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Microbial Contamination Analysis for Drinking Water, Foodstuff, and
Cooked Food for Foodservice Operation

Sun-Kyung Cho and Jong-Hyun Park*

Department of Food Science and Biotechnology, Gachon University

Abstract In order to evaluate the microbial safety of the foodstuffs and manus in regards to foodservice operations, the
total of 1,051 samples of drinking waters, vegetables, and cooked foods were collected. Total viable count (TVC), coliform
group, and pathogens were analyzed. Twenty five percent samples of 441 drinking waters showed high contamination of
above 2 log CFU/g TVC. Twenty percent of the waters were contaminated by above one log CFU/g coliform. Forty
percent of non-heated food, Moochim, were contaminated by above 5 log CFU/g TVC and 26% of Moochim were
contaminated by above 2 log CFU/g coliform. Bacillus cereus and Eschericia coli were detected on boiled rice and kimchi,
and B. cereus was detected with a high ratio. Therefore, the foodstuffs and manus regarding foodservice operations appear
to be generally safe. However, efficient microbial control for drinking water and Moochim-style food is necessary and in
particular, careful management to reduce microbial contamination should be applied to drinking water.
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s FEAA =1 A%
HAUEI UTHEB). g
Y d3e AIFE=E BY E coli,
Salmonella spp., Staphylococcus aureus, Vibrio parahaemolyticus
7t BAFEA A T8 AFE AFe R UETH). H2ele
norovirus®l] &gt AFE BT FZH3] SIS Ut wl=tllA
< "id oF 76Rb o] AFEAlar WS, o5 Tl vl
Ao ® BwwA] g glont oF 3250008 AYS 3 5,000
W BE Abdeks Z10R FAE ol T8 ASEAS E coli
O157:H7, Salmonella, Campylobacter, Listeria, Toxoplasma gondii
©|3L(9), Campylobacter7t ¥ 25t 437, non-typhoidal Salmonella
7V 19F 444, E coli O157H7S E338F WAA E.colidl] 213+ 2
FEo] 27k 737101tk10). €£9] AFE dATAE BH Azt
255 dAAFE S8l oF 20007, B4k = 3vavHO R 3
Asla dem, 104 H=7F APgslaL ATk, Salmonella, V. para-
haemolyticus, C. jejuni, E. coli O157:H7, norovirus7} 2 U1
@olH, 5% EE AdEolgr Bsitk(1l). 53] olz|gt
HAA mAES AE dadg FolA 2 AAER ot AT
AR FolEle Zow dEA dvk(12). webd f4, Autt
5o AS olE AHEFAAM AF SEXE AL o -
ygte] A A5Ede EHE0R VES AN Yk F,
A8 2852 A E coli, Salmonella, Y enterocolitica’t
250 mLollM o2 A8t Flo] low zEAE] 79
2 FAdolofor gttt Tyt Clostridium perfiingens= 100/g ©]3}
olH B. cereuse 10,000/g ©]3t= 73}t Hof A H7HE A
21E21 A% S aureus?t 100/g ©18t= A E O] YA wl¢- A
Ak 71l AEHL TH(]). 2HER B dAdae ¢
Ag2del 109 vl SAHH HFE F &7, LR
o 2 ZEAFY AEH YL LE B4 olF vAES
Aloj#e] FoeA dAlFA L] ek e 913 FHRE
&-g-3tarat sk
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2007'ANA 2008714 =] ol SAIFA A 400740
atod HAE] & @F ol ARRSHL e 44139 S8, 610
el AAg B 2Y4F T F L05IES FHHSE sterile
sampling bagoll AF&FIth(Table 1, 2). AFH T ZA] YA E=
APHR entsle], 24 F3718, Ui, E. coli, Staphy-
lococcus  aureus, Salmonella, Vibrio parahaemolyticus, Bacillus
cereus, Listeria monocytogenes 2| 2|4 E S 39 th ZE A
E AHE o ARREE =7 2 8719 AF AN ol &EHe
wiA] gl 719 121°CA 7k Eatsted AR, BE A
FE clean benchollX] F#Z o2 A st AFHT A5=
sterile sampling bagell 25 g& F &L 0.85% D 2G4 225
mLE 7Fsle] 120%7}F stomacher(Silver, IUL, Barcelona, Spain)Z
a4Asg F olF 1mLe A AYoz A8

