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Abstract

To apply UV-C as a non-heating sterilization method to increase the microbiological safety of fresh seedless watermelon products,
reductions in E. coli and quality changes by treatment dose (0, 2, 4, 8, 14, 20 kJ/m®) were investigated. The pH, sugar content,
and hardness of watermelon inoculated with E. coli were not significantly different according to the UV-C treatment dose, but the
polyphenol content was significantly decreased compared to the controls (425.4 GAE ng/g F.W.). When treated with 2 and 4 kJ/m?’,
the lycopene content was 31.6 and 30.9 ng/g F.W., respectively, which was increased compared to the controls (28.5 ng/g F.W.).
The arginine and citrulline content was also significantly increased compared to the controls. The number of E. coli was significantly
decreased compared to the controls following UV-C treatment. Considering the degree of E. coli reduction, lycopene content, arginine
content, citrulline content, and UV-C irradiation time, subsequent experiments were conducted by selecting a UV-C treatment dose
of 2 kJ/m”. The results of confirming the degree of reduction in the number of E. coli colonies by a single treatment and combined
treatment with UV-C 2 kJ/m* and 70% ethanol showed that the combined treatment was most effective as colonies were decreased
by 2.3 log CFU/g compared to the controls. Therefore, it is judged that UV-C 2 kJ/m” radiation and combined treatment with 70%
ethanol could be applied as a non-heating sterilization method for fresh watermelon slices.
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18 Aot - 25 - olo] - HeF - F2F ERET R EEP

57 5 AEA #art doju, 7k oA E8 Al
BA7E EASHE mPEL F4o] Wt 4+ ItHKim JG
2017). 82 Pseudomonas sp., Escherichia coli, Enterobacter
sp., Salmonella®} 2+ TR v E 5ol 2ol 71do]
Th(Fonseca & Rushing 2006). T|AYE @ F-2 AE9] REAT}
bR/l RS 7] "izoll, vl8E 5 FAE S A
g0l ot SR 8HHKim 5 2011). 7FE A2 7F Z=ARE Al
Hol AF9] ngEoH A FEE A irradiation
(Nthenge 5 2007), electrolyzed oxidizing water(Guentzel &
2008), organic acid(Akbas & Olmez 2007), ozone(Selma 5
2007), chlorine(Beuchat 5- 2004), sodium hypochlorite(Niemira BA
2007), ethanol(Cho & Park 2012) 53} 72 HltHo| ALE-H ).
UV-Ce HI7HE At A8 7|e=A T2 A5 £ 1|
AESH 2 ¥ £0l= o o] &5, 53] 253.7 nm 3]
UV-Ci= P]4E2] DNA baseo]] 45 FoA n|¥ES AHE
AZIEAL FE A QU (Kim 5 2010; Kim 5 2011). =3 A
2 g8 Q4] it 4B|Re] ARl A, R I 2%
o] FFS A BA| o, Ao} FA H|-§o| A A 0]
I(Kim 5 2010), Z-57 5A4o0] LaL A FAHEo] FAHEA]
= Aog HIEo] QJthKeyser 5 2008; Manzocco S
2011). 3HH, UV-C 4tufo} HAS do7]= E4 A&
AFehA] WokE Zuid 4= /1o v (Jay IM 1996), B U9
Fulet Aol AR &AL Fe AoE EiFHH
(Lamikanra & Richard 2004; Hashizume -5- 2007; Manzocco &
2008; Alothman 5 2009). UV-C 5 H|7}E A+ A& AY
Aoz g5 fefiAe S AlFolA 9% & T 2
= FAISHEA, tldE 48 AAA7IAL, At a3t 9l
ojo} 3tt}(Fonseca & Rushing 2006). UV-C *{ &7} A4 Ho]
] m A& W ARHAQl 4 sl v JF, 5
gho| 3, ol27|d, AEEY, Even &2 IF
27g alehEo ¥l tigt FE7F BEStH, S F3
= Etoll A&5 2 A= A9 Qls Aol EjE
A ARAA o g Bl AF At E8E I Qe ofEEe
Tt Adte LAARE A A QAL 70% oeZS EHA
TA|Z 0] 8F L UtH(Cho & Park 2012). wEhA] 2 A5Lo]| A
© UV-C 2AMIFE, 70% oghE ARg o5, UV-C 70%
ofgtE 77| TrUdA o} Bk Ao wE 4ld#Ho] A ¢l
= e F4, i+ F2Y ol vAl= %= Brhet
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lanatus cv. Josaengheugmi) 20221 3ol A 69 F<5of 5
S AS FAste] ARESEITE A7) 941 kg, B 10~11
°BirxQl < AEste] YA T)o| HEstHA ARE-St
At e A T 28 AAT O ALNARE 3
em FAZ AT v BET FEH HFTLE 2.5 cm, Al
2 25cm %°| 3 cmOoE At & A3G AFE7|(PSW
12155, Enterpack, Paju, Korea)o] 6 &2 ©9tth. A|9F Folin-
Ciocalteu’s phenol reagent, gallic acid, A|EEF, ol=27|d E&
£2 Sigma Aldrich Co.(St. Louis, Mo, USA)O| A F-5}%itt.

