
  INTRODUCTION 
  In poultry industry, reduction of bacterial contami-

nation during production is a major concern among 
processors (Arnold and Silvers, 2000). Process automa-
tion and mechanical equipment has created the pre-
sentation of new surface areas repeatedly in contact 
with carcasses and greater opportunities for bacterial 
attachment and cross-contamination (McEldowney and 
Fletcher, 1988). Modern food processing equipment 
manufactured from different materials, such as stain-
less steel, glass, plastics, rubber, and polytetrafluoro-
ethylene, can attach bacteria (Brooks and Flint, 2008). 
These attached microorganisms may increase in num-
ber and detach on their own or by physical movement 
of product through the production line and cause cross-
contamination. 

  Several studies have demonstrated bacterial at-
tachment to poultry processing equipment (Lundén 
et al., 2003; Arnold, 2007; Rivas et al., 2007; Stocki 
et al., 2007; Chia et al., 2009) and food contact sur-

faces (Kusumaningrum et al., 2002; Trachoo, 2007; 
Nguyen et al., 2010). In particular, the adherence of 
Listeria monocytogenes in stainless steel, rubbers, and 
polymers has been demonstrated (Hood and Zottolla, 
1997; Smoot and Pierson, 1998; Beresford et al., 2001; 
Midelet and Carpentier, 2002; Tolvanén et al., 2007, 
2009). Attachment of Salmonella serovars to food con-
tact surfaces were also reported (Hood and Zottolla, 
1997; Oliveira et al., 2006; Chia et al., 2008; Chia et al., 
2009; Rodrigues et al., 2009). Likewise, mixed micro-
bial population from poultry rinse can adhere to poul-
try processing equipment surfaces (Arnold and Silvers, 
2000; Arnold and Bailey, 2000). Bacterial attachment 
to material surfaces is a complicated process. Its mech-
anism is dictated by several factors, such as surface 
conditioning, surface charge, surface roughness, growth 
medium, and hydrophobicity of the contact surface and 
bacterial cells (Boulané-Petermann et al., 1997; Bay-
oudh et al., 2006; Palmer et al., 2007; Tresse et al., 
2007; Goulter et al., 2009, Nguyen et al., 2011). In gen-
eral, the physicochemical properties, surface charge and 
hydrophobicity, of both bacteria cells and substratum 
surface are the main influencing factors in bacterial ad-
hesion (Bayoudh et al., 2006; Chia et al., 2008), but 
cellular structure like flagella (Tresse et al., 2006) and 
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  ABSTRACT   In poultry industry, cross-contamination 
due to processing equipment and contact surfaces 
is very common. This study examined the extent of 
bacterial attachment to 6 different types and design 
of conveyor belts: stainless steel-single loop, stainless 
steel-balance weave, polyurethane with mono-polyester 
fabric, acetal, polypropylene mesh top, and polypro-
pylene. Clean conveyor belts were immersed separately 
in either a cocktail of Salmonella serovars (Salmonella
Typhimurium and Salmonella Enteritidis) or Listeria 
monocytogenes strains (Scott A, Brie 1, ATCC 6744) 
for 1 h at room temperature. Soiled conveyor chips were 
dipped in poultry rinses contaminated with Salmonella
or Listeria cocktail and incubated at 10°C for 48 h. The 

polyurethane with mono-polyester fabric conveyor belt 
and chip exhibited a higher (P < 0.05) mean number of 
attached Salmonella serovars (clean: 1.6 to 3.6 cfu/cm2; 
soiled: 0.8 to 2.4 cfu/cm2) and L. monocytogenes (clean: 
4.0 to 4.3 cfu/cm2; soiled: 0.3 to 2.1 cfu/cm2) in both 
clean and soiled conditions. The stainless steel conveyor 
belt attached a lower (P < 0.05) number of Salmonella
serovars (clean: 0 to 2.6 cfu/cm2; soiled: 0.4 to 1.3 cfu/
cm2) and L. monocytogenes (clean: 0.4 to 2.9 cfu/cm2; 
soiled: 0 to 0.7 cfu/cm2) than the polymeric materials, 
indicating weaker adhesion properties. Plastic conveyor 
belts exhibited stronger bacterial adhesion compared 
with stainless steel. The result suggests the importance 
of selecting the design and finishes of conveyor belt ma-
terials that are most resistant to bacterial attachment. 
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curli (Patel et al., 2011) can also influence bacterial 
adhesion. Hydrophobic bacterial cells were reported to 
have a higher adhesion rate than hydrophilic cells and 
have better adhesion to hydrophobic surfaces than hy-
drophilic surfaces (Bayoudh et al., 2006). Chia et al. 
(2009) also concluded in their study that surface ma-
terials with more positive interfacial free energies have 
a higher number of adhering bacteria. However, some 
authors (Oliveira et al., 2006) found that Salmonella 
adhesion is strongly strain dependent.