224 E571872r &3

F = IS (aerobic plate count)ol] wEl HAEE HA 1
mLE Fate] 0.85% it A2 A &4 ImLE skl 10
W42 @A 843k A|EE Plate Count Agar(PCA, Oxoid,
Hampshire, UK)oll Z=23}e] 37°C, 48A17F vl st &, ke A
T3

Table 1. Foodstuffs collected from the foodservice operations for
2007 and 2008

Classification Sample N;glot;er/ len(;l(%e v/ Totals
Drinking water 240 201 441
Water Beverage 15 8 23
Vegetables  Red pepper (powder) 3 3 6
Chard 3 - 3
Chicory D 3 3
Sesame leaf 3 - 3
Carrot 5 - 5
Leek 23 32 55
Korean leek - 6 6
Garlic 19 14 33
Green lettuce 13 5 18
Lettuce 10 7 17
Cabbage 9 10 19
Onion 6 9 15
Cucumber 18 19 37
Etc.? 26 28 54
Total 16 393 345 738

UNot collected; Zother vegetables

Table 2. Cooked foods collected from the foodservice operations
for 2008

Classification Foods Number
Rice,boiled Rice 44
Side dish/ Cooked foods Soup 27
Subsidiary Stew 10
food Steamed food 10

Roasted food 24
Braised food 10
Panfried food 19
Fried food 23
Cooked and
Non-cooked foods Noodle 20
Non-cooked foods Kimchi 31
Moochim 62
Other foods 33
Total 12 313

CHEHR 2 (coliform group)at E. coli Als=

N dY 1mLE F3t 0.85% B A 294 &
A omLE E3SIE 108f4Z 3]4d3ked, Deoxycholate Lactose
Agar(DLA, Oxoid)ell =2ale], 37°CollA 2441 7% vl ka}a, vl
T B e RS JgHE BF AFSth E coli ATE
A AgE A ImLE F5t 0.85% Hat A 2ds &4 9
mLS &35k, 10852 E4J8le] EMB(Oxoid)ell =3} 37°C
ol A 24A17F wijeFet &, AP A e FASIAL, API 20E kit
(Biomerieux, France)g ©]-8-3to], 13T

Bacillus cereus & ¥ SH
AAeE Ao 1mLE FHste] 085% it Al HT &4 9
mLE 36k, 10972 3148k MYP(Oxoid)ell =5t 30°C
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oA 24A17F wiSFeRATh WY = EET S Zhe 28
gg AEs o3 H877F 37k TSA(Oxoid)ol]l =2sle], j
G5 Erd3ke AEste] B-hemolysis & FHESIATE EFeIAFHO
2+ hemolysin BL genedll Q3= hbld GRS target® & 3}
© primer HbIA1(5'-GCTAATGTAGTTTCACCTGTAGCAAC-3"),
HbIA2(5-AATCATGCCACTGCGTGGACATATAA-3S AL-g-3f],
diartheal toxin F+#AE PCRZ 2213} th(13). PCRE ¢l
DNAT Accurep DNA extraction kit (Bioneer, Daejon, Korea)s
AREsle] & 2 AT A4 DNA 2 uLE DNARHOZ
AHE-3E9 3L ©] DNAZE 25U tag DNA polymerase, 250 M
dNTP, 10mM Tris-HCI(pH 9.0), 40 mM KCl, 1.5 mM MgCl, 7t
Lollo] Hrsle] & 20 ul7F HEE 3ITh DNA dwke7|&=
Gene Cycler(Bio-Rad Laboratories, Hercules, CA, USA)E A}-8-3}
Atk WESRAL 94°CollA] 2850 94°C 13, 58°C 1.58, 72°C
2550 303)d F 72°C 7RoZ &k v AAES 0.5g/mL
ethidium bromide”} 3-f%¥ 1% agarose S UV transillumina-
tor(Seolin Biotech, Suwon, Korea)llA] &3}t

i)

