
AN ABSTRACT OF THE THESIS OF 

Michael DuWayne Nygaard  for the degree of  Master of Science 

in Food Science and Technology  presented on  August 14, 1980 

Title:  THE EFFECT OF PRERIGOR ELECTRICAL STIMULATION OF BEEF 

ON SELECTEO^Mer^RIA  

Abstract approved: 
Dr. Paul H. Krump^rman 

This investigation was designed to study the possible effects of 

the electrical stimulation of beef muscle on microorganisms present on 

the meat surface during and after treatment. The effect of electric 

current on microorganisms in minimal media suspension was also studied. 

Cell viability before and after electrical treatment or exposure to 

treated media was determined. Storage studies of meat tissure for five 

days at 10oC were conducted to determine variations in microbial growth 

of treated muscle. Growth curves of inoculum in ground electrically 

stimulated beef and of organisms treated electrically were run to 

determine lag time, growth rate, and ultimate cell density variations 

due to the electrical treatment. The ATP pool of electrically treated 

organisms was also studied in an effort to determine variations due to 

the treatment which could alter the microbial growth characteristics. 

In no instance did the results of this study show variations in 

microbial growth characteristics which would be significant enough to 

cause an extended shelf life of electrically stimulated beef. 
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THE EFFECT OF PRERIGOR ELECTRICAL STIMULATION OF 
BEEF MUSCLE ON SELECTED BACTERIA 

INTRODUCTION 

The process of post-mortem electrical stimulation of meat carcasses 

is a method gaining wide acceptance for increasing the tenderness of 

meat. The concept of using electrical shock was first suggested by 

Benjamin Franklin in 1749 as a method to improve the tenderness of 

turkey {26).    Harsham and Deatherage patented a process for electrically 

stimulating beef carcasses in 1951 (21). This process is used com- 

mercially in New Zealand, and is gaining wide acceptance in the United 

States (37). 

Electrical stimulation of the meat carcass accelerates post-mortem 

glycolysis and pH decline, decreases adenosine triphosphate (ATP) 

levels, and hastens the onset of rigor mortis (6). With the carcass set 

in rigor at an earlier stage, the meat can be cooled and processed 

sooner, with the benefit of increased tenderness. 

Recent research has shown that the spoilage flora of electrically 

stimulated ground beef undergoes an increased lag time in the growth 

cycle which results in the benefit of extended shelf life of this 

product (32). The study also indicated that the spoilage flora, the 

non-pigmented Pseudomonads predominating, did not reach the same cell 

density in the electrically stimulated meat as in the control samples at 

refrigerated temperatures. 

The work conducted in this investigation was aimed at isolating the 

bactericidal, or bacteriostatic, effect of electrical stimulation 
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on meat. Past research has shown microorganisms to be extremely 

resistant to electrical current. However, indirect inhibitory effects 

upon the organisms due to unexplained toxic effects of the media have 

been noted after electrical current application. 

Experiments were performed in this study to demonstrate and isolate 

a direct effect of the electrical treatment upon microorganisms inoc- 

ulated on the surface of meat samples, and to isolate possible indirect 

toxic effects formed in the meat due to electrical stimulation. Micro- 

organisms were electrically treated in a minimal media system to deter- 

mine if the growth patterns could be changed due to this treatment, and 

if the ATP pool of the treated organism is altered in any way. 



II. LITERATURE REVIEW 

The method of tenderization of animal food carcasses most recently 

researched is post-mortem electrical stimulation. This process is not a 

new concept. In 1749 Benjamin Franklin noted that "killing turkeys 

electrically, with the pleasant side effect that it made them uncom- 

monly tender, was the first practical application that had been found 

for electricity." (26). 

In 1951, Harsham and Deatherage patented the process of electri- 

cally stimulating beef carcasses (21). This process, applied very soon 

after slaughter, has been shown to have beneficial side effects. New 

Zealand researchers (6, 7, 9) have examined electrical stimulation of 

lamb and beef carcasses as a method of rapid conditioning meat. This 

process is used commercially in New Zealand and is gaining wide ac- 

ceptance in the United States (37). 

The most obvious, and possibly most important quality improvement 

is in the muscle tenderness. Electrically stimulated beef has been 

shown to have significantly higher tenderness scores in sensory evalua- 

tion panels, and lower shear force values when compared to nonstimulated 

samples (6, 17, 35, 36, 37, 38). 

The increased tenderness of the meat is partially attributed to an 

accelerated rate of glycolysis after the application of alternating 

electric current (6). Since glycolysis is controlled by the rate of 

adenosine triphosphate (ATP) splitting, increased activity of myofib- 

rillar ATP-ase has been proposed as the cause of increased glycolysis 

(19). With an increased rate of glycolysis, the store of 



glycogen in the muscle will be more rapidly depleted. When all energy 

stores have been consumed, or accumulation of lactic acid inactivates 

the glycolytic enzymes (3), the level of ATP available to act as a 

plasticizer between the actin and myosin protein units of the muscle 

diminishes (4, 42). At this point, rigor mortis of the muscle will 

occur. Once rigor has set in, the carcass can be deboned without con- 

cern that the lack of skeletal support and chilling below 10oC will 

allow "cold shortening" (13). The "cold-shortening" effect, a con- 

tracture due to release of calcium ions by the sarcoplasmic reticulum 

upon chilling, appears to be a major cause of meat toughness (9, 25, 

27). 

By using electrical stimulation to accelerate the onset of rigor, 

the time delay between slaughter and carcass processing can be short- 

ened, with the added benefit of increased muscle tenderness (6). This 

time savings is equivalent to an energy savings considering the reduced 

holding time in refrigerated facilities before the carcass can be pro- 

cessed. A final quality improvement may be lower surface microbial 

loads resulting from decreased hanging time (13). 

In general, electrical stimulation of animal carcasses overcomes 

the problem of a trade-off in considering fast chilling to avoid 

spoilage, and of slow cooling to avoid toughness (9). 

