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ABSTRACT 

Chilling method affected (P < .05) temperature after chilling but not pH of the 

muscle samples. Lean had about .9 unit lower (P < .05) pH than skin and fat. 

Lean had a significantly higher temperature than skin but fat did not have 

significant differences compared to lean and skin. 

Chilling method did not affect (P > .05) APC, coliform and Salmonella count of 

inoculated samples. Coliforms were not found on any of the samples. Kind of 

tissue (skin, fat or lean) of inoculated samples did not affect (P > .05) Salmonella 

count However, lean had significantly lower APC than fat. 

Chilling method did not affect (P > .05) APC, coliform and Salmonella count of 

noninoculated samples. Kind of tissue (skin, fat or lean) of noninoculated samples 

did not affect (P > .05) APC, coliform and Salmonella count 

No differences (P > .05) were found in the number of Salmonella attached on 

skin, fat or lean at the same inoculum levels. 
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CHAPTER I 

INTRODUCTION 

Food is America's top business-the largest of all the country's manufacturing 

industries, worth $350 billion in 1988 (Mermelstein, 1993). Food processing is the 

nation's third greatest business, which is worth nearly $129 billion. The food 

processing industry is the country's fourth largest employer in the United Sates, 

providing 1.5 million jobs in 1988 (Mermelstein, 1993). However, food safety is still 

an important issue on the surface of the public consciousness (Hollingsworth, 1993). 

Todd (1989) estimated that 12.6 million cases of foodborne illness occur annually in 

the United States costing $8.4 billion. Bacterial and viral diseases are responsible 

for 84% of the costs related to home foodborne illness in the United States. The 

meat industry in particular has received significant attention for the safety of meat 

products because of outbreaks of foodborne illness caused by consumption of meat 

contaminated with bacterial pathogens (Bawcom, 1993). 

Microbial contamination of raw meat has been an important food safety issue 

(Chung et al., 1989). In the conversion of live animals to meat, microbiological 

contamination occurs as an unavoidable result of processing (Bell et al., 1986). 

Research has been conducted to determine methods to reduce or eliminate such 

pathogens from meat animal carcasses because of the public health concern for 

foodborne pathogens (Dickson, 1992). Davies and Obafemi (1985) demonstrated 

that as a system is progressively cooled and vegetative microorganisms are held at 



temperatures below their minimum requirement for growth, some loss of cell 

viability can be anticipated. Cell viability decreases when exponential phase cells 

are transferred suddenly to significantly lower temperatures, particularly near 0°C. 

Frazier and Westhoff (1988a) noted that low temperatures are used to retard 

chemical reactions and the action of food enzymes, and to slow or stop growth and 

activity of microorganisms in food. In addition, Ray (1996) noted that low 

temperatures reduce or prevent catalytic activity of microbial enzymes, especially 

heat-stable proteinases and lipases. Lowry and Gill (1985) found that 

microorganisms differ in their responses to the freezing. Some survive virtually 

unharmed, some are resistant to freezing but are susceptible to damage during 

frozen storage, others are sensitive to frozen storage under certain conditions, and 

others are inactivated by freezing under nearly all conditions. Effects of freezing 

are not simply responses to temperatures too low to permit growth; rather, they 

reflect the physical changes to the microbial environment that occur when freezing 

removes water from the tissues. During freezing, microorganisms may be damaged 

and destroyed by these mechanisms. Microbial survival during freezing is highly 

dependent on the freezing regime employed and the composition of the suspending 

medium. 

The objective of this experiment was to determine if normal chilling (1°C) or 

freeze chilling (OO'̂ C) would reduce aerobic plate counts, coliforms and Salmonella 

typhimurium on the skin, fat or lean surface of pork carcasses. 



CHAPTER n 

REVIEW OF LTTERATURE 

Overview 

Todd (1989) reported that foodborne disease is increasingly being recognized as 

a major cause of morbidity in both industrialized and developing countries. The 

economic impact of foodborne diseases may be high because of medical costs, 

liability and business losses. Approximately 2.9 million cases of salmonellosis occur 

in the United States each year (Todd, 1989). These cases affect all areas of the food 

industry and cost approximately $4.0 billion annually. Kim et al. (1993) noted that 

the incidence of Salmonella contamination in U. S. meat production and processing 

industries has not changed in the last 20 y, indicating the necessity for a 

comprehensive effort to control Salmonella in meat. Because some foodborne 

illnesses, including salmonellosis, have been traced to meat products, the reduction 

of bacterial contamination during meat processing is one of the major goals of meat 

processors and food safety researchers. 

