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SUMMARY

I Title
Study on sterilization and sanitization of dried foods using high electric

field corona discharge technology

IO Objectives and Significance
1. The scopes of this study were the development of a corona discharge
device to effectively sterilize dried foods and its application on drying foods

to substitute conventional sterilization technologies.

2. Conventional sterilization technologies for dried foods, yielding
harmful effects, can be substituted with high voltage corona discharge
technology. This new corona discharge technology has more positive
prospects than irradiation technology in terms of using simple facilities, not
yvielding byproducts harmful directly to human beings, and effectively
sterilizing microorganisms in drying processes. The technology will be
feasibly demanded in the future market, because small-scale millers,
producing dried powders, can easily adapt the technology and the facilities
for the technology can be variably established based on consumers’ needs

due to using only small-scale facilities fit for each individual farm.

M Contents of Significance

1. Development of high voltage electric field generator and discharging



chamber

2. Study on the performance optimization for corona generator

3. Development of high capacity corona generator

4. Effect of Corona Discharge on the Changes in Quality and Pasterization
of Ginseng Powder.

5. Sterilization and quality characteristics of high voltage corona discharge
treated uncooked cereal foods

6. Studies on physicochemical characteristics of high voltage corona

discharge treated red pepper powder

IV Results and Recommendation

1) Development of high voltage electric field generator and discharging
chamber
Power supply was made and tested with DC voltage, a square
waveform and a sinusoidal waveform with 10kV peak-peak respectively. In
design of power supply, it was made of functions such as change of
voltage waveform and variable voltage and frequency to do a wvarious
experiment. Corona strength is increased with a rise of the appled voltage
and frequency. Therefore, output voltage was designed to 20kV in 1st year
to get a enough corona. In last year, output voltage was set up to 30kV.
The tested chamber was a batch type which was consist of needle to plate
electrode. As a experimental results, sinusoidal waveform was more suitable
for corona generation. In addition to needle-plate chamber, wire-plate

chamber was also made and tested. In respect of uniform electric field,



wire—plate chamber showed a better results. Therefore, it can be used to

treat a food processing effectively.

2) Study on the performance optimization for corona generator

To widen a gap between electrodes, the sinusoidal power supply was
made to apply over 25kV and to change frequency up to 500Hz that control
the corona strength as a experimental condition. Chamber was a wire—plate
structure which had a narrow gap between wires to uniform a generation of
corona. Generation of corona was changed to frequency and an applied
voltage of electrode and was affected to shape and structure of chamber.
Therefore, it was important to find out the condition of a food processing
with an optimized electrical parameter. In this project, food was treated
with 100Hz - 400Hz and over 25kV by changing a gap of electrode.
Treatment chamber showed a better corona distribution in wire—plate

compared to needle- plate.

3) Development of high capacity corona generator
A high capacity corona generator with output voltage over 30kV and
high frequency power source was designed and tested with a wire—plate
discharging chamber. Electrode gap was varied with corona discharge
strength needed in food processing. With higher voltage and a wider gap of
electrode, more capacity of chamber has been obtained.
In experiment, high frequency discharging test(a few kHz - several tens of
kHz) has been done to get a various discharging data. It was also used to

test an application of food treatment.

_10_



4) Effect of Corona Discharge on the Changes in Quality and

Pasterization of Ginseng Powder.

As a newly emerging pasteurization method for improving shelf-life
of powdered ginseng, the corona discharge generated at high voltage
condition was examined in the view points of the effects on microbial
pasterization, physicochemical characterization and sensory evaluation.

The effect of corona discharge on microbial pasteurization of powdered
ginseng was examined prior to others. The pasteurizing effects of corona
discharge on total bacteria, yeast & molds and coliforms were propotional to
the increase in the strength of voltage. However, the corona discharge
treatment of 5 kv/cm did not show significant effect of pasteurization on
the yeast & molds and coliforms. The treatment of 20kv/cm reduced about
95% of total bacteria (6.14+0.04 — 4.59+0.04) and coliforms (2.43+0.05 —
1.00£0.05) and 99% of yeast & molds (4.65+0.06 — 2.73+0.06). The
proximate analysis, minerals, free sugars, crude saponin and colors of the
powdered ginseng between the control and the treatment of 20kv/cm were
not significantly different at P<0.05 level. The corona discharge up to
20kv/cm did not affect the proximate analysis, minerals, free sugars, crude
saponin and colors of the powdered ginseng. Sensory evaluation scores in
color, flavor, taste and overall acceptability between the control and 20kv/cm
corona discharge treated powdered ginsengs were not significantly different
at P<0.05 level. Consequently, corona discharge treatment is thought to be a
good alternative pasteurization method for improving shelf-life of powdered

ginseng to gamma Irradiation etc. due to its strong pasteurization effect,

_11_



unobserved destruction of nutrients and good sensory characteristics.

