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ABSTRACT - This study determined the microbial contamination levels of hot pepper at harvest, sorting, and distribu-
tion stages to suggest a way of reducing the microbial contamination of hot peppers by changing work gloves used throughout
these processes. According to the monitoring results, the contamination levels of total aerobic bacteria (TAB) were found in
the following order: soil (5.3+0.9 log CFU/g), hot pepper (4.2+0.9 log CFU/g), gloves (4.2+0.6 log CFU/g), baskets (4.1=0.7
log CFU/ g), clippers (3.9+0.6 log CFU/ g) and water (3.2+1.1 log CFU/g) at harvest stage. The contamination level of coli-
forms were found in the following order: soil (2.2+0.9 log CFU/g), hot pepper (2.2+0.3 log CFU/g), gloves (2.1+0.6 log CFU/
), clippers (2.0£0.21 log CFU/ g) and baskets (1.9+1.1 log CFU/ g) at harvest stage. TAB on hot pepper at the harvest stage
was reduced from 4.2+0.9 log CFU/g to cold storage 3.8+0.2 log CFU/g and room temperature storage 2.6+0.3 log CFU/g,
respectively. By the replacement of work gloves and lower distribution temperature, TAB levels of the peppers were signifi-
cantly reduced compared to those without replacement and distributed at room temperature. In addition, the utilization of
plasma was effective on reducing microbial contamination of hot pepper. These results demonstrated that appropriate replace-
ment of gloves at the harvest stages, using plasma in the distribution stage, and refrigerated distribution conditions, which are
simple and easy to practice in the field, are effective to reduce microbial contamination on hot peppers.
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Table 1. Samples collected and tested in this study
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Sampling place Types of sample Sampling method Numbers of sample
Hot pepper Sterilized sample bag 35
Soil Sterilized sample bag 35
Agricultural water Sterilized plastic bottle 35
Farms
Glove Swabbing 35
Clippers Swabbing 35
Baskets Swabbing 20
A market (stored at 4°C) 5
Markets Hot peppers

B market (stored at 20°C)
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Fig. 1. Photos of the test to determine the effect for the reduction
of microorganism on hot pepper by a commerezed plasma device.
(a) Hot peppers and plasma device, (b) Hot peppers only.
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Table 2. Microbiological monitoring for samples collected from hot pepper farms and distribution markets (log CFU/g or log CFU/cm?)

Places Types of sample Sources of sample TAB Coliform E.coli Mold/Yeast
A farm 4.8+0.3 2.3+04 NDV 4.2+0.1
B farm 3.1+0.8 ND ND 4.0+0.4
C farm 2.5+0.7 1.7£0.4 ND 2.8+0.1
D farm 4.8+0.3 23404 ND 2.2+0.8
Hot peppers
E farm 5.0+0.2 2.6+0.5 ND 2.8+0.1
F farm 4.6+£0.4 2.0+0.2 ND 1.6+0.3
G farm 4.6+0.3 ND ND 3.6+£0.8
Average 4.2+0.9 2.2+0.3 ND 3.0+0.1
A farm 5.2+0.4 2.5+0.4 NDV 3.8+0.3
B farm 6.0+0.8 ND ND 5.0+0.1
C farm 43404 1.240.3 ND 2.540.1
. D farm 4.940.8 3.6+0.1 ND 3.0+0.2
ol E farm 4.4+0.1 ND ND 2.340.1
F farm 6.7+0.1 2.0+0.2 ND 3.1+0.1
G farm 5.54+0.2 1.7£0.4 ND 3.7+0.6
Average 5.3+0.9 22409 ND 3.3+0.8
A farm 4.5+0.2 ND NDV 2.9+0.3
B farm 3.0+0.2 ND ND 2.5+0.5
C farm 3.2+0.1 ND ND 3.3+0.1
. D farm 4.5+0.2 ND ND 1.6+0.4
Agricultural water
E farm 2.4+0.3 ND ND 2.2+04
F farm 1.840.5 ND ND 2.4+0.1
Farms G farm 2.5£1.9 ND ND 1.9+0.6
Average 3.2+1.1 ND ND 2.3+0.6
A farm 3.9+0.7 1.6+1.2 ND" 2.9+1.0
B farm 4.6£1.3 ND ND 2.4+0.7
C farm 4.6+£0.4 2.6£2.0 ND 1.7£0.7
D farm 3.2+1.9 ND ND 1.5+0.7
Gloves
E farm 4.240.6 2.1£0.1 ND 3.2+1.2
F farm 4.0£1.5 2.8£1.6 ND 2.3+1.0
G farm 4.9+0.1 1.5+0.7 ND 1.0£0.5
Average 4.2+0.6 2.1+£0.6 ND 2.1+0.8
A farm 3.6+0.9 ND ND 2.2+1.6
B farm 42412 ND ND 2.7+1.2
C farm 3.0+0.7 1.8+£0.3 ND 2.3+0.8
. D farm 3.5+1.3 ND ND 2.5+1.0
Clippers
E farm 4.240.6 2.1+0.1 ND 3.2+1.2
F farm 4.6+£0.4 ND ND 2.1+0.3
G farm 4.2+0.1 ND ND 3.2+0.2
Average 3.9+0.6 2.0£0.21 ND 2.6+0.5
A farm 3.8+0.4 ND ND 3.2+1.2
B farm 4.3£1.0 1.6+0.3 ND 1.8+0.6
Baskets C farm 3.2+0.5 2.2+0.6 ND 2.4+0.6
E farm 4.9+0.8 ND ND 1.9+0.3
Average 4.1+£0.7 1.9+1.1 ND 2.3+0.6
A market (4°C) 3.840.2 2.0£0.1 ND 3.6+0.2
Markets Hot peppers B market (20°C) 4.6%0.1 2.240.1 ND 3.1£0.3
Average 4.2+0.6 2.1£0.1 ND 3.4+0.5

