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DNA DNA TiO2 UVC

super-coiled DNA . Batch TiO2/UVC

90 ( 106 CFU/mL) SEM
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3 (Acetobacter aceti, A. pasteurianus, A. xylinum) Batch

TiO2/UVC 120 4 5 log cycles .∼
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(standard vinegar broth) 3 6.5 log cycles
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headspace SPME GC/MSD ,
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cerevisiae, Acetobacter pasteurianus, Acetobacter

xylinum . 10 20 kV/cm, 50 100 pulse∼ ∼

3 4 log cycles .∼
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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 TiO2-UVC photocatalytic treatment or high-voltage pulsed

electric fields. Effects of a lab-scale TiO2-UVC photocatalytic reactor on DNA of pathogenic

bacteria and on acetic acid bacteria. Effects of lab-scale TiO2-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 TiO2-UVC

photocatalytic treatment. However, the super-coiled DNA were preserved after the UVC

irradiation only. Regardless of bacterial strains, the TiO2-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 TiO2-UVC photocatalytic treatment. Disinfection

treatmentwith lab-scale TiO2-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 TiO2/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 TiO2/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 TiO2-UVC treated fermented vinegar volatile compounds of TiO2-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 TiO2-UVC photocatalytic system

Inactivation effects of TiO2-coating on quartz tube or inner wall of the reactor were
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checked. TiO2-coating on quartz tube showed the highest inactivation effects (reduction of

6.28 log CFU/mL) among the various combinations (TiO2-coating on quartz tube, on inner

wall, on both quartz tube and inner wall, and non-coated control). A new continuous

TiO2-UVC photocatalytic reactor was developed using the above results. (newly developed

continuous TiO2/UVC photocatalytic reactor). The results of this study indicate that the

continuous TiO2-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, TiO2-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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제 장 연구개발과제의 개요1
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제 장 국내외 기술개발 현황2
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Fig. 1. 1980 Krupp PEF Doevenspeck
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제 장 연구개발수행 내용 및 결과3

1

1. ,

.

(1) (TiO2)

3.2 eV 380 nm

(valence band) (e-) (conduction band)

(h+) (Huang et al., 2000;

Kikuchi et al., 1997).

e-cb ( O2)•

. h+vb

(-OH) (Fig.

2). (2.07V),

(1.78V), (1.36V) (Cho et al., 2005; Matsunaga

et al., 1985).
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, ,
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(Paleologou et al., 2007; Cho et

al., 2007; Srinivasan, et al., 2003).

.

,

,



- 21 -

Fig. 2.
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Fig. 3.
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Fig. 4.
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2.

. standard vinegar broth

(1)

○

Standard vinegar broth○

(2)

( )

○ Acetoabcter

.

○ Acetobacter pasteurianus (KCCM 32831)

single colony AE

(Table 3) 30 , 150 rpm 5℃

(Fig. 5).

○ Acetobacter pasteurianus GYC agar (Table 4)

, 26 incubator 4 colony .℃

1 36○ Acetobacter pasteurianus 108 CFU/mL

66

(Fig. 6). 1 stationary phase

48 1 mL 104 2

.

2○ Acetobacter pasteurianus 48 90 stationary phase∼

death phase (Fig. 7).

Acetobacter pasteurianus stationary phase

66

.
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Table 3. AE

Compound Composition

Glucose 0.5%

Peptone 0.3%

Yeast extract 0.2%

Ethanol 4.0%

Acetate 3.0%

Water 92.0%



- 27 -

Table 4. GYC agar

Compound Composition

Glucose 5.0%

Calcium carbonte 3.0%

Yeast extract 1.0%

Agar 2.5%

Water 88.5%
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Fig. 5. Acetobacter pasteurianus . AE broth ( );

GYC ( ); 26 incubator℃

GYC ( )
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Fig. 6. Acetobacter pasteurianus 1 GYC agar Acetobacter

pasteurianus colony
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Fig. 7. Acetobacter pasteurianus 2
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○ Saccharomyces

cerevisiae (KCCM 32016)

Acetobacter xylinum (KCCM 40407) .

○ Saccharomyces cerevisiae YM broth (Difco, USA) , shaking incubator

200 rpm, 27 40 .℃ Saccharomyces serevisiae

potato dextrose agar (Difco, USA) 27 incubator℃

(SIM-602L, shinseng, Korea) 72 colony .

○ Saccharomyces cerevisiae YM broth

shacking incubator 200 rpm, 27 .℃

24 10
8
CFU/mL 64 8.0 log cfu/ml

(Fig. 8).

