B E2W 3 HolrmAl (), At A( O ) HAHSE 20090236

11-1541000-001069-01

YH0) Y DHYBAE 0|83
X Axo| HY MEY|E Y

(Non-thermal pasteurization of fermented vinegar
using photocatalytic oxidation reaction

and high-voltage pulsed electric fields)




AR

Al

0
N

—

=3y

" HAY BmAE A
A7 =

Q]
119 04 € 09 ¢
20

3 B



9] H|d AH7]|&= A

=

2% olgd ¥x A

35
=

)

A

L

K

_z.__l

_.O

- A

100% Ao}

T

ol =

-7
T

25 AdsstA =, F

]

A

o_m
o

B
o
__o._

7A

il
el

—

2]
=

1=:
R

= AR (d

bof olm] zul4Fo A 4

~u
il

ol

Zhell A Seu

A= &

719 AAR)

ol

A 19)

=

Al
A

g Sof, Ty

Y. o

]

=

Ea

Al

H7HA g A1« 2 (TiO/UVC) ¢ ndsd

Aol A=

L

O  wabA

27

(pulsed electric fields, PEF) 7]

ﬂ,ﬂ
o
oF
el
)A




A &

II.

FzAze] A HH3

W Mz &

=
=

-
[e]

=

&

FzAze] A HH3

wK

Az &9

=
=

-
[e]

<
N

Nlo

(=)
:nl
TO
wr
W
il

o}
N
1o

wK

M

N
el
Bl
;A_l_

ol

[e)

2 Aol 9

3
=

on
pgl

™

4

AAEas

V.

FzAze] A HH3

A v|AE (E. coli O157:H7, Listeria mono— cytogenes,

Salmonella Typhimurium) o] A#ol vl== &3 HZF (6 log cycles ©]

ol
,mo

oF
gl
<

W 27}

=

&

DNAS] Ta}728 A EH

oN
j

oA &

= ZAbt 32 (Acetobacter aceti, A. pasteurianus, A.

A

0 ~
o

3} Hsfol] o

—

4~5 log cycles 4~

A3 3

) A g AW 120 &

| batchd #= A H

3]

xylinum) o Tt

ol

i

headspace SPME GC/MSD

o] Al

o F5

] 6.5 log cycles ©]Ate]

3]

pilot—scale®] A& A#}, pilot—scale®] AL

ki3

_OA

3 48-&
8 A8 4] standard vinegar brothel] HZ

N
I

o o

B

0

B
E_a

iof
H




1

Al
A)
ks
9] AT Acetobacter xylinum <

=

L

Saccharomyces cerevisiae, &2k

|

} batch chamber

Rig

k)

FxAzo) 4F AR5
o Ag

TAAA T WS (electric field strength, pulse width, pulse repetition)9] W 3}o) w}

N

H

& 1¢l Acetobacter pasteurianus, Z1&]

gl

7}

=

[}

o

°]&

=

=

(SPME-GC

[}

=

Phell wat Fof A HEs)
2

Foll wat 3~4 log cycles & 4

=

=

[}

o g

acids profiling).

Z FAL total energy inputd] 7§d

kA
o
,mﬂ
i

-

X

{]
gl

ol
&
B

—

4
B!

o)

el
1oR

Ul

pasteurization

i

ko)
T

Hol 7kl 9

=

=

1}

8

ted AN

S

4g

3A 3~6 log cycles ¢ 2t

[e]
<)

=

o__.u

o

o

b

F
iy

—

Adel A% A7} 2

gl

ol
PR
5 H
TO
)
~ B
N

=
w N
= e
o
Hr &
= o
TR
_Z.._ E._
& B

=

el =
CUNG
o 1H
T K
M=
B AR
GRS
o] N o

Bjeo] 2hist 8o ZithE.

€]

1

oL
¥

wahd B o

2 Ay,




A4 2 4328 A9

V.

O d+43

J915h8) (270)8F 2 hel (1

3]

T

ol

=
=

— a7 A

P2

&

™

X
e

2 =] SCIE)F &

9)85)9} =) 8k3)of 4]

8.

¥ 3
=Z=1 =2

1513

O 473&g A9

B
1+

—

AAel a3 AF oot dAl 2

s

— A7 A A=A

oH

8.

"
4

A F)e ER A o]4tstE

x(;_

o] oleie A (u%

-
=]

/A A AR EAE GHE ] A}

Mo

do

X

Al
ez ZthH.

&t A

EE 719

Zz2A

2] 3k spin—off

4.

3}
=

"
4




B3] 2 DAGRLE o] §F F= Nz I FFAE AW

ATAQ ZrAFo2AY Axe dxrld HAEA Ll AF FH2E2 AFTEZL A
Hol glevt AR T AW AT A g2 Az olF Y8R Fe "Me AR $E T
o AR WEA st oln] ZuAFCRAY AR A FEE Hol'de Aol
AAd® Uz Az A, HHoly FHo TFH FHE dE2E A ¢zS LR
AT oln AAE AEEE 240 R HISe FALE FAFE AXH HA dx AR 5
ol FHE FAASHA Hedl, @' 3 MEATAHEE B ¥ Az IFY IHE EA
e A Atk 2 ATl s HAl vrtEAE rled FE5H (Ti0/UVC) ¢ 4 94H
2 (pulsed electric fields, PEF) 7|&& ¢35 & 2@ 244 EE 2 Az H&slo 1 F
4, 171549 AdgERAx Al Agst vrtd Ad3HES st stk FE)
7= mAE A E3e ZE dYE AFS] A AERE BYEAd mAE(E coli

0157:H7, Listeria monocytogenes, Salmonella Typhimurium)®l] 68 %9+ TiO,/UVC 33Zn] 2] 2]
39S ul RE Z84u= DNAE A% DNAR A= AQor} TiO, glo] UVC 7t ZAMEY S
u] = super—coiled DNA 7} §-X %= Aol #EEU. Batch® TiO/UVC FRE o] &34 &
uf ml BB Fo ATgle] 90% o] BF (7] mAES 10° CFU/mL) HYem SEM &2 2
I nAE A EE TiO/UVC F=u] ukeo] 93] Azal a2 Adgeo] At Az9
A7 Mo Bt 2AF 3% (Acetobacter aceti, A. pasteurianus, A. xylinum) & Batchd
TiOo/UVC Al 2=®lell A 120% FQtell 4~5 log cycles A= 4SS BTt F=ujo 23
i/&ﬂ AiS Zhsl sr)9s] ALy #AY TiO/UVC AXE HLsden, o 49 %

