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CHAPTER I 

INTRODUCTION 

Food safety issues are important concerns for the 

consumer, regulatory agencies, and the food industry. 

Media focus on outbreaks of foodborne illness have 

increased the public's awareness and intensified 

interests about the safety of the food we eat. The meat 

industry has received significant attention about the 

safety of meat products. This attention is due to 

outbreaks of foodborne illness caused by consumption of 

meat contaminated with bacterial pathogens. 

Techniques to eliminate bacterial pathogens from 

meat products at the industry level are limited. 

Consumers must rely on cooking of meats to adequate 

temperatures and proper storage and handling techniques 

to ensure the destruction and control of bacterial 

pathogens. Many outbreaks of foodborne illness are due 

to foods not being cooked to proper temperatures or cross 

contamination of bacterial pathogens to food. 

Microbial contamination of raw meat has always been 

an important food safety issue (Chung et al., 1989). 

Bell et al. (1986) stated that once the animal is 

slaughtered, bacterial contamination usually occurs and 

spoilage is expected. Methods to reduce pathogens on 
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meat have included such techniques as carcass washing 

with water or various organic acids. It has been 

proposed that electrical stimulation might be effective 

in controlling microbial growth, but this proposition has 

not been consistently demonstrated (Kastner, 1982). 

Grimes et al. ( 1988) demonstrated that the application 

of electrical current to beef carcasses has proven 

beneficial to many quality characteristics, including 

microbial quality. The results from this research will 

determine if bacterial pathogens can be eliminated from 

the meat supply through an inexpensive methodology that 

has easy application to carcasses on the kill floor in 

the meat industry. 

The objective of this research was to determine if 

electrical currents can be applied to meat surfaces to 

reduce bacterial pathogens. The effects of stimulation 

time, pulsed electricity, and voltage level on bacterial 

pathogens were determined. 
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CHAPTER II 

REVIEW OF LITERATURE 

Overview 

Foodborne disease is being recognized increasingly 

as a major cause of morbidity in both industrialized and 

developing countries (Todd, 1989). The economic impact 

of foodborne disease can be high due to medical costs, 

liability and business losses. Todd (1989) reported that 

preliminary United States estimates for foodborne illness 

were approximately 12.6 million casesjyr costing $8.4 

billion/yr. This estimate includes only reported cases 

of foodborne disease. Many cases of foodborne disease go 

unreported due to the difficulties of collecting data on 

their occurrences. Microbiological diseases (bacterial 

and viral) represent 84% of the United States costs, with 

salmonellosis and staphylococcal intoxication being the 

most economically important diseases (Todd, 1989) • 

Approximately 2.9 million cases of salmonellosis occur in 

the United States each year. These cases affect all 

areas of the food industry and cost approximately $4. 0 

billion annually (Todd, 1989). Rubin and Weinstein 

( 1977) estimated that approximately 2 million cases of 

salmonellosis occur each year in the United States; the 

economic impact of this has been estimated to be 20-200 
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million dollars. Perhaps the most important factor 

involved in the incidence of the disease caused by 

nontyphoidal Salmonellae in the United States has been a 

progressive trend towards mass processing and 

distribution of food products, particularly those derived 

from animals among which these organisms are widely 

distributed (Rubin and Weinstein, 1977). 

Muscles of an animal essentially are sterile 

(Bell et al., 1986). In the conversion of live animals 

to meat for consumption, microbiological contamination 

occurs as an unavoidable result of processing 

(Dickson, 1992). Much contamination is contributed by 

the hide during the removal process, bec~use exposed 

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

fecal matter (Ayres, 1955). The potential for one meat 

surface to contaminate another clearly exists. Contact 

between two meat surfaces can occur at all points during 

processing (Dickson, 1990). Microbial contamination can 

also be spread from meat to equipment surfaces. 

Carson et al. (1987) demonstrated that Salmonella 

typhimurium could be transferred from rinsed poultry skin 

to stainless steel. After a contact time of 1 h, 3 to 

10% of the bacteria attached to poultry skin was 

transferred to stainless steel. 

4 



The majority of the microflora transferred to the 

tissue surface, while aesthetically undesirable and 

deleterious to shelf life, are nonpathogenic 

(Dickson, 1992). However, pathogens such as Salmonella 

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

carcasses during slaughter and packinghouse operations. 

