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Table 1. Inhibitory effect of air ozone on the growth of general bacteria in
small-scale storage sweet pumpkin (CFU/g)

Treatment Oweeks 12weeks add 2weeks”

Control 1.11x10° 1.72x 10*

Rind-C" 01” 1.10x 10* 3.55x 10? 4.50x 10"
02% 1.50 x 10} ND?

Control 2.85x 10" 5.20x 10°
Rind-H? 01 1.44 x 105 9.00x 10! ND

02 121.00x 10! 5.00x 10!

Control 5.75% 107 7.00x 10*

Pulp? 01 1.05 % 10? ND 2.20%x 10°
02 ND ND

Control 9.50 % 107 1.61x107

Stalk end” 01 3.20 x 107 5.90 % 10" 2.56 < 10"

02 6.75x 10° 1.63%x 107

D Rind of the pumpkin clean side.

2) Scratched or unclean side of pumpkin rind.

3) Sweet pumpkin pulp with about 2 mm or more removed rind.

4) stalk end of a sweet pumpkin.

5) O1 (Ozone treatment 1). Activate the air ozone generator (0.3g/hr) for 1 second and stop for 99
seconds repeated samples. And stored at room temperature (18 +2 °C, relative humidity 65+5%).

6) 02 (Ozone treatment 2). Activate the air ozone generator (0.3g/hr) for 1 minute and stop for 99
minute repeated samples. And stored at room temperature (18+2 °C, relative humidity 65+ 5%).

7) After 12 weeks of each treatment period, the test was carried out for addition 2 weeks, and
activate the air ozone generator (0.3g/hr) for 1 second and stop for 99 seconds repeated samples
was supplied to the pretreatment (control, O1, O2). And stored at room temperature (18+2 C,
relative humidity 65+5%).

8) ND : Not detected.
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Table 2. Inhibitory effect of air ozone on the growth of general bacteria in
large-scale storage No. 8 sweet pumpkin (CFU/g)

Value of
Treatment 0Weeks 10Weeks microorganism log
(%) decrease
8-C 6.45x 10°
Rind-C" 2.50 % 10° 0.70 (80.16
" 8-0° 1.28 % 10° (8016
8-C 3.95%10°
Rind-H? 2.53% 107 y 0.67 (78.61)
8-0 8.45x 10
Pulp? 8¢ 8.00x 10" 47510 1.13 (92.63)
P 8-0 ' 350 10° e
8-C 1.30x 108
Stalk end” 2.63x10° - 0.30 (50.38)
8-0 6.45% 10

D Rind of the pumpkin clean side.

2) Scratched or unclean side of pumpkin rind.

3) Sweet pumpkin pulp with about 2 mm or more removed rind.

4) stalk end of a sweet pumpkin.

5) No. 8 sweet pumpkin control group. Store at a temperature of 13+2C in a 66 frozen storage
warehouse. The ozone concentration in the atmosphere was 0.17~0.31 ppm.

6) No. 8 sweet pumpkin ozone treatment group. Store at a temperature of 13+2C in a 66ni frozen
storage warehouse. Activate the air ozone generator (0.3g/hr) for 30 second and stop for 3

minute repeated samples. The ozone concentration in the atmosphere was 12.60~0.60 ppm.
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Table 3. Inhibitory effect of air ozone on the growth of general bacteria in

large-scale storage No. 10 sweet pumpkin (CFU/g)

Value of general
Treatment 0Weeks 10Weeks bacteria log (%)
decrease

10-C” 9.45x 10°

Rind-CV 4.85%10° 1.28 (94.76)
10-0% 4.95% 10°
10-C 3.50x 10°

Rind-H? 2.41 %107 0.63 (76.82)
10-0 8.10x 10%
10-C 2.10x10°

Pulp? 4.00x 10" 0.53 (70.71)
10-0 6.15 % 10°
10-C 3.83x10°

Stalk end” 2.15x10° 0.62 (75.82)
10-0 9.25x 107

D Rind of the pumpkin clean side.

2) Scratched or unclean side of pumpkin rind.

3) Sweet pumpkin pulp with about 2 mm or more removed rind.

4) stalk end of a sweet pumpkin.

5) No. 10 sweet pumpkin control group. Store at a temperature of 13+2°C in a 66ni frozen storage

warehouse. The ozone concentration in the atmosphere was 0.17~0.31 ppm.

6) No. 10 sweet pumpkin ozone treatment group. Store at a temperature of 13+2TC in a 66nt

frozen storage warehouse. Activate the air ozone generator (0.3g/hr) for 30 second and stop for

3 minute repeated samples. The ozone concentration in the atmosphere was 12.60~0.60 ppm.
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Table 4. Inhibitory effect of air ozone on the growth of eumycetes in small-scale
storage sweet pumpkin (CFU/g)

Treatment Oweeks 12weeks add 2weeks”
Control 8.10 x 10* 2.55%10°
Rind-C" 01” 1.27x 10 2.20x10° 7.50x 10"
029 1.05% 107 ND¥

Control 2.45 % 10* 4.70 X 10°

Rind-H? 01 1.02x10° 1.35% 107 1.00x 10"
02 3.65x 107 ND

Control 4.60 X 10° 7.50x 10"
Pulp? 01 8.80 x 10? ND ND
02 ND ND

Control 5.70x 107 9.79x 107

Stalk end” 01 2.82%107 2.07 %107 1.12x 107

02 2.53%10° 1.90 x 106

D Rind of the pumpkin clean side.