The primary work with electrical stimulation of animal carcasses 

dealt only with the physical properties of the tissue. Little attention 

has been paid to the microbial flora residing on the carcass during and 

after electrical treatment, and during further processing. 
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Preliminary work with refrigerated ground beef from electrically 

stimulated carcasses indicated the lag time of the psychrotrophic 

bacterial population was prolonged by about two days (32). Comparing 

control and electrically stimulated ground beef samples, the shelf 

life of the treated beef at 50C appeared to be three days longer than 

control beef, as determined by the production of "off-odors". No 

changes were noted in the spoilage flora profile, the non-pigmented 

Pseudomonas species predominated at spoilage. 

Recently, researchers have attempted to further the hypothesis 

that electrical stimulation reduces the bacterial load of lamb chops 

(33). However, a recent storage study on ground beef and round steak 

cuts yielded no significant difference in bacterial growth between 

control and electrically stimulated samples (18). 

Considering the possible bactericidal, or bacteriostatic, effect 

of the electrical stimulation of meat, it appeared two situations, or a 

combination of the two, could be occurring. In the first case, a 

factor may possibly be formed in the meat tissue upon electrical stim- 

ulation which could elicit a deleterious effect upon microorganisms. 

The second case would involve a direct effect upon organisms present 

on the meat at the time of stimulation. At this time, no work has 

been published specifically dealing with the first case, but a con- 

siderable amount of research has been performed in the area of ap- 

plication of electric fields to cultures of microorganisms. 

One of the earliest accounts of work with electrical current as 

a means of destroying bacteria was from the late nineteenth century. 



Two separate experiments demonstrated a bactericidal effect of direct 

current upon suspensions of Bacillus anthracis, B^. subtil is, and 

Staphylococcus aureus in physiological saline. This effect, however, 

appeared only to be related to the anode region (2, 31). Further work 

pointed to the localized production of chloride ions, release of acids, 

or the formation of free oxygen at the anode as possible causes of a 

bactericidal effect (.41). No comment was made on this work as to the 

possibility of a temperature effect on the organisms. 

Occasionally, a report of a growth stimulation effect due to 

electric current has been reported. One such report listed several 

genera of bacteria stimulated by as much as one hundred fold over 

controls when grown in an electrolytic media in which an induced current 

is present due to contact with metal plates (40). Some of this data has 

not been reproducible (34). 

A later attempt to use an electrical microbicidal effect for 

sterilization purposes was in the treatment of milk (30). In the 

"electropure process," milk was passed over electrodes. As an electric 

current (low frequency, 2 Amps (A), 4000 Volts (V) was applied, the 

temperature of the milk increased. A pasteurization effect was noted, 

but it was determined that it was due mainly to the increased temp- 

erature of the milk. Any effect involving the electrical inacti-vation 

of microorganisms was not demonstrated. 

Work continued with alternating current and the effect on 

Escherichia coli suspensions (12). With high frequency current (10 

megacycles, 0.8A) and controlled temperature, a one log cycle cell 
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reduction was achieved in nutrient broth. In this study, no attempt 

was made to explain the effect. 

The use of submerged electrical discharges to kill microorganisms 

and provide floculation of organic material in sewage treatment systems 

was the next extensive examination of an electro-bactericidal effect 

(5). Submerged high-voltage discharges of electricity were applied 

to distilled water and saline solutions, with and without microorgan- 

isms present. The apparatus involved in this work consisted of a 

stainless steel container fitted with two nylon-insulated copper 

electrodes. One electrode was connected to a spark gap, the other to 

ground. At the breakdown of the spark gap, a flashover between the 

submerged electrodes occurs. The energy involved in this work was very 

high, with potentials on the order of 47 kilovolts being utilized. 

Representative organisms involved in this study were Serratia 

marsescens, Escherichia coli, and Staphylococcus aureus. 

The electrical stimulation of the media had a bactericidal effect 

whether the organisms were present in the solution during discharge, 

or added afterwards. The longer the exposure of the organisms to the 

stimulated media before enumeration, the greater was the killing effect. 

Inactivation rates of up to five log cycles were reported with varia- 

tions of initial cell concentration, circuit capacitance, discharge 

number, electrode separation, and bacterial species. 

A conclusion drawn from this work was that the bactericidal effect 

was mainly chemical in nature, since organisms did not have to be 

present in the media at the time of discharge to be affected. If the 

discharge occurred in nutrient broth, or in water or saline containing 
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cysteine, no toxic effect was noted. The dissolution of the killing 

effect by cysteine appeared to indicate that oxidative substances, as 

previously noted to occur at the anode (41), were the active agents 

formed during discharge (5). 

It seems possible only to make assumptions regarding the reactive 

species formed during electrical discharge. The rapid transportation 

of electrons that occurs in an electric spark could cause the formation 

of short-lived, very reactive free radicals which may interfere with 

bacterial cell metabolism. This would not be unlikely, since free 

radicals can be formed by ultraviolet light and ultrasonic waves which 

may well be produced during electrical discharge. Other possibilities 

include release of hydrogen gas, ozone, atomic hydrogen, oxygen, and 

hydroxyl radicals upon stimulation of the aqueous media (10, 16). 

A major criticism of the work of Brandt (5) was the use of copper 

core electrodes. Further work with electro-hydraulic shock procedures 

(submerged electrical discharges) and electrodes of varying materials 

demonstrated killing effects with copper electrodes, while no bacteri- 

cidal action was noted with aluminum or iron (15). 

The pressure shock wave per S£ as a cause of mechanical disruption 

of microbial cells, and therefore a cause of death, was ruled out by 

several studies involving microscopic examination of treated, inacti- 

vated cultures. However, the possibility of reactive chemical species 

formed upon arc discharge crossing cell walls with the aid of the 

pressure shock wave was considered (1, 11). 