Salmonellae have been associated with raw animal 

products, including meat and meat products. Other 

pathogens that have been associated with meat and meat 

products include Escherichia coli 0157:H7, Listeria 

monocytogenes, Staphylococcus aureus, Clostridium 

perfringens, Campylobacter jejuni, and Yersinia 

enterocolitica. It is clear that the primary concerns 

and efforts of the meat industry should be directed 

against microbial contamination and survival. 

Destruction of Microorganisms on Meat 
by Electricity 

Although numerous reports are available on the 

effect of electrical currents on microorganisms, little 

work has been reported regarding the effect of electrical 

stimulation on the bacteriological quality of meat 

(Mrigadat et al., 1980). Currently, no commercially 

available technology exists for eliminating pathogens 

from raw meats at the processing level. Electrical 

stimulation is widely used at the processing level to 
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increase tenderness and decrease the onset of cold 

shortening. 

Most of the early work involving electricity to 

destroy microorganisms was executed in a liquid medium. 

Sandorf (1938) studied the effects of high voltage 

electricity on the bacterial content of milk. He 

obtained as high as 85% destruction of the bacteria in 

milk. Gilliland and Speck (1967) found that discharging 

high voltage electricity across an electrode gap in 

liquid suspensions was effective in destroying 

Escherichia coli and Streptococcus faecalis cells and 

Bacillus subtilis spores. Brandt et al. (1962) found 

that pulsed discharges of high voltage sparks could be 

used to reduce as much as 90% of the microbial 

populations in sewage. 

Riley et al. (1980) hypothesized that electrical 

stimulation has an adverse effect on either the bacteria 

or on the meat as a growth medium. A significant 

reduction in bacterial counts on the lean surface of 

retail cuts from electrically stimulated lamb carcasses 

was noted. Contreras et al. (1981) reported that the 

shelf life of refrigerated ground beef from electrically 

stimulated, hot-boned carcasses was 3 d longer than the 

shelf life of ground beef from control carcasses. 

Electrical stimulation of beef carcasses prolonged the 
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lag phase of the psychotropic bacterial population by 2d, 

and the shelf life of ground beef from electrically 

stimulated carcasses was prolonged by 3 d as compared to 

the control (Raccach and Henrickson, 1978). 

Mrigadat et al. (1980) studied the effects of 

electrical stimulation on Pseudomonas putrefaciens and 

Lactobacillus ER· on rabbit muscle and ground beef. 

Results in the rabbit muscle showed a significant 

reduction in P. putrefaciens and Lactobacilli 45 min 

after electrical stimulation. Results in the 

electrically stimulated ground beef were consistently 

lower than the control samples. A study by Lin et al. 

(1984) supported the increased storage stability and 

bacteriological quality of meat resulting from electrical 

stimulation. Several explanations have been given for 

the significant differences in microbial growth on meat 

from electrically stimulated and unstimulated carcasses, 

based on the assumption of different redox potentials or 

the deleterious effects of electricity and of proteolytic 

enzymes (Pearson and Dutson, 1985). It has been 

hypothesized that an electric field induces a potential 

difference across the membranes of cells, which exerts 

pressure on the membrane. 

thinning of the membrane. 

This pressure can lead to a 

Excessive field strength or 
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pulse length can irreversibly damage the membrane and 

lyse the cells. 

Destruction of Microorganisms on Meat 
by Organic Acid 

Acuff et al. (1987) stated that acid decontamination 

of meat surfaces 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 foodborne illness. Organic acids, 

such as acetic or lactic acids, have been used to 

sanitize carcasses because they have good bacterialcidal 

activities (Acuff et al., 1987; Quartey-Papafio et al., 

1980) and are generally regarded as safe (GRAS) additives 

(Food and Drug Administration, 1982). In a recent study 

by Frederick (1993), pork cheek meat was inoculated with 

a suspension of Salmonella typhimurium. A 67% reduction 

in s. typhimurium occurred when the pork cheek meat was 

treated with a 2% acetic acid solution. 

In another study, Dickson (1992) reported a decrease 

in s. typhimurium by 0.5 to 0.8 log10 cycles when lean 

and fat beef tissues were sanitized with a 2% acetic acid 

solution. The acetic acid had an immediate lethal effect 

on part of the bacterial population, as well as 

sublethally injuring more of the initial population. 

Acid treatment sublethally injured about 65% of the 
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population on both lean and fat tissue, and the residual 

effects of the acid resulted in a log cycle reduction in 

bacterial population in fat tissue over 4 h. Bell et al. 

