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Fifteen cultured frozen abalone Haliotis discus hannai samples were purchased from supermarkets, traditional mar-
kets, online markets, and processing factories throughout Korea for the safety assessment of microbiological and
chemical hazards. Sanitary-indicative (total viable bacteria, coliforms, and Escherichia coli) and pathogenic (Staphy-
lococcus aureus, Salmonella spp., Listeria monocytogenes, Vibrio parahaemolyticus, Clostridium perfiingens, and
Enterohemorrhagic E. coli) bacterial contamination levels were assessed quantitatively or qualitatively. Additionally,
heavy metal content (lead, cadmium, and total mercury) and radioactivity ('**CS+'*"CS, ') were quantitatively
assessed. The total viable bacterial count was 4.3x10? CFU/g, while coliform count was 50 CFU/g. E. coli was not
detected in any of the samples (count < 10 CFU/g). All six pathogenic bacteria tested negative qualitatively. The
average lead, cadmium, and total mercury contamination levels in the cultured frozen abalone were 0.100+0.057,
0.145+0.061, and 0.015+0.001 mg/kg, respectively. Moreover, none of the samples were radioactive. According to
the results of this study, cultured frozen abalones distributed in all types of markets were safe from all microbiologi-
cal and chemical hazards.
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2 A, Qhalo] Bo] ABe: YAl S E(Archacogas-  of] ]3ko] 54-0] 2AZHS 71A T Qs A b o] 1
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A 9)tHKim et al., 2006).
5 FAR- 2000 T of]l kg 7Hre] oA 717 2 Al
2wl AAleko] G261 )11 2001 ARE] HE 7R oAl |
S| A =7} Al =] HA] e Abo] 7hsal A H AT 2003 FE] £
A}t Y Th(Kim, 2018). o]F, A& FAAYAF 20014 29
EollA 20184 20,0530 2 55k on, 243l e} ok
& AR R FE == T avEFo] tid Frtsk= Aot
(Kim et al., 2020). &L} 2019 0]l = 18,436 508 A% 7}
AE|o] AE AH] F2S P A AES G4 Y T A =
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B 9IeHA o] 85| AL Qe
SHA, AR 717 & Qe 25 At a4, sk, B
=

T,

gt FelEd el 2Ed St o, g o
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YEAES AEe AR vkt & AR Aor Az
S Qlel] wAEo 29 E= B9t ek E=3F Syt
U SA| 2] Z =4l (cold chain) A| g o] ZE5=0] 7] Z}gko]
obd 2§ Bul] Ak & th FE v S AL gle
S e g ol A o] nl5et 2 felz ndE S40] o
Aol ATkt ehA] SAlehE Aol A% MAR ofojd 4
QItH(Han, 2019).
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A9 2 EE BAL AEFAMEDS, 2021)0] wet A4 3}
ek Al E8H A 2= A7 25 gofl 0.85% NaCl =89 225
mLE 7133t} o] % stomacher (BagMixer 400; Interscience,
Saint-Nom la Breteche Arpents, France)E- ©]-8-5}o] ¢F 1 57F
w23} skt w4 H Al =-89 1 mLet0.85% NaCl 8-
21071 514410 wte} 3]41510] 1 §ohS el AT,

URHAlt= A28 1 mLeF 291 u) 2] (Plate Count
Agar; BD Difco, Sparks, MD, USA) 15-20 mLE %3] 4]
3] 5 Petri dishol] £-5235}41, 35 + 1°Col| 4] 48 £2A] 71 vl oF5}H3
o} th At A2 3M Petrifilm E. coli/Coliform count
plate (3M, Saint Paul, MN, USA) AZZES AME5}% 0,
A7LN | mLE AZRDE [ (Petri ilm™ CC; 3M, St Paul,
MN, USA)ol =2 0.2 F T 35+ 1°Col|A] 24 £2A]7F ufj ek
shetch. charel 29 Al 1 2912 717k e
o oAk PAT 1 912 7|2 A E AR A A
& 747 Algst gt Habg 15-300712) Rho) A H B
Gfsto] Aslel o, ulAE Z12e] Tl A28 I mL
colony forming unit (CFU/g) 2.2 Z A3}t
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2 ATolA P WEHEY AFE AFE F 6ERE
S. aureus= 54, Salmonella spp., L. monocytogenes, V.
parahaemolyticus, C. perfringens ¥ EHEC+= AAEH o=
2439tt A155 Al BAE AFFAMEDS, 2021)0] o
e Al shote}