In an effort to elucidate the mechanism of the bactericidal action 

of electrohydraulic shock, solutions of ATP, deoxyribonuleic acid 
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(DNA), and reduced nicotinamide adenine dinucleotide (NADHp), were 

treated (16). DNA underwent no change of absorbance at 260 nm after 

treatment indicating no molecular disruption. The absorbance of the ATP 

solution dropped markedly, indicating disruption of the purine ring 

structure. The NADH^ solution lost absorbance at 260 nm indicating 

oxidation to, and the possible breakdown of, NAD. 

No definitive mechanism has been proposed to account for the acti- 

vity of high voltage electrical discharges on bacterial suspensions. All 

evidence presented points to a complex combination of radiation, 

chemical, and physical factors eliciting the observed bactericidal 

effect. No single factor has been shown to give the full observed 

effect. 

The hazard involved with using high voltage electrical discharges 

in an industrial setting for sterilization purposes are rather great. 

With this in mind, low frequency alternating current was applied to 

suspensions of Escherichia coli to determine if this method had any 

effect on the bacterial viability (29). Results of this work demon- 

strated a lethal effect when alternating current of 40 to 120 mA, 50 Hz 

(voltage undefined) for 10 sec was applied to a phosphate buffer 

solution containing the bacterial inoculum. The viable counts of the £. 

col i suspension decreased as the cells were held in the treated solution 

for longer periods (up to 30 minutes). 

When cells were added to a treated medium, an indirect killing 

effect could be seen up to twenty minutes after electrical treatment. 

Beyond this point, the media appeared to lose toxicity. The indirect 

lethal effect was not of the magnitude of the viability loss when cells 
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were present during the electrical treatment. Lethal effects were 

noted with platinum and stainless steel electrodes, but not with 

ordinary steel. This contradicts the earlier conclusion that the cop- 

per electrodes used in the Brandt, et al. (5) study yielded a portion 

of the killing effect (15). 

As noted in previous studies, the addition of cysteine or albumin 

to the treated medium afforded protection from the lethal effect (29). 

Further research using continuous, low voltage, low frequency 

alternating current (1 V, 15 and 30 mA, 1 to 60 Hz) demonstrated little 

or no growth rate change in Escherichia coli grown in nutrient broth. 

When continuous direct current was applied, a slight increase in 

generation time was found. Temperature was held at 370C and no change 

from the initial pH of 7.0 was noted in the growth study (34). 

With evidence showing electrical current could yield bactericidal 

effects, and that there appeared to be no alteration of growth rates 

upon electrical treatment, a study into lag time variations due to 

electrical current was initiated (39). 

Alternating current was found to increase lag time in E. col i 

Type B grown and continuously stimulated .electrically in basal salts 

media with a glucose carbon source. Prolongation of lag time increased 

with increasing current values or with reduced inoculum size at fixed 

current values. 

As seen throughout studies dealing with bactericidal effects of 

electric current, a protection effect was seen when yeast extract or 

nutrient broth was added to the media. Also, pretreatment of the basal 
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salts media before inoculation gave prolonged lag times. As pretreat- 

ment time increased, so did the lag time prolongation effect. 

Many reports have been published on the effect of electric current 

on microorganisms. Although the bactericidal, or bacteriostatic, 

effect was most studied, a definitive report on the causes of this 

phenomenon is lacking. Extending this information to aid in defining 

a bactericidal effect of electric current in an extemely complex media 

such as animal muscle tissue is, indeed, a formidable task. 
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III. MATERIALS AND METHODS 

Muscle Preparation and Electrical Stimulation 

Sternomandibularis muscles from thirty healthy Herefore-Angus 

steers and heifers (two from each animal) were excised within 5-15 min 

after slaughter by standard plant practices at the Oregon State Univ- 

ersity Meat Science Laboratory. The samples ranged in weight from 140- 

170 gram. If the muscle was shrouded with membrane, it was removed by 

cutting with a flame sterilized knife. Within 20-30 min post-mortem, 

the muscle samples which were to be electrically stimulated (ES) were 

exposed to alternating current by the use of an "Electro-Sting" elec- 

trical stunner (model No. 1015, Type SSR). Wire extensions from the two 

stunner probes terminated in clips which were attached to each end of 

the muscle sample. Four machine settings #1-4, rated 260 Volts (V), 2.8 

Amperes (A); 315 V, 3.5 A; 370 V, 4.2 A; and 425 V, 4.9 A respectively 

were used for 30 sec intervals. Current frequency was 60 Hz. The main 

study consisted of exposure times between 15-60 sec at setting #1. 

Muscle temperature was monitored by a Weston dial thermometer inserted 

into the center of the muscle 3 cm from one of the electrode attach- 

ments. The temperature during treatment increased 1-20C, never exceed- 

ing 380C. If muscle samples were to be used whole, they were stored in 

sterile plastic bags. A Moulinex grinder, sterilized in 70 percent 

ethanol, was used to grind muscle samples. The ground meat was stored 

in sterile plastic bags. Beef homogenates of 40 g ground meat and 30 ml 

0.067 M phosphate buffer (pH 6.3) were made using an Oster blender, and 

stored in the sterile blender jars. 
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Organisms 

Serratia marcescens, Pseudomonas aeruginosa, and P_.  fluorescens 

cultures were obtained from the culture collection of the Oregon State 

University Department of Microbiology. 

Inocula 

Nutrient Broth (Difco) was used for cultivation and carrying of S^. 

marcescens. Standard Plate Count Agar (SPC, Difco) and Minimal Agar 

Davis (MAD, Difco) were used for enumeration by pour plating. The 

Pseudomonas species were carried in Tryptone Peptone Yeast Extract Broth 

(TPE) (24). Enumeration of £. aeruginosa was in SPC agar and MAD pour 

plates. P_. fluorescens was spread on pre-poured TPE agar plates for 

enumeration. All of the culture incubations were at 250C. Dilutions 

were made with 0.1 percent peptone water. Sterilization, in all cases, 

was by autoclaving at 15 psi steam pressure for 15 minutes. 

