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Microbial and Chemical Properties of Ready-to-eat Skate in Korean Market

Eun-Jung lee, Jung-Eun Seo, Jong-Kyung Lee, Se-Wook Oh, and Yun-Ji Kim*

Division of Food Safety Research, Korea Food Research Institute, Korea
(Received January 19, 2008/Accepted June 5, 2008)

ABSTRACT - To evaluate safety of commercial skate product, Korean traditional ready-to-eat raw-fish, during
from June to August in 2006, microbial and chemical properties such as levels of total plate count, coliform, food-
borne pathogens, VBN-value, pH and ammonium concentration in ready-to-eat skate product were evaluated. Total
plate counts of ready-to-eat skate product were ranges from 4.8 to 7.5 log CFU/g, and coliform was detected in 1 sam-
ple (2.48 log CFU/g) among 18 samples. Staphylococcus aureus, was detected in 2 samples among 18 samples, but
Escherichia coli, Salmonella, spp., Vibrio parahaemolyticus, and Listeria monocytogenes were not detected. VBN-
values and pH of skate were ranges from 12.6 to 593.9 mg% and from 6.7 to 9.4 depending on strength of fermenta-
tion, respectively. Ammonium concentrations of fermented skate were ranges from 4.4 to 14.1 mg/g and 2 samples,

pre-fermented skate, were not detected.
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Introduction

3-0] F(skates)= tHH-9] AAMA g2 Hsfolx
Al 3000 m7HA] A A EE A dFolH AT}
(chondrichthyes)e]th. Ve oA &3l Fo)ak(family
Ragjidae) 11719] o]FL2 o3} Zo] E/39th ARVt
)& (Bathyraja Ishiyama)oll= ¥F=7EL.2l(B. bergi Dolganov)
&} AAZFL B (B. isotrachys)E, A2 (Dipturus Rafinesque)
o= 35 T (D. kwangtungenesis), =87+22(D. macro-
cauda), FE-|(D. tengu)Z, &S (Okamejei Ishiyama)ol| =
X Z0(0. acutisping), 7NE 8-01(0. boesemani), 3-°1(O.
kenojei), 7+& 7. B(0. meerdervoortid=. YT 4L, 330
Z¥(Raja Linnaeus)ol|= 31880 (R. koreana)s} 4™ S
Zolgte FF(R. pulchra)Z WA Toji= 49}
2ol B F77F ey, S 7% F o= rtede
= TREHY, s X Fo FFoE A L3t AR
0E FEoE JuiEHI o)
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Zole AL A AFYE 2EE fEA A 849
QAATERDS o] FREtE Ao 4717 w9 A
&2 gryolel EFugolvIihg At 553
FulE s, 348 A o k&l Photobacterium sp.
7t A AEIaL QoA FojY A4S ST B9 &
ojo Y 7} Ue 7154 HEo| vt vF EA
313 SAd Zof AN E2lH HEe] =% kenojeinin
== Bacillus subtilis, Escherichia coli, Saccharomyces cerevisae
o A Ao} TIF AT, To] WA Fo] YA Fo] =
7VE = taurine Y EHEY 54 dfsts a0t 3
o E3] Zo] 7ZHyol= LDL-cholesterolS ZAA| 7],
HDL-cholesterol S 7718, SAAA WS A 3tet= 2H:
o] 9= EPAS} DHAZE ow|713x|HRate] ofaf &5
o] FAENAZNS dsts a7 Yk o). Fof
Ao vd g2 tE sgolfe Blues o &
o v)=sht Xt 33| WAL, EXEIAY
ZF SrRE o ASTh g Fo] AAoe Aol
2 o] &7 X7} w20, FAksHA,
Je A= ARHIUH.
3l AAPAA L AR F A=A Y
FAME AR AR &8k 20060 =
= 5599 R AeE JAHAN. =
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HFAEZAAAY A5 9std WF Fol9 £y
ultt F7Hsl .21, 20063 129 7R FRHFAE

