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This study assessed the safety of raw oysters Crassostrea gigas for consumption during processing in a processing
plant. Bacterial contamination (e.g., viable cell counts, coliform groups, Escherichia. coli and pathogenic bacteria)
and chemical contamination (e.g., heavy metals and shellfish toxins) were measured on raw oysters, a processing
equipment, employees and work areas. No total mercury, lead, paralytic shellfish poison, diarrheic shellfish poison
or norovirus was detected in any post-harvested oyster samples. However, the cadmium level ranged from 0.1-0.2
mg/kg. The viable cell count, E. coli and coliform group levels in post-harvested oysters ranged from 4.00-4.54 log
CFU/g, ND-210 MPN/100 g and 110-410 MPN/100 g, respectively. The viable contaminating cell counts on employ-
ees, equipment and work areas were in the range of 0.90-3.46 log CFU/100 cm?. Airborne bacteria in the work areas
ranged from 0.60 to 1.81 log CFU/plate/15 min. Thus, no significant health risks were detected in the processing

plant.
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Fig. 1. Manufacturing process and sample code of raw oyster
Crassostrea gigas for consumption in polyethylene (PE) bag.
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Table 1. Results on the chemical and biological hazards of post-harvested oyster for preparing raw oyster Crassostrea gigas for consumption

in polyethylene bag
Hazard Factory
S O H D3 Y
Total Hg ND' ND ND ND ND
Pb ND ND ND ND ND
Chemical cd 0.1 0.1 0.1 0.2 0.1
(mg/kg) , , ,
PSP (paralytic shellfish poison) ND ND ND ND ND
DSP (diarrhetic shellfish poison) ND ND ND ND ND
Viable cell count 4.26 4.40 4.54 4.00 4.50
Enterohemorrhagic E. coli -2 - - ND ND
Listeria monocytogenes - - - ND ND
Staphylococcus aureus - - - ND ND
Biological Salmonella spp. - - - ND ND
(log CFU/g) Vibrio parahaemolyticus - - - ND ND
Clostridium perfringens - - - ND ND
Norovirus ND ND ND ND ND
E. coli (MPN/100 g) 120 160 210 ND ND
Coliform group (MPN/100 g) 150 220 410 110 180

'ND, Not detected; 2-, Not determined; 3Biological data of factory D were quoted from Kang et al. (2016).
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Table 2. Results on the chemical and biological hazards of drinking water for processing raw oyster Crassostrea gigas for consumption in

polyethylene bag
Facto
Hazard Y
S (0] H D? Y
_ Total Hg ND' ND ND ND ND
Chemical Pb ND ND ND ND ND
(mg/L)
Cd ND ND ND ND ND
Viable cell count (log CFU/mL) ND! 1.08 1.41 ND ND
Biological E. coli (MPN/100 mL) ND ND ND ND ND
Coliform group (MPN/100 mL) ND ND ND ND ND

'ND, Not detected;’Biological data of factory D were quoted from Kang et al. (2016).

Table 3. Results on the chemical and biological hazards in polyethylene (PE) bag for packing raw oyster Crassostrea gigas for consumption

Factory
Hazard
S O H D Y
Pb ND' ND ND ND ND
PPC2 2 1 3
Chemical  Migrant 3

(mg/L) from PE ER 4 6 5 9
1-Hexene ND ND ND ND ND
1-Octene ND ND ND ND ND
Viable cell count (log CFU/mL) -4 - - ND ND
) . Staphylococcus aureus (log CFU/mL) - - - ND ND

Biological PE :
E. coli (MPN/100 mL) - - - ND ND
Coliform group (MPN/100 mL) - - - ND ND

'ND, Not detected; *PPC, Potassium permanganate consumption; *ER, Evaporation residue; *-, Not determined; *Biological data of factory D

were quoted from Kang et al. (2016).
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oo AR RE 27 2R A0 2 H), BHU((H) R
ZH L Y)E 710l BT 0]l A o] 52 HAIRE 9
A Hel7E a7 )l

Hols)