Before slaughter, muscle tissue of an animal is essentially sterile because the 

white blood cells and antibodies effectively control infectious agents in the body (Bell 

et al., 1986). However, during meat processing, the muscle tissue is readily exposed 

to chemical, biological or physical contamination (Romans et al., 1985). Most initial 

contamination occurs on the surface of carcasses (Dickson, 1992). Ayres (1955) 

reported that much contamination is contributed by the hide during the removal 



process because exposed surfaces of the hide and hair accumulate dust, dirt and fecal 

material. The hide and gut contain pathogens that are important public health 

concerns. Current slaughter procedures can inadvertently cause the transfer of 

bacteria from the hide, gut, equipment or people to the carcass surface during 

dressing (Biss and Hathaway, 1995). The majority of the microflora transferred to 

the tissue surface are nonpathogenic, but they are aesthetically undesirable and 

deleterious to the shelf life of meat (Dickson, 1992). Pathogens such as Salmonella 

(Currier et al., 1986) infrequently may be transferred to carcasses during the 

slaughtering and dressing operations. Only 1 sample of the 60 pork carcasses tested 

was positive for Salmonella spp. (1.7% incidence) as detected by the BioControl 1-2 

(fi) 

Test (Carr, 1995). However, sometimes the presence of a single pathogen can be 

significant because improper cooling can cause multiplication of this pathogen 

(Carnevale, 1995). Carson et al. (1987) demonstrated that 3 to 10% of Salmonella 

typhimurium could be transferred from rinsed poultry skin to stainless steel after a 

contact time of 1 h. Although good manufacturing practices are followed during 

slaughtering, the surface of the carcasses may be contaminated with 

microorganisms. Therefore, the reduction of initial bacterial contamination and the 

risk of foodborne illness is of major concern to the meat industry (Dickson, 1992). 

Salmonella SPP. 

Salmonellae historically have been associated with raw animal products, 

including meat and meat products (National Academy of Sciences, 1975), and their 



significance as foodborne pathogens is well documented (Wangner and McLaughlin, 

1986). Salmonellae are inherently present on red meat and poultry, and so the 

introduction of these organisms into the food processing plant, the food service 

establishment, or the home is inevitable (Silliker and Gabis, 1986). The infective 

nature of salmonellae makes their presence in foods a matter of concern, even if only 

low numbers are present and no opportunity for multiplication arises (Georgala and 

Hurst, 1963). 

Salmonellae are a genus of serological-related facultative anaerobes that are 

characterized as gram-negative, non-spore-forming rods that ferment glucose, 

usually producing gas, but usually do not ferment lactose or sucrose (Frazier and 

Westhoff, 1988b). Most serotypes of Salmonella are fimbriated. Most or all 

fimbriated strains of Salmonella vary between a fimbriate and nonfimbriate phase 

(Lillard, 1986a). Salmonellae are able to grow on a large number of culture media 

and produce visible colonies well within 24 h at about 37'*C. The pH for optimum 

growth is around neutrality, with values above 9 and below 4 being bactericidal. 

Minimal temperatures for growth range from 7 to 8X, and maximal growth 

temperature is about 46°C (Jay, 1992a). 

The primary habitat of Salmonella spp. is the intestinal tract of animals such 

as birds, farm animals, humans, and occasionally insects. Although their primary 

habitat is the intestinal tract, they may be found in other parts of the body. When 

polluted water and foods that have been contaminated by insects or other means are 

consumed by humans and other animals, these organisms once again are shed 



through fecal matter with a continuation of the cycle. The augmentation of this 

cycle through the international shipment of animal products and feeds is in large 

part responsible for the worldwide distribution of salmonellosis and its consequent 

problems (Jay, 1992a). The symptoms of a Salmonella gastrointestinal infection are 

nausea, vomiting, abdominal pain and diarrhea that usually appear suddenly. The 

mortality is low, being less than 1%. The severity and duration vary not only with 

the amount of food eaten, and hence the number of salmonella bacteria ingested, but 

also with the individual. Usually, the symptoms persist for 2 to 3 d, followed by an 

uncomplicated recovery (Frazier and Westhoff, 1988b). 

Georgala and Hurst (1963) reported the death of salmonellae in frozen foods 

stored for prolonged periods at low temperatures. They obtained the survival 

curves from meat inoculated with Salmonella typhimurium and stored at -2°C and 

-lO^C. At -20''C, but not -2^C, an initial rapid drop in survivors occurred. After a 

storage period of 3 mo, the survival was much greater at -20°C than at -2*̂ C (Figure 

1). Prolonged storage at -2°C is unfortunately not a feasible means of reducing 

Salmonella in a foodstuff intended for consumption, because it has a predictably 

disastrous effect on the product's appearance and acceptability. Therefore, 

prevention of salmonellosis in frozen foods entails selection of raw materials free of 

salmonellae, adequate cooking, and the avoidance of subsequent contamination and 

multiplication. 

Dickson (1991) evaluated the effect of inoculum level, growth temperature and 

culture age on the attachment of Salmonella typhimurium to beef tissue surfaces. 