Inoculation of whole muscle samples with the organism under study 

5 
was achieved by dipping into a 1.5 L distilled water suspension of 10 

cells/ml of a stationary phase culture (24 hr at 250C). The sample was 

drained two min before further handling. 

Surface samples of the whole muscle tissue were taken by swabbing a 

2 
6.45 cm area outlined by a sterile stainless steel template (23). Two 

2 
sterile calcium alginate swabs were used per area, and 2-6.45 cm areas 

were swabbed per sampling. Swabs were placed in 10 ml of 0.1 percent 

peptone diluent and agitated on a Vortex stirrer for 2 min before the 

sample was plated for enumeration. Whole muscles were stored at 10oC in 

sterile plastic bags for 3-4 days before final sampling. 
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Ground meat samples were inoculated by addition of a stationary 

4 
phase culture of P. aeruqinosa at a level of 1 x 10 cells/g. Aliquots 

of 10 g were withdrawn at intervals and dilutions plated on SMA and 

MAD. 

Beef homogenates were inoculated with a stationary phase S. 

marcescens culture to give an initial 4 x 10 cells/ml level. The 

samples were stored at 250C and aliquots were drawn initially and after 

five days for enumeration. 

Muscle samples were inoculated before stimulation to study the 

effect of the treatment upon the resident microflora. Inoculum was 

applied to whole, ground, and homogenated meat post-stimulation in an 

effort to study the effect of possible ES induced changes in the meat 

upon resident microflora. 

Electrical Treatment of Bacterial Suspensions 

A schematic diagram of the equipment used to electrically treat 

bacterial suspension is shown in Figure 1. The three-armed glass 

reaction vessel was fitted with two flat stainless steel electrodes 

passing through rubber stoppers. The cotton stoppered central arm 

served as a sampling port. The electrodes were connected to an alter- 

nating current source through a Variac, to vary voltage and amperage. 

A voltmeter and ammeter were connected to monitor the potential and 

current across the electrodes. All treatments were performed with 200 

ml of solution in the reaction vessel. At this volume, the electrode 

2 
surface exposed equalled 8.4 cm with an 8 cm electrode gap. 
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Magnetic     Stirrer 
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AC-alternating current source(l20\/,60Hz) 
E -stainless steel electrodes 
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S - stir bars 
V - voltmeter 
WB-water bath (~20°C) 

Figure 1. Schematic drawing of glass chamber and equipment 
used for electrical treatment of bacterial 
suspensions. 
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Temperature control of the media during treatment was by water bath 

at approximately 20oC surrounding the reaction vessel. A magnetic 

stirrer agitated the water bath and reaction media simultaneously. 

Temperature was monitored by a sterile thermocouple passed through one 

of the arms of the vessel and connected to a Leeds and Northrup Model 

923 Digital Indicator. The average temperature was 210C prior to 

treatment and 260C post treatment. 

Three types of media were treated. A homogenate of unstimulated 

muscle (60 gm plus 0.067 M phosphate buffer, pH 6.3, to give a 150 ml 

final volume) inoculated with a stationary phase (24 hr) S. maracescens 

culture was stimulated for 60 sec at 120 V, 10 A, and 60 Hz. Appropriate 

dilutions were plated. The homogenate was incubated two days at 250C 

and samples plated and compared with controls. 

A suspension of 50 percent Minimal Media Davis without Dextrose 

(MMD-D, Difco) and 50 percent fluid expressed from whole beef was also 

treated. The fluid was gathered from thawing sternomandibularis muscle 

(400 gm) which had been frozen at -40oC for several days. The media was 

inoculated with a S. marcescens log phase culture which had been 

centrifuged, washed, and resuspended in MMD-D. The level of pre- 
5 

treatment inoculum was 1.7 x 10 cells/ml. 

S. marcescens was also inoculated into MMD-D at the same cell 

level. Both suspensions were electrically treated at 100 V, 18 A, and 

60 Hz. Samples were removed at 0 min (control), 1 min, and 30 min post- 

treatment for enumeration, inoculation of nutrient broth growth curves, 

and ATP analysis. All growth curves were performed at 250C in side arm 
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flasks compatible with a Bausch and Lomb Spectronic 20 Spectrophotometer 

and assayed at 420 nm. 

MMD-D was also inoculated with log phase TPE cultures of 

P_. fluorescens- The cells were washed and resuspended in MMD-D before 

9 5 inoculating the reaction media at levels of 3.8 x 10 and 8.5 x 10 

cells/ml. The media was electrically treated as previously described 

and sampled at 0 min (control), 1 min, 10 min, and 45 min post-treatment 

for enumeration, TPE growth curve inoculation, and ATP analysis. 

ATP ANALYSIS 

The methodology for ATP extraction (8) involved the removal of 2.0 

ml of cell culture media and adding it to 0.5 ml of ice-cold 30 percent 

(w/v) HC10 . After 10 min on ice, the extract was shaken well on a 

Vortex stirrer for 30 sec. The mixture was neutralized with 1.5 ml of 

1 M K0H; the precipitate was allowed to settle. The supernatent fluid 

was decanted off and stored frozen at -40oC until assayed. 

Standards of ATP were prepared from a stock solution of 1 mg 

adenosine-S'triphosphate disodium salt and 40 mg MgS04 (Sigma, FF-ATP) 

in 10 ml of 0.2 M glycylglycine buffer (pH 7.4). This solution was 

-9 -12 
diluted to give a range of standards from 3.6 x 10  to 3.6 x 10 

moles ATP per assay. 

The luciferin-luciferase enzyme assay for ATP was employed (8). 

