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SUMMARY

I. Title
Development and application of low-CO2 non-thermal technologies using ultraviolet and
photocatalytic oxidation reaction for liquid foods

II. Objective

The food industry continues to be interested in the use of minimal processed
technologies as a way of meeting consumer demand to achieve safeness and to maintain
the nutrients natural in foods. To satisfy the consumers demand and to cope with the
fast developing food industry, research on maintaining the flavor natural in food products
have to be widely studied.

Especially, heat processing that is widely used in the liquid food industry has a good
microbial inactivation effect, but the disadvantage of this technique is that it changes the
flavor, texture and destroys the nutrients in liquid foods. Furthermore, heat process
produces lots of carbons, and to overcome this problem non-thermal treatment technology

has to be developed.
(1) Principle of UV-TiO; photocatalysis system

In this research, to ensure the safety of liquid foods during transport and storage, we
used UV-TiO2 photocatalysis treatment. Thus, we investigated minimally processed foods
using non-thermal techniques to improve the shelf-life of liquid foods. Moreover, by
utilizing the recent evaluation report, we investigated non-thermal technology occurred
low carbon volume during the process.

As an interest in a health of consumer is increased, consumption of fresh goods is
being increased while consumption of existing foods through processing heat treatment is
decreased. Because heat treatment sterilization is impossible in case of fresh goods, the
development of non-thermal washer sterilization processing is necessary as soon as
possible. UV-TiOs photocatalysis technique is able to minimize quality loss or nutrients
loss in liquid foods. UV radiation makes pyrimidine dimer in DNA of microorganism,
then, it was inactivated. And TiO: technique uses hydroxyl radical (e OH) and super
peroxide radical (O, -) made by UV light energy irradiation on surface of semiconductor
free of toxicity and it has strong sterilization ability but harmless to humans. It can

eliminate organic contamination materials being in gaseous or liquefied state and apply to



spore forming bacteria which is difficult to sterilize in general procedure. Moreover, it is
eco—friendly sterilization in the way that it does not use chemical substances and there
are no harmful residues. This research project will construct a UV-TiOz photocatalysis
system that liquid foods can be disinfected.

The aim of this study is to improve storage and minimize change of nutrient in liquid

food, thus UV-TiO: photocatalysis system is developed.
IM. Contents and Range of the Research

(1) Construction & development of UV-TiO; photocatalysis system for maximizing the
sterilizing effect of liquid foods

O Continuous type UV-TiOy photocatalysis system
O Teflon—coil type UV system
O Batch type UV-TiO; photocatalysis system

(2) Application of UV-TiO:; photocatalysis system on liquid foods

O Acer mono sap.(Gorosoe)
O Fruit & vegetable juice
O Sikhye

O Donchimi

(3) Investigation of microbial reduction using UV-TiO; photocatalysis system
(4) Investigation of quality properties using UV-TiO:; photocatalysis system

(5) Optimization of treatment condition & application on the industry

IV. Result of the Research

(1) Application of UV-TiO: photocatalysis system on the liquid foods
O UV could be separated by A, B and C, which each has different wavelengths (320, 280,

254 nm). UVC is a very powerful radiation, it inactivates the microorganisms and
damages to cell wall of them. Therefore, we chose UVC range and treated with TiO,, it
occurred the better results about microorganisms reduction and quality properties
maintenance.

O In case of Gorosoe, when it applied to UV-TiO; photocatalysis system, Bacillus cereus,
Pseudomonas spp. did not re-grow until 28~35 days. Batch type UV-TiO. photocatalysis
system had the better sterilizing effect than Continuous type UV-TiO; photocatalysis system
and Teflon coil type UV system. As increased exposure time of UV, it extended the
shelf-life of sample. As time goes by, natural sap makes the cloud, and it was
suggested by interaction between Mg and crude protein, it was inhibited upon the upper
UV dose.

O In case of fruit & vegetable juice, it has the less sterilizing effect upon the darker in



color of samples or the higher turbidity, because samples absorb UV then, they had low
penetration ratio about it. So, squeezed melon juice which has high turbidity had less
sterilizing effect, however, squeezed watermelon juice which has relatively low turbidity
had the opposite effect. When applied to UV-TiO, photocatalysis system on watermelon
case, shelf-life of it extended about 20~37 days. And this technique did not almost
affect to quality of watermelon juice. When using UV-TiO: photocatalysis system on
squeezed orange juice, because of high turbidity it had, chlorine disinfection,
conventional method, was more effective for sterilization until less than 15 min whereas,
after 20 min, these system was more effective than chlorine method. And Kkinetic
phenomenon of each disinfection method was fitted by Biphasic model. To overcome
disadvantage of fruit & vegetable juice (high turbidity), we combined other non-thermal
technique, High hydrostatic pressure, with our system to squeezed kale juice, then, it
resulted in synergistic effect of sterilization and various parameters of quality compared
to UV-TiOz photocatalysis system. Therefore, our system applies to washing process of
fresh fruits & vegetables after then, treats High hydrostatic pressure to samples and
squeezing them to make juice, these processes will novel technique for controlling
microorganisms and maintaining product quality.

In case of Sikhye, when applied to Continuous type UV-TiO: photocatalysis system,
microorganisms re-grew slowly thus it means this technique is more effective for controlling
microorganisms then it can be effective at cold storage. And also, shlef-life of home-made
Sikhye was extended than untreated sample. As increased UV dose, it had the better
sterilizing effect of microorganisms, and UV-TiO; photocatalysis treated Sikhye was
similar to untreated sample as compared to heat treatment in color and pH. Therefore, this
system 1is suitable for preserving the quality of sample. And we investigated the sensory test
through some panels then, they prefer the sample treated lower UV dose, because of
changing flavor(burnt) of it after treatment. So we investigated the flavor analysis using
GC-0, and knew the causative material of this phenomenon is furfural.

In case of Dongchimi, when it was applied to Continuous type UV-TiO; photocataysis
system, it had a better sterilizing effect. And also, applied to Teflon—coil type UV
system, it had a good sterilizing effect: Total aerobic bacteria, Lactic acid bacteria and
coliforms. Through the results of turbidity, browning and color differences, UV-TiO;
treatment does not change quality properties a lot. After treatment, content of Vitamin
C decreased, but it did not damage significantly to samples. And combined treatment of
Teflon—coil type UV system and High hydrostatic pressure had a good maintaining
quality during storage at room temperature. Therefore, these combined treatment is

suitable to storage and distribution of Donchimi at room temperature.
In conclusion, when applied to UV-TiO; photocatalysis system on the liquid foods, it has
the better sterilizing effect upon the upper UV dose or the slower flow rate. In other hands,

it has the less sterilizing effect upon the darker in color of samples or the higher turbidity,



because samples absorb UV then, they had low penetration ratio about it.

V. Future outlook of the Research

(1) Application of UV-TiO; photocatalysis system on the liquid foods

O Ultraviolet rays’ disinfection using UV light has an advantage that it can be used
semi—-permanently. Also, when it is applied to liquid foods, there are no resides in liquid
foods and it does not create injurious by-products. When Ultraviolet rays are used
merging with photocatalysis (Titanium dioxide), hydroxyl radical (e OH) and super
peroxide radical (O;e -) are made by UV light energy irradiation on surface of
photo—catalysis semiconductor. Because this technique is not necessary to chemical
treatment which uses organic materials or physical treatment such as heating, freezing
and drying, quality change of liquid foods are minimized. Moreover, it will be also
applicable to health functional foods, fruits and vegetables which are weak to damage
by heat treatment.

O UV treatment merging with photocatalysis had better sterilizing power than UV alone
treatment. It was concluded that such UV treatment merging with photocatalysis can be
applied to air sterilization as well as sterilization of water contamination.

O Continuous type UV-TiO; photocatalysis system and Teflon-coil type UV system were
optimized for sterilization of liquid food. These had much effective bactericidal power
when it was applied to clear and transparent liquid samples.

O It is judged that Batch type UV-TiO: photocatalysis system can be used for washing
fruits and vegetables before squeezing these to make juice. Also, it can protect
consumer safety from specific on fresh vegetables poisoning bacteria because this
research verified its definite sterilizing effects on food-borne pathogens such as Listeria,
E. coli, and so on.

O Especially, combined treatment of UV-TiO2 photocatalysis system and other non-thermal
technique, High hydrostatic pressure treatment was more effective for controlling
microorganisms and extending the shelf-life of samples such as Kale juice and Donchimi
than each single treatment.

O In addition, the developed disinfection system may contribute to liquid foods safety in a
healthy industrial development, liquid foods exportation, fresh—-cut foods, as well as

restaurants industry and foods and beverages distributors.
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A3 & A4

Ogg

e o 71y

A 1A AA A A& 75 48 R A4

1.

A& AYHA-FEFn] A 2d

7h, A -FF) A 2de g A

(1) HZ Eolvt Aol FrEol dve 5 Fristst=4d Aol auAikst ¥ (Advanced
Oxidation Process)< ©o]-&3atel= <A77 &etAl 8 Folw, ol& 73 Abstg s zta
2+ hydroxyl radical (-OH)S o]&3to] Aty &85 CO, HCIL, H09 HFEj=Z F7]3}t
(mineralization) A|7]+= A o2 UV/O3 H:0./0s UV/H:0., UV/H:0/03 ¥ #&v] 34 T
o7 oAl

(2) TiOy F=wje] AFado] het 27| AFEE Saccharomyces cerevisiae, Escherichia
coli, Lactobacillus acidophilus, Chlorella vulgaris 5 g #3}st w35 Ao 7]+= HH=A
A7 A aaE 7HA L &0l B,

(3) T3t ofAE AZ=E o ~uto] Ti0y, ZnOE HFA A A Adste] 283 7t54S AA
st om, 3 fr(optical fiber)E TiOgo ZAFste] FHtgS doA S AA = 2AE

M= £ &5 HEUE Ao Biusls.

(4) olxtstElElE FHol Aol o7k Bl oy Al AL o] FX ™ TiO, 7Hd AN
(valence band)°l Sl+= H=H(e )7} A x=th(conduction band)= Heo]= i 7pAA el = d=}7}
Hle] e AEh)el @A . olgA e dAHe)t AE(h)S oSt ey Eddl &
AhElol ASA] wheS dogA " R dAY RS AX wEoAE FatE g
(O3 Z=3ikste Sy (0r-) o2& e Add s Ayar o wkgAdo] v xoF
eSS M ES EdATE e (2" D).
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Hydroxylradicals
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o 712 (Kim et al., 2009)
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XRD patterns of the TiO, samples
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2 thetadegree

a9 2. olitstEldre] mEE Aol g XRD
(XA A 2£49)

(4) XRD3]d &4 A3 (29 2)0A " d oitstEghe] A& AA F 7HA JaE
S0 I L FEVE 75409 WSS ROl ol #Fu] whel 2ol dlAlb o] 2lstE
[e)

(TiO2 Degussa)ell o} }EFAl(anatase) @t FEFL (rutile)d] F/dH]&o] 75409 H&& Hol&=

A FEsHE Al

oo
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29 4, AARFAIEN A S B3 #Fd Tio: 299 493 1680X, lens: InLens (1 Z27) 30000X, lens:
InLens(349 =19)

() SEME o) osieiee] REAES SAd A3 vwd @dsh) LE} Holles
o
=

el skl

-ﬁ%‘

% AGH-BEW 2D - B
(1) AAAel 87 A5 BEu #SS ol §F A7 WFHO o FoHn g,
FEu R 2ol TiO ZnO, WOs, CdS, ZnS, GaP, CdSe &9 w&54tstE 5 TiOx+= Fol

o @ AA Halurgo]l Aojuhx] ek, Wl FHE Agoly] WRel A% Adsti, FEv)
24 WA, UekEge] S5ake, 1 A FEEolol Hulstew 23 Fael o

A7t glo] 44 A5 v A

(2) 53], F5ve] =13 S48 udsl & wf, 4SS ol A4S WSt gFol vk
Aoz A8 & i, dayY eE=RTY Akstgo] my] wFd Aargo] Fojuhal,
trihalomethane 52 94 A%5e FAEES aH¥ o= AHEs 4 o] TiO+= HiEZAQA

FEv) EdE 4y AHEHEAL A5

() gHoEE Y ARS BEL EAL Mo AT A As)H FrHEI} shol i &t
7 AstEe] oy AR Aol 9.

@) =3, AAAZI} o B elror U Jgnon Bedel i, 40 séed
$e7t 9

. B A2 A A 2AF AL
() 8709} Hom TAR A% BHd FFFANA AR £} f52 Ao
(UV dose)S ofefe] 21S o] &3le] AAtal,

BN
>
ol
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¢ where, A =212.43ecm —eq.1 (Tran & Farid, 2004)

A
(@ 8¢ o THE A% P AFFANM AR B WAL WS PR bF
of & WAY A9 £AFL obee] H& o] gstel AN

I
Uiptar = U » A where, U= Xt —eq.2

(Ar Adate] |4, I Aed 29 (W), ¢ 294 =3 ARh)

b, FALAZAEH B (SEM)S &3 A M-FFa A 2”9 A &7
(1) AL A-FFuj7t Alatoll Al WA= FaFs #Fs7] 9], T3 At F2d E. coli
O157:H7, *® L”F)r Elv F2 (Salmonella Typhimurium), J R (Saccharomyces
cerevisiae)S =3t T FALAAAR A(SEM)C.Z Sy WIS 23}

£ 2. FAHEAENA S =

T A A-FEFw) AT

E. coli O157:H7
(50,000H) Zth)

Salmonella Typhimurium

(50,0001 &Hth)

Saccharomyces cerevisiae

(5,0000H =)

(2) E. coli O157H7¢] SEM AR& H™, 8] o] AHfA L AE W7o FAkzo]

[e] & I~ O
=9s A7 5 9.

99, EH] Aol AL WAL F AL,



(4) Saccharomyces cerevisiae®] SEM A S B FR2 7 Y BAEo] oz FEH A
S #EE F dAT FEE AR AE AFE F AN E
(5) SEM &9 A}, Ao d-FFul Al2wle] Abgto] 7} oA F &S il As ¢
T AR
Product & #%
UV lamp with TiO, coating
8
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supply 7
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4| 2 [[
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q| 1 [[
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az

2. Y Aoy A7 A=
7 U4y A9 A7 A2de 98
(1) Teflon®] 7FA&= vl 2, 2k Aol digh WA, EA-2 Teflon FEE Fst= &<t
e o RS AREA 97] i Wmel AlH B4 glo] A%H9l
hsEA .