5) Sterilization and quality characteristics of high voltage corona
discharge treated uncooked cereal foods
Escherichia coli, Bacillus subtilis, and Saccharomyces cerevisiae
were treated by high voltage corona discharge in ranges of 5 to 20kv/cm for
voltage strengths, 100 to 400 ps for treatment intervals, and 2 to 100 mm
for distances between electrodes and samples in order to check inactivation
degrees of each strain. The treatments resulted in the sterilization effects of
about 1.2 log reductions on the tested microorganisms. Harmful insects,
such as ssal-ba-gu—mi and e-ri-ssal-do-duk often found in rice, were
treated by high voltage corona discharge at a voltage strength of 20kv/cm, a
distance between electrodes and samples of 2 mm, and treatment intervals
of 100, 200, 300, 400 us. The corona discharge treatments for 100 gs and
200 us could eradicate about 85% and 1009 of the tested harmful insects,
respectively. The treatments for the uncooked diet food producers from the
current retail markets also resulted in the sterilization effects of about 1.2

log reduction on the tested total aerobic bacteria.

6) Studies on physicochemical characteristics of high voltage corona
discharge treated red pepper powder
The destruction rates of microorganisms in corona discharge treated
red pepper powder were proportional to the applied voltage strengths and
the treatments resulted in the sterilization effects of about 1.3 log reduction

at a voltage strength of 20kv/cm. The numbers of yeasts and coliforms

_12_



gradually decreased as voltage strengths increased and that of aerobic
bacteria similarly decreased as well. As for proximate components and
color intensities, there was no significant difference between untreated and
corona discharge treated red pepper powders. The contents of capsaicin and
capasanthin in corona discharge treated red pepper powder decreased only
2.5% and 0.7% of those in untreated powder, indicating that the two
components were stable against corona discharge treatments. As for flavor
components, three peaks were obtained from red pepper powder and the
peak areas generally decreased as voltage strengths increased, such as a
5.5% reduction at 5 kv/cm, an 8.1% reduction at 10 kv/cm, a 12% reduction

at 15 kv/cm and a 15.3% reduction at 20 kv/cm, respectively.

2 Applications of the results

2.1 Transfer of sanitization technology using high voltage corona discharg
e treatments, that were obtained from this study, to related food comp
anies

2.2 Exporting end-products and expanding domestic market networks thro
ugh product diversification and quality enhancement by using the new
corona dis charge technology

2.3 Gradual pursuance to co-work among industry, academia, and research
institutes to enhance and support company-related technologies to inte
rnatio nalize acquired technologies and consequent products

2.4 Development of new composite processing technologies by combining

high voltage corona discharge technologies with conventional processin

_13_
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24X 7 vl 9¥ate] colony F¢ol 71E7F dAEHo] U= red colonyZ coliform
T2 S5

vAE T4 E logp cfu/ge® YERNIoH, SAS FAIAE Z=2ad
version 8.0l A+ GLM procedure] PDiff optione] <2]&] 3% least
square mean separation *Hell o3& B EFon, RE EAAEY FJAe

P<0.05 W #foll A A3 .

sttt Z2A WS Soxhlet &9, W22 BuchiAH(Switzerland)2] Model

S T tg AAAF 6255 wake ek, 2AAFE 1.25% HoSO, %
1.25% NaOH #3lHo= A#gstsion, &2 550C 3|y o] gt 4]
skt

2] 1A

2 Ao AFEE AAEES A4 33 & Aol It ks Tt

il water bath oA 7} FEste] F71AS &5 A7 Uy EEA dAF

o7 AEA 7L o3t HNS [CP(Inductively Coupled Plasma) AES(Atomic
A 310] =

Emission Spectrometer)dll F¢3te] 7742 EA A=, 1 FAZALS

i 3, 49 2o
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# 3. Wavelengths used for inductively Coupled Plasma(ICP) analysis

Element Wavelength Element Wavelength
p 214.914 Na 588.995
K 766.490 Fe 238.204
Mg 2779.553 Mn 257.610
Ca 393.366 Cu 324.754

3 4. Operating conditions of instruments

Jobin Yvon model JY 38 Plus
Spectrometer 1m enzerny-Turner monochromator
Grating: 2400 grooves/mm double order

Nebulizer Glass concentric
Frequency 40.68MHz
Power 1Kw

Cooling gas(Ar) 14 ¢ /min
Aerosol flow rate(Ar) 0.3 4 /min
Sheath gas(Ar) 0.3-0.6 Z /min

ju)

v mAA mEUG R AN Q4 Buel feY B4

A A2y g Aed QAR fEd > AR S5gol 104

o ¥ o
HE2=2 F& 293519 AWd A& AA AAG o] F b4 TTE X
3t n-HFe2E F&F B85t AAXd AES AAANZ F £35S FFSL 10
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% aEn P J1ERe] gstel SISt B HAE AN
st £dE B5ad 2592 Awstel A7, gv w3 gl e wisd
A 94 WMo, FHA JEEE 94 JEE Augon At B

s 7 least significant difference(LSD)® el 2lsle] ths vl E A At
At
2. 29 4 1%

oA 5 10, 15, 20 kV/cme| I I AYde] 93 m=zy Wd AHeA 247 6.03+
0.04, 5.83+0.04, 5.63+0.04, 4.59+0.04 logiy cfu/mlE P<0.05 oA 2 4
o2 AR o, 20 kV/em Aol od] °F 95% FEo] AT aaiE B

