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Abstract

Ultraviolet (UV) is widely used as a sterilizing agent in restaurants and catering facilities in Korea. Efficacy of UV
sterilizers (UVS) was investigated against E£. coli on the inner bottom of stainless steel cups. UV intensity on the
bottom of cups varied widely with the locations of cups in UVS, showing higher values at center while lower val-
ues at outskirts. The deviations in UV intensity were remarkable on top shelf, but alleviated as proceeded to middle
and bottom shelves. Inactivation of E. coli was proportional to the UV intensity and treatment time, consequently
to UV dose, and showed a pseudo-first-order kinetics with tailing. Initial inactivation rate constants (K,) deviated
with the locations of the cups, while final inactivation rate constants (K,) showed comparable values. An equation
for the calculation of the proposed UV treatment time was suggested.
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Fig. 1. Schematic diagram of UV sterilizer and locations of cups.

o]} oW, nutrient broth(Difco Laboratories, Detroit, MI,
USA)ol|A] vl Fste] F-A] 83Tt

A Agams) Yol A A vietd) mgeke A
9H Awl Z)A = Z47)(HD 21022, Delta OHM,
Padua, ltaly)S AMg-3le] Z4319t) AA1E 220-280 nm<]
el d& A dHs UV-C AX(LP 471, Delta OHM)E At
gstalen, 3 vieel ANk FAF AT S HFAL
A Edol 7 viehat 22 HHol Fo|=s AAE AX
3t 3% wks S 33

o|x|e Z Histe| XM ZE =X

el abet

Escherichia coliS nutrient broth(Difco Laboratories)®l|
HEste] 37°ColA 12A17F &<F v st v 100 uLs
Qg a2 o] upeol Zhelal Fatdl A oA 3087
A AZAN F HE AL Adasr] W 7; AdRke
47 A (Fig. Dl 32 478 A7 A2 A2k
)M A F I 2294 10mLE ol 71skarl
Hhste] 4] oy 34 ste] EFEHYPH(KFDA, 2005)
o7 AE#TE AFAnh WA= eosin methylene
blue(EMB) agar(Difco Laboratories)S A3l o™, &=
T 37°ColA 16-24A17F v Fetal HEt45 Alsskaltt

A A x7)et A9l A § AEATETH log
inactivations 2] (1)3} 7o) Fate] A+a3E A8
THEPA, 2003).

Log inactivation = log(%’) 1)
o] 71A,
N,=A2 d

N=He F @5

X2l ZEAFEHUV dose)
A2 AL A (2)9F ol ApelAl Amet A Al

7+ wsted AHESESTHEPA, 2003).
D =1Ixt )
o714,
D = ZAHF (J/m?)
=% (W/md)
t=*17F (s)

2 Bigel XjelM U=
A2 A%y Wl 4 Aad A5 Hel 9%
Hhgrol) mekahs 4914 % 3



)

124 ZAF - olgE

10W Top (SS) 10W Middle (SS) 10 Bottom (SS)

\

7 T 7
> 5] 2 5] > B
§E 4 GEa SEa
£E2 3 £23 EZ3
3 2 5 2 3 z
1 Front q Front 1 Front
0 kid 0 hid 0 hdid
Back Back Back

o
—
[
o
o

Fig. 2. UV intensity on inner bottom of stainless steel cups at lamp output of 10 W.
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Fig. 3. UV intensity on inner bottom of stainless steel cups at lamp output of 20 W.
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Fig. 4. UV intensity on inner bottom of stainless steel cups at lamp output of 30 W.
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Fig. 5. Inactivation of E. coli in stainless steel cups at different locations after S min UV treatment at 10 W output.
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Fig. 6. Inactivation of E. coli in stainless steel cups at different locations after 60 min UV treatment at 10 W output.
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Table 1. Log inactivation of E. coli in stainless steel cups at different shelves by UV treatment at 10 W output

Treatment time Shelf location
(min) Top Middle Bottom
1 0.2089+0.2198 0.3905+0.1740 0.6495+0.2377
2 0.4729+0.2579 0.6314+0.1740 0.5879+0.1740
3 1.5584+0.4124 1.7975+£0.2047 1.2560+0.3204
5 2.0674+0.7456 2.0674+0.4205 1.8678+0.4760
10 2.7643+0.5964 2.6070+0.1933 2.7421+£0.4758
20 3.7051+0.8451 3.8318+0.1854 3.7669+0.1868
40 4.2756+1.0830 4.3517+0.2334 4.3404+0.1045
60 6.2044+1.8143 5.5485+0.3634 5.65104+0.4059
12 ojtirt F7)ole AHEHE7F WolA| = tailing & d(Hoyer,
Y . 1998)°] YEFRLTE.
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Fig. 7. Inactivation patterns of E. coli in stainless steel cups
located on middle center of top shelf in UV sterilizer at 10 W
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Table 2. Inactivation rate constants of E. coli in stainless steel cup at 10 W output
L ] Values (min™)

