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Anaysis of Microbiological Hazards to Determine S. aureus Contami-
nation Levels at School Foodservice Operations in Gyeonggi Province
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Korea Food and Drug Administration, ‘Department of Food and Nutrition, Yonsel University

Abstract

This study performed microbiological hazards analysisin raw food materials, cooking processes, kitchen staff, utensils,
and the environment in order to obtain contamination levels of S. aureusin school foodservice operations. S. aureus was
not detected in cooked foods offered by the foodservice operations; however, it was found in raw food materials prior to
cooking. In the case of vegetables, S. aureus was detected in washed mung bean sprouts, parboiled mung bean sprouts,
and bellflower roots both before and after disinfection, at levels of 2.2, 1.0, 1.0, and 1.0 log CFU/qg, respectively. For
processed foods, S aureus was detected in one sample of packaged bean curd as well asin mung bean jelly cake at the
level of 1.51og CFU/g. For meat products, S. aureus was detected in beef brisket and chicken at levels of 2.3 and 1.3 log
CFU/qg, respectively. To determine microbiological hazard datafor the hands and gloves of cooking personnel, the staff
members were divided into two groups: a group presenting Enterobacteriaceae or coliforms, and another group presen-
ting neither Enterobacteriaceae nor coliforms. The results showed that S. aureus was detected on the hands of staff in
each group at levels of 2.0 and 2.1 log CFU/hand, respectively, and at 1.8 and 0.0 log CFU/hand on the gloves of staff in
each group, respectively. Among kitchen utensils, as an environmental factor in school foodservice operations, S aureus
was detected on meat knives, mixing bowls, and dish cloths at levels exceeding 1.0 log CFU/hand.
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), 2003l 36.3%(4971, 4,6217), 2004'AY 34.5%(56
7, 6712%W) 22 Ps}E = FHE B 2005 d0=
AA AaLe] 17.4%(197, 2,304M) 2 St A|FE Ao
Addy) 2o 2As Bglon, 2006\ 27.0%(7071, 6,992
), 20073 46.8%(5771, 3,1017), 2008 11.19%(397, 2,983
)2 T 53d7F A¥ T 4870] HAFAG H 10d
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1THKorean Food & Drug Administration 2008).

Saphylococcus aureust A|AIZ o2 A zg2] 2] Fol| A
71 Z23 215 = (Genigeorgis CA 1989; Wieneke AA
T 193) 08 FI|H, AlFE WA Qlo] 7P Az
Al eies AF A 2 4 aga )T Z
2719 waredo A BHES AF HFH FHAA o
zte o] Ao F83 S FrHGacia ML 5 1986).
S aureuse AF Fol FAlst] I tiAMEE A4S
enterotoxins A7 AHASI] doju= 54 2lFFolth
AdAE o8 TR EEATHO] Jout Al H4
¢l staphylococcal enterotoxine AJ4kshi= 752 S aureus
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2 S Frre}t 22 A E dFeE A
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Z2Ql mAYE £33 7HQuantitative Microbial Risk Asse-
ssment) A3= HACCP Al=Elo] 283 749 9Jsfas
o tigk HACCP Al2=Hle] 7714 & FollA ffslas
4, CCP A7, CLAA A o] HeA]] A=5E A Al
o ATHNotermans S+ Mead GC 1996). 21&9] %
9 AF U vAEY 24, AE, T2, AR W
] d%5Z0]7] W&o HACCP Al=Hle] 7}
n|AEo] A S8l HrHE fsiAdE tid v
gk E(identification) ¥ 2% 5 HAE &
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2FAA Y FamdEY] EA 9 B2 i
1o £xo] FasltHElliott PH 1996; Zwietering MH
5 1996, Soboleva TK 5 2000). 2]=FollAe= 2118 Al
o] AFH A 7]E0] AAE] o]F # HFE F L
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o|tiPark SY 5 2005).
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AFAE: BE ASE Fado=2 HdAEyoY 3
7 HEo] x|F ko] ofo]xubof Hol APM=E 24
b ol ewkalel EAEIATE B A5 242 clean
bencholl Al w2102 Ag|Edon Fzlog 3=
2] 25 goll E#3F 0.1% peptone water 225 mLE 7}3F
% Stomacher(Seward Medical, London, UK)Z 283t &
£o=2 FASAFHOH, 2t Als= Ee 0.1% Peptone
water 90 mL= 103 XA & o] T 1 mLE ANEd
Ao T AREEIAT

