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Abstract

To suppress mold generation of yujacheong, Penicillium chrysogenum 1L B31 was cultured, and spores were harvested and put into
yujacheong. Antioxidant activity, useful ingredients, mold size and incidence were investigated while storing yujacheong for 30 days,
after sterilization with different methods (nontreatment, ozone gas emission, heating after ozone gas emission and heating). The results
showed that the content of narirutin, naringin, hesperidin, or neohesperidin, which are functional components of yuzu, increased as
the storage period increased in all the treatment units. In addition, mold generation was not observed until the 15th day in the heat
treatment group after ozone gas emission. As the treatment group emitted ozone gas. molds of 34.8 and 112 mm’ in size were observed
on the 30th day. These results suggested that ozone sterilization can prevent microbial contamination, further extending the shelf
life of yuzacheong and maintaining a fresh state.
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Table 1. Total phenolics, flavonoids contents, and antioxidant activity of yuzucheong on different sterilization conditions

and storage periods

DPPH scavenging activity

Storage period Heating Total phenolics Total flavonoids ABTS scavenging
(days) methods (mg/g DW) (mg/g DW) (%) (Vit.C eq. 1g) activity (%)
Control 9.8+0.5") 41.2+3.0™ 42.9+1.4° 17.4+0.6" 75.541.4°
o Ozon gas + heating 8.440.5° 37.6+5.8 38.2+1.9° 15.4+0.8° 68.7+1.5°
Ozon gas 8.7+0.2% 40.143.1 40.442 4 16.3+1.0® 71.742.0°
Heating 9.0£0.5° 40.245.6 40.6+1.0° 16.4+0.4% 74.0£1.0°
F-value 14.8™ 0.90 4.90° 495 15.17
Control 9.4+0.5° 452437 40.8+0.4™ 16.5+0.2™ 74.9+1.4
s Ozon gas + heating 8.5+0.7° 41.6+4.7 40.2+0.8 16.3+0.3 72.1£2.0
Ozon gas 8.9+0.5% 433425 403+1.0 16.3£0.4 72.90.5
Heating 9.0+£0.3" 43.9+4.8 40.4+1.1 16.3+0.4 73.7+1.3
F-value 4.62" 1.11 0.44 0.42 3.06
Control 10.520.5° 53.242.6° 42.4+1 4 17.120.6" 79.4+1.0°
Ozon gas + heating 9.4+0.6° 43.7+4.3° 38.8+1.0° 15.7+0.4° 73.0£0.6°
30 Ozon gas 9.6+0.3% 46.5+4.9° 42242 0° 17.1£0.8" 76.2+0.7°
Heating 10.1£0.7% 47.743.6° 42.142.0° 17.0+0.8" 76.4+1.9°
F-value 6.17" 8.05" 443 444 41.8™

! Means with the same letter in each column are not significantly different by Duncan’s multiple-range test (p<0.05). The values represent

the meantS.D. (n=3). Before sterilization, Penicillium chrysogenum LB31 (JNU, 107

concentration) was innoculated at Yuzucheong and

shuffled for 1 min. After then, yuzucheong samples were treated by ozon gas (3.5 ppm exposure for 1 min on/ 10 min off), heating
(65C for 15 min), or ozon gas and heating treatments. Samples were kept for 0, 15, or 30 days at 25C. The 5 g of yuzucheong was
homogenized with 25 mL of 80% ethanol and supernatant obtained by centrifuged at 4C, 8,200xg for 30 min for assays.
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Table 2. Functional flavonoid contents of yuzucheong by HPLC analysis on different sterilization conditions and storage

periods
Storage period Heating Flavonoid contents (mg/g DW)
(days) methods Narirutin Naringin Hesperidin Neohesperidin Total
Control 12.6+0.04*) 4.120.01° 10.2+0.04* 3.7+0.01° 30.6+0.09"
0 Ozon gas + heating 11.840.03¢ 3.8+£0.01° 9.3+0.03¢ 3.6£0.01° 28.540.08¢
Ozon gas 12.5+0.03° 4.1£0.01° 9.8+0.03° 3.5£0.01° 29.8+0.08°
Heating 12.6+0.03° 4.120.01° 10.24+0.03° 3.340.01¢ 30.2+0.07°
F-value 782.9™" 955.1™" 7152 1,282.5™" 548.9™
Control 14.3£0.03° 4.6£0.01° 11.1£0.02° 4.0£0.01° 34.0+0.05°
s Ozon gas + heating 13.4+0.03° 4.240.01¢ 10.3+0.01¢ 3.740.01¢ 31.6£0.06°
Ozon gas 13.90.02° 4.4+0.01° 10.3£0.01° 3.740.01° 32.3+0.08°
Heating 13.9+0.01° 4.50.01° 11.0£0.01° 4.0£0.01° 33.5+0.03"
F-value 785.3" 1,1382™ 3,607.9™ 2,810.0™ 1,697.2"
Control 15.3+0.04" 5.0+0.01° 11.8+0.03° 4.3£0.01° 36.3+0.10°
Ozon gas + heating 12.8+0.02¢ 4.240.01¢ 10.120.02¢ 3.60.01¢ 30.8+0.05¢
30 Ozon gas 13.240.03° 4.3£0.01° 10.6£0.02° 3.840.01° 31.9+0.05°
Heating 14.5+0.02° 4.7+0.01° 11.7+0.03° 4.240.02° 35.1+0.08°
F-value 5,183.6™ 5429.6™ 2,898.9"™ 1,985.0™" 4,085.4™