○ Acetobacter xylinum HS broth (peptone 0.5%, yeast extract 0.5%, citric acid

0.115%, Na2HPO4 0.27%, D-glucose 2%) , shaking incubator 150rpm,

27 42 (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%) incubator 26 7 .℃

○ Acetobacter xylinum Fig. 9 30

8.1 log CFU/mL 114 8.0

log CFU/mL . 120

(Yang et. al, 1997).
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( ) Standard vinegar broth Acetobacter

○

. , ,

.

Standard vinegar broth (Table 5; Table 6).

Standard vinegar broth 99 mL 8.5 log CFU/mL 2○ Acetobacter pasteuri-

anus 1ml 12 6 GYC agar

counting

(Table 7). Acetobacter pH 3.7

standard vinegar broth standard

vinegar broth

.
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Table 5. Standard vinegar broth

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

pH Brix
Viscosity

(Pa/s)

Density

(kg/m)

Electrical

conductivity

(S/m)

3.7 2.8 0.0008 980 0.00657
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Table 7. Standard vinegar broth Acetobacter pasteurianus

Time Survival bacteria

0 hr 5.42 log CFU/mL

6 hr 5.50 log CFU/mL

12 hr 5.62 log CFU/mL



- 38 -

. TiO2/UVC

(1)

(○ E. coli O157:H7, Listeria monocytogenes,

Salmonella Typhimurium) Batch

(○ Acetobacter aceti, A. pasturianus, A. xylinum) Batch

(2)

( ) (E. coli O157:H7, Listeria monocytogenes,

Salmonella Typhimurium) batch

(○ E. coli O157:H7, Listeria monocytogenes, Salmonella

Typhimurium) , DNA TiO2/UV

UV (UVA, UVB, UVC)

(SEM) - .

6 TiO2/UVC DNA DNA○

TiO2 UVC super-coiled DNA (Fig. 10).

TiO○ 2/UVC DNA

. TiO2/UV

E. coli DNA (Fig. 11).

TiO2/UV (30 120 )∼

DNA TiO2/UVC (Hirakawa et al.,,

2004; Maness et al., 1999; McDonnell et al., 1999).

(3 ) batch TiO○ 2/UV

TiO2, UVC 90 (

6 log CFU/mL ) (Table 8; Table 9; Table 10).

SEM TiO○ 2/UVC

(Fig. 12; Fig. 13; Fig. 14).
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Fig. 10. UVC TiO2/UVC
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Fig. 11. TiO2/UVC E. coli DNA (A);

DNA 25% DNA (B)
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Table 8. Bactericidal effects on S. Typhimurium in lab-scale TiO2-UV reactor

UVA UVB UVC UVA UVB UVC

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 ¯ ¯ 4.2±0.0 ¯ ¯ 4.0±0.0

20 ¯ ¯ 2.8±0.1 ¯ ¯ 3.0±0.1

30 ¯ ¯ 0.2±0.1 ¯ ¯ 1.9±0.2

40 ¯ ¯ 0.2±0.1 ¯ ¯ 0.4±0.2

50 ¯ ¯ 0 ¯ ¯ 0.3±0.1

60 ¯ 3.0±0.2 0 ¯ 3.0±0.1 0.2±0.1

120 ¯ 1.7±0.0 0 ¯ 1.9±0.2 0

180 ¯ 1.6±0.0 0 ¯ 1.6±0.1 0

240 ¯ 1.4±0.1 0 ¯ 0.9±0.1 0

300 ¯ 0 0 ¯ 0.6±0.1 0

360 ¯ 0 0 ¯ 0.2±0.1 0

420 ¯ 0 0 ¯ 0.4±0.1 0

480 ¯ 0 0 ¯ 0.4±0.1 0

540 ¯ 0 0 ¯ 0.4±0.1 0

600 ¯ 0 0 ¯ 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

TiO2-UV UV onlyTime of

exposure (sec)

Log CFU/ml

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 TiO2-UV reactor

 