S. aureus®] A28 A= S AF AWMl 54
& A8t 5YUsA) Azsto] ol AHEIAT. S, au-
reus 35S 913t vl 2| = Baird-parker agar (BD Difco, Sparks,
MD, USA) = A28t} 34-2] Wiz of] 22+ 0.3 mL, 0.4 mL,
0.03 mL4 %0] % 1 mL7} 57 spread 514 23] F
A7) F 35-37°ColA 483412k viopst et vjof 3 ey
A 12 Sloto] el ich. Aa Aol Al 574 ol el
72l Aeke Asto] METAA o AT 35-37C
of| A 182417t v &Fsto] L] 4t coagulase &4 -
S| SINTL AT 3, kel BAH wpe] kol 84
S ool 2% A% s

Salmonella spp. ¥-41& $13ll A& 25 g} PEA A58
(buffered peptone water; BD Difco, Sparks, MD, USA) 225
mLE 7}oto] A3} g F 36 £ 1°Coll A 1824417t S+l %
31t o] 8o | mLE Tetrathionate broth (BD Difco)o]l %
sk} 54| of] Rappaport vassilidas broth (RV; BD Difco)ef| 0.1
mL 3 E3t0] 22k 36 +1°C © 41.5+ 1°Cof|A] 20-24A17F0.2



23 5o} 51t oo 2121e] - uleFole: 1loop 3t
xylose lysine desoxycholate agar (XLD; Oxoid, Hampshire,
UK) Y Brilliant green sulfa (BG Sulfa; Oxoid) agaref] &A1=
232 361 1°CollA] 20-24A17F v Fateiet. 71 5 o4 et
S 57) oA+ F|5}d triple sugar iron agar (TSI)o] S|4 =2
Shar woR(37 +1°C, 20-24A] 7H3}3iTh

L. monocytogenes 145 913l A|& 25 go] Listeria enrich-
ment broth (Oxoid) 225 mLE &§}s}to] A3} 3k & 30°Co|
A 48A17E Stul o Bkt Sl F S 1 loopE Oxford §F
A R]o waksto] 35-37Coll 4 24 48417 veyahsict. 1]
A2k #elstod 0.6% yeast extract’} Z3HE tryptic soy agar
(TSA)ll HF 5 30°Coll A 24-48A17F v Fstict.

V. parahaemolyticus 5412 $13ll A& 25 g¥} alkaline pep-
tone water (APW; BD Difco) 225 mLE &gl 30°Co|A]
48 A7t Ztul oF 59 Th. o] B Zul k-2 thiosulfate citrate
bile salt sucrose agar (TCBS; BD Difco)of &A1x=ds}o] 35—
37ColA] 2448212 Seluhersloic). 1 Aat 54 Pehe
TSAC] A= 5 30°Col|A] 24-48A| 7t vl 5} 3Tt

C. perfiingens 5412 93t A| -8 A2 koA F3tH
AubA| 4> 248 A|Z-8H | mLE Cooked Meat Medium
(Cooked meat; MBcell, Seoul, Korea) v Z]of] 10 mLE H=5
SFaL, 35-37°CollA] 1824417k 5t A 78 aF3iTt. o]
271 Tryptose sulfite cycloserine agar (TSC; Oxoid)oll S+
HiFHS S = 3 ThS, o] & 35-37'CollA] 1824417+ &
718 skoich. Bl A] A EREE S5 71 I ks B
Ao FA=Tste] @7] W S7|ujE SAlol AA
shlom, TS oo Bl 2elof| sl SIAE S A
Alelgict EHEC 42 98l Al& 25 g3 Modified tryptone
soya broth (mTSB; Oxoid) 225 mLE &§}5}o] 35-37°Cof|A]
24X 7F Ztul ok 319t} 0] % Tellurite cefixime-sorbitol mac-
conkey agar (TC-SMAC; BD Difco) ¥ 5-bromo-4-chloro-
3indolyl-B-D-glucuronide (BCIG; BD Difco)<f &A1 =4s}
35-37°Col A 18-24A|7F ksl ek, TM-SMACE a2k
W BCIGE HS402 348 WRH2 F2ke wEg
off &7 #lgRt % Verotoxin PCRY | ofsf 2HlA S 3
Bl

