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A Study on Bacterial Contamination of Cooking Environments
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ABSTRACT

Objectives: The aim of this study was to evaluate the occurrence of microbiological contamination of kitchen
utensils and environments of food service operations at university located in Seoul, Korea.

Methods: We collected swab samples from the surfaces of knives, chopping boards, floors, and drains, as well
as drinking water and airborne bacteria samples from 20 food service operations. Three bacterial indicators and
five food poisoning bacteria were measured quantitatively and qualitatively, respectively. We used selective
culture media and the PCR assay targeting 16S rRNA gene for the microbiological analysis.

Results: We detected bacterial indicators on knives or chopping boards in eight different food service operations
and, three food service operations(I, M, and O) showed more than 3 log colony forming units(CFU)/100 cm’
on their knives, significantly higher than the others. The levels of bacterial indicators on the floors and drains
in the cooking areas were much higher than those on the cooking utensils. S. aureus was detected on 10 floors
and 8 drains. Culturable bacteria were identified in 5 drinking water samples, and food service operation B
(431.1 CFU/m’) and C(551.2 CFU/m*) showed more than 400 CFU/m’of total airborne bacteria.
Conclusions: These results suggest that some of food service operations in this study may require additional
investigation to secure the microbial safety of cooking environments. In addition, further actions including
hygiene education for employees and proper guidelines to maintain clean cooking environments should be
prepared.
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Table 1. Microbiological results of knives from 20 foodservice operations

Unit: (log CFU/100 cm® or positive/ND)

Food Service ]?actena
Operation Totzllo(l:](r)lltony co};?(t)ﬁns E. coli OEI'S;:OI{;7 Salrsn;;ella L. monocytogenes S. aureus B. cereus
A ND* ND ND ND ND ND ND ND
B 2.05 0.30 ND ND ND ND ND ND
C 1.15 ND ND ND ND ND ND ND
D ND ND ND ND ND ND ND ND
E ND ND ND ND ND ND ND ND
F ND ND ND ND ND ND ND ND
G ND ND ND ND ND ND ND ND
H ND ND ND ND ND ND ND ND
I 3.28 2.51 ND ND ND ND ND ND
J 1.43 0.30 ND ND ND ND ND ND
K ND ND ND ND ND ND ND ND
L ND ND ND ND ND ND ND ND
M 3.38 2.73 ND ND ND ND ND ND
N 2.85 ND ND ND ND ND Positive ~ ND
(0] 3.11 0.30 ND ND ND ND ND ND
P ND ND ND ND ND ND ND ND
Q ND ND ND ND ND ND ND ND
R ND ND ND ND ND ND ND ND
S 1.95 ND ND ND ND ND ND ND
T ND ND ND ND ND ND ND ND
MeantSD  0.96+1.32  0.3240.82 ) ) ) i i
(range) (ND-3.38) (ND-2.73)

* ND: Not Detected
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Z 7} colonyE2 loop(SPL life science Co. Ltd.,
Korea)& 014‘13}0:] 1.7 ml microtube(Axygen Inc,
USA)l %71 o, S/ 10 ploll FLsHA 3143t
o A2 (96°C, 5%) ¥ 5B o2 olge W
S AA METRS %o, °]E DNA
templateZ -83159T}. 16S tRNA 539/ = universal
primer set(27F, 5’-AGA GIT TGA TCM TGG

ACG ACT T-3)E ol&3atiom )y vkgAl 3%
&S QIAquick® PCR Purification Kit(Qiagen,
USA)S ARgste] Al & 9714 E 4 drlst
% tH(Cosmo Genetech Corp, Korea). 7+ colonyEol]
A EE2E Q7IMEES HESE, v National
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ol g3fe] A
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Table 2. Microbiological results of chopping boards from 20 foodservice operations

Unit: (log CFU/100 cm? or positive/ND)