2) Scratched or unclean side of pumpkin rind.

3) Sweet pumpkin pulp with about 2 mm or more removed rind.

4) stalk end of a sweet pumpkin.

5) O1 (Ozone treatment 1). Activate the air ozone generator (0.3g/hr) for 1 second and stop for 99
seconds repeated samples. And stored at room temperature (18 +2 °C, relative humidity 65+5%).

6) 02 (Ozone treatment 2). Activate the air ozone generator (0.3g/hr) for 1 minute and stop for 99
minute repeated samples. And stored at room temperature (18+2 °C, relative humidity 65+5%).

7) After 12 weeks of each treatment period, the test was carried out for addition 2 weeks, and
activate the air ozone generator (0.3g/hr) for 1 second and stop for 99 seconds repeated samples
was supplied to the pretreatment (control, O1, O2). And stored at room temperature (18+2 C,
relative humidity 65+5%).

8) Not detected
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Table 5. Inhibitory effect of air ozone on the growth of eumycetes in large-scale
storage No. 8 sweet pumpkin (CFU/g)

Value of
Treatment 0Weeks 10Weeks microorganism log
(%) decrease
8-C 8.15x10°
Rind-C" 507 5.20%10° 519X 10° 0.57 (73.19)
8-C 1.15x10°
Rind-H? 50 1.84x 10° h 83 » 184 0.78 (83.57)
Pulp? 8¢ 1.33% 10" 34310 1.46 (96.50)
P 8-0 ' 1.20 % 10° A0
8-C 6.60 x 107
Stalk end” 50 1.45x10° 0,00 10° 0.87 (86.36)

D Rind of the pumpkin clean side.

2) Scratched or unclean side of pumpkin rind.

3) Sweet pumpkin pulp with about 2 mm or more removed rind.

4) stalk end of a sweet pumpkin.

5) No. 8 sweet pumpkin control group. Store at a temperature of 13+2C in a 66 frozen storage
warehouse. The ozone concentration in the atmosphere was 0.17~0.31 ppm.

6) No. 8 sweet pumpkin ozone treatment group. Store at a temperature of 13+2C in a 66ni frozen
storage warehouse. Activate the air ozone generator (0.3g/hr) for 30 second and stop for 3

minute repeated samples. The ozone concentration in the atmosphere was 12.60~0.60 ppm.
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Table 6. Inhibitory effect of air ozone on

storage No. 10 sweet pumpkin (CFU/g)

the growth of eumycetes in large-scale

Value of general

Treatment 0Weeks 10Weeks bacteria log (%)
decrease

10-C” 8.85x10°

Rind-CV 1.27x10° 0.28 (47.46)
10-0? 4.65%10°
10-C 1.62x10°

Rind-H? 1.02x 10° 1.75 (98.21)
10-0 2.90 % 10°
10-C 1.78 X 10°

Pulp® 8.80x 10° 0.67 (78.65)
10-0 3.80 % 107
10-C 3.15x 107

Stalk end” 2.82x 107 0.92 (87.87)
10-0 3.82 % 10°

D Rind of the pumpkin clean side.

2) Scratched or unclean side of pumpkin rind.

3) Sweet pumpkin pulp with about 2 mm or more removed rind.

4) stalk end of a sweet pumpkin.

5) No. 10 sweet pumpkin control group. Store at a temperature of 13+2°C in a 66ni frozen storage

warehouse. The ozone concentration in the atmosphere was 0.17~0.31 ppm.

6) No. 10 sweet pumpkin ozone treatment group. Store at a temperature of 13+2TC in a 66nt

frozen storage warehouse. Activate the air ozone generator (0.3g/hr) for 30 second and stop for

3 minute repeated samples. The ozone concentration in the atmosphere was 12.60~0.60 ppm.
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C 02 01

Figure 1. Small-scale storage stability of sweet pumpkin after ozone injection. C:

Control.,, O1 : Ozone treatment 1. Activate the air ozone generator (0.3g/hr) for 1 second and stop
for 99 seconds repeated samples. And stored at room temperature (18+2 °C, relative humidity
65+5%)., 02 : Ozone treatment 2. Activate the air ozone generator (0.3g/hr) for 1 minute and stop
for 99 minute repeated samples. And stored at room temperature (18+2 °C, relative humidity
65+£5%).
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Confrol Ozone

Figure 2. Large-scale storage stability of No. 8 sweet pumpkin after ozone
injection.

Control : No. 8 sweet pumpkin control group. Store at a temperature of 13+2C in a 66m frozen
storage warehouse. The ozone concentration in the atmosphere was 0.17~0.31 ppm., Ozone : No. 8
sweet pumpkin ozone treatment group. Store at a temperature of 13+2°C in a 66ni frozen storage

warehouse. Activate the air ozone generator (0.3g/hr) for 30 second and stop for 3 minute repeated

samples. The ozone concentration in the atmosphere was 12.60~0.60 ppm.
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Control \ Ozone

Figure 3. Large-scale storage stability of No. 10 sweet pumpkin after ozone
injection.