(1986) reported that exposure of inoculated 

semimembranosus and adductor muscles to 1.2% acetic acid 

dipping for 10 s reduced the average aerobic plate counts 

by 65%. Cacciarelli et al. (1983) obtained significantly 

lower bacterial counts in fresh pork loins spray-washed 

with a 2% acetic acid solution, vacuum-packaged, and 

stored at 4°C for 28 d. 

A synergistic effect may be obtained by using an 

organic acid as the wash media in combination with 

electrical stimulation to lower bacterial populations on 

meat and carcass surfaces. Both electrical stimulation 

and organic acid spray-washing have lowered bacterial 

populations on meat surfaces, but little literature is 

available on the combination of these two techniques to 

lower microbial numbers. 

Bacterial Attachment to Meat Surfaces 

Although the extent of contamination is highly 

variable, most initial contamination occurs on the 

surfaces of red meat carcasses (Dickson, 1992). The 

mechanisms of bacterial attachment are important 

considerations when trying to control the amount of 
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microorganisms on meat surfaces. Dickson (1992) stated 

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. Cells on the surface have been described 

as "loosely" and "strongly" attached cells (Firstenberg

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

planktonic and sessile (Costerton and Lappin-Scott, 

1989) . In one study conducted by Chung et al. ( 1989) , 

six species of bacteria were tested to determine the 

extent of their attachment to lean muscle tissue and fat 

tissue. Of the six species of bacteria tested, all of 

them attached to the meat surface instantly ~hen the meat 

pieces were immersed in the cell suspension. A 

significant increase in the number of attached cells 

between 0 and 20 min with both lean and fat tissues at 

high inoculum levels also was noted. 

Butler et al. (1979) observed attachment to and 

possibly detachment of bacteria from pork skin and thin

surface slices of beef and lamb carcasses. Much of the 

bacterial attachment occurred during the first minute of 

immersion in the attachment medium, although in some 

instances continued attachment occurred over a 30-min 

period. Gram-negative motile bacteria showed greater 

attachment than did gram-positive non-motile species. 
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Lillard (1985), found a generally linear increase in the 

rate of attachment with time (0.25 to 60 min) following 

exposure of poultry skin to suspending fluid. In another 

study by Lillard (1986), data indicated a possible 

transfer of water and bacteria from surface film to skin 

during prolonged water immersion. After 0.25 min, 94% of 

the bacterial cells were entrapped in the water film, 

while only 6% were attached to the skin. After 60 min of 

immersion, 39% of bacterial cells were in the water film 

and 61% were attached to the skin. As immersion time 

increased, the percentage of bacteria in the surface film 

decreased, whereas the percentage on the skin increased. 

Preventing the formation of the surface film by altering 

surface tension may reduce carcass contamination during 

immersion processes or may improve access of the 

bacterial cells to skin surface and increase attachment 

(Lillard, 1986). Bacterial attachment to poultry skin is 

a complex phenomenon that involves mechanisms other than 

fimbriae, flagella, or water uptake, although a 

combination of these and other factors may be involved 

(Lillard, 1986). 
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CHAPTER III 

EFFECT OF CONTINUOUS HIGH VOLTAGE ELECTRICITY 

ON COLIFORM AND AEROBIC BACTERIA 

ON BEEF STEAKS 

Summary 

Forty beef steaks (7.6 x 10.2 x 2.5 em) from the top 

round region were subjected to 620 v of continuous 

electricity at four time intervals (0, 20, 40, 60 s) to 

determine the effects of high voltage electricity on the 

destruction of coliforms and aerobic bacteria. The 

electricity was applied to either a dry steak or one to 

which 3 ml of sterile deionized water was applied to the 

surface of the steak. Electrical stimulation for 20 and 

60 s decreased (P < .05) coliform bacteria counts 

compared to steaks to which no electricity was applied. 

Aerobic plate counts (APC) were lower (P < .05) in steaks 

stimulated for 60 s than those with no electrical 

stimulation. Coliform and APC counts were lower 

(P < .05) for the steaks to which 3 ml of sterile 

deionized water was applied before electrical stimulation 

compared to the samples that had no water application. 
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Experimental Procedure 

