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Abstract

This study assessed the quantitative analysis of total viable bacteria, coliforms, Escherichia coli, and

Staphylococcus aureus and qualitative analysis

parahaemolyticus, Vibrio vulnificus,

of 9 pathogenic bacteria [Salmonella
Clostridium perfringens,
Escherichia coli (EHEC), Yersinia enterocolitica, Bacillus cereus,

spp., Vibrio
Listeria monocytogenes, Enterohemorrhagic
Campylobacter jejuni/coli] in the frozen

and raw sea squirt (Halocynthia roretzi). This microbial analysis was performed using the methods in
Korean food code. The range of total viable bacteria was 2.50-4.55 (3.13£0.28) log CFU/g for frozen sea
squirt and 2.60-4.80 (3.22+0.30) log CFU/g for raw sea squirt. Less than 1-2 log CFU/g of coliforms was
detected in frozen and raw samples. E. coli was not detected in all samples (ND: < 10 CFU/g). S. aureus

was detected at 1.48-1.99 log CFU/g in most samples.

All nine pathogenic bacteria were qualitatively

detected as negative. The microbial contamination levels determined in the current study may be potentially

used as the basic data to execute microbial risk assessments of sea squirt.
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YA 1L E2= -3 Aol (Halocynthia roretzi)
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s 7K 9dsas A8 FAER fEvet
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AR fEHe Y 9 B 5540
(Halocynthia roretziy ANE% & 127087 67,
B 62d)= FASI] AREERITh vdE 24
TE ZAFEH] fste] 2022 3€HEE 7E7HA
7}7] o dAeA 2epelo Rz Frujste] A3 e
ARSI AlEe Eatd 7RIS AAE ol
sto] FarA o AF st Abgetglon e A

Fe AR 59 F 23 ol BAS,

el Alm 25 goll 0.85% HAEAas
mLE 7}Fe] A 7] (BagMixer™ 400, Interscience,
Saint-Nom la Bretéche Arpents, France)S ©|-&3}¢
227 wAgElth ol # AN | mLE FHS
T gy g Ads 9 mLol @A A& F
Q13 I (pour plate method)ol] W} 2+ WA 3|4
N Higo| EF3t count

mLE plate
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agar(PCA, Difco Laboratories, USA)E petri dish®]
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4. Modzte] Y

Abg ) g}o)

g fel A5 25 gt BE
213 &5-& M(buffered peptone water, BD Difco,
Sparks, MD, USA) 225 mLE % 7}3t4] 36+1TC ]l
A 18-24A17F Fatafeket 5, o] wiekel F 1 mL
& Tetrathionate broth (BD Difco, MD,
usAyel  #7ista FAl vassilidas
broth (RV, BD Difco, Sparks, MD, USA) #j%]¢]

Sparks,
Rappaport

Z2IA35] .

HEA| O
M=o

0.1 mLoll H7Fste] 242k 3621 C 9 41.5¢1 T
A 20-240%F FRt 22F Fatuekskgith oo Z}
Zye]  Sa|FNS Xylose lysine desoxycholate
Agar (XLD, Oxoid, Hampshire, UK) % Brilliant
green sulfa (BG Sulfa, Oxoid, Hampshire, UK)
Agardll EAETE F 36+ CTollA] 20-24417F HY
Ferirk. gAagE A 5 oS F sk
Triple sugar iron agar(TSI)o| X =23}31 37+1
CollA 2024413 ek 5 AHE= o2
VITEK 2(bioMerieux, Durham, NC, USA) AA|s}
ek,

5 Atod H[ua[_cg_ =]

o —_— =

I-I A‘I

HEEZ|R HESHO

J>'

dvipele 9 vBge HPFte] AR
A8 98 Al 25 g 225 mLe] APW(Alkaline
peptone water, 2% NaCl)oll Z7}ske] 35-37 Cel
A 18-24A13F Sl ksl o] § SE WYk
-5 Thiosulfate Citrate Bile Salt Sucrose $F3 Wl
Z(TCBS, Oxford formulation, Oxoid, Hampshire,
UK)oll A Ewato] 3537 CollA 182447 %
b FuieFstlct. vk A3t 5] A ]
ol A 2% NaCle H7bsh B ddu# el
HE3 3 35:37°Co)A 18-24A17F ket o, <