FAAAL AN AARRE 29 Fole 11,411 2 g3

FHL 249780 ABs= A2 HIHJW. ol=
Folel an7E Frbsted S AR R7F AR S
& dulsht, R 32 HFHske Folo] kAl A3

AT ojug Aol

2 AT GRAFAE 3 shiel Tolsle) o
B7E 9% 7|2AE8E Rl Yt AB =
oisje) i vABHA ANTES HY B4
33, 4 To] &3 A g9 ol & Stphylococcus
aureuss Z-olo HF st XA 77kl OE S HIE
Abm B gt}

X
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A ERUE
AlY =
E Ao AIEH $of AFEL 200613 6HFE] §H71A
=W FF5 ¢ ZoE A7 Ad X9 gidaEdag 2

$249 IR Y 4

AEFFA (A FAGEEA, 2000)2] LAY F 7
AE A" Fslth. TR H AA 25 g3
0.1% peptone water 225 mlE 33t pulsfierd] A 1327+
#2385 T 0.1% peptone water= 108] 3] 3} petri
dishl 1ml & F5-5}q total plate count agar (BD, Sparks,
MD, USA)E Fo Z 412 & 37°Col|A] 24-364]17F v &3t
% viR] flol] BAE colony= Al53Hd log colony-forming
unit (CFU)Y/ge2 YedY. W3+ 3M (M
Microbiology Products, USA)®| PetrifilmTM E. coli count
£ AHEste] EHlE B4 AR 1 mlE E538t 37°ColA]

24-36 N 7F Bt Wik & 71E7F YE red colonyS

NAFLLZE, 71E7F A+ blue colony= E. coliz 7}

& CFU/ge 2 JYehich

W T B

Salmonella spp.2] B33 £ AF FH9 el 9
sl FA o g H3 AA 25 g9} peptone water 225 ml
E =83t pulsfierdA] 187 2358 3 37°Col A 24
A7 ettt Sl -2 Rappaport-Vassiliadis (BD)
o] HE3te] 35°CoAA 24-48A|17F B9 22 Sl <SS A
AlBIATH Sl T FA S B vlYgd S XD
agar (Oxoid, Basingstoke, Hampshire, England)?l %<3}
o] 30°CellA 24-48A17F vl F3IA T 38 colonys 4
EEsle] FSa3% F VITEK® 2 compact (bioMérieux,

Marcy I'Etoile, France)& ©]-83t &4 35 Th.

Vibrio parahaemolyticus®] 38 42 AF FX 9
o) olsle] FgA oz FHe AA 259 3% Hel A
7FE peptone water 225 mlE E&3t pulsfiercll A 137+
#4233 & 35°CoA 18-2447F S3A . Sl
2 TCBS (BD)ol| HE3te] 35°CAA 18-24A17F vl &Fett}
CHlF A A7 2~4 mm? A EAE] M H]ES) colony
7V AE&EHH G502 F33te] VITEK® 2 compact
(bioMérieux)& ©|-83t 43Ut

Staphylococcus aureus®) B33 AL 2F FH¢ W
Hol| oJdte] EgAdoz H3k HA| 25 g9 10% NaCle]
H71E TSB 225 mlE &3t pulsfierd] A 127 o2
313k & 37°CollA 24X T WEA S 7= S
aureusE SR STMEHE egg yolko] F7HE
Mannitol salt agar (Oxoid)°l] A3t 36-48A17F wljks}
Rk ES colonys B3t S¥F F VITEK® 2
compact (bioMérieux)S ©|&3t 43It

Listeria monocytogenes®| &2 2F33e] ¥idl ¢
dled A 0% FH3IF AA 25g9 Listeria enrichment
broth 225 ml-S &33}] pulsfierolA| 127 #2335 &
37°CoN A 24417 S S S S FRASER
Listeria (BD)ll HE3}o] 35°CollA 24-48 A7 &% 23} 5
W FS AAEEY S S T A wheS Hel By
oFolL modified oxford agar (Oxoid)ol| FE3t] F&3H
spreading3l & 30°CollA] 24-48A17F v 3T E=g colony
£ Falste] &3 ¥ VITEK® 2 compact (bioMérieux)
£ o] &3l FA3IA.