Steaks were obtained from the beef top rounds and 

cut into 7.6 x 10.2 x 2.5 em portions. A 2 x 4 factorial 

design was used with two spray treatments (water spray 

and no spray) and four stimulation times (0, 20, 40, 

60 s) in five replications. One milliliter of a 

suspension (106/ml) of Escherichia coli 0157:H7 (ATCC 

43888) was applied to the surface of each steak. E. coli 

0157:H7 was propagated from a freeze dried pellet 

(American Type Culture Collection, Rockville, MD) by 

reconstituting in nutrient broth and incubating for 24 h 

Sterile deionized water (3 ml) was sprayed on 

the surface of one-half of the steaks. A hog stunner 

that was modified with two probes, placed at opposite 

ends of the steak, was used to administer the electricity 

(620 v). After each treatment, the steaks were placed in 

100 ml of phosphate buffer (BBL Microbiology Systems, 

Cockeysville, MD) and agitated for 1 min. Appropriate 

dilutions of phosphate buffer were prepared and plated on 

APC and E. coli PetrifilmR (3M Health Care, st. Paul, 

MN) • Aerobic plate count PetrifilmR was allowed to 

incubate for 48±3 h at 35°C. Escherichia coli PetrifilmR 

was incubated for 24±2 h at 35 o C. Positive films were 

incubated an additional 24±2 h at 35oc. Distinguishable 

colonies were counted and converted to log CFUjcm2 . Data 
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were analyzed by analysis of variance (SAS, 1985) and 

treatment means were separated by least significant 

differences (LSD) (Steel and Terrie, 1980). 

Results and Discussion 

Steaks that were stimulated for 20 and 60 s had 

lower (P < .05) coliform counts than nonstimulated steaks 

(Figure 3 .1) . Electrical stimulation for 20 and 60 s 

decreased coliform bacteria counts by an average of 81%. 

The steaks that had been electrically stimulated for 60 s 

had a 7 5% reduction ( P < • 05) in aerobic plate counts 

compared to the nonstimulated steaks. 

The coliform and APC bacteria counts were lower 

(P < .05) when 3 ml of sterile deionized water was added 

to the surface of the steak before electrical stimulation 

(Figure 3.2). A control for water was not analyzed since 

Frederick (1993) found no differences for a sterile 

deionized water spray. This water spray simulates the 

possibilities of using a carcass wash in combination with 

electrical stimulation to lower the bacterial population 

on meat or carcass surfaces. A synergistic effect may be 

obtained by using an organic acid as the wash media in 

combination with electrical stimulation to lower 

bacterial populations on meat and carcass surfaces. 

Kotula et al. (1974) found reductions in aerobic bacteria 
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log CFU/c~ 
7 

6.5 

6 

5.5 

5 
Control 20 40 60 

Stimulation time (s) 

- Coliform - APC 
~-------------------

Figure 3. 1. Effect of stimulation time on 
the destruction of coliform and aerobic 
bacteria on top round steaks by electrical 
current (620 v). Means within a bacterial 
type with different superscripts differ 
(P < .05). 
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Log CFU/cm2 

no spray spray 

Spray vs no spray 

-Coliform - APC 

Figure 3. 2. Effect of a 3ml sterile 
deionized water spray on enhancement of the 
destruction of coliform and aerobic bacteria 
on top round steaks by electrical current 
(620 v). Means within a bacterial type with 
different superscripts differ (P < .05). 
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45 min and 24 h after carcass washing with 200 ppm 

chlorinated water. Studies to determine the effects of a 

combination of electrical stimulation and a carcass wash 

on microbial populations are warranted. It is not know 

whether the electrical current is being evenly 

transmitted across the entire meat surface. Studies to 

determine the distribution of electrical current across 

the meat surface are also warranted. 

Conclusions 

This study demonstrated that electrical stimulation 

reduced the number of coliform and aerobic bacteria. A 

greater effect on coliform and aerobic bacteria was found 

when electrical stimulation was applied to a hydrated 

meat surface. The hydrated meat surface probably 

facilitates the transmittance of electrical current 

across the meat surface. 
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CHAPTER IV 

EFFECT OF PULSED ELECTRICITY AND VOLTAGE 

LEVEL ON SALMONELLA TYPHIMURIUM AND 

AEROBIC BACTERIA ON BEEF STEAKS 

summary 

Forty beef steaks from the top round region were 

subjected to 1, 200 v of electrical current at different 

pulsing intervals (0, 1, 3, 6, and 0, 6, 12, 24 pulses) 

and different voltage levels (0, 300 vj2.5 em, 600 vj2.5 

em, 1, 200 v/2. 5 em) to determine their effects on the 

destruction of Salmonella typhimurium and aerobic 

bacteria. The steaks were cut into 7. 6 x 2. 5 x 2. 5 em 

portions (400 vj2.5 em). Steaks subjected to 3, 6, 12, 

and 2 4 pulses reduced ( P < • 0 5) s . typhimur i um counts 

compared to those steaks to which no electrical 

stimulation was applied. Aerobic plate counts were 

consistently reduced (P < .05) in steaks subjected to 1, 

3, 12 and 24 pulses compared to steaks to which no 

electrical stimulation was applied. 

