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ABSTRACT

T h is  s tu d y  w a s  c a rr ie d  o u t to  in v e s tig a te  th e  a ttach m en t 
c a p ^ i l i t i e s  o f  L is te r ia  m o n o c y to g e n e s  s tra in  ScoM A  to  s ta in less  
s te e l, g lass , p o ly p ro p y le n e , a n d  ru b b e r  su rfaces  a f te r  sh o rt co n tac t 
tim e s  a t a m b ie n t ( 2 0 C )  a n d  c o ld  s to ra g e  te m p e ra tu re s  (4 “C ) 
u s in g  sc a n n in g  e le c tro n  m ic ro sc o p y  tech n iq u e . S u rfa c e  en ergy  
v a lu e  o f  e a c h  su rfa c e  w a s  e s tim a te d  b y  c o n ta c t a n g le  m e a su re ­
m e n ts . A ll su rfa c e s  d isp la y e d  m an y  p o ss ib le  h a rb o ra g es  fo r  L . 
m o n o c y to g e n e s  a t ta c h m e n t. O u r  re su lts  in d ic a te d  th a t L . 
m o n o c y to g e n e s  c e lls  co u ld  a ttach  to  a ll su rfa c e  ty p es  a t bo th  

te m p e ra tu re s  a f te r  c o n ta c t tim e s  a s  sh o rt as 2 0  m in  o r  1 h. 
E x tra c e llu la r  m a te r ia ls  co u ld  b e  o b se rv e d  on  th e  su rfaces  e sp e ­
c ia lly  p o ly p ro p y le n e  an d  g la s s  in c u b a te d  at 4  an d  20°C  fo r  I h 
re sp e c tiv e ly .

Listeria monocytogenes is a potential human pathogen 
widely distributed in the environment (7). It represents a 
source of concern to the dairy industry because outbreaks 
of foodbome illness involving dairy products {4,5) such as 
pasteurized milk (10), soft Mexican-style cheese (IS), and 
ice cream ( i )  have been reported. The ability of L. 
monocytogenes to multiply at refrigeration temperatures 
also represents a source o f concern to public health. Cox 
et al. (7) showed that listeriae could be found in all types 
of food production environments. They were commonly 
found in drains from which they could be spread over 
floors and eventually to surfaces which may have direct 
contact with the food.

In natural ecosystems and under laboratory conditions, 
the ability o f bacteria to attach to substrates is a com­
monly observed phenomenon (6,13,1528,32). Microorga­
nisms attached to surfaces are important as a source of 
potential contamination for any material coming in con­
tact with the surfaces. The ability of attached bacteria to 
contaminate products can be a significant problem in such 
diverse industries as food processing plants and dairy farms. 
Equipment parts and food contact surfaces such as stain­
less steel, glass, polypropylene, and rubber are widely used 
in the food processing industry (27), but limited studies on

these surfaces have been reported (17). Scanning electron 
microscopy (SEM) has frequently been used to study the 
attachment of bacteria to inert surfaces (2022,27). The 
aim of the present study was to use scanning electron 
microscopy to investigate the attachment of L. monocytogenes 
to four milk contact surfaces (stainless steel, rubber, plas­
tic, and glass) at ambient and cold storage temperatures 
under short contact time conditions. In addition, the sur­
face energy values of the studies materials were estimated 
by contact angle measurements.

MATERIALS AND MBTHODS

O rg a n ism
L is te r ia  m o n o c y to g e n e s  s tra in  S co tt A  (a  c lin ica l iso la te ) 