Staphylococcus aureus HE % =4

A€ A 1mLE 3o, 0.85% Hat AT 89 9
mLE E333, 1082 324 35le] BPA(Baird-Parker Agar,
Oxoid)ell =3l 35-37°CAllA 48A17F vt &, 784S
o]-§-3le] coagulase AAE AAIEIATE SRIMOE Maddux 5¢]
140N W2 nue FAAE target®Z SR primer sa-1(5'-GAA
AGGATACGCAAAGA-3"), sa-2(5-TAGCCAAGCCTTGACGAA
CT3)E °l&3te] PCRE Fa3k3ith PCR WH- 2712 95°Ce]l
A 4EZE Ao R AAEE g Fof 95°CelA 187F WA,
55°CellA 1827 94, 72°CollA] 18 2027 A1 WS 359] wb
EEE a3l

A nE
EHHEAA S8 ¥ ANE MdT 24

2007914 20083712 BAF2 4] HAE S8 HeEE
AAFE 2 2 F At 2H9E EX3ITH(Table 3).

Heho 24 F 3/MdFHE)E 345 HeE
2 71274152 2 log CFU/g ©l8t2 AsiA Jom o] 7]
ol &ahA 2007300 2F 75%, 200830l oF 76%7F AT A
o2 Ueiith mEtd Hi 25%2 REATEE e A HeR
ZErr 2ase o 47 A 20079 AAFE AFFE 56
log CFU/goIL, 20080 A& Alad4%E 56 log CFUS R
2007 PIAEL A EAZAF e 2008 PINE QAEN Axe
H)$=3k =25 JeRIATE 20079 AlEFrE 7P B4 AEE
AAE AT A 2F, FF, &, vks SolA AT 6
log CFU/g ©]74<l B1&o] 2F 70, 40, 30, 80%= L}EFSITH

Shin 5(16)2] AFolME FuE, S s5uUE 5o %
A= Het 62 log CFU/g, %7t A, T&e] 59 GAF=
BT 64 log CFUg AZHJew B AxAazet A0
Jeon 5(17)8] ATolME Qo), Al Al vYE oHEE Al
o7t HiF 54 log CFU/g 7522 AZHNL, AF - 425 &
712 olatZ ZAE S 2y, A7) AY & Aldret Ui
a4 FA7L 7IEXE 2o 2N, wAkedY] TFeA0] =
2 Zog B3 Solberg 5(18,19) M - W=
o] Mt 71E¢] 6 log CFU/g ©]3t, tid<t+ 3 log MPN/g
o}, Ui AEHA Yotk grha A|gksnt. 2008 Al
75 BAHAME vhs, B35, g9 59 o9o] /P w8k,
Jeon 5(17)¢] AFAAME rlEe] AlFTE 6.9 log CFU/g, W
4T 3.5 log CFU/g 7522 B/ AL, 3] Fo= o
A3 7EAE 2Hshe AoE HIEHAY

i)

rJ

Table 3. Total viable counts(TVC) in the foodstuffs collected from the foodservice operations for 2007 and 2008

High microbial contamination (2007/2008)

TVC-2007/TVC-2008 (logCFU/g)

