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ABSTRACT

Efficiency of ultraviolet (UV) radiation in reducing the cell numbeStéaphylococcus aureuwsI CC

25923 ancdEscherichia coliK-12 adhered to low-density polyethylene (LDPE) films was evaluated.
The microorganisms were let to adhere to the surface of LPDE bags for 12h at 18°C, and then submitted
to UV radiation at an intensity 196 pW.&m254nm, for 2 secondStaphylococcus aurewsas less
resistant to UV radiation thdaa coli, and the efficiency increased with the increase of the concentration

of microbial suspension. After 1500 hours of use the UV radiation intensity of the lamp was reduced
from 288 to 78 pW.cm, and the higher decrease occurred in the first 100 hours of use. Also, the
efficiency of the UV radiation decreased after 1500 hours of use. The number of mesophilic aerobes
on the surface of LDPE films was reduced by 90% after irradiation with 137 u%ftcr2 seconds.

Atomic force microscopy revealed cracks and crevices and protuberances on the LDPE surface, a
topography that can protect the cells from UV radiation, reducing the efficiency of the process. The
results showed that UV radiation can be a useful technique for reducing the microbiota adhered to
LDPE films.
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INTRODUCTION some advantages i) does not leave residues on the surfaces, ii)
does not require heat, iii) has low cost and is easy to use, and
Surfaces, such as stainless steel, glass, rubbwm,islegal (2,11).

polypropylene, polyethylene and cast iron, permit microbial The microbial inactivation by UV is caused by absorption
adherence and biofilm formation. Such surfaces, widely usefl 254-nm wavelength light by nucleic acids and their
for food processing, should not contaminate or increase tbenstituents (2,4,9). This has mutagenic effects and causes cell
incidence of spoilage and pathogenic microorganisms in fodivision retardation due to links between adjacent molecules of
products. Biofilm formation is a complex process that can stgyrimidine in DNA, forming dimmers. Bacterial sensitivity to
with even one single adhered cell (3). Several factors includikly/ radiation is affected by several factors such as medium pH
type of microorganism, hydrophobicity and surface’s eletriand bacterial growth phase (1).
charge and pH of the medium affect microbial adherence (3,10,12). This study was done to evaluate the efficiency of UV radiation
Minimizing microbial contamination in plastic food packageso reduceStaphylococcus aure@ndEscherichia coliadhered
increases the shelf life and maintains the quality of the foad the low-density polyethylene (LDPE) films. Changes in
during storage and marketing (4). Microorganisms in plastefficiency of the process induced by the lamp use and by the
food packages can be controled by UV irradiation, which hasicrotopography of the LDPE film were also evaluated.
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MATERIALS AND METHODS dairy plant and analyzed before and after UV irradiation. The
cells from each LDPE surface were removed by vigorous
Microbial cultures shaking with 100 ml of phosphate buffer for 90 seconds. The

Cultures ofS. aureusATCC 25923 andE. coli K12 were number of cells in the rinse solution was determined using the
maintained in semi-solid brain-heart infusion (BHI-BIOBRAS)Most probable number (MPN) technique using 5 tubes for
at 6°C. The bacteria were activated by three transfdBsll  each aliquots of 10, 1, and 0.1 ml of sample (5). The number of
broth at 35°C for 24 h. The bacterial suspension for surfacells adhered to the LPDE surfaces was expressed as log
adherence was prepared by diluting the broth culture with stefi#N.cm?. The efficiency of the UV radiation was determined
0.31M phosphate buffer, pH 7.0 £ 0.1. The bacterial concentratiaa the difference between results obtained before and after
in the final suspension was determined by plating in Plate Courgatment.

Agar (PCA) (Merck).

LDPE surface analysis
Microbial adherence to LDPE (low density polyethylene) The microtopography of the LDPE surface was obtained
surface using atomic force microscopy, with taping mode technique for