In the processing environment, the complex structure 
of processing machines makes cleaning difficult. Routine 
sanitation procedures may be unsuccessful in eradicat-
ing L. monocytogenes (Lundén et al., 2003; Tolvanén et 
al., 2009), and pathogenic organisms can remain viable 
even on a dry surface environment (Kusumaningrum et 
al., 2002). Conveyor belts are difficult or impossible to 
dismantle for cleaning, thus, effective cleaning meth-
ods should be available for daily use in food processing 
plant, and otherwise, the use of materials resistant to 
bacterial attachment is very important. There is now 
a considerable scientific interest in the fabrication of 
food surfaces that can prevent bacteria from coming 
into contact and adhering to the surface (Crick et al., 
2011). The use of antimicrobial belts was even recom-
mended to reduce cross-contamination of final products 
by pathogenic bacteria (Gundelley et al., 2007).

Previous studies have provided valuable information 
about bacterial attachment. This current research ex-
amined the attachment of mixed strains of Salmonella 
or Listeria to commercial stainless steel and plastic 
conveyor belts, in clean and soiled conditions. Two 
types of stainless steel (single loop and balance weave) 
and 4 polymer materials (polyurethane, acetal, poly-
propylene, and polypropylene-meshtop) were tested in 
the experiment. Results of the study can be a source 
of vital information for equipment manufacturers and 
food processors in choosing materials and finishes that 
are most resistant to bacterial attachment and eventu-
ally biofilm formation.

MATERIALS AND METHODS

Bacterial Strains and Culture Conditions
Three streptomycin-resistant (1 ng/mL) strains of L. 

monocytogenes (Scott A, Brie 1, and ATCC 6744) and 
2 streptomycin-resistant (1 ng/mL) Salmonella serovars 
(Salmonella Typhimurium and Salmonella Enteritidis) 
were used in the study. Individual strains of bacteria 
were maintained in tryptic soy broth (TSB; Hardy 
Diagnostics, Sta. Maria, CA) with 10% glycerol and 
stored at −80°C. Working cultures were kept on tryptic 
soy agar (TSA) slants and stored at 4°C. Cells from 
these slants were grown separately in TSB (contain-
ing 1 ng/mL of streptomycin) and incubated at 37°C. 
Three consecutive transferences were done to get over-
night (12–24 h) grown cells. A cocktail of Salmonella se-

rovars was made by mixing equal volumes (500 mL) of 
the 2 overnight-grown strains (1:1). Similarly, a cocktail 
of L. monocytogenes was prepared by mixing equal vol-
umes of the 3 overnight-grown strains (1:1:1 ratio). The 
cell density of the cocktail culture was determined by 
serial dilution and plating on TSA plates. Cell density 
of the prepared cocktail was approximately 5 log cfu/
mL, a concentration enough to monitor any significant 
log reduction in bacterial count.

Bacterial Attachment  
to Clean Conveyor Belts

Preparation of Conveyor Belt Surfaces. Different 
types of commercially available conveyor belts made 
of polyurethane with mono-polyester fabric (PUMP), 
acetal (ACE), polypropylene-meshtop (PPM), poly-
propylene (PP), stainless steel-single loop (SSSL), and 
stainless steel-balance weave (SSBW) were used in the 
study. Each conveyor belt was cut into sections (70 × 
15 cm), cleaned with distilled water, and sprayed with 
200 ppm of quaternary ammonium detergent solution 
and left overnight to air dry. Prior to use, sterile dis-
tilled water was sprayed for 1 min to remove residual 
quaternary ammonium detergent.