FE 2 ¢38l £x (standard vinegar broth) 7oA ZAFF 3Fo] I3l 6.5 log cycles ©]A
£y

mn‘.

r:lJ

29s At FEFH e o] &% H|E A A A #2E Az F4 9
A3l7] Y38l headspace SPME GC/MSD & o]83ld o, #7142 & oz AHAEE5S A
FAY 273 & zAolg e F gt 1Y E2 Ved -4 ke 1
< microsecond?] HZAIZF B A Fo 7lste] mAES o

7tE A Tleelty. Y B2 UleS 7HE Ayl o3 v & oga ddad #IlE
Azl o2 Thekst Fr vb_'—o] "3 5]"5 A HELE-— AFo dty A B A VR &
€8 F Ao A & A Hate] 93 MAES d2E YEATY Saccharomyces
cerevisiae, ZAF W& T Acetobacter pasteurianus, 18] 1 Az A|Zo] AT Acetobacter
xylinum o|tfy. LAY BA AHge Ag=z7A 10~20 kV/em, 50~100 pulse & ZANA 53Y
HAo™ WGy A 4 o FUhol wet 7o AME BEVE FUFsH AE 7Y TR
2} 3~4 log cycles 9] 4 F7l k. ¢3L 2Ert 459 HE T2 %
7F EE AAZE WA ER 1AYG H2 AYE S F Y AET obnxAt AR

[e] —
T4 S W FAHE LA HAEEY 24T AUFAA E ol BAT F UL

= JIN'

=
=
23

oL o b o e

2

o
=

(o

oZ:
l' o, ﬂl‘l>

l‘N'
:i

S

mE (o

O



histidineo| } lysine 5 7Fgdl o8 £42 4 e oln|it FFolx W7 gtk ot
A DAY o] JA #2E Az JEL PR olnxt 5 FHldl Fe WEe Fas
& A =2 pasteurization FEO] Ad EA4S FRT F JSS YFSUT. FEHFue nHd H
2 e Ad SF Az vg A2 F2olste AH2oA At rheslrz @E A
AElE Az FTuld HATe] JgE F A 2E uAEY HY pAES aryor Ao
g 4 AT FEFAot -G B2 Ve fAE 5A4E 2 vE A vieed vE) A&
v g-o] wl¢ Uit FHo] k. FF FE BT AL FERZ AT o Fad Ad T
Al 1~299 BEE AAHe] T2 AY B2 AFZFANAME AHE 7H5d 7ot
meba S TheFe FEo] A3t AEol 7t & AeE woE



ABSTRACT

Non—thermal pasteurization of fermented vinegar using photocatalytic oxidation reaction
and high—voltage pulsed electric field

Fermented vinegar is becoming increasingly popular in both domestic and international
markets. Flavor of the fermented vinegar can deteriorate during thermal pasteurization
process. High—quality and highly nutritious fermented vinegar can be developed using proper
non—thermal processes such as TiO,—UVC photocatalytic treatment or high—voltage pulsed
electric fields. Effects of a lab—scale TiO:—UVC photocatalytic reactor on DNA of pathogenic
bacteria and on acetic acid bacteria. Effects of lab—scale TiO,—UVC photocatalytic treatment
on plasmid or genomic DNA of foodborne pathogenic bacteria (E. coli O157:H7, Listeria
monocytogenes, Salmonella Typhimurium) were investigated. Most plasmid DNA were
transformed to linear DNA from super—coiled DNA within 6 min by the TiO,—UVC
photocatalytic treatment. However, the super—coiled DNA were preserved after the UVC
irradiation only. Regardless of bacterial strains, the TiO:—UVC photocatalytic treatment and
the UVC irradiation showed complete disinfection within 90 seconds (The initial bacterial
population were approximately 6.0 log CFU/mL). SEM images showed significant damages in
bacteria cell membrane after the TiO,—UVC photocatalytic treatment. Disinfection
treatmentwith lab—scale TiO,—UVC photocatalytic reactor showed 4—5 log CFU/mL reduction in
three types of acetic acid bacteria (Acetobacter aceti, A. pasteurianus, A. xylinum) within 120
seconds. Cocktail of three acetic acid bacteria (A. aceti, A. pasteurianus and A.xylinum) was
treated with a continuous TiO»/UVC photocatalytic reactor. The acetic bacteria were
completely killed within 187—190 s (more than 6 log CFU/mL reduction). Disinfection of acetic
acid bacteria in a standard vinegar. A standard vinegar was prepared and inoculated with
three type of acetic acid bacteria (Acetobacter aceti, A. pasteurianus and A. xylinum). After
the disinfection process with a continuous TiO./UVC photocatalytic reactor, residual cell
counts for A.aceti, A.pasteurianus and A.xylinum were very low (more than 6.5 log CFU/mL
reduction). Quality of TiO,—UVC treated fermented vinegar volatile compounds of TiO,—UVC
treated fermented vinegar were measured by headspace analysis using SPME GC/MSD.
Volatile compounds of the treated sample were similar to non—treated control samples.
Compounds at retention time (RT) 40.46 min (butanol, alcohol groups) of treated samples
slightly increased compared to those of control group. Compounds at RT 42.63 an 45.85 min
(ethyl acetate and acetic acid group, respectively) slightly decreased as compared to the
control group. Process optimization of the continuous TiO.—UVC photocatalytic system