AF AT 71T AL ARREE 2, S0 i
|71(zHs, BRERV], FXE)« Swab WHoE ANEE
AR, FFHAHEFU A A9+ Rine WHOE, =
glof gt FARY &3 28 Y A2 Glove Juice
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A<, A+, i+, E coli, S aureuse
3M F213)Ake] Petrifilm™ Aerobic count(PAC), Petrifilm™
Enterobacteriaceae count, Petrifilm™ Coliform count, Petri-
film™ S aureus count, Petrifilm™ E. coli countZ AM&-
ste] FHgE AJE 1 mLE Petrifilm 9ol E531e] 37T
o Al 24~48AIZt B FEtATE UREAIFS HjF F A=
(colony)e] Z7]ell #AIgle] BE H24 d=E&
3t log CFU/gE YERARITE Auisl-2 vl &
W Ao AR Y(acid zong) Rl g 4R
2 o} Fpkgo] Qe e I8al ks AR
Aol Aiksle dEES AliAlTeE g1t log CFU/G
2 Yepfdth i v & COteE 7kl &
2 AETS gAH o R gRIste log CFU/gE YER
Ak E cdie= ¥i¥F & COFE 71X FE4 FEET
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ik 3 ZAA F2Eke S aureus® S F A}
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o] AEFFHE 14} 5 - - SHET 24 Fe
g HAESH 7SS AASL YA fora B A
TolA = 9= Public Health Laboratory Service(PHLS)®ll
Al AARE AdH A NA 9] ready-to-eat foodsell T 7]
A E &3t olF 7IEA FoA AR Wlwe T
A% 9 zgFAHol AAY FARE vlwE AdEs)
o B - BA5TKGilbert R 5 2000). PHLSS] 7]
A SF7E B0l FAEL meds, SAFE vegetables
and vegetables meas(cooked), AAF+ fruits and vege-
tables(fresh)S &85tk WebAd S77F B3 AR
o] YuMHFL W (satisfactory) % 10° CFU/g ™%t
48(acceptable) % 10°~10" CFU/g, E7H(unsatisfac-
tory) == 10" CFU/g °1’-& 283ttt salFe] dut
e TE(satidactory) % 10° CFU/lg TRl S8
(acceptable) #3 10°~10° CFU/g, E5HE(unsatisfactory)
4% 10° CFU/g o3-S 283tk AT gitAde
W (stisfactory) 5 10° CFU/g 719}, $~8{(acceptable)
Z 10°~10" CFUlg, E9=(unsatisfactory) < 10’ CFU/g
old= A&tk A7 e " 20 CRU/g IRk
48 20~100 CFU/g, E¥< 100 CFU/g ©]’d-S 283}
Foa=g

107 e F21Ael

2 Q& Ed A= Table 13 Z2th

e AE 7]FEx9} BlustdS w ARl A
22 Qo]F-% 13} 2014 4.0 log CFU/g o320 & =
o A AF o]l HEFNY, B3 A= 5.0 log
CFU/g oIS 2 £ dHAFFE Ho Fo02A4 7|&F
AE THAF)A E3IATE Ao R AR 43 o
BAge duthda= 8 & 2219 dukAlds} 1)
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Table 1. Microbiological hazard analysis of cooked foods (log CFU/qg)
Category Menu APCY EB? Coliforms E. coli S aureus
Cookeg:;getable Seasoned cooked bean sprouts 7.1 ND? ND ND ND
. . TNTC?
Conch sells mixed with vegetable (10%? 2.3 17 10 ND
Seasoned balloonflower
and cucumber (1) 6.6 42 4.1 ND ND
Seasoned balloonflower
Uncooked and cucumber (2) 6.5 44 44 ND ND
vegetable
dishes Seasoned Leek and cucumber 73 ND ND ND ND
Mung bean jelly cake with beef 5.2 ND ND ND ND
and vegetable
Imitation crab meat mlxeq with 40 ND ND ND ND
cold vegetable and seasoning
Seasoned Leek 6.3 36 ND ND ND
Panbroiled fish sausage 58 ND ND ND ND
Panbroiled -
dishes Panbroiled pork 28 ND ND ND ND
Panbroiled beef with oyster sauce 46 ND ND ND ND
Fried dishes  Sweet and sour pork 30 ND ND ND ND
Eermented Kim-Chi(1) 8.2 4.0 2.9 ND ND
Foods Kim-Chi(2) 82 3.7 3.6 ND ND

Y APC: Aerobic plate count, ? EB: Enterobacteriaceae, ¥ ND : Not detected, ¥ TNTC : Too numerous to count, @ at final diluted concentration

=ot] AR 25N AR AANEIT 1
= dolso] A7 BAA Ha AT SAF
% FUE 32 50 log CFU/g o2 =& kAl
TE HA VEAE WEAT|A] Fekal, o] 7R
BE 7IEAE BEAIZ oY el fYstAl xeH
W FolA LA Kim HY $(2002)9] dAToA%
TUE 7R Ae 2R ¥ =AE Bl "3
o= Estal AwkMlF4 7.75, 9.4 log CFU/g, thd
4 7.03, 6.69 log CFUQE &2 YitH#S Ho AR
TulAl FAT mAEsHE FEdEr a7dval 24
sttE =Wo] 3 dRARE 7H A2 ZWolet
e AvA, 253 AokE AHgdteE AEs 18
o HaA 2 dukAldrel diato] AEEo Sulyg
2] wlwE Ageh= Zlo] viEAsiAlt 53] =wo)
3 2gA FHE& AvAE AHEER7] "l B
oA #Eo] AEENE At FAEUT Aokl &
=2 Shuga e AR olA AAIRE WEQ &
d2FE 100 ppmoll A 587 HAE HeE 2 Aol
THMinistry of Education and Human Resources Develop-
ment 2004). AoklE AH 2 AFshe A FAH
Fe AFHT g JAAATL PAAERREY QHE
Zefste] ZWlo] T AANEY] FEFES PHS A
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WS ZEaso] FHE SR wSo] F8sith e
7ok BFE Ha] 2 A25sS AYstae ARk
oF e YubFFE Hon, Ui YRASNA o
o]l AZHY o 28 § Ao e EHE HAuoh
ol 7MEEE T #Eo] AHEEHID ZE Tl wA
2ol QAT Aoz AR FEd JANHE
HIASS & & AATh

