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Assessment Report of Bacterial Contamination in Some School Dining
Services with Table Swabs and Air Samples
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ABSTRACT

Objectives: The aim of this study is to investigate microbial contamination in the school food service
environment for the assessment of microbial food safety.

Methods: We collected both swab samples from tables and desks and airborne bacterial samples from an
elementary school (School A) and a high school (School B). Heterotrophic plate count, total coliform,
Staphylococcus aureus, and Bacillus cereus were measured with selective media to quantify microbial
concentration. PCR assay targeting 16S rRNA genes was performed to identify the strains of S. aureus and B.
cereus isolated. In addition, we made a food service checklist for the locations to evaluate the food service
environment. A Wilcoxon test was employed to examine the differences in microbial concentration between
before lunchtime and afterwards.

Results: Heterotrophic plate counts showed higher levels after-lunch compared to before-lunch at School B.
However, levels of S. aureus were higher in the after-lunch period (p<0.05) in both classrooms and in the
cafeteria in School A. B. cereus was only sparsely detected in School B. Several samples from food dining carts
were found to be contaminated with bacteria, and facilities associated with food delivery were found to be
vulnerable to bacterial contamination. Although microbial concentrations in the air showed little difference
between before- and after-lunchtime in the cafeteria in School A, those in classrooms were greater after-
lunchtime at both schools.

Conclusion: Our results suggested that the microbial safety in schools after lunchtime of concern. Necessary
preventive measures such as hygiene education for students and food handlers should be required to minimize
microbial contamination during food service processes in schools.
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Table 1. Sampling sites and sample numbers in two schools

Before serving After serving

Sampling site
Table/desk Food cart Air sample Table/desk Food cart Air sample

School A

Class #1 10 - 10 - 1

Class #2 10 4 10 4 1

Cafeteria 10 10 1
School B

Class #1 10 10 4 1

Class #2 10 10 4
Total samples 50 12 50 12 5
b 7R S gRe] AFH o] Wk 2 mAEe] oo e HIFAoH, Ag U

Al AT AAe] sk w22 el 1dgh
A s} SRl AAE TS BA O R Algst
U=

20139 A= BE X - F - IwolA st FAS
AN BIAL o™, 99.5%0] Dk oF 6,449,000 <]
o] sharollA T FAE Alal dtk) o]
o W& RM = SalEa] o] 1A A
FRE flste] 2002958 AF 8 24 B
2] 71 (HACCP, Hazard Analysis and Critical
Control PointyS =% 2 A3tz 9lows rsky

FAM, AT A A1 s 945

94 gk ek oked, WA 3y Fol 0dE &
3 el Pl ET SOl oJste] falu 4ol Hske
A7} ol BT Y5l et we] o]
Fol A 5wl MR ade du
7] 9l A7 2 B AEI} wHE Aolr.
webd, £ Aol AP ZauaS 5

=

Al AXske 25ek (Askmsh LA 24
S AEIEL BIL)E IO FAFHE olf
SR sMbEC] AMSSHE A A8 ¥ w4 By
R VAR QUES AviRg Ed 2Au 4]
A% ol% -5 AR (food car)e] o)) WE

J Environ Health Sci 2015; 41(6): 397-404

2]
Apol & ERlslr] flsf, 2k AF da 10709
2 e ARES TR A AH
(Table 1). T=gF, w22} el 72 w]gE2]
sk gRlstr] flate] Astae] 3y 2 ¥ B
1, 29] wiAz} B uiARE S771E o
P AE AIRE ARSI ok,
oA= g2l 7 A B e & -
stpem 7t i HfiAld AR G4 3
BE AEE WY A G TR )