(2) A2 nAE-2] DNAC] thymine dimerE dAd3sle] whilz A Wefsto 2x nAYES
AN,

Q) WAl FHIF AR E FHE SRl glo] dd AFe] dAHeR Ao wgs
S o mE&HoR Ato] 7Hedh

(4) ¥ A|2~"o] = Teflon FHO FHE
g9 WAy vAE FAS HAGEN S

W25k @l sl A Az wAR A A
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(4) Mol vla] Aol Fahgol Wi A U A wF AlZte] Aol At w¥} A&
31

o A A A Al ZARE AL

Total UV C power (W)

V ntensity (J/mL) = Flow rate (mL/s)

(Geveke, 2005; Keyser et al., 2008)

(1) ¥ Alz="o A UVC poweres 7BW=Z A= o] A3 Flow rates A HEFAHFELZE o]835}¢]

5 I Power
ainple, Power supply
ouT supply
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Cooling : S
water IN Cooling _— ouT
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_29_



7. Batch® A9 4-F&0) 47 A=d9) 49
(1) Batch® A9ld-#%0) wgrle] 83 % 30 L ofwl, werldl: ARE o] & 4+
9 air pump7t Q3 6749 A HRLA WIS FA FHE ] 9

o 92 254nm o]aL ALAREZE IAR= A Fyel 0.7-09 mm FAR
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U}, Batch A A-F2v) A4F A|2€9 & TA

1) 958 Aead-F5u Alzalay a3y 2ol Al =97 2] Batch® 2 A-F3m) Al

2~ gl AJRE A At AP g 5 e

(2) HHg7] Wil AEES o] £ F & air pumpZt o] AlFel Ae)H AL 7D A & F
(e}

1o
DA .

Q= ol
(3) A A2 oheh A ARE vk B @ 5 e gl UL,

(4 2y A A RS dutsit Ao AL o F 5 9l dAlo] e

(5) ®g A AlFe] A5 w7l B5 AYA S ah7] il v dYs & Ae B9 o

o7 913 A == CIP(Clean in place) A 2]& a5 oFst.

ok B0 A A ZAEF
(1) 28L ©] ®EE-7]el F 6 7l 30W o= Algof AME

ﬁ ? Water supply
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29 7. Batch® Aol d-gFv) A3t FA (3 24 =



2. FAAAEEA(SEM)S £3 A9 H-%E0) Axgle] 4F £

E 3. FAAAEAN G B

T %3

A A-FF) AT

E. coli KI2
(20,00001 Ehdl))

T

S. aureus

(20,0008 Ehth)

Salmonella Typhimurium

(20,0000 &-tf)

L. monocytogenes

(20,00001 Ehd})
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A 2Ad 324 A9 RgAM-FZu] AT A|AH
1. A= %54% a2 Fdo nYE odxd AFAH A}
A

(D) 2] Fole 7bg 349 FAL AH A =S w

T
o
e
>
>
i3
=
>
N
-
E
=

o2
k1
m\m
>
>
iy
g
—
m
o
&
[\
=
<

of Waf vAd=E <

E 4 AF §EFE 124 S 27 4R o9

Microbial populations (log CFU/mL)
Total aerobic

bacteria Pseudomonas spp. Bacillus cereus

3.71£0.12 2.46+0.02 2.30£0.05
(5B) 3714 Ao 7] nAE 29 %E 9F 37 log CFU/mMLE 2]3% W 38 7]+2 5 log
CFU/mLel &% =98 4 & F34.

6) TEEUY2AS vpad e A A2 2dEE o 2~25 log CFU/MLE AA| Al = 4
&

2. 224 Foe AYgH-FEv) AP =A] wpE LF &3} H@
. A%Y AYA-HEW, YAY F9H Axd A A AF &£ H@
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(=1
1

(%2

s

=

[

fiy

Total aerobic bacteria (log CFU/mL)

]

Bacillus cervens (log CFU/mL)

o0 8- - S 2
a 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Storage time (days) Storage time (days)

3 -
E
=
B
w2
)
=
g —&8—No treatment
g —— Ti02-UVC 1.2 Vem?

3 [~
E —a— Ti02-UVC 13.6 J'em2
=
2

0 - = L |

Q 5 10 15 20 25 30 33
Storage time (days)
T8 AEY AN B A oAl A A w2 ol wgE W G5 2
A% G2 3714 Alst, apd e s AlEe-A, FERUS S,
3

w B (5] =]
B

]

Total aerobic bacteria (log CFU/MmL)
=

Bacillus cevens (log CFU/mL)

0 , o —a—a--—a—a—u—u =
0 5 10 15 20 25 o 5 10 15 20 25
Storage ime (days) Storage time (days)
3 -
)
E
B
w2
=
é —&— No treatment
Tg —8—Teflon-UVC 2.7 JmL
£ —— Teflon-UVC 37.5 ¥mL
5
&
0 — s = a
0 5 10 15 70 5
Storage time (days)
a9 9. WA Aol Alzdle] o3 AMEE 12 s i s ¥ (289 1 A%
el = 5714 A, vpd el Al -2, ey &)



(1) Aol At A gl m8Ee Ao TAHA ks

(2 AR Al AFe MYEe] ATl ot AMF] Dok Aol met S
h5712ke] Aol ek

(3) =711 Aol B, A5Y Aed-F5m) Alagel os] A Al dAEA Fkont
o ZAPETS 24 mL/s)o= A2l A 5 °CollA A% 5 30dS A5z Al dojut
© Ae® YEya Ao 2AF(FE 2 mL/s)e 2 AP Al 3549 AT Ft Al

@) aE A9 Azgel ofsl A Al AR S AUHE 2 mL/s), AR(HE 24
mL/s) ZAbel ofsl Aeld Am BE 5714 Aie] Aol BAPEHL £A4F A
A 4Q AF F, A 2 A A 109 4 Fou),

(5) E9 v AEC vpAe A A2 AA AT FERE
B5 A7 ok A o] YERRA] ZSkrlel HAste] V| ES U4 MR e

. 7 Al2"d HAsH(AEE, 1A ¥, Batchd A2")
(1) 958 A d-FF) /\]/\519] flow rate= 2, 5, 15, 24 mL/s = A 3}o] Ao A A
2§, 499 HTF) AFoR A &S v

(2) A8 g A~d flow rated 2, 15, 24 ml/s = AAste] AoA] g I, 429
o

N E
H6F) AGom it &5 vl

(3) Batch® #pe]id-g=v] Alxdel a=a] o5 oF 20 L Yol 1, 5, 10, 20 &3t 4
o+ A g
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8 =
7 - e
6 -
—s— Control
£ omr
£ e *\ il -a=UVC-24 ml/s
| / N
M J \ ~#-Ti02-2 mL/s
[-11] ! \\
O3 - ' \ —m=Ti02-5 mL/s
- ' \‘
/ —Ti02-15 mL/s
2 4 }
] ——Ti02-24 mL/s
1 T ;’
']
‘J’
0 2.9 .. . ’ 1
0 1 2 3 4 5 6 7
Time (week)

29 10. 959 AoAd-F5v) ALdel o) Aeje amd] ol W s ds (75 7 A%

ﬁ —
]
4
=
E
S,
z
w3
o —&—Control
-
2 r =—LlV-2 mL/s
=d—UV-15mL/s

1 t ——LV-24 mL/s
o R PR

O 3 5] 9 12 15 18 __ 21 4 27 30 33 36 39 42

Time (day’

I™ 11 WA AR Alzdel o Aeld nzs o W vAds Wt (65 3 AR

5) A58 Axd AF Aw, §5S 74 sl (24 mL/s) A ARAE Aol
Ae B8 & YT, 2 mLsE Ao A-BEu) Ae@ AR A% V1% F ol
S 3}
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2.5

2.0

1.5
1.0
0.5
0.0 T T T T T T T T

Control UVC-1imin UVC-5min UVC-10min UVC-20min TiO2-1min Ti02-5Smin Ti02-10min TiO2-20min

9 12. Batchd Ae]d-FFu] A" o8] AHEd n=z2 F4 J #AE st (v
@9 Log CFU/mL)

(1) Batch® Aold-#50] Axvlon Mgz 37 sl A3 Aojdow 1087
AU Pe W b mRAele. AW 27 Bl Akolzb wbA el

;
Batch® A$14-35v) Azgle nzd] 4@l 4384 283 ¢ & 94

ey
_ti_l‘
12
S o
3
o
0Q
oxl

O l_ﬂ

of Aps) el 3t

A

(8) Batch® Al&glo® At g&o] W ol =g oo Hx o
]

&o T wr] e,

o 7tE &7 F "AE ¥

6 AN

Log CFU/mL
i

=@=_ontrol
—ir—Heat

2 -

1 -

[1]

0 3 o 9 12 15 13 N M ¥ 3 33 36 30 42
Time [day)

29 13, dAel e A 1= FF o vdE Ws (65 7 A,
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(1) 7k abatate] vla s §l8) 80 °Coll Al 283 dx2 ¥ 4

N\
e
Y
>
N
Y
o
i1t
o
o
i

(2) €22 A, viA g At 5] Zolrt Ao gles g

3. 124 F9] JA-FFu] AF W] BE Fd =4 v
1) 923 AJH-UAF Azda dAdd 38 Azee] 1z 2id F§FS g9
& %’i 7o) A%d Ao M-BEu] Azen JAR AH A2 FoRr EA EA

E 5 A5 ALd-GE5v) Az=del ofs] Aed u2d FoAe A7 F pH,
g, g vl
pH
Samplefnesk o 1 2 3 4 5 ] 7
Controd 678 E.46 E.2& 695 683 £41 5.320 5.56
UW-Iml/s E74 BED 714 For 683 TO7 T2T o7
UV-5ml/s EEl E B2 721 71z 131 714 6.96 7.14
Uv-15mil/s &4 BS54 705 T4 728 727 621 719
UW-Z4mifs 664 £52 705 FAITS £55 6536 725 £83
PUW-2mi/s E.4E E24 722 715 187 718 20 751
PLW-5mi/s E.&6 652 FA5 717 578 F12 7.16 E.28
PUV-15mi/s 6.70 B B9 TO7 7.12 680 EET 712 E.B5
PUNV-24mi's 6.76 a7l B.58 5.15 507 520 620 500
Brix
caiplined] O 1 2 3 4 3 & 7
Controd 124 187 185 188 1485 184 183 188
UN-2milfs 17¢ L7 172 175 175 174 174 178
UN-5milfs 172 L7r 173 17& 174 174 1.75 -
UV-15mils 175 L78 174 178 Lrr 176 176 18
Uv-24mil/s LTl LT3 1e9 143 171 178 173 176
PUW-2mil/s 147 188 185 189 186 186 183 191
PUW-5mil/s 124 172 17 174 172 171 172 176
PUW-15mi/s 18 178 177 178 176 18z
PUWV-24mi/s 178 179 L7& 176 177 182
tamolefnesk o 1 4 5 G 7
Control 001 0.a7 00T 022 021 029
UV-2mifs 0.01 0.14 011 001 001
UV-5mifs 001 001 ol 001 0
Uv-15mifs 0101 o1 0ol 008 0
Uv-24mifs 0101 LR .03 018 002 022
PUW-Z2mil/s 0.01 oot o004 0ol 001 006
P -5milfs 0201 R4 008 015 021 01z
PUV-15mis 001 QoL 013 alé 013 019
PUNV- 24 mis 0101 oLz 005 o7 005 ooy 005 0105

(2) 6‘F 7hAl= pH o] WEt7E A vEbubA] kARt X SEell= pH gkel 9] ofefj = of
Hekdles #Ed  AME
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(B) TEv = AlRdA Z ¥ INes e

S
k]
e
S
12
J|m
oX,
ox
>,
=
o,
N,
T
=
i
r>~1
e
o,
ox
N
rlr
fn)
o,
fr
ro
_—tn:i‘_‘,
A
ki
N
)
12
=
o|N
N
S
i
o

E 6 A%Y A9A-FE0) Axde] o Ay 12 Fd AN F 2
WE 8 A

Browning
Eamplefnesk o 1 2 3 4 5 G 7

Control 0.03 o.14 ooz 01 013 o4 04 Q.52
UV-Zmlfs 0.0z 0402 o2 a1z 014 01z 002 003
Uv-5mlfs LR, 003 00z 002 ooz

U-15miis 002 011 0oz
-39 mifs 015 117 004 023
PUNV-Zmifs 002 0.0% 002 0.0z 011
PUNV-5mif's 0103 0o% 015 016 023 014
PUV-15mi /5 o2 01& 0139 014 ois
PUN-24mi s 0103 o8 011 009 015 011 o1t

Samolednesk] o 1 2 3 4 5 & 7

Control 202 205 207 211 216 213
U-2mls 2¥J 209 211 212 212
UW-5mlfs 206 203 210 211 212
U-15ml's 205 204 208 211 212 211 211
U-24mifs 133 201 204 207 210 211 210 210
PUNV-2mifs 2000 202 204 206 210 211 212 210
PUN-5mifs 200 202 207 209 209 205 210
FUV-15mi /5 202 20 211 210 210
PUN-24mi /5 202 203 208 201 211 2113 211

Campledveck o 1 2 3 4 5 3 7

Control -12 -1.23 104 1.19 -125 107 108
UV-Zmlis -123 -1.26 107 i g a -1.22 -128 126
UV-5mlis -124 12 128 131 -1.24 124 119 24

®
T
-
b
ui
-
[
i
-
ra
g
i

ra

4
U-15miis -121 -124
-2 mlfs -128

Fa
ey
bk | R

= .

