
UPDATE INDUSTRY ACCWTANCE OF 
E LEC TRlCAL S TIM U LA T I 0  N 

Tntroduction 

The rcsponse to the incorporation of electrical 
stimulation in slaughter-dressing lines of beef proc- 
essing plants in the United States has been tremen- 
dous. Industry application of this process to tenderize 
beef as well as facilitate the earlier processing and 
utilization of beef through normal distribution chan- 
nels has made electrical stimulation one of the most 
talked-about innovations in the meat industry in 
years. Advantages for the packer, retailer, purveyor, 
restaurantem and consumer exist due to the multiple 
benefits obtained when electrical stimulation is used 
as an integral step in the process of converting live 
cattle to meat and meat products. 

It has been said many times that electrical stimula- 
tion is not a new process. Biographers of Benjamin 
Franklin stated that, in 1749, Franklin found that 
“killing turkeys electrically, with the pleasant side 
effect that it made them uncommonly tender, was the 
first practical application found for electricity.” In 
1951, after more than two centuries had passed, two 
patents-Harsham and Deatherage, US. Patent No. 
2,544,681 and Kcntschler, U.S. Patent No. 2,544,724- 
were granted to  the Kroger Co. and Westinghouse, 
respectively, for their process and equipment utilized 
in the tenderization of beef carcasses. Because of 
corporate decisions, these patents were never exten- 
sively utilized and electrical stimulation of beef in 
the United States never became a reality. 

Electrical stimulation was revitalized in the 1970s 
when New Zealand began experimenting with and 
utilizing this process for lambs. Lambs slaughtered 
in New Zealand for export to the United Kingdom 
were immediately frozen instead of conventionally 
chilled. Lamb chilled in this manner was found to be 
substantially tougher than other lamb produced or 
imported into Europe; and, scientific investigations 
into the reasons for this phenomenon were conducted. 
As was to be extensively investigated by numerous 
researchers in New Zealand and other countries, it 
was found that severe or extreme cold temperatures 
could cause muscles to shorten in length and thus 
cause what is now referred to as “cold-shortening” 
toughness. Researchers in New Zealand postulated 
that if lambs were subjected to electrical stimulation 
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prior to chilling, rigor mortis would occur sooner af- 
ter death and prevent the muscles from shortening 
and becoming tougher due to the effects of cold tem- 
peratures. Electrical stimulation of lambs for export 
has gained wide acceptance in New Zealand. 

Texas ,4&M University began research on electrical 
stirnulation in 1975. Since 1975, research from this 
laboratory has included Savell e t  al. (1977, 1978a,b,c, 
1979); Smith et al. (1977, 1979); Dutson et al. (1979); 
XlcKeith et al. (1979a,b); Riley et al. (1979); Cal- 
kins et al. (1979) and Hall et al. (1979). Texas A&M’s 
purpose in the field of electrical stimulation has been 
(1) to evaluate the response in tenderness of beef 
due to electrical stimulation, and, if found to be a 
workable method for increasing tenderness, encourage 
the industry-wide application of this procedure, and 
( 2 )  to investigate the mechanisms involved in improv- 
ing the tenderness of meat. After four years of re- 
search in this area by the Meats and Muscle Biology 
Section at Texas A&M, results have been so favorable 
that several slaughter equipment manufacturers have 
entered into the development and production of com- 
mercial electrical stimulation equipment for uqe in 
the meat packing industry in the United States and 
abroad. 

Although tenderness improvement was the primary 
reason that research was conducted on electrical 
stimulation at Texas A&M, other improvements which 
may be as important as increased tenderness have 
been discovered. These characteristics include in- 
creased flavor, brighter and more youthful lean color, 
less “heat-ring” development, increased marbling, less 
aging time and improved retail caselife. Discussions 
of the benefits realized from the use of electrical 
stimulation follow. 

Tenderness 

Three theories regarding the mechanism by which 
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electrical stimulation tenderizes meat are found. First, 
because of the rapid decline in the amount of avail- 
able ATP caused by electrical stimulation, the mus- 
cles of the carcass &ill “lock” into rigor mortis before 
the temperature achieved during normal cooling can 
cause “cold-shortening” to take place. This is the 
popular theory among the scientists in New Zealand 
who have studied electrical stimulation. 