Food Service ].3acter1a
Operation TOtTOi?]ltony co?;?:)at;lns E. coli OEI.S;(:)I{% Salz;);ella L. monocytogenes S. aureus B. cereus
A ND' ND ND ND ND ND ND ND
B 3.42 3.16 ND ND ND ND ND ND
C ND ND ND ND ND ND ND ND
D ND ND ND ND ND ND ND ND
E 1.26 ND ND ND ND ND ND ND
F ND ND ND ND ND ND ND ND
G 2.07 1.45 ND ND ND ND ND ND
H ND ND ND ND ND ND ND ND
1 3.15 1.28 ND ND ND ND ND ND
J 0.30 0.30 ND ND ND ND ND ND
K ND ND ND ND ND ND ND ND
L ND ND ND ND ND ND ND ND
M ND ND ND ND ND ND ND ND
N 1.86 ND ND ND ND ND Positive ~ ND
O* - - - - - - - -
P 232 1.94 0.78 ND ND ND ND ND
Q ND ND ND ND ND ND ND ND
R ND ND ND ND ND ND ND ND
S 1.72 1.00 ND ND ND ND ND ND
T ND ND ND ND ND ND ND ND
Mean+SD  0.85+1.20  0.48+0.89  0.04+0.18 ) ) i i
(range) (ND-3.42) (ND-3.16) (ND-0.78)

* Not tested
TND: Not Detected
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Colony forming unit(CFU)/m® =

Number of colonies counted on agar plate

Air volume (ms)

Air volume(m?®) =

Flow rate (2:;'3"]“) x sampling time (min)

(Eq 1)

(Eq 2

2F 20704 Wo] Z B up 5 2He] ot
g =70 3 Ald L9FES Xérﬂf‘& A7R= Table
1320} 2} AnbAlge] A9 F 83te] Lol
AzEHACH, olF L M B 0 2ge] 7% 3 log
CFU/100 cm? o]e] A5 Hole 5 AYs] =
S Ald QY¥EE BT =3 B, L, MZ 0 4
Fo] 75 ZollA o]l AEENeH, 53] 1
(2.51log CFU/100 cm?) 2 M(2.73 log CFU/100
cm?) 2] ZoAE 2 log CFU/100 cm® ©]42]
o] AEE S R 5 AATK(Table 1).
g 83 AT Wl ErpellA Aol HAEEHU=H,
E3] B A9 A =2 dukA|lg<=(3.42 log CFU/
100 cm?) ¥ EFda-75(3.61 log CFU/100 cm?)&
Baom pARe] Ag thd(0.78 log CFU/

Table 3. Microbiological results of floors in the cooking areas from 20 foodservice operations

Unit: (log CFU/100 cm? or positive/ND)

Food Service ]?acterla
Operation Totaclofl(:tony 003;2(2?11115 E. coli Obi‘S;:OI{% Salfg}:eﬂa L. monocytogenes S. aureus B. cereus
A 2.73 2.34 ND ND ND ND ND ND
B 438 2.16 ND ND ND ND ND ND
C 445 3.59 217 ND ND ND Positive ND
D 2.45 1.70 ND ND ND ND ND ND
E 3.74 3.27 ND ND ND ND Positive ND
F 3.10 2.08 ND ND ND ND Positive ND
G 2.92 1.68 ND ND ND ND Positive ND
H ND* ND ND ND ND ND ND ND
I 233 ND ND ND ND ND ND ND
J 2.81 2.58 ND ND ND ND Positive ND
K ND ND ND ND ND ND ND ND
L 3.67 2.92 0.30 ND ND ND Positive ND
M 3.30 ND ND ND ND ND Positive ND
N 3.09 225 1.48 ND ND ND ND ND
(¢} 4.06 4.15 ND ND ND ND Positive ND
P 441 2.99 0.78 ND ND ND Positive ND
Q 2.39 1.56 ND ND ND ND ND ND
R 3.95 2.09 ND ND ND ND Positive ND
S 0.30 ND ND ND ND ND ND ND
T ND ND ND ND ND ND ND ND

MeantSD  2.70£1.50  1.774£135  0.24+0.58
(range)  (ND-445) (ND-4.15) (ND-2.17)

* ND: Not Detected
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H, K, S % T % 43¢ A& ALl =E AT
£9] nlgtoll A 23 log CFU/100 cm? ©]/32] L kA

< AET 5 AA M (Table 3), C(2.17 log CFU/
100 cm?) ¥ L(0.30 log CFU/100 cm?), N(1.48 log
CFU/100 cm?), P(0.78 log CFU/100 cm?) 2]l A
= tigo] HESUTK(Table 3). oF28 S. aureus
AA] 1039 8] 79 W vigelA HEEAoH,

£ B AlAES AEFA BUTHTable 3).