A
= | -
ba | o

=
=
i
-
ra
e
-
P
iy
N B
-
L
SR PR LA A
Fa
i

PUN-2mi/s 13 -1.18 3 37 131 122 79 21
PUV-Smifs | -124 118 114 121 121 126 127 19

PUV-15mifs| 124 -1.18 -1.08 171 12 137 121 122

PUV-Z4mifs| -122 147 1.13 -1.18 -1.24 -132 118 12

b*

Samplefedk o 1 2 3 4 3 & 7
Contral 171 2105 177 149 147 205 181 154
UV-2mis 1.84 172 185 187 123 145 1.33 142

[
(e
iy
I
7]
-
Y
(=]
oy
[
-
I
-
L
1

UV-5mlfs 183 18

= |

UV-15mi/s 187 176 65 153 138 14 146 139
U-24mifs 183 18 163 163 14€ 15 1.5 158
PUV-Zmiis 178 175 159 165 157 142 14 144
PUNV-5mifs 158 1182 159 155 154 154 159 156
PUA-15mi /s 152 1482 163 15 L, 165 141 151

PUA-24mi j5 177 124 1 3

-8
iy
Tu
i
-
]
0]
-
4
n
oy
ey
[
oy
Ta
wn
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(5) Control Al=me} #AFJA 2E]al o)A -F=Hu] AH2|st A|gE vlus|E A3 ZHd
o

wol o] FolnA #aSe HAT & 9

6) AmE AR T 2 Wask e,

FE 7. UAE Ao Alzdlel o8 Hele wRa] Foie] AV F pH, gk, 9= W}
pH
¢ ity 0 3 & g 12 15 22 29 36 43
Contra BET B34 E34 661 £.51 .55 £.18 £34 L E2E
2 mi/s 83 71 718 659 7.08 Frs 677 EEE B.15 891
15 mifs 698 718 707 E23 717 703 707 E36 £48 673
24 mifs 636 693 636 705 £.38 699 651 B36 628 B81
Turbidity
Sty 0 E & 9 12 15 22 29 36 43
Contral 003 005 006 0.06 006 0g7 008 o7 Q08
2 mil/s o3 003 0.02 0.02 002 0.4 007 o 004
15 mifs 003 0.03 0.04 0.02 004 005 oo 006
24 mifs 0.03 0.04 0.04 0.04 0.04 0.05 004
Brix
Samplatiay o 3 & 9 12 15 22 29 35 43
Contra 162 1e4 158 161 159 163 1.60 162 160 163
2 mi/s 162 163 160 161 159 1ed 182 163 160 167
15 mifs 163 1e4 160 16D 159 Led 162 led 159 167
24 mifs 162 165 160 161 160 Led 163 165 161 168
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® 8 Ay Aela Alzwel oa) Aelw wwd Folo] AVt F AWE 2 AR Wi

Browning
s amiaitiay 0 3 9 12 15 22 29 36 43
Contra o1z 0.15 0.15
2 mifs 0oe 0.05 0.15 0.03
15 mifs 006 005 oo 0.05 006 0.14
24 mifs 006 Qo7 .08 008 Q.08 0.14 011 0.0%
I_*
sampiafda [i} 3 & g9 12 15 22 29 E 43
Contra 2157 2100 2116 2142 2151 2133 2157 2140
2 mifs 2144 2111 20.86 2124 2114 2137 2112 2119
15 mifs 21132 2109 21.05 2108 2138 2137 2148 2159 2137
24 mifs 2051 X083 2054 2052 211¢ 2128 2133 2128 2147 2130
T
Samplefda [i} 3 & ] 12 15 22 29 36 43
Contra -1.20 -1.26 -121 -1.32 -11% -1.24 -127 -128 -120 -1.20
2 mifs v -1.25 -124 128 -12% -1.2% -128 -127 -122 -1.20
15 mlfs -125 -1.18 -127 -1.25 -115 -1.24 -122 -1.32 -118 -1.26
24 mlfs -122 124 -122 -1.28 -122 128 -122 -1.26 -122 -1.23
b*
aphsay 0 3 3 g 12 15 22 29 26 42
Contra 147 L&l 15 158 1€ 152 153 1 &7 158 15
2 mifs 143 1 55 14¢ 148 145 113 151 1.98 145 143
15 mlfs 168 152 153 153 148 141 14% 142 148 158
24 mlfs 154 16 16 155 151 1.38 14t 157 163 153
(9) Algto] Aupmr ARE7E &% Aot A58 Aed-FS5v) Alxded o Aelw Lz
BTk AEPE AS B @ 5 Ae

(100 M== A7 T 2 ¥k 8+
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a9 14, =24 F49

3}A]

3} o RAE A

p)l

el

=

=

24] ol A9A-%

(11)

PN
T

Aol 2 HE(Cloud) BA T ool

Y 15, 122 Sl =9

ESR

3 A

(24, 15 mL/s) o2& A¢

= O I~
= T

i

4 sole] 447

AEol A=A Bzl A 2Ao] a1z

%]
(=i

ml/s & AP u=

1(Oh, J. H, et

w4

I 2ot

. 2011)&

et al

)

al., 2009; Jeong, S. J.
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Aol
=a9d (g/100g)

3

v 2

o

f e} Fr1dt =

Eis

& A9
Ca (mg/kg)

%

d

2]

R
T1

= 7}

7

9. A

x

Mg (mg/kg)

0.277£0.15

10.51+£1.04 8.13+0.21

11.50+0.35

Fluid w/o cloud

0.687+0.08

13.52+1.24

Cloud

(14) Ca®l 4% A<l Aol7} gl Mgst

s

on

ok

-

4.

28~3547HA] Aol HA

Ae F

file}
il

on
ok

o Al

=
=

wf AR A AFef A AlAElL Batch® Ao -3

=
=

#9141

r
B

[}

g Aol Azedst o

3, A

o Al

=
=1

&3 294

&

bl

]

@-o

s 7

AA wF ANE FANDFH(FE] =85 A% 7}

ol

g ol= vl E(Mg)¥

1
-

HAE(Cloud)e] A7]

2]
=

sl

A

Ao ArmsE, AeH Aol 255 A4 o]
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A3 A BAFE AGA-FHu] AT A 2H
1. #5209 AR QIR ZA}

() AF FE53 QU= AN, 97], Foh BeEnhE, Fel, 2o], ¥, AWE URow

(2) H5712 #Z5Fste] 2 JAF29 o7 Mo EAAF drE SAE
6
5.36
5 4.45 4.48
4.20
4 r 3.57
5
E
5
| 2.73
T 2.59
[=3]
Q
-
g | 250
1 5
0
Hj =27 FH HsEOle  #FHY 20| = Az

a9 16, A 27 MAE QP
(3) A 87HA F7 oA 271 Alatel =,

g Al FAe 4

(@) @9, oo, W, AA|NE 5714 Alto] B AEHAL
57174 Gl pHE FA4 AEEE Ao

Hhol M= el 2714 Alatol AE HSl=H,

3= 5y 2 z2kE 29 Alxd] H&s wafs

a
N,
i)
24
N
[>
1o
=)
ox
(il
o 1-0
ults
=
AN
o
i

o
_21_:‘
)
)
3
o
A
i
Lo
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==
=

o
e

Qs (PGS 80 °ColA 3087 71E A g)

= O 2~ O Ie) =] _ o o
(2) A 52 2 mL/s® FASHEA 2] &5 Aty Ao d-FSa] Aate et
5 4
4 3
E - £
E -
2 2 .
6]
O 3/ i 2
o o
9 a
- T
2 A 1
1 2 Untreatment i, y Heat
Untreatment Tio;IUVC uve Heat ntreatmen Tio/UVC uve eal
5
N
4
E
2
L
o 3
o
o
4
2 B
1 T T T T
Untreatment Tio, /JUVC uve Heat

ot
gl
ME,

29 17. 7 AE A9 el B9 Foo] mAr 4F (Rdw 54 A, AR
3}

2oy FgeldME A AT A WHel BE
St wpgel ASlA wE Aw A A A uc

=

o

Al

=

o

2

° fo
o

fols

N

oX,
g

=l

£ i;
[r
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25 30

25
2.0
€ £
c 5 204
Q
> N
3 15 ¥
a Q
o Q 454
Z g
T 101 g
o
1.0 4
5 2
F @
05 05
0.0 0.0
Untreatment  Tio,/UVC uve Heat Untreatment  Tio UVC uve Heat

O 18, 7} At A o] Fe Fxol vAe ¥ (RdE g, 2R

o 3 2= = o W > =2 3
6) ot ZdWxe] A9 Ay Ao FAR w2 Aoy 71E A WRo]l vE A2l Uy
= S I = o o= o
of vla] X7 48] St s & T AUS
50 -5
40 4 -4 4
2 ]
$ 30 5 -3
= &
% 20 A 8 —
a 14
10 4 11
0 0 T T T T
Untreatment TioUVC uve Heat Untreatment Tio,/UVC uve Heat
-3.0
=25 4
v
3 204
©
=
a
@ 15
o
=
K
o
% 1.0 4
>
ES
-0.5 4
0.0 T T T T
Untreatment Tio,/JUVC uve Heat

a9 19, 7} At e We] e Fad v A 98 (REE L, a, b value).

(7) B71(L-value), A M= (a-value), &M %=(b-value) =5 7149 Az IS w W37t =2A

LHERE.
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®) B/1st AAEE A A Aslsa AP A wERot FAEY S A9
Su) 4ot A BE A B w) FA7 Fastn AD A B W #7449
o

50 0.20

40 A
0.15 4

30 T T

0.10
20

0.05 4

Total Phenolics Content {(mg GAE/mI)
Lipase activity
p-nitrophenol contents (umol/mL)

0.00

o : J ' I :
Untreatment  Tio,JUVC uve Heat Untreatment  Tio,/UVC uve Heat

pH
IS

T
Untreatment Tio,/UVC uve Heat

29 20, 7 A A we] Fel Faol vAL G (A dEd, vl FAE, pH).

(9) g golA] Aol AL 7

-

g Azl # odE 2 WE Yehia 2.

(10) ) gfopAl 22 Fe] F2=9f 2bajol
of gutotA] &4 FA7F A g

(1) =gt pHe B Aol Wakrh A9 gl Aol

U, ZFEF3 edXx F29] Batchd® A& A-3FZu] AlxHo] wE A4 F3 v ¢
kinetic model A A
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0R

a— 1NA\b

x nA
< MsfelL pnppie
00 ]

CHlouus (500 bbuw)

e (un)
O™ 21, QUA Fo Ao|M-FEu, M, A A
2], water bubble® A @]&}o] 2bae vl

(1) E. coli O15THTE T3 @A F2o] o)M= =o)X, 2e]ar 2o A ko]
7| At ARl AA(200 ppm) ATt T W E A 2] (water bubble)el Blalste] 3

e

(2) AYH-FZu), AH = o

o AelE 20
1.39, 1231 0.95 log CFU/mL¢] ZHet & 37} vherd

A

e

o)
o
£
_]\1
)—l
o)
=~
=)
o
W

) 2HER Qu:A F29 E coli O157HT2] Aojol #Aejd-FZHvjx )7t A g 24 o
b om, 7zt & Aol g A3 kinetic models 1%

U & A

i
4»
i&
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Water bubble Chlorine
DDD T T T 1 GOG T T 1
oo 5.00 10.00 15.00 20.00 040 5.00 10.00 15.00 20.00
-0.50 - -0.50 -
= b
3 -3
o~ b . =
£ 100 y = € -100 -
g g ;
-1.50 - -1.50 1 r > ry
200 - -2.00 -
Time {min) Time {min)
0.00 T T T 1 0.00 T T 1
o0 5.00 10.00 15 .00 20.00 0.0 3.00 10.00 15.00 20.00
-0.50 - -0.50 A
3 s
2 ‘a\ ] &
£ -1.00 2 . T -1.00
o v ¥ )
2 2 %
-150 -1.50 -
-2.00 - -2.00 -
Time (min) Time (min)
% 22. Biphasic model& o] &3 A+ g3 vl (2 =)
# 10. Biphasic model& ©] &3 At g3 W u (X))
iti M | tert S
Initial count: odel parameterz SD - MSE
5.0 log CFU/mL f B W2
VWater bubble 0.8956+0.0547 2.41%0.35 0.02+0.01 0.9949 0.0397
Orange juice from Chiorine 0.9663+0.0094 4.07+0.76 0.00£0.02 0.9907 0.0807
inoculated oranges uvc 0.9215+0.0123 2.50+0.54 0.00£0.01 0.9347 0.0510
TUvP 0.89560.0547 2.56¢1.13 0.08+0.03 0.9666 0.1707

All daia werethe meanstSD, n=3. Difierent lowercase lefers in the same column indicate a significant difierence (P < 0.05).

(4) Biphasic model®l

=] ©
QL A

(7}) Biphasic model®] # 2]

A AY =2dE

o] ojel

logioN = logioNg + logqo(fe Fmaxit 4 (1 — f)e FKmaxzt)

_48_
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Resistant population
k

max 2

19 23. Biphasic model®] Z1#j3=

£t fraction of the sensitive population

(1 - P : fraction of the resistant population

kmax © Inactivation rates of the sensitive population
knaxe -+ Inactivation rates of the resistant population
t © treatment time (min)

g BAEg gt F29 U4AY AYH A" g E 47 29 2 F4 ¥ v
(1) AF W T2 7520 3714 A, W, a8 9 F3old 3k Ard s A%
(2) 7t F29 HY 55 st Ao 2AMES WA 4 Ay 20E A
< 349 =

1L g Aoa Axdlg o] &3 u Fa0] xo) M FAFGE A

AE = 5713 A, g, &8 9 F3%o])

Trestment Total aerobes }Elll?fl::lmpupmnuﬂireast and molds

No treatment 273+ 0.11° 1.62 + 0.20F 347+ 0.2%

2.7 JmL UV dose 2,13+ 0.01° N.D* 2,94 + 0.04°

54 JmL UV dose 2.16= 0.08 N.D* 2.87 + 0.05"

9.4 JmL UV dose 1.46=0.07 N.D* 247+ 0.07

37.5 J/mL UV dose 1,26 + 0.14° N.D* 2.48 + 0.03°
(3) @714 Aol B 7 =2 A 2AFES 375 J/mLelA ¢F 147 log, &8 2 &
Folo] A5+ ¢k 1 log W fastdon, tigdaS 7H Fe 2o AN 2.7

=
J/mLAl M= 2HHA] &2 2S5 AT 5 A+

@) AP A9 A A AzRe] A9H 2AFel #AHoR FsEA HTHE F7H9
o, A9 AN 94 JmLe} 375 JmLolH el AwHe 2 Aol gl AL U & U
(5) A AT Uk Fel Eo] mAE AL 2Aes) fe) L Aw @

d Eel 332
Fool pH, B, A%, slolmal $, s Re] Mas 243,



E 12, UAE "M Alxagom A3k St

w4 4 (*FH=E pH, 3=

729

Quality parameters

Treatment oH ° Brix

No treatment 5.74 £0.04” 10.90 +0.07"
2.7 J/mL UV dose 5.75+0.01° 10.93 + 0.00"
5.4 J/mL UV dose 5.74 +0.01° 10.95 + 0.00"

9.4 J/mL UV dose 5.71 =£0.01™
37.5 J/mL UV dose 5.67 = 0.00"

10.94 = 0.01%
10.92 + 0.00"

E 13 U448 AeH Aswon At £ Fao B4
=R 9

=y
A (2 F o]z

tal)

&

~

Quality parameters

Treatment

TL (mg/L) TP (mg GAE/mL)
No treatment 35.22 +1.35" 19.22 +£2.22°%
2.7 J/mL UV dose 33.57 £0.11* 20.26 +3.71°
5.4 J/mL UV dose 34.00 +0.34*" 19.35 +2.47%
9.4 J/mL UV dose 35.51 +0.41° 20.42 +3.57°
37.5 J/mL UV dose 35.31 +0.00" 16.99 +1.03*

E 14 HY A4 Axdon AL s Fae FA B4

Aw A e TCD)

(e = 97

)
S

)

Quality parameters

Treatment = e e —
No treatment 21.67 £ 0.45* 6.74 £0.54° 8.63+037° |0
2.7 JmL UV dose 21.19 £0.04* 6.91 £0.03* 9.37 £0.00° 0.90
5.4 JmL UV dose 21.38+0.05% 6.71 £0.03% 8.84 = 0.04% |0.26
9.4 ¥YmL UV dose 22.97+1.27° 637+050° 7.92:0.69* |[1.53
37.5 J/mL UV dose 21.34 £ 0.09* 6.92 +0.09° 8.45 + 0.04%" |0.42

(6) pH, F%, A%, 2ozl Fapol A 2
A ZAFEEQl 375 J/mLol Al =1t

[e)

= .

