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SANITIZER EFFICACY AGAINST BACTERIA ATTACHED TO SYNTHETIC 
MEAT PROCESSING SURFACES 

ABSTRACT 

The effectiveness of selected sanitizers against 

bacteria attached to synthetic meat processing surfaces was 

determined. In initial experiments, in vitro suspensions of 

Shw. putrefaciens, P. fragi, S. typhimurium, and L. 

monocytogenes were challenged with sanitizers according to 

the AOAC Germicidal and Detergent Sanitizer Test (GDST). 

Germicides employed were chlorine (200 ppm), iodophor (25 

ppm), quaternary ammonium compound and phosphoric acid (200 

ppm), and peracetic acid (185 ppm). In subsequent studies, 

the same sanitizers were tested against bacteria attached to 

polyvinyl chloride, polyurethane, and high density 

polyethylene surfaces. Test surfaces in sterile poultry 

slurries were inoculated with bacterial cultures, agitated 

(100 rpm) for 2 hr at 18°C, and then incubated for 22-28 hr 

at 26°C (Shw. putrefaciens and P. fragi) or 37°C (S. 

typhimurium and L. monocytogenes). Scanning electron 

microscopy (SEM) was employed to determine microbial-surface 

interactions. Attached organisms remaining on surfaces after 

vortexing were challenged with germicides. In some cases, 

surfaces were treated with detergents before applying 

Sanitizers. Impedance microbiology was used to estimate 

surviving bacterial populations remaining after chemical 

treatments. All test sanitizers reduced levels of suspended 

bacterial cultures >5 logs after 30 sec, and thus, were 

deemed acceptable according to GDST guidelines. From SEM



micrographs, the 22-28 hr surface biofilms of Shw. 

putrefaciens, S. typhimurium, and L. monocytogenes could be 

characterized as single adherent cells or cell monolayers. 

Conversely, the P. fragi biofilm occurred as cell aggregates 

or microcolonies. Although sanitizers were effective 

according to GDST results, in many instances, attachment to 

surfaces increased bacterial resistance to germicidal agents 

(a 5 log reduction was not observed even after 1 min of 

chemical exposure). Peracetic acid, overall, was the most 

effective sanitizer in reducing levels of attached bacteria. 

Where resistance to other germicides could be observed for up 

to 20 min, peracetic acid typically eliminated biofilm 

populations after 1 min. Treatment of surfaces with 

detergents and then sanitizers led to more effective 

reductions of attached bacteria. The extensive fibril 

production by attached S. typhimurium (versus other attached 

organisms in this research) may explain the greater overall 

sanitizer resistance of this organism as compared to other 

test bacteria. However, higher initial numbers of surface 

bacteria (time 0) may have been the reason for greater 

sanitizer resistance (higher survivor levels) in some 

experiments. It is hoped that results of this study can aid 

processors in developing sanitizer schemes to minimize 

processing surface contamination with organisms of quality 

and safety concern.
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JUSTIFICATION 

The impact of microbial adhesion has been acknowledged 

in marine environments (Marshall et al., 1971a; Marshall et 

al., 1971b; Fletcher and Floodgate, 1973), wastewater/sewage 

treatment (Tomlinson and Snaddon, 1966), fermentation 

(Atkinson and Fowler, 1974), tissue infection (Woods et. al., 

1980; Freter and Jones, 1983), oral microbiology (Gibbons and 

Van Houte, 1975; Costerton et al., 1978), heat transfer unit 

technology (Characklis, 1981a), and food processing 

(Notermans and Kampelmacher, 1974; Thomas and McMeekin 1981; 

Zoltai et al., 1981; Stone and Zottola, 1985; Mafu et al., 

1990a). Consequently, several scientific disciplines, 

including microbiology, physical chemistry, engineering, cell 

biology, and medical technology have investigated the 

properties of attached microorganisms (sometimes referred to 

as biofilms). 