Control : No. 10 sweet pumpkin control group. Store at a temperature of 13+2C in a 66m frozen
storage warehouse. The ozone concentration in the atmosphere was 0.17~0.31 ppm., Ozone : No. 10
sweet pumpkin ozone treatment group. Store at a temperature of 13+2°C in a 66ni frozen storage

warehouse. Activate the air ozone generator (0.3g/hr) for 30 second and stop for 3 minute repeated

samples. The ozone concentration in the atmosphere was 12.60~0.60 ppm.
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Abstract
A study on the improvement of storageability of sweet pumpkin

using low temperature plasma ozone

Myung-Ki Hong

Department of Food Science and Nutrition, Graduate School

Jeju National University, Jeju, Korea

Conditions for allowing the sweet pumpkin (azihei) to stand at a low-temperature
plasma ozone generator (0.3 g/hr) for 1 second, stop for 99 seconds (ozone
concentration 0.4 + 0.1 ppm, Ol treatment), stop for 1 minute and stop for 89
minutes (ozone concentration 4.0 + 2.0 ppm, O2 treatment) For 12 weeks.
Changes in the external shape of the pumpkin and the number of general
bacteria and eumycetes were measured (Rind of the pumpkin clean side,
scratched or unclean side of pumpkin rind, sweet pumpkin pulp with about 2 mm
or more removed rind and stalk end of a sweet pumpkin.) Until 12 weeks in all
treatments, there was no significant change in appearance and only natural aging
phenomenon was observed. It was difficult to identify surface abnormalities caused
by ozone treatment or ozone damage. The growth inhibition effect of general
bacteria was 0.2~2.76 log of Ol treatment, 1.15~3.87 log of OZ2 treatment,
0.44~2.66 log of O1 treatment and 1.35~2.87 log of OZ2Z treatment. The control
group, which was stored at the same condition for 2 weeks, showed 0.74~0.91 log
general bacteria and 0.49~1.72 log eumycetes growth inhibition compared to the
12 week storage sample. Ol and OZ2 treatments also increased the growth
inhibition effect of general bacteria and eumycetes. In the 10-weeks large storage
test of ozone treatment (ozone concentration of 12.6 ~ 0.6 ppm) and control (66

m, low temperature storage, 13+2 °C, relative humidity 654+5%, ozone
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concentration 0.31~0.17 ppm) The No.8 sweet pumpkin general bacterial counts
ranged from 0.3 to 1.13 log and the eumycetes ranged from 0.53 to 1.28.
Compared with the Oth day, the general bacteria were inhibited from 0.31~2.59
log in the control, 0.61~3.29 in the ozone treatment. the eumycetes were inhibited
from 0.34~1.80 log in the control, 1.21~2.38 log in the ozone treatment. The No.10
sweet pumpkin general bacterial counts ranged from 0.62 to 1.28 log and the
eumycetes ranged from 0.28 to 1.75. Compared with the Oth day, the general
bacteria were inhibited from 1.28~1.84 log in the control, 0.31~2.99 in the ozone
treatment. the eumycetes were inhibited from 0.37~2.99 log in the control,
0.87~2.54 log in the ozone treatment. In the ozone treatment (12.6~0.6 ppm),
microbial growth was inhibited in sweet pumpkin whole area including the stalk
end of a sweet pumpkin. In appearance observation, there was no cause of
apparent quality deterioration by ozone treatment except for the effect of natural
aging in small scale storage. However, the quality deterioration was increased
from the stalk end of a sweet pumpkin of the control at the large storage, and

the quality of ozone treatment was better than that of the control.
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Figure 1. Bacterial reduction effect of red kiwi from Jeju in 2018 by low

temperature plasma ozone technology
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Table 1. Bacterial reduction effect of red kiwi from Jeju in 2018 by low

temperature plasma ozone technology (Lot #1, CFU/g)

technology
Cultivar Storage(weeks)
Control Ozone
0 1.37x10*
2 7.25%10° 6.65 % 10°
4 7.65x10* 5.40 % 107
6 2.95x 10" 3.00x 103
8 1.25x 10* 2.25x10°
10 3.10x10° 4.15 % 107
Red kiwi
12 7.40x10° 3.55x10?
14 3.25%10° 2.45%10°
16 1.46 < 10* 9.50 x 10*
18 4.35%x10° 1.60x 10°
20 4.10x10* 2.50x 10"
22 3.95x10* 3.00x 10"
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Table 2. Bacterial reduction effect of red kiwi from Jeju in 2018 by low

temperature plasma ozone technology (Lot #2, CFU/g)

technology
Cultivar Storage(weeks)
Control Ozone
0 1.07 < 10*
2 7.25%10° 4.03x10°
4 5.05% 10 2.80x 107
6 3.25x10° 9.80 < 10°
8 7.45x%10° 3.55 % 10?
10 8.35x10* 2.55 % 10?
Red kiwi
12 3.00x10* 6.00 < 10*
14 5.00 % 10° 6.95 x 10
16 1.44 x 10* 1.70 x 10?
18 2.85x 10" 3.25x10?
20 4.25x10° 1.50 x 10*
22 3.60 < 10 6.00x 10"
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2) AF3 348719