AR/ FHolo A= 7] 74 465+0.06 logicfu/mlol A 5 kV/eme ¥ =
Aol o3 mmu Wd A FYAd HAE HolAE PR OoH4.49+
0.06), 10, 15, 20 kV/cm®¢] FAHY o o3 =2 B A A 2H7) 3.86+
0.06, 3.40+0.06, 2.73+0.06 logicfu/mtZE P<0.05 oA FJHoz A
G+, 20 kV/ecm A glol oa) 2F 99%, & 2 log cycle AE9 A EdE B
Aok T Afele ZR/F Bl fAE A3E Bided, 27 o
F 243+0.05 logiocfu/meol A 5 kV/em 3 =@ sto] 9 mzEup ¥ A g A
T TAE HolA &= YO (259+0.05), 10, 15, 20 kV/eme] 3 A7 ¢}

L

il
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of o3t F=Z} H
2 P<0.05 5ol A

fus

FARoR ga

wo HFAHE B

gagstel oF mAE AAEES AHEY, vadde] A7I7F 5 kV/iem €

73

AR A} AXFE FA 4

T U=

1 A Al Z2H7} 2.20+0.05, 1.73+0.05, 1.00+0.05 logiocfu/me
P 20 kV/em = 2loll efsf oF 95% +

VA e AP EIE e ofstnrh dazd]ke] M7I7F SbE S v e A

(@)
o
o7 AEEINI} Zolx= A= B = dl, o] Jayaram &< ¥ A

SFel A7lol webA mzyh gl AA vgEe] Ade] meldel dFe 1

Ly

& 5 A A7]el e Z24 gl ek QlAkRE o] nAE W)
Corona logio cfu/g £ SE

discharge

treatments Aerobic bacteria Yeasts & molds Coliforms
Non- a a a

6.14+0.04 4.65+0.06 2.43+0.05

treatment

5kV/cm 6.03+0.04" 4.49+0.06 2.59+0.05°
10kV/cm 5.83+0.04¢ 3.86+0.06" 2.20+0.05"
15kV/cm 5.63+0.04¢ 3.40+0.06° 1.73+0.05°
20kV/cm 4.59+0.04° 2.73+0.06" 1.00+0.05°

““Means same column with no common superscripts differ

significantly at p<0.05 level.

SE = Standard Error
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Agtel ofst 2o FHAE AT #el 1.01+0.04, 1.00+0.05, 1.00+0.02,
1.01£0.059F P<0.05 FFolA 2 AQl zol7t gl Aoz AL 24
WA ek FAe hET(12.84+0.33%)9F 5, 10, 15, 20 kV/cme] 3= A<t
o3 @Eu WA AP el 1264+0.32, 12.76+0.14, 12.98+0.18, 12.66+
0267 P<0.05 FFellA FoA< ztel7b gldth 2AF% FAe 27545
+0.23%)9F 5, 10, 15, 20 kV/cm®] I =Ztel] o)g Z=y BH A A9
Fkel 5.32+0.17, 542+0.21, 5.29+0.09, 5.34+0.317} P<0.05 FFolA 2%l
Zpol7h deh. wek SRl E FAE t27(3.98+0.22%) 9k 5, 10, 15,
20 kV/ecme] I A HYGe o mEu W Aol ghel 4.04+0.13, 4.01+
0.08, 3.86+0.24, 3.99+0.099} P<0.05 G50l A F2l &<l o]zt §lolth
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E 6 A AV HE R A QAR AR
Corona Proximate Composition (% dry weight + SE)
discharge
treatm eit s Crude lipid Crude protein Crude fiber Ash
Non-
1.01+£0.067 12.84+0.33 5.45+0.23 3.98+0.22
treatment
5kV/cm 1.01+0.043 12.64+0.32 5.32+0.17 4.04+0.13
10kV/cm 1.00+0.052 12.76£0.14 5.42+0.21 4.01+0.08
15kvVem 1.00£0.023 12.98+0.18 5.29+0.09 3.86+0.24
20kV/cm 1.01+0.051 12.66£0.26 5.34£0.31 3.99+0.09

Means in the same column are not significantly different at p<0.05 level.