UVA UVB UVC UVA UVB UVC

control 5.9±0.0 6.0±0.0 5.9±0.0 6.0±0.0 5.9±0.0 5.8±0.1

10 ¯ ¯ 4.0±0.1 ¯ ¯ 4.0±0.0

20 ¯ ¯ 2.4±0.0 ¯ ¯ 3.0±0.0

30 ¯ ¯ 0.8±0.1 ¯ ¯ 1.4±0.1

40 ¯ ¯ 0.5±0.1 ¯ ¯ 0.9±0.0

50 ¯ ¯ 0 ¯ ¯ 0.2±0.1

60 ¯ 1.3±0.1 0 ¯ 2.6±0.1 0

120 ¯ 0.9±0.0 0 ¯ 2.0±0.0 0

180 ¯ 0.9±0.1 0 ¯ 1.9±0.0 0

240 ¯ 0.7±0.1 0 ¯ 1.7±0.1 0

300 ¯ 0.7±0.1 0 ¯ 1.7±0.1 0

360 ¯ 0.9±0.0 0 ¯ 1.1±0.1 0

420 ¯ 0.8±0.1 0 ¯ 0.7±0.0 0

480 ¯ 0.8±0.1 0 ¯ 0.8±0.1 0

540 ¯ 0 0 ¯ 0 0

600 ¯ 0 0 ¯ 0 0

1800 5.8±0.1 0 0 5.8±0.0 0 0

3600 5.7±0.1 0 0 5.6±0.0 0 0

5400 5.5±0.1 0 0 5.0±0.0 0 0

7200 4.8±0.2 0 0 4.4±0.0 0 0

9000 4.4±0.2 0 0 4.0±0.0 0 0

10800 3.6±0.1 0 0 3.7±0.1 0 0

Time of

exposure (sec)

Log CFU/ml

TiO2-UV UV only

* The value of population (log CFU/ml) are means ± standard division (n=3).
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TiO2-UVA TiO2-UVB TiO2-UVC

 

Fig. 12. SEM images of S. Typhimurium treated with TiO2-UV photocatalytic reaction under

different UV lights
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TiO2-UVA TiO2-UVB TiO2-UVC

 

Fig. 13. SEM images of L. monocytogen treated with TiO2-UV photocatalytic reaction under

different UV lights
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TiO2-UVA TiO2-UVB TiO2-UVC

 

Fig. 14. SEM images of Escherichia coli treated with TiO2-UV photocatalytic reaction under

different UV lights
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( ) (Acetobacter aceti, A. pasturianus, A. xylinum) Batch

○

. Acetobacter xylinum cellulose

(Rehm et al.,

1983; Zahoor et al., 2006).

3 (○ Acetobacter aceti, A. pasteurianus, A. xylinum)

Batch TiO2/UVC

.

Fig. 15 Fig. 17 Batch TiO○ ∼ 2/UVC 120

A. aceti, A. pasteurianus, A. xylinum 4 5 Log∼

.

( )

TiO○ 2/UVC (Fig.

18) .

3 (○ A. aceti, A. pasteurianus, A. xylinum)

TiO2/UVC . 187-190

A. aceti, A. pasteurianus, A. xylinum (6 Log

) (Fig. 19; Fig. 20; Fig. 21).
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Fig. 15. Bactericidal effects on Acetobacter aceti in lab-scale TiO2-UV reactor
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Fig. 16. Bactericidal effects on Acetobacter pasteurianus in lab-scale TiO2-UV reactor



- 50 -

5.62

3.02

1.54 1.47
1.24

0

1

2

3

4

5

6

0 30 60 90 120

Treatment time(s)

Fig. 17. Bactericidal effects on Acetobacter xylinum in lab-scale TiO2-UV reactor
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Fig. 18. TiO2/UV photocatalytic continuous reactor (Lab-scale)
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Fig. 19. Bactericidal effects on Acetobacter aceti in continuous TiO2-UV reactor
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Fig. 20. Bactericidal effects on Acetobacter pasteurianus in continuous TiO2-UV reactor
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Fig. 21. Bactericidal effects on Acetobacter xylinum in continuous TiO2-UV reactor
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.

(1)

○

○

(2)

( )

○ (PEF)

(field strength, kV/cm), (width, s), (repetition rate,μ

Hz) . Fig. 22

.

○ 1 100 s∼ μ

50 kV 100 Hz .

capacitor . 200 nF

capacitor . function generator

(AFG 320, Tektronix, Wilsonville, OR, USA) .

probe digital oscilloscope (TDS

430, Tektronix, Wilsonville, OR, USA) .

○ PEF batch PEF chamber

. Batch chamber electrode

(Fig. 23).

C○ hamber

electric conductivity

. Fig. 24 2 220.33 mS/m 120.77

mS/m . standard vinegar broth

.

E○ lectric strength peak voltage .

chamber 3 cm gap size 1 cm diameter 6 cm gap

size 2 cm . chamber 2, chamber 4 (Fig.
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25).

Chamber 2 chamber 4 2.0 kV○ electric strength peak

voltage 1 kV (Fig. 26). electric strength

electrode gap

.

electrode gap size

.