UND: Not detected (limit of detection<1.0 log CFU/g or log CFU/cm?).
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Table 3. The change of microbial contamination levels on hot peppers stored at room temperature and under 10°C for up to 5 days

(n=30)? (log CFU/g)

Temperature Stored period (Days) TAB Coliform E. coli Mold/Yeast
1 4.84+0.1 1.4+0.1 ND 2.7+0.1
4°C 3 3.4+0.2 ND ND 1.54£0.1
5 2.7+0.6 ND ND 1.2+0.3
1 5.3£0.2 2.2+0.1 ND 3.6£0.1
RT 3 4.8+1.0 1.5+0.2 ND 2.3+0.3
5 4.4+0.7 1.0+0.2 ND 3.240.1

YND: Not detected (limit of detection<1.0 log CFU/g).

?Mean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 2. Determination of the microbial reduction effect on workers’ gloves and hot pepper through periodic replacement of workers’

gloves (w/o: Without replacement, w/t: With replacement).
Numbers indicate mean+SD of TAB (Total aerobic bacteria).

g T2 ¢F 04 log CFU/g & F718I oY d 2+
3.4 log CFU/°IlA] 4.2 log CFU/g 22 F 0.8 log CFU/
g 57k Ao SRIF) o] A#E EdE A4y F 4
AT A7) A E LA 1536%, tHET9] 24
Fg° 190%=2 64 OW z}om e e H, *‘fﬂ? €E

|
o, SAFH 2NN HFE B4 oY

5 dew A B &

Fi Ho Rl op do g Ay fu X
ﬁ
E
Y
N

EF_ —r7]

]

aHHo R YERTE A3t olQdd=
& OAs) 4 9 Tge) AHen
]o]—Z] ko AElZ AlLE = Aoz Folg gt o)y
o] WslgHe Bel sl $el7t A

oﬂ e wAedel 29g & Al ded &
WA Aol At R A wro] ofe B
A 9 Be) who] Bad Ao B,

AH @ rEs

o oyg okr ot ru> J

j|c—>‘ r>~ [4-\—4 _|>4

At ZXOLSPIRIS O3 Y42 Y SFTYO| K
/1) GelelddActol ) et sl 49 &
Bk WAL/ 3] 5 Lk AF a0 2g)
A AFE AT TG WEAY D7 A RO
= Ay Ao ol 3 W AEAY 5 BE £
o gBe] AgEnE SIS sk 2

il

O

b2 Aok SEp=rte) o
EHZ:—TLE 6}04 nAES HrE
Al #: 5.2 log CFU/g,
EL *J&OI 1.8 log CFU/g,

B e
= d ghof] AWMl 0.7 log
o, 54N gt AR % 5

& S L A el

A7 e dETe Qi 7 39 A olFel 0.8
log CFU/g7tAstalar, ot 59xbol 2.1 log CFU/
Aol S7ksh7t 3UAk ol

B>

a2

R

‘W' N Hj
Lo 35
>
o
k)
oW
o

&
Mg st o] ¥HE HE )

<
o, ofo
o et

b ool o
2 9
0 m,{n l"
Lo
Jo
ol
A

bz
i o
@
~ o
o
H
=2
o
o
N
flo
1o

s R
2 Bt 8 3§54 o Azt &
Ao = e

Acknowledgement

B AT 20189 % A F R A & AT
Al (18162F2H41524)3% 5S4 EFF A7 =70
AR (@A M3 316021-3) A8 2 hel o8] =3
Huow oo TAF=HYTE

2229
2 AP 1o £ 2 HF WA AR
o9 FFF 1 WAPAL HASAAT, 0| F vigOoR 5



66 Sol-A Kim et al.

(a) ==@==Hot peppers + plasma device
Hot peppers only

b0
S~
2
5 3
oo
o
- 2
1
0
0 1 3 5
Days
(b) «=@=Hot peppers + plasma device
4
\ Hot peppers only
3
o0 % =
~
E -
S 2
oo
o
1
0
0 1 3 5
Days
(c) —@=Hot peppers + plasma device
3
T Hot peppers only
2
™ =
~
S -
[T
o
0o
)
1
0
0 1 3 5
Days

Fig. 3. Investigation of the microbial reduction effect on hot peppers
by the commercial plasma producing device.

(a): Total aerobic bacteria, (b): Coliform, (c): Mold/Yeast. E. coli: not
detected.
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