w as o b ta in e d  f ro m  th e  co llec tio n  o f  E . P . E w an , L ab o ra to ry  
C e n te r, T u n n e y ’s  P astu re , O ttaw a , O n ta rio . B a c te ria  w ere  streak ed  
o n to  L is te r ia  p la tin g  m e d iu m  (L P M iC M  8 1 9 , O x o id , B a sin g ­
s to k e , E n g la n d )  w ith  10%  b o v in e  b lo o d  and  in cu b a ted  fo r  18-24 
h  a t  37®C. A  s in g le  c o lo n y  w as th en  p ick ed  and  in o cu la ted  in  a 
v ia l c o n ta in in g  5 m l o f  try p tic a se  so y  b ro th  (T S B rB B L , C ock- 
e y s v ille , M D ) w ith  1%  y e a s t e x tra c t (D ifco  L ab o ra to rie s , D e­
tro it, M I) an d  in c u b a te d  fo r  18-24 h  a t 37“C . A  v ia b le  co u n t w as 
d o n e  o n  e a c h  su sp e n s io n  (T S B -Y E ) u sed  in  th e  a tta c h m e n t test 
u s in g  s ta n d a rd  p la te  co u n t a g a r  (D ifco , D e tro it. M I) a s  d esc rib ed  
by  G illila n d  e t  a l. (1 6 ). T h e  to ta l p la te  c o u n ts  ro u tin e ly  m eas­
u red  w e re  o f  2  X 10* C F U /m l.

T e s t  su r fa ces
P o lish e d  s ta in le ss  s tee l p e n ic y lin d e rs  (typ)e 3 0 4 , S S -8 , f in ­

ish  N o . 4 , 8  m m  o u ts id e  d iam . (O D ), 6  m m  in s id e  d iam , (ID ), 
and  10 m m  len g th ; F ish e r  S c ien tific  C o ., P ittsb u rg h . P A ), g lass 
(b o ro s ilic a te )  c y lin d e rs  (8 m m  O D , 6  m m  ID , 10 m m  length; 
C o m in g  G la ss  W o rk s , N ew  Y o rk ), p o ly p ro p y le n e  c y lin d e rs  (8  

m m  ID , 5  m m  O D , 10 m m  leng th ; C a n la b  C o ., C a n ad a ), and  
d isk s  m a d e  o f  n itrile  ru b b e r  (15  m m  d ia m  an d  3 m m  th ick ) w ere  
u sed . R u b b e r  sa m p le s  w ere  m an u a lly  c u t f ro m  te a t cu p  in fla tion  
(A lfa  L av a l, P e te rb o ro u g h , O n t., C a n ad a ) w ith  a  d ie . A ll m a te ­
r ia ls  w ere  s im ila r  to  th o se  u sed  in  m ilk in g  in s ta lla tio n s  an d  food  
in d u str ie s . B e fo re  e a c h  te s t, th e  c y lin d e rs  (w ith  th e  ex cep tio n  o f  
ru b b er d isk s w h ich  w ere  sterilized  in d istilled  w ate r d ue  to form ation 
o f  p re c ip ita te  w ith  a sp a ra g in e  c o n ta c t)  w ere  p laced  in an a sp a ­
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ra g in e  so lu tio n  ^0 . 1 % ) fo r  a u to c la v in g  a t H l 'C  fo r  15 m ln  to 
p ro tec t th e m  a g a in s t o x id a tio n  a c c o rd in g  to  th e  A O A C  u se -d ilu -  
tion  m e th o d  (2 ).

S o ilin g  su r fa c e  p ro c e d u re s
S te r ile  c y lin d e rs  o f  s ta in le s s  s tee l an d  g la s s  a n d  ru b b e r  d isk s  

w e re  to ta lly  im m ersed , w h e re a s  f re e  f lo a tin g  p o ly p ro p y le n e  
c y lin d e rs  w ere  v e rtica lly  d ip p e d  in a  v ial c o n ta in in g  5  m l o f  
b a c te ria l su sp e n s io n  (T S B -Y E ) w ith  c o n ta c t tim e s  o f  2 0  m in  and
1 h a t  2 0 ^  an d  a  c o n ta c t tim e  o f  1 h a t 4°C . A f te r  th e  in cu b a tio n  
p e r io d , th e  c y lin d e rs  an d  d isk s  w e re  re m o v e d  a n d  d ra in e d  by 
h o ld in g  th em  v e rtica lly  a g a in s t s te r ile  f i lte r  p a p e r  (W h a tm an  
N o . 2 . 9  cm ). T h ey  w ere  m a n u a lly  r in se d  th re e  tim e s  fo r  1 m in  
e a c h  tim e  in 0.1 M  s te rile  c a c o d y la te  b u f fe r  (p H  7 .0 )  to  rem o v e  
u n a tta c h e d  o rg a n ism s  b e fo re  th e  c e lls  o n  th e  su rfa c e s  w e re  f ix ed  
fo r  sc a n n in g  e le c tro n  m ic ro sc o p y  o b se rv a tio n .