Firefly lantern extract in arsenate-magnesium buffer (Sigma, FLE-50) was 

rehydrated with 5.0 ml sterile distilled water and stored at 20C for 24 

hours. The solution was centrifuged at 10,000 rpm for 20 min to remove 
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debris. The supernatant was decanted off and stored at 2°C for no more 

than four days before use. 

A Lab Line No. 9140 ATP Photometer and a Beckman LS 7500 Liquid 

Scintillation Counter (lower limit setting 0, upper limit setting 397) 

were used to assay the mixtures. To scintillation vials, 0.2 ml of 

0.2 M glycylglycine buffer (pH 7.4), 0.7 ml distilled water (at 250C), 

and 0.05 ml firefly lantern extract were added. Background readings 

were recorded for the enzyme soltuions, then 0.02 ml of standard or 

sample was injected into the vial. A standard delay of 15 sec between 

sample addition and assay initiation was employed to allow the initial 

flash to decay. Readings were taken over the next 60 seconds. These 

counts were proportional to the amount of ATP in the sample. 

Statistical Analysis 

The data was analyzed by use of the paired-t distribution analysis 

(28) to determine the significance of differences between control and 

electrically stimulated samples. 
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IV. RESULTS AND DISCUSSION 

The Indirect Effect of Electrical Stimulation of Beef on 
Resident Microflora 

An indirect effect of electrical stimulation (ES) upon the resident 

microflora would involve a change in the beef muscle tissue during 

treatment which could elicit a bactericidal or bacteriostatic effect 

upon the microorganisms. Considering the major microbial contamination 

of muscle tissue occurs after the ES treatment during hanging, cutting, 

and grinding, this potential effect would be of more importance than a 

direct effect upon the organisms present upon treatment. To determine 

if an effect such as this could cause the changes in microbial growth 

noted by Raccach and Henrickson (32), muscle tissue was inoculated after 

the ES treatment to rule out any direct effect of electrical current 

exposure on the organisms. 

Initially, variations of current values and treatment durations 

were explored in an effort to find an optimum treatment in handling the 

sternomandibularis tissue. A summary of these treatments is com- 

piled in Table 1. For this study, the treatment, inoculation, and 

sampling was performed on whole muscle. Surface swab samplings of the 

tissue, inoculated within 1 min post-ES, yielded three statistically 

significant differences (P<.05, set arbitrarily), but did not show a 

consistent trend toward decreased microbial load. Upon storage of the 

muscle samples for five days at 10oC, only one statistically signifi- 

cant reduction was noted (P<.05). This occurred with treatment #5, 

Table 1. The treatment of this sample caused a rather severe heating 

effect, and subsequent cooking of parts of the tissue. This was also 



Table 1. The Effect of Current Value and Electrical Treatment Time of 
Beef Sternomandibularis Muscle on Post-Stimulation inoculum 

of S. marcescens. 

Treatment Pre- ■Incubation b Post- •Incubation 

Number Setti 
a 

ng Time(sec) NC Mean CFUd se 
Level of      ^ 
Probability NC Mean CFUd se 

Level  of      ^ 
Probability 

0 0 0 (control) 4 1.79xl06 8.6xl04 control 4 6.6xl09 1.3xl09 control 

1 1 15 3 1.55xl06 2.7xl05 P<.15, NS 3 7.9xl09 g.ixio8 P<.2, NS 

2 1 30 6 1.87xl06 4.6xl05 P<.71, NS 6 5.8xl09 7.3x108 P<.25, NS 

3 2 30 3 2.58x106 3.2x105 P<.007 3 6.9x109 l.OxlO9 P<.75, NS 

4 39 30 3 2.15xl06 1.57xl05 P<.01 3 4.7xl09 6.5xl08 P<.08, NS 

5 49 30 3 1.37xl06 1.33xl05 P<.013 3 3.7xl09 4.5xl08 P<.025 

6 1 45 3 1.96xl06 1.76xl05 P<.15,  NS 3 7.8xl09 4.7xl08 P<.18, NS 

7 1 60 3 2.19xl06 2.69x105 P<.06, NS 3 6.7xl09 5.57x108 P<.90, NS 

a 1 - 260V, 2.8A, 60Hz 
2 - 315V, 3.5A, 60Hz 

- 3 - 370V, 4.2A, 60Hz 
4 - 425V, 4.9A, 60Hz 

b Incubation of whole inoculated muscle at 10 C 
for 5 days. 

c Sample size 

d Colony forming units per 6.45 cm 

e Standard deviation 

f The probability that the difference between control 
and ES treatments is statistically significant 
based on paired-t distribution. P >.05 was reported 
as non-significant (N.S.). 

g severe treatment, not representative of normal 
muscle ES treatment 

[V) o 
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noted to a lesser extent with treatment #4. These samples were not 

considered to have undergone a normal ES treatment, so these treatments 

were ruled out. The data in Table 1 does not indicate any differences 

in microbial growth which would significantly alter the shelf life of ES 

beef. 

The treatment of 30 sec at 26 0V, 2.8 A, 60 Hz (setting #1) was 

chosen as a standard treatment, typical of the treatment received by a 

whole carcass (60 sec at 600 V, 7 A, 60 Hz). This treatment was used on 

the sternomandibularis samples for the rest of the study. 

In a further effort to demonstrate a bactericidal or inhibitory 

effect due to the ES treatment, whole ES muscle, homogenates of ES 

muscle and ground ES muscle were used as the growth media for 

_S. marcescens and P_. aeruginosa. Whole beef sternomandibularis mus- 

cles were inoculated with S^ marcescens at 1 min post-ES. Sample sets 

A and B in Table 2 show only one set (.B) with a significant (P<.05) 

reduction in cell numbers recovered by surface swabbing. However, this 

reduction is not sufficient to yield a significant difference (P<.05) 

after a storage period of five days at 10oC (Table 3). 