Gillespie 1A 5(2001)2 =2 Ao IubAw} A
AT, E. coli, S aureus®] &A= FAET x|
g & A4 A, g F FHAT Ry,
Al olE EE QRIER] Ajste] 2Fel HYA Al
759 24| gojyrn= od tig Fo7} Hasitta
SHA T

B AFtoA zgdF EXAF S avreust AE HA
grom, ol JMEHA F AbEE o= ddEH v
d T APAANAME nake o] HAH A AgeS B

FAg. 284 Levin WC 5(1996)2] Haro] ojshd
1989\ ©]=ollA 479 S aureusE A3 A FEo] WA
S, olAL A Holl A& AEHAES He AR
A 25 BASAT =3 O 9] FEA e HA
7], 9FE S5/, TAE 3 oAM= 622%°] S aureus
7F AEEYed ol T 511%7F HYAS IR S
aureus= ERIFQITE wepa] B Aol HAW
7 FollA S auwreus7t WAFA AT EE FE ZE
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Table 2. Microbiologica hazard anaysis of raw vegetables (log CFU/g)
Category Ingredients ~ Sample(Sampling points) APCY EB? Coliforms E. coli S aureus
1(Before washing) 7.1 5.6 49 ND3) ND
2(Before washing) 7.6 2.7 ND ND ND
Bean sprouts -
3(Before washing) 8.0 6.4 6.1 ND ND
3(After washing) 7.2 51 44 ND ND
1(Before washing) 7.1 ?IIJS)C: 39 ND ND
Leek 1(After washing) 7.6 T(T;;)C 38 ND ND
2(Before washing) 8.7 ND ND ND ND
2(After washing) 12:3—5)0 ND ND ND ND
Raw Mung bean  L(After washing) 79 6.6 45 ND 22
vegetebles sprouts 1(Parboiled) 30 21 19 ND 10
1(Before washing) 7.2 55 4.4 ND ND
. TNTC
Balloon flower 1(After washing) (10) 4.8 46 ND ND
2(Before sanitization) 85 6.4 6.2 ND 1.0
2(After sanitization) 6.6 5.4 4.6 ND 1.0
1(Before washing) 55 4.7 4.6 ND ND
Sesame |eaf -
1(After washing) 45 24 16 ND ND
1(Before sanitization) 6.9 32 23 ND ND
Cucumber 2(Before sanitization) 5.7 33 ND ND ND
2(After sanitization) 40 24 23 ND ND

Y APC: Aerobic plate count, ? EB: Enterobacteriacese, ? ND: Not detected, ¥ TNTC: Too numerous to count, *: at final diluted concentration

8 gHwal ohlet 2AYGL o Al weol

2) ;ARQ| OjME flei=A

AuAg RN HaFol e A Ak Table 2
o} 2},

#7571 40 log CFU/g oo 2 £ Axs 1
d i Fe FUHEHH A -%), = (Hlﬁ 3), =8A
(xﬂﬁ A3 A5 A3, ALHA )oldt Solberg

M 5(1990)8 ATollA xglstA] &2 AF9 <A 7]
Zx2 9uk AlF4 6.0 log CFU/G ©13), tiA-#T4 3.0
log CFU/g Oloh'é Xﬂ/\lﬂ 7:‘49} HudE 25, =
ik AdtrE Bl & ANAaFNA T
%8 ?Zle B Z*}El AaFE S aureus 71
E EF T3 oY 1.0 log CFU/g o]/l S aureus
BAE AaFe AHTY < gz &3 aga

>
N 12 rlo

A
m

= o) ol oG B9 G2 SOl S aras
Aotz B0l o] F& ARATIe] B
Hl2l olFo] makeglo] He Aolet AL=HD). Long

Q T Lo b
=

5(2002)2 B3 ALdzolM AL HaFold F

Ashke A= 7P &3 9de watedd HEd
ZE|FARoIR T AL BaEal ol & Hé sk7] f1siAl
ZYFTAAE FOoE WS A7t A=
Hojof gtkal AFstATh Kim SHeF Chung SY(2003)
o] Aol ot TAlFA AolA AT AAE] &

o], &}, nhE, WY, F1FE AT AHY AH F A
LI Fias 9} WdTr7t dARRY g FAE B
Rt v & Od A3 I JZHEOML Al 23t
7F YERL. > 12 Aﬂ 2 & dul M5 05 log