Inactivation rate constants Shelf Location Toft Conter Right

Back 0.4287 0.5195 0.3100

Top Mid 0.4048 0.7099 0.2864

Front 0.3067 0.4595 0.3053

Back 0.3799 0.5228 0.3628

K, Middle Mid 0.4791 0.5349 0.4422

Front 0.3298 0.4794 0.4807

Back 0.4050 0.3871 0.3921

Bottom Mid 0.4547 0.3135 0.5161

Front 0.2998 0.2791 0.3986

Back 0.0485 0.1012 0.0702

Top Mid 0.0379 0.1170 0.0514

Front 0.0449 0.0565 0.0471

Back 0.0487 0.0578 0.0564

K, Middle Mid 0.0521 0.0635 0.0511

Front 0.0534 0.0524 0.0446

Back 0.0529 0.0521 0.0511

Bottom Mid 0.0559 0.0460 0.0603

Front 0.0519 0.0669 0.0460
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Table 3. UV doses required for target log inactivation of E. coli

Target log(N /N) Required UV dose (J/m?)
1 3.61
13.04
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Table 4. Recommended UV treatment time at different locations in UV sterilizer of different lamp outputs for 3 log inactivation of

E. coli in stainless steel cups using safety factor 2.0

Required time (min)

Lamp output Shelf Location Lot Contor Right
Back 11.80 0.93 23.09
Top Mid 9.58 0.32 20.39
Front 20.93 1.88 35.68
Back 7.13 1.83 12.27
10W Middle Mid 4.74 1.82 9.46
Front 9.46 2.00 12.67
Back 11.63 541 11.54
Bottom Mid 9.02 5.08 8.77
Front 11.54 4.74 10.61
Back 8.22 1.81 8.31
Top Mid 3.33 0.41 2.60
Front 347 0.41 5.46
Back 421 1.30 4.93
20W Middle Mid 2.52 1.02 3.29
Front 3.37 1.03 3.34
Back 6.16 3.46 5.59
Bottom Mid 4.80 2.52 4.01
Front 534 243 4.73
Back 5.29 0.62 6.23
Top Mid 2.74 0.19 241
Front 2.92 0.31 4.70
Back 2.59 0.77 3.50
30W Middle Mid 1.63 0.66 243
Front 2.48 0.68 2.63
Back 4.01 2.12 3.78
Bottom Mid 3.14 1.69 2.76
Front 3.64 1.61 3.28
2 tailing% Fkshe oAb 12O R YEHg o T Blatchley III ER, Peel MM. 2001. Disinfection by ultraviolet irra-
ZF 7] A EEAFE A A 27 SR diation. In: Disinfection, Sterilization, and Preservation. 5th ed.
K)E Al wa} 2 2po]E Kol ¥hH 7] AgsETAb Block SS (ed). Lippincott Williams & Wilkins. Philadelphia, PA,
o e O] 3 = olol = USA, pp. 823-851.
T(Iiz_ L}\i;{] oi it 3}0]7]- ji ?}:]i'ff:oﬂ/il]}% Campbell AT, Wallis P. 2002. The effect of UV irradiation on
A Aaas71E ool A o =S 94 A human derived Giardia lamblia cysts. Water Res. 36:963-969.
£ ded 283 A9 ZARHE AbEste WA S Chavez C, Knape KD, Coufal CD, Carey JB. 2002. Reduction of

A A &

d Ao dF-2A Aol AT
o

Bailey JS, Buhr RJ, Cox NA, Berrang ME. 1996. Effect of hatch-
ing cabinet sanitation treatments on Salmonella cross-contamina-
tion and hatchability of broiler eggs. Poultry Sci. 75: 191-196.

Bintsis T, Litopoulou-Tzanetaki E, Robinson RK. 2000. Existing
and potential applications of ultraviolet light in the food industry
- a critical review. J. Sci. Food Agric. 80: 637-645.

eggshell aerobic plate counts by ultraviolet irradiation. Poultry
Sci. 81: 1132-1135.

Clancy JF, Bukhari Z, Hargy TM, Bolton JR, Dussert BW, Mar-
shall MM. 2000. Using UV to inactivate Cryptosporidium. J.
AWWA. 92(9):97-104.

Craik SA, Weldon D, Finch GR, Bolton JR, Belosevic M. 2001.
Inactivation of Cryptosporidium parvum oocysts using medium-
and low-pressure ultraviolet radiation. Water Res. 35:1387-1398.