SE = Standard Error

22y B A Qe Frd dEs 248 Aye % 7 2
o ot JAAEES N 2.09+0.02 mg%, P 0.30£0.02 mg%, K 1.24+0.02
mg%, Ca 0.33+0.03 mg%, Mg 0.13+0.01 mg%, Mn 38.64+0.09 mg%, Fe 86.3+
1.15 mg%, Cu 7.63+0.18 mg%, Zn 19.42+0.46 mg%e| &S HEeErWo™ 3=
Ab 20kV/em= A2y WA g QRS N 212:0.01 mg%, P 0.30+
0.01 mg%, K 1.23+0.01 mg%, Ca 0.31£0.02 mg%, Mg 0.13+0.02 mg%, Mn
38.71+0.14 mg%, Fe 85.8+0.05 mg%, Cu 7.72+0.04 mg%, Zn 19.36£0.42 mg%
£ Hol P<0.05 ol e thxza-oF w4 Aol7p dEE A ekokvh. A
AAez 20 kV/em oo d=a Hstew a=v Bd Agd daEwe 74

g, BARER RoW FYRs FoH Aolrk pAHA @ob W2 20
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kV/em ool mzZv Whd Aes dx QAR g 2718 ko s n
A = Ao g dokFET
¥ 7 AGA I mE Z2u A Aeld el RU)A gk
Corona Mineral contents (mg%+SE)
discharge
treatments N P K Ca Mg Mn Fe Cu Zn
Non~— 209 030 124 033 013 3964 863 763 1942
treatment ~ £0.02  £0.02 002 003 +001 009 £15 018  +046
5KV 206 030 123 032 013 3748 842 748 1936
cm £0.02 4001 006 001 +0.03 +013  +17 023  +038
10KV 202 030 120 033 012 3825 89 756 1898
€M 001 +001 004 004 +001 008 08  +028  +0.56
15KV 214 029 135 031 012 3843 867 764 1945
€M 1002 £002 004 002 +002 017 06  +001  +0.65
0KV 212 030 123 031 013 3871 88 772 1936
CM 4001 £001 001 002 £0.02 014 05  +0.04 042
Means in the same column are not significantly different at p<0.05 level.
SE = Standard Error
g nAA Z2U B Aed ik Bl g gk
A2 B A AdgdEEel fEd S BEAS Ay ¥ 8% 7
t}. Fructosed 7% ¥xa8 tx7(0.36+0.06%)] ke 5 10, 15 20 kV/cm
o I AHMY ot 2y WA A G ghel 0.34+0.05, 0.35+0.04, 0.35+
0.02, 0.33+0.039} P<0.05 Fs=olA 922 o]t gl Aoz ZALE AT



Glucose T3 F-A 2 tZ21(057+0.06)¢F 5, 10, 15, 20 kV/cm<] ¥ =2 9}ol
o3 m=Eu A At kel 054+0.07, 0.56+0.05, 0.57+0.05, 0.58+0.04
o} P<0.05 oAl fFoA < AFol7t §lolth Sucrose® FA @ o= (5.82+
0.23%)¢} 5, 10, 15, 20 kV/em®] |27l o F2Zo; - A< gkl
5.69+0.18,  5.78+0.22, 5.86+0.13, 5.84+0.099} P<0.05 FFolA = 2
ol 7} ¢ldth. wd Maltose A %® FAE oZT7(8.94+0.24%)¢F 5, 10,
15, 20 kV/cm®] ARG oe m2 W M gl 8674041, 8.92
+0.17, 8.87+0.16, 881+0.259} P<0.05 FollAl Fol Al Aol7t fidrh. #A)

Hog WA 20 kV/em olHe P Al Az QRRW FT

k

% 8 AAA7 mE Z2y A AP AR fEld g
Corona Free Sugar (% dry weight + SE)
discharge

treatments  Fructose Glucose Sucrose Maltose
Non~ 0.36+0.06 0.57+0.06 5.82+0.23 8.94+0.24
treatment

5kV/cm 0.34+0.05 0.54+0.07 5.69+0.18 8.67+0.41
10kV/cm 0.35+0.04 0.56+0.05 5.78+0.22 8.92+0.17
15kV/ecm 0.35+0.02 0.57+0.05 5.86+0.13 8.87+0.16
20kV/cm 0.33+0.03 0.58+0.04 5.84+0.09 8.81+0.25

Means in the same column are not significantly different at p<0.05 level.

SE = Standard Error
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E 9 AGA7Ie mE Z2 U A AaEge] 2AEd &
Corona discharge Crude saponin
treatments (% dry weight =+ SE)
Non-treatment 5.43+0.23
5kV/cm 5.32+0.29
10kV/cm 5.41+0.17
15kV/cm 5.43+0.13
20kV/cm 5.40+0.21

Means in the same column are not significantly different at p<0.05 level.