S c a n n in g  e le c tro n  m ic ro sc o p y
In p re lim in a ry  w o rk  c a rr ie d  o u t to  o b se rv e  th e  su rfa c e s  o f  

a ll fo u r  ty p e s  o f  m a te r ia l, th e  u n in o c u la te d  s te rile  su rfa c e s  w ere  
g o ld  c o a te d  o n ly . T h e  so ile d  su rfa c e s  (e x c e p t ru b b e r  d isk s  w h ich  
w e re  d e h y d ra te d  b y  d ry in g  a t 37°C  fo r  3 0  m in )  w ere  f ix e d  by 
im m e rs io n  in g lu ta ra ld e h y d e  (2 .5 %  v /v ) in  0.1 M  s te rile  c a ­
c o d y la te  b u ffe r , p H  7 .0 , fo r  4  h  an d  w a sh e d  tw ic e  in 0.1  M  
s te rile  c a c o d y la te  fo r  2 0  m in . P o s l- f ix a tio n  w a s  d o n e  in  o sm iu m  
te tro x id e  (2 %  w /v )  in s te rile  c a c o d y la te  b u ffe r  fo r  3 0  m in  at 
2 l° C , an d  d e h y d ra tio n  th ro u g h  an  a sc e n d in g  se rie s  o f  ace to n e  
c o n c e n tra tio n  (1 0 % , 3 0 % , 5 0 % , 7 0 % , 9 0 % . an d  f in a lly  th ree  
tim e s  w ith  100% ) w as c a rr ie d  fo r  15 m in  a t e a c h  ste p . D e h y d ra ­
tio n  w as c o m p le te d  u s in g  C O ^ in  a  c r itic a l p o in t d ry e r  (M o d el 
E  3 0 0 0  C P D , B io -R a d , P o la ro n  E q u ip m e n t L td ., W a tfo rd  H e rt­
fo rd sh ire , E n g land). S p ec im en s w ere  m o u n ted  on  stu b s an d  covered  
w ith  15 n m  o f  g o ld  u s in g  a  sp u tte r  c o a te r  (E m sc o p e , B io -R ad ). 
A  N a n o la b  L E  2 1 0 0  (V ic k e rs  In s tru m e n ts , B a u sch  an d  L o m b  
L td ., O n ta rio , C a n a d a )  sc a n n in g  e le c tro n  microscop>e o p e ra tin g  
at 15 k V  w as u se d  to  e x a m in e  th e  fo o d  c o n ta c t su rfaces .

C o n ta c t a n g le  m e a su re m e n ts
T h e  sa m e  c o m m e rc ia l a v a ila b le  su rfa c e s  su c h  a s  s ta in le ss  

s te e l, g la ss , p o ly p ro p y le n e , an d  ru b b e r, d e sc rib e d  ab o v e , w ere  
u sed  th ro u g h o u t th e  c o n ta c t a n g le  m easu re m e n ts .

F o llo w in g  s te riliz a tio n , th e  su rfa c e s  w ere  a se p tic a lly  re ­
m o v e d  an d  d e h y d ra te d  in s te r ile  p e tr i d ish e s  m a tte d  w ith  tw o  
la y e rs  o f  W h a tm a n  N o . 2  f i lte r  p ap e r. T h e re a fte r , th e y  w ere  
d r ie d  in a  d e s ic c a to r  c o n ta in in g  d rie rite  (H a m m o n d  D rie rite  C o .. 
O H ) fo r  2 4  h to  re d u c e  p o ss ib le  su rfa c e  m o is tu re .