(D) wdd #pejae] 2peid
Hatern®E Ao Ao
s Z=dk

PN
T = L=

ZAL G
1Y v, e

T2 A% A AAFG °C olal, A7k
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Total aerobes (log CFU/mL)
Yeast and molds (log CFU/mL)

Storage time (days) Storage time (days)

—&— No treatment
—8— 2.7 J/'mL UV dose

—é&— 37.5 mL UV dose
—~—=- Upper acceptable limit

Coliform (log CFU/mL)

Storage time (days)

a9 24, YAE Aol d Aladlom A gk 8k Fao uAE FAE (FHE VA AL, &
29 Fgo] T T).

03l

o A9 A 2 Fom AR A, 3ol AvbA] v 4
log CFU/mLE {olAlm, & aeld Ao Aed A o 20
1

e

() &% % FFolw /Y AT WS AFor TH e, Be A4 2L
ok 2090 XA 6 log CFU/mMLE dold A&

3. AAF2e AAN-BEW A2dF 21P AT Be IF &8 2 FA 54 Ww
7} #5% AL F2o Batchd A A-BE0) Axdo] g2 47 5% ¥
(1) ALl 54S weistel BFF(Ecoli OISTHY), 2l2delol, av@s Hel, gEao

Batch® #te]d-g=vf Al 2€S o] &3t vz Ald 535 Asdl+.
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(2) o] -F=m At Al 2o ‘ﬁ BEas dotry] ffa] Al At W ARl A
.o

o
o] 71& W29l 944:(200 ppm) A ¥ B I A}

0.0

15 \

20

20

Logqg NiNg (CFUImL)
o
-

Logqg N/Ng (CFUmL)

25 25

-30 30
0 10 20 0 40 0 10 20 30 40

Time (min) Time (min)

E. coli 0157:H7 L. monocytogenes
NaOCl (@), UVC alone (M), TiO,-UV photocatalysis (7). NaOCl (@), UVC alone (M), TiO,-UV photocatalysis (7).

¥ 25. Batch® #AFe)d-4Fv) Al=dS o] &3 e At ad} vlal (gt g 2H o)

(3) Wgte]l 4Fd AL F2E AAd-F=vl AlLde] 102 Adsdles d 543 24
E HA 202 AY FHel= F 1.96 log CFU/mML ¢ #HAE HA+.

(4) gzdHgotrt FF @ Ad F25 AgA-F50) Alxdow 307 A RS W F
1.46 log CFU/mL #4383+

daddtd A S @5z AYds Wry vy s

200k

Logqg NiNg (CFUImL)

25t

30

Time (min)

S. cerevisiae
NaOCl (@), UVC alone (M), TiO;-UV photocatalysis (7).

1% 26. Batchd AFA-3=v] A]xH=
o] &3 X A ar vl

tlo
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(6) Batch® 2k9]dl-F5m) Al2=gle argro]l HEd A F2o 108 249 44 w4
d Fas wgo} 208 o AYPe Wl 2 o2 Eo1x1 erorom A0% Az P

o 1.70 log CFU/mL #4&E H 5.

() Bt A9AH A, A A-FEd Az AE AwAe W, A H-FE) A
2Rlg o gatol Azd wRF AF AL Foo) A Ee ARHe AL

. ZEF AL F29 Batchd A& A-FFv] A/&"3 239 A wE 4F 2

w o
-‘

E=
- Logia VN, (CFU/mMI)
A=

wa

- Logn /N, (CFU/m)

2.
BN B BN
- 0

._
B

01 300 400 500 600 01 300 400 500 600
Pressure (MPa) Pressure (MPa)
E. coli O157:H7 L. monocytogenes

Ti0;-UV photocatalysis (), HHP (), synergistic effect (l). TiO;-UV photocatalysis ([, HHP ([J), synergistic effect (H).

3% 27. Batch® Ae|d-4Fv] A2gd) sk AgE o & vAE A E I vl (W,
2] el 2] o})

(2) Batch® A& -3l it WS o] &35t AL F2o] 2ASIAS o o g2 g~
Hgo} =5 ¢F 1 log CFU/mL 433 <.

@ Pdeols FEF AL Foe 2ugs 4

. H 9’] R = i
m reS 300 MPaz Wiek 4f-olvt 74 et aaE BE
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w = w L=y -~

- Logyo NNy (CFU/mI)
3

(=] —

=
-

: i i

300 400 500 600

Pressure (MPa)

S cerevisiae

Ti0,-UV photocatalysis (l. HHP (7). synergistic effect (H).

a9 28. Batch® AF9] %

al i
e ol & MAE AdEd v (AR

(5) A -FZu] A7 WA o83t gRTFO HEH AY F2E AP IS u oF 1
log CFU/mLe] a3 E BAS.

(6) =3¢ A 23 =2 gHo=E A
=
|

2 A3 Alge At

S
X
fo
2
ot
1B
=
>,
[»
i)
&
P
R
2
2
Al

o -

w

- Logo N'Ny (CFU/mI)
Lak

-

()

01 300 400 500
Pressure (MPa)

TiO;-UV photocatalysis (20 min) with HHP

600

[e5
L
o
ok
ot
ol
ol
9
i
:
)
o
Mo
o
ol
ol
8
N
2
o
N
)
2
ro,

L2 L = ]

= Log o NN (CFUW/mI)
r

400 500 800
Pressure (MPa)

TiO;-UV photocatalysis (30 min) with HHP

Ti0,-UV photocatalysis (), HHP ({J), synergistic effect (H). Ti0,-UV photocatalysis (l, HHP (), synergistic effect (H).

a9 29. Batch® #A&)d-35v] Al=glst 239 A& o83 vAdE ddas} v (27]4

Alst)
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() AAFtoA e a3E R7IYS] AA-FZFHuE 202 3+ At =3¢ 4E 300 MPa
3= 045 log CFU/mLo]l ot #ojA-4=
A ske] ore 500 MPag Waa A< /b9 0= 086 log CFU/MLAE t 4539S.

4

(©) A 4-BE S 2027 Aste] gHY 300 MPaz A AY Frolq 7bg e
o

A EE wgAT AREEe v $ee s,

(A), ®) ),
jar‘»‘-——-—-.:n“__% /\‘ js :u
;" 0 g" 3"- ) *‘-\
o ) g 2 “““/
E‘ e e i :‘1 Szﬁﬁﬂ“‘ﬁw;r"'_"}"“—-‘/ﬁ E "-1..,,___1___/
2

4 & ] 0 4 6 B .
Storage time (days) Storage tme (days) Storage time (days)

Logyg N (CFLmL)

- @

&
{

Logqg M (CFUImL)

- -
Logyg N (GFUImL)

- Y

i

E M
M

M
G J Y o »

* w
-] 2 4 [} B 10 12 14 2 4 & L] 10 12 14 2 4 6 & w0 12 14
Storage time (days) Storage time (days) Storage time {days)

Effects of combined treatment of TiO2-UV photocatalysis (30 min) with HHP. Total aerobic
bacteria (A), Pseudomonas (B), coliform (C). Control (&), HHP300 (O), HHP400 ([7), HHP500 (),
HHP600 @), pUV (A), pUV-HHP300 (@), pUV-HHP400(H), pUV-HHP500 (4), pUV-HHP60O0 ().

a9 30. AA7Izkel whE Batch® Ahejd-4=5vi Al agah 239 A& o] &3 A
Artad va(Er)d A, FEEUE )

(10) A& a2 A& oS Wl AGHAIAU4YL) 5 3718, ERUYS tddatol
FAEa o e

(11) 239 ¢3S 300 MPa®} 400 MPa® A g3t AY F29 3714 A, =242, °
A 05~4 log CFU/mLA RS AH4HS Bow AHAA7| 7 5 HAap ZE7hste 3¢S

(12) 500 MPast 600 MPazt A2l A 2 1) i dae dds) a3
; 77

oy FERUAE E3] xo|M-FE=u] Alx®En Z2u9 400 MPag #HETHLS o e,
Has 1l
o 5% AL 29 Batch® A A-FSv) A[2"3 2a Aol ©E F2 A3 v
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# 15. Batch® #Aejd-g5v) AlA®a 29 Agd 71

F20] pH W3l (377 149)

Storageday

Treatments 0 2 4 6 8 10 12 14
Control 573+0.01 5.65£0.01 555+0.01 5654:0.01 552+0.01 550£0.01 5.55+0.01 5.61=0.02
puv 5.79:0.00 570£0.01 568+0.01 5.6920.01 567+0.00 570£0.01 577x0.00 573z0.01
HHP 300 570:0.00 563:0.00 5581000 558:000 5571000 547000 549001 527:0.00
HHP 400 5691001 563:000 555:001 559:001 551:000 546000 5491000 546:0.01
HHP 500 575+0.04 561+000 554+0.00 554:+000 552+0.00 547+0.00 5421000 540+0.00
pH HHP 600 5.69+0.00 562+0.00 556+0.00 554+0.00 552:+0.00 543+0.00 549:0.01 5.46+0.00
pUV+HHP 300 5.79:0.00 571:0.01 5621000 5661000 563:000 559:0.00 554:0.00 5.48:0.00
pUV+HHP 400 5.7720.01 5.69:0.00 563:0.00 5.63£0.00 559+0.01 556+0.00 558:0.01 5.47=x0.00
pUV+HHP 500 5.7810.01 5.71:0.00 5.64:0.01 5.66£0.01 560+0.00 556+0.00 556+0.00 5.48+0.00
pUV+HHP G600 5.7810.00 5.74:0.00 565:0.00 5.63+0.01 561+0.00 556+0.00 555:0.00 5.54:0.01

(1) 23193} Bachd #9450 Axee gmoz A0S w33 Aele AL 7
[e]

2= A A Ad F29 pHeE AFol7h 8lol+

(2) 149 A7 T 2ask At AL F2¢ pHe A A3 ALQd-F5m) A&

gAY FroqEY ¥ e Al

(3) AY Fol 2uH AE F A3 2 G AT W, 44%, AR}
Frbehe 43e ne.

(4) Batch® A1 4-%5w) A20we ol gote] Aeld AL Faol W), A%, Fw7}
te AT F5o M uge

(B) 2astS o5 AYPS
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E 16. Batch® Ao d-35m) AlAgla) 2aS A2 Ad F29 A Ws (4437])10149)

Svtorage éay

Treatments

0 2 4 6 8 10 12 14
Control 21,26 +0.01 21.26+0.01 21.3310.01 21.50£0.01 21,26 £0.03 21224002 21.5240.04 22254013
puv 20.69+0.03 21,53 +0.08 20,82 £0.03 20.72 40,03 20,76 +£0.03 21,05+0.06 20.91 £0.01 21,20 £0.03
HHP 300 22244002 22.05+0.01 21.87 £0.03 21.78£0.02 21.46 £0.01 22.12+0.03 21.80 £0.01 22,08 £0.02
HHP 400 25.10£0.05 24,53 £0.01 24.08 £0.02 23.940.01 23,77 £0.01 23.62+0.01 23.16 £0.03 23.1110.03
s HHP 500 25.430.03 25.14£0.02 24,89 +0,00 25.12+0.01 24.1410.01 22.8210.02 24.87 £0.01 24.2210,03
HHP 600 25,46 +0.01 26590+0.01 25.37 +0.01 24,96 +£0.01 24,07 £0.02 24,08+0.02 23,56 +0.01 23.56+0.01
pUV+HHP 300 21.83:002 22.28 +0.02 21.94 £0.03 21.7040.01 21,60 £0.03 21744002 21.77 £0.02 21,87 £0.02
pUV+HHP 400 2512:004 24.91+0.01 24.98 £0.02 23984001 24,13 £0.02 23.7340.01 23112117 2398220.01
pUV+HHP 500 26.07 :0.02 24.86 £0.00 24.77 £0.01 24.98 £0.01 23.93 £0.01 24.26 £0.01 23.66 £0.01 23.97 £0.02
pUV+HHP 600 25.69:0.01 24.95+0.01 24.85+0.01 24.85+0.01 24,28 £0.02 24.1310.02 23.88 0,01 23.56£0.02
Control ~10.96 £0.08 10,96 £0.07 10,86 £0.08 ~10.95£0.03 -10.85£0,03 ~10.60£0.01 =10.90 £0.06 =11,03£0.06
puv -10,92£0.03 -10.71£0.02 -10.86 £0.03 -10.66 £0.02 -10.65 £0.08 -10.48.£0.07 -10.50 £0.05 -10.32£0.08
HHP 300 -11.84£0.05 -11.73+0.02 -11.46 £0.04 -11.43+0.04 -11.33 20,02 -11.38£0.02 -11.16 £0.04 -11.41£0.02
HHP 400 -14,40 £0.05 -12.89 +0.02 -12.60 £0.02 -13,06 £0.05 -13.18 £0.06 -12.6240.01 -12.45 £0.04 -12.04 £0.02
; HHP 500 -14.68 £0.05 -14.24 £0.05 -13.7210.03 -13.53£0.01 -13.28 £0.03 -12.85+0.01 -12.95 +0.08 -12.82£0.05
: HHP 600 -14.88£0.03 -14.28 20.07 <14.06 £0.02 -13.62£0.02 -13.53 20,01 -13.11£0.06 -12.77 £0.02 -12.54 £0.02
pUV+HHP 300 -11.9420.01 -11.80 £0.05 -11.56 £0.02 -11.50£0.03 -11.61 £0.08 -11.42£0.02 -11.30 £0.03 -11.24 £0.05
pUV+HHP 400 -14.25:0.05 -13.86 :0.05 -13.69.:0.04 -13.43£0.05 -13.5210.03 -12.9210.05 -12.87 £0.03 -12.41£0.02
pUV+HHP 500 -14.47:0.04 14,08 £0.03 -13.72 £0.06 -13.28£0.01 -13,3540.03 -12,95+0.06 -12.80 £0.02 12,59 :0.06
pUV+HHP 600 -14.82:0.02 -14.30 £0.01 -13.88 £0.05 -13.64£0.06 -13.63 £0.03 -13.21+0.07 -13.08£0.03 -12.48 £0.03
Control 17.32£0.10 17.66+0.11 17.29+0.01 17.59+0.11 17.93 0,08 17.7340.06 18.28 +0.04 18,52 £0.07
puUV 17.44 £0.03 17.06 +0.03 17.37 +0.06 17.32£0.06 17.37 £0.04 17.20£0.11 17.56 +0.06 17.39£0.09
HHP 300 18.79£0.08 18.66 £0.02 18.58 £0.09 18.59£0.12 18.26 £0.03 18.54£0.02 18.33£0.07 18.86 £0.11
HHP 400 21.9210.08 21.49£0.03 21.18£0.04 20,46 £0.09 20,99 £0,10 20.25+0.08 20.18 £0.08 19.7310.03
b HHP 500 22.6310.02 22.18 £0.06 21,57 £0.03 21.1810.03 21.28£0.02 20,88 £0.02 21.1410.07 21.3110.04
HHP 600 23.01£0.03 22004013 22.08+0,04 21.47 £0.06 21.8140.07 21.3440.03 20.83 40,02 20.75+0.07
pUV+HHP 300 18.86+0.03 18.62 £0.04 18.56 £0.02 18.56 £0.07 18,98 +0.08 18.68 +0.07 18.64 £0.12 18.72£0.06
pUV+HHP 400 21854004 21.51+0.03 21.44 £0.04 21.2840.07 21.80 0,02 21.08+0.01 20.95 +0.01 20.93+0.04
pUV+HHP 500 22.14:006 22.06£0.04 21.51:0.04 20.81£0.07 21.60 £0.08 20.89£0.07 21.37 £0.05 21.19£0.02
pUV+HHP 600 22.90:0.10 22.41:0.03 21.8110.06 21.84£0.07 21.84 £0.05 21.36£0.07 21.47 £0.05 20.84 £0.03