Inoculation and Enumeration of Bacteria. Inocu-
lation of the conveyor belts prepared previously was 
done by individually immersing the test materials in a 
stainless steel tub containing the Salmonella or Listeria 
cocktail. Bacterial attachment was allowed for 1 h at 
room temperature. The conveyor belt materials were 
removed and placed on a clean table lined with steril-
ized aluminum foil. Enumeration of attached bacteria 
was determined at 0, 1, 2, 4, 6, 8, 12, 24, and 48 h us-
ing the swab method. A Whirlpak (Salida, CA) swab 
was moistened in 25 mL of buffered peptone water and 
used to sample the area. A 100-cm2 stencil template 
was used to determine the swab area. At each time 
point, a different belt section was swabbed. The Whirl-
pak swabs were mixed in a stomacher 400 circulator 
(Seward, Inc.) at 230 rpm for 1 min. Enumeration of 
bacteria was done using an Autoplater (Spiral Biotech 
4000, Advanced Instruments Inc., MA) machine and 
TSA plates with streptomycin (1 ng/mL) to determine 
Listeria and Salmonella counts. Plates were incubated 
at 37°C for up to 48 h. Colonies were counted using 
Q-count software and procedures (Spiral Biotech, Ad-
vanced Instruments Inc.), and data were gathered.

Bacterial Attachment  
to Soiled Conveyor Chips

Preparation of Conveyor Chips. Similar types and 
materials of conveyor belts from previous experiment 
were used. The test surfaces, referred to as chips, were 
prepared by cutting them into different dimensions to 
include the interlocking part of the conveyor belts (Ta-
ble 1). The chips were washed briefly in 1% microclean-

2005BACTERIAL ATTACHMENT TO DIFFERENT TYPES OF CONVEYOR BELTS



ing solution, rinsed with distilled water, and sonicated 
for 30 min as described by Arnold and Silvers (2000).

Poultry Rinse and Bacterial Inoculation. Two 
kinds of poultry rinse from raw and cooked poultry 
products were used in the study. All poultry products 
were obtained from a retail store and refrigerated be-
fore preparation. The chicken breast fillets and chicken 
loaves were inoculated with Listeria and Salmonella 
cocktail, respectively, and allowed to stand for 1 h. 
Each poultry product was placed in a stomacher bag 
containing 300 mL of phosphate-buffered saline (PBS, 
pH 7.2) with Tween 80 (pH 7.4, 0.01 M, Sigma Aldrich, 
St. Louis, MO) and rinsed by shaking 10 times. The in-
oculated poultry rinse was transferred to sterile beakers 
and served as inoculum. The conveyor chips previously 
prepared were separately immersed in the poultry rinse 
and incubated at 10°C to mimic the industry setting. 
The bacterial enumeration was done at 1, 6, 12, 24, and 
48 h.

Enumeration of Bacteria. At each sampling time, 
the soiled conveyor chips were removed and placed indi-
vidually into Petri dishes containing 5.0 mL of PBS with 
Tween 80 (0.1%) and manually shaken in a clockwise 
and counterclockwise direction, 10 times each, to re-
move unattached bacteria. To get attached cells of Lis-
teria and Salmonella off from the test surface, the test 
chips were placed in a sterile beaker containing 5.0 g of 
glass beads with 25 mL of PBS with Tween 80 (0.1%), 
covered with parafilm, and vortexed (Fisher Scientific, 
Touch mixer, model 231) for 30 s. Glass beads were 
used to facilitate dislodging of attached bacteria cells. 
Enumeration of bacteria was done using an Autoplater 
(Spiral Biotech 4000, Advanced Instruments Inc.) and 
TSA plates with streptomycin (1 ng/mL) to determine 
Listeria and Salmonella counts. Plates were incubated 
at 37°C for 48 h. Colonies were counted using Q-count 
(Spiral Biotech, Advanced Instruments Inc.) software 
and results were recorded.

Statistical Analysis
The experiments were performed in triplicates, and 

the data were analyzed by a one-way ANOVA for treat-
ments that showed any interaction between conveyor 
belt and time. Means were separated using Duncan’s 
multiple range test of the Statistical Analysis System 
software (SAS Institute Inc., Cary, NC). A significance 
level of P = 0.05 was employed.

RESULTS

Attachment of Salmonella and Listeria  
to Clean Conveyor Belts

Salmonella. Adhesion of Salmonella serovars (Sal-
monella Typhimurium and Salmonella Enteritidis) to 
the 6 different conveyor belts made of different plastic 
materials and stainless steel was examined. Initial (0 h) 
mean number of Salmonella attached was not different 
(P > 0.05) among the 6 conveyor belts (Table 2). After 
1 h, a higher (P < 0.05) number of Salmonella cells at-
tached to SSBW conveyor belt (3.5 cfu/cm2) was noted 
in contrast to SSSL conveyor belt (2.3 cfu/cm2), but 
the attached bacteria on SSSL material was not dif-
ferent (P > 0.05) from the other 4 polymeric materi-
als (PUMP, ACE, PPM, and PP). Adhered Salmonella 
cells to the surface were generally found to be higher 
(P < 0.05) on the PUMP conveyor belt from 2 h (3.4 
cfu/cm2) to 48 h (1.6 cfu/cm2), compared with other 
materials (Table 2).