T h e  d r ie d  su rfa c e s  w ere  p o sitio n e d  o n  a  m ic ro sc o p e  s ta g e  
fo r  c o n ta c t a n g le  m easu re m e n ts . A  m ic ro -sy rin g e  (C h ro m a to g ra ­
p h ic  S p e c ia litie s  In c ., B ro ck v ille , O n t., C a n a d a ), a t th e  e x tre m ­
ity  o f  w h ic h  a  sq u a re -c u t T e fio n  tip  w as f itte d , w as u se d  to  p lace  
d ro p s  (1 f il)  o f  d e io n iz e d  w a te r  o r  a -b ro m o n a p h ta le n e  (A ld rich  
C h e m ica l C o . Inc ., M ilw a u k ee , W I) o n  so lid  su rfaces . T h e  co n tac t 
an g le  w a s  m e a su re d  w ith in  S s  u s in g  a  g o n io m e te r  in c o n ju n c ­
tio n  w ith  a  100 X te le sc o p e  (G a e rm e r  S c ie n tific  C o ip ., C h ica g o , 
IL ) and  e s tim a te d  w ith in  +  <  2°. In  a il c a se s , each  c o n ta c t an g le  
rep o rted  in  th e  p re se n t s tu d y  w as th e  a v e ra g e  fro m  a t leas t f iv e  
m e a su re m e n ts . A t leas t 4 0  m e a su re m e n ts  w e re  ta k e n  w ith  bo th  
w e ttin g  agen ts .

F o r  th e  s tu d ie d  su rfa c e s , th e  to ta l su rfa c e  en e rg y  (yT O T ) 
an d  th e  L ifsh itz -V an  d e r  W aa ls  (L W ) an d  th e  sh o rt ra n g e  (S R ) 
hydro g en  bo n d in g  co m p o n en ts  o f  su rface  en erg y  h av e  been  deriv ed  
f ro m  c o n ta c t an g le  d e te rm in a tio n s  w ith  w a te r  an d  a -b ro m o n a p h -  
th a le n e  and  w ith  th e  h e lp  o f  an  e x te n d e d  Y o u n g  e q u a tio n  (3J) .

R E S U L T S

Scanning electron microscopy (SEM) examination of 
two nonporous surfaces (stainless steel and glass) and two 
porous surfaces (polypropylene and rubber) are shown in 
Fig. 1 A.B,C. and D, respectively. Evaluation o f these 
surfaces with SEM reveals that the glass surface (Fig. IB) 
is smoother than the others, whereas the stainless steel 
surface is often marked by grooves and crevices (Fig. lA). 
Nevertheless, the glass surface may possess scratches and 
depressions (Fig. IB) in which bacteria might be harbored. 
The polypropylene surface is smooth but some particles 
and small holes appear to be encrusted into the surface 
(Fig. 1,2-30). The rubber has a surface in which deep 
holes, crevices, and particles are observed (Fig. I-4D).

Table I shows the surface energy values of the four 
studies surfaces estimated by contact angle measurements

F ig u re  1. S c a n n in g  e le c tro n  p h o to m ic ro g ra p h  o f  n ew  f o o d  c o n ­
ta c t  su r fa c e s . (A )  s ta in le s s  s te e l, (B )  g la ss , (C ) p o ly p ro p y le n e , 
(D )  ru b b e r . B a r:  5

using water and a-bromonaphthalene. The difference between 
the flat surfaces and the penicylinders in terms of total 
surface energy values was relatively low (data not shown). 
Rubber and polypropylene were low energy surfaces as 
compared to stainless steel and glass. However, the Lifshitz- 
Van der Waals (LW) contributions of the stainless steel, 
glass, and polypropylene surfaces were similar, whereas 
the short range hydrogen bonding components (SR) of the 
stainless steel and glass surfaces were very high as com­
pared to those of polypropylene and rubber.

Figures 2-4 are electron micrographs o f contact time 
experiments at ambient (20®C) and cold storage tempera­
tures (4'<I!) in which L. monocytogenes strain Scott A was 
allowed to attach to stainless steel, glass, polypropylene, 
and rubber surfaces. SEM examination revealed that L. 
monocytogenes could attach to both porous and nonporous



T A B L E  1. C o n ta c t a n g le s  a n d  su r fa c e  e n e rg y  o f  th e  u se d  sur-

Contact angle, degree Surface energy.