(6) A1 A -] A= H = ZA4se W ARkl

HER
& nql

1

Cays
Aol weh W], A

(7) Batch® ARe]d-dFu) 2yt Alzdlo] Al F2o] vgRl, F714, &4kst =44 ow

F GFe FEA dobns] A3 A= o

i
u
M
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Storage time (days)
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8 10 12 14

Storage time (days)

6

Changes in total phenolic compound of treated kale juice during storage at 4 °C.

Control (A), HHP300 (O), HHP400 ([J), HHP500 (), HHP600 (©), pUV (&), pUV-HHP300 (@),

pUV-HHP400(m), pUV-HHP500 (¢), pUV-HHP600 (@).
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=
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T
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A 4R A ANA-FE0) AF A2
1. A5 595 dd9 fAE 295 A}
(1) #FA7194 (F)eaofF2EL] 23] AL “H2ol A A&

A %& o} Quality Control® th
ol H= 371 A, AT LAEe AFe] A5 AV|Eel EAT F

0 Fgole oARE 2A

L
aJ O a=

= A HiEow skgedvled e WS HiE 50 mesh A=

=
PR A9 A-FE) AFgom B AEF

(3) HFoe=z f&5a
llz_

RN S

N
- 0
td

@) A7 AAE Azl Arjsts RAA Y A2 HAFT WP 0 S A2
~39)E 29 AR QAR 2AHAE

¥ 17. A7F Alx Aee 27 nAE 2d%

Microbial populations (log CFU/mL)
To%fgc?:lfigblc Coliform Yeast and molds

2.91+0.72 3.02£0.03 3.80£0.02

5 714 Ay iFAFLS oF 3 log CFU/mL, &5 %

a- =X

UH

Fol= 35~4 log CFU/mL #

AR BYY Tol & A 5 At @elld AE W MAE H§ FEA 5 log
CFU/mLel W& AQ o] 228 & g &8 7H5 78] @ SRelmz &vael v
BE Aot ALY
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2. A AN-BZ0) A 2Ae| We BF T} Ww

¥}

- 6
; i o
= 3.
b 4
< ;
E 5 =
£ E3
g * £
= g
3 2
£
- i
z 21
g1 o
o
Ll o B ° p— e e - =3 a b 3 gt . : 1
a 2 4 6 & 10 12 14 0 2 4 ] & 10 1z 14
Storage time (days) Storage time (days)

—#—DNo treatment
—— Ti02-UVC 0.9 Jem?2
—t— T102-TVC 12.8 Jem2

Yeaxt and molds (log CHlU/mL)
] = -] [#}] 4 Ln ()] ==l e x] ]

a 2 4 B 8 10 12 14
Storage time (days)

a9 32, A%E AgM-FE=u] Axd"ol| o3 HzwE AF U wAE ws (149 7 AF)
2 3714 M, g, 258 9 F3o)).

g A, R
(2) A%d A A-BE0] Axwe AAAe Ha 24} A 574 ATl 1 log CFU/ML
ojstz wANPOM AYYZ sho] EAF Aol WAHA RS

(4) AT A5 2~3Y o AF & 7S 28
o AAFe] HuA Lo,

il

2
A
rok
>
b

rr
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(6) 2] =AM Hul Al 149 AF7IZE &< S A, i, 2R B a3l

(7) Abatoll A gk
J/em®)ol w=
ot WstE #Esh

E 18. A5HE AdAd-F=m) Al xdel oa] Ad As vgE W}

Microbial populations

Treatment
Total aerobes Coliform
No treatment 282 +0208 230+0.282
Heat treatment 1.06 + 0.06° 0.00 + 0.00°

TiO,-UVC 0.24J/ecm?  1.70 £ 0.15¢  1.19 + 0.15¢
TiO,-UVC 0.48J/cm? 0.87 + 0.42°> 0.40 + 0.354
TiO,-UVC 0.95J/cm?  0.07 + 0.06¢ 0.07 + 0.12P

(8) RE AgolA it 97 d9od, 095 J/em® ZAIEY Al M 2o AgEHS H
AL (714 AT 1.12~274 log CFU/mL, 3o A= 1.11~2.23 log CFU/mLe] 7+

A A

)
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Storage period [day)
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10 12 14 16 18 20 22

(%]
mrlu-ﬁ

R |

Total aerobic bacteria (log CFU/mL)
i

2 T30 — *
- 7 i _____.--"' * = --.-:i_
E ‘* i
= A
[ / - -
= 3 —&—No treatment
a P S )
[ P | J
£ 4 ¥ /7 / —8—Ti02-UVC-0.24 J/cm 2
< 7 !
'E o W } _ 4—Ti02-UVC-0.48 1/cm2
:ﬂ =+ ! 7 3 ™,
B.. 1 f¥ % L —8—Ti02-UVC-0.95 Jftm2
a2 oA g I LY
= —JL [ / b - Heat treatment
s g - -
- 7 %—I ——F

1 2 3 4 5 & 7 3 9 10
Storage period (day)

a9 33, A59 AAd-FEvl Aaged ofs) Al A W 274 At ke wE
5}

FEE4, 10 °C), AR, 283 EAE(90 °CAlA 102 3+ 7HE)el
*E dEelal, 2714 A A=

e A FAE 4 °C9} 095 J/em®e] ZA}FEol Al
=L 2t 29E BHgor) 10 °CollM e 49744 =2 AR duA Aoy Do)
FTRE U 2AMHAM 9 F=X 9 v|=2EHA BEE.

(10) A&l i 3717 At A=ds vassds o, 4 °Colx A3 AlzEe] 10 °Cel
e S Ao, dAE F AR Bk
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EE
T
w5
[=1:]
)
=
=
£ 3
-E -4
E 2 f{{ E I
8 il ” l >
0 ® "'::'::":""i{
0 8 10 12 14 16 18 20 22
Storage period (day)
? I E-J
10 °C
B
=
E -
25
LW
é‘" 2 £ —&#—No treatment
- e I = 1 T —@-Ti02-UVC-0.24 J/cm2
_'E 3 * $ T H:\ 4 TiD2-UVC-0.48 J/cm2
E_ % : l o TRONGE —8—Ti02-UVC-0.95 J/cm2
£ T e S R . o O
E ' o ——Heat treatment
P { - o T
0 *—_—.‘ i | —r—"-“
0 1 2 3 4 5 @& 7 8 9 10

Storage period [day)

I 34, A5E AAA-GFv] Alz=dol ofsl Al A W dgTe] 22 w
bl

(1D A&717+10%), A2=(4, 10 °C), AR, 18z 290 °ColA 10% 3t 7HE) =
RFE T A gotel A FATNE BAHAL.

(13) A9 A-BE0) A2 F A0 B T Ao A9, we Lol A @
. :

of Helske] AN AR woluh 1 Aolsh AA @grom, Wil B LEeAE 497}
A zAbgke] AY WY AlgolA Aol dAHUoLt of F urA zAbEe] ARE Hrh
wol et W9, AR A%, ARV Bk it 2ol Aol AEHA SRS



3. A& AdH-FZn) 44 WH & F2 54 ¥u

16
7 15
14
6 3 i L]
£ 13
£ &
=5
12
a4
11
5 1 1 ] 1 ]
10 Il 1 1 1 1 1 i
@ - R = 2 * 4] 2 4 & 8 10 12 14
Storage period (day)
Storage period (day)
5500 - 2500
2000 - 2000
= n
E - . B
- 1500 r = 1500
E 0
g B
= =
¥ 1000 | %10.00 -
£ -
:E —
£ 0500 500 |
=
-
0.000 : : : : : L | 0.00 1 1 1 L 1 1 |
a 2 4 (] B 10 12 14 0 . 4 B 8 10 12 14
Storage period (day) Storage period (day)
0.0
300 r
01
2.50
-0.2
2.00
=03 -~
$ 04 g 150
3 g
] =
:'-0.5 - o
z =
" 06 £
- w
-]
07 z
08
-0.8
a0 L " =R00 = .
Storage period (day) Storage period (davy)

—&— No treatment
=B Ti02-UVC 0.9 Jem?2
—a— TiO2-UVC 12.8 Jem2

a9 35. A& A A-FE) Azg] ol Ad Ao FD s
1

L o
(ZHEl = pH, B=, §=, B7], A%, F94%)

y 1

}o]

el

KeN
=

i

() A%F ANA-F50) A20e Aslo] 2§ F, 149 k] 492
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astgor], A% AR W /14 ATel FAEEE Aol Rulshs At ols) pHrb @
I

(2) pH7} 6 ol3t® ZAagS W FHlFH7E WS 1y 2R pHel o3 A% 7bs 7ks F5
& ®eke w m AT, i AdH A EoR A3 A8, ala Ao AA 2AEO
= APe AR £o® pHIF 6 olst® FAast=dl AEe 7Igke] AojAr] wiiel A&

2AFE FANRSE A3 A by A0l AFEE & 5 AR

53] Ao 2ALES HAUE sto] AYsis w, 26 A3 wj7hA] pH7E 6 ol
= o |

St Aoz Hol Al FT2]o] AE 38 7|5 ol AR FHHUS.
(4) ME9l Fr= AA7|7F Bk BE Agda] & WHErt ggs.
(B) e nAEo] Friste wel FU1ske AES HY.

£ 19. A5 Ad -GS Al =gl o] Aed Ao Fd WE} (pH, Fi=)

Quality parameters

Treatment
pH °Brix
No treatment 6.22 + 0.062 14.66 + 0.022
Heat freatment 5.96 + 0.02° 14.73 + 0.023

TiO,-UVC 0.24 J/cm? 623 + 0012 14.35 + 0.07°
TiO,-UVC 0.48 J/cm? 6.26 +-0.02* 14.32 + 0.16°
TiO,-UVC 0.95 J/cm? 6.23 + 0.012 14.13 + 0.27¢

(6) AFo)ne] 2A gl me se) pHet Fre] WaE v wsd s

(8) =& AR AL Hadars Fvt gadsts 4TS Eov, dAe 3 A4
G A Aok zolrh A5
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4
3 1 1 1 1 1 1 1 1 1 1 ]
O 2 4 il a3 10 12 14 16 18 20 22
Storage period (day)
7
E : = o
I E“i\ —4#—No treatment
s | g\ T\ —8—Ti02-UVC-0.24 Ifem2
v N !
.\ % —+—Ti02-UVC-0.48 f/cm2
N } ——Ti02-UVC-0.95 Jfcm2
4 o2 S — e
——Z'_':'-_—:.__z'% —__ g —=—Heat treatment
3 ; ! |
o 2 4 =] 2 10
Storage period (day)
39 36. A5 9 A9 Q-BE0 Azgel sl AE AHslel A4V F pH W (AL 4
°C, 10 °C)
9) A=, AZ712009), 2=AE dAgd ue FAwsts s sl
10) A7 5 5714 Aol 4ol met exe] wAgle] pHE gasts FFE wa.
(11) ZAMES AetA A5 A3713 &<F pH7F o dAsHAl FAso7F Ak st
= A% 19

(12) €A Hao 45 A

713t < pH7E A 9] WA

ok

dlo
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£ 20. A5G A -GS Alxdel o AeE Ao AT T FE HEE (A2
4 °C, 10 °C)