Among the 4 plastic materials, bacterial adhesion was 
higher (P < 0.05) on PUMP conveyor belt (3.4 to 1.6 
cfu/cm2) from 2 h to 48 h in comparison to ACE (2.2 
to 0 cfu/cm2), PPM (1.8 to 0 cfu/cm2), and PP (2.2 to 
0 cfu/cm2) materials. Between the 2 stainless steel ma-
terials, a higher (P < 0.05) number of Salmonella cells 
was enumerated on SSBW than SSSL conveyor belt at 
1 h (3.5 vs. 2.3 cfu/cm2), 2 h (3.6 vs. 1.7 cfu/cm2), and 
6 h (2.2 vs. 0.7 cfu/cm2) but not in 4 h (2.6 vs. 1.4 cfu/
cm2), 8 h (1.6 vs. 1.0 cfu/cm2), 12 h (1.2 vs. 0.5 cfu/
cm2), 24 h (1.9 vs. 0.3 cfu/cm2), or 48 h (0.9 vs. 0 cfu/
cm2). Between the plastic and stainless steel materials, 
a difference (P < 0.05) in number of adhered bacterial 
cells was only observed between SSSL (2.3 to 0 cfu/
cm2) and PUMP conveyor belts (3.2 to 1.6 cfu/cm2) 
from 1 h to 48 h. The mean number of cells attached to 
SSSL, SSBW, ACE, PPM, and PP were generally not 
different (P > 0.05) from 2 h to 48 h (Table 2).

A decreasing number of bacterial cells were also ob-
served for all test materials from 0 to 48 h. At the onset 
of 24 h, higher (P < 0.05) numbers of Salmonella were 
still found attached to PUMP (2.9 cfu/cm2) and SSBW 
(1.2 cfu/cm2) conveyor belts. Similarly, the PUMP con-
veyor belt showed a higher (P < 0.05) mean number 
of Salmonella cells attached after 48 h (1.6 cfu/cm2) 
whereas the rest of the test materials have very mini-
mal or undetected microbial counts (Table 2).

Table 1. Materials, design, and specifications of conveyor belt chips used in the study 

Materials/Design
% Open  
mesh

Dimension  
(cm)

Polyurethane with mono-polyester fabric 0 5.0 × 4.0
Acetal 3.2 5.0 × 5.5
Polypropylene-meshtop 24 4.5 × 5.0
Polypropylene 48 6.5 × 5.0
Stainless steel-single loop 80 8.7 × 2.7
Stainless steel-balance weave 70 6.0 × 6.0
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Listeria. Adhesion of L. monocytogenes cells (Scott 
A, Brie 1, and ATCC 6744) to the 6 different types of 
conveyor belts was monitored from 0 to 48 h (Table 3). 
Among the 6 materials tested, higher (P < 0.05) mean 
numbers of Listeria cells were found attached, ranging 
from 4.0 to 4.3 cfu/cm2, to the PUMP conveyor belt 
compared with other polymer materials (ACE, PPM, 
and PP) and 2 stainless steel belts (SSSL and SSBW). 
No difference (P > 0.05) on the number of attached 
bacteria was, however, noted among the 3 polymers 
ACE, PPM, and PP. Between the 2 stainless steel con-
veyor belts, higher (P < 0.05) mean numbers of Liste-
ria cells were found attached to SSBW at 8 h (2.6 cfu/
cm2), 12 h (2.5 cfu/cm2), 24 h (2.2 cfu/cm2), and 48 h 
(2.2 cfu/cm2) in contrast to SSSL. No difference (P > 
0.05) in the mean number of attached bacteria was not-
ed between SSBW and the 3 polymeric materials ACE, 
PPM, and PP over the 48-h period (Table 3). Weaker 
bacterial adhesion was exhibited by SSSL conveyor belt 
as shown by the lower (P < 0.05) mean number (Table 
3) of Listeria cells attached at 24 h (1.3 cfu/cm2) and 
48 h (0.4 cfu/cm2).