Second, because of rapid reduction in pH in the 
muscle while carcass temperatures are still high, con- 
ditions are favorable for the naturally occurring ( 1 ~ 7 0 -  

somal) enzymes responsible for tenderization during 
aging to degrade muscle proteins and cause rapid ten- 
derization. Studies have shown that the lysosomal en- 
zymes in electrically stimulated carcasses are released 
sooner and work at a faster rate than lysosomal en- 
zymes in unstimulated carcasses (Dutson et al, 1979). 

Third, light and electron micrographs of beef from 
c~leetricnlly stimulated and unstimulatccl carcasses re- 
veal that structural damage has occurred in the mus- 
cle fibers of the electrically stimulated samples (Sa- 
vel1 ct al., 1978a). Contracture bands, which may be 
caused by physical disturbance associated with stimu- 
lation-induced contractions, are observed within some 
of thc electrically stimulated muscle fibers. The dis- 
array of the protein filaments in the contracture b a n d ~  
of the electrically stimulated muscle fiber$ suggests 
tliat structural damage may resrrlt in tenderization. 
Also, tenderization may result from the stretching of 
arccis of the fiber on either side of the contracture 

TABLE 1 

SUMMARY OF ELECTRICAL STIMULATION EFFECTS 
ON TENDERNESS 

Description 
of animals 

29 foroge-fed steers 
30 groin-fed heifers 

9 groin-fed steers 
6 foroge-fed steers 

30 hot-skinned colves 
30 cold-skinned colves 

5 groin-fed steers 
30 groin-fed heifers 
12 groin-fed steers 
60 colves 
50 groin-fed heifers 

Percent of Change 
in Tenderness Values 

Sensory Shear 
rating force 

+ 24 
+21 

-3 5 
-1 3 
-4 6 
-4 1 
-2 2 
-1 7 
-24 
-1 5 
-2 0 
-20 
-24 

40 aged cows __ -26 
Average Net Effect + 19.7 -21.6 

meat. If the initial tenderness is acceptable, clectrical 
stimulation will not apprceiably change the ratings. 
If the initial tenderness is unxceptable, clectrical 
stimulation will be very efkctive in increasing tender- 
ness. 

Electrical stimulation has been shown to work on 
lambs ancl goats (Table 2 ) .  In fact, although lamb is 
not gencrally considered to be tough, electrical stirnu- 
lation has been shown to increase the tendc~rncss b y  
approximately 3U% which is a greater increase than 
that observed in beef (21%). 

Flaoor band, which would result in less overlap of the mus- 
cle filaments and cause less resistance to chewing. 

Sensory panel evaluations of steaks from elcctrically 

significant illcreases in flavor scores ( Table 3 ) .  AI- 
tl,allgh the mechanism by whicll flavor improvcmc,nt 
may be achieved have beell thoroughly stucliecl, 
it is postulatcd, that, since electrical stimulation ap- 
pears to accelerate the aging process to increase: ten- 
derlless, chelmical colnponnds that may be resl,ollsiiblc 
for the “aged” meat flavor possibly are produced by 

It is possible that these three mechanisms are sin- stim11]ated alld control sides of beef have rc>veale(l 
gularly or collectively responsible for the observed 
improvement in tenderness. The method of stimula- 
tion may dictate the. relative importance of each of 
the three mechanisms in tendc>rizing muscle since vari- 
011s voltages, amperages, cycles ancl mcdes of admin- 
istration of electricity have been used by researchers 
with varying effects. However, all types of stimula- 
tion treatments have increased tenderness. 

Studies at Texas A&\I University involving both 
sensory panel tcmderness studies and rhear force 
mr~asurements of cooked steaks from stimulated and 
non-stimnlated carc‘isscs (Table 1 )  have demonstrated 
siLahle tendcrness improvements resulting from use 
of electrical stimulation. On the average, tendcrness 
is incrc>asecl about 21 perccnt (19.7 percent for sen- 
sory rating, 21.6 percpnt for shear force measure- 
ments) when carcasses are electrically stimulated. 