LDPE fluid milk bags were obtained from the dairy plant asurface photographing (8)
Food Science Department/Federal University of Vicosa, Minas
Gerais, Brasil. The bags had 1000 ml capacity, 630rdernal  Data analysis
surface area, and 70 mm thickness. They were decontaminatedlhree separate experiments were conducted. The first one
using 70% alcohol followed by 1 minute exposure to UV radiatiorvaluated the reduction of UV radiation intensity during 1500
For bacterial adherence to the surface, the bags filled with 1000alrs of lamp use time and the bactericidal efficiency 8ver
of each bacterial suspension containing frofid@0cfu.mL?®.  aureusandE. coliadhered to LPDE surfaces after 70, 1000 and
After thermally sealed, they were incubated at 18°C. After 12 5500 hours lamp use time. The second experiment evaluated the
the suspension was drained and the bags were filled with 1000UW radiation efficiency ors. aureusandE. coli adhered to
of sterile buffer and let stand for 1 minute to remove the plancktorii®DE surfaces after exposure for 2 seconds at 196 pu#.cm
cells. The rinse solution was then drained and the packadde third experiment evaluated the UV radiation efficiency in
washed manually with vigorous agitation with 100 ml sterile buffeeducing the aerobic mesophilic bacteria adhered to three
for 90 seconds to remove the sessile cells from the film. Thidferent samples of LPDE packaging films. Descriptive analysis
wash-buffer containing the cells was diluted and adequat@s used to compare the results of the experiments.
aliquots were plated in PCA and incubated for 24 h at 35°C. The
results were expressed as log cfu’cm RESULTS

UV radiation UV radiation decreased the number of viable cells adhering
The internal surface of inoculated packages was expogedhe LPDE surfaces (Table 1). The DRHEocolivaried from
for approximately 2 seconds to UV radiation at an intensity @52 to 1.37 and f@. aureugrom 0.85 to 1.73. The UV radiation
196mW.cn? which corresponds to the conditions used in milkefficiency increased as the concentration of the microbial
filing machine. The efficiency of UV radiation was evaluatedguspension used in the adhesion process increased (Table 1)
by decimal reduction (DR) in the cell population, determined UV radiation intensity decreased gradually during the 1500
from the difference in counts (log cfu.@jrof cells adhered to hours of use of the germicidal lamp, and 39.5% of the reduction
LPDE surface before and after UV treatment. occurred in the initial 100 hours (Fig. 1). Table 2 shows the DR
The intensity of UV radiation emitted by the lamp wawvalues caused by 2 seconds of exposure to UV radiation after
determined at 50 h intervals during 1500h and was measui 1000 and 1500 hours of use time. After 1500 hours, the lamp
using a radiation meter (Optical Associate Inc., model 354). Thatibacterial efficiency was reduced by a factor of 2.6 and 1.8
bactericidal efficiency was determined after 70, 1000 and 150@dn E. coliandS. aureustespectively.
of use, after 2 seconds radiation. Under user’s conditions, the initial average number of
bacterial contaminants on the LDPE surface (0.13 MPR).cm
Bactericidal efficiency of UV radiation under user’s conditions  was reduced to 0.014 after 2 seconds of radiation, giving a DR
In the experiment, a UV-lamp (15 W, 254nm, 2 secondsglue of 0.97 (Table 3).
recommended for fluid milk filling machines was used. As the The microtopography of the LDPE surface showed two
UV radiation intensity emitted by lamp changes along the usdifferent areas: one relatively smooth and the other with
this parameter was measured before each experiment. Sam@&gent points. The smooth area (Fig. 2A) showed roughness
of LDPE packaging films similar to that used in the laboratoryf 5 nm indicating relatively plane surface and the other (Fig.
were withdrawn from three commercial rolls of films from the2B) presented 0.8 um pick and 0.2 mm deep crack of 5 um diameter.
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UV radiation against adhered bacteria

3250 Table 1. Decimal reductions (DR), in seconds, for
S + Staphylococcus aureSTCC 25923 eEscherichia colik12
% 200 cells adhered to low density polyethylene films after UV
E ’ exposure for 2s, at 196 pW.@nfverage of three repetitions.
*

% 150-~,,, .. e Staphylococcus aureus Escherichia coli
L * e
£ 100l teserses | Log IN DR Log IN DR
= * e .o .o
g o 4.6 0.85 5.0 052
=2 50 5.7 123 6.1 0.73
> 6.8 173 75 1.37
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Figure 1. UV radiation intensity reduction as a function of the o o o
time of use of the UV lamp. Table 2.Influence of the UV radiation intensity in the bactericidal
efficiency on Staphylococcus aureud8TCC 25923and
Escherichia colK12 cells adhered to low density polyethylene
films, after 2 seconds. Average of three repetitions.