Attachment of Salmonella and Listeria  
to Soiled Conveyor Chips

Salmonella. Bacterial adhesion to 6 conveyor chips 
soiled with Salmonella-inoculated poultry rinse was 
monitored to determine the effects of food matrix on 
bacterial attachment. Over the 48-h period there was 

an increasing number of Salmonella cells found at-
tached to all types of soiled conveyor chips (Table 4). 
Between the soiled plastic and stainless steel conveyor 
chips, initial (1 h) mean number of attached Salmonella 
cells was lower (P < 0.05) on SSSL (0.4 cfu/cm2) and 
SSBW (0.4 cfu/cm2) than the plastic materials PUMP 
(0.8 cfu/cm2), ACE (1.0 cfu/cm2), PPM (1.0 cfu/cm2), 
and PP (0.7 cfu/cm2). A difference (P < 0.05) in the 
mean number of attached Salmonella was also observed 
between the 2 polymers (PUMP and PPM) and the 2 
stainless steel (SSSL and SSBW) conveyor chips at 6 h 
(1.3 and 1.1 vs. 0.5 and 0.5 cfu/cm2) and 12 h (1.1 and 
1.2 vs. 0.5 and 0.5 cfu/cm2). Likewise, differences (P < 
0.05) in the number of Salmonella cells attached were 
noted between the PPM and the 2 stainless chips at 12 
h (1.2 vs. 0.5 and 0.5 cfu/cm2), ACE and the 2 stain-
less chips at 24 h (1.9 vs. 1.2 and 1.2 cfu/cm2), and be-
tween the 2 polymeric materials (ACE and PPM) and 
SSSL chips at 48 h (2.6 and 2.4 vs. 1.3 cfu/cm2). No 
difference (P > 0.05), however, on the mean number of 
Salmonella cells was seen attached among the 4 soiled 
polymer chips (PUMP, ACE, PPM, and PP) over the 
48-h period. Between the 2 soiled stainless steel con-
veyor chips (SSSL and SSBW), no difference (P > 0.05) 
was noted at all sampling times (Table 4).

Listeria. In general, a higher (P < 0.05) mean num-
ber of Listeria cells was found attached to soiled plastic 
materials (PUMP, ACE, PPM, and PP) than stainless 
steel materials (SSSL and SSBW) over the 48-h period. 
Bacterial counts were minimal during the first 12 h 

Table 2. Mean log attachment of streptomycin-resistant Salmonella serovars to different types of conveyor belts over 48 h 

Belt type1

Mean (log cfu/cm2) and SD2

0 h 1 h 2 h 4 h 6 h 8 h 12 h 24 h 48 h

PUMP 3.5a ± 0.8 3.2ab ± 0.6 3.4a ± 0.5 3.6a ± 0.5 3.5a ± 0.3 3.5a ± 0.5 3.3a ± 0.1 2.9a ± 0.9 1.6a ± 0.6
ACE 2.7a ± 0.2 2.4ab ± 0.34 2.2b ± 0.1 1.9b ± 0.0 1.3bc ± 0.1 1.1b ± 0.1 0.5b ± 0.3 0b 0b

PPM 2.5a ± 0.1 2.4ab ± 0.1 1.8b ± 0.6 1.5b ± 0.4 1.4bc ± 0.5 1.2b ± 0.1 0.4b ± 0.3 0.3b ± 0.1 0b

PP 2.6a ± 0.2 2.7ab ± 0.2 2.2b ± 0.2 2.0b ± 0.1 1.4bc ± 0.3 1.2b ± 0.0 0.7b ± 0.3 0b 0b

SSSL 2.6a ± 0.1 2.3b ± 0.4 1.7b ± 0.2 1.4b ± 0.4 0.7c ± 0.2 1.0b ± 0.2 0.5b ± 0.3 0.3b ± 0.1 0b

SSBW 3.7a ± 0.1 3.5a ± 0.1 3.6a ± 0.4 2.6b ± 0.3 2.2b ± 0.2 1.6b ± 0.6 1.2b ± 0.7 1.9ab ± 1.1 0.9b ± 0.9
a–cMeans within a column with different superscripts differ (P < 0.05).
1PUMP, polyurethane with mono-polyester fabric; ACE, acetal; PPM, polypropylene-meshtop; PP = polypropylene; SSSL, stainless steel-single 

loop; SSBW, stainless steel-balance weave.
2Results are presented as the means of triplicate measurements followed by standard deviation.