An increase in inoculum level resulted in an increase in number of attached bacteria. 

Bacteria grown at 23°C attached in higher numbers to fat tissue than bacteria 

grown at 37°C. Growth temperature did not affect attachment to lean tissue. 

Overnight cultures of bacteria attached in greater numbers to lean and fat surfaces 

than cultures incubated for 66 h. 

a 

? 

Storage time, d 

Figure 1. The survival of Salmonella typhimurium in comminuted beef stored at 
-2«>C or -20*'C. Source: Georgala and Hurst (1963). 

Effects of Low Temperatures on the Reduction of Microorganisms 

Ingram (1951) reported that low temperatures reduced the rate of microbial 

activity and thus caused a lower rate of spoilage and longer life in the foodstuff. He 

summarized the effects: (1) a sudden mortality occurs immediately at freezing, 

varying with species; (2) the proportion of cells surviving immediately after freezing 



is nearly independent of the rate of freezing; (3) the cells that are still viable 

immediately after freezing die gradually during frozen storage; and (4) bacterial 

populations die relatively rapidly at temperatures just below the freezing point, 

especially about -2'*C, but bacterial death rates are slowed below -20°C. 

Ayres (1962) explained this phenomenon of death rate and low temperature by the 

flocculation of proteins in microorganisms. Flocculation was most pronounced at 

temperatures slightly below the freezing point This concept refutes the idea that 

death is due to the mechanical action of ice crystals. It is unlikely that intracellular 

ice crystals cause death because destruction is most effective at -2°C, a temperature 

at which intracellular crystals would not form because of the salts in the cell 

contents (Ayres, 1962). 

Ray (1996) reported that at slow freezing rates, as the water molecules in the 

food start freezing, water molecules from inside the microbial cell migrate outside, 

causing dehydration of cells and high concentration of solutes and ions inside. This 

concentration change can cause denaturation and destabilization of the structural 

and functional macromolecules in the microbial cells, whose stability and functions 

are dependent on three-dimensional structure, and can injure the cells. If the 

freezing is rapid, the very small ice crystals form rapidly and cells are not exposed to 

the dehydration effect Therefore, few microbial cells are damaged by rapid 

freezing. 

The selective action of chilling has the greatest importance in relation to foods 

such as meat from warm-blooded animals. The initial microbial flora is mostly 



mesophilic, such as salmonellae and E. coli^ because the microorganisms inhabiting 

the animal body are naturally those that grow best at body temperature. The 

optimum and minimum growth temperature ranges for mesophiles are 35 to 45°C 

and 5 to 10°C, respectively. Therefore, the slaughter house practice of opening a 

carcass should be done where it is cool to reduce mesophiles (Ingram, 1951). 

Esselen and Levine (1954) reported that the spores of microorganisms appear 

to be completely resistant to freezing. Gorrill and McNeil (1960) demonstrated that 

gram negative bacteria are more sensitive to freezing than gram positive bacteria 

because the lipids of gram positive microorganisms, which are found predominately 

in the cell membrane, are important in maintaining membrane structure. The 

primary site of damage to cells during freezing is the cell membrane. Thus, the 

fatty acid composition is related to maintenance of cell membrane integrity during 

freezing. Cyclopropene fatty acids prevent close packing of the lipids in cell 

membranes, making them more elastic and flexible during exposure to adverse 

environmental conditions (Smittle et al., 1974). 

Davis and Obafemi (1985) noted that the presence of high concentrations of 

unsaturated fatty acids and a low concentration of saturated fatty acids in the 

membrane enhance cryosurvival. The predominance of unsaturated compared to 

saturated fatty acids provides membrane fluidity and elasticity at low temperatures, 

which reduces freezing damage to the membrane. Low growth temperatures can 

produce increased unsaturated fatty acid composition in the membrane. It would, 

therefore, seem that lower growth temperatures can bring about, among other 



things, a change in quantity and quality of the unsaturated fatty acids in the 

membrane, with the consequent lowering of the transition temperature, increased 

fluidity and elasticity, and increased adaptability to cope with the injurious effect of 

freezing. 

Davies and Obafemi (1985) reported that, during freezing, membrane damage 

associated with permeability impairment resulted not only in the loss of cellular 

material through leakage, but also rendered cells more vulnerable to penetration by 

injurious substances from the environment Ray (1983) noted that freezing causes 

damage not only to the cytoplasmic membrane but also to different functional and 

structural macromolecules located on the surface and inside of cells. Gabis (1970) 

showed that large quantities of ether-soluble materials were released when E. coli 

cells were frozen to -20°C in phosphate buffer because lipid loss occurs by disrupting 

many covalent bonds in lipids, thus changing the lipid from bound to unbound forms 

and then some kind of alteration to the normal structure and function of the 

membrane occurred. 