Inactivation effects of TiO,—coating on quartz tube or inner wall of the reactor were



checked. TiOs;—coating on quartz tube showed the highest inactivation effects (reduction of
6.28 log CFU/mL) among the various combinations (TiO,—coating on quartz tube, on inner
wall, on both quartz tube and inner wall, and non—coated control). A new continuous
TiO,—UVC photocatalytic reactor was developed using the above results. (newly developed
continuous Ti0»/UVC photocatalytic reactor). The results of this study indicate that the
continuous TiOs—UVC photocatalytic system is an effective disinfection method. The pulsed
electric field (PEF) is an emerging food processing technology which uses high electric fields
with very short treatment time to inactivate microorganisms in food. The PEF technology
was applied to the fermented vinegar to minimize the changes in taste, flavor, and nutrient,
while selectively inactivate the alcohol fermenting yeast and contaminating acetic acid
bacteria to control the fermentation process of persimmon vinegar. The test microorganisms
were Saccharomyces cerevisiae, Acetobacter pasteurianus and Acetobacter xylinum. Electrical
field strength of 10 kV/cm, 15 kV/cm, and 20 kV/cm with pulsed number of 50 pulses, 75
pulses, and 100 pulses were applied to the standard vinegar broth inoculated with test
microorganism. The intensity of the processing voltage, and pulse number were linearly
related to the inactivation of microorganism. The results indicated that the PEF treatments
could result in about 3 log cycle reductions in Saccharomyces cerevisiae and Acetobacter
xylinum within several seconds. The quality changes induced by PEF treatment were verified
by voatile compound profiling and amino acids analysis. No significant diffferences were
observed between non—treated control and PEF treated fermented vinegar. Both two
methods, TiO,—UVC photocatalytic treatment or high—voltage pulsed electric fields, can be
effectively applied to clear liquid foods including the fermented vinegar. These technologies
did not affect product quality since the system can be operated at room temperature and
therefore minimize the flavor change. These technologies are new or improved disinfection
process for liquid foods not only for fermented vinegar but also for traditional alcoholic
drinks, fruit wine and beverages. Both technologies have the potential to be an
environmentally friendly "green" processing technologies and can be a typical low—carbon

dioxide and low—energy technologies.
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o 5 nm FA9 Heg AEEE AEFA FHol AEete REH 5de dezin
(Fig. 3). A B2 7ee Qi v7bE A 712 2 A o3 AF
of 7 A= |9 Fel wet & (A=) & 4a (ZdA])el] 8
ATh  AEE] deEHoz Age nAY B2 Ve EFY dAYS w4
F9| 7], g, A7Zg A= AEA BZd s Hace Wyl BEFHD
Aom ol %lﬂr @Lﬂ %LZOHE G FA gorz AT 4F 989 54

©
=
L
2
)
>
i
N
i
o
2
o
2

S Az F& HAAHEY %% <] 3l %é.% Aﬂi‘l}— ey e
0.7~3.0 kV/ecm 9] AJNE ALESHH, L -ofa) 25 59 H
Al A= 15~40 kV/em o AANE AFEsHA @ (Fig. 4).
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Fig. 3. TAG B Ao @ Axsel 494 23 AAYS
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induction of slress response
0.5-1.5kViem 0.5- 5 kJ/kg

exposure of

cells to eleclric ﬁeld
ﬁ\ electropermeabilisation

of cells

/ \.L_____,/ \ ) ;
sludge disintegration improvement of mass transfer
10 - 20 kV/em 50 - 200 kJ/kg 0.7 - 3.0 kV/em 1.0 - 20 kJfkg

micrabial inactivation
15 - 40 kV/cm 40 - 1000 kJ/kg

Fig. 4. -8 WHelol o

i

ALY A7 oA e
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Az A 2 AT g FYH I standard vinegar brothe]l sk A=

(1) 47 =3
O 4% wad @ ogael o 4% 54 g9 2 W =4 3y

O Standard vinegar broth of gt Az wafo] A

(2) AT W%

—I—Jj— =
zo Q8 WagHog 75]'—%—8]——‘5 7(—;1._?_9]_ FZ [q_a_

HEE o 2 AZF7FF A A AL-E-5)
B ¥g ‘?%01- single colonyE AE
A1 30C,

rlr

O Acetobacter pasteurianus (KCCM 32831) 2]
= Az AT eRE 3 nASEEZAEgAR
Hj&F i =] (Table 3) ol HFatd & wjgrol
3 AgslTt (Fig. 5).

50 rpm .2 5Y7F vk

O Hjj ko HZ}E Acetobacter pasteurianus & TA 4 F7F= GYC agar (Table 4) of
3|4, =3t & 26°C9 incubatorol A 497 Bl & AAE colonyE A3}

O 13 HZ & 3647t o|Zo|| Acetobacter pasteurianus®] <=7} 10° CFU/mL S
gaiel 66417 744 Hl5T £E §AF Y 2 olFe #EA o=k A
ol & 4 oot (Fig. 6). uwaka] 1z} uj °‘E°1 /\1 stationary phaseoﬂ E=
48417to] HAL o vkl 1 mLE 3 T 10" 3 M5te] 23 IS A% 519
o}

o I} Acetobacter pasteurianus + 48~90A|7F & Hoj| 4] stationary phase

o]31 o]& death phase® 243t AL 32l sH} (Fig. 7). E}ﬂ-/ﬂ T Mt
A& 93} Acetobacter pasteurianus = stationary phase?] = o 9%
6641 7F vk Fol TS FHste ol Frha AT oF AY % %’4:} § ¥
A5 .

O
N}
)
=
O
il

0 s

O
-

> g

BN
n
lo
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Table 3. AE ujx] %A

Compound Composition
Glucose 0.9%
Peptone 0.3%

Yeast extract 0.2%
Ethanol 4.0%
Acetate 3.0%

Water 92.0%
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Table 4. GYC agar A

Compound Composition
Glucose 5.0%
Calcium carbonte 3.0%
Yeast extract 1.0%
Agar 2.5%
Water 88.9%
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Fig. 5. Acetobacter pasteurianus 33 2 vjF 3. vje AE broth (9%); #4274

o= :_]_'
& 981 GYC A whxo) HFshe By (LES okd]): F5 579 913 26T incubatoro) 4
HjokE)= GYC zA) wix] (922 9])
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Acetobacter pasteurianus

2rd_ Inoculation

; 2]
8

=8 pcetobacter pasteurianus

~ 1= Inoculation
3 1 (oneloop)

AP [log CFU/ml
Ia

Y

st Logarithmic | Stationary Death Phase A
growth Phase i i |
! ! 1 Il | | |

0 12 24 36 48 60 72 84 96 108 120

Incubation time(hr)

Fig. 6. Acetobacter pasteurianus 12} HZ A5 A3 GYC agar oA vl k%l Acetobacter

pasteurianus colony?] He|d EA
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AP [log CFU/ml

Acetobacter pasteurianus ||

10

A=
6 /T\

TN

[ e’ g

T 1R 4eA7t = IREE

A

td

Logarithmic growth

Stationary Phase

Death Phase

0 6 12 18 24 30 36 42 483 54 60 66 72 78 84 90 96 102108114 120

Incubation time(hr)