Table 3. Mean log attachment of streptomycin-resistant Listeria monocytogenes to different types of conveyor belts over 48 h 

Belt type1

Mean (log cfu/cm2) and SD2

0 h 1 h 2 h 4 h 6 h 8 h 12 h 24 h 48 h

PUMP 4.2a ± 0.1 4.3a ± 0.0 4.3a ± 0.0 4.3a ± 0.0 4.0a ± 0.0 4.1a ± 0.0 4.0a ± 0.1 4.1a ± 0.1 4.2a ± 0.1
ACE 3.0b ± 0.1 3.0b ± 0.0 2.8b ± 0.1 2.5b ± 0.1 2.4b ± 0.0 2.4b ± 0.0 2.3bc ± 0.0 2.1b ± 0.4 1.8b ± 0.2
PPM 2.9b ± 0.1 2.7bc ± 0.1 2.4b ± 0.1 2.4b ± 0.2 2.4b ± 0.2 2.2bc ± 0.3 2.4bc ± 0.0 2.2b ± 0.1 1.8b ± 0.2
PP 2.7b ± 0.2 2.5bc ± 0.2 2.0b ± 0.6 2.3b ± 0.3 2.2b ± 0.4 2.6b ± 0.1 2.4b ± 0.3 2.7b ± 0.1 2.6b ± 0.2
SSSL 2.9b ± 0.3 2.3c ± 0.3 2.2b ± 0.6 2.2b ± 0.3 2.1b ± 0.4 1.1c ± 0.4 1.4c ± 0.6 1.3c ± 0.2 0.4c ± 0.4
SSBW 3.0b ± 0.0 2.8b ± 0.0 2.5b ± 0.3 2.8b ± 0.0 2.6b ± 0.0 2.6b ± 0.1 2.5b ± 0.1 2.2b ± 0.3 2.2b ± 0.3

a–cMeans within a column with different superscripts differ (P < 0.05).
1PUMP, polyurethane with mono-polyester fabric; ACE, acetal; PPM, polypropylene-meshtop; PP = polypropylene; SSSL, stainless steel-single 

loop; SSBW, stainless steel-balance weave.
2Results are presented as the means of triplicate measurements followed by standard deviation.
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(Table 5). No differences (P > 0.05) were observed at 
1, 6, and 12 h sampling points for all the soiled chips. 
Variation in Listeria counts was, however, seen at the 
onset of 24 h. The PUMP conveyor chip exhibited a 
higher (P < 0.05) number of adhered cells (1.9 cfu/
cm2) compared with other test materials, especially af-
ter 24 h of incubation time. Similarly, a difference (P < 
0.05) was observed between the 2 polymers (ACE and 
PPM) and the 2 stainless steel soiled chips. After 48 
h, no difference (P > 0.05) was observed on the mean 
number of Listeria cells attached to PUMP and the 
other 3 polymer chips (ACE, PPM, and PP), but the 
number (2.1 cfu/cm2) was higher (P < 0.05) in contrast 
to SSSL and SSBW soiled chips (0.4 and 0.7 cfu/cm2). 
Between the 2 stainless steel materials, no difference (P 
> 0.05) was seen in all sampling points (Table 5).

DISCUSSION
This study demonstrated the extent of pathogen at-

tachment to clean and soiled conveyor belts made from 
different materials. Bacterial attachment is a compli-
cated 2-step process that involves electrostatic forces, 
van der Waals forces, and hydrophobic interactions 
during a nonspecific initial step followed by the irre-
versible and specific attachment of cells to the surface 
with accompanying production of exopolysaccharides 
(such as cellulose for Salmonella) and or ligand that 

complex with the surface (Ledeboer and Jones, 2005; 
Bayoudh et al., 2006; Palmer et al., 2007). In general, 
polymeric materials used in our study have a stron-
ger affinity for Listeria and Salmonella cells. Conveyor 
belts manufactured from polyurethane with monopoly-
ester fabric (PUMP) attached a higher number of L. 
monocytogenes and Salmonella serovars than stainless 
steel conveyor belts (SSSL and SSBW) in both clean 
and soiled conditions. The PUMP conveyor belt exhib-
ited a higher number of attached Salmonella and Liste-
ria than the other 3 polymers (ACE, PPM, and PP) in 
clean surface conditions (Tables 2 and 3), but in soiled 
chips, Salmonella attachment did not differ among the 
4 polymeric materials (Table 4). Attachment of Listeria 
was, however, variable among the 4 soiled plastic con-
veyor belts (Table 5).