CFUlg, =214 1 xﬂz* % )&+t 0.2 log CFU/g, 2.0]
25 A% I A 2.3 log CFU/g7} Z71ete ARE
Btk Kaneko Kl 5(1999)& tE7], A&, #=27], &
7], &5, "R 7] 2 24 Zo] g FAHES AA
A2kl = RTE vegetable®] PAE 4 Ad dAg &
= EE ARoA diAFS7E & HEE HEH
A3l B. cereus® AAE] M} * 77} 105%, 20%0= T
ZE AT =3 FuldlA B AFEe ATt A
Aol HUe] mAE 2 H FA ol xE] FAAM
Eolu} 7|79 E8ol ot AL A0 FE WAL A
o8l AshE AR AHHIJATHKIm SHEF Chung SY
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Table 3. Microbiological hazard analysis of processed foods (log CFU/qg)
Category Ingredients APCY EB? Coliforms E. coli S aureus
Bean curd(1) 5.2 38 31 ND? 15
Bean curd(2) 34 10 ND ND ND
Rice ceke 7.6 7.2 6.2 3.0 ND
Ham 6.0 ND ND ND ND
Processed Pork products for sweet and sour pork 5.2 4.3 3.6 ND ND
foods Sausage 3.0 27 27 ND ND
Fish sausage 54 ND ND ND ND
Mung bean jdly cake 29 21 10 ND 15
Imitation crab meat 16 10 ND ND ND
Red pepper 6.9 29 29 ND ND

Y APC: Aerobic plate count, ? EB: Enterobacteriaceae, ¥ ND: Not Detected

2003; Moon HK % 2004). wlehA
A, AAY & HAGA e A A
|7} o] Fofxof gt}

3) 7ISAM=z2| O|ME HsHEM

gz AHEEE 7H g F A=Y
o
=

2 ARE A HAE SEiE
Table 33} 2t}

elEo eI
AukAlF 5.0 log CFU/g o], A=

1%

Axze) Ax B

WAE AT EAT

X A sEAs nusge W, e

log CFU/g ©l, thi# 2.0 log CFU/g o122 & 1]
AE T4 2o 988 E7 $A4 stk A=A
g 17)(71E-8) olAE 4.0 log CFU/g °o) & o

=
HhA|+#2 4.0 log CFU/g o’ =2 iAol HE5 ]

A7 B39t S aureus

w423 =25 7

& TEdloy TR JEFA 15 log CFU/g °©1Xd
o2 AZHAUL ol AF AAd =234HE FH=E ¢
o] ABLETE Y5 AR AAEG oY B
AollA z2FAMHY & HFolY 3] T A B X
A A FAdg Wy 59 egYdes 13 7hE4
Foll #o] MolER et dZF Ak T3 Pak WHS}
Yi SH(2003)9] Aol m2H FH 2 FAZHGA A B
AE BEATNA FRgAe] WA Al S aureus

7} AEHE AL AYstus gRE nHAA AFo)
BEXEo] A Foll /AN BHFO=Z S aureus
7F LEHASS F5S9T

4) EMF, R U SMEQ| D|ME PEHEA

A BN SAE, G B FAE diE HElE

Table 4. Microbiological hazard analysis of livestock, egg, and seafood (log CFU/qQ)
Category Ingredient(Sample) APCY EB? Coliforms E. coli S aureus
1 7.8 5.9 5.9 27 ND?
2 7.1 45 39 28 ND
Becf 3 6.8 - hil_.|_9(34) 24 18 ND
sk 50 (105 28 ND 21
Mesats 2 54 29 39 ND 18
1 58 4.7 37 29 ND
2 44 2.7 25 13 ND
Pork
Bacon 58 35 27 ND ND
Minced 7.6 39 37 27 ND
Chicken 51 4.0 3.9 18 13
Egg Boiled egg 5.7 21 13 ND ND
Seafood Squid 6.1 'I;IJ\-IC')I;f 30 18 ND

Y APC: Aerobic plate count, ? EB: Enterobacteriaceae, ¥ ND : Not dected, ¥ TNTC : Too Numerous To Count, ®: at final diluted concentration
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2> 5 e Ha7], FHXW
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53] 2% f8AET} Hu %—t—
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Ha Qo] FAHES] Ful A
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L, 45’—7] FA|qko] 7]
o

55 S aureus7} ol
}—fﬂ LdsE aﬁw?ﬁ q5e F%
AAAN7I= o] FolEY T8
g Ao 7 AS 1:]-

Aozl o g ZALE JuAZo 3t nAAE s

Aol MEw F4Ee] A £4 @skeh Elson
R 5(2004) el HEAYe] VI WS WAL

Bzl i e S AARe v S4Edt ddd
et FE2 WEaYA deRgen nedEel
=2 FEE Uehlis B9 8T oldelAM mast
SHE vl HAFE 53, didng AR =8 A4,
Aeds dod & e ARE AEde] ddHo

AT S ol WIAE R st MY

ARSI e|usor FE3 HHE F s AL

Azbe] 3 Aol o %t&xﬂ&, FAIE,
o s 7’]\2‘4"‘: Table 5

o ehalg2]of| 4 9] S aureus 2. H = vhebe 9]t

-

ugE gsy 371

o} 2t

2T Y5 oy AE, P ARES
34 Salmonella spp., Clostridium perfringens, =<
coli, shigella spp.oll €A L=, HFsh= 2F9
Foll wheh gt v Eo] &l EAetH Eolls AT
Atz BT Alte] Exshsd], 4 mAEEA AF
58 Yo 72 FY3HAl S aureus 1F 5o =A%)
tHRestaine L2} Charles EW 1990).