AFA 18719 Lot #1, Lot #29 05 2 dwkAl#+= 27 1.55x10° CFU/g,
1.61x10° CFU/g ©olgdtt. A A oA 38F AZAEE %<t Lot #13 #29 T

rr

0F 2+ Alg9 Hlwad Lot #01-& 0.17 log #4381,
AdvtAlE g7t ket dxTE A 713te]l ol wat dukbAEEE A A
Hog F7kAY A=A olde] A% 7199k 2 FrtAA £

S HEo A B AHFTA glo] viE §Jase] AFgHoR s AL A
o]z ut mAE AGo] N&HoT Z7}st oz Aoy HbHe] 385 Ao
Lot #17} #29] LEAZF+= 05 2 Al=59 vlwstd Z+2F 319 log (100.00%),
191 log (98.76%)°] A¥tAlwt 7t 743kl vh (Figure 2, Table 3, 4).
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Figure 2. Bacterial reduction effect of red kiwi from Jeju in 2018 by low

temperature plasma ozone technology
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Table 3. Bacterial reduction effect of green kiwi from Jeju in 2018 by

low temperature plasma ozone technology (Lot #1, CFU/g)

technology
Cultivar Storage(weeks)
Control Ozone
0 1.55%10°
2 3.15x 10° 6.90 x 107
5 1.09x 10° 1.08 x 10°
8 5.00 % 10° 2.50x 10"
11 1.02x 10" 3.50 % 10!
14 5.55%10° 2.00x 10!
17 9.25 % 10? 1.00 % 10
Green kiwi
20 3.40x10° 2.00 % 10
23 2.45x 107 1.00x 10"
26 2.07x10° NDV
29 1.25x 107 5.00 % 10°
32 1.49 x 10* 5.00 % 10°
35 2.35% 107 1.00 % 10?
38 1.01x 10° ND

1) Not detected
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Table 4. Bacterial reduction effect of green kiwi from Jeju in 2018 by

low temperature plasma ozone technology (Lot #2, CFU/g)

technology
Cultivar Storage(weeks)
Control Ozone
0 1.61x 10°
2 2.07x10° 9.60 % 10°
5 1.52% 10° 1.00 %< 10
8 3.85%10° 4.50 x 10!
11 3.85%10° 4.10 X 10°
14 1.21x 103 3.00x 10!
17 9.15x 107 4.00x 10"
Green kiwi
20 3.80x10° 2.00x 10"
23 1.90x 107 ND"
26 7.85%10° 1.50 < 10*
29 2.85x10° 9.00 % 10*
32 5.75%x 10° 1.00 %< 10*
35 3.05x10? 1.00x 10!
38 1.81x10° 1.50 x 10"

1) Not detected
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3) AFA =79

AT F=7]19 Lot #1, Lot #29 05 2 dwkAldE 2zt 7.75x10° CFU/g,
430x10*" CFU/g oItk AdFarolA 285 A&4H = HoF Lot #1394 #2¢9 =z
05 2 A=< v]astd Lot #0122 0.06 log < 7Fslsdal, Lot #2+ 0.73 log<l
AukAlgto]l ZAstAth xzT= A 7Igte] soldel welt dvkATEsR

ow F7FeIAY fFAEATE ol A% JIfigks 2y st s
Ao Adag B AHEA glo] vtz daxe] AFHor Qe A2 Aol
o A E] AFo] A& F1e Ao daEd Wi 285 21¢] Lot #13}
#20] S F=ATFE 05 A A= vlwstd 7ZH7E 086 log (86.06%), 1.92 log
(98.79%)2] AnWkA o] 7FA43FA T (Figure 3, Table 5, 6)

rr

I _>rL
N
2

d

olgel Anm B W wge] AAANAN ANFA G9& A% ALALL 3]
B 57]_
==

sk W A Eehxel 0EAYY 4 AY Zo)1RE A& QA
a

o
B>
_O|L
o
N
~
IX
N
~
_O|L
rlr
N
o,
(o3
o
<
k)
N
i
%
>
.,
O

_57_



Figure 3. Bacterial reduction effect of red kiwi from Jeju in 2018 by low

temperature plasma ozone technology
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Table 5. Bacterial reduction effect of gold kiwi from Jeju in 2018 by low

temperature plasma ozone technology (Lot #1, CFU/g)

technology
Cultivar Storage(weeks)
Control Ozone

0 7.75x10°
2 3.05x 10" 9.35x 10°
4 1.15x 10" 3.70x 10°
6 8.45 % 10° 1.03 % 10*
8 1.15x 10 1.38 % 10*
10 5.80 % 10° 1.10 x 10*
12 8.25% 10° 1.16 x 10°