AE= H  VITEK2(bioMerieux, Durham, NC,

USA) AAeF3iTh

6. EEAER|C|E HIEZIMAS HAHEA
EEAEEM% HrdAse AAEAS S8

AA Y AEE oA dgd dvtalds SHE

2] 2] ]%‘%—9‘4 1 mLE Cooked Meat Medium

(Cooked meat, MBcell, Seoul, Korea) BJ=]o 7}
ato] 35-37 CellA 18-24A1%F F2F E7)uj ksl
t}. o]F o] ujFNS 3T} Tryptose sulfite
cycloserine agar (TSC, Oxoid, Hampshire, UK)®]
AT 3 ohE 3537 TollA 1824747 37

wopeteln, REBE #2 k34 AL

]
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7. 2|AHIZ[0F BLAO[EMU|AS] HYE
A

g g gfol &
3 A=
(Oxoid, Hampshire, UK) 225 mLol| H7}3F & 3
0CelA 4847 Sulef sklom, Sovlefel
S Oxford $HHE|A] EHate] 3537 CefA]
24-48X1 7 v eFeRSiTh. ) lEe] FRlE 0.6%
yeast extract’} &% tryptic soy agar(TSA)°l
Fatol 30 CollA 24-48413F wjekallon], 13t
gt ow BAE HEFS VITEK 2(bioMerieux,
Durham, NC, USA) A3} Th

At e A28 HHRAE

25 g& 3k Listeria enrichment broth

8. &Y gl FYEN

02

o

FEdd A NS 9 AR 25 g
I} Modified tryptone soya broth (mTSB, Oxoid,
Hampshire, UK) 225 mLE &3gtalo] 35-37 Tof
A 24X Fdulefersith ol EElE Sl8l
Tellurite macconkey agar
(TC-SMAC, BD Difco, MD, USA)$}
5-bromo-4-chloro-3indolyl- 8 -D-glucuronide  (BCIG,
BD Difco, Sparks, MD, USA)°l| ztzt 24 E=2s)
o] 35 ToA 24A17 wFsE Tt TM-SMAC
(sorbitol & W3aHA] k= T 9} BCIG (B
A el M @ Het 57 ol s Fskd
HE sxujAo] &7 wjekst & Verotoxin PCR
Mol 8] FAARE AAet,

cefixime-sorbitol

Sparks,

9. ofA|L|ot dIR|Z2ZE[E[FIe| HHEEAM
oAl AR FET FHRAS A3 A

SEAO|(Halocynthia roretzi) 2 AEEMT LUT ZA}

5 25 g Peptone Sorbitol Bile Broth (PSBB,
MBCell, Seoul, Korea) 225 mLel #7}g3 FA|
o] PSBB WA & 7}&t A8 10 mLE F 38t
Irgasan Ticarcillin and potassium chlorate broth
(ITC, MBCell, Seoul, Korea) 90 mLe®l| 7}3}Ith
Zyzre] Alfgds 25 Tolr 484t S
aFlom, wiekol 0.1 mLE 0.5% KOH7} $H+¥
0.5% HAYAAF 1 mLe} FuF st
MacConkey Agar (Difco, BD Difco, Sparks, M
USA)$} Cefsulodin Irgasan Novobiocin Agar (CIN,
MBCell, Seoul, Korea)ll 22+ HE5FATh vk
30 CollAl 24+2A17F 319 2™ MacConkey agar(++
S v E§) 3= ;Qa]-) CIN (Zﬂl-?.ﬂ. Ao A
& wolt A= 2Aztel AR Ptk 5 oy
S #H3sko] VITEK 2(bioMerieux, Durham, NC,
USA) A A3t

10. HHAIEIA MR RA0] FHAEN

v e A A2 FAREAS Sl AR 25
g HaAEAds 225 mLE 78 &
Egg Yolk Polymyxin agar (MYP, Difco, BD Difco,
Sparks, MD, USA)ell Z7}st & 37 TelA 2

Mannitol

]
7k wjekstich Wk & EEe e zhe 2E
A RS Ml BHE b o] M=
5 30£1°CollA] 24A17F werskait dg Al

22 VITEK 2(bioMerieux, Durham, NC, USA)
A A3 T

1. HE=9E HFL/E2(2] E=E4
AazE AUz FAEAS A8 AR
25 g5 100 mL% Hunt broth(Campylobacter

supplement 37}, MBCell, Seoul, Korea)2} Preston
broth (MBCell, Seoul, Korea)] ¥l #2313 &
3537 CollA 45413 mlE7]A o7 12k Sl