Water
a -
bromonaphthalene .yLW yTO T

• S u rfa c e S D ' SD
•  S ta in le ss  steel

p en i-
c y lin d e r 5 8 .2 L5 2 1 . 2 1 . 0 15.3 3 5 .0 5 0 .3

G lass
c y lin d e r 64.1 4 .6 27.1 3 .6 12.4 3 3 .9 4 6 .3

P o ly p ro p y le n e  
c y lin d e r  8 9 .9 0 . 8 2 0 . 6 2 .9 0 .9 3 9 .9 4 0 .9

R u b b e r
d isk 106 .0 2 .7 2 5 .2 1.5 0 .3 23 .8 24.1

'S D : S ta n d a rd  d ev ia tio n .

F ig u re  2 . S c a n n in g  e le c tro n  p h o to m ic ro g ra p h  o f  L is te r ia  m o n o ­
c y to g e n e s  S c o tt  A  c e lls  a t ta c h e d  to  (A )  s ta in le s s . (B )  g la ss . (C )  
p o ly p r o p y le n e , a n d  (D ) ru b b e r  a fte r  2 0  m in  o f  c o n ta c t tim e  a t  
2 0 ‘C . B a r:  3  \im .

!• ■ > '

F ig u re  3 . S c a n n in g  e le c tro n  p h o to m ic r o g ra p h  o f  L is te r ia  m o n o ­
cy to g e n e s  S c o tt  A  c e lls  a t ta c h e d  to  (A ) s ta in le s s  s te e l, (B ) g la ss , 
(C )  p o ly p ro p y le n e , a n d  (D )  ru b b e r  a fte r  I  h  o f  c o n ta c t tim e  a t  
2 0 °C . B a r :  3  \un .

F ig u re  4 . S c a n n in g  e le c tro n  p h o to m ic ro g ra p h  o f  L is te ria  m o n o ­
c y to g e n e s  S c o tt  A  c e lls  a tta c h e d  to  (A ) s ta in le s s  s te e l, (B ) g lass , 
(C ) p o ly p r o p y le n e , a n d  (D ) ru b b e r  a f te r  I  h  o f  c o n ta c t t im e  a t  
4 °C . B a r:  3  ]im.

surfaces after short contact times (Fig. 2-4). The grooves 
and crevices o f stainless steel and rubber surfaces appeared 
large enough to fit L. monocytogenes ceils (Fig. 2-4A and
D).

At ambient temperature, attachment o f few L. 
monocytogenes cells to the surfaces was observed after 20 
min (Fig. 2). Under this incubation condition, single cells 
were observed to be attached to all surfaces without the 
aid of visible fibrils or extracellular materials. After a 
contact time of 1 h at 20°C (Fig. 3), extracellular materials 
appeared to surround L. monocytogenes cells attached to 
the glass surface (Fig. 3B).

At 4®C for 1 h, it is interesting to note that the pres­
ence of extracellular materials surrounding L. monocytogenes 
cells attached to glass and polypropylene surfaces was also 
observed (Fig. 4B and C).

D IS C U S S IO N

Deposition of bacterial cells onto solid surfaces may 
result in proliferation and subsequent colonization of these 
surfaces under favorable conditions. In the present study, 
SEM examination has demonstrated that L. monocytogenes 
strain Scott A could attach to surfaces after contact times 
as short as 20 min or 1 h at ambient and cold storage 
temperatures, respectively. Surface irregularities were 
observed (Fig. 1) and physical entrapment of bacteria in 
the harborage of the surfaces would seem to enhance 
attachment. However, no correlation was found between 
the surface irregularities of material and the ability of L. 
monocytogenes to attach to that particular surface.

The attachment o f L. monocytogenes cells to 
stainless steel, glass, polypropylene, and rubber surfaces 
did not show an increasing trend with longer contact times 
(20 min versus 1 h), but the presence of extracellular ma­
terials surrounding attached cells to surfaces such as glass,



polypropyi^ne, and rubber was observed after a contact 
time of 1 h at both temperatures. Our results appear to be 
in agreement with the findings of previous studies on bac­
terial attachment. Gelinas and Goulet (75) found that Pseudo­
monas aeruginosa could attach to stainless steel, alumi­
num, and polypropylene after 15 min. In addition, these 
authors noted that the presence of extracellular materials 
was observed between attached cells to polypropylene after 
contact limes of 1 and 3 h. Costerton et al. (6) stated that 
many bacterial cells, in their competitive environment, secrete 
a long polysaccharide fiber which serves in attaching the 
organisms to a surface. Some strains o f L. monocytogenes 
were reported to possess a polysaccharide capsule that may 
be related to virulence (26). It was demonstrated that a 
primary acidic polysaccharide may be responsible for initial 
bacterial adhesion and that a secondary fibrous acidic 
polysaccharide may probably appear from it after initial 
attachment (13).