2. i B & HE

A @l ol J3FsH7] sl AME Escherichia. coli
(NCTC 12923)9] #F= -80TC ZAL PdZoA 20%
glycerol stock(v/v) |2 BHE AL ARSI E coli=
Nutrient Broth(Difco Co., Detroit, MI, USA)E A&-5}o] 37C
ofl Al 24A17F Bt ¥ F & 22t Altf v eFsto] SASHAIR
oh B #30] 2 o R E gRlsty] fIsto] A widet
o N2 0.1% sterile peptone watero]] 1082 35]4]5lo] A=)
sAo] 4% voke = B4E A Y Feot S
BT, BFAoT Agoigich. ot Hlo] £ coli A
Fo ANA YolA] 2+ 2710] 20100 LA HEIAAC

3. UV-C, BlIErZ A2

At pato] oS HETT thZ UV-C RARE SH3le
™, UV-C I =(253-257 nm broadband, 20W, Sankyo Denki
Co., Kanagawa, Japan), ~E|Q12| 2282 S2= R|2hgl 7o)
A ZA} AR (W700xD600xH100 mm)ol| 87]S H2bslo] &%
7} 248 =& QlFH| o] E](WIR-420, Dachan Scientific Co. Ltd.,
Wonju, Korea)ol| AX|5}Htt. A4z =47](HD2102.2,
Delta Ohm, Caselle di Selvazzano, Italy)E ©]-&5}0] FAFS
ZAFATE AR 0, 2, 4, 8, 16, 20 kI/m’E SFAT, o)
289 AZF 2 kI 12 54%, 4 kIim™2 32 49%, 8
K2 785 39%, 14 k/mS 1382 24%, 20 ki/m*S 198 263
7t 28 Atk 70% o[- of gk (ethyl alcohol anhydrous,
99.9%, Sanchun pure chemical Co., Pyeongtaek, Kora)¥} 57
£ 73(viv)o®2 &3glolo], EEF7](Burkle, Daihan Science,
Germany)o] g0} 2 ml(18]=1 mL)E BEaleict. ¥g A2
© UV-C A2 & o2 &5t
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ol g3te] 9023} RS FUSHE GG B Az
2 AHgstent.