Gabis (1970) reported that freezing might interfere with the binding of 

ribosomes to the membrane and activate the latent RNAse in the ribosomes, thus 

allowing the degradation of the disrupted ribosomes. Therefore, the release of 

RNA, but not DNA, from frozen cells occurred. In addition, he observed that large 

quantities of free amino acids were present in the freezing solvent of frozen E. coli 

cells. As a result, he proposed that the freezing process might have activated some 

latent proteolytic enzymes, thereby bringing about an increase in breakdown 
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proteins. He further suggested that the presence of large amounts of basic amino 

acids, along with glycine, alanine and leucine, might indicate that the ribosomal 

proteins had been hydrolyzed in the frozen cells. 

Lowry and Gill (1985) reviewed the mechanisms by which freezing may 

damage microorganisms. In principle, five factors could cause cell damage during 

freezing: low temperature, extracellular ice formation, intracellular ice formation, 

concentration of extracellular solutes as the extracellular water is progressively 

frozen to pure ice, and concentration of intracellular solute as cell water migrates to 

the concentrated extracellular medium. Low temperature and extracellular ice 

formation are not the causes of cell damage. Most microorganisms can remain 

viable after dehydration. Intracellular solute concentration is likely a major cause 

of freezing injury. Cell damage upon freezing is due to intracellular ice formation 

and/or the increasing concentration of the extracellular solute. 

Ingram (1951) explained that chilling slowed microbial growth, but did not 

arrest it. Freezing is able to destroy some of the microbes and arrests the 

development of the remainder. However, it will obviously not restore the quality of 

food already spoiled by microbial action. Even if the food is not already spoiled 

when frozen, the presence of large numbers of microbes may perhaps cause spoilage 

during storage in the frozen state. Numerous reports are found of bacterial growth 

at -5°C on meat and as low as -12°C on microbiological media (Ayres, 1962). Moss 

and Speck (1963) investigated the intermediate stages of injury at freezing 

temperatures. Some bacteria undergo nonlethal injury at low temperatures. This 

11 



injury was considered to be metabolic in nature because cells become more 

dependent on certain nutritional factors after freezing. Therefore, cells injured by 

freezing could no longer develop on a minimal medium, but they could grow on a 

rich complex medium and they remained in lag phase longer than unfrozen control 

cells. However, after passing the lag phase, the doubling time of the frozen cells was 

less than that of unfrozen cells. 

Bacterial Attachment to Meat Surface 

Although the extent of contamination is highly variable, most initial 

contamination occurs on the surface of red meat carcasses (Dickson, 1992). Gill and 

Newton (1978) reviewed reports concerning total bacterial populations of carcasses 

and retail cuts. Although some bacteria come from diseased animals, the major 

microflora on meat are on the surface of the carcass and originate from dirt and 

fecal material on the hide, processing equipment, and as a result of the evisceration 

process. 

Bacterial attachment is a complex phenomenon involving many disparate 

factors. The mechanism of bacterial attachment generally is accepted as a two-step 

process. The initial step involves retention of bacteria in a liquid film on the surface 

of skin and meat Bacteria are believed to be closely associated with and entrapped 

in inaccessible sites mainly by physical force. Reversible adhesion in this stage is 

associated with the energy balance between attractive Van der Waals force and 

electrostatic repulsion. The second step is characterized by a time-dependent, 

12 



irreversible exopolymer formation by bacteria. At this point, bacteria multiply and 

form a microcolony that can lead to formation of a biofilm. Formation of 

extracellular polysaccharides or attachment fibrils has been observed on the surface 

of meat or skin (Kim and Doores, 1993). 

At present, the phenomenon of bacterial attachment to animal tissues is not 

fully understood, although properties of the individual bacterial cell and substrate 

affect the rate and degree of this process (Dickson, 1991). In bacterial attachment, 

the initial, reversible attachment is thought to be influenced by a variety of cell 

surface factors, including extracellular polysaccharides, flagella and surface 

charges. Of these factors, surface charge seems to be one of the major factors in 

attachment, because nonfimbriated and nonflagellated cells attach at similar rates to 

cells which possess these structures. Because of the importance of electrical charge 

in attachment, it would be reasonable to assume that bacterial attachment to 

surfaces could be modified by altering the electrical polarity on the substrate to 

which the bacteria are attaching (Dickson and Grouse, 1989). Dickson (1991) 

reported that the presence of flagella has been implicated in attachment However, 

several researchers have been unable to demonstrate a direct relationship between 

the presence of fimbria or flagella and attachment, although Butler et al. (1979) 

reported that motile bacteria showed greater attachment to meat surfaces than non 

motile bacteria. In addition, he reported that the net negative charge on the 

bacterial cell surface is positively correlated with bacterial attachment, and relative 

hydrophobicity of the bacterial cell has significant effects on bacterial attachment 

13 



Lillard (1986b) reported that time and temperature-dependent changes occur 

in the microtopography of poultry skin as a result of water uptake during immersion 

processing procedures. Water absorption by breast skin causes capillary-sized 

channels and spaces to open in the surface layer. As a result of the increased liquid 

retained as a surface film, the number of contaminating bacteria might also be 

expected to increase. Chung et al. (1989) investigated the attachment of bacteria to 

lean and fat tissues. Although rates of bacterial attachment to meat have been 

studied, limited information is available on the bacteria attachment to fat tissue in 

comparison to lean muscle tissue. Chung et al. (1989) hypothesized that fat tissue 

may provide a better surface than lean muscle tissue for bacterial attachment. 