Staphylococcus aureus?] HF1} HFH 224

<A E ZolE FYsk S. aureus (ATCC 29213, ATCC
6538, ATCC 25923) cocktail& 6log CFU/g o2
3t & 49} 15°Cel 2+ AAFsieA, 49 viA]?] Mannitol
salt agar (Oxoid)E ©|83t Staphylococcus dTF 57
S, Yol 7led whHo R pHE SRS

pHel YRS & =53

2=9] 1 pH = AEol 1008 755 ¥a. 443}
Sl 3 pH meter (coming, New York, NY, USAYE ©]-8-3}
o A3, dRYE T T9]9|A Phenali He=
ot L9 &3 5 42 ammonium electrodes (pH
2100 Series, OAKTON, Vermont Hills, II, USA)E ©]&-3}
ATt

U AJ|g] AlA ¥F (volatile basic nitrogen, VBN)
3k F71E) A4 S conway units ©]-8-3F HlE
ez AFAPG>D. AR 102 At T/RT



70 ml2} &7 blendingﬂl 100 ml volumetric flask® &7
100 mZ 35 - o34ek oy o3 1 mlell 0.01N boric
acid 1 ml®} conway reagent 50 zd (0.066% methyl red:
bromocresol green/EtOH=1:1)& 7} t}. Potassium
carbonate(K,CO, 50¢ / D. W. 100 ml) 1mlS 713 ok
37°ClA 120%7F X F 0.01N sulfuric acid® J74 &}
o VBN 7}& Z43}urh

A% Y DY

T $01Y9 FR+ LU=

Fig. 19 A% 3013 1889 FdF B £52
BRI, +AS T3 a5 F5S 4.8log CFU/g
o]’& 7.5 log CFU/g °|3}e] M$jolM A&EHAY. 2 EF
£ AHEH, 4-51og CFU/g H¥1oIA AEE A+ 34,
5~6 log CFU/g Atol&= 6710119, 6~7log CFU/g H ¥
N AEH AFE §A0 = 7MY BL Ayt £3H0]
AR, 7~8log CFU/g &) HYNME 170] A&HAL}.
A EFF A FAE i A rFe s HEAM A
7 AWE AT F UEE FEHUE 2Fo2 A
g5t &7] - o) ¥ Yo - HF{F A9 MaErEs
5 log CFU/gelstE ®HAIstaL ok Zejy & Ag-ollx 4
AlgE 1871¢] Aol &J3hH 5log CFU/gol3te] A|EL
A(17%)e2 #AHAJY 29 Fo J3H 54 A 4log
CFU/g 7°ld 3o A9 #47F 4 3 7log CFU/g
TELE SR S 28y B AFeA 2% &
o3l 9] 2H FF0] RNZZAN AR ek AR 7
ZM] ?}Q-‘E: 74-1‘7} 17%l EAIPA o]-F7t 4 FA
F-‘S- & s 8.t AR A
He3 AoF ArFgHT}

7% $01Y9 e LEEE

TAT T3] RIS BT A, 44A Fo
243 54 B 168 239 25 54 89
79X 2.48 log CFU/g +5=2] tl&a+°] ZAE 53U Hnot

iy

shown data). | A2 2334 FolE7+2 2 lactose

g Talsted 7tAE Ailsle B U)A BAENA #

S E FHFHEH AAEAY 42 sl oF A F

o= A F9 A AEHE NS, HEFANL FAF

ol gt A st HF WA a2 "‘44
22

& T UEE ‘l‘l‘E"q'UH EAO R 94/‘321?40}04 |71 -
Aol T2 1log CFU/gO]
3= %75'6.?_ ,JE}. Olﬁﬁi T ’°ﬂ O3hH, B oA
AN 1879 AF F 170 234 Aoz yelyn