- 57 -

Fig. 22.
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Fig. 23. Gap size diameter batch chamber
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Fig. 24. electric conductivity
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Fig. 25. chamber 2 ( ) chamber 4 ( )
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Fig. 26. 2.0 kV chamber 2 ( ) chamber 4 ( )

peak voltage
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( )

○

. Saccharomyces cerevisiae

Fig. 27 .

.

1 log cycle

.

○ Saccharomyces cerevisiae 20 kV/cm, 75 pulse 2.3 log cycle

. Saccharomyces cerevisiae 35 kV/cm 10

pulse (Qin et. al, 1995)

20 kV/cm

.

(pasteurization) .

○ Acetobacter pasteurianus

20 kV/cm, 100 pulse . 6.2 log CFU/mL

2.6 log cfu/ml 3.6 log cycle Fig. 28

. . 20 kV

25, 50, 75, 100 pulse 1.9 log cycle, 2.4 log

cycle, 3.3 log cycle, 3.6 log cycle .

○ Acetobacter xylinum Acetobacter

pasteurianus 20 kV/cm, 100 pulse 2.9 log cycle

(Fig. 29).

○ Acetobacter xylinum

. 20 kV

1.0 log cycle 100 pulse 2.2

log cycle . standard vinegar broth

20 kV/cm

.
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Fig. 27. Effects of pulse numbers on the inactivation of Saccharomyces cerevisiae

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

in standard vinegar broth
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Fig. 29. Effects of pulse numbers on the inactivation of Acetobacter xylinum,

in standard vinegar broth
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2

1.

.

(1)

○

(2)

○

A

(Fig 30).

○

.

(Fig 31; Fig 32).

○

.

○

.

poly ethylene 26 10 (Fig.℃

33).

10 poly ethylene○

.

4 ( , 2003).℃
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Fig. 30.

A
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Fig. 31.
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Fig. 33.
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.

(1)

○

○

(2)

( )

(pH, , ,○

) , , (Cu, Fe, K, Na)

.

○

headspace SPME GC/MSD . ,

. RT 40.46 min (butanol alcohol )

, RT 42.63, 45.85 min (ethyl acetate, acetic acid

) (Fig 34; Fig 35).

( )

○

. TiO2 ,

TiO2 .

(Fig. 36).

Fig. 36.○

TiO2 TiO2

(6.28 Log ).
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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 cm2
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Fig. 36. TiO2/UVC photocatalytic continuous reactor
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Fig. 37. Bactericidal effects of A. aceti treated with the continuous TiO2-UV

photocatalytic reactor in standard vinegar broth. The flow rate is 750 mL/min and

the surface area is 560 cm2



- 76 -

Fig. 38. Bactericidal effects of A. pasteurianus treated with the continuous

TiO2-UV photocatalytic reactor in standard vinegar broth. The flow rate is

750 mL/min and the surface area is 560 cm2
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Fig. 39. Bactericidal effects of A. xylinum treated with the continuous TiO2-UV

photocatalytic reactor in standard vinegar broth. The flow rate is 750 mL/min and the

surface area is 560 cm2
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Fig. 40. Bactericidal effects of L. innocua treated with the continuous TiO2-UV

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

(U) only UVC; (Q) quartz tube coaed with TiO2
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.

(1)

○

○

(2)

( )

SPME-GC . 2 ml 20 ml vial○

heating mantle 20 60 head℃

space . SPME needle vial head space

10 GC/MS(Agilent 6890, 5973 MSD, Agilent, U.S.A)

. SPME (Solid Phase Micro Extraction) 0 m/30 m DVB/carboxen TM/PDMSμ μ

(Supelco, SupelcoPark, Bellefonte, PA, USA) . GC

5 splitless .

HP-FFAP column . 0.8 mL/min,○

linear velocity 21.6, pressures 107.9 kPa , oven 40 5℃

, 4.0 /min 220 23 . MS℃ ℃

capillary direct interface 220 , ion source 280 , mass range 40-350℃ ℃

a.m.u., electron multiplier voltage 700 V . scan rate 1 scans/s

GC mass spectra sample spectra

( , 1998; , 2001).

○ SPME-GC 10

. Peak

(Fig. 41).

○ GC-MS 13

(Table 8). ethanol

55.70% ethyl acetate 20.98% .