SE = Standard Error

73.1+0.14, 73.1£0.17% P<0.05 oM o4l Aol7h §le Aom Ay
At agk(redness/greeness)= FA 2 h27(0.37+0.07)¢F 5, 10, 15, 20
kV/eme] | Zd ol ot m=v Wd At gl 0.37+0.05, 0.41+0.05,
0.44£0.10, 0.42+0.067} P<0.05 FFolA FolAQl Aozt ot ofhH &
HAMETL FI71et e AES KAt T3 bik(vellowness/blueness) ol A = F-4

g i x=7-(17.6+0.1009F 5, 10, 15, 20 kV/cm®] 3 A dSqte] o3 s=vp A
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gl e ghel 17.8+0.08, 17.5+0.07, 17.4+0.14, 17.4+0.11% P<0.05 4ol
A oAl zbelzb gtk BE A el A MAHAE) Q] Fo A Aolrt

HAA T 05 o] AolmE “AA7t Ao glE ATo R wuHEth dWbH o
= AE" ko] 0~05°19, AMA7E A9 glew, 05~15% <4ag zko], 1.5~30
S A A AR Abo], 30~6.02 @A zbo], 12 o]l thE A

a1z Qth Lee So] BRud WAL FAL A g
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10, AgA7)el we m2

WA A R

w o] A2 B}

Corona Color (Hunt’s value = SE)

discharge

treatments ( a b AE
Non= 73.6+0.19° 0.37£0.07* 17.640.10° 0.76£0.13"
treatment

5kv/cm 73.2+0.05° 0.37+0.05° 17.8+0.08* 1.09+0.06"
10kv/cm 73.4+0.06° 0.41+0.05" 17.5+0.07° 0.98+0.05"
15kv/cm 73.1+0.14% 0.44+0.10° 17.4+0.14* 1.10+0.01°
20kv/cm 73.1+0.17* 0.42+0.06" 17.4+0.11° 1.21+0.02°

L" : Lightness

a’ : redness/greeness

b" : yellowness/blueness

AE" ¢ color difference

““Means in the same column with no common superscripts differ

significantly at p<0.05 level.

SE = Standard Error
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2] 7(8.0£1.0, 7.4+1.2)7} P<0.05 FFolA

I

W AT gkel 75+1.2, 7.7+0.7, 7.6+1.1, 75+0.9%}
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F 11 mEu gd A daede] dedAet T8 VEs 24 A
Corona Sensory evaluation data
discharge Overall
treatments Color Flavour Taste .
acceptability
Non~ 74512 8.2+0.8° 76+16° 7.7+0.9°
treatment
5kV/cm 7.4+1.3% 8.2+1.3% 7.6+0.9% 75+1.2%
10kV/cm 7.3+1.7° 8.1+1.4% 7.5+0.6% 7.7+0.7°
15kV/cm 7.3+1.1° 8.2+0.9% 75+1.8° 76+1.1°
20kV/cm 7.2+1.1° 8.0+1.0° 7.4+1.2° 7.5+0.9

Means in the same column are not significantly different at p<0.05 level.

SE = Standard Error
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b wdsd g A A "] FxE ol&stlan At HAS v

A el Az Aabole] WAL okahslA GEE AA AL

¥ 12, 1A ZEV SR ] A Az
7}
z=7 12k A &A (A z) 22 FAFA (P D)
LS
A7t At DC AC Pulse AC AC(biased)

A7bdst 271 | 0 - 18V | 0 - 18V | 0 - 18V | 0 - 25kV | 0 - 25kV

60 - 250Hz |100 - 200Hz| 60 - 500Hz | 60 — 400Hz

2mm- 2mm -
HA=z3re] 34| 0-10mm 0-10mm 0-10mm
10mm 10mm

e @4 | Ao ®@d | A ®d | Ao ®d | A ®a | A B9

¥ 13, 22U A uA4A FAu)e B2 2403A A ZA)

7P zEA
32 A A (7hA )
H
o7t A<k DC =F3 AC a3 AC

el 7hAQ}; A7) 0 - 18kV 0 - 35kV 0 - 15kV

& Fu - 60 - 400Hz 1kHz - 20kHz
A3k F344 10mm 10mm 10mm
=39 A Ad H3H A 3 A
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o a4 ZEU FEA g g% s A &3
A FZEY Bd A o vAdE AAE ZIdE FARSHY] #1810

Ao A g3 = Escherichia Coli, Bacillus subtilis, Sacchromyces
cerevisiae©]™ Nutrient broth®t YM brothE A}83}e Escherichia Coli,
Bacillus subtilis+= 37°C, Sacchromyces cerevisiae 25ColA ZHuwjdst
100ml #iAJell 1%(v/v) HES & daeh XA wjgste] di S27] it
719 #AE FAsAH. = FA M EAS 1,000rpmel A 1023 44 &2
g 5 A Ada=E 23] AHE F 7] #E57F 108 cfu/mli7b A A dEs

gt vy TEo] =S Nutrient agar?t YM agardl] ZF #AH 1mlE =% 3

IAA Z=2
omm, A7 400pso 2 FAdhe] Hokwre Aulpulgl oL ES
0.3mme] ¥z Ao o} A3

% 1
F Aelste] 59 AAS =S

ol A7 BEU BAAN S AN MR @5 2
ARAFoR puAEdA ol AuHm it AAAEL AFe)A

Festel meit AR el YHAFF VPR AAAAE 2ARAE
olul AHgF mAA ;b WAAY 2He ANA PE BF A Et

o(t
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22U A og v AyE et &3

Ao el o@ mAA ;U RAALYA 7 wFe] B sho)
N 2= FFE HAESH] flste] AgA7I= 20kV/em, A7 AIFE 400us =
31 38}al Escherichia Coli, Bacillus subtilis, Sacchromyces cerevisiae®

of thsle] A=A wAA ZEu WA Aadk #Fe AE g3 vs

=, AR A9 7HFo] o E5EFE Adade TR ew 20kV/emol
A 400ps, A=7EE 2mmel A A7 F oF 1.3 loge] AHEAHEE YERH ST o
ot AE FeEl= o TR #AQle] 2 A%E YERdY. gl A

