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The Seasonal Microbiological Quality Assessment for Application of
HACCP System to the Elementary School Food Service
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Abstract

Foodservice at elementary schools has been provided nation-wide. It is predictable that foodborne diseases
would increase continuously. Formation of a counterplan is urgently needed. This study was designed to identify
the stage which contains the critical control points (CCPs) for the microbiological management of HACCP
(Hazard Analysis Critical Control Point) at the foodservice provided at elementary schools. Foodservice places
at four elementary schools in Seoul were sampled and the overall hygiene of cooking, utensils and equipment,
employees, and environment by season were examined. The results showed that the number of bacteria in
overall samples was increased and that E. coli, Salmonella and Staphylococcus by biochemical test emerged in
more diverse samples in summer than in spring. Particularly, the number of aerial bacteria in summer was
three-fold greater than that in either spring or winter. E. coli O157 was not detected, although Salmonella was
identified by PCR analysis in the meat knives, chopping boards, waste bins and meat dish at elementary school
foodservice. According to this data, cross-contamination should be managed in the stage of mixing up the
ingredients with improper equipments and insanitary treatments. Thus, the establishment of SSOP (Sanitation
Standard Operating Procedures) and GMP (Good Manufacturing Practice) at elementary school foodservice is
stringently required, along with sanitation education for workers and employees as CCPs.
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Table 1. Microbiological evaluation on water (CFU/ml)
Total Plate Count Coliform Group _ Clinical
Sample Microorganism
A B C D A B C D isolated
Working water
Spring 8.03x10* 2.07x10* 1.26x10" 5.00x10° 9.47x10° ND ND ND ND
Summer 2.47x10° 3.54x10" 4.69x10° 7.15x10° 2.00x10° ND ND ND ND
Fall 1.25x10* 4.60x10° 3.42x10° 4.50x10° ND ND ND ND ND
Winter 5.00x10 6.32x10° ND ND ND ND ND ND ND
Drinking water
Spring 1.00x10 6.60x10" 1.64x10" 1.00x10° ND ND ND ND ND
Summer 3.43x10° 7.65%10° 6.70x10° 2.50x10° ND 1.02x10° ND ND ND
Fall 8.48x10° 9.05x10° 7.10%10° 9.31x10° ND 4,00x10 ND ND ND
Winter 6.20x10° 1.50x10" ND ND ND 3.45x10° ND ND ND