10

I<

== Acetobacter pasteurinusIl
=C=pH

Fig. 7. Acetobacter pasteurianus 22} & & A& ZA
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O A &g A x9 oaE %*EOH #ofsh=

Ein Saccharomyces
cerevisiae (KCCM 32016) 2 AAsIgeon A
o

TTE<=
4 wE 429 BEHY 09 BF
Mgstel APl At

O Saccharomyces cerevisiaex= YM broth (Difco, USA)ol A=, shaking incubator’dol]
A1 200 rpm, 27C¢] A0z 4047 v kst tt. Saccharomyces serevisiae®)
4 #el& potato dextrose agar (Difco, USA) o] HZEs}e] 27C< incubator
(SIM—602L, shinseng, Korea) oAl 72A)17F vk & A A= colony 5 2154}

O Saccharomyces cerevisiae®] A8 EAL gelstr] sl B
%j &} shacking incubator AFoll 4] 200 rpm, 27C¢] =AC
T 24717 AT & 10° CFU/mLo] o] o]& 6447 744 &
2 gasd 21 4459 (Fig. 8).

e 1%

2] ¥ YM brothel)
Hjj
.0 log cfu/mle]&}

2
°] 8

O Acetobacter xylinum= HS broth (peptone 0.5%, yeast extract 0.5%, citric acid
0.115%, Na2HPO4 0.27%, D—glucose 2%) o &=, shaking incubatoro]] A 150rpm,
27Ce 7oz 42X 7F ksl dtt (Toda et. al, 1997). Acetobacter xylinum=
GYC agar (D—glucose 5.0%, yeast extract 1.0%, calcium carbonate 3.0%, agar
2.5%, distill water 88.5%) <l HZ3&}] incubatordollA] 26 CE 747t vjek a4t

O Acetobacter xylinum & Fig. 9 oA B = vle} o] vk Az 304 7ko] A3}
39S wl #4571 8.1 log CFU/mL7} ¥ o] /‘E‘éj% Z 53 11441 7F 742 #47F 8.0
log CFU/mL & #A sttt o= ol Aol 120413t <t T7F asHA|
o FAH oMo Aot HAF stdTt (Yang et. al, 1997).
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Survival microbial (log cfu/ml)

Saccharomyces cerevisiae

9

8_
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6_

€
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0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
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E Az dgg
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Survival microbial (log cfu/ml)

Acetobacter xylinum

—@— | Acetobacter xylinum
—h— pH

M

10

|
T
0 6

12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102108114

Time (hr)
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(1}) Standard vinegar broth & ZA|¢} Acetobacter & 744 &<l

O mAE AT AFE feixs AFd AH A5y Hs B2od 2Ed A28
dQslty. F, Az WE TF, 2 @E FT 59 §AS $Ho] Ay =
FAZ Fdasity. mEtA o2 HEE k3 HAHd wE Fxe ety 24
&-A}3} Standard vinegar broth & ZA|3}9t}h (Table 5; Table 6).

(O Standard vinegar broth 99 mL 9l 8.5 log CFU/mL<] 2%} Acetobacter pasteuri—
anus W FH 1mlE HF3 F 12 A7Fet AAsH 6 A7 A2 GYC agard]
HZE3ste] counting 3 ZAF 27| T FaTE BEEHI HwA b AL
T2 FASIHY (Table 7). oA HF3 Acetobacter 7} pH 3.7 HE<I
standard vinegar brotholl FHAES Zkx 91L& 525ty &% Af Aol standard
vinegar brothZ HA Bq F2E YAlste 2d Aoz AL&3sL7|d] 2 ¢at
Ao g AHEYT.
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Table 5. Standard vinegar broth %43

Compound Composition (g)
Ethanol 27.5
glycerol 1.87

Tartaric acid 0.017
water 470.6
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Table 6. Standard vinegar broth®] &3]3 54

. ) ) Electrical
) Viscosity Density o
pH Brix conductivity
(Pa/s) (kg/m)
(S/m)
3.7 2.8 0.0008 980 0.00657
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Table 7. Standard vinegar brothol| A&l Acetobacter pasteurianus 3 Z4 &

Time Survival bacteria
0 hr 5.42 log CFU/mL
6 hr 5.50 log CFU/mL
12 hr 5.62 log CFU/mL
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b TiOo/UVC A3 o8 ZA4kd 2 dubAldtel] tieh Adaz &
(1) 97 54

O AEFF8 Lot sk &3 (E. coli O157:H7, Listeria monocytogenes,
Salmonella Typhimurium) & Batch®d &AX|E o] &35} AT

O zAbgo) gk a3 (Acetobacter aceti, A. pasturianus, A. xylinum)Z Batch®
Aot ddd R A5 FAE olEsto A

(2) 4+ W&

(7)) AZs-d durMl Tl 3 &3 (E. coli 0O157:H7, Listeria monocytogenes,
Salmonella Typhimurium) & batch® A XZE o| &3] A

O AZzsg HYA vABE (£ coli O157:H7, Listeria monocytogenes, Salmonella
Typhimurium) 43, DNA £ tsk TiO2/UV FZu] vh-3-9o] F3E FHEst0
UV 3+ (UVA, UVB, UVC) ol w2} &8 S3te] oA olFoA == HF st
Fom FAPHAAAER A (SEM) & o8 F2-Fuy s BEsH o

O 6% &l TiO2/UVC FFrjAe] o] F EE E2kAul= DNAE A9 DNAZ A&
F o} TiO2 §lo] UVC A} T = super—coiled DNAE Yolqld-e (Fig. 10).

€ 29= ¥4 F7tee. obd 2™ i02/UV A& A Ze}

E. coliz =2 T2 AlE DNAZ 7} JorE AL o 4+ QL (Fig. 11).
£ ot HelHE TiO/UV ZARAZRe] F7F (30~1208) & o A=
DNA9] th3t TiO,/UVC #FZu| whg-o] =& a¥E HAE (Hirakawa et al,,
2004; Maness et al., 1999; McDonnell et al, 1999).

O =R TIOJUVC 2AN L& 3781€ Wl A DNA P2dsil thet Bv)3)
e o]
A3

O HYA mAE (3%F) 9o 448 & Ao &%= batch® TiO/UV FAE o]&
st S5 e m TiOy, ulAE Fol A@gel UVCY 3% 90x (7] nAE
T+ 6 log CFU/mL ¢) <o)l Abdo] 955 (Table 8; Table 9; Table 10).