A7) 242 nyE Adasts gad A7s Gehisd o= AFt

i

)

Z Hbdo] Algo AHLE = A7) 7 vt

o
alu
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4+
oy
=0 6 -
" 10
—— Escherichia coli
---O-- Bacillus subtilis
—w»— Sacchromyces cerevisiae
109 v ’
10 8 6 4 2
A=742 (mm)

a9 46, 1[A ZE Y A o vAE ALE )
(AFA7] 20kV/cm, 2 A1ZF 400 ms)

o Ajke] Alzlel ogk e EF@A s vA= s AR 9
sto] AP A 400ps, A=3HA S 2mm=E 1St AYA7IE 5 10, 15,
20kV/em= A2y WAL 5o vAdE AAES AvE dye 9 473
2o ASMA7] 5kV/emz A Al wEFo] AFEE 7o) o] FofAA] hgkon
10kV/em o/ o= Ay 35 5o AbEo] o] Fojx]7] Al#ste] 20kV/em
oA e TFolA of 12 log =4 PA= AHES YERWSIH. o2
A= @A 22U A AYA A= HFo] mAE AAE Zde] 43S d

BuZ s mhRsA 2 Aghel Al7le] olstel® #Fo Abe] ate] W A% A

2 9 & Aotk ot UAFF A oA WAFE ik Yol T
F oAbgel 93 vAF JdE Aow wuHm AgY AE Ao
capacitysh B@Ho] glonE A4 AA/E AW o] WL Aow

sk,

- 109 -



= B I
T S X 87
] o SIS
f 17x N-oE o)
) o AN _
o B oW % T
=3 < = F ¥ X
~X 0 m —
E.E o iﬁ K M@ ﬂwl X ‘_M
0 = g N ~ py T JﬂvH H
1" = £ won O K g
jml
T
~ ot mr Tom N M g T
E o ~ o~ H o o< ~
= _ T X d0N T
> % N ~ E [ Nr
T8 W wox ‘7|,._ o} = 03 N = X
g z . T T
(2] N X 0 m OT -
5 e T g UL NS - S
@ R mw.o o K fue R H;I
=20 =) W SN
858 + F g N RS
£3E|fw W 2o op M B el
5§32 W= e T B - J]
ST 8 ‘UI . a ‘M 0 ﬂ
» T D —_ ™ —_ 3
wmon T TR & w o X
$ o ™ C o X )
H + ﬂ = Z T W
o A —2 ° ~ Taws T &% g
& e ‘e % ~ TR _ T g mom
= an i My V ﬁﬁ m_w.o Nr:._
(1w/ngo) L M = Nr X 3
ﬁ S oM owm
M N = m 1__/l i _E
' E W g ®H E B
& R % o] T X

- 110 -

Aok wheba A Al ) of

PR A

0] o)



0
e

W

i
ﬂl
o

<

—&— Escherichia coli

Bacillus subtilis
—w— Sacchromyces cerevisiae

Q-

10°

T

[ce] N~
[=} o
~ ~

(lwnp) L 28 |n

108

200 300 400

AZAIZE (MS)

100

=
jod

e

X

B!

T™H

2 2mm)

s

L
=

(AA7] 20kV/cm, A

=
;on_
BV

o
Ao

3)

-

A Zzu A <

e

1

2mm, *] ]

=

L
=

2

, AA7] 20kV/cm,

A =

H}

A=

|

A
Al ZE 400us ol A

s

al

al

F a1

o

Ay

e Aol Bol

alL
-

o

Anptul el o R eSS Al

3
#

0.3mm F74¢ H]

2. =

W wppne} of el

a2

s

&4

- 111 -



EEe BE AbEEY FAYS YEA skt olof #wste] nHA IE
Ul Ay zas paste] AkAl 7] 20kV/em, AS74 2mmell A A 2] Al gk
S 7Zb7F 100, 200, 300, 400ps =AM E A 3te] Aultn], AT 5] &5
S AgaAs 49 100usolA Al sFFe] oF 85%7F AbEE dERAL
200psol A= 100% AFES YERATE o]2fd Ans ndA Z2uy HH A
gk wFe] AdEadRyg we 2 AE g9E e Zo® o= w9
A7)0 HEte] R 2 2~3mmL7| 9 o] e oko] mmi} whxo] AA
HAEE Q7] WEoz gokEm Ed g AR

i
sz BAAY} 08 G & 5 e A
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o A mEu A el g Ao vAde et 2y
AZAFow AnAEdA Bo] 2HlH de AAAFY] 45 98
o} 7k glel otz Esto] AFEERsy] wlZol wAdEol Wd 2ol
adz =EH e dHEta & 5 du a2da dA AFAME s
2H], o]l mobxa i 2001 EAIE eF 30009 qrELe] AR
A A F diste] et 2EAFoR AgAd # FATF gle AoR

sgou AAe FUAY AANA AAAFA BF v YE FA/1ES o

Qe AHe @ 4 ol waa odd BHAA AF BEFA 47 A9
AAAFS DA Z2U PAAske] VAR AE ZAE 2ASe] X A