Early studies such as those conducted by Henrici and 

Johnson (1935) and zZobell (1943) described the attachment of 

aquatic microorganisms to solid surfaces and laid the 

foundation for microbial biofilm research. Following this 

pioneering work, much of the initial experimentation on 

microbial adhesion flourished in the fields of marine, 

medical, and oral microbiology. In the mid 1970's, food 

microbiologists began to examine the phenomenon. Researchers 

investigated the development of biofilms on animal tissues



(e.g., poultry skin and beef) and food-contact surfaces 

(e.g., stainless steel). 

The formation of biofilms on food-contact surfaces has 

become a considerable concern to the food processing 

industry. Microorganisms attached to these substrata are a 

potential source of contamination to food products (Zottola, 

1991; Dunsmore et al., 1981). 

Proper sanitation plays a major role in maintaining the 

safety and quality of processed foods. Appropriate use of 

sanitizing agents can reduce the incidence of spoilage and 

pathogenic microorganisms on equipment surfaces, and 

therefore, improve the shelf-life and safety of processed 

products. Studies, however, have indicated that conventional 

cleaning and sanitizing procedures may not adequately control 

microbial biofilms (LeChavallier et al., 1988; Mustapha and 

Liewen 1989; Frank and Koffi, 1990; Krysinski et al., 1992; 

Mosteller and Bishop, 1993). Bacteria attached to synthetic 

polymer surfaces used in poultry and meat processing may have 

an increased resistance to germicides. Experimentation is 

required to determine the nature of biofilm development on 

such surfaces and the degree of sanitizer resistance afforded 

any attached microorganisms.



LITERATURE REVIEW 

BIOFILMS 

If microbial adhesion to a solid substrate is extensive 

enough, a slime or biofilm can develop. In nature, biofilms 

can be characterized as complex systems in which the number 

of organisms, the type of microbial species, and the extent 

of microbial interaction will depend upon where the biofilm 

developed (Kent, 1988). Any changes in the surrounding 

environment are typically reflected in the composition of the 

biofilm. 

Biofilms may be quite diverse, containing a variety of 

organisms such as bacteria, aquatic fungi, protozoa, and 

algae (Kent and Duddridge, 1981) or they may simply contain 

one organism type, such as bacteria. Bacterial biofilms are 

the ones of primary interest to the food processing industry. 

Zottola (1991) described these as microcolonies of bacteria 

closely associated with an inert surface and attached to it 

by a matrix of complex polysaccharide material. The matrix 

may also contain entrapped debris or nutrients. 

Jones (1977) proposed that bacterial adhesion is an 

initial event in the colonization of a habitat, and the 

mechanism by which organisms attach to surfaces is of 

ecological importance. Consequently, it appears that 

microorganisms can use attachment to gain a survival or 

proliferation advantage.



Costerton et al. (1978) found that some bacteria attach 

to surfaces by producing a mass of tangled polysaccharide 

fibers known as a "glycocalyx". It was postulated that the 

glycocalyx could channel nutrients to organisms while 

allowing release of toxins and enzymes. Flexibacter, a 

gliding bacterium, produces an extracellular slime that 

permits lateral migration of this organism across surfaces 

(Humphrey et al., 1979). 

Streptococcus mutans can synthesize an insoluble glucan 

on dental enamel that allows this bacterium to firmly adhere 

to teeth (Costerton et al., 1978). S. mutans utilizes the 

fructose monomers from sucrose disaccharides for energy 

requirements and the glucose monomers as building units for 

the glucan polymer. Iron-oxidizing bacteria such as those of 

the genera Gallionella and Sphaerotilus can create biofilms 

on metal surfaces and, if oxygen is depleted, cause corrosion 

by creating differential oxygen cells at the surface (Kent, 

1988). 

Microbial Attachment to Inert Surfaces 

Microbial attachment to surfaces (or biofilm 

development) can occur both in still fluids and in dynamic 

flow systems (Stone and Zottola, 1985; Kent, 1988). It isa 

very complex phenomenon, and typically, it is influenced by a 

number of factors. Characklis (1981a) suggested that



microbial biofilms in a turbulent flow system evolve in the 

following manner: 1) adsorption of organic material to a 

wetted surface, 2) transport of microorganisms to the wetted 

surface, 3) attachment of microorganisms to the surface, 4) 

metabolism and growth of attached microorganisms, 5) 

detachment or reentrainment of the biofilm by fluid shear 

stress. Except for the final step, one can assume that 

biofilm development occurs much in the same way in less 

dynamic or stationary systems. 