FBIATE o] F 42+1°ColA 44443t 1] T 71 H O
2 23 Sk o] WS Preston agar
(MBCell, Seoul, Korea)oll =23a}o] 42 TolA
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24-48A17F v 5 71A QAo A wleketl o, M E
A s FAAE EA &2 Abeyta-Hunt
Blood®ll HE3to] 42 CTolA] 24-48A1%F w5}
o gEEr el 24 Zleto] tisl VITEK 2(bioMerieux,
Durham, NC, USA) 2 A]3}S T}

m. o1+ Zut

1. PYEolel MX|EMT X Mz

- X oS o
Tro HYH oz 24

22l e We 9 ¥ $54do] F 9
RBAZA A AN S, g D oo
odE EAE 8, 47 gE dAeA ¥ 6
A, ¥F 61(F 122)s TYsto] Age d9E
<Table 1>° eIt ¥F P40 AWHA
72 73S Ftgkol 3.13 log CFU/gRow, 1
W= H4 250 log CFU/g 2 HU] 4.55 log
CFUgC.Z ZA =t W 340 A9
Htgko] 3.22 log CFU/goH, 71 HeE 3
2.60 log CFU/g 9 Zt] 4.80 log CFU/gl =
BEol ¥E vHdole ¥ P 4ol A3
FoH oz 2ozt AATHP>0.05). AW AFE
> A(MFDS, 2023) 4 HFA2RA7F JdE 43
BARoz QA st
BsFAES 71Et A
MNEF)=5, «(HH3]EA
57)=2, m("]F=3]87]52)=100,000, M("] Y=
FH 5] 8715 21)=500,0000.2  AAHo]  glor

2 A7ATdE SulelA AAE Ve A
it meh, W 5ol Ve A
O}, Solberg et al.(1990)2] A% T AnkAlL
o] QFA7]FX(10° CFU/g)® Blw 3t Ay} 2
TolMe dA8] e ARE e Park et
al.(2020) o] AFolA = Ye=o AATS =
g3 Azt Hy 1.9 x10* CFU/geZ ¥ A9
Hoakzk fAFsich ¢, Jeon et al(2021)] <A
TolA 298 37HEA], Fol, Ao, Al &

o

of

T o [ VI "o

N oo 1wt of
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o
offt
it
ox

of
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>
1o
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=T
¥
fr
=

2y 2 of

el @3 5o RS AA Az Fol F5
of A o] WA Thaely] wie] vz}
T kg od wAR: JARA HadE
99 A|%AQ) BUEPe] Bestrhi AzkE.
=3 Qgolu ¥ 5 Aow AHAHE 457}
we Sydele] AN VAT kg &
usy] s AF W uskd A7 5 F7449)
At wete] MeE Ao AR,

9% 9 9 $Y4e] F UARe BE AR
oA AEHA ghgront, WE $Ydol F%

Nt HE Hdgkel 077 log CFU/ge2 67

o] AE F 37elA HEHUCH, Hf 1.40 log
CFU/ge] A¥E Btk W3 3402 A9l
= HE Hgko] 1.06 log CFU/go 2 67012 Al
5 T s5d9A4 HA=HUAeH, Hd 1.90 log

A
CFU/ge] AE HIUTH<Table 1>). & AT-olA
v YT FE4do1g ¥ 3ol FoFl
Aol K p=0.05). FFdol HH=Z AT o
A/t A et AT Ay l9A

gk @3 A EFA(MFDS, 2023) A HE 40|27}
JdE AT F UER fERE HFom
A=A st §7]-Eg0] 9 FEA YAt

=9 71 FolA oidte n=5, =2, m=0,
M=102.2 AAFo] glow B AFAR= =

oA AAS TE HEAS TSI
Solberg et al.(1990)7} #IA|3+ thad 10° log
CFU/g ol3} b7+ 238 dskon
T 2L AFolu nAAoE HAFENCH
WA TS X st AFEuAEe]
7FsAol e Ad7IskeloF $hrh 539,
T2 B 9%t QAA I T O EA H]
A3 AT oFJARY,  Escherichia  spp.,
Salmonella spp. &3 #< Al WA vAA=2
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A ASel F2 o8 ¥ vk
o7 gl =L 7 il

o AS fud 4= glom® oS HAF 94
o] o Ao E dIdET

SFAE T e A 9 5408 AF
=o] fgEAel oo w, ARE gy &5
o] uR Hulo] AA st Qlo] A& FHFolu
Az Al ZgAre] B Tt Q= At F
shtolti(Jo et al, 2011). T3 AoAAlof] Y] &
E3HL Qe 54 diel 29 AEE kA
ANe detstr 7t HA %E} 2 ATME &
gdo] T FAMTTAFH Y e AT B4 E
7% <Table 1>°] YERSITE ¥E o]

A F 6319 AE T 4xeA AEHUCH, 1
%i%% 0.75 log CFU/ge.& e} Ho) 1.48 log
CFU/go. & ®BAE Ut ¥ ol F
6719 AR F 47olA HEHSNOH, I B
1.00 log CFU/gel™ Ht] 1.99 log CFU/gC= +
AElo] Ys P dolet W -F4dol {24

