30%, HCISP 59.60% 2 Lee & Rhee(1986)2]
12.60%. 27.80%, 59.60%%} H]2=8k 2=20]%tt. Ryu S
(1996)-& AISEHE HI3 deEJBEL =A]7|71o] Ay}
Sho|| uje} ~8A HElZ8 2715131 low methoxyl pectin
7} protopetin® 7431, BARS Arfet 13le] 4
o BElo) BajS thh OlAgTk B3t v} 93, Ahn 5
(1999)% ARG SRS WG A AL
methoxyl group®| H|il%] T2 pectinit&]Ql HWSP:=
7Fskal HCISP= sk A3 E okl K arsto] % g

3o}t Aol 2 Rzt ol Yoo 5(2001)0] Ao
Aot ol @ A AR} AR Aol 0 Aol Az
e},

geof| 3t AL iz (Table 9)9F Zt}, & oF
F= AHE R Alx 27 wet =gk EE 1x
108~101° cell/mlI¢Q1d|(Shin 1994), B A3 o] B Fo] 7]
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><108°l°*E} 2 o] AATt w2 dE B AL A
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9] AAHLE 747k 518X 105 U 32><1o5 Z ansg
8.52x10° ¥ 5.23%x10°]%lt}. Park 5(2003)3} Yoo %
(2001) 9] B2 71x]9] Fw4=7) zhzF 8. 8x10°¢} 1.20%
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29] w4 F7l0| ARAGTL w2 AL sAdAAoA] 24k
ol oJsf) AAH 4k axvlsh] o ® AZETH(Yoo T
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U 9ol Ha|x2lo] AStE| AL HufjE= A Ak
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of ot Y= AFs] 2 A= AmEHH (Yoo 5 2001).
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ol 7 SIT, § FE HE FO YAE 478310
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