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ABSTRACT 

Pork heads are a major concern to the pork industry because 

they receive high levels of contamination during the slaughter 

process and usually have large microbial populations. Therefore, 

the objective of the present study was to determine the effect of 

acetic acid (AA) and temperature in reducing the pathogen, 

Salmonella, as well as the aerobic plate counts (APCs) and total 

coliforms on pork cheek meat. In phase I, pork cheek meat (n = 

10/treatment) was inoculated in a bath of Salmonella 

typhimurium (104/mL) for 30 sec and then treated with water (20 

or 40°C) or 2% AA at 20 or 40°C. The cheeks then were evaluated 

for the presence of Salmonella, APCs, and total coliforms. As 

compared with the initial APCs of control cheeks, a reduction in 

log1oCFU/cm2 APC by more than 78.6% was found in all samples 

that were treated with 40oC acetic acid (P < 0.05). A significant 

reduction in APCs was caused by the 20°C AA compared to the 

control (P < 0.05). Additionally, the total coliforms for the acid

treated cheeks were lower for both AA treatments (P < 0.05). The 

incidence of Salmonella was not affected by any treatment. In 

phase II, cheeks (n = 1 0/treatment) were sprayed in a commercial 

pork slaughter facility carcass wash with 2% AA (25°C) and 

compared to control (non-treated) cheeks from the same day of 

production. The cheeks were evaluated for APCs, total coliforms 

and presence of Salmonella. A significant decrease in APCs and 
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coliforms occurred for the acid-treated cheeks (P < 0.05). The 

incidence of Salmonella decreased by 67% for the acid-treated 

cheeks (P < 0.05). These data support the need for the approval of 

an acid head wash system to reduce the microflora on pork cheeks 

as well as other head meat. An acetic acid head wash, along with 

good manufacturing practices, is important in achieving the goal 

of extending shelf-life and improving the microbiological safety of 

pork head meat. 
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CHAPTER I 

INTRODUCTION 

The meat industry is facing a new era of consumer concern 

for food safety because of increased media coverage and 

sensitivity; foodborne illness is an important issue. For the 

United States, Todd (1989) estimated that there are 12.6 million 

foodborne illness cases annually costing $8.4 billion. 

Microbiological diseases represent 84% of the United States' costs, 

with salmonellosis and staphylococcal intoxication being the most 

economically important diseases (annually $4.0 billion and $1.5 

billion, respectively) (Todd, 1989). Salmonellosis is the most 

widespread illness and affects all sectors of the food industry. 

Microbiological contamination is inevitable during the processes 

of converting live animals to meat for human consumption. The 

control and reduction of this contamination is of great concern 

because of decreased food safety and shelf-life resulting from 

contamination. Organic acids, such as acetic acid, have been used 

to sanitize carcasses because they have high bactericidal activities 

(Acuff et al., 1987; Quartey-Papafio et al., 1980) and are generally 

recognized as safe (GRAS) additives (Food and Drug 

Administration, 1982). Acetic acid is approved by the U.S.D.A. for 

use on beef and pork carcasses immediately postmortem to 

reduce surface microbiological contamination since later in 

processing spray chilling removes the residual acetic acid before 
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fabrication of primal cuts. Pork heads are a major concern to the 

pork industry because they receive most of the contamination 

during the slaughter process and have high levels of microbial 

numbers. Additionally, pork head meat is about 93% lean and is 

used most often in further-processed products; therefore, due to 

extensive handling, it is critical that the initial microbial load be 

as low as practical. Acid decontamination of pork head meat may 

provide a means of reducing microbial populations of pathogens 

and spoilage bacteria, thereby providing a product with increased 

shelf-life and reduced potential for causing foodborne illnesses. 