5. 0|55 &M

pHE= pH meter(Seven Excellence™, Mettler Toledo, Switzerland)
£ AREsto] S5t 7HEA LB R (Brix) ES F
2 I A(Atago Co., Ltd., Tokyo, Japan)E AF&-5}0] =75}
a1, MX}A|(Minolta Spectrophotometer CM-3500d, Minolta
Co., Ltd., Tokyo, Japan)E ©]-&5}0] I (L, lightness), ZA] &=
(a, redness), A (b, yellowness)S =745}t WA 314
o] BEML L, a, b grol ZH2F 99.60, -0.10, —0.430] AT},
Z25s &2 Folin-Ciocaltew’s H-2 ¥ g5t SA5H3ATh
(Singleton & Rossi 1965). ZF B A= 100 pLol] 2%(w/v)
Na,COs &9 | mLE F7Isto] 3823F ®AE & 50%(w/v)
Folin-Ciocalteu’s reagent 100 pLE 3 7}s}o] W3-8 30&-7t
A2 WX|§F & ELISA microplate reader(Epoch2, Biotek,
Winooski, USA)Z ZF L (750 nm)E 4351t ETH=
SAFL gallic acids EFEAE AMEoto] AL AASH
T AR 1 g 359 ng gallic acid equivalent(GAE)Z. A5
T}. X+ texture analyzer(TA. XT Express V2.1, London, UK)
o]-&5to] ZA5H L A 21 Table 13} At} HHk2
A 271(2.5%2.5x3 emZ A 5 272 S35k B
= ARgskelt

Moo

6. CH&E=T =+

A AR Alxt F dw> AE3 A (Ministry of Food
and Drug Safety 2018)°] &=5to] S74 At Al | mLE
108§ A 8] A5t Escherichia coli and Coliform Plate 7
2 WE(EC, IM™o] 1 mLE ST} o] F 37T A 48
AL BiFelAaL, FEA Feh F o0l 7125 F4% A
oe 247 R ASstec. 38 w49 A9
FI, UYE = log CFUOE LERY AT

Table 1. Measurement conditions of texture analyzer

Items Conditions
Pre-test speed 2.0 mm/sec
Test speed 1.0 mm/sec
Post-test speed 5.0 mm/sec
Distance 10 mm
Trigger type Auto(Force)
Trigger force 50¢g
Probe Blade

UV-C, ofigkg Aol ofet 4lidHo] s=Hte] &4 s} 19

7. 2jO|2H shgf

2to] ZHl oFg-2 Fish 5(2002)2] 24H-2 HPsto] AR
o1t 4 AJE ol 1 mLof| 0.05% butylated hydroxyl toluene
in acetone 5 mL¥} 95% ethanol 5 mL, hexane 10 mL& Y11
QAo A 1587F shaking ¥ ZH4 3 mLe @1 thA] 587F
shaking % 587+ W5t0] 253} hesaneSo] Be]5)A] ohe
o} 44359 hexaneZ Rt 0]-&-5F0] 503 nmo| A FHEE 57
sto] A4t oJsf et FSHATh

Lycopene content (ng/g) =
(Abs of samplex31.2)/weight of sample (g)

8. AIEEEZI Y of=7|l &2

Al 1 mLZ Fsto] 15 mL FYZ FHo| Y3 F/HS
9 mLg 7|5t th2 Ed45}te] membrane filter(PTFE 0.45 pm,
Guangzhou Jet Bio-Filtrartion Co., Scenic Science City, China)
2 of3}stal HPLC(Agilent 1260, Agilent Technologies, Santa
Clara, CA, USA)Z E-A35}9th. AH2 Infinitylab poroshell
120 EC-C18(3.0x150 mm, 2.7 pym, Agilent Technolosies, Santa
Clara, CA, USA)°|9lo ™ 0|54 0.1% phosphoric acid(in
ionized water)E AF8-5}9] isocratic mode® A3} O 0]
o §4-2 0.3 mL/min°| 1, UV FAE7] 200 nm 3H7of A
R ASGITE FYLL 2 ylo| 1 AESY, of2|y EFE
A FH5E 018310 011,000 gl FE 34510
Aae 2Aato] Agsior