ASE Ml A

wejulor At 7} A5 Alre] dEEel el skl VI-
TEK 7}=(bioMerieux, Durham, NC, USA)E A-&-3}0] 8}l
AR AW 3 2% A9E Bushort,

g
& 7131 Teflon bombol| §&4 FAlofl S5 248 A=
10 mLE 7Fgt & Aol A o 15027 WAl A A3}

o ARA 205

ick. olo] A AlR] 9 Ba1E 913 Teflon bomb e A]
7 F HAFHOR 150:+5Col A 40087+ 7hedsto] wmeh e
s gre golo] 2 w7kx] AAsi%ich 2a 714 5 Teflon
bomb FTE Fo 4 AA 9 F74-& DL 100+£5°Col|A] &
Ato] 1 mL A=} B =2 Sk 712] 31 Teflon bombol|
F34 BA8 171 58 A4 10mLE v Zheka A
2HH B3 = $131 Teflon bomb2] U, 7} (150 +5°C, 400+)
St B2 7§ B HEESESITh Teflon bombo] ZAto] oF 1
mL 9 =2 79 ZWa19S uf EallE ZH5HL 2% (viv) DAt
O 2 A gafste] ol L 100 mLE 4-§-5to] A& o= AL
8319tk of AL o gfo] fEATBR £47)
(inductively coupled plasma spectrophotometer, ICP; ELAN
DRC TI, PerkinElmer, Santa Clara, CA, USA)E AR&-5fo] 2
Ashoic. $4-2 AT H AR 01 g2 AHL L]
(DMA-80; Mile- stone, Milano, Italy)2 HA5}%c} £
AL F2EA 7o AlRE FUsHL, AR(650°C, 90%), &
3|(650°C, 180%) Y opZ7t3H(amalgamation; 850°C, 12%)3}
of AABHITE T2 Ao et B= A= easy-DOC3
2 3(Easy-DOC3 for DMA, Ver. 3.30, Milestone; GitHub,
Inc, San Francisco, CA, USA)S o]-&3}o] At=al9ic). &4
A0 e B A Bl EQ1SEE (certified ref-
erence material)2l DORM-4 (Fish protein; NRC-CNRC, Ot-
tawa, Ontario, Canada) 2! 1566b (dried sea mustard; NIST,
Gaithersburg, MD, USA)S ARE-51o] AA|SIITE. o] 42
BHA7)o] BzAL 2= 1,000°C, detection-S dual-beam
A.A. spectrophotometer, IA-2 253.7 nm, FYUFHF 10-50
mg, absorption cell- dual cell/thermostat= carrier gas- At

MPAR A2 AEZAMEDS, 2021)9] WS Fasto]
AASAE. WA BAS 918 A R0] A el 20 mesho]
FZA o Hol 58I 2715 AASHIT o] % E47|(HMEF-
3800SS; Hanilelec, Ulsan, Korea)Z Z-2 5 Marinelli H]o]#]
o Y oF 1 kg F3te] WHste] Tt A|Zng ZutelE
E47](OCTEC GEM-60195-P; Ortec, Tennessee, TN, USA)
2 245190tk S0 U 1|9 W9l 0-2 MeVE sgon, %
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CFU/g ¥ ¢ 3.1 x10* CFU/ge.& =4 =]t} Solberg et
al. (1990)7} AIAIgt A& & UWbAlaF=2] QP 7]EA]= 6 log
CFU/go.= AAIsH3om, o] o} Bl g2 o] 2 Aol A= F
A5] o Avtz yePdth T3 Son etal. (2014)2] Ak} v]
WS W = 2§ 27| YYA|FE= 2.36-2.68 log CFU/g
o] e, 21t A% 3345 log CFU/g .2 F718e] & A
Of gtk FAKsEGATE. ol= Ag7ITke] A5 A=t A
SFE|HA] pH 9 F2| 317 Shef 2|44 0 & Fhasste] YykA|
= S7FHA 2 7570l 97] WliZoltk(Son et al., 2014).
Tl 2o] 22 AR YAetE nAE L Q= AtolE Hel 7t &
olf= AR FF, A4 A9 2, AFIAI7], A/ R
29 BT 5 oheFst Alol] 7118k A L2 AlE T
FAA Y AL oS BAS At 1579 A& 53
HellA A& e, Batghe] 5.0x 10 CFU/g 9 71 9=
E4E-3.0x10°CFU/g2] 215 2T tiA7-S 15712 =
A=A EHE(HETA <10 CFU/g)= UEkstth. Kwon
etal. (2017)2 Y5 95 (&, vpAI=, ZFEA]) oA tig<t
9 A EARS u 22F 130-35,000 MPN/100 g 2
<18-23,000 MPN/100 g© & #HZ&E|o] 1 Q1] e Hrle o]
59| AR otk AR O] - AR FRet wAgle]
7120] Ad5ohe 44T E T AE NS} LdeEol S
7hstgiom o€ Az, 7k W fr5 24 5 olg alEe 9
3 @Gl e v 4 S Aoz e ot o
Bt B AE T BHLHY RS AR o2 weket
T e A EALRRO] 7] witol] Rl thre R 2T A

o
be
a8 WA B 4 Gk Bl B elo] Bag
Aoz e slct
YA YST=O| ABEN T 24

Table 1. Results of sanitary indicative bacteria in frozen abalone
Haliotis discus hannai

Microbiological ~ Positive no./ Mean

property total (CFU/g) Range (CFU/g)
Viable cell count 15/15 8.8x10® (3.5x10-3.1x10%)
Coliform group 3/15 5.0x10 (ND-3.0%10?)
E. coli 0/15 ND

CFU, Colony forming unit. Data represent means+standard devia-
tions of three measurements. ND (not detected) at <10 CFU/g.