They found, however, no significant difference in the number of cells attached to the 

lean versus fat tissues. 

Effects of Low Temperatures on the Changes in pH and 

Effects of pH on Microorganisms 

Bodwell et al. (1966) found distinct variation in the rate and extent of certain 

chemical changes in pork muscle. Ultimate pH and rate of muscle glycolysis have 

been strongly implicated. Generally, it has been implied that a low pH at high 

muscle temperature resulted from rapid glycolysis. Pearson and Young (1989) 

noted that virtually all living cells are capable of partially oxidizing glucose under 

anaerobic conditions, resulting in a net yield of two molecules of ATP for each 

glucose molecule that is converted to lactic acid: 

14 



Glucose + 2 ADP + 2 Pj <-> 2 Lactic acid + 2 ATP + 2 H2O. 

Thus, glycolysis provides a means for rapidly obtaining ATP and lactic acid under 

anaerobic conditions. This reaction can also occur after death, with the breakdown 

of glycogen providing a source of glucose to drive the reaction forward. Once the 

glycogen is dissipated, this reaction ceases. 

Pearson and Young (1989) explained that muscle temperature has a marked 

effect on the rate of glycolysis. High muscle temperatures accelerate glycolysis, 

whereas, low temperatures retard the rate of glycolysis. Kinsman et al. (1994) 

noted that various muscles will display different cooling rates based on their 

location. The more exterior muscles will cool more rapidly than deep-seated 

muscles, allowing a slower rate of glycolysis. 

Van den Berg (1961) investigated pH changes in frozen meat These changes 

in pH during freezing of meat may be caused by the increase in concentration of 

soluble material in the liquid phase as a direct consequence of ice formation, by the 

subsequent precipitation of salts, and probably by the interaction of proteins with 

ionic substances in the frozen phase of frozen foods. Precipitation of salts appears 

to be the cause of large pH changes. The rate of precipitation of salts, however, is 

slow, presumably because the liquid phase is distributed through the ice mass in 

small pockets and channels, and the viscosity of the liquid phase is very high because 

of the high protein and solid contents. Also, the exchange of ions between proteins 

and solution may affect salt precipitation. 

15 



Jay (1992b) noted that adverse pH affects at least two aspects of a respiring 

microbial cell: the functioning of its enzymes and the transport of nutrients into the 

cell. The cytoplasmic membrane of microorganisms is relatively impermeable to Ĥ  

and OH~ ions. Therefore, their concentration in the cytoplasm probably remains 

reasonably constant despite wide variations that may occur in the pH of the 

surrounding medium. With respect to the transport of nutrients, the bacterial cell 

tends to have a residual negative charge. Nonionized compounds, therefore, can 

enter cells, while ionized cannot At neutral or alkaline pH, organic acids do not 

enter, while at acidic pH values, these compounds are nonionized and can enter the 

negatively charged cells. Also, the ionic character of side chain ionizable groups is 

affected on either side of neutrality, resulting in increasing denaturation of 

membrane and transport enzymes. When microorganisms are grown on either side 

of their optimum pH range, an increased lag phase results. 

16 



CHAPTER m 

MATERIAL AND METHODS 

Bacterial Culture 

Salmonella typhimurium (ATCC 14028) was grown and maintained in nutrient 

broth (Difco, Detroit, MI). Cultures were transferred to nutrient broth and 

incubated in a Precision Scientific Co. (Model 4, Chicago, IL) incubator at 37''C for 

24 h before use. 

Sample Collection 

Six pork carcasses from pigs with similar backgrounds were randomly selected. 

Two pork carcasses were used for skin, two for fat and the remaining two for lean 

sample tissues. 

As soon as the pigs were slaughtered and dressed, they were split into sides; 

one side for a normal chill ( IX for 90 min, NC) and the other side for freezing chill 

(-30*»C for 90 min, FC). 