The differences in bacterial adhesion among the 6 
test materials most likely involved a multitude of fac-
tors, as reported by many authors, including the hy-
drophobicity and surface charge of the bacteria (Hyde 
et al., 1997; Sinde and Carballo, 2000; Bayoudh et al., 
2006; Oliveira et al., 2006; Chia et al., 2008), the sur-
face conditioning, mass transport, surface roughness, 
and surface microtopography (Palmer et al., 2007) and 
cellular structure such as flagella (Tresse et al., 2006). 
Hydrophobicity of the test organisms and the conveyor 
belts were not examined in our study, however, glass 
and stainless steel are generally considered hydrophilic 

Table 4. Mean log attachment of streptomycin-resistant Salmonella serovars to different types of 
conveyor chips soiled with poultry rinse over 48 h 

Belt type1

Mean (log cfu/cm2) and SD2

1 h 6 h 12 h 24 h 48 h

PUMP 0.8a ± 0.1 1.3a ± 0.1 1.1a ± 0.1 1.5ab ± 0.1 2.4ab ± 0.3
ACE 1.0a ± 0.0 0.9ab ± 0.4 0.9ab ± 0.2 1.9a ± 0.3 2.6a ± 0.3
PPM 1.0a ± 0.1 1.1a ± 0.1 1.2a ± 0.1 1.8ab ± 0.2 2.4a ± 0.5
PP 0.7a ± 0.1 0.8ab ± 0.2 1.1a ± 0.1 1.4ab ± 0.0 2.2ab ± 0.2
SSSL 0.4b ± 0.1 0.5b ± 0.1 0.5b ± 0.2 1.2b ± 0.3 1.3b ± 0.2
SSBW 0.4b ± 0.1 0.5b ± 0.0 0.5b ± 0.1 1.2b ± 0.0 1.6ab ± 0.1

a,bMeans within a column with different superscripts differ (P < 0.05).
1PUMP, polyurethane with mono-polyester fabric; ACE, acetal; PPM, polypropylene-meshtop; PP = polypro-

pylene; SSSL, stainless steel-single loop; SSBW, stainless steel-balance weave.
2Results are presented as the means of triplicate measurements followed by standard deviation.

Table 5. Mean log attachment of streptomycin-resistant Listeria monocytogenes to different types of 
conveyor chips soiled with poultry rinse over 48 h 

Belt type1

Mean (log cfu/cm2) and SD2

1 h 6 h 12 h 24 h 48 h

PUMP 0.3a ± 0.1 0.5a ± 0.0 0.8a ± 0.3 1.9a ± 0.1 2.1a ± 0.5
ACE 0a 0.6a ± 0.3 0.8a ± 0.1 1.2b ± 0.2 1.8a ± 0.6
PPM 0a 0.4a ± 0.1 0.1b ± 0.2 1.2b ± 0.4 2.0a ± 0.5
PP 0a 0.1a ± 0.2 0.1b ± 0.2 0.6bc ± 0.1 1.3ab ± 0.2
SSSL 0a 0a 0b 0.2c ± 0.2 0.7b ± 0.4
SSBW 0a 0.3a ± 0.3 0b 0.2c ± 0.1 0.4b ± 0.1

a–cMeans within a column with different superscripts differ (P < 0.05).
1PUMP, polyurethane with mono-polyester fabric; ACE, acetal; PPM, polypropylene-meshtop; PP = polypro-

pylene; SSSL, stainless steel-single loop; SSBW, stainless steel-balance weave.
2Results are presented as the means of triplicate measurements followed by standard deviation.
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materials, whereas rubber and plastic are hydropho-
bic materials. Salmonella and L. monocytogenes were 
reported to attach in higher numbers to more hydro-
phobic materials such as rubber and plastic (Sinde and 
Carballo, 2000). As confirmed in our findings, a higher 
mean number of Salmonella and L. monocytogenes were 
found attached to polymeric materials than stainless 
steel materials. Midelet and Carpentier (2002) also 
reported similar results for L. monocytogenes having 
weaker attachment strength to stainless steel compared 
with plastic materials.