Table 4= BT Ald L35S AT AL

2 LQ SY TS v 2FE At 2E 2
oA Aol AEE S, 4 log CFU/100 cm? ©]
o] AukAlH#F F2E Hole 49w 33(L, 0 &
R) o] AU} EgF 58] 0 2] A vig =2
AubA| 7F47(5.62 log CFU/100 ecn?) 2 Eth A5
X)(5.42 log CFU/100 cm)E Hole 5 B A%
o HlF] e ' o] AFLAEE B
(Table 4).

=&l ik Al A A, 8 B Al
E2 WAEA GAo, F 53] AFelA] AnkA]
o 2 tigdte] HEEATK(Table 5). oF&# %e]
79 Ul 7] 5 B L9EE HAke A3,
B(431.1 CFU/M’) 2 C 2% (551.2 CFU/M’)2 400

CFU/m’ o]d9] & T8 Hole & B 49=

)

Table 4. Microbiological results of drains in the cooking areas from 20 foodservice operations

Unit:(log CFU/100 cm? or positive/ND)

Food Service Pacterla
Operation TOtiloi?]ltony co?;?(t)at;lns E. coli OEI.S;(:)I{% Salz?:;ella L. monocytogenes S. aureus B. cereus
A 3.13 2.55 ND ND ND ND ND ND
B 277 221 ND ND ND ND Positive ND
C 2.55 1.78 ND ND ND ND ND ND
D 2.89 1.18 ND ND ND ND ND ND
E 236 1.96 ND ND ND ND Positive ND
F 2.49 1.58 ND ND ND ND Positive ND
G 2.69 1.08 ND ND ND ND Positive ND
H 1.11 ND ND ND ND ND ND ND
I ND* ND ND ND ND ND ND ND
J 2.71 2.46 ND ND ND ND Positive ND
K 1.30 ND ND ND ND ND ND ND
L 4.12 3.20 ND ND ND ND ND ND
M 1.62 ND ND ND ND ND Positive ND
N 3.64 3.36 2.89 ND ND ND Positive ND
(¢} 5.62 542 ND ND ND ND Positive ND
P 3.28 2.12 ND ND ND ND ND ND
Q ND ND ND ND ND ND ND ND
R 4.58 3.12 1.41 ND ND ND ND ND
S ND ND ND ND ND ND ND ND
T ND ND ND ND ND ND ND ND
Mean+SD  2.34+1.59  1.60+£1.51  0.22+0.70 ) ) i )
(range) (ND-5.62) (ND-5.42) (ND-2.89)

* ND: Not Detected

J Environ Health Sci 2014; 40(2): 88-97

http://www.kseh.org/



S48 MoePx: TAHT 94

Table 5. Microbiological results of drinking water samples from 20 foodservice operations

Unit: (log CFU/ml or positive/ND)