The above sequence of biofilm formation was proposed by 

Characklis (1981a) for substrata exposed to microorganisms 

that reside in aquatic environments (e.g., heat exchangers). 

However, a Similar type of biofilm synthesis probably occurs 

in some food processing systems (e.g., milk pipelines). 

Creation of biofilms on non-liquid or non-flowing food 

processing surfaces (e.g., conveyer belting) probably 

features some of the same characteristics of dynamic systems, 

except that solid product contact dictates transfer of 

microorganisms to and from a surface. Some of the factors 

affecting microbial adhesion to surfaces are discussed below. 

Adsorption of Organic Substances to Surfaces Generally, 

within a few minutes of exposure to natural waters containing 

low concentrations of nutrients, a surface will adsorb a 

monolayer of organic molecules (Kent, 1988). Characklis



(1983) indicated that this film is no more than 0.1 pm thick. 

Nevertheless, the absorbed layer of organics influences the 

substratum enough to alter many of its properties such as 

wettability and surface charge (Baier, 1970). As a result, 

the altered or "conditioned" surface determines to a greater 

degree the type and extent of microbial interaction that will 

occur versus the original or clean surface. 

Transport of Microorganisms to Surfaces In order for 

microbial adhesion to occur, organisms must be transported 

from a suspension to a surface. Once in close proximity of a 

surface, repulsive forces must be overcome to allow more 

intimate contact between an organism and a substratum 

(Marshall et al., 1971b; Harbron and Kent, 1988). 

For particles of bacterial size (0.2 to several um in 

length), mechanisms of transport to surfaces include fluid 

flow forces, Brownian motion, chemotaxis, sedimentation, and 

cell surface hydrophobicity (Marshall, 1985; Harbron and 

Kent, 1988). Under turbulent conditions, fluid dynamic 

forces are chiefly responsible for particle transport to 

surfaces, whereas in still or low-shear systems the other 

aforementioned mechanisms (e.g., such as chemotaxis) play a 

more significant role.



1. Fluid Flow Forces Fluid flow forces can be 

characterized in terms of drag, inertia, lift, drainage, or 

downsweeps (Kent, 1988). In turbulent flow, eddy diffusion 

(a minor counter-flow within a major current) disperses cells 

within the turbulent flow core and propels them into the 

viscous sublayer, a zone of relatively still fluid existing 

near the solid surface (Marshall, 1985). Organisms must 

penetrate this sublayer in order to be deposited onto solid 

surfaces. 

Frictional drag forces impede bacteria as they approach 

the surface; however, since these organisms are small and 

their density is similar to that of water, inertial and lift 

forces have little effect (Kent, 1988). Nevertheless, if 

bacteria are traveling faster than the fluid in the region of 

the surface, lift forces may direct bacteria toward the 

surface (Characklis, 1981a). Drainage forces generally tend 

to repel bacteria from a surface (Kent, 1988). 

Once in the viscous sublayer, the most important 

mechanism directing organisms to the surface are the 

Gownsweeps of fluid from the turbulent core (Kent, 1988; 

Marshall 1985). 

2. Brownian Motion Brownian motion is a peculiar 

dancing motion exhibited by a suspension of finely divided 

particles or bacteria as they are being bombarded by fluid



molecules (Pelczar et al., 1986). Under turbulent flow 

conditions, Brownian motion probably exerts little role in 

the transport of bacteria; nevertheless, it may be a 

significant form of transport within the viscous sublayer 

(Characklis, 1981a). 

3. Sedimentation This process is only significant in 

low-shear systems with relatively large particles (i.e. very 

large microbes or aggregates of normal size bacteria). 