4°C
Storage time Treatment
(days)  No treatment Heat treatment ;{ E?EU;S 1{ ﬁJ}F}I:;E 1{ g:;f;ﬂﬁ
0 1466 £ 0022 1473 £ 0022 1435 £ 007 1432 £ 016* 1413 £ 027°
1 1468 £ 0022 1472 £ 0047 1438 £007" 1434 10167 1393 £ 0.14°
2 1466 £ 0012 1473 £ 0047 1436 £ 0000 1434 £ 016> 1400 £ 0.46°
3 1464 £ 0008 1462 £ 0022 1434 £ 0050 1428 £ 0470 1417 £ 024°
4 1462 £ 000° 1470 £ 005 1432 £ 006® 1430 £ 017" 1375 +025¢
6 1463 £ 0022 1475 £ 0068 1436 £ 006" 1433 £ 017" 1399 + 047°
8 1463 £ 0012 1471 £ 005 1439 £ 006P 1435 £ 015 1403 £ 049
10 1461 £ 0012 1470 £ 005 1432 £ 008" 1431 £ 0.16® 1405 £ 045
14 1461 £ 0012 1470 £ 003 1436 £ 009" 1432 + 018" 1408 1 04%
18 1453 £ 003 1474 £ 003 1426 £ 007° 1423 +0.14° 1373 +026¢
22 1470 £ 0073 1471 £ 0042 1437 £014% 1423 £ 008> 1390 £ 045°
10 °C
Storage time Eeiieat
(days) Mo treatment  Heat treatment gﬁliﬁ g' ;%}U;;S ,[-f E:;l}%mc:
0 1466 0022 1473 £0022 1435 £ 007 1432 £ 0.16° 1413 £ 027°

1 1467 £ 001° 1470 £ 005% 1437 £ 0.07° 1436 + 0.16° 1401  0.44°
2 1463 1 000F 1471 £ 0053 1433 £ 008° 1432 £ 0.18° 1395  02I°
3 1461 £ 0012 1468 £ 005 1437 + 0070 1431 +0.17° 1412 + 026°
4 1457 £ 001° 1466 £ 0053 1429 £ 007° 1432 £ 0.16° 1380 & 033°
6 1460 £ 0022 1473 £ 005 1426 £ 0.09° 1420 £ 020° 1397 + 0.50F
8 1466 £ 0012 1469 £ 005 1436 + 0128 1436 +0.17° 1379 + 022¢
10 1466 £ 001° 1469 £ 0047 1441 £ 0.10° 1434 £ 025° 1402 + 035

(13) AF=rd weh Fro] WstE Az AZ7|H(109)d= ddsdlen, Az
I Aol wAgle] e AlEelM AR ol usks
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21 A48 A9 A-2Ev Aol me Aso Ax g

Quality parameters
L* a* b* TCD
No treatment 1891+ 005 <052+004 2662007 000
Heat treatment 20.78 £ 0.22° -0.63 £ 0.02" 2.08 £ 0.13¢  1.96
TiO,-UVC 0.24J/em? 20.02 + 1.16° -0.53 +£ 0.032 1.98 + 0.71°¢ 1.30
TiO,-UVC 048 J/em? 20.23 +£ 0.59¢ -0.52 + 0.062 1.82 +0.34c 1.56
TiO,-UVC 095 J/em? 19.82 + 0.15¢ -0.49 + 0.032 230 +0.07° 0.97

Treatment

(14) Aelz=dd=2 Moo ¥ats #Esglon,

o), AAE, GAEe s wE A o
A7k A9 A-HE AeE @ Aeuct o 2 A8 w

n&

_69_



B 22. A5 A5 A"l o) AeE Ao ARV T vy ®E (A2

4 °C, 10 °C)
4°C
Storage time Treatn'haflt .
(days) Wo treatment  Heat treatment {T ﬁli%z:nc: {T ﬁli%?ﬂﬁ {T EFZ;E:IUC‘:HS
0 1891 + 005 2078 £022° 2002 +1.16¢ 2023 +05% 1982 +015°
| 1964 + 00 2168 0670 1977 + 033 2030 + 093¢ 1974 £ 0152
2 19.70 £ 0.58% 2136 £ 046° 1985 £028 19.80 £ 0.18% 19.55 £ 0208
3 19.72 £ 0522 2114 £049° 1974 £ 037 19.79 + 0307 1268 £ 0112
4 1939 + 0464 2134 £043° 1872 073 1922 + 059 1940 + 0432
6 1965 £ 028 2147 £ 069° 1967 £008° 1974 + 030° 1272 + 0112
8 2017 £ 0517 2127 £027° 1965 £ 052 1991 + 035 1999 + 043*
10 2017 047 2122 + 041 1981 £ 014 2001 + 0312 1992 + 020#
14 2180 +123 2104 £ 0077 2124 £159¢ 2127 £072 2017 + 036°
13 2233 £ 082 2149 1055 1972 +102 2016 +015 1991 + 017
22 2399 +1788 2157 £033® 22720 +198¢ 2184 +162F 2127 +028b
10 °C
Storage time e aiminnl
(days) Wo treatment  Heat treatment ;'5’[_::}?‘:;;5 g T%EU;S 1-:,[ EC;J}EI;S
0 1891 +005@ 2078 +022¢ 2002 + 1.16¢ 2023 059 1982 + 015
1 1994 + 0822 2119 £ 014% 1889 +097° 1934 +026% 1959 + 006+
2 1939 + 043 2110 + 021% 1934 + 093 1969 + 007> 1993 + 009
3 1950 £ 018% 2100 £ 0.11% 1920 £ 0665 1983 £ 006 1973 0112
4 19.75 £ 0312 2145 £ 0350¢ 1926 £0822 2026 £ 122° 1088 + 0243
i} 2051 0200 2145 £064° 2017 £ 1108 2160 £ 1.70° 2025 £ 036°
g 2633 + 308 2000 +028° 2690 + 140 2636 +183F 2464 + 1430

10 2308 £ 018° 2086 £ 023 2340 £ 045 2326 £ 1068 2162 +1.13°

(15) Agerel uet wolel Wste Aezds A0 LR BASG o, A
Hale] Yo7k Agre] A gl A Sk HA.

(16) A%d A9 A-FEuhe] 2AlFe] FE5F Halol Wt AA S 4FL W
gomv, AANE & Hslt Lol wAgle]l 4371 B WE molA BRL.
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® 23 AF5Y AgA-GS) Almgel o) AeH Ao AR
%4 °C, 10 °C)

4°C
Storage Treammnrt . .
tms (days)  Woteathent Hestiesteant  ourres 0alTel 00rles
0 052 £ 0042 063 £ 0.02° -0.33 £ 003 032 £ 0064 049 +003°
1 0352 £ 0.03%® 054 £ 005 048 £ 004 051 £ 005 045 + 0.06°
2 051 £ 0042 059 + 0.03b -042 £ 002° 046 £ 007 041 = 00%
3 033 £ 0042 0.60 + 0.04° -0.51 £ 0022 0351 £ 005 049 + 0032
4 -0.30 £ 00352 057 £ 0.05° -048 £ 001* 047 £ 0022 045 +003°
L -0.30 £ 0032 057 £ 0.04° 0350 £ 007 018 £ 0012 047 + 0022
8 033 £ 0022 060 +007° -049 £ 0022 032 £ 0064 0351 + 0032
10 -0.34 £ 0035 -0.37 £ 003 048 £ 0020 045 £001° 046 +0.03°
14 049 £ 0042 062 +001P -0.30 £ 0.06° 049 0012 046 + 006
18 037 £ 0042 058 £003® 053 00220 050 +003% 047 +003°
22 -0.35 £ 0082 -0.36 £ 0.012 -0.33 £ 0082 033 £ 007 048 + 0020
10°C
Storage Treaf:me?t ' .
time (days} Mo treatment Heat treatment 1}‘ %}En% ‘;I' g‘}%ﬁﬂz 0T g:;:}U;ﬂg
0 052 £ 004 063 £0020 033 £ 005 052 £ 0060 049 £ 003
1 050 +003 061 £ 005 043 £ 0032 030 £ 0012 048 006
g 047 0042 064 + 007" 049 £ 003 047 £0020 044 £ 04
3 052 £ 003 063 £0020 032 £ 005 051 £ 0012 049 = 04
4 033 * 0.022 033 £ 0,042 050 + 0022 044 £ 006> 047 £ 001
& 048 + 0012 0359 +003b 049 + 003 047 0108 0356 +003°
5 027 024 066 + 0.66° 013 £ 0.10° 006 £002° 006 £ 003
10 049 £ 003 061 00 041 £ 0u02° 038 £005° 031 018
A7) Agesdl we qane) WsE Adzdn AP7000 AR BAF e, A
A% 2 WsE wolx ggoy AxYE & Adel A YU s AR} G A
m=9] vel ghel v w3
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ofk
o

¥ 24 A5F AfA-FFu) A"l oe AE Ao AT T A= WE (A=
4 °C, 10 °C)
4°C
Storage TrtaatrnEﬂrt - - - -
me (days) Notremtment  Fon  SEVL e 093 e
0 266 £007° 208 £013 198 £071% 182 £034c 230 007
1 233 0132 1.40 +025% 223 £025# 193 £031° 211 +010e
2 200 + 03092 148 +012% 166 £024C 157 £014% 177 £ 028
3 226 £031° 169 £0.18° 200 £027° 220 2017 221 0042
4 208 +040° 148 +0.10b 237 £03565 219 0102 207 0122
& 209 +0252 147 £028% 225 £001>= 220 £016° 225 002
g 202 0202 157 £ 0.18% 243 +037¢ 226 0265 232 018
10 202 £027 179 £ 010 216 £008% 213 £013* 222 +011°
14 119 + 0432 1.77 £007 137 £ 1008 122 0709 184 + 0199
18 028 + 035 137 027 223 +080¢ 193 X006 222 1008
22 017 + 0802 159 +011° 071 £133 138 +068* 171 o012
10 °C
Storage Tr?aMEﬂrt - . . -
tme (d2y3) Noteament W 02 Tem! 048 Temd 093 Vemd
0 266 0072 208 +013%c 198 +071% 182 +034° 230 007
1 212 £ 0457 1.62 + 0.10F 246 £038° 201 002 227 X013
2 217 £ 0132 1.74 £0.11F 234 +078% 216 0042 210 F 0022
3 233 0128 1.77 + 0.06" 269 035 221 £0122 231 003
4 1096 +0.18 1.49 £ 0120 249 033 200 £03532 222 005
6 1.57 + 0032 1.67 + 020 191 0652 139 027 1.83 +033P
3 037 £035° 193 + 014" 043 £068° 032 £023@ 030 0242
10 065 + 0199 1.87 +0.11% 068 0453 095 +025° 175 015
(18) Ao met FAEe] ®stE Azt #4710 2wt on, 4747
sk AE5Y ALA-BEu) AYE ¢ AEY FAEe] ®shyl AyetA] ¥ A ET
T =%



F 25, A5E AQQM-FFHu] A"l od HEE AFe A7|F F TCD ¥ (g% 4
°C, 10 °C)
4°C
Storage time Tre:j.trnentr - = = -
(d2ys)  Notrestment Fo2 Ol e Tiomt 095 T
0 0.00 1.96 130 1.56 0497
1 081 303 0.0 165 1.0y
2 0097 X 1.38 141 1.1)
3 0.0 244 1.01 1.0 0.80
4 075 2.88 021 056 0T
6 004 283 0846 091 091
8 141 2.60 077 1.08 1.13
10 141 246 1.03 123 110}
14 324 231 266 TTT 1.50
135 417 2.88 002 145 1L.09
3.4 3.66 287 390 320 2.54
10 °C
Storage time Tre_aiment _ - . :
(d2y5)  Notreament o 00PT3 gug Tem? 095 Jew
0 0.00 196 130 1.36 097
1 1.16 251 022 078 081
2 0.63 237 054 093 1.16
3 0.76 22T 030 1.03 080
4 1.09 2.830 030 147 1.06
[ 194 273 147 248 157
3 T.72 212 330 782 618
10 463 211 491 468 287
(20) A= we} TCD(Total Color Difference)® WstE A2l 203 A47]HA0Y)HE
At o, A7z 5, w9t A% Wt ofd] TCDe Afo]7t F7lshes A
A
12} 539, dA-8s Hae A7 &< U2 Al

Ko

21D ol= mAE EHlEol ¢
7

of @ 4w s}

A H .
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F 26. Ao Ad-g=v) Aol wE AsH7t

Treatment Color Flavor Taste {veral
preference
No treatment 375+ 0802 363 +0.78 420+0.78 412+ 0.652

Heat treatment 3.65 £090° 368 +1.00°0 327 +1.22" 350+ 1.03°
TiO,-UVC 0.24 J/em?> 3.88 £ 0.73* 3.53 £ 1.00* 3.45 + 1.01° 3.43 + 0.85°
TiO,-UVC 0.95J/em? 3.57 £+ 1.032 2.05+098° 182 +1.16° 1.87 + 1.03¢

(22) A5 A -GSl A=E, A2 P vAY A2 AR TtE DS

o
A .

ol

(23) A%Y Ao d-FEv) Azwle] 2AFE 024 Jem'2 AT sl dAE I A6
o}o] &3} uho| Al = zpol7} x| @A WE ZALEo] Z71E 095 J/em® ZAFNAE AT
b e B s gl

(24) vt} o A=
K. M, 2014)& AA|

7b Al 236wt Aelzbvs ol E #4387l A F 24 (Kang,
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Aoundarcs

140000
130000
120000
110000

Tima—=

a9 37. A BEY o] AmntEaw Ay

Abundarcs

24 38
140000 20

10000 13
120000
110000 %
100000 34
SO000 27

S5.00

1500 =000 2500 =0.00 ==l00 4000 45100 S0l00
Tirma—=

a9 38. AH-FEu] Helae EY o] ARwETW Ay}
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R 27. A} A

L

€]

A-gEu Ao FREY B

5 b
Concentration(ppb) )

No RI” Compound name CC) )