O SEM
A

l"‘]

223 v E HZE TiO/UVC #FZu] w8 o8] Az3 Js=
o] #9lE L (Fig. 12; Fig. 13; Fig. 14).

mjo
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Super :
Lineay colled 2 4 6 8 10 2 4 6 8 10(min)

Only UVC Ti0,- UVC

Fig. 10. UVC ¢} TiOy/UVC #=rj] uk3-¢] ol7lz 2~ A A7z
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) Genotype 30 60 90 120(min) @ Genotype 30 60 90 120 (min)

20000 —
5000

1500

500

200

Fig. 11. TiOy/UVC ZZvwl vk-& A2 E. coli A Alw DNAS] o}7tz2 2 A A7 HALZ (A);

Nz A4 DNA 3%9] 256%2 X% A® DNAY o7tz A A7Xd AR (B)
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Table 8. Bactericidal effects on S. Typhimurium in lab—scale TiO,—UV reactor

) Log CFU/ml
Time of TiO>-UV UV only
exposure (sec)
UVA UVB uvcC UVA UVB uvcC
control 5.9+0.0 6.0+£0.0 5.9+0.0 6.01£0.0  6.0£0.1 5.9+0.0
10 B B 4.240.0 B B 4.0+0.0
20 B B 2.840.1 B B 3.0£0.1
30 B B 0.2+0.1 B B 1.9+0.2
40 B B 0.2+0.1 B B 0.4+0.2
50 B B 0 B B 0.3£0.1
60 B 3.0+0.2 0 B 3.0£0.1 0.2+0.1
120 B 1.7+0.0 0 B 1.9+0.2 0
180 B 1.6+0.0 0 B 1.6+0.1 0
240 B 1.4+0.1 0 B 0.9+0.1 0
300 B 0 0 B 0.6+0.1 0
360 B 0 0 B 0.2+0.1 0
420 B 0 0 B 0.4+0.1 0
480 B 0 0 B 0.4+0.1 0
540 B 0 0 B 0.4+0.1 0
600 B 0 0 B 0.3+0.1 0
1800 5.8+0.0 0 0 6.0£0.0 0 0
3600 5.7+0.0 0 0 5.9+0.0 0 0
5400 5.5+£0.0 0 0 4.9+0.0 0 0
7200 5.1+0.0 0 0 5.0+£0.0 0 0
9000 4.7+0.0 0 0 4.7+0.0 0 0
10800 4.6+0.6 0 0 4.7+0.6 0 0

x The value of population (log CFU/ml) are means * standard division (n=3).
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Table 9. Bactericidal effects on L. monocytogenes in lab—scale TiO,—UV reactor

] Log CFU/ml
Time of TiO-UV UV only
eXposwe (Se¢) v UvB UVC UVA  UVB  UVC
control 59400  6.040.0 5940.0  60£0.0 5900  5.8%0.1
10 - - 4.040.1 - - 4.0£0.0
20 - - 2.440.0 - - 3.0£0.0
30 - - 0.840.1 - - 1.4+0.1
40 - - 0.540.1 - - 0.9:0.0
50 - - 0 - - 0.2+0.1
60 - 1.340.1 0 - 26:0.1 0
120 - 0.920.0 0 - 2.0£0.0 0
180 - 0.920.1 0 - 1.9£0.0 0
240 - 0.7£0.1 0 - 1.720.1 0
300 - 0.720.1 0 - 1.720.1 0
360 - 0.920.0 0 - 1.120.1 0
£0 - 0.840.1 0 - 0.7£0.0 0
480 - 0.820.1 0 - 0.840.1 0
540 - 0 0 - 0 0
600 - 0 0 - 0 0
1800 5.8+0.1 0 0 5.840.0 0 0
3600 5.720.1 0 0 5.640.0 0 0
5400 5.50.1 0 0 5.040.0 0 0
7200 4.8+0.2 0 0 44+0.0 0 0
9000 4.4+0.2 0 0 4,00.0 0 0
10800 3.6+0.1 0 0 3.740.1 0 0

* The value of population (log CFU/ml) are means * standard division (n=3).
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Table 10. Bactericidal effects on Escherichia coli in lab—scale TiOy,~UV reactor

] Log CFU/ml
Time of TiOz-UV UV only
exposure (sec) T )
UVA UVB uvC UVA uvi uve
control 5.9+0.0 6.0+0.0 6.040.1 6.040.0 5.94:0.0 6.04:0,1
10 B B 4.240.0 B B 3,940,]
20 B B 2.840.1 - h 3.6:0.0
30 B B 1.240.2 - - 2.5+0.0
40 h - 0.740.1 B a 2.4+0.0
50 N B 0 B - 0.240.1
60 - 1.9+0.1 0 B 2.5+0.1 0.2+0.1
120 B 1.7+£0.1 0 B 1.8£0.1 0
180 h 1.3+£0.0 0 h 1.5£0.2 0
240 - 1.3£0.1 0 B 1.4+0.1 0
300 B 1.240.1 0 h 1.2+0.1 0
360 - 1.3+0.0 0 B 1.3+0.1 0
420 B 1.2+0.1 0 h 1.2+0.1 0
480 B 1.0£0.0 0 h 1.2+£0.0 0
540 B 0.7£0.1 0 - 1.0£0.1 0
600 B 0 0 B 0.7+0.1 0
1800 5.8£0.0 0 0 5.8+0.0 0 0
3600 5.5+0.1 0 0 5.6x0.0 0 0
5400 4.4£0.2 0 0 4.6x0.0 0 0
7200 4.6£0.1 0 0 4.3+0.1 0 0
9000 4.5+0.0 0 0 4.0+0.1 0 0
10800 3.8+£0.0 0 0 3.8+0.1 0 0

x The value of population (log CFU/ml) are means % standard division (n=3).
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Ti0,—UVA TiO,—UVB Ti0,=UVC

Fig. 12. SEM images of S. Typhimurium treated with TiO,—UYV photocatalytic reaction under
different UV lights
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TiO:—UVA Ti0,—UVB Ti0,—UVC

Book ii58un

Fig. 13. SEM images of L. monocytogen treated with TiO,—UYV photocatalytic reaction under
different UV lights
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TiO:—UVA Ti0,—UVB Ti0,—UVC

.SBum

Fig. 14. SEM images of Escherichia coli treated with TiO,—UV photocatalytic reaction under
different UV lights
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(L}) zAbEel 3k a3 (Acetobacter aceti, A. pasturianus, A. xylinum)Z Batch® 73
o A& FRE o]&ste AT

O ZAHS ¢FEE7 2d AqAE o|&5te oAl 22bdE AP E AA HAF
Az2E Aiste 83 7T FAC AEAE EAAYNE BT ATEAIA o
A AL = = nAEQ. E3] Acetobacter xylinum& cellulose® v}k
Aokt Az gL FNA WEA AANFE Y (Rehm et al,
1983; Zahoor et al., 2006).