(52X F5 F)l AE AFHE S

ol

ol
K H 3R
o g

1

1o o

o
o

(

s
o

i
1>

ofy ol
i

3

&
230 A

jus)
==

for 2oox ozl

2. 23 A2 D|ME 24
WA A - 5 Askmel Betiwel Algtsh Aol
27 10700 B2 PR NRE T TA9 22

¥ (simple random sampling)-S &3l 235}

http://www.kseh.org/



U DANA I H - F OWE 90| Bt 6T 399

R, viA A - S737] vpeh gl A Rp E3go],
W22} dehst oA B2 S A8 E A F st
Aotk AR AlFH WHS swab sampling methodS:
B o™, olof swab kit (3M™ Pipette Swab,
3M Korea Ltd.)S ©]€3F] 10 cmx 10 cme] W&
swabbingst{th. A F gk A EES A ZANE T
3|5kl Al 9 B SMAS 100 ulA P3|
Aol EFte] HEAL Gkl mAE A E
AwukAleF (Heterotrophic plate count) 2 -
(Total coliform)® 2]%% A& X FQ FMEL
&t (Staphylococcus aureus) 2 AP 22~ A2
o (Bacillus cereusyS oz A EAS 4
A SFATEY ddtAl#2 TSA (Tryptic Soy Agar,
Difco, USA)ll 37°ColA] 48A17F vl YF - H2he 7
ALY NAFTES VRBA (Violet Red Bile
Lactose Agar, Difco, USA) 37°CollA] 48A]17F Hj]
of & BoA NS A4Elom0 Sl sl
2 Baird-Parker Media (Oxoid, UK)ol| 37°CollA 48
Al Al & BEREES fto g EeMel AR J
g Alsiinh) vhd 2 AlY$-2-S MYP
(Mannitol-Egg Yolk-Polymyxin Agar, Oxoid, UK)el|
30°ColA 48A17F wieF & BRI g Zhe %
A ekg ATt AT gdT 9 P
Alal¢-2atoll e 54 Q12 16S rRNA 534
< o) &3AEY SHS 10 uLoll FL A 84351
96°Coll 527 el B 587 Ao ol 8% W
7 AAE AA AEHE 9F1 o, o] DNA
T8 (template)> = &85t} 16S rRNA 539
+ universal primer set (27F, 5>-AGA GTT TGA
TCM TGG CTC AG-3> % 1492R, 5-GGY TAC
CTT CTT ACG ACT T3y ol&ailen, Whe
Azl FEHES QlAquick PCR Purification Kit
(Qiagen, USA)E ARESte] Al & A7IME A
S 94316}9%13} (Cosmo Genetech Corp, Korea). &

71 E8-& vl o 2 v]= NCBI (National Center for
Biotechnology Information) BLASTE ©]8-3f
< S8t

3. 371 & FRrMZ &3

RS I ﬂe‘ﬂr e R S L

Andersen sampler (N6 Single-Stage Viable Andersen
Cascade Impactor, SKC Inc, USA)°l| 28.3 L/min2]

http://mwww.kseh.org/

fFEFoz BAHE HAZ (Quick Take TM 30, SKC
Inc, USA)E 3% 30% 7+ dZsted, TSA Al
o+ AEE ANHAsE T4 & - £%7] (Oregon,
JB913R, USA)E AHgste] Al 2 - 558 43
Gk F7IAESE EFS TSA HIRIE 37°ColA]
2407 Mg = & e HoP E} Aret et
2 AYErd 7&/\16”1—@ =2 AlE AH
71e] JeHAl gHtstol oiet EX&S‘}? om ol F
BgAl 7ol F% ALt (CFUMNAS oS3 72t

_CFU
Vv

C: AW &7 & F5F-FAI#e F=(CFUM’)

CFU: B4 % A= (colony forming unit)

V: 25°C, 1 atm&E 3HE 2337 3 m)

4. sfnE4 HAZAE
A gl aadoA 3@‘94 i, HH“ EL %*gﬁlﬁ
o

Lo
S
e
)
N
N
off
>
i
e
e
g
23
[eF
Hg
ik
2(4
ol
ol
Ji
2 o

5. 2o 2 S

2 wAlE edE Aol st
7] 918l Wilcoxon tests AAISIROH, F-5-Ald
o] HslE 8Q1317] Hdllpaired t-tests AAISIA T
H| RSB A B A ND (Not detectedy= AlAF =2