! Means with the same letter in each column are not significantly different by Duncan’s multiple-range test (p<0.05). The values represent

the mean+S.D. (n=3). Penicillium chrysogenum LB31 (JNU, 107

concentration) innoculated Yuzucheong samples were treated by ozon

gas (3.5 ppm exposure for 1 min on/ 10 min off), heating (65C for 15 min), or ozon gas and heating treatments. Samples were kept
for 0, 15, or 30 days at 25C. The 5 g of yuzucheong was homogenized with 25 mL of 80% ethanol and superatant obtained by centrifuged

at 4T, 8,200xg for 30 min for HPLC analysis.
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Table 3. Fungal occurrence in yuzucheong on different
sterilization conditions and storage periods

Storage Heating Mycelial growth Disease
period (days) methods (mm?) incidence (%)
Control 727.5+18.3" 100
Ozon gas +
0 heating
Ozon gas - -
Heating 433.8+31.4° 60
F-value 1,382.3™ 2,042.4™
Control 1,177.2+76.6" 100
Ozon gas +
15 heating
Ozon gas - -
Heating 753.9+18.2° 64
F-value 654.9™ 891.5
Control 4,100.0£172.5" 100
+
Ozon gas 34841 3¢ 1
heating
30 .
Ozon gas 112.0£7.5 3
Heating 3,218.74288.9° 78
F-value 4684 1,400.4™

Y Means with the same letter in each column are not significantly
different by Duncan’s multiple-range test (p<0.05). The values
represent the meantS.D. (n=3). Penicillium chrysogenum LB31
(INU, 10> concentration) innoculated yuzucheong samples were
treated by ozon gas (3.5 ppm exposure for 1 min on/ 10 min off),
heating (65°C for 15 min), or ozon gas and heating treatments.
Samples were kept for 0, 15, or 30 days at 25°C. The 2 g of
yuzucheong samples was homogenized with 10 mL of distilled
water and 0.5 mL of dilluted sample (10 %) were appplied to
PDA (Potato dextrose agar) plate for 5 days at 25°C to measure
mycelial growth area (mm?) of fungi using ImageJ software.

oA @E THAE HIESIAE W BE oA ool HEEH
A AR SHAAL @ E VAT 55 Ffato] Atol B
3 g7t ok B sleth. T3 Kwak S(1995)2 30 ppm
9] @& 7IAE Q4 BTo] 124171 o) AEste] 2 FH
& 915] stelrh Bk vt 91om Kvon 5 (19%)
2 5 FRY AES AfFeE LAAIX AR EE
3 ppme] 22 7}AE 5 L/min, 10A]7F A 2|5t A3} B. cereus
OFS. aureus= HEE A QT Bk vl Qle=t] 2 AF
oA @E 7IARE At FAFE o= A% 717t 15GA7HA]
Eol7 WA ool AWATE FAE ARE vheh
ATH & A AHE 5o LELE ATFA HBE LU=

uhg 2 Qo RE710E B8 5 4 AT AN 4

Storage period (days)
0 15 30

l,.

+ heating &
Treatment
condition

Ozon gas |

Fig. 1. Fungal occurrence in yuzucheong by different
sterilization conditions and periods. Penicillium chrysogenum
LB31 (JNU, 10~° concentration) innoculated yuzucheong
samples were treated by ozon gas (3.5 ppm exposure for 1
min on/ 10 min off), heating (65C for 15 min, or ozon gas
and heating treatments. Samples were kept for 0, 15, or 30 days
at 25C. The 2 g of yuzucheong samples was homogenized
with 10 mL of distilled water and 0.5 mL of dilluted sample
(107%) were appplied to PDA (Potato dextrose agar) plate
for 5 days at 25°C to measure mycelial growth area (mm?)
of fungi using Image] software.
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ol bk A% e 3, Bl LABL
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SE/E B8 5 & QT AHT AHE 44T & 9
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