O W APME 2247 3% (Acetobacter aceti, A. pasteurianus, A. xylinum) 9
s BAA nAE AFawryl 745" Batch® TiO/UVC #FAE o]§ v]g4t
T 29E A4S

O Fig. 15 ~ Fig. 17 oA HE=ul9} Zo] Batch® TiOo/UVC Al 2"l A 1202 &
Qboll A. aceti, A. pasteurianus, A. xylinum 4~5 Log Z4E HYor} AAS)
A 29 BA E3Ye.

W AP e AT 3F (A aceti, A. pasteurianus, A. xylinum) o) TH3j
%2 TiOy/UVC FAE o] & ugdidd S ST A¥47 187-190%
otol| A. aceti, A. pasteurianus, A. xylinums 4A 27 4 99L (6 Log
olAk z+# &#) (Fig. 19; Fig. 20; Fig. 21).
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Fig. 15. Bactericidal effects on Acetobacter aceti in lab—scale TiO,—UV reactor
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A. pasteurianus (log CFU/mL)

Treatment time(s)

Fig. 16. Bactericidal effects on Acetobacter pasteurianus in lab—scale TiO,—UV reactor
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A. xyvlinum (log CFU/mL)

Treatment time(s)

Fig. 17. Bactericidal effects on Acetobacter xylinum in lab—scale TiO,—UV reactor
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6T0/02/03

Fig. 18. TiO2/UV photocatalytic continuous reactor (Lab—scale)
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A. aceti (log CFU/mL)

0 50 100 150 200

Treatment time (s)

Fig. 19. Bactericidal effects on Acetobacter aceti in continuous TiO,—UV reactor
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A. pasteurianus (log CFU/mL)

0 50 100 150 200

Treatment time (s)

Fig. 20. Bactericidal effects on Acetobacter pasteurianus in continuous Ti0,—UV reactor
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A. xyvlinum (log CFU/mL)

0 50 100 150 200

Treatment time (s)

Fig. 21. Bactericidal effects on Acetobacter xylinum in continuous TiO.—UV reactor
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O 2AY 2 A= 93 33 " 3

O ZAY & duURA F£&d & 247 9 B Ee 47day A=
(2) A7 W&

b)) A 2= FAH W14 g3y

O

O

O

O

O

ARG B2 (PEF) AT E o] &3 nAdEe a2 A5 Heie A7139] A7)
(field strength, kV/cm), 271742l £ (width, us), 2 7)734<¢] ¥E-315 (repetition rate,
Hz)5& 243l F3sl7] 918 AX7F "_slt}. Fig. 22 = B Ao ASE 1

Agol AF§FE TAYRE FAE Bao TG 1100 us = 28 @ 5 3lon]
o 50 kVe] & 100 Hzo] H22 ZEHEE AA AT oldd 28 =1&
= sl -8 capacitor7} ZQsith. Aol ARE-H FX= HW 200 nF 9]
capacitor 2 #Hst ok HAY gl £x= =g A< function generator
(AFG 320, Tektronix, Wilsonville, OR, USA) & Es}o] A= AAE vdg
o] Ay A== A" DAY probe & E3F) =A o] digital oscilloscope (TDS
430, Tektronix, Wilsonville, OR, USA)E o]&-3} 7|23},

o by

A4 PEF A& 93 A4d =4S 43S 918+ batch 422 ¥ PEF chamberZ
AFe-5+4t}h.  Batch chambers 2|23} electrodezte] Adle) wal ZHE= &0]8}
At (Fig. 23).

Chamber7} 7[X|= A 7]4 EALS vuw EAS HywH AT do] HQshy] &
FALGRAZ2E AEshe Ao tish oH] JAPFoz AlFoA] Fushe A8 FTF/F
_O

tlo

Electric strength®] W3lo] W& peak voltageo] WHEE LolH gyttt AFd o] &3+
chamber®] A && 3 cmo|al gap size7} 1 cm$l Z 3 diameter7} 6 cmo]il gap
size7} 2 cm ¢l Aot} o]AEL 2z} chamber 2, chamber 4 2 W% gt (Fig.
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25).

O Chamber 2 ¢} chamber 4¢] 2.0 kVeo]] &3}= electric strength & 7}8F5& v peak
voltage= ¢F 1 kV¢] x}ol& H T} (Fig. 26). 1 o]f+= EUE+E electric strengthe
225k electrode o] WA o] Yoja] Fo] BAE=HTIV} gapo] HolA A9 & 2
A8 7FA7EA Zehr] wiiEelth. o] wjEe] dAHF AY] AqUAE oL EAH
A AP S fSiA= electroded] Hlo|9} gap size7l F2 A& ARESh= Flo] R

o},

o

]_

olr
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Chargingunit | _ _ _______ N
(0-50 kV)
Capacitor
|
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s 5
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fe = — - Function 1 I <
generator O
Protective
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|°' “““ *1 Digitalo 5
- ------ » ocilloscopé¢
High current
'y probe
0 ~ @
Treatment
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=2

Fig. 22. 144 2 FX]9 32 FAT
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Fig. 23. Gap size®} diameter7} TFE batch chamber 52 2<%
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conductivity=H

250

200

160

100

50

standard
winegar

e
b
o
[
1=
b
E
s
b

Fig. 24. 21z 9] &5 wWE electric conductivity
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Fig. 25. 1 AY¢ 2 A8 & 98] A X% chamber 2 (#) ¢ chamber 4 (%)
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{A: 2,56V
@ -1.88v

