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Abstract

This study identified risk factors of cross-contamination of foodborne pathogens and established a good

agricultural practice (GAP) system for an agricultural products processing center (APC) for perilla leaves. All samples
were collected before and after a standard work shift at the APC, while perilla leaves were also collected after each step
in the APC. In addition, the workers and their surroundings were sampled by swabbing. The total plate count (TPC) and
coliform count in the water samples increased significantly (p<0.05) to 3.36 and 1.73 log CFU/mL after work,
respectively. However, no Escherichia coli and Listeria monocytogenes were detected. The bacterial populations of the
workers and their surroundings did not differ significantly (p>0.05) before and after work. However, Staphylococcus
aureus (<1.66 log CFU) was detected at a high rate (13-50%) in the basket, packing table, gloves and cloth. Although
perilla leaves passed through the washing steps, the TPC and coliform bacterial populations on the final products were
higher (p>0.05) than those of unwashed perilla leaves, which indicates that the washing system was not functioning
properly. Accordingly, a GAP system with a better washing system should be employed at this facility.
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Fig. 1. Flow diagram of working process in agricultural products processing center of perilla leaves.
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Table 1. Collected samples and the number of samples used for microbiological analysis

The number of samples
Sample Step Sampling method
Before work After work
Before washing Sterilized plastic bottle 4 4
First washing Sterilized plastic bottle 4 4
Water Second washing Sterilized plastic bottle 4 4
Third washing Sterilized plastic bottle 4 4
Spray Sterilized plastic bottle 4 4
Basket Swabbing 4 4
Door knob Swabbing 4 4
Workers’hygiene Packaging table Swabbing 4 4
and surroundings ‘Wrapping bag Swabbing 4 4
Glove Swabbing 4 4
Cloth Swabbing 4 4
Airborne Working hall - 4 4
Before washing Sterilized sample bag 4
After first washing Sterilized sample bag 4
. After second washing Sterilized sample bag 4
Perilla leaves . . -
After third washing Sterilized sample bag 4
After drain Sterilized sample bag 4
After packaging Sterilized sample bag 4
Total 120




A APCS| GAP A-&5 913+

/lé] 1y

or4

RRASMA

o

7+ 395

Table 2. Bacterial populations of sanitary indication and pathogenic bacteria in samples obtained from washing water

Microbial counts in washing water (meantstandard deviation; Log CFU/mL)

Washing Time Sanitary indication bacteria Pathogenic bacteria
TPC Coliform E. coli E. coliO157 S aureus B. cereus L. monocytogenes
Before Before work 1.74+0.32® 0.29+0.19° NDV ND ND* ND" ND
washing After work 1.03+0.03° ND*¢ ND ND ND° ND° ND
First Before work 2.63£1.16™ 0.85£0.10® ND ND 0.08+0.15* ND* ND
washing After work 3.36+0.23* 1.73£0.28%® ND ND ND® ND° ND
Second Before work 0.91+0.01° ND* ND ND ND* ND" ND
washing After work 3.19+0.04* 1.34+0.27® ND ND ND* ND" ND
Third Before work 2.26£0.15% 0.68+0.25® ND ND 0.04+0.08" ND* ND
washing After work 3.01£0.00* 1.72+0.25% ND ND ND® ND® ND
S Before work ~ 2.97+0.74® 1.86+0.17* ND ND 0.08+0.15*  0.15+0.00" ND
pray Afterwork  2.060.04*  1.1120.07® ND ND ND 0.08£0.15% ND
UND: Not detected (Detection limit: <I CFU/mL)
“*Means within the same column with different superscripts are different (p<0.05)
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Table 3. Bacterial populations of sanitary indication and pathogenic bacteria in samples (per 100, door knob or hand) obtained from

workers hygiene and surroundings

Microbial counts in workers hygiene and surroundings (mean=+standard deviation; Log CFU/100 cm?)

Sample Time Sanitary indication bacteria Pathogenic bacteria
TPC Coliform E. coli E. coliO157 S aureus B. cereus L. monocytogenes

Basket Before work ~ 2.56+1.95 1.19£0.24 NDV ND ND* 1.25+0.50* ND
After work 2.94£0.14% ND* ND ND 1.08+0.15* ND" ND
Door kinob Before work ~ 3.57+0.03% ND* ND ND ND* ND* ND
After work 2.55+0.06" ND* ND ND ND* ND* ND
Packaging ~ Beforework — 2.63+2.13%  2.04+0.37" ND ND ND® ND* ND
table After work 3.59+0.40™ 2.30+0.15° ND ND 1.21+0.42* ND" ND
Wrapping Before work 1.63+0.90° 1.16+0.08° ND ND ND® ND* ND
bag After work 1.02+0.02° 1.12+0.24° ND ND ND* ND* ND
Glove Before work ~ 3.31£1.94™ 1.61£0.14™ ND ND 1.25+0.35* ND" ND
After work 4.29+0.16 2.06+0.46™ ND ND 1.37+0.04* ND" ND
Cloth Before work ~ 2.34+1.78% 1.37+0.19® ND ND 1.19+0.39* 1.19+0.39° ND
After work 2.45+0.02* ND* ND ND 1.37+0.11° ND* ND

UND: Not detected (Detection limit: 1 Log CFU/100 cm?)

**Means within the same column with different superscripts are different (p<0.05)

8
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Fig. 2. Bacterial populations of sanitary indication bacteria in
samples (per leaf) obtained from perilla leaves of each process.
*Means within the same line with same superscript is not different
(»=0.05)
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Table 4. Bacterial populations of pathogenic bacteria in samples (per leaf) obtained from perilla leaves of each process

Microbial counts in leaves of each process (mean + standard deviation; Log CFU/leaf)

Step
E. coli 0157 S. aureus B. cereus L . monocytogenes
Before washing NDV 1.12+0.24* 1.19+0.39° ND
After first washing ND ND* ND® ND
After second washing ND ND° 1.08+0.15* ND
After third washing ND ND* NDOQ" ND
After drain ND ND° NDP ND
After packaging ND ND* ND® ND
UND: Not detected (Detection limit: 1 Log CFU/leaf)
*®Means within the same column with different superscripts are different (p<0.05)
Third washing | . | Second washing | __ [ Firstwashing [ .Y pe-workroom
Tank Tank Tank w
a
l Front joom IS
a
storag
l warehouse
Perilla leaf washing and packing house __LI_ “||'
i Ar
Box H
packaging Cold storage _T_ shqwer Locker
i room warehouse Hygiene room
Cafeteria ? » : fr m
Flor"ll{‘... I h ¥
OX warenouse -
room ‘3‘_'!_ ; Working | Boots R
| z ?Front rO0fm Front room clothbox| box m
Wrapping bag ? 5
warehouse

|:| 2 level-clean area
E 15! level —clean area

—— Moving road of materials

sesreesse# Moving road of packing materials  ++--

———— Moving road for entrance of worker

s+e+++® Moving road for exit of worker

Fig. 3. A suggested plane figure in agricultural products processing center of perilla leaves.
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