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A Microbiological Analysis and Hazard Factor Evaluation of
Food Utensils and Fixtures of Food Service Operations in Schools
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ABSTRACT

Objectives: The aim of this study was to evaluate the microbial hazards posed by food utensils and fixtures in
food service operations at selected middle and high schools located in Seoul, Korea.

Methods: We collected 200 samples of utensils and fixtures including cups, spoons/chopsticks, food trays and
tables from five different schools in Seoul. Target microorganisms of this study were divided into two groups:
total bacterial count and total coliform as indicators of microbial contamination and Bacillus cereus and
Staphylococcus aureus as pathogens of food poisoning. We used selective media to quantify microbial
concentration and 16S rRNA PCR assay for qualitative analysis. In addition, intensive interviews with
nutritionists were conducted and observations were made to identify factors that may affect microbial
contamination. Logistic regression analysis was employed to examine the relationship between the microbial

concentration and operation characteristics of each operation.

Results: The level of microbial concentration in school B and C were significantly lower than in school A, D
and E (p<0.05). Some samples from school A, D and E showed over 3.4 log CFU/100 cm? (total bacterial count)
and 1.0 log CFU/100cm? (total coliform), which requires immediate hygienic action. The number of customers
per staff member, periodicity of hygiene education for staff and daily operation time of sterilizers were also found
to be important factors related with the microbial contamination of food service operations.

Conclusions: These results suggested that not only a HACCP (Hazard Analysis and Critical Control Point)
approach, but also efforts to assess internal risk factors within operations be needed to reduce the microbial
contamination of food utensils and fixtures. This study is expected to provide preliminary data for assessing

microbial hazards in food service operations.

Key words: Food services, Microorganism, School, Eating utensil
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Table S. Characteristics of food service operation management of 5 schools
Characteristics School
A B C D E
Type of operation consignment direct consignment  consignment direct
management management
Location of cafeteria ground floor  ground floor  ground floor undef:]rg(r)(r)und ground floor
(Number of nutiionists) e 8) e 62) 200)
Average daily customers of cafeteria 1100 720 1050 1200 2800
Hygiene education for staffs irregularly (onzzgglanilgnth) (onzgg;lanrllgnth) irregularly irregularly
Overall time of serving food < 1 hour < 1 hour < 1 hour > 1 hour 2 1 hour
Participation of students during food serving no yes no yes no
Daily operation time of sterilizers ~ 8 hours ~ 12 hours 24 hours ~ 8 hours ~ 8 hours
U S B (Table 2), 53] 3 3 4l o= YAwSe] 49 B ¥ Cue g 1HEE 4
ATH e B Eolal itk 71Mez AAske Zll vl UwA stws2 vl
HHd 2 AlEl$-229] A-9-(Table 3) SdTHETU= g1 em AAjshs Zlog Yeith B3 47| &
W FIEQT%yE HolaL o AR ARl 7] FARE °“l SR AfolE Holi U
= 38 log CFU/100 cm’d] %2 52 Uehl:s £, cstael 49 ge KHQF g2y 27| as
T =S LYEE Hlon, 53] 4 F4a 74 715 2477F A 2G5k A71ES iAol vt
=9 Fx A7t FAHLE {2 (p<0.05)3 e 2 Ao} AR&staL Uit
= yehsth =3 chare] 3¢ oet SuEdt @
2] FdE B =7t A Yo AR S & 5 Tk 3. Hctgalao RHEE) W OJUE 2P et
Vo8, AT GTHE AA 2000 NE F = =AY
I TRARE DA E 5 FHE] 3.5% 2HL 7 Febaaas] eddH 3 AdEe} vidE
UH(Table 4), 2 ¥ AEE0] 4 & A & L9 draEde Ldohiy] Qs shalse
SH deden HA TH AlE F 50 AE7F D MAEEY Aol dEA A3 AR Bl
9 EslaroA AT & DL Edal JdE4 SIATE Table 62 ZF w2140] o8 SHES =9
20 mAE odEE thE Sl Hs) xnkAe HFR Aol T B Tl At Aw v
=2 2 e S 4 5 Utk walFES Aow, AFe] ], 2eFAt 1"1DL
A, ZEFARE tdes 3 471A A
2. QlE{R & ZHE ZAL At of i, w2 Al S o] of - Bl AET) %"é/\]ﬁ
s 29 4= = T Ue JAdHHLEY SO WgEl 7 MRS Fa Fdeol el &
7E JE 8 AES dolry] flste Tw@FF CCP AROE F8Hp <0.05) A V&S & F+ A
ol ejAste] FdAtete] HEA N WA b BRIl A, A 1909 2A4s 8l
2 HEAE AAEIAL, 2 A= Table 59 72 wija] Al SHY o] o Fe) = 7Ex] Wt 2 dd
th F2440] 29¥HE A A9W % JHIL go] A& BHoFL glom, npdel s AL
2 b 4 99on, Daw Askl ARFH2TE AE(Table 7) 2B 19T 245 R A4
AL AT 53] Dol B9 LAY o]&A o] W o Fo] Weh WS AAZE AUt o]t
1,200 2ah= whHoel] 2E|FARe] = YAt HhAo| | S F ot (Table 7)2] Z4-$-& A A
g et 3 69l 2A= T A g B T e avA B4 Ko FAHLE fo
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Table 6. Results of logistic regression analysis relating to total bacterial count and total coliform concentration in 5 food

service operations (n=200)