Gold kiwi 14 4.10 % 10* 3.55x 107
16 6.80x 10° 6.50 x 107
18 3.75 % 10 2.65x 107
20 5.95%10° 2.15%x10°
22 3.85 % 10" 4.25%10°
24 5.65x 10° 3.05 % 10
26 1.54x 10" 5.00 % 10!
28 9.00x10° 1.08x10°
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Table 6. Bacterial reduction effect of gold kiwi from Jeju in 2018 by low

temperature plasma ozone technology (Lot #2, CFU/g)

technology
Cultivar Storage(weeks)
Control Ozone

0 4.30 x 10"
2 5.35% 10" 8.15% 10°
4 4.15%x10* 1.13x10°
6 1.47 x 10" 1.22x10°
8 4.15%10° 4.40x 10°
10 1.41x 10" 1.04x 10"
12 8.25% 10° 3.10x 10°

Gold kiwi 14 6.70 % 10* 3.70x 10°
16 8.65x10° 4.70 % 10
18 4.35x10" 1.60 % 107
20 6.60 < 10° 1.85% 107
22 1.05x10* 4.39x10°
24 6.55x 10° 5.00x 10°
26 4.35%10* 3.10x 10°
28 7.95x10° 5.20 x 10°
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Figure 4. Eumycetes reduction effect of red kiwi from Jeju in 2018 by low
temperature plasma ozone technology
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Table 7. Eumycetes reduction effect of red kiwi from Jeju in 2018 by low

temperature plasma ozone technology (Lot #1, CFU/g)

technology
Cultivar Storage(weeks)
Control Ozone
0 9.15x10°
2 7.00x 10" 3.65 % 10°
4 9.85x 10* 3.90 x 10?
6 1.34 % 10* 2.45%x10°
8 1.02 < 10* 9.50 x 10*
10 3.35x 10" 7.15 %107
Red kiwi
12 4.85x%10° 6.00 x 10*
14 3.10x 103 3.55 % 10?
16 1.30 x 10* 2.80 x 10?
18 5.95x10° 3.15 % 10?
20 3.15x 10* 4.50x 10!
22 3.75x 10" 3.45% 10°
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Table 8. Eumycetes reduction effect of red kiwi from Jeju in 2018 by low

temperature plasma ozone technology (Lot #2, CFU/g)

technology
Cultivar Storage(weeks)
Control Ozone
0 1.21x 10"
2 7.60x 10" 2.35%x10°
4 3.55x 10" 2.45% 10°
6 7.45% 10" 6.10 x 10?
8 6.15x10° 3.80 x 10?
10 9.05x 10" 4.50 x 10!
Red kiwi
12 2.03x 10" 3.50 x 10}
14 4.20x10° 5.55 % 10°
16 1.29 x 10* 6.95 x 10?
18 1.37x 10* 3.70 x 10?
20 4.40x 10° 4.50%x 10!
22 3.05x 10* 2.85x 10?
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2) AF3 348719

AF4E 297199 AdF =4 A= Figure 5, Table 9, 103 2t} AF4F 1
A719 Lot #1, Lot #29] 0F =} it 247 2.85%10° CFU/g, 2.90x10° CFU/g
o]tk Aol 38F AFE = F Lot #1373 #29 dxTE 0F 2 A9
A 3H ZHZE 054 log, 0.04 logel UwWkAlsto] HAastuh iz A% 7]7to)
solge wel WdFrt FUhetAY A AT Akl el g Ao 9
o7 QKo AE wAY xxE FAHsa FAVIE WIS Ao pedch g
Hell Lot #13 #29] S.&A- 8+ 05 2 Al=eb vlastd Zh7h 228 log (65.96%),
276 log (7981%) 2.2 Zit7F Fhastqltt o|AS A2 Fep=nt A7t 7
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Figure 5. Eumycetes reduction effect of green kiwi from Jeju in 2018 by

low temperature plasma ozone technology
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Table 9. Eumycetes reduction effect of green kiwi from Jeju in 2018 by

low temperature plasma ozone technology (Lot #1, CFU/g)

technology
Cultivar Storage(weeks)
Control Ozone

0 2.85%10°

2 3.00x10° 6.60 < 10°
5 6.30 x 10* 2.10x 107
8 5.35x 107 1.40 X 10
11 3.35x10° 9.00 % 10*
14 2.95x10° 2.50 % 10*
17 3.10x10° 5.00 < 10!

Green kiwi

20 3.30x10° 3.00x 10!
23 1.00 X 10° 1.00 x 10"
26 2.05x 107 1.50 x 10"
29 4.35% 107 9.00% 10"
32 2.40x10° 1.00x 10"
35 5.85% 10° 1.00x 10*
38 8.15x 107 1.50 x 10"
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Table 10. Eumycetes reduction effect of green kiwi from Jeju in 2018 by

low temperature plasma ozone technology (Lot #2, CFU/g)

technology
Cultivar Storage(weeks)
Control Ozone

0 2.90x10°

2 9.15x10° 3.75 x 10?
5 6.15 % 10 2.20x 10°
8 3.50x 10° 1.05x 10?
11 4.55%10° 7.45 % 107
14 3.05x10° 8.50 x 10*
17 4.80 % 10° 1.50x 10!