Cellular surface hydrophobicity is another factor to 
consider. Chia et al. (2009) strongly suggested that 
adhesion of Salmonella is strain-dependent, whereas 
Tresse et al. (2007) found that intrinsic ability of L. 
monocytogenes to adhere to inert surface such as poly-
styrene and stainless steel surface is stronger than the 
physicochemical properties of the surface materials. 
Most Salmonella cell surfaces are hydrophobic (Ukuku 
and Fett, 2006). Cell surface hydrophobicity was highly 
correlated with the attachment strength of Salmonella, 
E. coli, and L. monocytogenes to the cantaloupe rind 
(Ukuku and Fett, 2002), but this may not be the same 
for abiotic surfaces like the various conveyor belt mate-
rials used in our study. Because mixed strains of either 
Salmonella or L. monocytogenes were used, the interac-
tion between the strains and how it affects their hy-
drophobicity before attachment is hard to conclude. In 
commercial poultry processing line, a complex array of 
different bacteria, including pathogenic strains, is likely 
to be present and bacterial attachment becomes more 
complicated. Our findings only confirmed that Salmo-
nella serovars and L. monocytogenes have variable abil-
ity to adhere to conveyor belts made from plastic and 
stainless steel materials. In a separate study (data not 
shown) a significant Listeria biofilm formation was ob-
served on the 4 polymeric materials compared with the 
2 stainless steel, confirming the previous findings that 
Listeria had stronger affinity to plastic conveyor belts. 
Similar to many studies (Hood and Zottolla, 1997; 
Smoot and Pierson, 1998; Beresford et al., 2001; Mide-
let and Carpentier, 2002; Oliveira et al., 2006; Tolvanén 
et al., 2007; Chia et al., 2009; Rodrigues et al., 2009), 
our findings showed the adhesion ability of Salmonella 
and Listeria to different surface materials at different 
degrees depending on the surface materials, its hydro-
phobicity, and surface roughness or finishes.

Surface conditioning and the availability of the nutri-
ents were also suspected to play important roles in the 
initial attachment process, as evident in the increasing 
number of bacterial count over the 48-h period (Table 
5). A different trend on bacterial attachment was seen 
between the clean and soiled conditions. Higher bacte-
rial counts were reported for Salmonella and Listeria in 
clean conveyor belts (Tables 3 and 4) than the soiled 
conveyor chips (Tables 4 and 5). Presence of organic 
molecules may alter the physicochemical properties 
of the surface with accompanying changes in surface 
free energy, hydrophobicity, and electrostatic charges, 

resulting in reduced bacterial attachment due to com-
petition for binding sites on the surface (Palmer et al., 
2007). In a polymer-based surface, bacterial adherence 
is a function of both surface finish and surface chem-
istry (Hyde et al., 1997) and those bacterial surface 
properties also affect cell attachment (Adetunji and 
Isola, 2011). When a surface becomes more hydropho-
bic due to surface conditioning, there is a decrease in 
microbial attachment (Zeraik and Nitschke, 2010). The 
presence of food matrix affects bacterial attachment. 
From our results, the population of Salmonella serovars 
decreased gradually over a period of 48 h (Table 2) due 
to unavailability of nutrients and onset of death phase, 
but the opposite trend was observed for soiled conveyor 
chips (Table 4) wherein bacterial population was in-
creasing. A similar trend in the number of attached L. 
monocytogenes was observed in both clean and soiled 
conveyor chips. However, high log numbers of Liste-
ria cells were still detected even after 48 h in most 
conveyor belts (Table 3) possibly because they are the 
persistent Listeria strains that can survive for a longer 
period of time and is subject for further study. The low 
and almost undetectable initial bacterial counts (Table 
5) can be attributed to the reduced attachment due to 
competition for binding sites but the increasing trend 
is most likely the effect of available nutrients necessary 
for bacterial growth.

In our study, the antimicrobial properties of the poly-
mers were not exactly known, but some polymers may 
have inherent antimicrobial properties based on their 
original structure (Munoz-Bonilla and Fernadez-Gar-
cia, 2011). The difference in bacterial attachment can 
be partly explained by the hardness of the material. 
The surface hardness of stainless steel is greater than 
the surface hardness of polymer materials, and simi-
lar to previous reports (Midelet and Carpentier, 2002; 
Tolvanén et al., 2007), our finding revealed that the at-
tachment of L. monocytogenes to stainless steel is weak-
er than it is to plastic materials. Conveyor belts consist 
of multiple parts and joints, and these factors were also 
suspected to affect the washing step and the bacterial 
enumeration. The stainless conveyor belts have min-
imal surface area for bacteria to attach whereas the 
plastic conveyor belts have more interlocking sections 
and more surface areas for bacteria to attach.

Several studies have been reported to explain bacte-
rial attachment to abiotic surfaces and the different fac-
tors affecting the adhesion process. Salmonella and Lis-
teria can attached to a wide range of contact surfaces 
and the consequential contamination and cross-contam-
ination of products still remains. Stainless steel showed 
weaker adhesion for bacteria and can be considered 
as the better type of conveyor belt to minimize cross-
contamination. Similarly, cleaning is more efficient on 
hard surfaces such as stainless steel than soft materials 
such as plastic (Tolvanén et al., 2007). For equipment 
manufacturers, the design stage and selection of ma-
terials should be considered, and for food processors, 
selection of appropriate materials to prevent unwanted 
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incidence of contamination and cross-contamination in 
the production is always a better option.
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