Skin, fat or lean sample tissues were obtained from the ham, belly, loin and 

shoulder of the carcasses (Figure 2). Twelve cores (2 cm in diameter) were taken 

and consisted of three inoculated initial count, three inoculated final count, three 

noninoculated initial count and three noninoculated final count cores on each part of 

each side of the six pork carcasses. The .1 mL of a suspension (lO^CFU/mL) of 

Salmonella typhimurium (ATCC 14028) was applied to inoculated initial count and 
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Ham 

Loin 

Belly 

Shoulder 

Figure 2. Location and number of cores of skin, fat or lean tissues taken from ham, 
belly, loin and shoulder of pork carcasses (NI = noninoculated initial count core; NF 
= noninoculated final count core; 11 = inoculated initial count core; IF = inoculated 
final count core). 
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inoculated final count cores of skin, fat or lean tissues by evenly spreading the 

inoculum with a pipette. Before chilling the samples, the inoculated or 

noninoculated initial count cores of skin, fat or lean tissues were collected using a 

knife and forceps sanitized with ethyl alcohol and each was placed in a Whirl-Pak® 

bag (Nasco, Fort Atkinson, WI). After chilling the samples in either NC or FC 

conditions for 90 min, the inoculated or noninoculated final count cores of skin, fat 

or lean tissues were collected and each was placed in a Whirl-Pak® bag. The pH 

and temperature of sample tissues were taken from the ham part with a puncture 

electrode and temperature meter before treatment and after treatment (NC or FC). 

The samples in Whirl-Pak® bags were packed on ice and transported from the Meat 

Laboratory to the Food Technology Laboratory of Texas Tech University for 

microbiological analyses. 

Microbiological Analvses 

The samples were placed in a Seward 400 stomacher bag (Seward Medical, 

London, UK) with phosphate buffer (BBL Microbiology system, Cockeysville, MD) 

and stomached in a Seward*^ model 400 stomacher (Seward Medical, London, UK) 

for 2 min. The samples were evaluated for number of Salmonella^ APCs and total 

coliforms. Bismuth sulfite agar (Difco, Detroit. MI) was used to enumerate 

Salmonella by placing 10 mL of the original sample homogenate in the appropriate 

ten-fold dilutions and placing .1 mL from each dilution on prepoured plates. The 

samples were evenly spread on the surface of the plates with a sterile bent glass rod. 

19 



The plates were incubated at 37°C for 24 h. Salmonella colonies produced to black 

colonies with or without a metalic sheen. The color of medium surrounding 

Salmonella colonies gradually changed from brown to black. The countable 

bismuth sulfite agar plate showed 15 to 150 colonies. Aerobic plate counts were 

determined by placing 10 mL of the sample homogenate in the appropriate ten-fold 

dilutions and placing 1 mL from each dilution on sterile petri dishes. APC agar 

(Difco, Detroit, MI) then was poured in the plates and swirled to evenly distribute 

the sample. The plates were inoculated at 37®C for 48 h before being counted. The 

countable APC agar plate showed 25 to 250 colonies. The coliforms were 

determined by placing 10 mL of the sample homogenate in appropriate ten-fold 

dilutions and placing 1 mL of each dilution on Coliform Petrifilm® (3M Heath Care, 

St Paul, MN). The coliform petrifilms were incubated at 37X for 24 h to produce 

red colonies with one or more gas bubbles. The countable petrifilm*̂  showed 25 to 

150 colonies. 

Statistical Analvses 

The numbers of bacteria obtained from countable plates were converted into 

logioCFU/g values. Statistical analysis was conducted using the General Linear 

Models procedures of SAS (1990). The independent variables of the chilling 

treatment (initial count for NC, NC final count, initial count for FC or FC final 

count) and tissue treatment (skin, fat or lean) were analyzed using a Completely 

Randomized Design with a 4 (chilling treatment) X 3 (tissue treatment) factorial 

20 



arrangement of treatments for inoculated or noninoculated samples. To compare 

the numbers of Salmonella typhimurium attached on each skin, fat or lean tissue 

surface, the independent variables of tissue treatment (inoculated initial count of 

skin, fat or lean) were analyzed using a Completely Randomized Design. When 

significant main effects were observed, mean separation was accomplished using the 

least squares means with Duncan's test The predetermined level of significance 

wasP< .05. 
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CHAPTER TV 

RESULTS AND DISCUSSION 

Chilling method affected (P < .05) temperature after chilling but not pH of the 

muscle samples. The FC treatment lowered temperature 13**C more than the NC 

treatment, but this short time of chilling did not cause a chilling method effect on pH 

of the muscle (Table 1). Bodwell et al. (1966) and Dutson (1983) found that high 

temperatures accelerate glycolysis whereas low temperatures retard the glycolytic 

rate in meat. Therefore, low temperatures decrease the rate of pH drop. In 

addition. Van den Berg (1961) found that pH changes were caused by the increase in 

concentration of salt and protein in the liquid phase while freezing beef. 

Measurements of pH of beef during the freezing process showed a .2 pH unit 

decrease in the range of-1 to -5°C. 