Green kiwi

20 4.65 % 10° 8.00 x 10}
23 2.06x10° 5.00 x 10°
26 1.60 x 107 1.00x 10!
29 5.25%10° 1.20 % 107
32 8.50 % 10? 5.00x 10°
35 5.65x 107 5.00 x 10°
38 2.60x10° 5.00 x 10°
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Figure 6. Eumycetes reduction effect of gold kiwi from Jeju in 2018 by

low temperature plasma ozone technology
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Table 11. Eumycetes reduction effect of gold kiwi from Jeju in 2018 by

low temperature plasma ozone technology (Lot #1, CFU/g)

technology
Cultivar Storage(weeks)
Control Ozone

0 6.60x 10°
2 1.19x 10* 1.12x 10"
4 1.02x 10" 4.90x10°
6 5.85x10° 9.00 x 10°
8 7.25x10° 1.14 % 10*
10 4.70 x 10° 4.20 % 10°
12 7.75%10° 6.25 x 10?

Gold kiwi 14 3.65x10* 8.45 % 107
16 1.10 x 10* 6.55 % 10?
18 4.25 %10 4.55 % 10?
20 5.20 % 10° 2.55% 10°
22 1.21x10* 1.92 % 10*
24 6.56 < 10° 1.63x10°
26 9.75x10° 3.58 x 10?

28 7.05x10* 2.50 x 10*
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Table 12. Eumycetes reduction effect of gold kiwi from Jeju in 2018 by

low temperature plasma ozone technology (Lot #2, CFU/g)

technology
Cultivar Storage(weeks)
Control Ozone

0 3.05x 10"
2 3.35% 10" 8.45 % 10°
4 4.05x10" 2.90x 10
6 1.22x 10" 2.47 % 10°
8 3.05%10° 5.10 % 10°
10 1.24x 10° 9.00 x 10°
12 5.75x 10° 8.70x 10°

Gold kiwi 14 8.25x 10" 1.02x 10°
16 7.75%10° 3.14x 107
18 3.90 x 10 1.25x 10?
20 5.80 % 10° 2.00 % 10°
22 1.22 10" 1.48 x 10"
24 8.05 % 10° 3.15 % 107
26 2.45x10" 2.55x 10"
28 7.90x10° 1.50 x 10*
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D AFAT d=714

A Fehzv 2 Aol ofg 2018 AME AFAE HETI9 ] FFEAL o
Fe A= AEE FgAdsto] A Hdel I A A S I8t (Figure
7, Table 13, 14). 2018\d el Aite o] ko HA¥AAI AHFA glo] A4d =
=71919] A# %7] Hardness 12 31,233.79+5550.75 g-forcelt}. Hardness 12
A 25 A W AR fAaso] M =mskoew 8F AA w48 Hasitrb 1

=2 t
H FAEo] M mekow 8F A wAS] Fasiurl 1 olFERE ¢vksH
daste A3de BT ol AdE BY dxTe L&A B A 7R
o] F7lstA HAHo® vrolx= A UEtlAt. Hardness 13 2 25
79 LEAYT HY FYAQ Aol= HolA okt (p<0.05). A el A

2ol vl eEA T Y] FETE WolAA @2 Aow Hol A EEtzvh oF

N

72399tk Hardness 2% Hardness 13} np37px] 2 25
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Figure 7. Hardness change of red kiwi from Jeju in 2018 by low

temperature plasma ozone technology
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Table 13. Hardness change of red kiwi from Jeju in 2018 by Ilow

temperature plasma ozone technology (Lot #1, g—force)

technology
Cultivar Storage(weeks)
Control Ozone
0 31233.79
2 17,730.17 22,757.71
4 17,164.27 18,715.13
6 10,849.62 12,348.99
8 6,455.60 9,678.44
10 8,010.17 8,577.51
Red kiwi
12 5,134.10 8,330.31
14 9,069.90 9,072.84
16 8,741.26 10,029.61
18 6,263.08 9,105.82
20 4,884.52 6,029.43
22 4,842.46 6,246.99
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Table 14. Hardness change of red kiwi from Jeju in 2018 by Ilow

temperature plasma ozone technology (Lot #2, g—force)

technology
Cultivar Storage(weeks)
Control Ozone

0 27182.32

2 14,500.67 19,079.51
4 10,039.29 14,978.39
6 8,669.26 9,838.44
8 4,486.14 6,950.69
10 5,709.41 6,094.59

Red kiwi

12 3,086.83 5,885.26
14 4,821.10 6,552.73
16 4,290.65 5,178.51
18 3,042.01 4,477.31
20 3,769.43 4,763.77
22 3,488.63 4,378.72
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2) AFA 24714

N

A Fepzup o Ao o3k 2018 AatE AFAF 17919 AEAdel o
Fe MAE AEE Fgdsto] A Hdel I A A S I8t (Figure
8, Table 15). 2018l AAtw o] Wi o MAANA I M- glo] Add 197
$1o] A& %7] Hardness+ 21,187.86+3,410.69 g-force Ittt x99 Q&+
o] Hardnessv A% 85 A} wf AX Hago] 7P =3kow 175 A7kA] w24 73]
daetrl 1 oolg s HAxIAoR Atk xe 2EA 279 Hardness

© 175 A7HA = ¥zettrh 205 Aol AR AR fFon gk 2ol & Kolr] Az}
Aot (p<0.05). ol Fe] Az & uf AL Fek=vk Ayt ad7191¢ T4