2l= SAS T = T3H(SAS 9.1, SAS Institute Inc., Cary, NC,
USA)Z 0]|-&35}9 one-way analysis of variance (ANOVA)Z £
A%t T 5% 4~F0]| 4] Duncan’s multiple range testS A A]5}0]
2 solge AR

ol I
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= Il = Uy |

M

=

1. UV-C ®X2| M2k mE im0l s4te| E2

Am

1) pH, &, Mz

UV-C ZAMES Eestal &3 pH, Bk, Mr=
Table 20]] UEFN I} pH = 5.7~5.9 Alo]|& UV-C RAMAZ
o @& §& Hol= A YUgkom, Kim 5(2013)0] Hil
St 428t Q2B (Citrullus lanatus cv. Uriggul) 5.8, A= Citrullus
lanatus cv. Sambok) 5.73} ARSE At G E= 11.2~11.6
°BrixZ UV-C RAMIFE {94 2joli= 22| Y% 2™ Kim 5
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Table 2. The pH, sugar content and color of fresh-cut seedless watermelon treated with different UV-C radiation

Sugar content

Color value?

UV-C radiation (kJ/m’ H )
(/) P (°Brix) L . b
Control 5.8+0.1%°Y 11.5+0.2 16.7+0.0° 11.120.1° 6.5+0.1¢
2 5.840.1° 11.4+0.4® 15.9+0.0° 12.140.0° 7.6+0.0°
4 5.9+0.0° 11.240.5° 15.2+0.0% 12.140.1° 7.3+0.1°
8 5.8+0.1% 11.3+0.4 15.740.15%4 11.620.0° 7.3+0.1°
14 5.8+0.0® 11.6+0.2° 15.3+0.1¢ 11.6+0.1° 7.140.1°
20 5.740.0° 11.5+0.1%® 15.7+0.4% 11.4+0.3° 6.6+0.2¢

Y Means+S.D. (n=5) within each column followed by different letters are significantly (p<0.05) by Duncan’s multiple range test.
? Lightness (black 0 <> +100 white), redness(green —80 <> +100 red), yellowness(blue —70 < +70 yellow).

(2013)0] Harst =t eNFE(Citrullus lanatus cv. Taeyangggul)
11.7 °Brixe} F-5AK(Citrullus lanatus cv. Mudeungsan) 11.6
°Brix®} Z-2 oIt M o] BFe tiEoA L(EE) 7
L 16.70]19 24 UV-C A} o= 152~1592 {970z
Aaokleh. BH a(FAE) e ti2olA = 1110312
UV-C A} 30j|&= 114~12.1 Afo] 2 tha F715l9oH &
5] 2~4 kl/m® A} Tl E94Th b E) 32 a 3T A
Sl UV-C 24 % S71elsion] 2 i 24 9] 71 ¥
AW, gokomE Ajolg LA Ealsich. ol B0
UV-C 5 Wit 2] A) A (L, a, by chzo 014 Afo]7h
I (Kim 5 2010), H=X]A L} ARl UV-C 10 kl/m’
A Al tdj2oF 5214 Zpol7t UA] it (Kim 5 2011) 2
o} ohE A eldH ol A A=, UV-C A W, A
% 27 wpg 5o Ao|2 elgh Ao wekdrh AMHo| %
gho] o =g A7k MAF U thlo] £4] B g moir]s
H](Rushing 5 2001; Perkins-Veazie & Collins 2004) & H7L0] A
UV-C &)= pH, Froll= S WIAA FAARE, 2ol
e o] AIATE Sl a(FAE) F2(Kim HY 2010) ]
2] Aol w204 Aolg HloH, o= UV-C A&
&l golZH o Fefoll Wt AUsS g 5 Ut

N

) BE

Ak S 020 kI/m’e] UV-CE Az Asie
I3t Hx 9] A¥t= Table 33 At} UV-CE A ZokA] &
£ 1,049.0 go] 3L, A AFER {22l Zol= H
o]#] ¢ko} 20 ki/m’ ©|3}2] UV-C A2l& F=9o] W} gl
A0 WtErh o]& 3 ki/m’ 0|5H2] UV-CE E5o}o] 3
L7t frol# Afol & HolA] §F2 Lee

£001302] ATt §
Apstoic.