Foodstuff (%)" Mean Minimum Maximum
Drinking water 25.0/25.8% 3.04+2.14/3.19£2.21 0.30/0.30 7.12/7.21
Beverage 20.0/25.0? 3.04+2.60/2.57+1.85 0.30/1,26 7.21/7.23
Red pepper 66.7/0.0 6.42+1.00/4.22+0.25 5.26/4.04 7.09/7.40
Chard 33.3/5% 5.87+1.60/- 4.73/- 7.22/-
Chicory -/0.0 -/5.62+0.12 -/5.48 -/5.70
Sesame leaf 0.0/- 4.90+0.11/- 4.78/- 5.00/-
Carrot 0.0/- 4.72+0.62/- 3.70/- 5.30/-
Leek 39.1/46.9 5.86+1.00/6.21+£0.94 4.03/3.30 7.32/7.09
Korean leek -/16.7 -/5.954+0.96 -/4.46 -/7.12
Garlic 79.0/92.9 6.68+0.79/6.66:1.27 4.32/2.26 7.29/7.33
Green lettuce 23.1/0.0 4.97+1.04/4.67+0.93 3.00/3.30 6.33/5.38
Lettuce 0.0/14.3 5.15+0.58/5.13+1.31 4.18/2.30 5.96/6.35
Cabbage 22.2/20.0 5.26+1.14/5.52+1.04 3.85/3.90 7.45/7.24
Onion 33.3/22.2 6.00+0.62/6.46+0.94 5.37/5.38 7.24/7.64
Cucumber 56 /53 4.45+1.10/4.77+1.05 3.00/3.48 7.02/7.22
Other foods 23.1/53.6 5.54+1.20/6.22+0.93 2.40/4.15 7.44/7.62

YRatio of sample with more than 6 log CFU/g except for dringking water and beverage

JRatio of sample with more than 2 log CFU/g
“Not available
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Table 4. Total coliform count (TCC) in the foodstuffs collected from the foodservice operations for 2007 and 2008

High microbial contamination (2007/2008)

TCC-2007/TCC-2008 (log CFU/g)

Foodstuff (%)" Mean Minimum Maximum
Drinking water 16.0/18.02 1.31£0.83/1.41+0.70 0.30/0.30 2.65/2.79
Beverage 3.0/3.0? 1.54+1.41/1.30+0.70 0.63/0.30 3.70/1.81
Red pepper 0.0/0.0 N.DY/2.30 N.D/2.30 N.D/20.3
Chard 33.3/-? 3.16+0.54/- 2.78/- 3.54/-
Chicory - /0.0 -/1.48 -/1.48 -/1.48
Sesame leaf 0.0 /- 2.36+0.10/- 2.30/- 2.48/-
Carrot 60.0/- 3.25+0.66/- 2.40/- 3.78/-
Leek 13.0/15.6 2.33+0.88/2.92+0.88 1.30/1.65 3.56/4.48
Korean leek - 167 -/3.18+0.65 -/2.18 -/3.80
Garlic 0.0 /0.0 N.D/N.D N.D/N.D N.D/N.D
Green lettuce 30.8/0.0 3.15+0.57/2.32+0.40 2.23/2.04 3.70/2.60
Lettuce 10.0/14.3 2.97+0.83/3.44+0.85 2.00/2.85 4.30/4.04
Cabbage 22.2/20.0 2.63+0.57/2.96+0.84 1.78/2.00 3.08/7.24
Onion 16.7/11.1 3.11/2.51+£0.94 3.11/1.18 3.11/3.72
Cucumber 11.1/0.0 2.65+0.72/2.60+0.36 1.48/2.00 4.18/2.90
Other foods 3.85/14.3 2.36+0.52/2.58+0.78 1.90/1.48 3.48/3.70

YRatio of sample with more than 3 log CFU/g except for dringking water and beverage

YRatio of sample with more than 1 log CFU/g
“Not available
“Not deteted

w80 oF 25%E 71 2 log CFUMLET &8 Al
o] Ao} Slof AFeHA] 2 FOoF YERRAL AAERL A
AR duklte] A a5, B, G vhseA 52 0HS
Hoj 3Ot 28 BE G4 A 850 AAS nAE A
7b desta A7RE 23S o] A aFe] AAT AHR &
o] ot o2 Yepytt