Usetime Intemity Staphylococcus  Escherichia

(h) (MW.cm?) aureusDR coliDR
70 144 104 0.94
1000 102 0.72 0.58
1500 78 0.58 0.36

Table 3.MPN of mesophilic aerobes (log.€jin the low-density
polyethylene surface before and after UV radiation exposure at
137 pW.cnt for 2 seconds. Average of three repetitions.

Logioof the  Logo of the
Polyethylene  MPN in the MPNinthe  edmal
filmsrolls nonirradiated irradiated Rduction

packages packages

1 147 0.67 0.80

538um 2 2.38 120 118
Half crack diameter: Spm 3 157 0.64 0.93

Depth: 0.2um Average 1.80 0.83 0.97

Crack
B
DISCUSSION

The number of cells adhered to LDPE surface increased as
the cell concentration in the suspension increased in the
adhesion process. The efficiency of UV radiation was affected
by the cell concentration. It appears that low cell numbers in
the adhesion suspension lead to a better cell distribution over

40pm the surface and the cells can be protected from UV radiation if
deposited in the cracks and crevices of the surface. Since the
Figure 2. Low-density polyethylene surface microtopography.DPE surface has limited capacity for bacterial protection, the
obtained by atomic force microscopy: a) smooth areas andrhyliation efficiency is higher when the surface is contaminated
areas with cracks and crevices. with high number of adhered cells.
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The UV radiation was able to k. aureusndE. colicells radia¢do UV nainativac@o dos microrganismos decresceu apds
adhered to the LDPE surface, but its efficiency was not enougO0h de uso da lampada germicida. O numero de mesdfilos
to cause the 3 DR required for physical and chemical sanitizeerébios nas superficies dos filmes de polietileno de baixa
(7). The number of mesophillic aerobes on the user’s LDREensidade (PEBD) foi reduzido em 90% ap6s a irradiagdo com
surface decreased to 0. 014MPN-after radiation, which is 137 pW.cnt. Fendas e elevagdes, observadas na superficie do
lower than 0.1MPN.cry as recommended for this kind of PEBD através de microscopia de forgca atbmica, podem proteger
surface (4). The radiation intensity reduction occurring in thees células do contato com a radiagdo UV, reduzindo sua
initial 100 hours of the germicidal lamp use was also reportediciéncia. Os resultados mostram que a radiacdo UV é uma
by Fluckiger (4). técnica Gtil na reducao da microbiota aderida a superficie de

Food processing surfaces, such as polyethylene, hdimes de PEBD.
microtopography marked with cracks and crevices whose
diameter and depth are large enough to protect microorganidfadavras-chave:adesédo bacteriana, radiacdo ultravioleta,
from UV radiation. The roughness of the LDPE surface cglietileno de baixa de densidade e microscopia de for¢a atbmica
decrease UV radiation efficiency, because the bactericidal effect
occurs only in the direction of the radiation beam (6). In this
study, the LDPE microtopography surface analysis (Fig. 2A, B)
showed irregularities. As the cell dimensions range from 0.540 Arrage, A.A.; Phelps, 1.J.; Benoit, R.E.; White, D.O. Survival of
1.5 pm forS. aureusaind 1.5to0 2.0 x 6.0 fd. coli, it is possible subsurface microorganisms exposed to UV radiation and hidrogen
that surface cracks and crevices of 5 um diameter and 0.2 ym %eroﬁ‘ide-App'- E”Vi_lrF’”-_MiC’O*?' 59: 354|5'35?5|0v 1993.
deep present on LDPE surface could protect theSée Bac magn, R g_tezr'o'éztgogn %;gtense ultraviolet radiatirown.

- > . i =" overi. Review5: , .
microorganisms from direct contact with UV radiation. 3. Bower, C.K.: Mc Guire, J.: Daeschel, M.A. The adhesion and

The results of this study showed that UV radiation is a detachment of bacteria and spores on food-contact surfaeesis
good technique for bacterial decontamination of LDPE surfaces Food Sci. Tech 7: 152-157, 1996. _ o _

. . " . . 4. Fluckiger, E. Alternative methods to avoid recontamination during
used for fluid food packaging. In addition, this technique is

) ; . aseptic filling and packaging. Fluckiger, E. (eBllletin of the IDF
easily applicable, has low operational cost and does not leave 300, IDF, 1995, p. 52-56
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