This study was conducted to determine the effect of acetic acid 

(AA) and temperature in reducing the pathogen, Salmonella, and 

the aerobic plate counts (APCs) and total coliforms on pork cheek 

meat. 
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Overview 

CHAPTER II 

UTERA TURE REVIEW 

Muscle tissue of animals essentially is sterile (Bell et al., 

1986). In the conversion of live animals to meat for human 

consumption, microbiological contamination is an unavoidable 

result of processing procedures (Dickson, 1992). Although the 

extent of contamination is highly variable, most initial 

contamination occurs on the surfaces of carcasses. Much 

contamination is contributed by the animal's hide, because 

exposed surfaces of the hide and hair accumulate dust, dirt, and 

fecal material (Ayres, 1955). Gill and Newton (1978) and 

McMeekin (1982) reviewed published reports concerning total 

bacterial populations of carcasses and retail cuts. They reported 

that, although some bacteria originate from diseased animals, the 

majority of the microflora on meat are on the surface of the 

carcass and originated from dirt and fecal material on the hide, 

dirt on processing equipment, and as a result of the evisceration 

process. The microflora on the hide originate primarily from soil, 

water, vegetation, and fecal material (Newton et al., 1978). Most 

of the microflora transferred to the tissue surfaces from these 

sources, while aesthetically undesirable and deleterious to shelf

life, are nonpathogenic. However, pathogens such as Salmonella 

(Currier et al., 1986), Campylobacter (Bracewell et al., 1985), and 
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Listeria (Cottin et al., 1985) infrequently may be transferred to 

carcasses during the slaughtering and dressing operations. Even 

when good manufacturing practices are followed during 

slaughtering, the surface of carcasses may become contaminated 

with microorganisms. Thus, reduction of initial bacterial 

contamination, extension of shelf-life, and reduced risk of 

foodborne illness are of major concern to the meat industry. 

Because of the public health significance of such foodborne 

pathogens, research has been conducted to determine methods to 

reduce or eliminate such pathogens from carcasses of meat 

animals (Dickson, 1992). Physically removing bacteria remaining 

on carcass surfaces by washing with water and subsequent 

sanitizing has been a practical and effective means of improving 

the microbiological quality of fresh meat (Kotula et al., 1974; 

Anderson et al., 1981). Anything that can be economically done 

to minimize the initial bacterial load on meat carcasses is 

worthwhile. 

Dickson (1992) concluded that bacteria that become 

associated with tissue surfaces exist as either free cells in the 

water film on the tissue surface, or as cells that are physically 

attached to the surface. In previous literature, these cell types 

have been described as "loosely" or "strongly" attached cells 

(Firstenberg-Eden et al., 1978; Farber and Idziak, 1984), or as 

planktonic and sessile (Costerton and Lappin-Scott, 1989). Most 

researchers consider "attached" bacteria strongly attached; 
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therefore, tissue samples generally are rinsed after treatment to 

remove any bacteria that are simply associated with the water film 

on the surface (i.e., the loosely attached bacteria; Butler et al., 

1979; Chung et al., 1989; Farber and Idziak, 1984; Firstenberg

Eden et al., 1978; Ullard, 1986). 

Most industrial methods designed to reduce bacterial 

numbers on surfaces of animal carcasses include sprays. Cold, 

hot and chlorinated water, as well as acid solutions, have been 

used in attempts to control bacterial contamination (Bell et al., 

1986). Khan and Katamay (1969) determined that short chain 

fatty acids had an antagonistic effect on a mixture of salmonella 

strains in meat. Recently, the use of short chain organic acids as 

a decontaminant has emerged as a possible preventive measure 

(Bell et al., 1986; Osthold et al., 1984; Smulders et al., 1986). 

Application of organic acids to beef carcasses or cuts can reduce 

microbial loads significantly (Osthold et al., 1984; Smulders and 

Woolthuis, 1983; 1985). Bell et al. (1986) used 1.2% acetic acid as 

a dip for inoculated meat and reported reductions in microbial 

loads in APCs up to 46 to 65%. According to Woolthuis and 

Smulders (1985), an application of a 1.25% lactic acid solution 

caused a significant reduction of microbial counts without 

unacceptable discoloration of meat surfaces. Although organic 

acids, such as acetic, lactic and propionic are considered suitable 

and toxicologically acceptable, acetic and lactic acids have 

received increasing attention for decontamination purposes. 
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Chung and Goepfert ( 19 70) found acetic and propionic acids most 

effective in inhibiting Salmonella in laboratory media. Ockerman 

et al. (1974) used acetic and lactic acid sprays in concentrations 

from 6 to 24% on lamb carcasses and reported that 18% acetic acid 

was the most effective in reducing bacterial populations. 