The 40 steaks used in the voltage level study were 

cut into 15.2 x 2. 5 x 2. 5 em, 7. 6 x 2. 5 x 2. 5 em, or 

3.8 x 2.5 x 2.5 em portions to allow the respective 

vel tage levels. A total of 1800 v distributed in 6 

pulses was used. A voltage level of 1,200 vj2.5 em 
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reduced (P < .05) the numbers of s. typhimurium compared 

to those steaks that received no electrical stimulation. 

Voltage levels did not affect aerobic plate counts. 

Experimental Procedure 

Pulsed Electricity 

Steaks were obtained from the top round and cut into 

7.6 X 2.5 

suspension 

X 2.5 em 

(10 4/ml) 

portions. One milliliter of a 

of Salmonella typhimurium 

(ATCC 14028) was applied to the surface of each steak. 

s. typhimurium was propagated and maintained in 

trypticase soy broth at 35°C for 24 h (TSB, Difco, 

Detroit, MI) before use. Sterile deionized water (3 ml) 

was sprayed on the surface of each steak. A hog stunner 

modified with two probes was attached to a pulse power 

apparatus (Engineering Technology, Texas Tech University) 

and electricity (400 V/2.5 em) was administered to each 

steak at different pulse levels (0, 1, 3, 6 pulses and o, 

6, 12 and 24 pulses). After each treatment, the steaks 

were placed in 100 ml of phosphate buffer 

(BBL Microbiology Systems, Cockeysville, MD) and agitated 

for 1 min. Appropriate dilutions were prepared with 

phosphate buffer and plated on APC PetrifilmR (3M Health 

Care, St. Paul, MN) and Bismuth Sulfite Agar (Difco, 

Detroit, MI). Aerobic Plate Count PetrifilmR was allowed 

to incubate for 48±3 h at 35°C. Bismuth Sulfite Agar was 
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incubated for 24±3 h at 35°C. Distinguishable colonies 

were counted and converted to log CFUicm2 . Data were 

analyzed by analysis of variance (SAS, 1985) and 

treatment means were separated by least significant 

differences (Steel and Terrie, 1980). 

Voltage Level 

Different lengths of steak were subjected to 1800 v 

of electricity in 6 pulses to determine the effect of 

voltage level on the destruction of Salmonella 

typhimurium and aerobic bacteria. Steaks were obtained 

from the top round and cut into 3 . 8 x 2 . 5 x 2 . 5 em 

( 12 0 0 v 12 . 5 em) , 7 • 6 x 2 . 5 x 2 . 5 ( 6 0 0 vI 2 . 5 em) , and 

15.2 x 2.5 x 2.5 em (300 Vl2.5 em) portions. One 

milliliter of a suspension of s. typhimurium (10 51ml for 

3.8 em steaks and 1061m1 for 7.6 and 15.2 em steaks) was 

applied to the surface of each steak. Sterile deionized 

water (3 ml) was sprayed on the surface of each steak. 

Electricity was applied in the same manner as in the 

pulse study except 1, 800 v was applied in 6 pulses to 

each steak. Other procedures were the same as used in 

the pulse study. 
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Results and Discussion 

Pulsed Electricity 

In the first pulsing study, steaks that were 

subjected to 3 and 6 pulses had lower (P < • 05) s. 

typhimurium counts than nonstimulated steaks and steaks 

subjected to 1 pulse (Figure 4 .1). Steaks that were 

subjected to 3 and 6 pulses reduced (P < .05) s. 

typhimurium counts by an average of 82%. In the second 

pulsing study, steaks that were subjected to 6, 12, and 

24 pulses had lower (P < .05) S. typhimurium counts than 

nonstimulated steaks (Figure 4. 2) . Steaks that were 

subjected to 12 pulses reduced (P < .05) s. typhimurium 

counts by 86% and steaks subjected to 24 pulses reduced 

(P < • 05) s. typhimurium counts by 88%. Of the steaks 

subjected to 24 pulses, 60% had a 90% or greater (1 log 

cycle) reduction in S. typhimurium. Dickson and Crouse 

(1989) found that treating tissue with electrical current 

affected both the initial attachment and total numbers of 

attached S. typhimurium to meat tissue. 