A: 10.8us
@: -4.80us

cm ZF
=151mv

‘gw-w--o—a—-jww-w-vwav| bttt chi i

8oomv

ch1 #7| Bt
s v ; P ﬁ’é‘yﬁ’s‘

W10.0us A Chi J -400mV.
v 0.00000 § 14:14:18 28 74 2009
= ¥ 0.00000 10:07:22

Fig. 26. 9FoA 2.0 kV ¢ AYE 713S of chamber 2 (F) ¢ chamber 4 (-§) o

H5=5%E peak voltage =73



O  Saccharomyces cerevisiae += 20 kV/cm, 75 pulse® A &]3s}92S ] 2.3 log cycle
ZrAastgeh. o)A AFAA Saccharomyces cerevisiaeE 35 kV/emol A4l 10
pulse 2] 3}FLS w] &3] AFEs= Z3 (Qin et. al, 1995) o H]3| Ajge
2 3o Sz o)k A7 ¥ 4 Y= Aol 20 kV/em FE2 AS HH o}
£ Zlolth.  siAFr @' A x99 A AMEEHE Y2 FFY stgAT

FEo AHEE Zke AoE FAHFHUG.

rok

(pasteurization) ¥} H|<

O Acetobacter pasteurianusE LAY B2 A71F A st9L w o] 71 2ol
AtESE 2748 20 kV/em, 100 pulse 9o+, 27|75 6.2 log CFU/mLo A 2]
3 #57F 2.6 log cfu/mlZ ¢F 3.6 log cycle Z+4A3F AL Fig. 288 E3) 32l 5}
Aot AHE Are d23lgrt SV @45 Srkske A Eth 20 kvl
A 25, 50, 75, 100 pulse A3} w] AFE F4= 2+ 1.9 log cycle, 2.4 log
cycle, 3.3 log cycle, 3.6 log cycle2 HA3 47 SV S48 Lo] AlE ).

v

O

ek

O  Acetobacter xylinum® 739 o7} HUE AlEste AL Acetobacter
pasteurianus ¢ E=Y3sA 20 kV/cm, 100 pulsee. & 2.9 log cycleo] A3 Th
(Fig. 29).
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Saccharomyces cerevisiae

—@— pulse number 25
—— pulse number 50
—4&— pulse number 75
7 —A— pulse number 100

Survivor microbial (log cfu/ml)
[«2)

4 T T T
0 5 10 15 20

Pulse strength (kV/cm)

Fig. 27. Effects of pulse numbers on the inactivation of Saccharomyces cerevisiae
in standard vinegar broth
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Acetobacter pasteurianus

—@— pulse number 25
7 —— pulse number 50
1 —4&— pulse number 75
—A&— pulse number 100

Survival microbial (log cfu/ml)

2 T T T
0 5 10 15 20

Pulse strength (kV/cm)

Fig. 28. Effects of pulse numbers on the inactivation of Acetobacter pasteurianus
in standard vinegar broth
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Acetobacter xylinum

—&— pulse number 25
—— pulse number 50
—— pulse number 75
—&— pulse number 100

survival microbial (log cfu/ml)
[«2)

4 T T T
0 5 10 15 20

Pulse strength (kV/cm)

Fig. 29. Effects of pulse numbers on the inactivation of Acetobacter xylinum,
in standard vinegar broth
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Fig. 34. Flavor profile of natural fermented vinegar broth
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Fig. 35. Quality of natural vinegar broth treated with the continuous TiO2—UV photo—

catalytic reactor. The flow rate is 750 mL/min and the surface area is 560 cm®
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Fig. 36. TiO./UVC photocatalytic continuous reactor
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A. acefi (log CFU/mL)
[ 3]

0.00

before after

TiO,-UV treatment

Fig. 37. Bactericidal effects of A. aceti treated with the continuous TiO,—UV
photocatalytic reactor in standard vinegar broth. The flow rate is 750 mL/min and

the surface area is 560 cm®
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A. pasteurianus (log CFU/mL)

0.00

before after

TiO,-UV treatment

Fig. 38. Bactericidal effects of A. pasteurianus treated with the continuous
TiO,—UV photocatalytic reactor in standard vinegar broth. The flow rate is

750 mL/min and the surface area is 560 cm®
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A. xylinum (log CFU/mL)
I

0.00

before after

TiO,-UV treatment

Fig. 39. Bactericidal effects of A. xylinum treated with the continuous TiO,—UV
photocatalytic reactor in standard vinegar broth. The flow rate is 750 mL/min and the

. 2
surface area is 560 cm
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Fig. 40. Bactericidal effects of L. innocua treated with the continuous TiO,—UV

photocatalytic reactor in apple juice. Flow rate was fixed by 80 mL/min.

(U) only UVC; (Q) quartz tube coaed with TiOs
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T heating mantle ©]€3}e] 208 Z<F 60CL $x 3t FPAHEZAL head
space 9| _1_§}/\]7i1:]- X315 AHEL SPME9 needleg viale] head spacedl] A+<d
st 1087 333+ & GC/MS(Agilent 6890, 5973 MSD, Agilent, U.S.A)ell FU35}A
t}. SPME (Solid Phase Micro Extraction)+ Oum/30um DVB/carboxen TM/PDMS
(Supelco, SupelcoPark, Bellefonte, PA, USA)¢] & A8-2 AL&st9tt. GC FUF
o Ao & A|7te 520 2 splitless #AS AL stT).

O A EA BASE HP-FFAP columng A3 th. 274& 64 0.8 mL/min,
linear velocity 21.6, pressures 107.9 kPa@ A&, oven 5= 40CoA 587 o
22 % 40C/ming 220C71%] $Lsta 2327 SXAHT. MS B4 =42
capillary direct interface &% 2207C, ion source 2% 280C, mass range= 40—350
a.m.u., electron multiplier voltage= 700 V o]t}. 283 scan ratex 1 scans/s&
3l | AEL GC XA A7 2 EFE A9 mass spectragl sample] spectraZ
sttt (f3d, 1998; AA¥ &, 2001).

O SPME-GCHE 539 10 B¢ &asdt ddws 22 24¢ 22 A F
Py 4R BHEYTh Peakel #¥S WA TR 1HY
ol Wl-$ fAtste] T F3te] Aelrt mmE Ao

O 3 AHE H3lE #2135ty 98] GC-MSz2 A3 Ayl F FolA EF 13F9)
kA B ESo] BF HQTh (Table 8). BH|AT L ethanole] A=A Afol A
55.70%=2 7F% Zgroem 1 th& o 2 ethyl acetate’} 20.98% HtT}.