A IR AHAH F 2F 76%= 255 Alato] eloldl
o, o] F AF AR = A5 Alet-2 Vibrio spp. 9 Sal-
monella spp.2] o2 2%} ck(Iwamoto et al., 2010). &
Ao A AL WE A Eo tieh =2 A5 Ali(S. aureus,
Salmonella spp., L. monocytogenes, V. parahaemolyticus, C.
perfiingens X! EHEC)|| t$h 24 A= t}efo| = S. aureus
o] A% BEcI e, U] Alit A B FH0R L
E}dTtH(Table 2). Ha et al. (2020)2] ¢ Lo S5 51 9
= = 8872 AF5te] V. vulnificus®}t V. cholerac®] 2341
HE 2ARSH A3} BE A=A EHE0]|% 21, Kang et al.
(2016)2 A4 o 4] EHEC, L. monocytogenes, S. aureus,
Salmonella spp., V. parahaemolyticus, C. perfiingenss ZA}
SIS o] R HEEHA| ot 2 A B4 E | 2ot 9
&It} BhH o Mabuhay-Omar et al. (2021)2] 9F2] A &-0] 1]
AESHA @ 95 B2 ] Vibriospp. (101 CFU/g), Enteric
bacteria (93 CFU/g) & Salmonella spp. (52 CFU/g) &4 2 3=
© o2 ey gleh T3t Kim etal. (2018)2 G550 4
2] W W52 9] L. monocytogenes, Salmonella spp. 2 E.
coli O157TH7S A3 A3 25 S &2 el ot S,
aureus®| 7% ] 107 5 25 AlZo A4 10x 10> CFU/g
oA}, W] 67 Ao 4] 47) AlEo] 1.0x 10 CFU/g ©]
& HEHo S e & EAI7E Qe Ao = Ut 18
U YE A8 fAHA A 9 YEeEA o] - 7hE 27
H]Fo] &2 AlFol7] tiitol S5k 7k A F Al 1483
A A= gle Aoz THEu 7l oS ffel fA s
zero detect®] QA A|F AL R o] o] Ao} 517 of] A5 Al
T2 EHER el ojof girh, B oro] n| &S B A
THe Ut o] ol EEE w7kt 2447 ohE 1A W
7+ Aol whet WE gt et 7 A EAlet .9 o
7o 712 Au2 Z-8E Ao 7Rtk AEA vdE sl
B7HE fIRE Aok IARR o] 2401 Al s ndE L
O] HUEH k= AEA oz A of st o] vl e R
o =57 Sloll = AgtA A 94 atE

OFAIA LHEXEO| 3151 QiRA BEAM

-

F 5ol et defA = Aoz A A Jrh(Kim et al., 2003).

Table 2. Results of 6 food-borne pathogenic bacteria in frozen abalone Haliotis discus hannai

Food-borne pathogenic bacteria Total Food-borne pathogenic bacteria Total

Staphylococcus aureus 15 ND Vibrio parahaemolyticus 15 Negative
Salmonella spp. 15 Negative  Clostridium perfringens 15 Negative
Listeria monocytogenes 15 Negative = EHEC 15 Negative

EHEC, Enterohemorrhagic Escherichia coli. ND, Not detected. S. aureus, Qualitative analysis. Data represent means + standard deviations

of three measurements. ND at <10 CFU/g.