Sy OD%, 7} B &
AR Foleh i}OH 71 2 p<0.05% A3
L RE %74]% 1S SAS 9.4 (SAS institute, USA)
010 (Microsoft Corp, USA)S.Z

1. A2 ®MF X|FHe| MUY 2 - &=

AE AQFH A-E £ - FEE Table 201 UERY
Atk Ag 9 wAe] 2x= A 26.3°CoA
29.7°CAL, F52 HAE 44%A4 54%2] WS
HERH AT

J Environ Health Sci 2015; 41(6): 397-404



400 HHE - &35 - O[Xf& - O|Qlof - XA - Itz - 2 E - IdE - oA

Table 2. Temperature and humidity in cafeteria and classrooms

L. Before serving After serving
Sampling site
Temperature (°C) Humidity (%) Temperature (°C) Humidity (%)

School A

Class #1 29.7 46 29.1 44

Class #2 27.8 49 273 51

Cafeteria 26.7 51 26.3 54
School B

Class #1 284 45 28.5 47

Class #2 27.6 47 27.7 47

Table 3. Heterotrophic plate counts on tables and desks by dining status

. . Before serving After serving
Sampling site - ; - -
Detection rate® Median (Range)" Detection rate® Median (Range)”

School A

Class #1 2/10 51 (1 ~ 100) 1/10 20 (-)

Class #2 4/10 135 (51 ~ 585) 2/10 73 ~10)

Cafeteria 1/10 1(-) 2/10 6 (2~10)
School B*

Class #1 0/10 ND 3/10 1000 ( 4 ~ 1600)

Class #2 0/10 ND 1/10 100 (-)

Note. Unit: CFU/100 cm?, ND: Not detected, -: Not available, * Detection counts among total observations, * counts in samples
detected only.
* After-serving showed significant increase of total bacteria on dining tables in school B (p = 0.0235).

Table 4. Counts of Staphylococcus aureus on tables and desks by dining status

L. Before serving After serving
Sampling site
Detection rate® Median (Range)"® Detection rate® Median (Range)”

School A*

Class #1 0/10 ND 0/10 ND

Class #2 0/10 ND 3/10 50 (1 ~ 1100)
Cafeteria 4/10 12 (3 ~ 100) 8/10 250 (20 ~ 1000)
School B

Class #1 0/10 ND 0/10 ND

Class #2 0/10 ND 0/10 ND

Note. Unit: CFU/100 cm?, ND: Not detected, -: Not available, * Detection counts among total observations, ° counts in samples
detected only
* After-serving showed significant increase in S. aureus on dining tables in school A (p = 0.0115)
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Table 5. Air concentrations of total bacteria by dining status

Sampling site ~ Before serving*  After serving*

School A
Class #1 39 126
Class #2 6 267
Cafeteria 12 13
School B
Class #l1 88 183
Class #2 9 10
Unit: CFU/m’?
*  After-serving showed significant increase of air

concentrations of total bacteria in general (paired t-test, p =
0.0019)
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Table 6. Evaluation of dining place in school with check list

Check List for Food Service
in School Cafeteria/Classroom

School A School B
Class #2 Cafeteria Class #1 Class #2

1. Are there any spilled water, food or food tray at the bottom of the

Elevator?

2. Are there any separate cover for the food utensils?

Delivery

3. Are there any thermostat to keep optimum temperature during delivery?
4. Are food containers sealed to prevent from contaminant or spill during

delivery?

Y - N N

1. Do they place new food on the existing food container?
2. Do they use sanitary gloves, etc during food serving?

Serving

4. Are there any thermostat to keep optimum temperature during food

serving?

5. Do they place each food separately on their food tray?

3. Do they use sanitary clothes, hat, and mask during food serving?

1. Are trash bin and leftover food container clearly divided?
2. Are trash bin and leftover food container filled more than 2/3 of its

General volume?

3. Are there any pedaled trash bin equipped with cover?
4. Do they hide the leftover food container during food serving?
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