To this point, no significant changes in the viability of micro- 

organisms exposed to ES beef could be noted. The variations inherent in 

the surface of the muscle samples appeared to be a possible source of 

error in the surface swab sampling technique. These variations could 

have masked differences in the level of microbial growth. To rule this 

out, homogenates of ES meat, and homogenates of control meat 

electrically treated in solution with the apparatus in Figure 1 were 

inoculated with SL marcescens post-ES (sample sets C and D, respect- 



Table 2.    Effect of Electrical  Stimulation    of Beef Stemomandibularis on Selected Bacteria 
(Initial  Sampling) 

Sample Organism Sample 
Type 

Inoculation Control Electrically stimulated 
Pr 

Level off 

Code nc mean CFUa s* nL mean CFUd s^ •obability 

A Serratia marcescens Whole 
Muscle 

Post ES 8 9.8 x 107 6.2 x 103 7 6.9 x 103 3.7 x IO3 P <.30, NS 

B S. marcescens Whole 
Muscle 

Post ES 4 8.73 x 104 1.1 x 104 4 6.45 x 104 1.96 x IO4 P <.008 

C I- marcescens Homogenate Post ES 6 5.0 x 106 7.23 x 105 7 5.8 x 106 1.5 x IO6 P <.27, NS 

0 S. marcescens Homogenate Post ESb 6 1.36 x 106 1.52 x 105 6 1.44 x 106 7.53 x IO4 P <:28; NS 

E P. aeruqinosa Ground 
Muscle 

Post ES 4 8.33 x 103 1.48 x 103 4 5.6 x IO3 1.17 x IO3 P <.065,NS 

F S- marcescens Homogenate Pre ESb 6 1.23 x 106 1.3 x 105 5 1.12 x IO6 1.3 x IO5 P <. 22,^5 

G P. aeruqinosa Whole 
Muscle 

Pre ES 4 3.64 x 104 3.56 x 104 4 7.83 x IO3 7.14 x IO3 P <.32, NS 

260V, 2.8A, 60 Hz  for 30 sec. 

Homogenate of unstimulated muscle  treated in solution at 100V,  18A, 60 Hz  for 60 sec. 

sample size 

colony forming units per g, ml, or 6.45 cm 

standard deviation 

the probability that the difference between samples  is statistically significant based on paired-t distribution. 
P >.05 was reported as non-significant (NS). 



Table 3.    Effect of Electrical Stimulation   of Beef Sternomandibularis on Selected Bacteria 
(Sampled Post-Incubation,  10*C, 5 Days). 

Sample 
Code Organism 

Sample 
Type 

Inoculation 
Control 

nc 
Electrically Stimulated 

mean CFUd      se 
Level of 
Probabilityr 

c 
n mean CPU0      se 

A L. marcescens Whole 
Muscle 

Post ES 18 7.2 x 108  1.1 x 108 30 8.8 x 108 3.9 x 108 P <.l. NS 

B L. marcescens Whole 
Muscle 

Post ES 4 1.43 x 109 6.4 x 107 4 1.24 x 109 6.4 x 108 P <.58, NS 

C L. marcescens Homogenate Post ES 6 1.51 x 1010 1.11 x 1010 6 7.5 x 109 4.2 x 109 P <.72, NS 

D il marcescens Homogenate Post ESb 6 1.82 x 108 1.48 x 107 6 1.6 x 108 1.19 x 107 P <.016 

E Pi aeruginosa Ground Muscle Post ES 4 8.8 x 104  4.6 x 104 4 1.06 x 105 3.5 x 104 P <.55, NS 

G Pi aeruginosa Whole 
Muscle 

Pre ES 6 1.57 x 109 1.8 x 108 6 1.37 x 109 1.49 x 108 p <.13, NS 

260V, 2.8A, 60 Hz for 30 sec. 
b homogenate of unstimulated muscle treated in solution at 100V, 18A, 60 Hz for 60 sec. 

sample size 

colony forming units per g, ml, or 6.45 cm 

standard deviation 

the probability that the difference between samples is statistically significant based on paired-t distribution 
P>.05 was reported as non-significant (NS). 

ro 



24 

ively). Sampling a volume of homogenate appeared to be a more consis- 

tent sampling procedure than surface swabbing. With this method, data 

in Table 2 still shows no significant differences (P<.05) in cell 

viability within 5 min of inoculation. After storage for five days at 

10oC, data in Table 3 shows only sample set D with a statistically 

significant decrease (P<.05) in microbial growth, though this variation 

does not appear to be large enough to be of value in extending ES meat 

shelf life. 

A final investigation to determine if an indirect ES effect existed 

involved observing the growth curve of £_. aeruginosa in aseptically 

ground control and ES beef muscle. Possible variations in lag phase, 

growth rate, and final cell density could be monitored. Sample set E, 

Table 2 and Table 3, illustrate the lack of significant differences 

(P<.05) in cell density of the samples at 5 min post-inoculation and 

after five days storage at 10oC. Daily sampling of this beef was 

performed and the growth curve plotted in Figure 2. No variations in 

the growth characteristics of P_. aeruginosa were noted in.the ES beef. 

Under a variety of sampling conditions, sample preparations, and 

inocula, no growth altering effect could be produced which was at- 

tributable to the ES treatment of the muscle. Raccach and Henrickson 

(32) reported a 2-3 day lag time increase and an approximate 1.5 log 

cycle depression in final cell density in the spoilage microflora of ES 

ground beef at 50C. No support of this evidence could be produced. 
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Growth curve of P_.  aeruginosa  in ground control 
and electrically stimulated  (ES)  beef (inoculated 
post-stimulation,  incubated at lO'C). 
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The Direct Effect of ES Treatment Upon Microorganisms 

Researchers dealing with high energy electrical discharges ob- 

served little effect of a direct application of electrical energy to 

microorganisms. Most effects noted were a toxicity of the media after 

treatment (1, 5, 10, 29). In the realm of low energy applications 

(100 V, 70 mA, 50 Hz), an increased lag phase interval of E_.  coli 

exposed to continuous electrical current was reported (39). An effect 

such as this would help explain the lag phase increase observed by 

Raccach and Henrickson (32) in ground ES beef. To isolate a direct 

effect such as this, an unstimulated muscle homogenate was inoculated 

with S^. marcescens and electrically treated in the laboratory reaction 

vessel (Figure 1) as previously described. The results in sample set F, 

Table 2, show no direct effect on cell viability when treated with 

alternating electric current. In sample set G,'£_. aeruginosa was in- 

oculated onto whole muscle samples which were then ES treated (standard 

treatment). Again, Tables 2 and 3 show no viability differences from 

samples taken 1 min post-ES and after storage for five days at 10%C. 