○ ethanol

ethyl acetate . 57.87% 19.06%

.
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(A)

(B)

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. Identified flavor compounds of control and PEF treated fermented persimmon

vinegar broth

Peak
Non treatment PEF

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

3 9.52
Isoamylalco

hol
2.05 9.53

Isoamylalco

hol
2.02

4 27.57 Ethanol 0.47 27.57 Ethanol 0.76

5 30.56
Benzeneet

hanol
0.32 30.56

Benzeneet

hanol
0.27

Acids

6 1.87 Acetic acid 2.02 1.87 Acetic acid 2.59

7 14.17
Propanoic

acid
0.57 14.18

Propanoic

acid
0.53

8 17.86 Acetic acid 6.01 17.86 Acetic acid 6.52

Esters

9 2.15
Ethyl

Acetate
20.98 2.15

Ethyl

acetate
19.06

Ketones

10 12.01 2-Butanone 0.42 12.02 2-Butanone 0.25

Others

11 1.36
2-Propana

mine
3.44 1.35

1-Propana

mine
3.22

12 1.54
Azetidin-2-

one
6.70 1.53

1,3-Dioxola

ne
6.27

13 2.04
Cyclotrisilo

xane
0.59 4.27

Cyclotetras

iloxane
0.25
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○

SPME-GC peak

(Fig. 42).

37 , 38 .

○ 2% 11

(Table 9). 37

39.3% acetic acid 2-butanone 11.85%

.

acetic acid 37.3%, 2-butanone 11.93%

.
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(A)

(B)

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. Identified flavor compounds of control and PEF treated naturally fermented

persimmon vinegar

RT*:RetentionTime

Peak

Non treatment PEF

RT
*

Compound
Area(%
)

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

5 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 4.12

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



- 85 -

( )

○

. (1999)

.

15 kV/cm 100 pulse○

. 2 g 3 2 1 mL 0.22 mμ

membrane filter .

Amino acid analyzer (S433D, Sykam GmbH, Germany)○

column LCAk04/Na (4.6 × 100mm, Sykam GmbH, Germany ), Software

Chromstar 6.0 . waiting time 3.0 min column dimension

150×4.6 mm(Peek), reagent flow rate 0.25 ml/min, buffer flow rate 0.45 ml/min,

reactor temperature 130 , reactor inset 0.3×1.6 mm (length 16m),℃

71.0 min .

aspartic acid,○

theronine, serine 17 .

. Fig. 43, Table 10 , peak

.

Maillard reaction lysine .○

lysine

.

○

. peak

histidine lysine

.

(Fig. 44; Table 11).
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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

Amino acids
Non treatment PEF

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

chloride
44.633 4.99 44.658 5.28

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

Amino acids
Non treatment PEF

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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( )

field strength, pulse rate, flow rate○

total energy

input (Table 12).

Table 12 30 60 kJ/kg○ ∼

3 4 log cycles∼

.

.

pasteurization .

, total energy input 60 kJ/kg○

histidine

lysine .

○

pasteurization

.
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Table 12. PEF total energy input

Temp. [°C]
Field strength

[kV/cm]

Pulse rate

[Hz]

Flow rate

[L/hr]

Energy input

[kJ/kg]

12

10

10 2.9 8.9

35 2.9 31.3

70 2.9 62.9

15

5 2.9 9.6

15 2.9 29.3

30 2.9 60.7

20

18 2.0 11.1

55 2.0 30.8

115 2.0 59.5

35

10

10 2.9 9.0

35 2.9 31.7

70 2.9 61.4

15

5 2.9 9.9

15 2.9 30.2

30 2.9 60.8

20

4.6 2.9 12.0

11.1 2.9 32.0

18 2.0 10.2

55 2.0 30.8

115 2.0 59.9
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제 장 목표달성도 및 관련분야에의 기여도4

1.

. 1 (2009.04.10 2010.04.09)∼



- 93 -

. 2 (2010.04.10 2011.04.09)∼



- 94 -

2.

.

.

(2 ) (1 ) , ( SCI, 1

) . , 2011

4 . , 2

SCI(E) .

.

.

.

, ,

. , 1 A

.

2

.

.

1 2∼

.

, (

) /

, /

.

.

.



- 95 -

제 장 연구개발 성과 및 성과활용 계획5

( ) : 2

○ IAFP, , Bactericidal Effects of Titanium Dioxide/UV Reaction on

Foodborne Pathogenic Bacteria and Thermoduric Spores (2009)

○ IAFP, , Effects of Titanium Dioxide UV Photocatalytic Reaction on–

DNA Damage and Disinfection of Foodborne Pathogenic Bacteria (2010)

( ) : 1

○ , ,

(2010)

( ) : 1 (2011 4 )

○

, , 2011 4

( ) : 1 (2 )

○ , , (2009)

○ - SCI(E) 2 .

( ) : 3

○ (2011)

○ (2010), (2011)
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