7

=
= O
o A
T

3) E2|H=, 2I0I13H, of=7|H, AIES2! &
ETHsS AFE dRolAM= 4254 GAE ngg fresh

weighto] 2111, UV-C 2 kl/m* Z]2]o]| A 400.6 ng GAE/g F.W.2.
F 420 kI/m’o|| A= 408.5-414.2 ng GAF/g FW.0.2 tj %0
Hlg| fol&oz ZFAstort. o]H§ A= Artés-Hernandez
5(2010)0] A4 Ho] sEtof] UV-C A2] & Z2|5H& gFo]
o £(0.90 mg CAE/kg F.W.)o]| B]3f UV-C 1.60-7.20 kI/m? &
7] A] 7+4(0.85~0.88 mg CAF/kg F.W.)at9ict1 ¥ st Az}
22 Ao, e Aol= i 5 E Aol A
St BFEAY] Ao]2 It A& AYZHHL) UV-C Age
EdvE I Ao FFE v 5 4= lon M
o & A4 A T F7H A+7F Bastohar Azt
E}Ol:’“ 2 7IREko|E F 3 JEOE EntES} T2
2 Bdof| 2 FHR-Eo] dom, et FAketE A
%1'84 X 9 oM AT A=Y g Asf &t Bl &
9 THBoileau S 2001; Kim 5 2013). 2}o] 3 k2 tf o]
A 285 pg/g FW.019111, o] 3FFS UV-C 2, 4, 20 ki/m’ A2
5192 1 31.6, 30.9, 29.2 png/g FW.O.2 tj o] H|3|| &go]
okom, UV-C 8, 14 ki/m’ A2]3}9& W& 22 263, 27.2
ugg FW.C & tjzo] H|s gtgFo] Wolx|= AH3Foldtt. 2

Table 3. Hardness of fresh-cut seedless watermelon
treated with different UV-C radiation

UV-C radiation (kJ/m?) Hardness (g)

Control 1,049.0£99.3"°)
2 1,009.2+66.6™°
4 995.5+57.7"°
8 998.8+74.7"P
14 1,015.5+56.7"°
20 1,053.8+60.9"°

Means£S.D. (n=5) within each column followed by different letters
are significantly (p<0.05) by Duncan’s multiple range test.
NPnot different.
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30.20~55.43 ug/g F.W. o]Qithal Bl 5F9)al, £ Qo] AL
g A gle Hre] o]yl e ojHTh Wgkow o=
5, FEA7], A AYQ 59 Aol2 BZbET). Artés-
Hernandez 5-(2010)2 -2 A2F(1.6~2.8 kI/m)2] UV-C A&
T oM o] F=F et ¢l 48 € 7.2 ki/im® A2 &
ol 47k 2.6, 7.7%7t HASHATHAL Hasto] 2 A Ayt
M= o2 A3go|qdrt. ol kel A 3 of i, Heh 37
59 Aol 2 Qg AL R Y7 EH, tlEo] UV-C A2 A=k
o] o]z H 9] FFo] FFS vA F U AR

Skl FREGHA FR-EolQle HIE S ofn| Al AIE
EY2 of271d 9] HyAolH, 34 Alo]E9] FHHAL &
dolm Ao A Al AAS B &4 7S #4= A
oz oA 9lt}(Figueroa S 2017). ot27])d FF2 2~14
kI/m’e] UV-CE A J5tu& o tizo] u]sf gFo] fol4
02 &9on, UV-C 20 kiim® A4l iz ula] e
S Bk A EEY T2 UV-C 8 kimro A 3,5194 g/
g F.W., 2 ki/mol| A 3.446.1 ng/g FW.O2 th% 33845 ng/
g FW. B} =90th o] 7 AJ&of whet 3=k Sl 9
FE PR E UV-C A8 Aol THE-S AJARITE thx9] A]
EEY T2 Lee 5(2013b)0] - FAAYE Al H Alw
T 984S o R 2ALSE Bt 3F 3.1 mg/g FW.Ik FAL
594 TH(Table 4).