Sedimentation is unlikely to influence bacterial attachment 

in turbulent flow conditions (Characklis, 1981a). 

4. Chemotaxis Chemotaxis is the movement of an 

organism toward or away from a chemical (Hazelbauer and 

Parkinson, 1977; Brock and Madigan, 1988). Many bacteria are 

motile by the propulsive action of flagella. Asa 

consequence, flagellated organisms display a positive 

chemotactic response to certain nutrient sources and a 

negative chemotactic response to harmful chemicals (Brock and 

Madigan, 1988). 

Zobell (1943) indicated that nutrients could accumulate 

at surfaces. Therefore, it would appear that motile cells 

could respond to nutrient gradients at surfaces faster than 

non-motile cells and possibly adhere more rapidly and in 

greater numbers. Chemotaxis probably does not play a major



role in turbulent flow conditions (Characklis, 1981a), but it 

may be significant in transporting bacteria through the 

viscous sublayer (Characklis, 1981b). 

5. Cell Surface Hydrophobicity Marshall and 

Cruickshank (1973) demonstrated that bacteria could orient 

themselves perpendicularly to the non-aqueous interface of 

air-water, oil-water, and solid-water systems. Moreover, 

cells formed rosettes in aqueous phases; a process similar to 

micelle production in surfactant solutions. These 

observations suggested that bacterial cells are hydrophobic 

and may be rejected from suspensions and attracted towards 

nonaqueous phases, such as a solid surfaces. Therefore, 

hydrophobicity may be a mechanism influencing transport of 

bacteria to surfaces. 

Topography of Attachment Surface Surface texture appears 

to be a chief factor influencing the degree of 

microbial/surface interaction. Dunsmore et al. (1981) 

indicated that the physical nature (e.g., porosity, surface 

finish, and hardness) of a substrate is an important factor 

affecting soil accumulation. These researchers reported ten 

times more soil on rubber than on smoother glass or stainless 

steel surfaces. Thus, it can be inferred that crevices on



rubber that accumulate soil can also provide refuge for 

bacteria. 

Gaspar-Rolle (1991) observed greater levels of P. fragqi 

attached to buna-N rubber than to teflon. This worker 

postulated that the irregular topography of rubber provided 

more harborages for microbial entrapment versus the smoother 

teflon surface. Lewis and Gilmour (1987) also found higher 

numbers of attached mesophilic and psychrotrophic bacteria on 

rubber than on stainless steel, but the difference was not 

statistically significant. 

Although Mafu et al. (1990a) found no correlation 

between surface conditions (irregularities) and the ability 

of Listeria monocytogenes to attach to a surface, scanning 

electron micrographs generally revealed that this bacterium 

adhered in higher numbers to rougher rubber and stainless 

steel surfaces than to smoother glass and polypropylene 

surfaces. However, it is not known if the micrographs were 

truly representitive of the bacterial surface population. 

Physicochemical Aspects Bacteria, as well as most natural 

surfaces, are negatively charged (Harbron and Kent, 1988). A 

counterbalance of such charges occurs in aquatic environments 

due to the presence of oppositely charged ions. These ions 

are loosely attracted to surfaces to create a diffuse double 

layer of ions (Rutter and Vincent, 1984; Marshall, 1985). 

10



When two negatively charged bodies are in close 

proximity, they may be either attracted to or repelled by 

each other. The thickness of the double layer of ions 

determines if attraction or repulsion between the charged 

bodies will occur. Valency and concentration of counter-ions 

dictate how thick the double layer will be (Marshall, 1985). 

Long-range forces are evident in the initial stages of 

microbial adhesion. In the absence of steric forces, long- 

range interaction between two surfaces charged alike include 

London-van der Waals and electrostatic forces (Rutter and 

Vincent, 1984; Harbron and Kent, 1988). 