EPA. 2003. Ultraviolet Disinfection Guidance Manual. Office of
Water, Environmental Protection Agency, Washington DC, USA

FDA. 2000. Kinetics of Microbial Inactivation for Alternative
Food Processing Technologies - Ultraviolet Light, Center for
Food Safety and Applied Nutrition (CFSAN), Food and Drug
Administration, Washington DC, USA

Guerreno-Beltran JA, Barbosa-Canovas GV. 2005. Reduction of
Saccharomyces cerevisiae, Escherichia coli and Listeria innocua
in apple juice by ultraviolet light. J. Food Process Eng. 28: 437-



ZEolg|28 2] W Escherichia coli®] AF21A 2t 129

542.
Hoyer O. 1998. Testing performance and monitoring of UV sys-
tems for drinking water disinfection. Water Supply 16: 419-442.

Huang, YW, Toledo R. 1982. Effect of high doses of high and
low intensity UV irradiation on surface microbiological counts
and storage-life of fish. J. Food Sci. 47: 1667-1669.

Kaess G Weidermann JF. 1973. Effect of ultraviolet radiation on
the growth of microorganisms on chilled beef slices J. Food
Technol. 8: 59-69.

KFDA. 2005. Food Codes Vol. II. Korea Food and Drug Admin-
istration, Seoul, Korea, p. 97.

Kuo FL, Ricke SC, Carey JB. 1997a. UV irradiation shell egg.
Effect on population of aerobes, molds, and inoculated Salmo-
nella typhimurium. J. Food Protect. 60: 639-643.

Kuo FL, Ricke SC, Carey JB. 1997b. Shell egg sanitation: UV
radiation and egg rotation to effectively reduce populations of
aerobes, yeasts, and molds. J. Food Protect. 60: 694-697.

Lee BH, Kermasha S, Baker BE. 1989. Thermal, ultrasonic and
ultraviolet inactivation of Salmonella in thin films of aqueous
media and chocolate. Food Microbiol. 6: 143-152.

Lee NH, Kim NI, Mok C. 2007. Usage of ultraviolet sterilizers
used in domestic restaurants and catering businesses. Food Eng.
Progress 11: 225-229.

Lopez-Malo A, Palou E. 2005. Ultraviolet light and food preserva-
tion. In: Novel Food Processing Technologies. Barbosa-Canovas
GV, Tapia MS, Cano MP. (eds). CRC Press, Inc., Boca Raton,
FL, USA, pp. 405-421.

Marquis RE, Baldeck JD. 2007. Sporicidal interactions of ultravio-
let irradiation and hydrogen peroxide related to aseptic technol-
ogy. Chem. Eng. Process. 46: 547-553.

Mok C, Lee NH. 2008. Distribution of ultraviolet intensity and
UV leaking of commercial UV sterilizers used in restaurants.
Korean J. Food Sci. Technol. 40: 228-233.

Murakami EG, Jackson L, Madsen K, Schickedanz B. 2006. Fac-
tors affecting the ultraviolet inactivation of Escherichia coli K12
in apple juice and a model system, J. Food Process Eng. 29: 53-
71.

Ngadi M, Smith JP, Cayouette B. 2003. Kinetics of ultraviolet
light inactivation of Escherichia coli O157:H7 in liquid foods. J.
Sci. Food Agric. 83: 1551-1555.

Purdy CW, Cooley ID, Straus DC. 1998. Pasteurella haemolytica
ultraviolet-irradiated vaccine by parenteral and aerosol routes
compared in the goat model. Curr. Microbiol. 37: 132-136.

Reagan JO, Smith GC, Carpenter ZL. 1973. Use of ultraviolet
light for extending the retail caselife of beef. J. Food Sci. 38:
929-931.

Shama G. 1999. Ultraviolet light. In: Encyclopedia of Food Micro-
biology. 3rd ed. Robinson RK, Batt C, Patel P (eds). Academic
Press, London, UK, pp. 2208-2214.

Shin GA, Linden KG Arrowood M, Sobsey MD. 2001. Low
pressure UV inactivatioin and subsequent DNA repair potential
of Cryptosporidium parvum oocysts. Appl. Environ. Microbiol.
67:3029-3032.

Stermer RA, Lasater-Smith M, Brasington CF. 1987. Ultraviolet
radiation - an effective bactericide for fresh meat. J. Food Pro-
tect. 50: 108-111.

Wallner-Pendleton EA, Summer SS, Froning GW, Stetson LE.
1994. The use of ultraviolet radiation to reduce salmonella and
psychrotrophic bacterial contamination on poultry carcasses.
Poultry Sci. 73: 1327-1333.