ND ; Not detected, A B C D ; Elementary school foodservice
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Table 2. Microbiological evaluation on kitchen utensils (CFU/100cm?)
Total Plate Count Coliform Group _ Clinical
Sample Microorganism
A B C D A B C D isolated
Wicker basket
Spring 1.74x10* 471x10*  1.70x10° ND 2.80x10° 2.10x10* 7.00x10 8.46x10° E.coli(C)
Summer 7.07x10° 821x10°  2.58x10° 9.00x10° TNTC 835x10°  5.00x10° TNTC ND
Fall 4.32x10° 1.53x10°  921x10°  3.20x10’ 7.80x10° 6.90x10" 1.50% 10" 1.50x10° ND
Winter 6.00x10 2.20x10° ND ND 1.90x10° 3.40x10° ND ND ND
Wash bowl
Spring 5.12x10° TNTC 2.64x10° 1.30x10° 1.10x10° 8.60x10° 4.60x10 2.40x10° ND
Summer 3.22x10° 5.68x10°  120x10°  9.12x10° 2.00x10° 1.10x10*  5.10x10° 1.00x10° ND
Fall 9.86x10° 5.67x10°  9.01x10° 7.76x10° 1.90x10° 340x10°  221x10°  6.70x10° ND
Winter 7.70x10 1.50x10° ND ND 9.80x10 7.00x10 ND ND ND
Chopping board
Spring 7.80x10" 124x10°  2.04x10*  8.52x10° 1.00x10* 2.70x10* 4.40x10 3.80x10° E.coli(D)
Summer 8.70x10° 9.67x10° TNTC  281x10° 2.00x10° 5.98x10°  9.80x10* 3.00x10°  E.coli(C)Sal.(B)
Fall 2.00x10° 7.65x10°  220x10° 8.90x10° 1.85x10° 6.90x10°  4.76x10° 1.78x10° ND
Winter 6.00x10° 5.60x10° ND ND 3.80x10 7.00%10 ND ND ND
Meat knife
Spring 3.98x10° 2.75%10° * + 3.91x10° 1.67x10° + + E.coli(D)
Summer 8.51x10° 598x10°  7.59x10° 4.25x10° 9.55x10° 5.60x10" 2.00x10° 2.56x10° Sal.(A,D)
Fall 1.24x10° 9.06x10°  230x10°  4.67x10’ 7.00x10° 3.20x10° 1.50x10*  2.10x10’ ND
Winter 4.80x10° 1.70x10° ND ND 1.00x10* 2.00x10° ND ND ND
Veg. knife
Spring 4.78x10° 5.96x10°  1.63x10° 5.00x10 1.10x10° 1.40x10 1.30x10 1.70x10 Stp.(A)
Summer 7.90x10° 9.36x10°  8.10x10°  2.44x10° 1.80x10° 9.65x10" TNTC 2.70x10° ND
Fall 9.76x10° 125x10°  6.70x10° 6.54x10° 5.00x10° 4.50x10*  7.80x10° 1.21x10° ND
Winter 2.60x10° 6.50x10° ND ND 2.34x10° 2.00x10* ND ND ND
Hygienic sol.
Spring 5.67x10° 224x10°  4.70x10° 1.00x10 6.00x10 9.00%10 ND 1.00x10 ND
Summer 1.70x10° 7.40x10* TNTC 1.02x10° 5.92x10° 5.00x10° 1.20x10° TNTC Sal.(D)
Fall 7.60%10° ND 1.71x10°  2.34x10° 4.03x10° 7.60x10° 2.10x10 7.70x10° ND
Winter 3.00x10° ND 6.30%10 ND 7.80x10 4.00x10° ND ND ND
Dinning tray
Spring 1.47x10° 1.09x10°  2.00x10 1.25%x10° 1.00x10 1.00x10 ND ND ND
Summer 2.03x10° 220x10°  6.30x10° 1.32x10° ND 7.40x10° 4.60<10 3.10x10° Sal.(C)
Fall 1.43x10° 1.00x10°  3.45x10°  4.02x10° 2.21x10° 1.50x10° 2.10x10 9.00x10° ND
Winter 1.20x10° 9.00x10° ND ND 2.00x10° 4.00x10 ND ND ND
Tong
Spring 5.15x10* 2.53x10°  1.40x10°  6.30x10° 2.00x10° 1.10x10° 1.20x10 1.00x10 ND
Summer 1.41x10° 8.70x10° ND TNTC 8.25x10* 4.50%10° ND 9.12x10* ND
Fall 9.00x10° 1.23x10°  4.30x10° 1.40x10° 5.86x10° 2.30x10° 1.34x10° 1.20x10° ND
Winter 7.50x10° 9.90x10° ND ND 1.30x10° 4.70x10 ND ND ND

ND ; Not detected, TNTC ; Too numerous, * ; Not tested,

Szel B3 A 1998 A55(2003)