Aol ws & 7 e Aoz dddn
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Figure 8. Hardness change of green kiwi from Jeju in 2018 by low

temperature plasma ozone technology
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Table 15. Hardness change of green kiwi from Jeju in 2018 by low

temperature plasma ozone technology (g—-force)

technology
Cultivar Storage(weeks)

Control Ozone
0 21,187.86
2 21,306.79 23,282.17
5] 18,765.20 20,638.05
8 12,526.94 13,240.20
11 13,105.96 13,054.99
14 6,930 7,670
17 4,210 4,830

Green kiwi

20 4,290 5,280
23 2,870 3,800
26 2,740 4,560
29 1,850 3,780
32 2,090 3,460
35 1,020 3,290
38 1,180 3,240
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A Fepzup 2F A o3 2018 AatE AFAF F=7)919] AdEAdel o
Fe MAE AEE Fgdsto] A Hdel I A A S I8t (Figure
9, Table 16). 201840] 4ks]o] W] Muatgst ARFA glol A8 Fe7)
19l A% %7] Hardnesst 25439.37+12,719.69 g-force It} Wz 2FE4¢

= 28F A 7ol FrbekHA AA A R gropAl= A
d Z271HH 8F A LAYV dEAol vl =2 #@e dErEsARE o]
T2 FHE dEze Aot fiAY dE77F ¥ =2 AEE WErSIH o]
ANE Hol AL Fohzn LEAYt 25719 AEole &S AR &= A

o= yekET
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Figure 9. Hardness change of gold kiwi from Jeju in 2018 by low

temperature plasma ozone technology
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Table 16. Hardness change of gold kiwi from Jeju in 2018 by low

temperature plasma ozone technology (g—force)

technology
Cultivar Storage(weeks)
Control Ozone
0 25,439.37
2 17,033.00 25,128.59
4 12,563.65 24,636.72
6 17,074.39 20,796.24
8 13,448.31 26,243.5
10 19,027.10 13,935.59
12 8,298.26 10,760.40
Gold kiwi 14 11,557.55 8,141.78
16 9,728.05 7,459.87
18 3,900 1,470
20 7,260 4,350
22 3,820 2,670
24 3,530 3,050
26 2,150 1,170
28 4,190 1,900
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Figure 10. Brix change of red kiwi from Jeju in 2018 by low temperature

plasma ozone technology
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Table 17. Brix change of red kiwi from Jeju in 2018 by low temperature plasma

ozone technology (Brix%)

technology
Cultivar Storage(weeks)
Control Ozone
0 114
2 13.6 12.3
4 15.2 14.6
6 16.7 15.0
8 16.7 16.6
10 18.2 17.7
Red kiwi
12 18.5 16.6
14 18.4 175
16 18.3 16.7
18 18.6 16.7
20 20.2 16.0
22 18.1 15.7
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3ttt (Figure 11, Table 18).
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Figure 11. Brix change of green kiwi from Jeju in 2018 by low
temperature plasma ozone technology
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Table 18. Brix change of green kiwi from Jeju in 2018 by low

temperature plasma ozone technology (Brix%)

technology
Cultivar Storage(weeks)
Control Ozone
0 13.3

2 14.5 14.4

5 14.5 14.6

8 144 15.3

11 14.4 14.2

14 15.0 14.5

Green kiwi 17 14.2 13.2
20 14.5 14.2

23 15.8 14.1

26 15.3 14.3

29 18.1 14.9

32 17.1 14.6

35 16.0 14.5

38 16.5 14.8
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ot (Figure 12, Table 19).
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Figure 12. Brix change of gold kiwi from Jeju in 2018 by low

temperature plasma ozone technology
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Table 19. Brix change of gold kiwi from Jeju in 2018 by low temperature

plasma ozone technology (Brix%)

technology
Cultivar Storage(weeks)
Control Ozone

0 15.2
2 14.0 15.9
4 15.0 15.6
6 15.4 16.1
8 16.1 14.9
10 16.2 15.5
12 15.8 15.6
Gold kiwi 14 15.5 15.1
16 15.0 154
18 15.7 15.7
20 16.2 14.9
22 14.3 124
24 16.8 15.6
26 17.6 15.3
28 16.7 14.1
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Figure 13. Acidity change of red kiwi from Jeju in 2018 by Ilow
temperature plasma ozone technology
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Table 20. Acidity change of red kiwi from Jeju in 2018 by low

temperature plasma ozone technology

technology
Cultivar Storage(weeks)
Control Ozone
0 1.06
2 1.12 1.08
4 1.13 1.16
6 0.98 1.01
8 1.17 1.12
10 1.17 1.16
Red kiwi
12 1.24 1.18
14 1.17 1.11
16 1.13 1.14
18 1.10 1.00
20 1.12 1.18
22 1.19 1.08
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Figure 14. Acidity change of green kiwi from Jeju in 2018 by Ilow

temperature plasma ozone technology
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Table 21. Acidity change of green kiwi from Jeju in 2018 by Ilow