1995\ F-E 19981714 7ui 4] éﬂ FTAAS] &5 H]
AEZ A Ay dubAF= 20~8.0 log CFU/
hand H1olA AEEH A, J_E]—%*W o S A
Aot EHkE & A7) %J?% A2 So] A7= 30~50 log
CFU/hand B2 & 3 dubd|d47) vold Asts
Booh =3 24 EH%PL%S_ AREA A 50~
46.7% HLAZ Ao wet w9 e Fdor HEEHSI
A, 2003). - AFolA Stugd e FARE &
o] 73 UukAlF<= 2.7~75 log CFU/hand 92 AE
A AAFret diZd Ty, FNEETES 7
Z} 0.0~5.3 log CFU/hand, 0.0~5.1 log CFU/hand, 0.0~
32 Iog CFU/hand $lollA] =0} o]Ae] A te} ]

g ARE BT
Wei HL3} Chiou CS(2002)+ 20004 5¢ 11%58tulol
ol |4 % %}’ﬁﬂ At 2554 SEA, SEB 5 10
N =45 stRon 53], ol T ZEFTAAY
oA 2714 %E‘;‘ g A 2zt S awreus’t AEH
S 2H S awreust o4& AAQF 9 ARG oyt

ZE T RIS o] AAsh= HIEe] ATkl shTh
TS EolA HAEE S aureus= =71 E(fingertips)©ll
A 24X13F o) B AL ES WA 4 dtkal &)
Atk olgg AL s B o AR &2 T3 &
W} s7EH v E FAGFHEY gukE A g

HeAd vAER Q% nAESH fEiE A
-’F %lt =] F Q35

AAMTT tito] AEEE Aset 1383 &2 A
S5 TFESlY diAHFS vlwEtS o, AUl o
o]l WHEA S ATLES YWHAlTo] 2.7~6.8 log
CFU/hand ¥ $1ol4] 3 6.0 log CFU/hand= &2
ok e Aoy tidete] e BIF] AT

=

o,
ofN M of

_‘

>I>

Table 5. Microbiological hazard analysis of food hander's hands and gloves in the school foodservice operations (log CFU/hand)

Category APCY EB? Coliforms E. coli S aureus
AY mean 6.0 ND” ND ND 2.1
Hands P)
B mean 6.4 4.2 4.2 ND 2.0
A mean 1.3 ND ND ND ND
Gloves
B mean 54 21 1.8 2.1 18

Y A: samples which did not show both EB and Coliforms, ? B: samples which show ethier EB or Coliforms, ? APC: Aerobic plate count,

4 EB: Enterobacteriacese, ® ND: Not detected
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UukA| S 3.0~7.5 log CFU/hand X314 Hi 6.4 log
CFU/hand= #Z= Atk o] Ax= Y¥tAl7} 3.0 log
CFU/hand ©|3t2 #E|Ethd oA Al digd+
o] YA &5 F At Ag YEER o] &
o2 £& T 4 vt &9 uAESH Q§irt
42" gEo| A4 Folgt Alsdth Jev B Ao A

g Aoz AtH,

AR ARrell A IibA 2 0.0~6.3 log CFU/hand
HeA AEHANL, BT i, SHEE
TS 2+ 1.0~6.1 log CFU/hand, 0.0~4.6 log CFU/hand,
0.0~2.8 log CFU/hand H¢lolA AE= ATt 53] ti
T A 20709 A F 2709 AlgelA 242 25
log CFU/hand, 3.3 log CFU/handZ ZAZ&% o] A4 El7}
kst AeE A

FAlT T tigete] AEEe AlRe 29 G2 A
FE FEII GibFS vnslde u, FME o
Aol HAEHA e AdES YT 00~15
log CFU/hand ®9]olAl B+ 1.3 log CFU/handZ 2+
HATE 28y Aol thidvte] e B1F9
- GubA|#47} 1.5~6.3 log CFU/hand H 9] ollA H
54 log CFU/Mand= ##Eo] ATFY BlwstS
2 #olE RYt) ol YikFS TaAE =
AlAES gt LAEE M 2E F de

tlo 1

& &S T ZYITAAERE HFS
B nAEe] dEEE AS dislr] sl aAlg2
Ao A S AREStAL Tk Bld(vinyl) Ee gpE
(lae) 2 H e £o2HE o9dd mAEY dAES
Ao R vhe 4 thal 3% THPaulson DS 1996). 1
B A AR ZEYIFAAEER stodm A BEH
]l 7leThe Az st FARAEZ FAsHs 24
sle] EoAe] MAE RS ZVIAZIA dokal STk
(Fendler EJ 5 1998). %3} Barddl D (19959l °jshd =
g FAAIE] A Fe o F O8] JAE HE
stal & & RS wAlsHA] e A, 23 7k 5 w
A glo] e AHgske A% 5 BT &9 dolgt st
Aok oA A AE AA TR E ZEFARIZEEH
2130 B PAEY 29E diste 2 Wl
oflERE AHS AMEs] A AANE Folle T

& A5 FIsoF stk Ax 28 FARE Uide
2 3 tefeta aRFRl JAuSES AHHOE HE
S WA H-E HAs & 4 g o= AlsdHn

ohol] thdk UukAlE, AT, g, AUAE 2 S
aureus®] VIAE 9J8liEA] A= Table 60, 871<}F 3
Foll A= Table 79 AAISHATE £ AFolx= 7]
T 2 g7l g "AER kA J|EAE BUskE
t] Nortie GL 5(1990)°] AH&-3F 7|EXE &3kt