1. Long-Range Forces The Derjagouin-Landau-Verwey- 

Overbeek (DLVO) or colloidal stability theory considers the 

interaction of London-van der Waals and electrostatic forces 

that occurs between two particles of similar charge (Jones, 

1977). It relates the stability of colloidal dispersions to 

the total potential energy of interaction. Total interaction 

energy is the sum of two terms: one term is due to London-van 

der Waals forces (dispersion forces) and the other is 

attributable to the overlap of double layers (electrostatic 

repulsion) associated with the charged surfaces (Harbron and 

Kent, 1988). 

Since bacteria may be characterized as "living colloidal 

particles," bacterial association with surfaces may be 

11



explained somewhat by the DLVO theory. However, the presence 

of steric forces as a result of organic materials adsorbing 

to inert surfaces complicates attempts to understand 

attachment solely by London-van der Waals and electrostatic 

forces. As a result, it would seem that in most natural 

environments that the DLVO theory fails to fully explain 

long-range interactions between cells and a "conditioned" 

(organically soiled) surface. 

2. Short-Range Forces If long-range forces allow a 

microorganism to come close enough to a surface, short-range 

forces can take effect in the attachment process. Short- 

range forces may be divided into three categories: 1) 

chemical bonds, such as electrostatic, covalent, and hydrogen 

bonds; 2) dipole interactions, such as dipole-dipole, dipole- 

induced dipole, and ion-dipole interactions; 3) and solvation 

forces, including hydration forces and hydrophobic bonding 

(Tadros, 1980). 

The above forces become evident in microbial adhesion 

when external structures such as pili, fimbriae, flagella, 

and extracellular polymers are present. Such polymeric 

components, in some instances, are thought to allow firm 

anchorage of cells to surfaces (Zobell, 1943; Marshall et 

al., 1971b; Piette and Idziak, 1991). Extracellular 

structures will be further addressed as a separate topic. 
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3. Surface Free Energy Surface free energy (surface 

tension) has been used to describe microbial adhesion 

(Fletcher and Loeb, 1979; Absolom et al., 1983; Busscher et 

al., 1984; Mafu et al., 1991a). According to a thermodynamic 

model (Absolom et al. 1983), microbial adhesion will be 

favored if the process itself causes the free energy to 

decrease. For systems where the effect of electrical charges 

and specific biochemical interactions (e.g., receptor-ligand) 

are ignored, the change in the free energy function (F,;,) may 

be described by: 

Fin = yobs - ybl - ysl 

where F,, is the free energy of adhesion, ybs is the 

bacterium-surface interfacial free energy, ybl is the 

bacterium-liquid interfacial free energy, and ysl is the 

surface-liquid interfacial free energy. The above equation 

however is nothing more than a free energy balance and is not 

useful in itself for obtaining research data. 

Experimentally, surface free energy can be calculated by 

measuring the contact angle of a drop of water or other 

liquid on a test surface. Contact angles are the function of 

three surface tensions as specified by Young's equation 

(Neumann et al., 1974): 
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ysv - ysl = ylv cos 6 

where ysv, ySl, and ylv, are the solid-vapor, solid-liquid, 

and liquid-vapor interfacial tensions, respectively. °6 is 

the contact angle of the liquid on the solid. However, only 

@ and ylv are determined readily by experimentation (Absolom 

et al., 1983). 

Fowkes (1964) proposed a non-thermodynamic relationship 

that allows estimation of solid surface free energy (e.g., 

ysv and ysl). Incorporation of this relationship has led to 

the generation of some useful data for predicting microbial 

adhesion (Absolom et al., 1983; Busscher et al., 1984) 

Surface hydrophobicity in most cases is inversely 

related to surface free energy. Typically, a more 

hydrophobic surface will have a lower surface tension (van 

Loosdrecht et al., 1987). Consequently, contact angle 

measurements themselves can be used to estimate surface 

hydrophobicity of bacteria or contact substrata. 

Bacterial hydrophobicity may also be ascertained by 

partitioning organisms between two aqueous phases (Gerson, 

1980) or by determining the bacterial concentration adhering 

to a droplet of organic solvent (Rosenberg, 1984). Knowing 

the hydrophobicity level of bacteria or attachment substrata 

of interest can provide information for predicting the degree 

of microbial adhesion. 
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