Al E FEE(E, 7HEE, $92) Z¥e Table 30 Yehd
HRel e}, A WEHE 15719 S35 S 3 A4S
0.100+0.057 (0.035-0.205) mg/kg® UERL, 7H=59] 7
©0.145+0.061 (0.078-0.273) mg/kgo]om, E4-2-9] 7
2-0.015+0.001 (0.003-0.035) 2 Urelyth of 2] 7H4] A& %
S ol wet A2 g Kim et al. (2003)2] AtollA]
W B ST ol > AR o2 A e e,
7=l 735 S50l vlal ksl A thar 8 AR LE
wreh Kim et al. (2022)2] &0l A= o] A< £22(0.1885
mg/kg), 7+2]8](0.1285 mg/kg), A1 Z7](0.1020 mg/kg)oll Al
Z¥2h yepgton, 7E=52 49 71 81(0.2655 mg/kg), 5=
(0.1298 mg/kg), A1 270(0.0652 mg/kg) <=0 & 7H4 =] L}
ERt. o] = o] sif{h 2 A A o] Hg) BlaA =2
A5 YEr =, ool F W $a4-2 o3t Ao] e
Sl e EARE A AEY F ol 7S Hittol Al
T2 A A8| wigol] A TR L Aul 4, sk 5 = g
o R IS A ke A o= AbrH & Aot
FrAFSHA| Park etal. (2017)2 Al A 750 9] Fp-2 E
3t 0.021 mg/kgo] g om, wo] A9 Bt 0.156 mgkgo &2
HIREEp7E Qlek AL et o) AE E S e &
FhA oz ol R} g 9l oA ol A H=
| lom a5 a3 AT, AAE 540z Qs
%2 $-2]7} =th(Batvari et al., 2013). thit A slat 7
A= AFIAI7I9F 5D A2 A&AQ S5 o
% dl & Sus Aol et F7HA %l 2yE o
ot Alor AbrEh

ol 198949 A3E0JoFEQHAA] ILA] A89-195 AN
387 S AR AEs st Tz Bestar Ql
o, 2011'd FFA Ak AR A AL o] Sof] 24k 524
Aol it YA ER ol A =o] ICS, S, P
S B 100 Bq/kgo & -85k YJrHKFDA, 2010). ]2t
7ol ofsf WAks L¢o] ¥l il )lFoll = Etekal 4n
A UAks & akE A F ol dieh &9k =71 e
1 ik 2HF S ARA Y] sl FA] §-2E AL Qi

N Lol ot O
2> o gld oo r|r
g 4o I 2

iz}

Table 3. Results on the chemical sanitation properties of frozen
abalone Haliotis discus hannai

Chemical property Total Mean (Range)

Pb 15 0.100+0.057 (0.035-0.205)
Heavy metal 15 0.145:0.061 (0.078-0.273)
(mg/kg)

Total Hg 15 0.015+0.001 (0.003-0.035)
Radioactivity ! 15 ND
(Ba/kg) 134Cg+197Cs 15 ND

ND, Not detected. Data represent means+tstandard deviations of
three measurements.

o ARA 207

ojof] wpe} & Ao M= FAAE WE R 15719 WARS(P'T
SIMCst137Cs) 9] = SstA o thaol e Br 54 E
2 1= }ltk(Table 3). =t AlF -5 AbEol Hieh A
S ZAFSEKim et al. (2015)2] A-Foll A= AlE, i, FAF A
A= o= sho] F 4852 AtE (&, ZA), T3], Al
A, Bl 2 5)S 2013 9HE 2015W7kA] B At
BICS, 3#CS, BT 5 AL 7 55 = (minimum detectable
activity, MDA) o|5}9] 235 Uejo] Qhgh el Ao s
rekE] glek Park et al. (2017)9] 9FA1AF = 2971 ] tfj5}o] HEAL
52 E2A% A9 n s B4E2 Yelhgon, Kimetal. (2021)
of Aol A= A el Thal WhAs- ST A mE 2
A% et 2 7o) el AN} Ea S 712 7
Aot B Agtsto] & Aol A A% P HEHES
WARso gt b/ o] e E Y= BHIE AT ZLefut Al
F27F AL S 157100 fHg =] 917] wiioll F+3-oll=
AL AR R ot AR E T A ESE] o
AN oY BUHPES T a7t e Ao s Az

2 AFATE Qo AL Y o] ARbAleta, o
At 9 gAY @ A2 247F8.8 X 10°,5.0 X 10 CFU/g
4 24&2 WEERITh E3 S, aureus= B E, UM A A%
= AN|eH(Salmonella spp., L. monocytogenes, V. parahaemo-
Iyticus, C. perfringens 2 EHEC) 25 2449 275 LE}
Wtk F54 FA SR 9 3400 49 2% B
0.100 mg/kg, 0.145 mg/kg % 0.015 mg/kg S 2 Ueh} S54
& QHHRE ] Ao 2 I E Gl o, HARSE 715 14 ©
= ehte. uehe Al WEHES BHET 547184
F A% U 45 A AR STt e 715 S ek 7]
2 AR 289 45 oS A0 AR ET 22 4418 4
of olat HSE el B e U P50 G Bela] 9
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