2% 3oi9]
Table 1& A3 Toldje o

Bold DIZ A

= T

194 9A% 3F Aol
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o WYA v =2 E. coli, Salmonella spp., V. para-
Aoz

= E. coli, Salmonella,

haemolyticus, L. monocytogenes, S. aureus 5=
ST B Aol FAT AR 185 =
spp., V. parahaemolyticus, L. monocytogenes< HAEFA] &
3L, Staphylococcus 5 S. aureus7t 271 0| A 74;5:]9113}
z£9 Fo A7 st FTo] HE Y SH A
Photobacterium sp.2} Vibrio sp.8til B3 gPOomH o]} 4_9}
CH A3o) ©J3H 8104000 m 43N o= Photobacterium
sp., Pseudomonas sp.2} Vibrio sp.7} LA AT Jr)
S. aureuss= 7], B T AAA o BHASA BEE)
7 9%, A4E A 59 3% SE AR )
o] 2lFol| g7 L] vl AEFEHE S FasA
FoA I Qe AFED B Aqo AEE S, aureus
= 54 F A IR FY LF5oE AlREHTL

Detected sample number
o i 1] [ #%) - N fa )} -3 [+ +] €L

<4 45 5~6 6~7 7~8 8<
Ranges of total plate counts (iog CFU/g)

Fig. 1. Distribution of total plate counts in commercial skate col-
lected from Korean market.
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Ranges of pH

Fig. 2. Distribution of pH in commercial skate collected from
market.

Table 1. Foodborne pathogens contamination of commercial
skate collected from Korean market

Pathogens Positive no./Total no.
Escherichia. coli 0/18
Salmonella spp. 0/18

Vibrio parahaemolyticus 0/18
Listeria monocytogenes 0/18
Staphylococcus aureus 2/18
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% Fo1¥Y pH =&

Fig. 2& A% $o39] pH 3] EXE Jepd Aol
o =4 A 2013 239 pH #te] 7.00138H2 e, &

ATFAAM FTAHG A Fo]3]9] pHAS FHA 8.994] F
tf 9.4¢ WM SAHHAULY F, 6.5~7.0 B/}t 274,
8.5~9.0 M7} 27122 UENIL, 9.0~9.5 F7t 14712
2 gBES A

/5 Fol¥e] HL AV |EEL EF (VBN-value) ==

Fig. 3 A% $o3]9] VBN < yeld Zojo
VBN 32 A7 579 FlE SHste AEEA A
Mo] &2 UWtE O Z 15-25 mg% FFo|akal 3o B
ATolA AAg <4 A Fol3] 289 VBN g2 ZHzt
12.67 193 mghE A3 FAME Eo|th. 28y
&8 Fo]3]2] VBN-valuet 4 300.5mg¥% °|A, J
o 638.7mg% °©l3le] WHAZE #FAHA, 4 039
VBN #2737 Hulzre] Ha171 300 mg%o) 4ele o 4=
URTH T EEE AHRE, 300~400 mg% Abol7} 83,
400~500 mg% AFo]7F 23, 500~600 mg% ARel7F 33,
600~700 mg% Atel7} 3@ o2 AR} welr, 3o
3= OE ofuiF{e 28 A It obd A4 & 4
sl= AlFe=E thE A odfiF Eoh VBN #tol 15~30
B A% E917] W&o VBN o AF9 EAHS )
7] oA A2 AlEd

T% $0¥9 ABRYUS B =&

Fig. 49 Yelt sle S 78 59 4 o3y &
EYw 2= A 44mg/g, L 149 mg/ge] HAA=Z &
ZEJA, 44 A FodMe FEHA U 1 X
5 AWEH 4~6 mg/ge] 57, 6~8 mg/ge] 37, 8~10 mg/
g°] 17, 10~12 mg/go] 17, 12~14 mg/g®] 37, 14~16 mg/
go] 47102 UEth & Fo A7 o3td Fo 4
Ao &2 JAET] Rl FE7 0¥l A&
HR] %o} 10°CAA AF 8Uol| 14.2 mg/mlol) =E3)
ThaL o), o] 3t FX|= B JFoA FA% FTojo &
EYot X9} FAIS HE Al E