temperature plasma ozone technology

technology
Cultivar Storage(weeks)
Control Ozone

0 1.51
2 1.64 1.50
5 1.44 1.49
8 1.48 1.49
11 1.47 1.54
14 1.48 1.48

Green Kiwi 17 1.47 1.57
20 1.55 1.55
23 1.58 1.39
26 1.48 1.46
29 1.66 1.43
32 1.62 1.51
35 1.55 1.30
38 1.47 1.23
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Figure 15. Acidity change of gold kiwi from Jeju in 2018 by Ilow
temperature plasma ozone technology
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Table 22. Acidity change of gold kiwi from Jeju in 2018 by low

temperature plasma ozone technology

technology
Cultivar Storage(weeks)
Control Ozone

0 0.90
2 1.08 1.05
4 1.00 1.13
6 1.05 1.09
8 1.02 1.06
10 0.94 0.97
12 1.02 1.02

Gold kiwi 14 1.00 0.98
16 1.01 1.02
18 1.08 1.05
20 1.05 1.02
22 1.01 0.92
24 1.06 0.91
26 1.09 0.90
28 1.01 0.91
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Figure 16. Hydrogen ion concentration change of red kiwi from Jeju in

2018 by low temperature plasma ozone technology
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Table 23. Hydrogen ion concentration change of red kiwi from Jeju in

2018 by low temperature plasma ozone technology

technology
Cultivar Storage(weeks)
Control Ozone
0 3.84
2 3.88 3.82
4 3.98 3.85
6 4.07 3.89
8 3.96 3.90
10 4.16 4.05
Red kiwi
12 4.09 4.03
14 4.11 4.18
16 3.95 3.99
18 4.16 4.23
20 4.50 4.48
22 4.17 4.26
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Figure 17. Hydrogen ion concentration change of green kiwi from Jeju in

2018 by low temperature plasma ozone technology
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Table 24. Hydrogen ion concentration change of green kiwi from Jeju in

2018 by low temperature plasma ozone technology

technology
Cultivar Storage(weeks)
Control Ozone

0 3.70

2 3.58 3.66
5 3.83 3.85
8 3.99 3.99
11 3.70 3.77
14 3.83 3.86
17 3.87 3.83

Green kiwi

20 3.86 3.87
23 3.75 3.75
26 3.96 3.90
29 3.88 3.81
32 3.82 3.87
35 3.91 3.87
38 3.93 3.88
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Figure 18. Hydrogen ion concentration change of gold kiwi from Jeju in

2018 by low temperature plasma ozone technology
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Table 25. Hydrogen ion concentration change of gold kiwi from Jeju in

2018 by low temperature plasma ozone technology

technology
Cultivar Storage(weeks)
Control Ozone

0 3.90
2 3.86 3.89
4 3.97 4.00
6 4.04 4.04
8 3.93 3.92
10 4.31 4.29
12 4.37 4.32

Gold kiwi 14 3.95 4.38
16 4.23 4.18
18 4.21 4.28
20 3.99 4.08
22 4.19 4.19
24 4.14 413
26 4.47 4.41
28 4.16 4.14
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Abstract

Abstract
A study on the storage stability of Jeju kiwi using low

temperature plasma ozone technology

Myung-Ki Hong

Department of Food Science and Nutrition, Graduate School

Jeju National University, Jeju, Korea

This study was conducted to study the storage stability of Jeju kiwi by low
temperature plasma ozone treatment. The kiwi fruits used in the experiment are
Jeju red, green and gold kiwi. The control group was stored in a 40-feet
container in a cold refrigerator (1+£0.6°C, 90+5% relative humidity). The Ozone
treatment group was stored in a 20-feet container at a low temperature
refrigerator (1+0.6°C, 90+5% relative humidity) with a concentration of 0.7+ 0.03
ppm using an ozone generator(Ozonaid, MOS 1001, MOS 1001T, 0.3g/hr). Each
Kiwi measured general bacteria, eumycetes, hardness, soluble solid, acidity, pH
every 3 weeks(green kiwi) and 2 weeks(gold and red kiwi). In the results of
the general bacteria of red kiwi, the control group tend to increase but the
ozone treatment group decreased. In the case of green kiwi, the control group
was increased or maintained, but the ozone treatment group tended to decrease.
In the case of gold kiwi, the control group increased or maintained, but ozone
treatment group decreased. In the results of eumycetes, red kiwi's control group
increased or maintained, and the ozone treatment group decreased. Green kiwi's

control group increased or maintained and the ozone treatment group decreased.
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Gold kiwi's control group increased or maintained and the ozone treatment
group decreased. The hardness showed a tendency that the hardness of red,
green, and gold kiwi gradually decreased with storage period. However, the
hardness of green and gold kiwi excluding red kiwi showed a significant
difference between the control and ozone treatment group. The soluble solid of
red, green, and gold kiwi gradually increased with storage period. Also, in all
treatment groups, ozone treatment groups tended to have lower soluble solid
than control groups. The acidity of red, green, and gold kiwi was higher in the
control than in the ozone treatment, but the range was not affected. As for the
pH of red, ozone treatment was generally high, but it was not a level that
affected quality. There was no significant difference between green kiwi and

gold kiwi between control and ozone treatment.
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