steaks that were subjected to 1 and 3 pulses had 

lower ( P < • 05) aerobic plate counts than nonstimulated 

steaks (Figure 4.1). Aerobic plate counts were not 

affected after 6 pulses in the first pulsing study. 

steaks subjected to 6, 12, and 24 pulses had lower 

(P < .05) aerobic plate counts than nonstimulated steaks 
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Log CFU/cm2 

5 

4.5 

4 

3.5 
Control 1 3 6 

number of pulses 

- S.typhimurium B APC 
~----------------

Figure 4 .1. Effect of electricity (1200 v) 
distributed in O, 1, 3, and 6 pulses on the 
destruction of Salmonella typhimurium and 
aerobic bacteria on top round steaks~ Means 
within a bacterial type with different 
superscripts differ (P < .OS). 
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Log CFU/cm 2 
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3.9 

3.4 
Control 6 12 24 

Number of pulses 

- S.typhimurium - APC 
~-----------------

Figure 4. 2. Effect of electricity (1200 v) 
distributed in o, 6, 12, and 24 pulses on the 
destruction of Salmonella typhimurium and 
aerobic bacteria on top round steaks. Means 
within a bacterial type with different 
superscripts differ (P < .05). 
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(Figure 4.2). Aerobic plate counts were reduced by 63% 

when steaks were subjected to 12 and 24 pulses. 

Voltage Level 

Steaks that were stimulated with 1,200 V/2.5 em 

distributed in 

s. typhimurium 

6 pulses 

counts than 

had lower 

nonstimulated 

(P < 

steaks 

.05) 

and 

steaks stimulated with 300 V/2. 5 em and 600 V/2. 5 em 

(Figure 4. 3). S. typhimurium was reduced by 82% when 

steaks were stimulated with 1,200 v/2.5 em. Steaks that 

were stimulated with 300 and 600 vj2.5 em distributed in 

6 pulses did not differ in s. typhimurium counts compared 

to nonstimulated steaks. Steaks that were stimulated 

with 1,200, 600 and 300 V/2.5 em distributed in 6 pulses 

did not differ in aerobic plate counts compared to 

nonstimulated steaks (Figure 4.4). 

Conclusions 

Results from these two studies demonstrated that 

pulsed electricity reduced (P < .05) s. typhimurium and 

aerobic bacteria on beef steaks. Electricity distributed 

in 24 pulses at 400 vj2.5 em was the most effective in 

reducing s. typhimurium with electricity distributed in 

12 pulses at 400 v/2. 5 em following second. A greater 

effect may occur using electricity distributed in 24 

pulses at 1200 v/2. 5 em because electricity distributed 
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Log CFU/cm2 

300 600 1200 

Voltage (volts/2.5 em) 

-Control -Stimulated 

Figure 4.3. Effect of voltage level on the 
destruction of Salmonella typhimurium on top 
round steaks. Means within a voltage 
treatment with different superscripts differ 
(P < .05). 
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Figure 4.4. Effect of voltage level on the 
destruction of aerobic bacteria on top round 
steaks. Means within a voltage treatment 
with different superscripts differ {P < .05). 
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in 6 pulses at 1200 

S. typhimurium counts. 

was not conducted due 

complete this research. 

V/2 .• 5 em reduced (P < .05) 

A vel tage study using 2 4 pulses 

the amount of time needed to 
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CHAPTER V 

IMPLICATIONS 

The results from this research demonstrate that 

electrical current can be effective in reducing 

Salmonella typhimurium and aerobic bacteria from meat 

surfaces. s. typhimurium was not completely eliminated, 

but significant reductions support the possibilities of 

using electricity to eliminate bacterial pathogens in an 

industry setting. This technology would be relatively 

easy to implement because electrical stimulation is 

already available to processors to help increase the 

eating quality of meat. 

Further research is necessary to determine the 

effect of a combination of electrical stimulation and 

acetic acid application in reducing bacterial pathogens. 

Research has already shown that Salmonella can be 

significantly reduced on meat surfaces by acetic acid 

treatment. The combination of these two procedures in 

reducing bacterial pathogens could have a greater effect 

than using any one of these procedures alone. 

Research also is needed to determine the effects of 

electrical applications on pathogens on meat surfaces in 

an industry setting. Carcass halves would need to be 

subjected to electrical current to determine if results 
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can be obtained that are comparable to those obtained in 

the laboratory. The possibility of using electricity as 

a possible offensive weapon has significant implications 

for the meat packing industry 1 public health 1 and the 

profitability of the beef industry. 
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