Z3 ol tigk fJsliEs] ARE 715X vlwsks
< o, 23 =v BE ARA dEkT TES B
stgou SH8 Z()olA 1.0 log CFUm® ©)4+¢] S
aureus’t HAEHJL F7F8& ZPHH, 1)olA= 1.0 log
CFUlen? o)7d<] thgao]l A&tk Autzloz 79|
F-Ee 2y Erles YAFHORE S5ty FEER
th 53] 7IEAE REATA 3 AREY 35E &
AoR §H/HE OFE 23 Enig)s 13T o, §$F8&
Z3 Zopo) AlHg A5S T BEls|or 5, &7
A& 29 =vts ARSSE Folle AR A A%
o] REEA] FulEojop & Ao Al HTh FAHA|
o] TAFAAe AT FAAule tig HAE 3
7HJeong DK} Lyu ES 2002)Z3}ol M= Z Tnp So
A =e o Al tiFdTel dEe] mENT
2] 7] (Sanitation standard operation procedures. SSOP) ||
o3t T ATt FaE o oF kil AT

471 D FFo tigk fs B AHE 7|E=X 9} v
W3 B 40 log CFU/cm? o428 =& duAg+S
H3l AgE BELVI(F), 3F(C, F G, H, I, )oH,
1.0 log CFU/cm? o0& =2 S aureuss HoJE A8
= F3E(P), IFC, )T} Cho KD} Lee BH(2004)2]
AT ME FFA S aureus’t 1.8x 10 CFU/100 cm”
o2 Ueh} FEHoRE Yo i T eVt
B3 Aoz AEe] B A3 Ade}l AT A
o] thRES] FF(A0W) ol 7EAE ZHs= 7ECI
AEHol 24 W 717 2 A BEd 87 Qe
& oA A Hs7E avkar AE= AT Hilton WE
9} Bannerman TL(2000)2 dF Fr2 ARE7]Ztol| Tt
g FAEY] o] o]Fod 4 Jormz olE T
Y g ZHeE Hol AE 2 4 v shih

A gwFA oA AFEHI Qe tiEEe] BFE= AL
& T 77CA 0% o) 49 A25HHS AAH H1xE
o] AH&(Ministry of Education and Human Resources De-
velopment 2004) &} 9o}t AEFA Ao ARE &
Zo] A5 g2 AAARE 2 AxREHE FAHANA F
22 R 1 U B4 I, AR T
2H B30 F A 249 rFeAol ot AlsdTh o)
A olF 8AES AAS] A3l FYFAAES Fol
ES AMSSAY SntEA &a%55a HAFRAZ PFE
AEEHE 3RS B sttta AlsHTh

t)= FDASH A= oA E|(CDC)ZAL 98 66% At
gETo] AlAIE AHESte] TukE AL, 26%0] AFEES
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Table 6. Microbiological hazard andlysis of knives and cutting boards in the school foodservice operations

s 373

d

(log CFU/cm?)

Category Sample APCY EB? Coliforms E. coli S aureus
A ND? ND ND ND ND
B ND ND ND ND ND
C ND ND ND ND ND
D 1.0 ND ND ND ND
Vegetables E 23 ND ND ND ND
F ND ND ND ND ND
G 20 ND ND ND ND
H 38 33 ND ND ND
| ND ND ND ND ND
Knifes A 2.9 26 23 ND ND
B 15 ND 1.0 ND ND
C ND ND ND ND ND
D ND ND ND ND ND
Mests E ND ND ND ND ND
F ND ND ND ND ND
G 2.6 20 ND ND ND
H ND ND ND ND ND
| ND ND ND ND 1.0
J ND ND ND ND ND
A 20 ND ND ND ND
B ND ND ND ND ND
C ND ND ND ND ND
D 25 ND ND ND ND
Vegetables E ND ND ND ND ND
F 2.7 ND ND ND ND
G ND ND ND ND ND
H 2.9 25 ND ND ND
| ND ND ND ND ND
Cutting- boards A 23 21 20 ND ND
B ND ND ND ND ND
C ND ND ND ND ND
D 1.0 ND ND ND ND
Meats E 24 ND ND ND ND
F ND ND ND ND ND
G 20 ND ND ND ND
H 12 ND ND 1.0 ND
| 14 ND ND 10 ND
Cooking A TNTC? (10°)° 39 37 ND ND

Y APC: Aerobic plate count, ? EB: Enterobacteriaceae, ? ND: Not detected, ¥ TNTC : Too numerous to court, ?: a final

£7E AL F AT E0HE AHITAL P £ A4E wedel AUOE 48Y
3 ol ARETl 2¢ J1TE AR AsiA Al 5 1908 HEEWD HEA}E myE

diluted concentration

9]0 B 2(Zhao P
WAL E-S WA

AE AHgStia sl tk(Shada DE 5 1995). wEhA & 3l7] flElA o' ETES AR T Foll= WtEA Al
7o 7R AEds Ve AFY] HAES 24 2 AEAAES FasfoF drha ZFE3HTHRobert EB

FHo Zk=E3}] Ready-to-eat foodse} A aFollA T 1992; Moore CM 5 2003).
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Table 7. Microbiological hazard analysis of kitchen utensils and dish clothes in the school foodservice operations (log CFU/Q)