However, they noted that concentrations above 12% produced 

surface microbiological discoloration. Hamby et al. (1987) 

reported that intermittent sprays of 1% acetic acid caused a 

significant decrease in aerobic plate counts on the beef rib and 

clod areas. Additionally, 1% acetic and 1% lactic acid sprays 

applied intermittently were superior to water in reducing aerobic 

plate counts of the strip loin, boneless rib and clod. An 

intermittent acetic acid spray exceeded the lactic acid spray in 

reducing aerobic plate counts of strip loin and boneless rib. 

Antimicrobial effects of acetic acid 

The antimicrobial effects of organic acids such as acetic acid 

depend on three factors: ( 1) the sole effect of pH, (2) the extent of 

dissociation of the acid, which is related to the pH, and (3) the 

specific effect of the acid molecule. At a given pH, the 

antimicrobial activity of an acid solution also depends on the 

character of the acid molecule (Grau, 1981; Ingram et al., 1956). 

This specific effect is related to (1) the potency of the acid to 

penetrate the cell, (2) the part of the cell that is attacked, and (3) 

the chemical nature of that attack (Ingram et al., 1956). 
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Gill and Newton ( 1982) suggested that the decrease in pH is 

the most important of the three factors listed above. An acid that 

decreases the pH of a food will extend the lag phase of acid

sensitive microorganisms (Greer, 1982; Mountney and O'Malley, 

1965; Smulders and Woolthuis, 1983; 1985) and eventually will 

cause death (van Netten et al., 1984). Significant reduction of the 

bacterial flora will result not only from a pH drop but also by the 

specific action of the undissociated form of the acid molecule 

(Smulders, 1987). The pH affects the extent of dissociation of the 

acid (Baird-Parker, 1980), and undissociated weak acids are 10 to 

600 times more effective than the dissociated form (Smulders et 

al., 1986). Effective growth inhibition by an acid occurs only 

when an appropriate amount of the undissociated molecule is 

present (Eklund, 1983). This amount may be obtained by either 

applying more acid or by lowering the pH. Most organic acids are 

effective only at a pH of 5.5 or below. 

The pH drop attained and the period during which it is 

maintained depend on the amount of acid applied and the 

buffering capacity of the food. Smulders and Woolthuis (1985) 

reported that, at 2.5 h postmortem (approximately 1.5 h after 

treatment), a pH drop of more than 3 units was observed on hot 

calf carcasses sprayed with 1.25% lactic acid. However, after 72 h 

the pH had returned to its initial value. Smulders and Woolthuis 

(1985) reported that a combination of acid treatment and 
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refrigerated storage under vacuum provided an even longer shelf

life than acid treatment alone. 

The level of contamination with enteropathogenic 

microorganisms may be reduced through an increased 

suppression of gram-negative bacteria. van Netten et al. (1982) 

observed a flora shift after acid decontamination of fresh meat 

surfaces, resulting in a relative increase in the percentage of 

catalase-negative, gram-positive, rod-shaped bacteria, which are 

known to be antagonists of enteropathogenic, gram-negative 

bacteria (Gilliland and Speck, 1972; 1977). 

Factors affecting the efficacy of acetic acid 

The effect of acetic acid on the microbial population of 

carcasses is a function of factors such as concentration, 

temperature, method of application, and application time of the 

acid, the extent and nature of initial microbial contamination, the 

extent of attachment of microorganisms to carcass surfaces, and 

microbial types present (Snijders et al., 1985). The effective 

concentration of acetic acid also depends on the initial load of 

microorganisms. At a high level of initial microbial 

contamination, acceptable concentrations of acetic acid may not 

reduce the microbial population significantly. 