Lean tissue had about .9 unit lower (P < .05) pH than skin and fat tissues 

(Table 1). Price and Schweigert (1987) noted that lactic acid formed during 

glycolysis in the living animal during muscle contraction and accumulated in muscle. 

Therefore, muscle had lower pH than skin and fat tissues. Lowery and Gill (1985) 

reported that, in contrast to lean tissue, the pH of fat tissue remains near neutral 

because the lactic acid concentration is low and glycolytic intermediates are absent 

Lean tissue had a significantly higher temperature than skin tissue but fat 

tissue did not have significant differences compared to lean and skin tissues. 

Kinsman et al. (1994) noted that various tissues in carcasses will display different 
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cooling rates based on their location. Exterior tissues will cool more rapidly than 

deep-seated tissues. Dickson (1992) reported that fat tissue has a lower moisture 

content than lean tissue, and tissue surfaces dry out over time. The fat tissue 

surface were noticeably drier than lean tissue after 60 min. As a result, lean tissue 

could have a higher temperature than fat tissue, although no significant differences 

(P > .05) were found between fat and lean for temperature in this experiment 

(Table 1). 

Chilling method did not affect (P > .05) APC, coliform and Salmonella counts 

of inoculated samples (Table 2). Coliforms were not found on any of the samples. 

This result agrees with a study by Georgala and Hurst (1963) who stored meats 

inoculated with Salmonella typhimurium at -20°C. The rapid drop of Salmonella 

typhimurium occurred after a freezing time of 24 h. Ingram (1951) reported that a 

temperature (-1°C) that prevents mesopilic bacteria from growing does not merely 

hold them static, but gradually kills them. In our study, kind of tissue (skin, fat or 

lean) of inoculated samples did not affect (P > .05) Salmonella counts. However, 

lean tissue had significantly lower APC than fat tissue (Table 2) probably because 

lean tissue had significantly lower pH (Table 1); in addition, fat tissues are very 

different in composition to lean tissue (Lowry and Gill, 1985). Arpai (1962) 

reported that pH has a marked effect on the survival and on the extent of 

microorganisms. Ingram (1951) reported that acidity considerably increases the 

mortality of Saccharomyces cerevisae cells held frozen. Lowry and Grill (1985) 

reported that, as microbial survival of freezing is determined by the composition of 
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the medium in which freezing occurs, the environments to which microorganisms on 

meat may be exposed must be considered. The fatty acid composition in fat tissue is 

related to the protection of microorganisms during freezing because these fatty acids 

can provide membrane fluidity and elasticity which reduces freezing damage to the 

membrane of microorganisms (Smittle et al., 1974). 

Chilling method did not affect (P > .05) APC, coliform and Salmonella counts 

of noninoculated samples (Table 3). This result disagrees with a study by Andango 

(1997) who reported that, after a freeze chilling time of 90 min at -30°C, significant 

differences were found for APC. However, Carr (1995) reported that normal 

chilling and freeze chilling did not affect APC. A relatively low number of aerobic 

bacteria (<2 logioCFU/g) were found in APC. A low number of coliforms 

(<1 logioCFU/g) also were found. A relatively low number of Salmonella 

(<1 logioCFU/g) were found. 

Kind of tissue (skin, fat or lean) of noninoculated samples did not affect 

(P > .05) APC, coliform and Salmonella count (Table 3). A low number of aerobic 

bacteria (<2 logioCFU/g) were found in skin, fat and lean tissues. Coliforms and 

Salmonella were found only in skin tissue although in low numbers (<1 logioCFU/g). 

Carr (1995) reported that only 1.7% of all pork samples tested were positive for 

Salmonella spp. This result agreed with a study by Dickson (1992) who reported 

that the major amount of the microflora is found on the skin of carcasses because 

animal tissues are sterile, or mainly so, except for external surfaces (skin and hair) 

in the living and growing animal (Romans et al., 1985). Besides, in this experiment, 
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as soon as the pigs were slaughtered and dressed, the pork carcasses were treated by 

NC or FC and then microorganisms were analyzed. That is to say, microorganisms 

had little opportunity to multiply. Therefore, bacteria were not found except for 

skin surfaces of noninoculated samples. 