2 7H3(S, 0, H, D % Y)ollAl 2heihe] 711wl
AR SHR1817) Sfatol 2H1A 4, 47, QA 2 A}
(100 cm?) 2] LRbAlt, ot B AL At A
5 AT Table 59} 2t} A 7h8-830) 4 Al b
e YA AR} 9] A 1.04-2.00 log CFU/hand, A+
7+e] 74 2.77-3.17 log CFU/hand, $FA|0te] -2 2.79-3.05
log CFU/100 cm?, 3}2] 74-¢- 2.79-2.95 log CFU/100 cm?=2
e, MlAA 2RI 9] 749 0.69-1.41 log CFU/hand,
A7te] 4% 1.81-2.48 log CFU/hand, $FA|mte] A9 1.26-
1.69 log CFU/100 cm?, A3}2] 79 1.11-1.44 log CFU/100
cm?E UER o™, YAl 24z} 9] 42 0.30-1.00 log
CFU/hand, 72| <% 0.90-1.18 log CFU/hand, $FA|mte]
749 0.60-1.10 log CFU/100 cm?, A3te] 749 1.04-1.30 log
CFU/100 en? &2 YrEpsiT), 9HA, o] &t A 7F34 2H At
o] 7RIS e A E Eelst] flote] A &, A,
oFx]u} ol 2kslo] AubA) 4>+ Harrigan and McCance (1976)

it

Table 4. Microbiological evaluation of equipment used for manufacturing raw oyster Crassostrea gigas for consumption in polyethylene bag

(log CFU/100 cm?)

Working Equi Viable cell count Coliform group Staphylococcus aureus
room Quipment S O H DP Y S O H D Y S O H D Y

. Worktable 3.34 3.33 3.69 3.40 3.51 ND' 1.00 140 ND ND ND ND ND ND ND
g;;ﬁk'ng Basket 3.18 3.15 346 3.26 330 ND 0.90 1.18 ND ND ND ND ND ND ND
] Knffe 328 324 330 300 323 ND_ND 108 ND 060 ND ND ND_ND_ND_
Washing Washing machine 2.65 3.04 270 251 240 ND ND ND ND ND ND ND ND ND ND
room _____ Workable 256 270 288 300 271 _ND_ND ND ND ND__ND ND_ND ND ND
Inner Packing machine 2.38 2.15 248 1.18 136 ND ND ND ND ND ND ND ND ND ND
packing room  Worktable 226 190 218 165 182 ND ND ND ND ND ND ND ND ND ND

'ND, Not detected; *Data of factory D were quoted from Kang et al. (2016).
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Table 5. Microbiological evaluation of person worked for manufacturing raw oyster Crassostrea gigas for consumption in polyethylene bag

(log CFU 100 ¢cm? or hand)

Working E Viable cell count Coliform group Staphylococcus aureus
room mployee S O H D Y S O H D Y S O H D Y
Hands 1.78 193 2.00 1.04 140 ND' ND ND ND ND ND ND ND ND ND
Shucking Glove 287 297 315 317 277 ND ND ND ND ND ND ND ND ND ND
room Apron 286 2.79 3.05 291 287 ND ND ND ND ND ND ND ND ND ND
] Boot . 284 288 295294 279 ND ND ND ND ND ND ND ND ND_ND_
Hands 118 132 141 069 095 ND ND ND ND ND ND ND ND ND ND
Washing Glove 232 240 248 217 1.81 ND ND ND ND ND ND ND ND ND ND
room Apron 127 131 149 169 126 ND ND ND ND ND ND ND ND ND ND
] Boot . 111122 144 139 115 _ND_ND ND ND ND __ND _ND_ND ND ND_
Hands 0.70 0.90 1.00 0.30 0.70 ND ND ND ND ND ND ND ND ND ND
Inner Glove 0.90 1.00 1.08 1.07 118 ND ND ND ND ND ND ND ND ND ND
packing room - Apron 1.00 093 1.10 095 060 ND ND ND ND ND ND ND ND ND ND
Boot 1.08 1.04 130 114 104 ND ND ND ND ND ND ND ND ND ND

'ND, Not detected; *Data of factory D was quoted from Kang et al. (2016).
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b

S

Al

l‘U

e,

FAbApe] ol 2l
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Table 63 2t A2 7H 5349 BFTohRS AulTe %
Pl 2] A1ete] 719 1.34-1.81 log CFU/plate/15 min, A %]
|2 7] 3hke] -9 1.18-1.41 log CFU/plate/15 min, 2]32
AHEe] 749-0.95-1.25 log CFU/plate/15 min o2 L}
ERtaL, A 5 W2l W=A7) Adee] 45 0.60-1.08
log CFU/plate/15 min®. = L}ERSETE $HH, Seol et al. (2009)
& ARt ] Aol A vhE 0] 79 1.7 log CFU/
plate/15 min 7|}, 38 4= _J 9 1.7-1.9 log CFU/plate/15
min H ], 7|5 23} =29] 74-$- 1.9-2.0 log CFU/plate/15 min
W91 A BT T2, A 71 A4S 2 A
7 Z 2 AE dubA|atrol| tigt Z7HE Seol et al. (2009)0]
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Table 6. Microbiological evaluation of working area for manufacturing raw oyster Crassostrea gigas for consumption in polyethylene bag