To further clarify whether or not a short term electrical applica- 

tion, such as that received by an animal carcass, could elicit a toxic 

media effect, besides a direct effect, the model systems outlined in 

Table 4 were investigated. IP. fluorescens was electrically treated at 

two cell concentrations in MMD-D and left exposed to the treated media 

for 1 min, 10 min, and 45 min post-treatment. In this manner, an 

immediate, direct effect upon the organisms could be studied, along 

with a possible toxic media effect. Ho  significant (P<.05) effect was 
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noted by the direct exposure of £_. fluorescens to the electrical treat- 

ment upon immediate sampling, or prolonged exposure to the treated 

media (Table 4). Growth curves of P_.  fluorescens inoculated with each 

of the above samplings showed no difference in apparent lag time, as 

evidenced by concurrent initiation of log phase growth, or in ultimate 

cell densities (Figures 3 and 4). 

A variation of this experiment was performed with S^. marcescens. 

The MMD-D media was supplemented, in one case, with fluid from sterno- 

mandibularis muscles in an effort to show a toxic effect due to treat- 

ment of this tissue fluid. Table 4 shows the lack of significant 

variations (P<.05) in viable counts after electrical treatment, and 

Figures 5 and 6 are the growth curves inoculated at each sampling time 

which also show no variations in apparent lag time and ultimate cell 

densities between the control and electrically treated samples. An 

increased cell recovery in the initial sampling of the S^. marcescens 

MMD-D sample was reported as significant (P<.05), but would not appear 

to be very substantial. 

The results of this study appear to be further evidence for the 

lack of variation of lag phase, growth rate, and ultimate cell densities 

of microorganisms directly exposed to short durations of low energy 

alternating current as encountered in muscle ES treatments. Evidence 

also further indicates the lack of an indirect effect formed in the 

tissue or media by electrical treatment. 



Table 4. Effect of Alternating Electrical Current on Microorganisms in Minimal Media 

Organism Media 
Control 

CFUc/ml S^_ 

 Electrically Treated 
Exposure Time to     7 
Treated Media (min)  n CFUc/ml 

Level of 
Probability 

P. fluorescens    MMD-D 3.8 x 109   4.7 x 108 
1 
10 
45 

3.4 x 
5.3 x 
2.26 x 103 

10c 
10J 

4.5 x 10 
,8 

1.06 x 
1.57 x 

10g 
109 

P <.90f NS 
P <.09, NS 
P <.18, NS 

P. fluorescens   MMD-D 8.5 x 105   4.5 x 104 
1 
10 
45 

7.8 x 10c 
8.8 x 
8.3 x 

105 
103 

1.14 x 10^ 
8.77 x 10c 
1.04 x 10 

P <.38, NS 
P <.62, NS 
P <.76, NS 

marcescens 50% MMD-D' 
50% Muscle 
fluid 

1.99 x 105  9.08 x 103 
1 
30 

1.86 x 10^ 
1.93 x lO3 

1.09 x 10^ 
7.52 x 10J 

P <.18, NS 
P <.44, NS 

marcescens MMD-D 1.43 x 105  1.16 x 104 
1 
30 

1.79 x 10^ 
1.71 x 10s 

1.19 x 10^ 
2.81 x 10* 

P <.02 
P <.18, NS 

60 sec at 100V, 18A, 60 Hz standard deviation 

sample size 

colony forming units 

"the probability that the difference between samples Is statistically 
significant based on paired-t distribution. P>.05 was reported as non- 
significant (NS). 

Minimal Media Davis, minus dextrose 

oo 
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Figure 3. Growth curve of £. fluorescens pre- and post- 
electrical treatment in MMD-D. gTreated at 
high cell concentration (3.8x10 cells/ml). 
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Figure 6. Growth curve of S^. marcescens pre- and post- 
electrical treatment in MMD-D. 
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Variation of the ATP Pool of Electrically Treated Microorganisms 

Several investigators have noted that ATP solutions and bacterial 

ATP levels are affected by the application of various forms of energy. 

Kimball (22) indicated that E. col i exposed to ultra-violet irradiation 

would release ATP into the media, while Gilliland and Speck (16) showed 

a destructive effect of electrohydraulic shock on ATP solutions. Beef 

carcasses, and the muscle samples and bacterial suspensions involved 

in this study, are not exposed to the high-energy levels used in the 

above experiments. However, normal ES treatment of beef carcasses was 

hypothesized by Hallund and Bendall (19) to increase the activity of 

the myofibrillar ATP-ase system. Due to this possibility, the ATP pool 

of electrically treated (100 V, 2.8 A, 60 Hz) microorganisms was assayed 

to determine if electrical current of this value could reduce the 

energy stores (ATP) of the cells, resulting in a lag phase increase. 

Samples were taken along with each aliquot enumerated in Table 4 

to be used for ATP determination. The results of the luciferin-lucifer- 

ase enzyme assay are displayed in Table 5. The sensitivity of the assay 

method was lower than expected. The lowest sample of ATP which could 

-12 be recorded was approximately 4.0 x 10   moles ATP per 0.02 ml assay 
o 

volume. This allowed only samples of 1.0 x 10 cells/ml and greater 

to be analyzed. Attempts to modify the procedure by concentration of 

the samples before and after ATP extraction proved fruitless due to 

apparent breakdown of the ATP during the delay. However, the results 

recorded in Table 5 for the samples of highest cell concentration 

indicated very little variation in the ATP content of the cells before 

and after exposure to electrical current. 