No differences (P > .05) were found in the number of Salmonella attached on 

skin, fat or lean at the same inoculum levels (Table 4). These results agree with a 

study by Chung et al. (1989) who found no significant differences between the 

counts on fat and lean tissues for Salmonella arizonae and Fratamico et al. (1996) 

who reported no differences (P > .05) between tissue types for £". colL Usually, E. 

coli were attached to collagen and other connective tissue proteins of meat 

(Fratamico et al., 1996). However, in contrast to previous findings, Dickson (1991) 

reported more bacteria attached to lean tissue than to fat tissue. While these 

differences were statistically significant, the numerical differences were less than .5 

logiocycles at inoculum levels of 4,6 and 8 logioCFU/g (Dickson, 1991). 
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Table 1. Least squares means and standard errors for the effects of chilling method 
and tissue on muscle pH and temperature 

Treatment 
Chilling method 

Initial count 
NC final 

count 
FC final 
count 

Tissue 
Skin 
Fat 
Lean 

pH 

6.63' 
6.18** 

6.24'' 

6.76' 
6.68' 
5.81'' 

SE 

.06 

.06 

.06 

.05 

.05 

.05 

Temperature, °C 

29.9' 
8.7*' 

-5.7^ 

14.1' 
15.9''' 
17.1'' 

SE 

.79 

.79 

.79 

.68 

.68 

.68 
*" '̂  Means within a chilling method or tissue with different superscripts differ 
(P< .05). 

Table 2. Least squares means and standard errors for the effects of chilling method 
and tissue in inoculated samples on APC counts, coliform counts and Salmonella 
counts 

Treatment 

Chilling 
method 
Initial 
count for 
NC 
NC final 
count 
Initial 
count for 
FC 
FC final 
count 

Tissue 
Skin 
Fat 
Lean 

APC, 
logioCFU/g 

5.87' 

5.60' 

5.47' 

5.46' 

5.60"* 
6.01' 
5.21'' 

SE 

.19 

.19 

.19 

.19 

.17 

.17 

.17 

Coliform, 
log,oCFU/g 

<1' 

<1' 

<1' 

<1' 

<1' 
<1' 
<1' 

SE 

0 

0 

0 

0 

0 
0 
0 

Salmonella, 
log,oCFU/g 

5.83' 

5.65' 

5.84' 

5.64' 

5.74' 
5.78' 
5.71' 

SE 

.06 

.06 

.06 

.06 

.05 

.05 

.05 
"̂  Means within a chilling method or tissue with different superscripts differ 
(P < .05). 

26 



Table 3. Least squares means and standard errors for the effects of chilling method 
and tissue in noninoculated samples on APC counts, coliform counts and Salmonella 
counts 

Treatment 

Chilling 
method 

Initial 
count for 
NC 
NC final 
count 
Initial 
count for 
FC 
FC final 
count 

Tissue 
Skin 
Fat 
Lean 

APC, 
log,oCFU/g 

1.78* 

1.35' 

1.65' 

1.42' 

2.02' 
1.58' 
1.05' 

SE 

.73 

.73 

.73 

.73 

.63 

.63 

.63 

Coliform, 
log,oCFU/g 

<1' 

<1' 

<1' 

<1' 

<1' 
<1' 
<1' 

SE 

0 

0 

0 

0 

0 
0 
0 

Salmonella, 
log,oCFU/g 

<1' 

<1' 

<1' 

<1' 

<1' 
<1' 
<1' 

SE 

.2 

.2 

.2 

.2 

.2 

.2 

.2 
' Means with the same superscript are the same (P > .05). 

Table 4. Least squares means and standard errors for the effects of tissue on 
Salmonella counts 

Treatment 

Tissue 
Skin 
Fat 
Lean 

Inoculum level. 
log,nCFU/ml 

7.32' 
7.30" 
7.37' 

SE 

.04 

.04 

.04 

Attached 
Salmonella, 
logioCFU/g 

5.88' 
5.90' 
5.73' 

SE 

.06 

.06 

.06 
' Means with the same superscript are the same (P > .05). 
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CHAPTER V 

IMPLICATIONS 

The results from this research demonstrated that both normal chill and 

freezing chill were not effective in reducing Salmonella typhimurium, coliforms and 

aerobic bacteria on the skin, fat and lean tissues of pork carcasses. 

Normal chilling procedures are only a temporary expedient because the growth 

of microbes is merely slowed down, not arrested. Although most pathogenic 

microbes do not develop in a normal chilled food, a few remain alive for some time 

and resume multiplication when the chilling ends. Freeze chilling, although it 

destroys some of the microbes and arrests the development of the remainder 

indefinitely, is by no means foolproof. It will obviously not restore the quality of 

food already spoiled by microbial action. Clearly, frozen or chilled foods should be 

prepared as hygienically as possible, and consumed without delay after freezing or 

chilling for preparation. 

Further research is necessary to determine the effect of a combination of low 

pH and low temperature chilling application in reducing bacterial pathogens. 

Although this research has not shown that Salmonella, coliforms and aerobic 

bacteria can be significantly reduced on the skin, fat or lean tissues of pork carcasses 

by low temperature chilling, the combination of these two procedures in reducing 

bacterial pathogens could have a greater effect than using any one of these 

procedures alone. In addition, further research is necessary to determine the effect 
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of various low temperatures, rates of freezing and times in reducing bacteria 

pathogens. The possibility of using low temperatures and low pH as a possible 

offensive weapon against any microbes has significant implications for public health 

and the development of meat industry. 
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