A B C D ; Elementary school foodservice
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Table 3. Microbiological evaluation on surroundings (CFU/100cm’)
Total Plate Count Coliform Group Clinical
Sample Microorganism
A B C D A B C D isolated
Kitchen floor
Spring 1.64x10° 8.45x10°  1.15x10°  9.90x10° 1.50x10° 2.00x10° ND TNTC ND
Summer TNTC 9.56x10°  4.40x10°  7.42x10’ 8.92x10° 7.44x10° 4.50%10° 6.42x10° E.coli (C)
Fall TNTC 5.10x10°  3.67x10°  9.40x10°  9.02x10° 6.90x10* 5.60x10° 9.50x 10’ ND
Winter 7.50x10° 2.00x10° ND ND 9.02x10° 8.80x10 9,00x10 ND ND
Inner wall
Spring 5.10x10° 2.17x10°  3.85x10*  5.16x10" 2.00x10 3.50x10° 32010 1.50x10° ND
Summer 8.58x10’ 430x10°  5.62x10°  3.04x10°  4.35x10° 9.87x10° 9.65x10° 9.30x10° ND
Fall 6.50x10° 1.92x10°  9.10x10°  2.30x10° 3.05x10° 3.40x10° 8.35x10° 1.50x10° ND
Winter 2.60x10° 8.80x10 2.60x10°  1.80x10°  7.00x10° 3.40x10° 8.30x10° ND ND
Ceiling
Spring 1.79x10° 1.15x10°  2.00x10°  1.70x10’ ND 9.00x10 1.27x10° 1.40x10 ND
Summer 3.74x10° 7.70x10° 1.62x10°  7.70x10°  2.50x10° 1.50x10° 7.80x10° 6.90x10" ND
Fall 1.20x10° 3.56x10°  5.30x10°  5.80x10° ND 5.50x10° 2.00x10° 3.45x10" ND
Winter 1.00x10* 6.00x10° ND 7.00x10° ND 4.00x<10° ND ND ND
Kitchen handle
Spring 9.14x10* 2.88x10"  6.70x10°  4.72x10° 2.00x10 2.30x10° 5.00x10 4.72x10° Sp(C)
Summer 2.14x10° 6.32x10°  521x10°  7.20x10° TNTC 9.07x10° TNTC TNTC ND
Fall 4.14x10° 1.40x10°  9.80x10°  2.00x10’ 4.80x10 1.50x10° 3.70x10° 8.40x10° ND
Winter 3.60x10° 6.00x10° ND 1.20x10° ND 9.00x10 7.60x10 1.50x10° ND
Sink
Spring 1.68x10° 3.72x10°  470x10°  2.33x10°  5.00x10° 2.40x10° 6.10x10 7.34x10° Stp.(C)
Summer 6.08x10° 4.12x10° 1.31x10°  2.30x10°  9.82x10° 5.62x10° 3.45x10° 6.52x10 E.coli(C)
Fall 4.50x 10" 9.90x10°  2.50x10°  1.90x10°  5.10x10° 9.20x10° 3.45x10° 9.52x10* ND
Winter 2.90x10°  6.00x10° ND ND 3.90x10° 1.60x10° ND ND ND
Tap water
Spring 1.99x10* 6.02x10°  2.70x10°  7.78x1¢’ 5.80x10 9.20x10° 8.00x10° 8.40x10° Stp.(C)
Summer 4.59x10" 9.80x10°  820x10°  9.58x10° 7.63%10° 8.12x10* 2.02x10° 8.24x10’ E.coli(A,B)
Fall 3.40x10° 430x10*  7.90x10°  3.40x10°  5.90x10° 6.82x10" 1.02x10° 9.00%10° ND
Winter 9.90x10° 8.60x10° ND 2.80x10° 6.00x10  5.00x10° ND ND ND
Fan
Spring 1.25x10° 1.53x10" 1.14x10°  2.71x10° ND 1.00x10° ND ND ND
Summer 2.69x10° 210x10°  2.50x10°  7.54x10° ND 7.00x10° 5.90x10° 9.90x10* ND
Fall 7.71x10° 1.70x10° 1.45x10°  3.50x10°  9.50x10° 5.00x10° 8.00x10° 8.40x10° ND
Winter 3.30x10° 8.10x10° ND ND 4.80x10° 6.20x10° ND ND ND
Arrange table
Spring 7.35%x10" 1.50x10°  8.00x10°  1.50x1¢° 1.80x10 1.48x10° ND 1.50x10 ND
Summer 1.37x10° 9.53x10°  9.70x10°  5.86x10° 450x10°  5.60x10° ND 9.50x10° ND
Fall 3.46x10" 126x10°  2.35x10°  9.06x10° 2.50x10°  5.60x10° 8.30x10° ND ND
Winter 2.50x10° 1.40x10° ND ND 1.50x10 1.90x 10 ND ND ND
2z B8z A198 A)55(2003) - 652 -
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Table 3. Continued

Total Plate Count Coliform Group _ Clinical
Sample Microorganism
A B C D A B C D Isolated

Disinfector

Spring 7.45x10°  3.46x10* ND 5.00x10° ND 1.50x10° 1.00x10 2.30x10° ND
Summer 3.92x10°  4.50x10° 1.02x10° 1.42x10° 42010 6.95x10° ND 9.50x10° ND
Fall 2.21x10° 7.90x10° 7.03x10° 7.42x10° 3.90x10 6.95x10° 5.60x10° TNTC ND
Winter 3.50x10 1.20x10° ND ND 3.10x10 1.20x10° ND TNTC ND
Refrigerator

Spring 123x10°  3.95x10°  2.40x10°  3.44x10° ND 4.00%10° 1.30x10 1.40x10 ND
Summer 5.29x10" 8.63x10° 9.80x10° 6.90x10° 7.64x10* 9.23x10° 6.50x10° 6.12x10° ND
Fall 6.60x10° 3.20x10° 4.60x10° 1.20x10° 1.09x10° 1.23x10° TNTC 7.35x10° ND
Winter 7.90x 10 4.10x10 ND ND 5.00x10 5.30x10 TNTC ND ND
Waste bin