Category Sample APC" EB? Coliforms E. coli S aureus

A ND? ND ND ND ND

B ND ND ND ND ND

C ND ND ND ND ND

D ND ND ND ND ND

Serving pans for side dish E 25 ND ND ND ND

F 20 ND ND ND ND

G 1.0 ND ND ND ND

H 37 2.7 ND ND ND

[ ND ND ND ND ND

J ND ND ND ND ND

A 2.6 ND ND ND ND

B ND ND ND ND ND

C ND ND ND ND ND

D 33 ND ND ND ND

Mixing-bowls or E ND ND ND ND ND

Mixing-boards F 2.0 ND ND ND 10

G ND ND ND ND ND

H 25 ND ND ND ND

[ 1.0 ND ND ND ND

J ND ND ND ND ND

A ND ND ND ND ND

B 36 25 ND ND ND

C ND ND ND ND ND

D ND ND ND ND ND

Serving pans for sample E ND ND ND ND ND

storages F TNTC? (10°)° ND ND ND ND

G 1.0 ND ND ND ND

H 2.6 23 ND ND ND

[ 1.0 ND ND ND ND

J ND ND ND ND ND

A 30 2.8 2.8 ND ND

B 1.0 ND ND ND ND

C 44 ND ND ND 36

D 24 ND ND ND ND

, E 2.7 ND ND ND ND
Dish-clothes

F 41 35 34 ND ND

G TNTC(10°) 26 2.2 ND ND

H TNTC(10°) 35 2.8 ND ND

| TNTC(10°) 23 17 1.1 ND

J TNTC(10°) ND ND ND 24

Y APC: Aerobic plate count, ? EB: Enterobacteriaceae, ? ND: Not detected, ® TNTC : Too numerous to count, ¥: at final diluted concentration

a4 E2.2) 75151 7] 4] 252 7] 35 (2009)
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Table 8. Microbiological hazard analysis of water in the school foodservice operations (log CFU/mL)
Category Sample APCY EB? Coliforms E. coli S aureus
A 13 ND ND ND ND
B ND3) ND ND ND ND
C ND ND ND ND ND
D ND ND ND ND ND
Tap water E ND ND ND ND ND
F ND ND ND ND ND
G spr? ND 29 ND ND
H 2.9 13 ND ND ND
| 2.6 ND ND ND ND
Weter J 21 ND ND ND ND
A ND ND ND ND ND
B 0.3 ND ND ND ND
C 21 ND ND ND ND
D TNTC? (10%° ND ND ND ND
Potable E ND ND ND ND ND
water F 18 ND ND ND ND
G 0 ND ND ND ND
H 4.2 2.9 ND ND ND
| 25 20 ND ND ND
J 17 12 ND ND ND

Y APC: Aerobic plate count, ? EB: Enterobacteriaceae, ¥ ND: Not detected, ¥ spr: spread, ® TNTC : Too numerous to count, ?: at final

diluted concentration, ” - : No sampling

2
AE S84 A7 Tale 87 2tk WAl 1 mL
2 1.0x10° CFU(2.0 log CFU/mL) ©]3}, tharet

o AlE g SAzAAANA AMEEE FEECAA 20
log CFU/ML °)doZ =& IutMl#47} 37n(H, 1, J)
N HAZHAE UVla(G)elAe thitwre] AEHES 1L
A wf AT FEskA strhal AeE AT Lee
WM 5(1995)2] d7ollA galel] FF%e & 9519 7
AR ARHA R hdate] Rl 4 18.9%9 16.84%
o] AZE&S HATh stug2lelA HAFV|2HE F5H
2140] 79 g AT TS AEHA ko aw(C,
, H, DellA 20 log CFU/ML ©]do2 =2 dutAd
o] AEH FrdFrg JAGEVE Bt Ae
BAth stu U] FFFE A5 REE, 9] B
g AR PRI BAANME g 2do] vt
Ao Aoz YehgtiLee WM 5 1995). o]= 24
A e B Aa71e 2939 H4 Bt o] Fo
AA] e AFAE FAFHATE wEkA EFolu A7)
gk 7140 JAd 2 BE HAE st B E

< ZJEksted o s

Lo

rir

)

4) SEERMZL| O|ME si2AM

g gA4e W ZAgAe] FEHEaAel g% o4
< obshr] 94ske] open petri-filme o]&3te] UnkAlA
I AU AlHS 1687 SAT A Table 990l AAISHA
o). ek (1949)°] Atk HrP|ES HH, plaed 50
CFU ©|3K1.7 log CFU/plate)= %74, 50~70 CFU(L.7~
19 log CFU/plate)= &-87]% 183l 75~100 CFU(1.9~
2.0 log CFU/plate)= 7% 23} 5o2 A|gkstyct £
ZAztel v B, dukMlFS 1.0 log CFU/plate ©]3},
AHATS AEHA &ot 7IEA & REssith FEW
o] wjaAe] FrIedr EXAIKPak HS9 Ryu K
2007) ¥urAlTo] 3.0~6.0 CFU/plate® Tralg4)4 U
Zdgol 25 o Foe Btk T uAER A
g7 dssttets 2P 2E9TYd HedTdew
TR} AxsE ZHF vig 22 22T
71%4SSOP)dll g 718 5 StugaladA E
3] JidEojof & FECE AlsHTH