—

4) CH&ER

A Q= FEbol 652 log CFURY HidE HE &
UV-C(0, 2, 4, 8, 14, 20 ki/m®) A7) & A 4= H3E A
SHAtHFig. 1). thRo] Bls] = Ao g+t 71 A
skgjom, 2 ki/m® A8 A] 0.39 log CFU/g, 4 ki/m* X2 A]
0.26 log CFU/g, 8 kI/m* 2] A] 0.72 log CFU/g, 14 kJ/m* A
2] A] 0.33 log CFU/g, 20 ki/m? 2] A] 0.47 log CFU/g 74

UV-C, ofigkg Aol ofet 4lidHo] s=Hte] &4 s} 21

2 =
= n

E.coli counts (log CFU/mL)
o
n

bl
o

3
o
0 2 4 8 14 20

UV-C radiation (kJ/m?)

Fig. 1. E. coli counts of fresh cut seedless watermelon
treated with different UV-C radiation. ““Mean in each
column by different superscripts are significantly at 5%
level by Duncan’s multiple range test.

oto], 8 klim® A4 7bg @2 TAE Hrh Artés-
Herndndez (20102 A14mo] Z=uto] UV-C(1.6, 2.8, 458,
7.2 kJ/m?) A2 & mesophilic, psycrophilic and enterobacteria®]
F2YS7 AAEH AL, Fonseca & Rushing(2006)2 4141
o] uo] UV-CA1 IIAME Aok AL F2 &, 4
A3, AN N2 B QL FA FowA ol
22y % A7) BEEolen sttt B AL 2
Wit ZARE GARE B3t S9iTh mhebA R 24
A, ol zH B, ol=s1d B, AEB FF, UVC
24 A7 SE TS} olF APL UVC 2] H%S 2
W2 A5k A5t

C

V-C, OllEt=s Ch 2 HEt X2|0f| M2 AlMEO| 5

3 sy

2
HlO
4o

&

1) pH, B, Mz
pH, = Helo] W £.912] Zoli Holx] ghgron,
Mt o] Hla) 70% ok M A LS F7H5Ha A

Table 4. Polyphenols, lycopen, arginine and citrulline content of fresh-cut seedless watermelon treated with different UV-C

radiation

UV-C radiation (kJ/m?) Polypenol (GAE ug/g F.W.)

Lycopen (ug/g F.W.)

Arginine (ug/g F.W.) Citrulline (ug/g F.W.)

Control 425.440.0° 28.5+0.0¢ 391.2+1.6¢ 3,384.5+79.9%
2 400.6+0.0° 31.6+0.0° 438.7+0.2° 3,446.149.3
4 409.140.0° 30.9+0.1° 429.0+0.5® 3,313.5+10.5%
8 414.240.0° 26.3+0.0" 412.7+2.4% 3,519.445.1°
14 412.340.0° 27.240.0° 402.6+7.4% 3,298.4+9 49
20 408.5+0.0° 29.2+40.0° 333.0£15.0° 3,202.1+12.7°

Means+S.D. (n=5) within each column followed by different letters are significantly (p<0.05) by Duncan’s multiple range test.
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Table S. Quality characteristics according to UV-C, ethanol single treatment and combined treatment
Color value?
Treatment pH Sugaor CF)ntent
(°Brix) L a b

Control 6.240.1 11.2+0.7 14.9+0.1°" 9.6+0.1° 7.9+0.0°

70% EtOH 6.240.1 11.2+0.2 15.240.1° 8.9+0.1¢ 7.7+0.1°

Uv-C 2 6.240.1 11.6+0.4 15.240.1° 9.9+0.1° 8.140.1°

UV-C 2+70% EtOH 6.240.1 12.0£0.6 14.90.1° 10.1+0.0° 7.840.0™

Y Means+S.D. (n=5) within each column (*%) followed by different letters are significantly (p<0.05) by Duncan’s multiple range test.
? Lightness(black 0 <> +100 white), redness(green —80 < +100 red), yellowness(blue —70 < +70 yellow).