S. aureus HF3t T0j¥] 2] HZ1R10] WIE S. aureusf]
23 Wy

3039 7}FHEe HAL 23 To] 27HS 9A
2o A% T AL #HA AIV|RES HF 67
7o) =4 T IRBEES £ AN S, aureus

:

7t 298 gl sFsAel ler M AR AT 2
oA et 2ol S, aureus7t A= EH 7% i), weia] 2
Al F20 VBN Ftel 6359 mg%, pH 9.1, dRYUEL T&
112mg/g=e SHE A T3 S. aureuss FE 3}
42} 15°C A LA AHA 7|7kl W& S. aureuse] o

Detected sample number
ke ] -t s~ L] 8 4 v ~& o i ]

<20 20~300  300~400 400~B00 500~600 600~700 700<
Ranges of VBN-vaiue (mg%)

Fig. 3. Distribution of VBN-value in commercial skate collected
from Korean market.
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Fig. 4. Distribution of ammonium concentration in commercial
skate collected from Korean market.

Log cfu/g

g 5 16 15 20
Storage period {day)

Fig. 5. Changes on numbers of Staphylococcus aureus in fermented
skate during storage period.

F wislE B2t Fig. 5). €4 T8 pHE A%
717 W A 259 F4AR10] pHE 9.1 ez A9
H 37 910 THnot shown data). F ¥ 4.8 log CFU/g <+
FolQA S. aureuss A7 717ko) FUksH| Wl Fraso,
A7 104 & 49 15°CoAlA Z+2t 3.1 34 1log CFU/gS
velliRick, 23y AR 133 1749 S, aureus®] H3=
A 1009 F5E FASE 2o ek, 4% £
2o we Aolt gtk H? Fo| AFAR st g
4o Vet Folol T ¥ ¥9ske 27 Foio)



THEQ A5 EF FEE S A9 itz
gioh, kA B AollA vERd S aureuse] AAA| 9}
Haos 3o A437] AAY a4 Hue pHY Z7o)
9old A FXIEo WE S awreusd] A AA R AlE
Ao 228y S, aureus S 7153 pH B Y= 4.0-9.8 W
AZ LAY, B dFoA] AMLEH Zo)F)e] pH H
e 9.1 AEY £FO=E pH/F =7+ SHNT S. aureus
7} A5 7Fsd pH WSl i3t web A4 1097t
A2] S. aureus®] 4T TAhE Fo] HE A S A9
W32 QI3 SF A S0 el TH, T S0 &3
| &) Aol ojs Aoer Alg®ET}

O

e

91l=
20061 6~84 = 5 TU T3 RAYENH o
3ot FAE A A3 Tojde U E o9 Fe g
AL A7 obd 54 F HFHse AELE pHAF 9 U
ole] FFol, YRULRES /3 Jon, tE AlM
A]F XU} VBN #to] 15~308] AX Ut £A4 3oi3]
o] FAE 2F AR Fa5 FF0] i A A
AF 34 N FAFES Slog CFU/gET =4 ASHA
o, Adze] AEE AHE 184 £ 140 A,
HAA UAEY S awreus7t AEE AR 184 & 2710
AATE. T3 2 Slog CFU/g 59 S. awensE <738 3
o13]e] 7H R HEDL o AF 10d A A F&
(2log CFU/g) 7+4&317]1 AT, 3log CFU/g 59
aureus7} 104 o148 AR 7174 AR fAEHE RS
AT + U

S.
S

AL 2
o] =& 20069% Ao 2HATY (062022 E31071)}
20079 % St E AT VFIRATE 7] x1ge)] ¢
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