TAYG B2 AHYT oANMAHE A d oA ethanole] 7 Zo] BT I o
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Fig. 41. GC/MS analysis of control naturally fermented persimmon vinegar broth (A) and pulse

electric fields treated naturally fermented persimmon vinegar broth (B)
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Table 8.

vinegar broth

Identified flavor compounds of control and PEF treated fermented persimmon

Non treatment PEF
Peak - .
RT’ Compound  Area(%) RT Compound  Area(%)
Alcohols
1 2.62 Ethanol 55.70 2.62 Ethanol 57.87
2 6.19 1—Btanol 0.72 6.18 1—Butanol 0.39
Isoamylalco Isoamylalco
3 9.52 2.05 9.53 2.02
hol hol
4 27.57 Ethanol 0.47 27.57 Ethanol 0.76
Benzeneet Benzeneet
5 30.56 0.32 30.56 0.27
hanol hanol
Acids
6 1.87 Acetic acid 2.02 1.87 Acetic acid 2.59
Propanoic Propanoic
7 14.17 ) 0.57 14.18 ) 0.53
acid acid
8 17.86 Acetic acid 6.01 17.86 Acetic acid 6.52
Esters
Ethyl Ethyl
9 2.15 20.98 2.15 19.06
Acetate acetate
Ketones
10 12.01 2—Butanone 0.42 12.02 2—Butanone 0.25
Others
2—Propana 1—Propana
11 1.36 ) 3.44 1.35 ) 3.22
mine mine
Azetidn—2— 1,3—Dioxola
12 1.54 6.70 1.53 6.27
one ne
Cyclotrisilo Cyclotetras
13 2.04 0.59 4.27 ) 0.25
xane 1loxane
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Fig. 42. GC/MS analysis of control naturally fermented persimmon vinegar (A) and pulse

electric fields treated naturally fermented persimmon vinegar (B)
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Table 9.

persimmon vinegar

Identified flavor compounds of control and PEF treated naturally fermented

Non treatment PEF
Peak
RT" Compound Are)a(% RT" Compound Area(%)

Acids

1 1.87 Acetic acid 2.83 1.87 Acetic acid 2.97

2 17.66 Acetic acid 39.33 17.68 Acetic acid 37.32

3 20.46  Propanoic acid 5.77 20.46  Propanoic acid 6.34
Aldehydes

4 1.54 Acetaldehyde 5.46 1.54 Acetaldehyde 4.79
Alcohols

) 3.86 2—Butanol 2.49 3.85 2—Butanol 2.48
Esters

6 2.16 Ethyl acetate 5.16 2.15 Ethyl acetate 5.32
Ketones

7 2.27 2—Butanone 3.98 2.26 2—Butanone 412

8 3.07 2,3—Butanedione  2.74  3.06 2,3—Butanedione  2.70

9 12.02 2—Butanone 11.85 12.01 2—Butanone 11.93
Others

10 1.36 2—Butanamine 2.86 1.36 1—Butanamine 3.22

11 2.60 1,3—Dioxolane 3.61 2.59 1,3—Dioxolane 3.47

RT":RetentionTime
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Fig. 43. Amino acid analysis of naturally fermented persimmon vinegar broth (A) and pulse

electric fields treated persimmon vinegar broth (B)
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Table 10. Comparison of amino acids in control and PEF treated naturally fermented

persimmon vinegar broth

Non treatment PEF
Amino acids
Retention time Area(%) Retention time Area(%)
Aspartic acid 11.275 3.14 11.25 2.96
Threonine 12.442 9.07 12.417 8.47
Serine 13.633 17.40 13.6 16.21
Glutamic acid 14.7 3.74
14.625 1.94
Glycine 15.8 3.07
Alanine 18.058 1.80 17.992 1.96
Cystine 19.15 3.80 19.1 4.07
Valine 23.825 2.50 23.817 2.63
Methionine 26.558 0.57 26.442 0.63
Isoleucine 28.458 1.72 28.292 1.95
Leucine 29.583 4.23 29.425 4.28
Tyrosine 32.242 1.44 32.075 1.47
Phenylalanine 33.8 3.46 33.658 3.65
Histidine 39.8 26.13 39.708 30.80
Lysine 43.65 10.21 43.7 10.66
Ammonium
] 44.633 4.99 44.658 5.28
chloride
Arginine 46.892 2.74 46.933 3.03
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Fig. 44. Amino acid analysis of control persimmon vinegar (A) and pulse electric fields

treated persimmon vinegar (B)
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Table 11. Comparison of amino acids in control and PEF treated naturally fermented

persimmon vinegar

Non treatment PEF
Amino acids
Retention time Area(%) Retention time Area(%)

Aspartic acid 9.25 2.98 9.25 2.99
Threonine 10.49 1.69 10.50 1.66
Serine 11.35 4.31 11.35 4.30
Glutamic acid 12.37 8.22 12.39 8.07
Glycine 14.52 5.40 14.57 5.29
Alanine 18.15 7.10 18.24 7.04
Cystine 19.40 9.60 19.50 9.56
Valine 23.70 3.08 23.80 3.11
Methionine 26.15 0.54 26.31 0.56
Isoleucine 28.00 1.75 28.18 1.81
Leucine 29.10 4.27 29.27 4.41
Tyrosine 31.81 0.40 0 0.00
Phenylalanine 33.35 2.06 33.50 2.05
Histidine 39.87 17.57 39.88 17.77
Lysine 43.90 15.52 43.90 15.66

Ammonium
chloride 44,77 8.09 44,79 8.13
Arginine 47.14 7.40 47.18 7.57
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Table 12. PEF &4 Ao wE ZT =3} & total energy input

Temp. [°C] Field strength Pulse rate Flow rate Energy input

[kV/cm] [Hz] [L/hr] [kJ/kg]

10 2.9 8.9

10 35 2.9 31.3

70 2.9 62.9

5 2.9 9.6

12 15 15 2.9 29.3
30 2.9 60.7

18 2.0 11.1

20 55 2.0 30.8

115 2.0 59.5

10 2.9 9.0

10 35 2.9 31.7

70 2.9 61.4

5 2.9 9.9

15 15 2.9 30.2

35 30 2.9 60.8
4.6 2.9 12.0

11.1 2.9 32.0

20 18 2.0 10.2

55 2.0 30.8

115 2.0 59.9
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