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Effects of Combined Chlorine Dioxide Gas Treatment Using
Low-Concentration Generating Sticks on the Microbiological
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ABSTRACT

Chlorine dioxide (ClO,) gas treatment (75 ppmv, 30 min) has been suggested to improve the microbial

safety of postharvest paprika in a previous study. Based on these results, in this study, an additional combined treatment
using low-concentration ClO, gas-generating sticks (3 ppmv) in paprika samples during storage was carried out at
8°C and 90% relative humidity to further enhance the quality and reduce the decay rate of paprika for the purpose
of lengthy storage. After the combined treatment, the initial populations of total aerobic bacteria as well as yeast
and molds in the paprika samples decreased by 3.04 and 2.70 log CFU/g, respectively, compared with those of the
control samples, and this microbial inactivation was maintained by the low-concentration ClO, gas-generating sticks
during storage. In particular, the decay rate of samples with combined treatment was significantly lower than that
of the control. Vitamin C content, hardness, and color quality parameters of paprika samples were not altered by
treatment, while weight loss of the samples treated with the combined ClO, gas was lower than that of the control
during storage. These results indicate that the combination of two different ClO, gas treatments is effective for retaining

the quality of paprika during prolonged storage.
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Fig. 1. Photos of low-concentration ClO, gas generating sticks.



Znt o g
otzZz|7te| O|dE o Rililg M3l
gz g7t Alge] o] kst A Thae A E HA A (Fol
)5 HgAed &, A 2% 8+1°C, AdEE 90%2
1A At 309 B AE 4 WskE Sl
(Fig. 2). A% 7] x99 F 37143 Al < 4.84 log
CFU/gelAaL, )79 & 57143 A+t 4= 1.80 log CFU/
go 2 278} 3.04 log CFU/g 43 nAE 5 1
A} (Fig. 2A).
A Z7] NAE £ AE AR o]Asld s 7t A
= 7] Kang 5(4)¢] dAF-oll A
shd A 7hes v AE & ARG 2] gzEgte] & &

o 2
1o,
ro
S
(o
fru
o
I
o
iy, d
K

N

o= Afol & E“ﬂ‘ﬁ} olg} & ol B

H IFE o]Absd A 77t AUisE 90%

o A A2 5 A9, Kang 5(4)9] o]d dATollAE= 60%

FUEE 2104 AYEA7] WiEoleta dddr). V)

E AFRI(7,8)0 HEH FAE L Fx9] olitgdd

& 7k A Al s ue vAE A 2 g2
=

ke
A vebuy, 53] doser =5 | A
A

K

N e o
S A (Y A )
o
it
v
&

lo,

A 8

Log CFU/g
S

0 1 5 10 15 20 25 30
Storage time (days)

si—w

Log CFU/g
S

0 1 5 10 15 20 25 30
Storage time (days)

Fig. 2. Change in the populations of total aerobic bacteria (A)
and yeast and molds (B) in paprika samples during storage at
8°C and 90% relative humidity. e: Control, a: High ClO, gast+
low ClO; gas sticks. The bars represent standard deviation.
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Fig. 3. Change in the decay rate of paprika samples during stor-
age at 8°C and 90% relative humidity. e: Control, a: High ClO,
gastlow ClO, gas sticks. The bars represent standard deviation.
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Table 1. Quality change of paprika during storage at 8°C and 90% relative humidity

Storage times (days)

Quality parameter Treatment"

0

5 10 20 30

129.86+2.38"?
128.64+1.58

Control
Combined treatment

Vitamin C content
(mg AAE/100 g)

132.14+0.81°%
133.77£1.77"°

138.0442.08""  133.70+1.55"" 130.52+1.68™°
140.44+1.03%  134.02+0.75™"  131.0324.23"

Hardness (N) Control 92.56+£7.38™"  104.29£7.32*  109.2749.54""  94.56+7.00"°  88.33x7.07*"
Combined treatment  92.42+6.29"°  103.54+8.57*"  108.73£9.44%*  9520+7.82%°  89.04+5.58""
Weight loss (%) Control - 2.1940.20™ 3.00i0.23’;° 5.16£0.48  6.71+0.48"
& 0 Combined treatment - 1.48+0.25% 2544024 420+047%  571x0.63™
Control, no treatment; Combined treatment, 75 ppmv chlorine dioxide gas+low-concentration ClO, gas sticks.
*Means with different letters in each column (A,B) or row (a-d) are significantly (P<0.05) different.
Table 2. Hunter color values of paprika during storage at 8°C and 90% relative humidity
Hunter 1 Storage times (days)
Treatment
color value 0 5 10 20 30
L Control 28.49+0.69? 28.54+0.45" 28.53+0.30" 28.52+0.64" 28.54+0.54"
Combined treatment 28.65+0.65" 28.54+0.73" 28.54+0.78" 28.55+0.38" 28.59+0.72*
. Control 15.33+3.56" 21.8243.18" 22.104+3.75% 21.47+2.18" 21.05+1.33*
Combined treatment 15.62+3.56" 22.57+3.58" 22.69+2.93* 22.52+0.75" 22.40+0.65"
b Control 9.26+1.32% 10.57+0.59" 10.47+0.83* 10.54+0.48" 10.51+0.77*
Combined treatment 9.05+1.28% 10.45+0.71* 10.43+1.12* 10.47+0.50" 10.50+0.55"

l)Control no treatment; Combined treatment, 75 ppmv chlorine dioxide gastlow-concentration ClO, gas sticks.
Means with same letters in each column (A) are not significantly (P<0.05) different.
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Table 3. Sensory parameters of paprika during storage at 8°C and 90% relative humidity

Storage times (days)

Sensory parameter Treatment"

0 5 10 15 20

Color Control 9.00+£0.00*?  9.00£0.00**  8.80+£0.40%°  8.37+0.52"° -
Combined treatment 9.00£0.00 9.00+£0.00**  8.95+£0.21%*  8.38+0.49™"  8.15+£0.36°

Firmness Control 9.00£0.00 8.98+0.16™  8.60+0.49%° 7.42+0.77°%¢ -
Combined treatment 9.00£0.00 9.00+0.00**  8.85+0.36™  8.23+0.84™"  7.65+0.98°

Freshness Control 9.00£0.00 9.00+0.00**  8.81+0.39%° 8.01+0.525¢ -
Combined treatment 9.00£0.00 9.00+0.00**  9.00+£0.00**  8.23+0.70™  6.95£0.91°

Overall Control 9.00:£0.00** 9.00£0.00"*  8.78+0.41%"  6.95+1.22" -
acceptability Combined treatment 9.00:£0.00"* 9.00+£0.00"*  8.97+0.17*"  7.97+0.17*°  7.38+0.49°

Control, no treatment; Combined treatment, 75 ppmv chlorine dioxide gas+low-concentration ClO, gas sticks.
Means with different letters in each column (A,B) or row (a-c) are significantly (P<0.05) different.
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