1 1208 isoamy!l alcohol 1.1£0.3 3.2+0.3
2 1238 2—pentyl furan 1.5£0.2 3.8+£0.5
3 1355 1—hexanol 1.6%0.1 4.4%+0.1
4 1402 nonanal 0.5+0.1 0.9%£0.5
5 1409 2—butoxy ethanol 0.4%+0.1 1.1£0.1
6 1458 1—heptanol 0.8%£0.2 2.4%+0.4
7 1461 acetic acid 8.8+0.8 11.8£0.5
8 1479 furfural tr” 1.440.2
9 1492 2—ethyl hexanol 1.5+0.1 3.4£0.4
10 1545 benzaldehyde 0.4%+0.1 2.0+0.3
11 1547 propanoic acid 0.7£0.4 2.9+0.3
12 1589 dimethyl sulfoxide 0.4%0.1 4.0£1.1
13 1629 2—(2—ethoxyethoxy)—ethanol 1.2%+0.1 14.240.4
14 1636 dihydro—5—methyl—2(3H)—furanone 1.3%£0.8 0.7£0.1
15 1638 butanoic acid 0.3%0.1 0.9£0.1
16 1649 menthol 0.8£0.2 1.4£0.7
17 1656 dihydro—2(3H)—{furanone 2.1£0.1 7.7%£0.2
18 1668 2—acetyl thiazole 2.2%+0.5 4.24+0.1
19 1670 2—furanmethanol 0.2+0.1 4.6£0.1
20 1678 3—methyl butanoic acid 0.1+0.1 6.1+0.9
21 1728 dihydro—5—ethyl—2(3H)—furanone 5.6+1.4 19.2+6.1
22 1745 pentanoic acid 0.8%+0.1 9.4+2.5
23 1750 dihydro—5—propyl—2(3H)—furanone 0.3%0.1 14.9+3.2
24 1803 2—(2—butoxyethoxy) —ethanol 0.9£0.1 3.0%£0.9
25 1852 hexanoic acid 7.6%+1.9 31.6%£5.0
26 1879 butyl butanoate 3.0+1.2 8.2+2.6
27 1893 benzyl alcohol 3.812.2 13.3+2.0
28 1922 5—methyl—2(5H) —furanone 3.5%0.1 9.1+3.4
29 1930 phenylethanol 6.8£3.0 20.0x4.1
30 1944 dihydro—5—pentyl—2(3H)—furanone 1.5+1.4 2.9+1.4
31 1955 2—ethyl hexanoic acid 9.5+2.9 12.0£2.2
32 1959 heptanoic acid 0.4%+0.1 10.5%£2.2
33 1992 2—acetyl pyrrole 1.9+1.3 4.2+0.9
34 2021 phenol 3.0%£0.1 3.7£2.0
35 2063 octanoic acid 4.1£0.8 16.0£3.6
36 2098 4—methyl phenol tr 5.0£0.6
37 2160 2—phenoxy ethanol 3.1£0.1 4.0+0.8
38 2188 ethyl—4—ethoxy benzoate 3.4+1.7 5.1+0.8
39 2191 2—methoxy—4—vinyl phenol 3.9+2.6 5.0+2.6
40 2200< indole 13.3+£18.5 6.8+2.8

"Retention indices were determined on DB—wax using C8—C22 as external reference.
zMeanistandard deviation(column:DB—wax). ‘c: untreated Sikhye %t: TUVP—treted Sikhye

tri trace
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¥ 28. ulx e FurA AR A

No RIa) Corrglir?lemd Aroma description
1 1350 1 —hexanol mild woody, sweet
2 1440 unknown green
3 1458 1—heptanol green
4 1513 unknown fatty

‘Retention in dices were determined on DB—waxusing C8—C22 as external reference.

F 29. AL -Gl AElae] AR FU1EdE A

No RIa) Corrlr;[;r(l)gnd Aroma description
1 1350 1—hexanol mild woody, sweet
2 1458 1—heptanol green
3 1479 furfural burnt, roasted
4 1513 unknown fatty
5 1508 unknown green
6 1814 unknown green

‘Retention indices were determined on DB—waxusing C8—C22 as external reference.

(24) SEW2](Solvent Extraction)©.Z GC-MS(Gas chromatography-mass spectrometry)<}
GC-0(Gas chromatography-olfactometry)S 4=3j }.

(25)A&EE ALAM-F=w] 23 A& o A= retention time?] 25%-H-E] 458 Alolo] H]
FAHAE ZUAAT AEF peakEo]l Wol AAEHJOH, TAH WY FUIHATY =

Ape]d-gF ) A Ao o w2 AIFIAS.

(26) 53] A Hd-F=u] A2t Ao = acidF (propionic acid, butanoic acid, pentanoic
acid, hexanoic acid, heptanoic acid, octanoic acid)®} furanone
(dihydro—-2(3H)-furanone,dihydro-5-ethyl-2(3H)-furanone,
dihydro-5-propyl-2(3H)-furanone, dihydro-5-pentyl-2(3H)-furanone) #&2] 3|24
F71735t] AAl S7re

(27) GC-O0 A3, 25 H(burnt) S W= furfural (R 1479)0] F Al&e] & x}olo] =LA

AL VA= Ao A7

_77_



4.

W Alago R A Al mA=e] Aol A A

A o &

=
__16]4

A1 4

EREE P!

71e .

0|

S
=

h=]
=

=

=
=1

w943

5H
s

o

!

7
Ko

SERIERERY

{2]€ Asrh A3 pH

&

el

W AsdoR A

=
=

9] 41-%

URECEIEEE

=
=

g Aod-3

& (burnt) A 7+

7} NRSE

=
©

o
=

A9 H ZAL

o

furfural &

_78_



A5 A FXu A A -FZu] AT A]|2H
1. SAM Ao EAes FE AE &
7h2E Bd mARY §F B4 24
(1) Azs SAuo]A wEd Bolets wAB Aiwy ER P FRolo FHo B

=2 =
g =4

ol

£ 30. FAV AN FarBE o5 (Hak, a8 % 5Fo])

Microbial populations (log CFU/mL)

Lactic acid bacteria Yeast and molds

7.48 2.72

(2) L A3, B4 748, &R R wFol= 272 log CFU/mL7F EA%S & + A+

Anl o] e A=E gelsty] fal &714d A, s, FAEEdTTS SHT

® 31 SAV A vAE dg GHZ 2714 A, hgd, FAEET )

Microbial populations (log CFU/mL)

Total aerobic bacteria Coliform Staphylococcus aureus

6.15 N.D N.D

y

(5) A ATE 615 log CFU/mL7F A& 91, AT FAEENTTFLS AEFHA
o

2. B UG A AP A e A7 &7 v

7t A48 AJH-FE0) AN2DS o] EF AF EF WA

(1) AAe) g 23S Fuaky] A AslA-FHo) A Azue] Aod xRS @
glato] 37b4 =AM AEe W(1.88 J/em®, 4.82 J/em’, 11.38 J/em?).
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W AsEe o] g7 BAvale] oA mARE AFY (5714 Al

Microbial populations (log CFU/mL)

Treatment - - -
Total aerobes Lactic acid bacteria Yeast and molds
No treatment 5.69 7.67 3.06
1.88 J/em’ UV dose N.D ND ND
482 J/em” UV dose N.D N.D ND
11.38 J/em” UV dose N.D ND ND

(3) A%F ANA-YE A2YS o §F BAve] HFHES BAY A, FAv
A Ee B3E BPor], BB A2ded Y A9H F ALW(EA 25 /ml)
omw BAvde 4TS ZHHAS

N
EHX]—:H‘:TL/] /\]‘a jé‘_j"]'% @;'?13}93\9—]4', 1 1og CFU/I’I]L ‘/] U]':ﬂ‘ jé‘_jl].];_‘._ E_O]X] —EE\-?‘S]—O%’
OgE v71E 71+ 239 AHEE o] &= ﬁzéo].oﬂo

Microbial populations (log CFU/mL)

HHE M Ea) TAB LAB Colifom
0.1 5.26 + 0.04° 6.62 + 0.02° 2.79 + 0.09¢
200 526+ 0.13° 6.64 + 0.09° 242+ 0.10°
300 4.72 + 0.22° 623+ 0.07° 123+ 0.10°
400 3.93 + 0.09° 497+ 0.13° 0.00 + 0.00°
500 299+ 0.18° 299+0.18° 0.00 + 0.00°
600 0.00 + 0.00° 1.47 + 0.08° 0.00 + 0.00°

(2) 21 AES ¢PEE wmon FPPS w), &7 A, Ak, 8 Bgaraol
7t7} 526, 5.15, 7123 2.79 log CFU/mLA 7232

(3) ol SRS B Ba Shgon GFETe A 400 MPacl el ol A

(@) vIE Aol U EHE W] As, AH A Zash AE W@l 714 A
ol g5
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a9 39. Y A Al="la 23 AeE S AdE(Er1d Al
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E ¢ [400WFa 3 o | 500 MPa
=
G 8 \ g 8
g 7 L4 2 7
g © T = °
g s | g 5 |
® i :-‘3 1
T 4 : 2 4 !
3 | 2 :
S ¢ ! g 3 |
° 1l i £ 1 i
- | =3 i
0 | ! I i | P I k> 0 ! : - z : = c
0 1 2 3 4 5 0 1 2 3 4 5
Storage period (days) at 25 °C Storage period (days) at 25 °C
10
5 ¢ .600MPa
E
S o )
;_
‘;.’, 7 / 33—+ *J} e N T No treatment (0)
o - — S -
g 6 oo . ? Heat (X)
% 5 HPP(DO)
s * H o UVC-HPP(m)
3 3
g 2z
5 ,
g 1/
0 ¥l - N —
0 1 2 3 4 5
Storage period (days) at 25 °C
¥ 40. JAY A d A"y 2ot AEE o83 AolA sXr Ao T Al
H] 3L (A 74712k 54Y)
(7) A&]4 2 4= 600MPaz W A& gt 7P =qkom A7)zt
= 3%L ny

Z Agds et

Aol Xl‘ﬁr 7, %ﬂfﬂvﬂ *Q%—Eﬁ} A=

9) A= Aojel H% 2dE
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= 7 b @ESynergistic effect
= : 0.43
> 6 OHHP single effect O
= m UV single effect
= 5 |
1}
< 4l 0.32
£
5§ 3|
g
T 2 ¢
@
z 1 [
o LI ] .

UValone HP400 UV-HP400 HP500 UV-HP500 HP600 UV-HP600

(12) viz7HA =, gt#lo] 600 MPa & Wi, vro] R Apdstsizlol W A A F744 &3

b

(13) AeoA 547t AAAE LS Z3] JAFH ALl Al2~d3 2109 AHPE ol &
date] #2744 maks dolR it
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400MPa

’_‘ifﬁ%ﬂr——%fﬂ
i // ~E——

L /s

| 500MPa

Lactic acid bacteria (log CFUimL)

Lactic acid bacteria (log CFU/mL)
O = N W A S N OO
\RI \ T

O = N W b N 0 ©
T T T T T

0 1 2 3 4 5 0 1 2 3 a4 5
Storage period (days) at 25 °C Storage period (days) at 25 °C

10

5 o | 600MPa

E

3 8 .

b -

> TF No treatment (0)
E’ : Heat (X)

2 | HPP(0)

; 3 UVC-HPP(m)
ﬁ 2

E 1

- 0

Storage period (days) at 25 °C

a9 42, WG Aol Al 2ash A s o83 A
(RF717k 59)

rlo
=2
o
of
)
12
lo
ey
r >
=Y
i
Ml
v
R
&l

(14) #AAX =k 9tg 400 MPaz H3 A A] BE A ZHA Atzo] "Hojx o
(0.09~1.08 log cycles) A7t %= AXGE 2] s

(15) #AFelds} b 600 MPaz e Aeld Al A aart 7 =skem #4713
A8l F7kekes Aol B4l

f
ot
o
>

(16) €A gt 21t AgE @5z Ay v, 400, 500 MPacll A= 7 &o] H]
600 MPaoll A= A&7 3t 4%177}X] Aol a7 fke, a2 ol F FrE] g xof

2 M
-
=+
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—>—No treatment
—e— UV alone

= —=—Heat

——— HP400

—=— UV-HP400
—— HP500

—a— UV -HP 500

- - HPEOD
%}'i‘#\% - —+ UV-HPEODO

- - - < = 2 o =
3 <

coliforms (ILog CFU/mL)
O =2 N W A OS N O OO

=1 |
=2
N
&

Storage period (days) at 25 °C

a9 43, WA A AA"F sk AE o8 Aol EA v e vt
Aty vl (43713 5)

A7) Aeoln =, WAB A4 Azest 209718 ol &8 3% A, 4949 21
ol W= Ao e e mmelrgke. (48713 59)

1) riA el A9 B AL R A5 A% 29 F g Agtg e

FAH A A A A B FH 54 vn
7} A& AJH-BEv) A 2€dS o] 43 F2 W3 vn

E 34, A9 A-B50) 27 A g0l BHvloe] Axe] nHE I

Quality parameters

Treatment
Lx* ax* b*
No treatment 19.42 -1.18 2.45
TiO2-UV treatment 18.94 -0.97 2.81

(L#: lightness/darkness, a*: redness/greenness, b*: yellowness/blueness)
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E 35 A A-FE0) 4 A Aol FAv|ole G} pH VAt 3T

Quality parameters

Treatment .
Turbidity (OD 590nm) pH
No treatment 1.60 4.10
TiO2-UV treatment 1.37 4.12

(1) @& Ao A ZEFO R AEdt FX|n
AH%E A7) wio] A7) 271(1.88 J/em)<

(@ FATAe] A%y Ao A-BE0] Az A Fo AR, gw pHE WL A7} vH @
WEt AT Felw

u{m
e

(3) 1=

SAE B SASeH, A 23 A4F A 29E fa xast A =A 3
71l ol whg Fd W3t= Bl

U A E AAH A2"% 239 HYE ol &3 F2 W v

® 36. A AL Ala" 23k AP E o83 FAv e pH Wil (A7 54)

Storage period (days)

Treatment 0 1 > 3 y 5
No treatment 4.16+0.01* 3.69+0.02* 3.52+0.02% 3.45+0.03° 3.42+0.03* 3.45+0.06°
UV alone 4.14+0.01° 3.86+0.12" 3.63+0.02" 3.55+0.03" 3.47+0.06™ 3.49+0.02°
Heat 412+0.01° 4.43+0.01° 3.67+0.02" 353+0.01° 3.51+0.03" 3.49+0.03°
HP400 472+0.03" 505+£0.07° 3.84+0.16° 3.50+0.04" 3.46+0.01% 3.34+0.03°
UV-HP400 468+0.01° 493+0.08° 3.78+0.01° 3.58+0.10° 3.51+0.01" 3.30+0.06"
HP500 457+0.01% 4.70+£0.03% 4.42+0.14% 3.83+001° 3.69+0.02° 3.58+0.08°
UV-HP500 4.42+0.00° 4.64+001° 4.63+0.05° 4.44+0.02¢9 3.75+0.05" 3.68+007°
HP600 439+0.01° 4.67+0.03% 4.64+0.04° 455+0.11° 4.43+0.05° 4.14+0.50"
UV-HP600  4.48+0.00° 4.62+0.06° 453+008° 4.54+0.03° 454+0.01°7 412+0.48"
(1) bY 7te] AFAHES Sl 72F A2 7o W& pHY WHeE st A3 A ¢f=H ol

<7t g5, 83 AgE &5 pH/F fAES & 7 A
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® 37. HAE A Aa"d a9k AEE o] &3

sAm o] A ke WMk (43717 5

— Storage period (days)