Total bacterial count Total coliform

Characteristics Sample size — —
Positive (%) p-value Positive (%) p-value
Type of operation
consignment 120 56 (46.7) 1 (0.83)
. 0.2488 0.0028
direct management 80 44 (55) 13 (16.25)
Location of cafeteria
ground floor 160 63 (39.4) <0.0001 13 (8.13) 0.2398
underground floor 40 37 (92.5) 1 2.5)
Number of customers per staff
< 150 120 29 (24.2) 0 (0)
150-299 40 34 (85) <0.0001 13 (32.5) 0.0229
> 300 40 37 (92.5) 1(2.5)
Hygiene education for staffs
irregularly 120 89 (74.2) <0.0001 14 (11.7) 0.9420
regularly (once a month) 80 11 (13.8) 0 (0)
Participation of students during food serving
yes 80 47 (58.8) 1 (1.25)
no 120 53 (44.2) 0.0442 13(10.83) 0.0310
Daily operation time of sterilizers
< 8 hours 120 89 (74.2) 14 (11.67)
8-23 hours 40 10 (25) <0.0001 0 (0) 0.9974
24 hours 40 1(2.5) 0 (0)
A 19T AR, AR o W A7) 99 A4 GBAY 2o FE9 LEE 4% ARl
A7k 37} | "7t 2 g el nidE oY A7l 2 BEE

HarriganZ} McCance®= 2E71g717] 2 2%
EH A vAEe 0] oF 3.4 log CFU/
100 cm? odd ¢ ENES FFog F7439l
ZX|7F D astrhal AAlstal glom 1) ool mEw
AL B Dat, Exte] 9 27]7e] ek vl

A £EYdS EAT 4 o 8 HarriganZ
McCance2 2218 o|$LrE5ol Ao thawto]

o2 Hristar dedl,” Ewe] g 3 AlRolA =
3 2.1 log CFU/100 cm®®] tho] A

A N FEAAE 1.5 log CFU/100 cm®e] T
£ Hols 5 $HIVE 2 5 B
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Table 7. Results of logistic regression analysis relating to concentrations of B. cereus and S. aureus in 5 food service

operations (n=200)

Bacillus cereus Staphylococcus aureus

Characteristics Sample size — —
Positive (%) p-value Positive (%) p-value
Type of operation
consignment 120 30 (25) 2 (1.67)
. 0.4357 0.1070
direct management 80 24 (30) 5 (6.25)
Location of cafeteria
ground floor 160 36 (22.5) 5(3.13)
0.0051 0.5674
underground floor 40 18 (45) 2 (5
Number of customers per staff
<150 120 23 (19.2) 2 (1.67)
150-299 40 18 (45) 0.0054 3 (7.5 0.2365
2300 40 13 (32.5) 2 (5)
Hygiene education for staffs
irregularly 120 39 (32.5) 0.0338 5 4.17) 0.5342
regularly (once a month) 80 15 (18.8) 2 (2.5)
Participation of students during food serving
ves 80 29 (363) 0.1720 4 0.3552
no 120 25 (20.8) 3(2.5)
Daily operation time of sterilizers
< 8 hours 120 39 (32.5) 5 (4.17)
8-23 hours 40 11 (27.5) 0.0328 2 (5) 0.9749
24 hours 40 4 (10) 0 (0)
YolF olfolAd FAYRE AAdom AYF 4 BE wRsh A%, AT A1 94 3
How AT AIE HAGD ol WAl AA 74 A el T Aol AT At
Z, %, 2L 3 5580 94.6% 28k 10,770 om0 ole} withE D] - ZEFAR} 47
W AGRAE s Qe welel Aoz (YA Aol sl 120089 ks SIS
3] &5l HEGA AN 2010 197 A ArkE ek ale AReldal vE dile A4
3§ AFS AL 7o 8A(6209)] o2k 5 A ZUBAPE ofd anf Age] A71R WA 2 4
FE 2 AT 1] Aol7t AR ool & A g Fe 55 7L Atk A A SS U
FoAE A9Y % A9 AUFAL HAR e AF AFR AlllE el A9 49
o8 PP glol Aok LheA NE ABEGt & HEW & vl nAE ogwst 49l Er
o FAMOR fUIF Aol WAL F UAC £ AT 2AVE dE? olo] M 4FS 444
), 93] 7P AR F4 S ZFA A o= thEAlE G ARES AR o]Fs)
Cael A9t AeIANE FARTL AT F A e I Helo] FBFAL] BEe 1
N 7t sk FH&EC) MR eEWde] Aol o= Foldw Urke e AT WRFHL 9
A9 L AHegAAlY Aolurhs FH& W AR 4FFL WA F Yk B9 Dk I
Ba0lo] ofs) 71Qehtta ARET 2 A3} Age] 2} vulsel B Sl &4
olell 2715 B H7IFe] vidE Ld=d IS B AA77F FollaL WA SXEe] dhHE §
v e Wi 8IES AE A9 T F A1 Y FE7E A Fgkom Sl U
8% S010% FeFAR 10T IAFE S £ o] Felsky ek olv] FerAe] 4
Ar). oln] & ZABAALE] 7 WEFE F Solq wE W7 a4 2L thgEsT 47 31
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