Table 5. ATP Concentrations in Microorganisms 

Electrically Treated3 in Minimal Media 
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Sample #   Organism 
Exposure Time 
to Treated 
Media (min) 

CFUb/ml ATP Moles/Assay 

10 

11 

12 

13 

14 

Pseudomonas 
fluorescens 

2 

3 

4 

5 

6 

7 

8 ■> 

9 Serratia 
marcescens 

control 

1 

10 

45 

control 

1 

10 

45 

control 

1 

30 

control 

1 

30 

3.8 x 

3.4 x 

5.3 x 

2.3 x 

8.5 x 

7.8 x 

8.8 x 

8.3 x 

2.0 x 

1.8 x 

1.9 x 

1.5 x 

1.8 x 

1.7 x 

10' 

10' 

10J 

10 

10J 

10^ 

10 

lO^ 

10 

10 

10 

105 

6.1 x 10 •11 

6.0 x 10 -11 

6.0 x 10 
-11 

-11 6.0 x 10 

below assay 
sensitivity 

60 sec at 100V, 18A, 60Hz 

colony forming units 

"determined by luciferin-luciferase enzyne assay 
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Hamilton and Holm-Hansen (20) reported that the average content of ATP 

per bacterial cell was approximately 7.0 x 10"  g/cell, or 1.4 x 

-18 
10"  moles/cell. The difference in ATP content, as taken from the 

standard curves constructed during the experiment, was approximately 

1.0 x 10'12 moles/0.02 ml assay, or 5.0 x 10"11 moles/ATP/ml. In 
o 

dealing with cell concentrations of 3.8 x 10 cells/ml, this difference 

is only 0.9% of the bacterial ATP pool. Very little significance can 

be attached to this minute variation considering possible errors in 

the assay technique. 

The remainder of the samples yielded counts no higher than the 

background level of the luciferin-luciferase enzyme system and could 

not be quantitated. By considering the lack of variations in the growth 

curves and viability counts, it may be concluded that very little, if 

any, difference would have been noted in the ATP levels. 

The data collected over the course of this study strongly suggests 

that electrical stimulation of beef carcasses alters neither the meat 

as a substrate for microbial growth (indirect effect), nor growth 

characteristics of organisms directly subjected to the electrical 

treatment. 
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V. SUMMARY AND CONCLUSIONS 

An investigation into the effects of the tenderizing electrical 

stimulation (ES) treatment of beef carcasses on the resident microflora 

was initiated to study the reported increase in shelf life of ES ground 

beef (32). 

The possible effect causing the observed reduction in microbial 

load could be related to two aspects of the treatment. Either a direct 

effect could occur within the microorganisms due to exposure to alter- 

nating electric current, or a change could occur within the meat tissue 

resulting in an indirect inhibitory effect. The majority of the 

bacteria responsible for spoilage of meat tissue will contaminate the 

carcass post-ES, during hanging, boning, and further processing. There- 

fore, an indirect effect of ES treatment would need to be the most 

active to cause reduced microbial growth and increased shelf life. 

Beef sternomandibularis muscles were used as the tissue samples for 

inoculation and study of microbial growth pre- and post-ES treatment. To 

isolate the indirect effect, whole, homogenized, and ground ES muscle 

was inoculated within minutes of electrical treatment (260 V, 2.8 A, 60 

Hz, for 30 sec) with S^ marcescens and F\ aeruginosa. Samples removed 

within several minutes of inoculation and after five days storage at 

10oC showed no variations in microbial growth which would lengthen ES 

meat shelf life. Study of the P_. aeruginosa growth curve in ground ES 

beef demonstrated no variation in lag time, growth rate, or ultimate 

cell density of the microbial population. These data suggest that no 

indirect effect, produced within the meat during ES, is active in 

altering microbial growth. 
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To determine the extent of any direct effect upon the microbial 

population exposed to electrical current, whole muscles and muscle 

homogenates were inoculated with S^. marcescens and P_. aeruginosa prior 

to ES treatment. No variations in microbial growth were noted immedi- 

ately post-ES, or upon sampling after five days at 10oC. Further work 

performed with electrical treatment of bacterial suspensions in minimal 

media supported the lack of direct ES effect seen above. No signifi- 

cant variations occurred in cell viability, lag phase time, or ultimate 

cell density upon treatment with electrical current. 

Noting the results of Raccach and Henrickson (32) a disruption of 

the energy stores (ATP) of the bacterial cells present during ES treat- 

ment could result in the type of lag time increase they reported. The 

possibility that the ES treatment of beef increases ATP-ase activity, 

not only in the muscle tissue (19), but also in the resident micro- 

flora, led to the determination of the ATP pool of _S. marcescens, and 

P_.  fluorescens before and after electrical treatment in suspension as 

mentioned above. The samples which could be assayed were those of 

high cell concentrations. No variations were found in the ATP pool 

due to the electrical treatment. 

This data suggests that no direct effect due to ES treatment can 

be detected which affects the lag time, growth, or ATP levels of bac- 

terial cells. 

The results of this study do not support the findings of earlier 

workers, that ES treatment of beef extends the shelf life of ground 

beef by altering microbial growth. The findings of this work are 

confirmed in two recent publications which report no variations in 
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microbial growth on the surface of ES lamb carcasses and on cut and 

ground ES beef (14, 18). 

All evidence from the current study, and other recently published 

data suggest that no inhibitory effect is produced on the microflora of 

beef electrically stimulated for tenderization. The main microbio- 

logical benefit from this process appears to be only in the ability to 

chill the carcass sooner after slaughter without "cold-shortening" 

toughness, eliminating the slow cool-down which is optimum for bacterial 

spoilage. 
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