Spring 2.34x10° L12x10°  2.50x10° 1.35x10° 6.70x10 6.80x10° 1.30x10° 1.35x10° ND

Summer TNTC TNTC 7.70x10° TNTC TNTC 9.80x10° 7.40x10° 2.90x10° E.coli(A,B)
Fall 9.90x10°  8.60x10° 5.00x10 TNTC TNTC 5.00x10° 3.50x10* 4.90x10° ND

Winter 6.80x10° 2.30x10° ND 2.80x10* 9.40x10 8.00x10 1.00x10° 6.30x10 ND
Towel

Spring 621x10"  9.90x10* + 9.90x10* 1.10x10 1.90x10° + 9.90x10 ND

Summer 6.35x10"  4.56x10° ¥ 1.50x10°  4.10x10* 1.60x10" + 7.40x10° E.coli (C)

Fall 9.50x10 1.80x10° + 6.70x10 5.00x10 9.00x10° + 1.30x10° ND

Winter 8.00x10 2.00x10° + 1.20x10 3.20x10 7.70x10° + ND ND

ND ; Not detected, TNTC ; Too numerous to count, ¥ ; Not tested, A B C D ; Elementary school foodservice
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Table 4. Microbiological evaluation on foodservice employee (CFU/ 100cm’)
Total Plate Count Coliform Group _ Clinical
Sample Microorganism
A B C D A B C D Isolated
Hands
Spring 8.75x10°  1.88x10°  1.60x10°  4.00x10° ND 1.30x10°  7.55x10°  1.50x10° Stp.(B)
Summer 2.37x10° TNTC 2.30x10° 7.60x10* 1.40x10°  9.12x10>  525x10°  8.80x10’° E.coli(D)Stp.(D)
Fall 1.20x 10" TNTC 1.60x10° 1.80x10°  2.50x10°  5.00x10°  7.08x10°  4.90x10’ ND
Winter 7.90x10 8.80x10° ND ND 1.00x10°  3.60x10 ND ND ND
Rubber gloves
Spring 241x10°  9.80x10°  2.40x10°  5.60x10° ND 2.80x10°  420x10  1.49x10° ND
Summer 2.89x10° 1.30x10°  7.65x10°  5.50x10"  7.20x10°  1.50x10°  8.30x10°  9.56x10° ND
Fall 7.60x10°  9.00x10°  920x10°  443x10°  3.00x10°  9.50x10  3.00x10°  7.94x10° ND
Winter 3.80x10’° 7.00x10 ND ND 5.00x10 3.20x10 ND ND ND
Apron
Spring 2.66x10" 1.11x10°  3.40x10"  7.60x10"  7.00x10°  325x10°  2.80x10°  5.10x10° ND
Summer 3.01x10°  6.40x10° TNTC 9.65x10°  8.00x10°  4.20x10° TNTC  9.10x10*  E.coli(A,B)Sal.(D)
Fall 3.00x10° 7.80x10° TNTC 7.40x10° 4.40x10°  3.70x10°  8.90x10°  1.00x10° ND
Winter 6.20x10°  3.10x10° ND ND 2.30x10 ND ND TNTC ND

ND ; Not detected, TNTC ; Too numerous to count,

Sz BT A A19E A 5%(2003)