In a study of the effect of storage time on bacterial 

attachment to pork skin, Butler et al. (1980) reported higher 

bacterial counts on inoculated pork skin samples by a maceration 
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method than those obtained with a rinse method. The more 

firmly attached bacteria trapped in capillary crevices or troughs 

would be protected, not only by the skin, but also by a 

polysaccharide (glycocalyx) produced by bacteria. The formation 

of an extracellular structure could play an important role in 

attachment of bacteria to skin or meat surfaces (Bell et al., 1986), 

resulting in protection from the adverse effect of acid treatments. 
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Bacterial culture 

CHAPTER III 

MATERIALS AND METHODS 

Salmonella typhimurium (ATCC 14028) was grown and 

maintained in tryptic soy broth (TSB, Difco, Detroit, MI). Cultures 

were transferred to TSB and incubated in a Forma Scientific (Model 

3546, Marietta, OH) Incubator at 37°C for 18 h before use. 

Sample collection 

In phase I, pork cheek meat (n = 10/treatment) was selected 

by quality assurance personnel at a commercial pork slaughter 

facility at random times during the day's production. The 

samples were frozen and shipped to the Texas Tech University 

Meat Laboratory for analysis. The cheek meat was stored at -20°C 

until analyzed. The cheeks were immersed in a water bath 

containing Salmonella typhimurium (104/mL) for 30 sand then 

treated with distilled water spray (20 or 40°C) or a spray with 2% 

AA at 20 or 40°C. In phase II, pork cheek meat (n = 10/treatment) 

was sprayed in a commercial slaughter facility carcass wash with 

2% AA (25°C) and compared to control (non-treated) cheeks from 

the same day of production. 
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Microbiological analysis 

The cheek meat samples were homogenized in 180 mL 

Butterfield's phosphate buffer (Pertel and Kazanas, 1984) for 2 

min with an Osterizer blender. The cheeks were evaluated for the 

presence and numbers of Salmonella (Poelma et al., 1984t APCs 

and total coliforms (Mehlman, 1984). Biocontrol™ 1-2 tests 

(Biocontrol Systems, Botheol, WA) were used to detect the 

presence or absence of Salmonella. 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 (Poelma et al., 1984). The 

plates were incubated at 3 7°C for 24 h, which produced clearly 

defined colonies. Aerobic plate counts were determined by 

placing 10 mL of the sample homogenate in the appropriate ten

fold dilutions and placing 1 mL of the dilutions 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 

incubated at 3 7°C for 48 h before being counted and reported as 

the log1oCFU/cm2 for each sample. The coliforms were 

enumerated by using 1 mL of each dilution and placing on 

Coliform Petrifilm TM (3M Health Care, St. Paul, MN). The 

coliforms were incubated at 3 7°C for 24 h. In phase II, the 

presence or absence of Salmonella was detected using the 
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Biocontrol™ 1-2 tests (Biocontrol Systems, Botheol, WA). The 

APCs and coliforms were enumerated using Petrifilm™ as 

described in phase I. 

Statistical analyses 

The numbers of bacteria were obtained from countable 

plates and were converted to log1oCFU/cm2 values. Statistical 

analysis was conducted using the ANOV A procedure of the SAS 

Institute, Inc. (1985). When significant (P < 0.05) main effects 

were observed, mean separation was accomplished using the Least 

Significant Difference procedure (Steel and Torrie, 1980). 
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CHAPTERN 

RESULTS AND DISCUSSION 

In phase I, when comparing the inoculated control (CON+) 

and the AA-treated samples, a significant decrease in 

log1oCFU/cm2 of Salmonella was found (Figure 1). The 40oC 

water treatment also reduced the log1oCFU/cm2 (P < 0.05), but 

not as drastically as both AA treatments. All of the treated meat 

had a higher count of Salmonella than the uninoculated control 

(CON-). The percentage incidence of Salmonella as detected by 

Biocontrol™ 1-2 tests was not affected by any treatment because 

none of the treatments completely eliminated Salmonella (Figure 

2). Compared with the initial APCs of the positive control cheeks, 

a reduction in APCs of 79% was found in samples that were treated 

with acetic acid (P < 0.05, Figure 3). Additionally, the total 

coliforms for the acid-treated cheeks were lower than the positive 

controls regardless of temperature (P < 0.05). The water 

treatments did not significantly affect APCs or total coliforms. 