It is also possible that the fibrillar appearance of 
extracellular polymer produced by surface-associated bacteria 
may be attributed to condensation and chemical denatura- 
tion during specimen preparation before examination by 
SEM (27). More specially, Fraser and Gilmour (14) have 
attributed fibril formation to the ethanol dehydration stage 
of the SEM chemical preparation procedure. Thus, the 
extracellular material observed at 4  and 20°C may be the 
result of chemical dehydration, but it is also possible that 
the polymeric materials played some role in the attach­
ment of L. monocytogenes to the surfaces. In addition, 
Fletcher (77) indicated that fibrils may be beneficial to the 
cells by increasing contact with the surface by overcoming 
any electrostatic repulsion force with their kinetic energy.

Herald and Zottola (17) and Mustapha and Liewen 
(24) found that L. monocytogenes strains could produce 
vast amounts of polymeric materials when adhering to 
stainless steel surfaces during longer incubation times than 
those studied in this work. Moreover, Herald and Zottola 
(77) noted that extracellular materials were observed only 
at 21®C and not at 35 or IO“C. Our results showing that L. 
monocytogenes could produce polymeric materials at 4“C 
is in agreement with Stone and Zottola (29) who reported 
that the formation o f attachment fibrils by Pseudomonas 
fragi was not affected at 4®C. Costerton et al. (6) noted 
that the polysaccharide fiber may act as protector of the 
cells from outside stress such as cold temperatures.

Extracellular materials which may be neutral or nega­
tively charged polysaccharides may adsorb to the surface 
to form a polymer bridge or increase the tendency o f some 
bacteria to attach by reducing electrostatic repulsions between 
an organism and a surface (79). In several studies the 
adhesive property of various inert surfaces for microor­
ganisms and the nature of the contact to these surfaces 
have been investigated. Many authors have reported that 
the ability of a surface to absorb macromolecules is re­
lated to surface tension, surface charge, and various other 
physical factors such as pH (8,9,12,23,25). These factors 
can affect the rate o f bacterial attachment.

Surface charge depends upon the aqueous environ­

ment as well as the material of the solid. However, in 
practice, the electrostatic force tends to become negligible 
for the adhesion of particles to surfaces in the presence of 
a liquid medium because of the enhanced dielectric con- ^  
stant of the liquid medium and the adsorption phenomena  ̂
involved which tend to shield the charge of the adherents V 
(30). Hence, factors other than the surface charge of the 
studied materials might be responsible for attachment of 
L. monocytogenes cells.

The results from this work have shown that L. 
monocytogenes strain Scott A can attach to four surfaces 
after short contact times at ambient and cold storage 
tem pera tu res . The a ttachm en t m echanism  o f  L. 
monocytogenes is not yet known although attachment 
capabilities may be associated with the presence of ex­
tracellular materials. Nevertheless, attachment of L. 
monocytogenes may also be affected by the intrinsic 
properties of the surface.

Interfacial forces may be important factors involved 
in attachment of L. monocytogenes cells. Interfacial prop­
erties of surfaces estimated by contact angle measurements 
indicate that rubber disks were the lowest energy surfaces, 
whereas stainless steel penicylinders were the highest (Table
1). Absolom et al. (7) noted that bacterial adhesion is 
more extensive to hydrophobic surfaces of relatively low 
surface energy than to hydrophilic when the surface ten­
sion of the suspending medium is larger than that of bacteria. 
These authors have shown that the surface energy o f L. 
monocytogenes was slightly lower than that of water (66.3 
mJ.m^).

The attachment capabilities of L. monocytogenes 
observed in this study are leading us to the investigation 
of the efficacy of sanitizers used in the food industry to 
achieve the destruction of any attached Listeria cells.
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