A B C D ; Elementary school foodservice
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Table 5. Microbiological evaluation on cooked foods (CFU/g)
Total Plate Count Coliform Group _ Clinical
Sample Microorganism
A B C D A B C D isolated
Spring
Kimchi 857x10°  3.00x10° 1.64x10°  2.87x10°  220x10°  3.05x10° 3.00x10  3.30x10 ¥
Bokkeum-bap + 1.92x10° + + + 1.00x10° t + +
Namul 1.23x10° ¥ 5.80x10° + ND + ND + Stap.(A)
Tteok-jjim 5.95x10° ¥ ¥ * ND + ¥ + +
Tteok + 8.46x10° + + + ND + ¥ +
Pork cutlet + 2.50%10° + + + ND t ¥ +
Chicken salad + ¥ + 1.54x10* ¥ + * ND +
Summer
Kimchi 5.47x10° 2.65%x10° 7.70x10* 1.12x10* 330x10°  5.54x10°  7.85x10° 6.67x10° E.coli (A,B)
Dak-jjim 2.45x10° T + T 4.92x10° ¥ T + ND
Namul 2.12x10* + ¥ + 6.50x10° + + + ND
Tangsuyuk ¥ 6.90x10° + + + 9.20x10 + + ND
Roast fish + 9.34x10° + + + ND + + ND
Scrambled egg + t 4.53x10° ¥ + + 6.30x10* + Stap.(C)
Gim-gui + + 1.20x10* + + + ND + ND
Fried shrimp t + + 1.83x10* T + + 1.52x10° ND
Gogi-jj im + + T 7.21x10° + + + 7.85%x10°  Sal.(D)
Fall
Kimchi 2.00x10° 5.70%10 7.40x10"  6.60x10° 8.40x10  5.00x10 420x10  9.80x10 ND
Namul 1.50%10" ¥ 6.60x10° + 4.90x10 + 8.30x10 ¥ ND
Roast fish 6.70x10° ¥ 2.88x10° T 2.20x10° + 5.10x10° i ND
Myeolchi-jorim + 9.90x10" + + + 7.10x10° t + ND
Ojingeo-chae-muchim + 3.70x10° + ¥ + 1.11x10° + + ND
Dak-gangjeong + * + 4.40x10° ¥ + + 5.12x10° ND
Fritters + + ¥ 1.20x10° + T + ND ND
Winter
Kimchi 7.80x10° 1.10x10 8.42x10° 5.90x10° 1.60x10 ND 2.50x10  3.11x10 ND
Namul 9.00x10° + 1.24x10° + 3.30x10 ¥ ND + ND
Jang-jorim 2.30x10* + + + 7.98x10° + + + ND
Dakijim + 4.40x10 t + + 9.10x10° + * ND
Gim-gui T 1.80x10° + 1.34x10° + 5.60x10 t 6.30x10 ND
Godeungeo-jorim + + 4.00x10° + * + 8.50x10 + ND
Tteok-bokki + + + 3.70x10 + + + ND ND
ND ; Not detected, ¥ ; Not tested, A B C D ; Elementary school foodservice
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Table 6. Aerial microbes in working area (CFU/plate)
Total Plate Count Staphylococcus aureus Fungi
Sample
A B C D A B C D A B C D
Worktable
Spring 4 6 4 185 1 5 3 35 2 4 ND 6
Summer 32 30 60 TNTC ND 1 3 42 20 43 5 26
Fall 25 10 36 84 ND ND ND 40 25 20 3 10
Winter 4 ND 15 30 ND ND ND 27 2 ND ND 8
Arrange table
Spring 6 5 9 5 ND 4 2 28 9 4 6 6
Summer 20 95 25 73 ND 4 10 20 20 10 16 84
Fall 15 80 10 60 ND 5 ND 10 17 8 10 65
Winter 6 85 12 52 ND ND ND 15 9 ND ND 20
Dining table
Spring ND 5 * + 1 3 + + ND 6 * +
Summer 5 42 * + 12 2 + * 5 15 + +
Fall ND 30 + * 7 ND + ¥ ND 3 + ¥
Winter ND 5 + + 1 ND + ¥ ND 8 + ¥

ND ; Not detected, TNTC ; Too numerous to count,

S22 455 A A 194 A 53(2003)

+ ; Not tested,

A B C D ; Elementary school foodservice
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6. Polymerase chain reaction(PCR)2
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2% A% =T 9 87, FEIT 2
Ay, ZHFAA, ZEE S2dA E2lE53dE E
coli X Salmonella BA FFol| t)s] PCREHC 2 3t
geneS FE3ste] 1% A Fig 13 2o E9
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FEHA - 271 - dAR - AR(A, B), dF- 4
ad - 2% veH(0), R FARL (D)9 Al FolA
dd E coliz 53] AA A== E  coli
OISTH7E &8sy $std ZFHEIHAZA
verocytotoxin 5 HAE PCRECE ZHZ o] BEAF
A7, BE sample laneo] verocytotoxin 43¢l 171bp
oA band7} EAH A ggren 2 O157:HTE 244
o] RFHATE wHH| JE9 SFELLA, B), 24
718, EekB), L71BM)AN 228 Salmonellad <)
PCR SEZBHEL BFEHF9 Salmonella enteritidis-&
FES A7 2L $1X41 378bpoll A band7} A = o
Fddol #HFHAT}. Staphylococcus aureus= entero-
toxin A, B, C, D, E @ F % 87}x] B 5744 o

(A) M 1 2 3 4 5 6 7 8 9

171bp—

(B) M 1 2 3 456 7 8 9

1073bp—

378bp—>

Fig. 1. Agarose gel electrophoresis PCR amplified products
of isolated E. coli O157 and Salmonella stains.

(A) E. coli OI57 - DNA molecular marker X, Not detected
(B) Salmonella - DNA molecular marker X,

Lane 1 ; Gogigi-jjim, Lane 2 ; Meat knife(A),
Lane 5 ; Chopping board, Lane 6 ; Meat knife(D),
Lane 8 ; Waste bin
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