Overall, the temperature of the AA had no effect on the reduction 

of APCs and total coliforms. These results agree with a study by 

Hamby et al. (1987) using beef carcasses in which, except for the 

rib area, APCs of samples treated with intermittent sprays of water 

did not differ (P > 0.05) from those of the control sides. However, 

intermittent sprays of acetic acid caused a significant decrease in 

APCs on the rib and clod areas. Therefore, Hamby et al. (1987) 
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concluded that an intermittent spray of acetic acid was superior to 

water in reducing APCs of strip loin, rib and clod in beef 

carcasses. 

In phase II, treating the cheek meat with AA decreased the 

incidence of Salmonella 67% (P < 0.05, Figure 4). Acetic acid 

treatment also greatly decreased APCs and coliforms (P < 0.05, 

Fig. 5). 

These results agree with results from Dickson (1992) in 

which the reduction in population of Salmonella attributable to 

acetic acid was consistent and was not affected by the initial cell 

population for lean and fat tissue. In the same study by Dickson 

(1992), the populations of Salmonella were reduced by 0.5 to 0.8 

log10 cycles with a 2% AA treatment. Additionally, the AA, when 

used as a sanitizing agent on beef tissue, had an immediate lethal 

effect on part of the bacterial population, as well as sublethally 

injuring more of the initial population. 

The logic behind the hazard analysis critical control points 

(HACCP) program is that defensive control points are identified to 

prevent contamination such as sanitation, proper product 

handling and employee education as well as offensive 

mechanisms to remove the contamination such as trimming and 

carcass washes. However, at the present time no approved 

offensive control points have been set for pork head products. 

The problem is that trimming is designed to remove the visible 

contamination; however, microbiological contamination 
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(pathogens and bacteria) cannot be seen by the human eye. 

Therefore, the necessity for an acetic acid head wash system 

becomes apparent with the critical control points in mind. 
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cheek meat. Means with common superscripts do not 
differ (P > 0.05). (CON- = uninoculated control; CON+ 
= inoculated control; AA = 2% acetic acid). 
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Figure 4. Frequency (%) of Salmonella typhimurium from control 
and AA-treated pork cheek meat. Means with different 
superscripts differ (P < 0.05). (AA = 2% acetic acid). 
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CHAPTER V 

IMPUCA TIONS 

The results indicate that a significant reduction in the 

incidence of the pathogen, Salmonella, as well as APCs and 

coliforms can be attained with the application of acetic acid to 

pork cheek meat, confirming previous studies on beef and pork 

carcasses. Salmonella were not completely eliminated; however, a 

significant reduction in the total plate counts indicates the acetic 

acid application had a positive effect in reducing contaminants. 

The reduction in APCs and coliforms also confirms the need for an 

acetic acid application in commercial plants. These data support 

the advisability of employing a head wash system in commercial 

slaughter facilities to reduce the incidence of pathogens and other 

microorganisms. Because the technology is already in place for 

the carcass wash systems, the addition of a head wash system 

would be easy to implement in a commercial slaughter facility. 

An acetic acid head wash will be an offensive mechanism to 

reduce unseen microbiological contamination on pork head 

products. An acetic acid head wash along with good 

manufacturing practices are important in achieving the goal of 

extending shelf-life and the microbiological safety of pork cheek 

meat. More research is necessary to evaluate the sensory and 

processing characteristics of treated versus untreated cheek meat. 
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