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Abstract

The purpose of this study was to investigate the main source of contamination of dried red pepper by assessing
microbial loads on red peppers, washing water, washing machines, harvesting containers, and worker gloves that
had come in contact with the dried red pepper. To estimate microbial loads, indicator bacteria (total bacteria, coliform
bacteria and Escherichia coli) and pathogenic bacteria (E. coli O157:H7, Salmonella spp., Listeria monocytogenes,
and Clostridium perfringens) were enumerated. The results showed that the numbers of indicator bacteria increased
significantly after washing red peppers compared with that before washing (p<0.05). Moreover, E. coli and Listeria
spp. were recovered from the red peppers after washing and from the ground water used in the washing process.
The number of indicator bacteria on red peppers dried in the green house was lower than that on red peppers
dried in a dry oven (p<0.05). However, E. coli O157:H7, Salmonella spp., L. monocytogenes, and C. perfiingens
were not detected. These results suggested that a disinfection technique may be needed during the washing step
in order to prevent potential contamination. In addition, hygienic practices during the drying step using the dry
oven, such as establishment of an optimal temperature, should be developed to enhance the safety of dried red

pepper.
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Fig. 1. The mean of total bacteria on red peppers cultivated in field
(A) and green house (B) during the drying in green house and dry
oven.

The data are present as the meantSD of the nine samples and the same letters are
not significantly different among bacterial numbers in each group at p<0.05 according
to Duncan’s test.
NS, not sampled.
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Fig. 2. The mean of coliform bacteria on red peppers cultivated
in field (A) and greenhouse (B) during the drying in green house
naturally and dry oven.

The data are present as the mean+SD of the nine samples and the same letters are
not significantly different among bacterial numbers in each group at p<0.05 according

to Duncan’s test.
NS, not sampled.
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Table 1. Detection rate of Listeria spp. from red peppers cultivated in field and greenhouse during the drying in green house and dry

oven

Red pepper cultivated in fields

Red pepper cultivated in greenhouse

A B C Total A B C Total
Harvested 0/3(0%) 0/3(0%) 0/3(0%) 0/9(0%) 030%  23(666%)  O30%)  2/922.2%)
After wash 0/3(0%) 0/3(0%) 0/3(0%) 090%)  03(333%)  13(333%)  03(0%) 1/9(11.1%)
Lo During dry 0/3(0%) 0/3(0%) 0/3(0%) 0/9(0%) 0/3(0%) 0/3(0%) 0/3(0%) 0/9(0%)
Drying in green house
After dry 0/3(0%) 0/3(0%) 0/3(0%) 0/9(0%) 0/3(0%) 0/3(0%) 0/3(0%) 0/90%)
Drying in dry oven After dry 0/30%) 0/3(0%) 0/3(0%) 0/90%) 0/3(0%) 0/3(0%) 0/3(0%) 0/9(0%)
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Table 2. The level of indicator bacteria and the detection rate of Listeria spp. in water used for washing red peppers

S Coliform E coli Listeria spp.
amples
P A B C Average A B C A B C
Ground water 1542023 07130.09°  0.0£0.0° 075068 0461015 0000 0.0£0.0° 030%)  3/3(100%)  0/30%)
Water for washing 077:039°  300:00° 158:0.14° 178100  00:00° 0.0£0.0° 0.0£0.0* 2/3(67%) 0/3(0%) 0/3(0%)
Water for rinsing 0342036"  0702045° 147:022° 0841059  0.0:0.0° 0.0£0.0" 0.0£0.0* 0/3(0%) 0/3(0%) 0/3(0%)
Water after rinsing ~ 2.97+0.01° N§? 296007 2.97:005  3.00£00" NS 081:141°  0/30%) NS 0/3(0%)
The same letter is not significantly different among the coliform bacterial number of 3 farms at p<0.05 according to Duncan’s test.
NS, not sampled.
Table 3. The level of indicator bacteria from equipment and glove used for washing and drying red peppers
Total bacteria Coliform
Process Samples
A B C Average A B C Average
Washing machine al) a a a o @
(taw pepper input area) 1.27£1.25 2204061 2.80£1.04 209£1.10  0.100.17 1.03£0.93 1.37£1.72 0.83£1.13
Washing machine 207:064 0731270 033:058°  134:145  200:053  090:085°  0.00:000°  0.97:145
(washing area)
Washing Washing machine L17:067  050:0.87°  000:000°  056:075 033058  043:0.75°  000:000° 0262051
(rinsing area)
(for collecti&og?igihe d pepper) 1272061°  3.13:059"  203t179°  2.14:128  000:000°  180:026'  087:150®  0.89£1.09
Glove 173£115" 4034263 6.60+057  6.06+2.33 > 500" 063:1.10°  4851035°  4.60£2.29
grzg:“ﬁoj]‘;e Floor in green house 000:000° 3176032  287:087  202:134 0006000  000:000°  0.00:000'  0.00:000
Dry”é%;ll dry Tray in dry oven 200£044"  333+1.01° 2374118  257+1.00  000£0.00°  0.00+0.00°  0.00+0.00"  0.00£0.00
The same letter is not significantly different among the coliform bacterial number of 3 farms at p<0.05 according to Duncan’s test.
Table 4. Detection rate of E. coli and Listeria spp. from equipment and glove used for washing and drying red peppers
E coli Listeria spp.
Process Samples
A B C Total A B C Total
Washing machine 0/3 0/3 073 0/9(0%) 0/3 0/3 0/3 0/9
(raw pepper input area) 0%) (0%) 0%) o 0%) 0%) (0%) 0%)
Washing machine 13 0/3 073 1/9 113 0/3 0/3 1/9
(washing area) (33.3%) 0%) 0%) (11.1%) (33.3%) 0% (0% (11.1%)
Washin Washing machine 03 073 0/3 0/9 0/3 0/3 0/3 0/9
g (rinsing area) 0%) (0%) 0%) 0%) 0%) 0%) (0%) 0%)
Container 03 03 03 0/9 03 03 03 09
(for collection of washed pepper) 0%) (0%) 0%) 0%) 0%) 0%) (0%) 0%)
Glove 1/3 0/3 1/3 2/9 0/3 0/3 0/3 0/9
(33.3%) (0%) (33.3%) (22.2%) 0%) 0%) (0%) 0%)
Drying in green . 03 0/3 073 0/9 073 0/3 03 0/9
house Floor in green house 0%) 0%) 0%) 0%) 0%) 0% 0% 0%)
. . 03 03 03 09 03 03 03 09
Drying in dry oven —Tray in dry oven 0%) 0%) 0%) 0% h  0H  0H 0%
ol AZHNUT T A w7 AH7] WA iR ok AN e uFE AlHsHs Y nYE 0P
Listeria spp.”} A &% o] A2 ske A 132 wat %

M to

dgde] 2 7ol Euta detEnh 9 1] i

7F S7FBIRAIL A F7Rll A AlA Fe] aFoll A At
AEE AR & u) AP AlH o] st AlF7
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Z23F 139 dnbAldel g $7F Ax7]A
Azxe nFET Fo)4 o2 Iodthp<0.05). 3HA T E
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