0 1 2 3 4 5
No treatment 0.08+0.00™ 0.20+0.02¢ 040+0.02° 0.46+0.02" 050+0.017 0.48+0.03°
UV alone 0.06+0.00° 0.18+0.05° 040+0.01% 040+0.01° 0.41+£0.02° 0.48+0.02°
Heat 0.06+0.00° 0.07+0.00* 025+0.01° 032+0.01° 0.33+0.01" 0.32+0.01°
HP400 0.08+0.01" 0.10+0.00®° 025+0.04° 041+0.02° 044+0.03° 0.54+0.01°
UV-HP400 0.06+0.00° 0.10+0.01" 021+0.05" 0.38+001% 042+0.02° 0.50+0.06°
HP500 0.08+0.00° 0.09+0.01" 0.13+0.02° 026+0.02° 029+0.04° 0.35+0.06"
UV-HP500 0.07+0.00° 0.09+0.01" 011+0.00® 0.10+0.05* 0.26+0.03" 033+0.07"
HP600 0.07+0.01° 0.10+0.01* 010+0.01° 0.10+0.02* 0.12+0.02° 0.17+0.11°
UV-HP600 0.08+0.00" 0.10+0.01® 010+0.01° 0.11+0.01* 0.12+0.03* 0.16+0.09°

(1) AF717F 5 &2t A4 A=7F pHH SIS} fFAFSE HeFoz ST S & & A=

38 W@ A Alagld 28 A o] 83 FAv e gieeh Awin Wt (4747]3h 549
Storage period (days)
Treatment 0 1 2 3 4 5
No treatment 0.37+0.00%5 0.69+0.02° 0.89+0.08 1.04+0.09" 1.48+0.05° 1.50+0.04¢
UValone 0.30+0.00° 058+0.05" 0.85+£0.03 0.95+0.05" 1.05+0.03™ 128+0.11"
Heat 0.39+0.00" 086+0.07° 1.03+0.05° 1.03+0.08" 0.90+0.08" 0.90+0.11"
HP400  0.26+0.00* 0.24+0.03* 121+0.04" 1.05£0.05" 1.07+0.09" 1.09+0.09%
UV-HP400 029+0.00" 024+0.01" 094+0.18% 1.13+0.07° 1.11+013" 139+0.13
HP500  033£0.00° 024+0.02* 080+0.03° 093+0.04" 1.01£0.10" 1.10+0.14%
UV-HP500 0.33+0.00° 022+0.01" 0.56+0.23" 0.62+034" 1.01+020™ 1.08+0.03™
HP600  032£0.00° 021+001* 020+0.00° 095+£033™ 086+039* 1.10+0.40%
UV-HP600 0.32+0.01° 021+0.01° 020+0.01° 0.63+0.60° 1.37+0.08° 1.19+0.18"
Storage period (days)
Treatment 0 1 2 3 4 5
No treatment 0.71+0.00° 1.08+0.07° 1.07+0.03° 1.06+0.03° 1.17+0.07° 1.26+0.14"
UV alone 0.67+0.00° 091+0.10" 0.98+0.02° 0.90+0.03° 0.93+0.06" 131+021°
Heat 0.92+0.00% 089+0.01" 148+0.02° 1.41+022" 157+0.04" 1.50+0.03°
HP400  0.46+0.00° 045+0.07" 1.66+0.02° 154+0.05° 1.56+0.11"° 1.61+0.09°
UV-HP400 0.48=+0.00° 039+0.01° 1.40+0.18° 1.60+0.06% 1.60+0.12% 1.82+0.08°
HP500  0.62+0.00° 0.42+0.01° 0.65+021" 1.30+£0.02° 1.13+0.09° 1.09+0.26"
UV-HP500 0.63+0.01" 046+0.00° 0.42+0.01° 0.57+0.10° 1.09+0.09° 1.17+021"
HP600  0.64=0.00" 045+0.00" 0.43+0.01° 040+0.01" 0.43+0.00° 0.40=+0.00°
UV-HP600 0.61+0.00° 045+0.01° 0.43+0.02° 041+0.01° 042+0.02° 0.41+0.02°
(1) B=e BEE Aol Alzte]l AAYHA Frkets A3dS Holw 53] A A1
Ao wlg WE FUHES B

=9 4%
©°
j=4
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£ 39. WA A AlAET 23

AeE o83 AW o] MIn(Lx, ak, bx) M3} (7|3 5

Storage period (days)

Treatment
0 1 2 3 4 5
No treatment 19.45:0.02™ 18.67+0.18* 19.06+0.28* 18.95+0.14*® 18.65+0.15* 18.68+0.17"
UV alone  19.74+0.55" 18.94+0.17° 18.95+0.16™ 19.19+0.16™ 19.15+0.11% 18.86+0.37"
Heat 19.36+0.06*® 19.24+0.07° 18.80+0.19 19.31+0.57" 18.83+0.04%® 18.75+0.06™
HP400 20.1840.01° 20.64+0.14% 19.32+0.42° 19.16+£0.35% 19.17+0.17% 18.11+0.24°
UV-HP400 20.49+0.22% 20.02+0.317f 19.57+0.48% 19.29+0.29"™ 18.91+0.18"" 18.67+0.16"
HP500 19.06+£0.05* 19.55£0.12% 19.80+0.71% 18.84+0.14> 19.10+0.19"¢ 18.95+0.29"
UV-HP500 19.84+0.40™ 1957+0.11% 19.81+0.03% 19.72+0.11* 19.29+0.14% 19.10+0.21°¢
HP600 19.68+0.04™ 19.63+0.27% 19.77+0.10% 20.14+0.52° 19.28+0.58% 19.98+0.34¢
UV-HP600 19.48+0.01%® 19.83+0.16° 20.12+0.28° 19.63+0.24°" 20.00+0.30° 20.19+0.54¢
Storage period (days)
Treatment =
0 1 2 3 4 5
No treatment -1.05+:0.06* -0.84+0.09Y -0.74+0.11° -0.85:0.08° -0.76+0.10°  -0.73+0.06"
UV alone -0.92+0.02% -0.94+0.09° -0.77+0.10% _0.93+0.08" -0.92+0.10° -0.78+0.06"
Heat -0.68+0.02" -0.83:0.06% -0.53+0.087 _0.53+£0.10° -0.55+0.07Y -0.56+0.03°
HP400 1.02+0.01*  -1.11+0.08*  -0.79+0.17> -0.67+0.07% -0.60+0.13% -0.30+0.10¢
UV-HP400 -1.06+0.13* -1.07+0.10"® _0.87+0.18"™ _0.72+0.06% -0.49+0.099 -0.34+0.06°¢
HP500 0.97+0.04° -1.00+0.09 _0.91+0.14° -0.73+0.11% -0.96+0.07° -0.80+0.09°
UV-HP500 -1.02+0.03* -1.02+0.08" _1.09+0.04® -1.02+0.07® -0.84+0.08™ _0.80+0.08"
HP600 10.98£0.01* -0.99+0.08" -1.06+£0.09® -1.10+0.05> -0.89+0.17" -1.06+0.13*
UV-HP600 -1.02+0.08* -1.01+0.07°™ _1.06+0.07* -1.03+0.09* -1.06+0.10* -1.10+0.08*
Storage period (days)
Treatment
0 1 2 3 4 5
No treatment 2.32+0.05°  2.89+0.14% 2.99+0.27¢° 2.87+0.10°  3.03+0.16°  3.08+0.15°
UV alone 2.52+0.13°  2.58:0.15°  2.85+0.20" 2.4510.01°  2.70+0.18*® 2.98+0.129%
Heat 2.56+0.05°  2.41+0.05®  2.80+0.18" 2.67+0.06"  2.75+0.07™ 2.76+0.107
HP400 2.0140.03"  1.90+0.16*  2.75:0.26"  3.05£0.07°  2.63:0.25% 2.94:+0.15%
UV-HP400 2.05+0.04°  2.19+0.18"  2.62+0.31"  3.04+0.11° 2.8840.36™  2.82+0.25%
HP500 2344003  235+0.27°  2.71+0.26™ 2.86+0.23°  2.67+0.07™ 2.72+0.12*"
UV-HP500 2.39+0.07* 2.36x0.21"  2.15+0.04®  2.31+0.27*  2.51+0.18"  2.66+0.13%"
HP600 2.40+0.04"  2.36+0.18"  237+0.15*  2.25:0.25%  2.95£0.47"  2.73+023%
UV-HP600 2.34+0.05* 2.29+0.10" 221+0.06° 2.33+0.29°  2.50+0.18*  2.55+0.20°

Q]

2 sl JepdA srgkon), Haw

(1) BXm e Arg wa 245
] z

7h Alzke] @A T

(2) olx= &A1 We] mAyE Al o8 FAWMsIE dojwtr]
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jules
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F 40. A Aol A2"lH 209 AE o] &3 sAIM N Vitamin C 3 &4
Treatment |Ascorbic acid content (mg/mL)
No treatment 0.120+0.017"
UV alone 0.045+0.011°
Heat 0.057+0.010%
HP400 0.054+0.010°
UV-HP400 0.064=0.003*
HP500 0.057+0.008*
UV-HP500 0.049+ 0.005*
HP600 0.038=0.0042
UV-HP600 0.045%+0.009*
(1) RE AgTdA 27] X0 He] Vitamin C o] va) 7astgon, o] =old
% Vitamin C $H&o] A& %L
4. A Ao Al="la 239 s HE8s sAvde] BeE vt
E 41 A E A9H Aze 209 AEg $Ave] gyt
Treatment Dongchimi ~ Dongchimi ~ Dongchimi Overau‘
flavor taste color acceptability
No treatment  3.81 + 1.17° 3.16 + 1.00° 3.13 + 0.72° 3.16 + 0.78"
Heat 3.13 + 096" 2.84 + 1.00° 3.13 + 0.85*° 2.94 + 1.15°
HP600 3.55 + 0.85° 297 + 0.91° 3.52 + 0.68° 334 + 1.06°
UV-HP600 358 £ 0.81° 281 + 098 3.63 + 0.68° 3.19 + 0.98
E 42 WY Ao Alzgla 2] Ay § 597 A7H25 Ok FAIM K] et
Treatment Dongchimi Dongchimi Dongchimi Overa!l.
flavor taste color acceptability
No treatment  3.97 + 0.80° 277 + 0.67° 3.84 = 0.64> 3.00 + 0.68"
Heat 358 + 0.67°  3.03 = 0.80" 3.65 + 0.80° 2.90 + 1.04®
HP600 3.61 + 0.72°  3.61 £ 0.62° 326 + 0.68  3.39 + 0.95°
UV-HP600 339 + 0.92°  3.55 £ 0.62° 342 £ 0.50° 3.45 + 0.57°
(1) At AHE A5 A9, A A He] Mowrt E=okoy e Agady & Aol
A=
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O Comparison between the photocatalytic inactivation of Gram-positive FE. fecalis and
Gram—negative E. coli faecal contamination indicator microorganisms (Van Grieken, R.,
et al., 2010)

FE Ats O AT O o] JFE Ho e Eel AE8AA 1 2HE
B FEFulE A 854 22 washing® UVAS A aas vlusts ot A4
FEuE HE8S oFA @2 AT UVAE 29 S 549 54 93-S o] wo
o g AR SAol o 47 gadtl ol aw SAFe M Euo] A TR 9]

15} TiO, dEH TlOg 7}EE Az A2 ZA)S o] Ao FFs A Fof At

O Efficacy of |ultraviolet radiation as an alternative technology to Iinactivate

microorganisms in grape juices and wines (Fredericks, I. N., et al., 2011)
SH9l WEA R 2o SO, AHEFS HF A UVCE o] §3to] TrFe £ F20 2
o

TS F4% A7k 7IE BEAQ SOx= ol HFAES FAAIAT 1S 9F
e AR AZEAT. EFep X% F2o] UVA Y 2 zﬂ;u} =S UV 2A AR
A olnh WA U o gyl JE ol UV AvrEe Al Algtelut
WS FBE wE B ol A AmoE o g 4011:}

O Impact of UVC light on safety and quality of fresh-cut melon (Manzocco, L., et al.,
2011)
AXH o] 7 A el melondl UVCE &4
melon¥} 2] &4 %2 melons A% ##I A
At Rt ofbye} AlFe] Ft vt FA A7 A

AT olet, Ael e
o FH Holud
o}

O Enhanced inactivation of FEscherichia coli with Ag-coated TiO: thin film under UV-C
irradiation (Wu, D., et al., 2011)

Ago ® FH3I TiO, FZvie] 7t &3} Alxy &4k g3t A&ss A ol o=
UV @502 A 39S i #o 43S dAses 2947 9 =31, AFAo2 X
Hol| A& 43l T TiO=2 Q18] EEL U =rf Wolx]ar AXE e ¥elgy o

48 Wed EANA BE HEEEE AT,

O Effects of UVC treatment on inactivation of FEscherichia coli O157:H7, microbial loads,
and quality of button mushrooms (Guan, W., et al., 2012)
Escherichia coli O157H7¢] HE¥H MAS UVCAHE g F AFste] HA
e mE FAR AvEs 4% Aol A g WA A ¥ HAS 21d #
o

L, 7h
4@ A, WA AF FolE ARANE FARAL. A e WA vashg
2 W, UVAY AF WAe thi 2u@ags 24Eg0] dojiAw, AgEete] Aelsy
o wART AWALT JYAE L0 B ARE BAY F UVALTL WAe F
4 o5 wFm a9 A4710e A% AL & drke Aol



O Effect of photosonication treatment on inactivation of total and coliform bacteria in milk
(Sengiil, M., et al., 2011)
TrE 2ok UVC B Adtete] 7tdadta At vlagk otk 65 °ColA 30
T 7tEAT S 3 Ay Foy g2 22 329, 531 log CFU/mLe] it 38 H S
|9, 259UV W3f AelA o & gl Bk (F3: 479 log CFU/mL, t*%
7 5.31 log CFU/mL)

N

O Inactivation and potential reactivation of pathogenic FEscherichia coli O157:H7 in apple
juice following ultraviolet light exposure at three monochromatic wavelengths (Yin, F.,,
et al., 2015)

T M AZE 2L G222, 282 nm)S ©]-83to] Escherichia coli O157:H7°] 3
TH ALY F2o gt a3E HE Aot 282 nmel A 1.83 log it FH o 222 nmell
A= 281 log Aoz o & 238 BT 42 A 8l Al (37 °C), 2549 282 nmol

= —

ujs 2220mel A W A7 AEAT F, UVC Hguslel 2P 85E 47ad) 282 @
F vk
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