. Bacteria
Food Set:v1ce Total colony Total E. coli  Salmonella
Operation count coliforms E. coli 0157-H7 pp. L. monocytogenes S. aureus B. cereus
A ND* ND ND ND ND ND ND ND
B ND ND ND ND ND ND ND ND
C 1.60 ND ND ND ND ND ND ND
D ND 1.30 ND ND ND ND ND ND
E ND ND ND ND ND ND ND ND
F ND ND ND ND ND ND ND ND
G ND ND ND ND ND ND ND ND
H ND ND ND ND ND ND ND ND
I ND ND ND ND ND ND ND ND
J ND ND ND ND ND ND ND ND
K ND ND ND ND ND ND ND ND
L 1.78 ND ND ND ND ND ND ND
M 1.60 ND ND ND ND ND ND ND
N 0.60 ND ND ND ND ND ND ND
o ND ND ND ND ND ND ND ND
P ND ND ND ND ND ND ND ND
Q ND ND ND ND ND ND ND ND
R ND ND ND ND ND ND ND ND
S ND ND ND ND ND ND ND ND
T ND ND ND ND ND ND ND ND
Mean+SD  0.28+0.61  0.07+0.29 ) ) ) i )
(range) (ND-1.78)  (ND-1.30)
* ND: Not Detected
of vla] ¥7] & FfrAlet Lol ARt AL & o] 100 cm®llA & shte] JHAE ey
A = AUATHTable 6). A gofof REERRE Y FElE aed 5 ok
AL AABEAL QTh Y obgE] N 4o & Bl vl
Iv. o & A= S aureus7t HAHE=], o] 2 X<AA £
A, T= Sl el BRI SJof AFoee] &
2039 4 2 % o] whY) g 2w F ARSE O ohpsle] HF Ueld F4% ol F
7ol ek Al LH=EES AT A T 539 4 A E AEal] e Goll ¢ AFebr]el Fele
FollA AREEHE & g mrpll A AF 3 X2 = QI A W Al YEE AR A A
T, 871 SolX FAREE veill= A L] o T AREe] A dwrHo® 74 9 mwlo A Al
o]l AEHEUT d2e ditEew FE ol ok HHE e I F Uen ) o]
o] Al Ee= wjdEM Flisks B9 Bol & = 2 AME B]ls] Eruke FEolth & 8
Hed g e WA mAlEe] EAE o v= Lokl g AfAew HAEES JP Sl
2g HofFe AgAlto® 283t} ool Harrigan zEFALY] E3E A e =R v
o AE} A PHAE 2N 0% EFEAIHE  F 09 L Av] do] FaF WA QB @
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Table 6. Concentrations of total airborne bacteria in the Aol HAZE AXNE FHgAo] Yt} o2 H&Ft
cooking areas of 20 foodservice operations = AZE 2 ooy uieh 2EEARIS o
Unit: CPUMY) 2, 2 z2) =7 53 153 Bo] Bo] 3%
Food Service Operation Airborne bacteria Mo wjEEs giol7d 7kE HAESY 9
A 1272 o] 91g FsAel vg wed, A4 P Az
B B o 4o AP AL mE A ) gl
¢ 12 A Aol AEHUT s3] AeIAE S, aureus
> 334 oA WA 53] Wl HEE ogE 2
s 222 o] o) ol =, ey wEEe] WA g
. el HEoze) At BolF & Uorz, H2E A
o 3 ojetn /10T A%S AFE B AAE 9]
| 0 gete] slofopt su, 2eEARE AR
; ey AN A el ol & = wAE A 7
K 00 252 A5 4 FHES S48 AWk 4

L 1272 AlE 2tE el
M 212 wg He B FA7Ed oA o8 W d
N 311.0 BRI 100 CFU/MIE Z3abd b=m Fu) g+t
0] 56.5 & HAEHA otk s=dl'Y AAl mAYE AL
P 424 Az T 550 ARollA dutdlo] ERlHUT 2
Q 14.1 2l /901 E A 2] Aol Ao
R 3322 & 5 8710 ol ¥ £ ol 8AE A ¥+t
S 148.4 I Alen FE7E iR He e AFE A4
T 7.1 B2 ol&A 50l AAL F AT FEHAE Eolu

Mean+SD(range) 160.8+164.0(ND-551.2) 27l Tom Argle 2 i) 3ol S 9l

Qe :

z2] 7 W whe B owiee] A vE A
o7 AFde HEsA o, 4] Adukel ¢
S Bl Ao ndE oHS Y
& F d7lel F1AA e R A5 B 94
2Ql A7t o Foj Aok Firt. AAl x8] Y =F
e 2ElSA M B =, AAESEC] olEs &
3k FHe 84S T 2] o] 54 A nt
=S fHoR dAespld A 2w, & AT
oA T 33te] AYES AT RE AT W xE
Too] upeelA Al gl 5 ST ol =
gl 79 W A& el 2§ 8l onke W AF A
A BA] S 2AE Fdte] nige] vBE oHE
vldel] WAk, A A Al AR F7)
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H, 53] FE 70% ol H 20~35Ce| 2% ¥HE
oM wEA A 4 k' AulErE 5471
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59 75 AT W F71elA 9] FRAIE F
%= 800 CFUM'E Z7Fald F At Ze]7e] ]
371 T Al AL A BE A"l 7IEA] of
#o] F-fAld FES B9 ou, B@31.1 CFUMmM’) 2
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Holal JtK(Tables 1-5). WEbA, Z2] 2 vlj2ld]] o]
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AR},
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£ AARst] 8 27 =9 A F

T Wl vigE w285 2 37 5
I 5 F 659 FEol g Al SH=
9 B wslSith F 83l AF W ZellA] Al
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T 1032 4G U 2] 7 vie 9 63| )
714 3 log CFU/100 cm? ©]7¢2] dwbA|go] 7
Z50H, S aureus GA] 2 2o WA E S
F7IAR1 AA 4 A% 5o A A7 115938 &
TE= Hoz Ttk £33 B431.1 CFUMY)
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