CHEAA AXE CfEEEe &4

20073004 2008 37kA] Al F2 20 HAE S-859)
AEe] T 29S A8 tH(Table 4). 285<] o
= %+t 2 log CFU/g ©l8kE Heolal glom AA|ge] 4
2-3 log CFU/g ®9I2 AEHNUY T2 2, 32, 459 3
60, 30% A1ZEoA 3.0 log CFU/g 14 2950 AATk. Ald=
oF oo A9 2] FAE 85 Vet dele A
Hol A @3 B3R HeEdA|Hd e AEHE dEs
Aoz A=l AUrk(1,15). 2 EU ® AHutelXe &8
o mAE NEFAL 1 log CFU/g ©l82 3 Eo] ATHR0).
o] 71g A& &7 e A o FARE
o] °F 18%7FA =2 VFERRET)

B AaFe 718xE F AFAE o] Wi B oA
EZ Qs 2%5 AaE AW = gk 28y sk xREE st
A g viE gdFHshe ALY A, 53] FRF B s

: £ AMEte] 2P E dhe
frtet AAE 9l aar) B Aog B
T} Bae 59 ATQ)eIA= Gl Hd 2.84 log CFU/g <
w, AYHE ALFoAe HF 48 log
Hol mAE QAT =A vEld
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5o AALNA AHTIE AN F57h ghsa. 29
O AR, 2R, AR AR G oR @57t
ZktThe AMS SR, ol AT B LR, )
BE Ao o 10T AoE FPAL EE Jeon TN

St A Ay BEAJAEe] FAAolA] Algshe AlE, A5 A
AT mAEE Fdo] vom, 3TN, vhs, A7 59 &
Wi dAES mAE FA7F #=A4 YER T BAsiith 1
23l Sagoo 5(22) FHAAM AR SAAF - o] &
67%°A] Enterobacteriaceae”} HZEFAIL, I 5 33%°1A Enter-
obacteriaceae”} 4 log CFU/g ©|’d2.2 A&ty RAISA T
B g M IS ARA LA et AlFEHe A
ARy TR, AdesRe] oF vAER e 2Asor & 5o
2 Holu 53], 859 g AojHE AAS & da
7t g AR o},

|

g
o o

AL =2AEe MET ¥ HEEE 24
AlEA A ZEEe] nAE QAR EA%h
59} 63 2k 7tz FY] Atre B+t 17 log C
5 log CFU/gl &2 ¥ £F9 99S Ho F

Atk F2)¢l vk 1.0 log CFU/g 3¢ Alite] AEHoH,
RAZ HAF 5% 1.0 log CFU/g 29 v Eo] A&
Atk WHE v7HEAR T FRF 6] AET Al 5 log
CFU/g °18P7} 60%39%=0lH, 6 log CFU/g o142l AE% °F 10%
el BI7HE e B2 vAE 0HS B FATHHEERA
AD. Bae 52y 7FEZREAE] BESH, A, HAANZH T
o] Algre B5F Agsk Aok Bastgich 2euv F
A7 9= Yoo 5(3)2 ATolM FUHEFHL M2 6 log
CFU/g °1, a2 4 log CFU/g o1 AZEIAL, T+
T AE5o], gAY EAVE e AR BiHh x4
F2| 739 Solberg 5(18)°] kxgt 2]&37} 7|02 AASH 7t
dzg 9249 MagE 5 log CFU/g ©l3}, a2 2 log
CFU/g ol3tol™ AEFH ()Y S443 - W& Alads
Z7]1%2 5 log CFU/g ol&lolth. wlehr B AFro] whA|F44
Z2|Ee vwi3d, e vk Oidae] A
v MExAE T W, =, AN, g, FolR, 28R, 73
F, FAF A7 5 log CFU/g ©latEM, vt 93%, = 96%,
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Table 5. Total viable counts in the cooked foods collected from
the foodservice operations

Table 7. Detection of food-borne pathogens from boiled rice and
kimchi collected from the foodservice operations

High microbial Total viable bacteria (log CFU/g)