SEAO|(Halocynthia roretzi) 2 AEEMT LUT ZA}

Ql zlol= A THp>0.05). Jeong et al.(2018)2]
Tl T 7]e] A9 2.87-3.98 log CFU/go.®
UEl=d, ol BE Alx 340 ZYAE2
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<Table 1> Quantitative contamination level of sanitary indicative bacteria and Staphylococcus aureus in
frozen and raw sea squirt (Halocynthia roretzi) distributed in online marekts

Sanitary indicative bacteria (:S:;Eﬂllzi s:n(':zles Mean (log CFU/g) Min. Max.
Frozen 6 3.13 + 0.28° 2.50 4.55
Total viable bacteria
Raw 6 3.22 + 0.30° 2.60 4.80
Frozen 6 0.77 = 0.21° ND 1.40
Coliform group
Raw 6 1.06 + 0.33* ND 1.90
Frozen 6 ND - -
E. coli
Raw 6 ND - -
Frozen 6 0.75 + 0.21° ND 1.48
S. aureus
Raw 6 1.00 £ 0.30° ND 1.99

Data represent means + standard deviations of three measurements.

ND (not detected) at <10 CFU/g

Values with the same letter in the same column are not significantly different (p>0.05) by t-test
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BATS A e 582 4F dube] tigk Al (<Table 2>). Park et al.(2016) AolME =, ¥
AE9l B mAES] 29oFE AR 2, wixEr 2 TR oA %L°ﬂﬂlﬂﬂi?r°
Tkt S glont AE] A ok of= EASE A v 23.7%, 2 192%%
ol FAARAT FHUMorE FET Ado]  159% P AFFA 13.6%°% FHHT wd
%7} sic). upet Ao = AF% WAl Park and Cho(2022)9] Aol olabd F ol A

Mo
A L K 1 e edess S5 A vk s Aldeas T 5070 HE T
ol oA 7ol YO yEton, Zheulelq A
T FEAolel U Fo AFTEAE F TR FE FAvBdes T 807 AE oM T
871o] FHo= UrE}"LE} o= OEJ%HOM Gy
A

A2, FERY BT, oAU} AMEFAE  H we, uﬂ@ﬂ CRES R ERIEL
A bl AdSs, AR AZFUEE)  ARe] Al 39 sEel 1Y) wielgn
of O BAARE BR gHom @Rt wuwgt

<Table 2> Qualitative contamination level of 9 food-borne pathogenic bacteria in frozen and raw sea
squirt (Halocynthia roretzi) distributed in online markets

Food-b L .. .
o0 . orme . Shipping condition Total samples Detection results
pathogenic bacteria
Frozen 6 Negative
Salmonella spp. :
Raw 6 Negative
Frozen 6 Negative
L. monocytogenes
Raw 6 Negative
Frozen 6 Negative
B. cereus
Raw 6 Negative
Frozen 6 Negative
V. parahaemolyticus :
Raw 6 Negative
Frozen 6 Negative
V. vulnificus
Raw 6 Negative
Frozen 6 Negative
C. perfringens -
Raw 6 Negative
Frozen 6 Negative
EHEC .
Raw 6 Negative
Frozen 6 Negative
Y. enterocolitica
Raw 6 Negative
Frozen 6 Negative
C. jejuni/coli -
Raw 6 Negative

Data represent means + standard deviations of three measurements.
EHEC, Enterohemorrhagic Escherichia coli
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22felolM RESQ Ao|(Halocynthia roretz) 2l MESMT LAT ZAl

Hidell, Ha et al(2020)2] AFoA& f& =
A F Aol Hdg Bt 272
EE g A3 101789 AR FollA] njBg

STV, vulnificus)o BT 402 e
W, BB FH V. cholerae)®] 7% 171
o] Ao R FAHo] B AT AR AAE
UERSITE ol @40l A wlwF 94
Aoz Ak Ao AFEAMo] HEHA=
ASIAINE WA 3], AL T o] FE AHC
2 W AFATE o] FAA L Q7] wtel AF A
HA2E 55 dAS] A7 7hed wE A4S
T Oty 9IS A e A 9 2
7} H Qs y daE

N

L o

)

2 HEHo] vuE JAACE {5
gholgk 4= ity 1ey, AakekA 9}
oA Est FEO FAA #He] 2 o
of ogt wae Aol f@del AT 5

O

el Bz(raw)oll Ao w 8= A7t

[e) =

A ol g3 AF AFL THARA
A
q

o
= FEdole A= e

33 7H(microbial risk assessment)®] 7] ZALEZE &

4 5 ol Zolet Atnh
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