Table 6. Hardness and number of E. coli colonies
according to UV-C, ethanol single treatment and combined
treatment

Treatment Hardness E. coli counts

(g (log CFU/g)
Control 1,005.7+80.1"° 5.8+0.7°
70% EtOH 1,125.3+104.7\° 5.6+0.2°
UV-C 2 1,330.7+232.6"° 4.0+0.4°
UV-C 2+70% EtOH 1,137.74256.7"° 3.540.6°

Means+S.D. (n=5) within each column (*¢) followed by different
letters are significantly (»<0.05) by Duncan’s multiple range test.
NPnot different.

A= Fasto] Ho] Mshs Bt a g UV-C 2 kln?

#2] & 70% olgZ= ASIAS W tha 75k dixol
Hsf At F24e EATH(Table 5).

2) 2, ffEw E=Us

e AP B2 F94 AolE HolA| ok, tit
E2Y Fe Hx vs Ze Aol fojHe Fast
A.om, UV-C 2 ki/m? A2 & 70% eSS —‘ﬂr—?—ﬁ}‘ﬁ—% ‘TH

2 djH] 23 log CFU/g ZH43te] 7 awbao]ql
S(2003)2 0%(V/V), 10, 20, 30, 50% 5%=2] oeko] Baczllus
cereus, E. coliz 20 Co|A] 587t =&35fo] AyH5E ¥|wsh
A3} 30% 0]/439] FLolA AdEI7E AL, 50% 4 10
B2 A5 W BF AFEE A9E EJ_O}S&T%. Huang
S5(2001)2 60% ofEr-Zo] A 557 Aot PS w BF AFE
H A3E 5910, o] gk B3k ofeh=0] peptidoglycan
7t A%e] 22 Adfistr] wzolgt skelth UV-CeF 70%
OﬂEP% 1S Ael= 9 Aol s 4AldHo] A& 285

< 4 g 5 AAE Aol o ARHIS & S A
(Table 6).

o w #=

Ho| A =Eo] u|PESHH FAA 2=
i%?% 0 2 UV-CE 2838}14F AT
A0, 2, 4, 8, 14, 20 ki) 3 4 kel Bwst
ZARIALE E coliz FEH $E9] pH, dk, =
UV-C 2] Ao u}2 997 z}o]E Ho|x| QIgr1, Z&]
H= ’é;%*% EH¢(425 4 GAE ng/g F.W.)ol| H]3f 2453t
gho|=2 2 2, 4 kI’ A PS W thR(28.5 ng/g FW.)
oA EE}% et 31.6, 30.9 pg/g F.W.0]11, o2 7|dx} A]
EESY 9 94 gz v|3)] fojFoz F/8ATt. E
L UV-C A& A] SolFo g 7tastgon YA 7
A, o ]_?V_ sleF, of=z7|d deF, /\]EEE] shef
UV-C A} A|ZE 5lo] o]& Ay
L 2 k2 4 ﬂoh_ UV-C2} 70% ofj et

HO

coli =

£

2 V-
=

g}
UV-C 2 kl/m? XH T 70% 01]LE§=1

H] 2.3 log CFU/g Z+A5}ta] 7P a3}&o
T+ A3 UV-C 2 kiim? ZAS} 70% of
Y= FEke] AdHo] AR 3 F 2

VAT T
& gao] Ay Aol wEn.
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