% 14 A5 AAAFe ndA Z2u WA gk nAlE AbE g3
A WA 7 (cfu/ml)
ol 3] A} 2] T
R AA ZEY AT
AA} A2 A E 4.2x10° 2.5x10*
BAF A3 A1 A & 7.6x10" 6.5x10°
CA} A2 A& 3.2x10° 2.1x10?
DA} A2 A3 2.5x10° 1.3x10°

=, AlelM s e AAAESE AA7] 20kV/em, A= Als1t
7 2mm B A ARRE 400ps el A A ZRG A ARk A AE]
Al A}

e}

9= %2715 76x10" cfu/ml ~ 32x10 °cfu/ml F=EolA °F 1.2
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plh
HH

a5

F o, BR/FFole AT F 4L A A (petrifilm) S o] &
ato] zAletgith. & AlFSE Petrifilm'™ aerobic count(PCA, 3M) wjA & 37
T, 24A17F wjeFate] ZAetgla, ER/FFolE Petrifiim'™ yeast and mold
count(PYMC, 3M) HjA| & o] &3] 21~25 C ¢Aolx] 3~54 & wjF & =
et om, hgFTS Petrifilm™ coliform count(PCC, 3M) ®iA = 35 C,
24X 7F vl eFste] colony F9ol 71Z7F A Eo g red colonyE coliform
F2 2489

S|

= =] =]
F EEo] durd R ax

M

al
ZAS SoxhletF=4W, Z2EWMA L2 micro-KjeldahlH S AF&-3} St
I 1F B 1 gol 5% phenol IS 7F3F & Z3EH,SO4 5SmlS 2ol 30
o] WX T spectrophotometer(U.S.A, Beckmen, DU-650)% 470nm2]
F % AE 1 gol DNSAeF 3md
=

Fr= 26m7bA A -&-3Fe] 550mm

- 115 -



lo,
KL
o3
2
>
421
3
(@)
(@)
g
@]
S
5
QS
@]
=
Q.
(@}
fru
oo
)
k1
o
=)
it
A\
ox,
ol
2
vl
n:[oit
o
k1
AN
o,
rlo
e

1z

T FAIZE ool B SAsY. $3 ST gEade il

2 glucose= Abgste] zbzhe]l 54 o r SAste] vEEAth

2h udA ZEY AA e 13 B2 Capsaicin?} Capsanthin 43
capsaicin® %<& 13 EY 5 g5 Ao Soxhlet FEF7A] ol A
isopropanol2 o] ¢ Yl ¢S wji7tA] &3 $ charcoal 5 g& 7}3)
of 3%+ # F A, FASL odE  evaporator® HY FFSHATH
Petroleum ether® oil residueE < ©]il Separatory funnelE ©|-&3}¢] ethers
5

ZAl71 & isopropanol®ZX 25 mlZ A&t 33 281 nm

= - = H
oA  FHFEE  =Aslo]  capsaicing TEE AP HEIAHLS

capsaicin(C18H27NO3, M.W.=305.42, =< E. Merk A} A3#)2 iopropanol®l
2 FHEE 435t wHEUTh
capsanthin %<& 13 B 0.1 g2 A3 Ald P ¥l benzene 10

mlZ reciprocal shakerol A 30&3F %, o3} star 1 Fo] &9 thA] benzene

10 mlZ 10874 43] =, o313k o] HS dtalo] 50 mlE ALt o] F
ZHS 2A3 3FAEe]  spectrophotometerd] oA I 462 nmell A
benzened blank® 3o 3 %=(0.D.)E =AYtk

ul, 1WA ZEY AAA S 15 FEe] A F4

_%_

o] spectrocolormerter (U.S.A, HunterLab,
A60-1005-654)5 ©]83}e] Lzk(whiteness), agk(redness), bak(yellowness)¥}
AurA el Az AEE etk o wl ®E wiAge] e L=9268, a=0.81,
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uf, w@A mRy o A 15 B &4 4

A
Ay

a3 B 10 goll ethyl ether 50 ml®} F<=sodium sultate 5 g& 7}3}
o] ice bath AollA 2A1ZF &<t & FE3 thg, oJ#sta 30T o]stoll A 7+