7] & uAES 4a, 25, 9Y 2 =
Az w§ usta ARze] 7S
AR 0] o9 B WHEC] stk
NrE AP A4 open petri-filme ©]-&-3}o]
Aoz B39t 13y open petri-film ¥

off {o
s

&
41y

ol off

il

A

3 5
< o

oE o
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Table 9. Microbiologicd hazard andyss of Air-borne Microflora
(log CFU/petri-film(20 cm?/15 min)
Category Sample Aerobic Plate Count

Enterobacteriaceae

A 0.7 ND1)
B 05 ND
C ND ND
D 0.8 ND
Air-borne E ND ND
Microflora F ND ND
G 1.0 ND
H 0.6 ND
I 05 ND
J 0.8 ND

Y ND: Not Detected

7] & -+ 94 3R & 712] Colony-Forming Unit(CFU)
gt AT AFl o8 =REE YA 277 g
Aoz FQ D HFEA o o]z]e-S AUl YrkHa KC
o} Paik NW 1991). wheba] g2l t‘*‘f”ﬂrﬂ LAt A
oe A4 344 Y BF hetal
g AZE Al Al F71 %‘iti PE 3] 47t
k7] YA air gampler(d{"%'
M Z2e EEs ARshe A
k.

Y& o83 Fl =A

]
lo] MY RO AR

StmFAel A AFHE vt ARAR 2 2y
Aol oL aE AAHOE BN 0P e
wire} e Pg e BAshT,

L BN T F A oR AR SAR A9
WAEA Slal) e whEd BREUT. AR
Afie dedsel et ans golsle)
AE7l EAAENT B3 2ol ¥e) A4S 2y
el QAo HEe 29e ZAsons 2
FAAE ddes @ FHE 9Ang 2 zelwge
B 240] A71= Ak,

2 WAooz AxfolA AH AT F wE 4%
B FolA o] Za AT e Ao ¥
LFA GgolA AxFol te LuhE AH 9 &
27} Bo} WA o) 2olHof stk Aafrel
AR o} aEWAe] BoHow olfe)d &
olof stm] MlHo] UM THEZISh PIAHE FH &
2 Zﬂiiﬂa Aok B =R AT S

19 LIH“ O{N

o
g i
i
2
(0 = oA o[ A D)

F dgH $FUE 281 25 A Fo| ZekAdlA S
aureusﬂ A==t 53] vzl s5u=clA S aureus
S| ahee] A A 25 A 33 (2009)

o] S HX& Aol o] #& AFEAIZ|IZ] FAHH
ALY, HR o]Fo zFAAN A W HExH
S T ALE TFsEE dEE F ATh

3. 7 % Ao A AR S AR A
= SaaEly) Sssitty BEEP oL A4 n)YEER
Al A “Ur B4 )| (FER)E Ve E v
SAN7IA Fdhe EHMI# oF Al BEE A
53 24" AHE JuE HEEF} FHA S aureus
=2 2R N e xS AlAS

toxing Y F U= TES AT og o]
of tigk AAAJ A7} QAT Hukz oz 4k
= A EE EFelFen E3), Har] A9 g

Zeld S awreus’h BEHT, A7) FADE 712
B 23 FEOIUL. WA FHEE PR
WAl ol 1 Aol SEe Fol} W asiA,

5 <=3 At A9 dUkAFFE AYAITT g3
o] 74ZH H el ok :LE*Z] 2= S vusiA RS
Ay £8 duAlF<E 3.0 log CFU/hand ©) o} e
1.5 log CFU/hand ©] o}i #9g & Jdod Sl A
Ao QIFF WA FHE AN °l% e
2 AEEAT. E0E AHE sk 74&@ s 2
L31= 7o) YAFo=Z At oy, Ao A AR

= _ﬂlf\g{rﬂr MG HOE Q8] S aureus”} BEE o
A3 2o Ayl g AAGHE Bt
ZRE AAeA Bloju Az} 28 Aol fiEo 2 Ak
g wjo} o] SuE Fdol tig w&ol #%Lﬂ =3
6. Shalgazol B¥E H 84 Jhed §7E =0t
o} 7, 538, PFo)A S aureus7} HEE o Ol 7171
R 7]l og 241 wate o] -HEH A 53] 9
Fo| A% #e ARAT B R ngES 29
2 2 9= Px]]z;l A8 AY gorE te HA s}
3}

7. Stalg2 *%Q_«l 75‘ , TEREOARTE A7) olA
S 2k °‘HWFFT7} A=A A /\]*QQL
3171501 A Z o] FAX|A] AT =]
o 24 A7) kAol s S = ATh
8. %%l?— ]EIL«] 7é—°r Ak o2z 8%
HE Yelle AS=E 7|EX]9 vlustaS o 14873
7F dEsitia A=A a8y B AFoA ARSG
open-petrifilm W2 FFH-AATS A= 7P 3
3k HPHolANE AAH o R AHEg ke A5 S

3 o] fRHE BRI 5 glom dmFie =

A= 7§51 L

P SRS Shekshs wlE S} AT
Ao E ANE AY FumFHeld AFHE
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