Food contamination . ;
(%)" Mean Minimum Maximum
Rice, boiled 6.8 1.15£1.98  N.D? 6.10
Soup 3.7 0.68+1.71 N.D 6.48
Stew 20.0 1.76+£2.35 N.D 5.15
Steamed food 10.0 1.304+2.83 N.D 8.00
Roasted food 5.8 2.33+2.55 N.D 8.40
Braised food 0.0 1.64+2.14 N.D 443
Panfried food 53 0.92+1.64 N.D 4.30
Fried food 44 0.74£1.72 N.D 6.30
Noodle 25.0 2.20+2.83 N.D 8.66
Kimchi 35.5 2.75£2.76 N.D 6.76
Moochim 403 3.07+2.71 N.D 6.76
Other foods 15.2 1.50+2.49 N.D 8.51

YRatio of sample with more than 5 log CFU/g for total viable counts
?Not detected

Table 6. Total coliform counts in the cooked foods collected from
the foodservice operations

High microbial Total coliform group (log CFU/g)

Food contamination . ;
(%)l) Mean Minimum Maximum
Rice, boiled 0.0 0.12£042 N.D.? 1.70
Soup 3.7 0.14+0.53 N.D. 2.30
Stew 0.0 0.61+0.51 N.D 1.60
Steamed food 10.0 0.33+1.04 N.D. 3.30
Roasted food 8.3 0.45+£0.91 N.D 3.53
Braised food 20.0 0.70+1.18 N.D. 3.03
Panfried food 0.0 0.13+0.40 N.D. 1.48
Fried food 0.0 N.D N.D N.D
Noodle 5.0 0.17+0.74 N.D. 3.30
Kimchi 32 0.25+0.70 N.D. 3.00
Moochim 25.8 0.96+1.43 N.D. 4.88
Other foods 6.0 0.36+0.95 N.D. 4.53

YRatio of sample with more than 2 log CFU/g for total coliform
counts
?Not detected

A7) 80%, A 90%, T-oIF 94%, ZHF 100%, F-AF 95%, F
AF7F 96%E e} 9t AP EL e SR e
aEy B35 5o vz AEe] nAdERes 2y o 2
A3 slof & Aoz Yt ole} 2 Az A wAl
A MRS AXA °‘1 Hlﬂ 2L iEJ s ? ZEE ke
e AR AT SR ko
Code23)lM= =8 + T] o ey
sto] BslA] s A AL

TAEA A a2 Fe] ]
Tol, 24, WA, HH, =I5, AAF Bt 95% A
CFU/gel3t2= Yeht A FE=a Al A
WAl S B AEEA Y 97%A 87} thaEo] 2 log CFU/
g oIstZ SlimAEe] e9EL W2 Zow wAdHn Ty
FRAFE WAFEFIAXE 2 log CFU/g o1 AlE7} 25%=

Food-borne pathogens

Food (No.
Mo.) E. coli S. aureus B. cereus
Rice, boiled (44) N.DV N.D 52
Kimchi (31) 12 N.D N.D

"Not detected
IDetected sample No.

Auolng YR oQwe] Held 53] Folh Wad vy &
ol Aoz welg,

EHNgAla =2|AE0 Cist MESS M7 &M
7tEzE X ET W AAe B Aesd d=E
A= Table 73 2T L2 A& ] &ro} a47)1¢] A
2% 5 WAIBAX Bacillus cereus’t AZEFAIL e 712 X
oA EHAAE MdS E coli7t AE=HIATH Shin %9] AT
(16X % A7 AMAE X AiaFol x2d 2F 275
A B. cereus’t HAEEHJTHE HTE A} Jeon ﬁ(24)4 B
7\1 B. cereus’t %o] AZEHUI FE emetic toxine #H|slTh
3 B Litel 525) dd¥ ol ddel H7kd S4x
g2 Fo gk AEA FEE AR AFdA FAT 750F
o] FEAF T 2% °]io] 5 log CFU/g 52 B cereusSt
Bacillus spp7} dZso] mAEH Fdo] vth 28]l o]Eo]
A7 A4 - JuN*oM 4 log CFU/g?] & 322
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