T2 A% vialdl packing 3ol & gas

o2
off
4
ol
32
i)
off
o
2
[S—
=
o
o
(@]

liquid chromatography (GLC)ell FH3std o, 2 Ao = Hg5-3te vl
£ flste] FAEolg AA4E = F peak 5O WANE T oW ARE
column- chromosorb W AW(60-80 mesh)oll 15% carbowax 20M©o] %3]
2 EAE FHAZ glass column (8ftx2 mm)S AE3FS 3L, columne &%

O
(@)

= 160CeolA 3 8C A A<5A#H o™ injector®} detector?] &%=+ z+zt 2

0Ce 270C= sfo] 3 HhE-o 5 213519t}

A g FEe A(color) @ WAl (odor)oll T3S ol FA2 thx+
TARMRIZ st A5 gl os) zte]7} fitt= 5, RET thas] =
P& 9, 18lal REY djds] vioy= 182 P 7hske

2. 4% =

we
K

7h ndA mzu A el o7 uF e nAE A 23
=

At 71E 5, 10, 20, 30kV/cmE

£t

A ke tERT nF BEwo nAE £ dubAate] 83x10° cfu/gloldla &

27} 43x10" cfu/g, g Tol 1.7¢10° cfu/g oldth 919 xHAow mEUY
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A APA F BEe] vdE AAEEe AAlz)el uhel Abde] F7hake]
20kV/cm A gto = AwbAFo]l 44x10° cfu/g ¢ HAE F= o

Wtk et AT = AgA 7)ol wel A}
ZH2ate] 30kv/em A E] el A$ 1.6x10° cfu/g, 1.0x10" cfu/gel AHE &=
LFER A T

e
o
_\1_1‘ O
il —“f
T
o

24log A% A

# 15 ASkAIZIel W A mEY AEd a5 2w vdE AEE

Corona cfu/g

discharge

treatments Aerobic bacteria Yeasts & molds Coliforms
Non~ 8.3x10° 4.3x10* 1.7x10°
treatment

5kV/cm 8.0x10° 3.7x10" 2.1x10°
10kV/cm 1.8x10° 9.7x10° 9.6x10°
20kV/cm 3.5x10" 7.4%10° 2.5%10°
30kV/cm 4.4x10° 1.6x10° 1.0x10!

Z9wd, 2 BE ETS 2 o] E mold 29k
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# 16, AStA7]e wE

Item Corona discharge treatments
(unit © %) control 5kV/em  10kV/em  20kV/em  30kV/em
Moisture 5.21 5.17 511 5.16 5.15
Reducing
13.63 14.01 13.87 14.19 13.84
sugar
Total sugar 51.78 51.94 52.41 52.47 53.08
Crude
_ 6.84 7.02 711 7.11 6.93
protein
Crude fat 3.27 3.23 3.30 3.17 3.15
o 2dA ZEy WEAe 3 1F B Capsaicin? Capasanthin®]
g
At A e st nFE e Capsaicin®t Capasanthin®] &2 A3 2
Y= a9 50 2o 3 7R 2ln 29 capsaicine ALF EFE 9] Ao
o} shgol e dFow Aolsh tiul AAIA weE ;e A A

3 B Capsaicine W Z19] Capsaicin $H&<&

a
gl oo

E4do] BAE= Ao B

39 o 25%9] Faw gldeh
FAE A0 AR Slo® A2
x, /e 2 A%

A

o] Capasanthini= 30kV/em A giAl 2k 0.7%9
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=
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spectrocolormeterfS A}-&3}¢] Hunter
color L, a, b @ AE =A% A¥= & 179 Zoh AgA7]o e =2 W
A A2 nFE o] Ao Lzk(whiteness)< 42.43~42.71, a#k(redness)<
22.77~23.01, b#k(vellowness)e] 4% 18.84~19.01% uyE} tfzx=2] ZHzhe
fk 42.21, 234, 19.03¢F 2 AolE YERRA @gkoew AWkl A JE=
5kV/cm A Foll Al 04558 30kV/cm St A= 0.829 #Fol= AEZko] 19] 4
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Relative peak area(%)?*

Main
Corona discharge treatments
peak
control 5kV/cm 10kV/cm 20kV/cm 30kV/cm

1 100 974 939 914 88.3

2 100 94.8 90.8 83.6 80.7

3 100 92.6 91.0 89.1 85.2
Total 100 94.5 919 88.0 84.7

x* . Relative number is expressed against the control sample and each value

1s the mean of triplicate experiments

vl 1 AA Z2Y FH A g 15 29 ds A4
AHA Z2Y A e B nX = 9FE 2AH] A
AgE 15 FZe A(color) @ WAl (odor)ol T8-S Fo] FHe
FAERE 3to] AR HAY S ol &3te] #He HAME ¢ Ade X 19%
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Corona discharge treatments

Item
5kV/cm 10kV/cm 20kV/cm 30kV/cm
Color 5.8 6.3 5.3 4.9
flavor 6.1 5.4 5.7 5.2
overall quality 5.8 6.0 55 51
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