(log CFU/plate/15 min)
Worki A Viable cell count Coliform group
orking room rea
g S o) H D? Y S o) H D? Y
Shucking room Worktable 165 162 181 147 134 ND' ND ND ND ND
Washing room Washing machine 130 120 1.41 125 1.18 ND ND ND ND ND
Inner packing room  Packing machine 1.08 100 1.04 069 0.60 ND ND ND ND ND
Outer packing room  Worktable 110 106 125 104 095 ND ND ND ND ND
'ND, Not detected; *Data of factory D was quoted from Kang et al. (2016).
D 2 Yol A YAl wo] MAe] 37 F dutlda= =8 4 = 90— T r=—"
T 7HR(A)0] 2471400 W 438 log CFUROISLTL, o1 & 2, hafy o=
o RSt B AT YB) T A4 376 W 3sslog G v
o . - . .
CFU/g, ;q%;(-] ;%]—(C) = 211—211— 3.36 514 3.33 log CFU/g, %LZJ'(D) \_‘;n; 3.00 L 29959y 301297 208 _ 297 294,292
=9] 7% 2171 3.48 8 3.53 log CFU/go| 312, A 2(E) % 1 5 200
ZHF)st A3} 2+7}2.99 2 2.92 log CFU/g, 18] 31.3.01 2 2.97 s
log CFU/go]qltt. o|e} o] X5 A8 a2t=2o] AEsta o 100
o3t 54 F AAe) 9 2o FERTA AlH] o3t AntAlE 8
o) ha AL ROE AL S8 AT AR AT, AT e e e F e W
B2} 5 AubAlFae] Z7FAARE Bz BARLY] & Sof 93t Process code
O, AL A Toll oJgt ngEo] FAE 7] viEo]et 200
grekE|Qlet, e, gk, AlA o] & Wizk gAof ofgh n R = pé 0 Factory D @ Factory ¥
o g7l 7o) gl AL Aol o eroq e s S e
27 omA Azl 1Az ol 2 Bk ol wetElgl el @
ok ALAY F PR AEAS FoH FEY cold T 0
75
shockel] ©J3k <274e] 74 4F w0 YIrk(Kim, 2000). o] 8 eof| || T e L, 2 om
45
T 34 DO YO WS B0 AFS gl dblEeE | ki | i i
AeF W HWEZAHG)FE Aol 22 3.10 9 3.12 log CFU/g, w45 “§
%712 E3HH)S Zlo] 247+ 2.98 2 3.03 log CFU/g, 9|34 0 NEENEE N NS HEC N NE
- A B C D E F G H | J

172 (T)0] Z+2}2.97 9 2.96 log CFU/g, 2% A &o] 2}2}2.94
92,92 log CFU/go 2, A 2|2l A&} 3ol A 242} 2.94-
3.10 9 2.92-3.12 log CFU/g 91 = 27 2o]7} ¢l gich. o] 9}
Do AR n|Fo] Kol AL o] A Ao A =9 Uyt
Al 52k 25 A4 e 349 Z9-ase AH3En Y

[SIe R
2578 5l

¢
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s, B Fol ot Z1skgon, o
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v54E7] S % 22 5l
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)
MPN/100 go] 9131, o] 2 SAFo.
(B) % 7}z 70 2 130 MPN/100 g, A2 AZHC) & 212+ 75
51 110 MPN/100 g, S7K(D) A 414 2] 72 717} 83 9l 120
MPN/100 go] 9108, A 2(E) 2 W2H(F)at A7} 2244 1 81
MPN/100 g, 712] 7. 45 9 70 MPN/100 go] it} 0]2} 2] &
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Process code’

Fig. 2. Change in viable cell counts and coliform group of raw
oyster Crassostrea gigas for consumption in polyethylene bag dur-
ing processing.

'Process codes (A-J) are the same as shown in Fig. 1; *Data of Factory
D were quoted from Kang et al. (2016).
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