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ABSTRACT - This study validated microbiological hazards of ginseng farms at the cultivation stage and sug-
gested recommendations to develop a good agricultural practices (GAP) model. A total of 96 samples were collected
from cultivation environments (soil, irrigation water, and atmosphere), plants (ginseng and its leaf), personnel hygiene
(glove, cloth, and hand) of 3 ginseng farms (A, B, and C) and were tested to analyze sanitary indicator bacteria (aero-
bic plate count, coliforms and Escherichia coli), major foodborne pathogens (E. coli O157:H7, Listeria monocytoge-
nes, Salmonella spp., Staphylococcus aureus, and Bacillus cereus), and fungi. Total bacteria, coliform, and fungi in
the 3 ginseng farms were detected at the level of 1.3~6.0, 0.1~5.0, and 0.4~4.9 v/g (or mL, hand, and 100 cm?), respec-
tively. Only irrigation water collected from one ginseng farm was confirmed to be E. coli positive. In case of patho-
genic bacteria, B. cereus was detected at levels of 0.1~5.0 log CFU/g (or mL, hand, and 100 cm?) in all samples, but
other pathogen bacterias were not detected in any samples from all farms. Although E. coli were detected in irrigation
water, the level of microbial for the three farms was lower than the regulation limit. According to the results, the gin-
sengs produced from the 3 farms were comparatively safe with respect to microbiological hazard. However, cross-con-
tamination of bacteria from environments and workers to ginseng has been considered as potential risks. Therefore, to
minimize microbial contamination in ginseng, GAP model should be applied for ensuring the safety of ginsengs.
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Table 1. Collected samples and the number of samples used for microbiological analysis from Ginseng farms

Samples Sampling methods The number of samples

R . Soil Sterilized sample bag 12
Cultivation environments _— - .

Irrigation water Sterilized plastic bottle 12
Plant Ginseng Sterilized sample bag 12
Leaf Sterilized sample bag 12
Hands Glove juice 12
Workers’ hygiene Gloves Swabbing 12
Cloths Swabbing 12
Airborne 12
Total 96
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Table 2. Thermal condition for amplification of major foodborne pathogens

Major foodborne pathogens

Steps Cycle
E. coliO157:H7 L. monocytogenes Salmonella spp. S. aureus B. cereus
Pre-denaturation 94°C Smin 94°C Smin 94°C Smin 94°C Smin 94°C Smin 1 cycle
Denaturation 94°C 30sec 94°C 30sec 94°C 30sec 94°C 30sec 94°C Imin
Annealing 60°C 30sec 60°C 30sec 60°C 30sec 60°C 30sec 55°C 2min 30 cycle
Extension 72°C 30sec 72°C 30sec 72°C 30sec 72°C 30sec 72°C  1.5min
Final extension 72°C Smin 72°C Smin 72°C Smin 72°C 7min 72°C 7min 1 cycle
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Table 3. Microbial populations of bacteria for cultivation environment samples collected from ginseng farms at the cultivation stage

(Unit : mean + standard deviation)

Microorganisms

Samples Farm - -
APC Coliform Fungi S. aureus B. cereus E. coli
Soil A 53+0.6 33+0.4 4.0+0.1 NDV 47+13 2
o! B 54+04 42402 42405 ND 45+03 -
(Log CFU/g)
C 53+£04 24+0.6 43+0.3 ND 49+0.3 -
Iriaation Wat A 2.5+0.2 1.1+0.7 0.4+0.6 ND 02+0.1 -
rrigation Water B 33+0.0 25403 140.1 - 0.9+02 -
(Log CFU/mL) 5
C 35+0.5 24+0.1 1.3+0.3 - 09+04 +9
At N A 1.7+0.1 0.1+0.2 1.4+0.2 ND 0.1+0.1 -
mosphere B 14+09 0.3+0.4 11£05 ND ND -
(Log CFU/plate)
C 1.3£0.5 02+0.2 1.2+0.5 ND 0.3£0.0 -

UND : Not detected
)- : Positive sample by culture methods but not by PCR

9+ : Positive sample by culture methods and positive sample by PCR

Table 4. Microbial populations of bacteria for plant samples collected from ginseng farms at the cultivation stage

(Unit : mean + standard deviation)

Microorganisms
Samples Farm - -
APC Coliform Fungi S. aureus B. cereus
Gi A 5.1+£0.6 46+2.6 3.1+0.1 ND" 29+0.2
inseng B 49407 43416 25+0.1 ND 26+ 1.1
(Log CFU/g)
C 4.6+0.8 32+1.3 33+1.0 ND 1.9+0.0
Leaf A 6.0£0.9 5.0+0.7 3.0+£0.3 ND 3.3+£0.6
ea
(Log CFU/leaf) B 5.7+1.5 48+1.5 49+04 NZD 2.5+0.1
C 55+0.8 46+03 48+0.2 2 2.6+0.2
UND : Not detected
2. : Positive sample by culture methods but not by PCR
Foy, Bl E. coli, E. coli O15T:H7¢} B. cereuss A7 A3 &3] A AHA &AL Hopgle & sk
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Table 5. Microbial populations of bacteria for workers’ hygiene samples collected from ginseng farms at the cultivation stage
(Unit : mean + standard deviation)

Microorganisms

Samples Farm - -
APC Coliform Fungi S. aureus B. cereus
Hands A 42+0.2 1.7£1.7 2.9+0.0 D 1.8+1.3
(Log CFU/hand) B 4.6+0.5 0.6+0.9 39+1.0 - 23+0.5
C 4.7+0.1 2.6+0.5 4.8+0.7 - 2.6+0.5
Gloves A 4.0+0.5 22+14 2.5+0.6 ND? 1.3+1.1
(Log CFU/100 cm?) B 43+0.5 42+14 2.1+£0.3 ND 14+1.0
C 51+0.1 4.0+0.6 2.7+0.0 - 1.5+04
Clothes A 3.7+0.2 37+12 1.8+£0.9 ND 0.9+0.6
(Log CFU/100 cm?) B 44+02 2.9+0.9 1.8+0.1 ND 1.0+£0.7
C 51+£04 45+15 2.5+0.7 - 12+1.7

)- : Positive sample by culture methods but not by PCR
YND : Not detected
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