TABLE 2 

ELECTRICAL STIMULATION EFFECTS ON THE 
TENDERNESS OF LAMB AND GOAT 

Carcasses 

14 groin-fed 
1 1  grain-fed 
10 groin-fed 
10 groin-fed 

lamb 
goat 
lamb 
lomb 

20 groin-fed goot 
groin-fed goat 

Average effect 

The amount of tcntlerization achieved is usually as- 
sociated with the initial tenderness of thc unstiinulated 

Change in 
sensory rating 

+12% 
+ 2 9 %  
+ 2 5 %  
+ 2 7 %  
+ 3 2 %  
+ 3 4 %  
+ 3 0 %  

Change in 
shear farce 

-24 ?b 
-26 % 
-32 % 
-46% 
-38 Yo 
-28 ?b 
-30 % 
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TABLE 3 
FLAVOR IMPROVEMENT IN ELECTRICALLY 

STIMULATED BEEF 

Description of 
animals 

29 forage-fed steers 
8 grain-fed steers 
5 grain-fed steers 

10 grain-fed heifers 
Average net increase 

Increase 

+ 10.9 
+ 13.7 
+11.5 
+ 5.6 
+ 10.4 

this process. Therefore, an aclvantage for electrical 
stimulation over other methocis of tenderization is 
that the flavor of the meat is also improved thus help- 
ing to insure a more palatable product. 

Leun color 

When carcasses are ribbed and evaluated at  18-24 
hours after death, the lean color of electrically stimu- 
lated sides of beef when compared to their control 
sides has been significantly improved (Table 4 ) .  

When lean color tends to be dark, electrical stimu- 
lation apparently causes post-mortem glycolysis to be 
more nearly complete at the time of carcass ribbing. 
This process helps to insure brighter, more youthful 
lean color if carcasses are ribbed within 18 hours after 
death. 

I t  has been found that slight cases of “dark cut- 
ting” beef have been alleviated by the use of electrical 
stimulation. However, in a test in which selected sides 
from cattle that were handled in such a manner to 
produce “dark cutting” beef were stimulated, electri- 
cal stimulation could not improve lean color. 

“Heat-ring” pretiention 

A problem not uncommon in the meat industry is 
“heat-ring” development in beef that has riot been 
chilled properly ( Save11 et a]., 1978b). “Heat-ring” 
appears to be caused by the differential chill rate 

~ 

TABLE 4 

IMPROVEMENT IN LEAN COLOR SCORES BY 
ELECTRICAL STIMULATION 

Description Lean Lean 
of animals maturity score 

30 grain-fed heifers -30 $16 

30  grain-fed heifers -1 7 + 1 1  

50 grain-fed heifers -3 1 +21 
109 grain-fed cattle - 6  + 6  

57 grain-fed cattle - 4  t 4  
Average net improvement -13 3 + 10.2 

8 grain-fed steers -1 8 - 

12 grain-fed steers t 5  + 24 

within the ribeye muscle which may cause clifferiiig 
rates of color and rigor development from the exterior 
to the interior portions of the muscle (Calkins et al., 
1979). This condition is cyecially prevalcwt in cattle 
that have limited subcutaneous fat cover over the 
ribeye. Carcasses with severe “heat-ring’’ may not bc 
eligible for federal meat grading since thc grade fac- 
tors are difficult to evaluate. 

“Heat-ring” is really a misnomer for this condition 
since it appears i t  is probably due to the severe cold 
temperatures slowing down the color and rigor devel- 
opment processes near the outside portion of the rib- 
eye. Actually, the proper term for this condition 
should be “cold-ring since the portion of the ribeye 
that is dark in color, coarse in texture and sunken bc- 
neath the plane of the ribeye is significantly colder 
at  early hours of chilling than the inside portion of 
the ribeye. 

Research conducted at Texas A&M University has 
shown that “heat-ring” can be significantly reduced 
or alleviated by the use of electrical stimulation (Ta- 
ble 5 ) .  Studies on paired sides of carcasses have re- 
vealed that, with the use of electrical stimulation, 
“heat-ring” formation in carcasses ribbed 18 hours 
after death was substantially reduced in electrically 
stimulated sides as compared to control sides. 

Marbling 

Research has shown that marbling scores can be 
slightly increased by the usch of electrical stimiilation 
when carcasses arc ribbed and presented for grading 
after twenty-four hours of chill (Table 6 ) .  It is com- 
mon knowledge in the meat industry that sides of beef 
left to chill longer than their opposite sides L I S L I ~ ~ > ~  

will exhibit slightly higher marbling scores when 
evaluated. ,41so, the percentages of carcasses that 
grade U.S. Choice on Monday after two or more days 
of chill (called “weekend“ cattle) are the highest of 
any day of the week. I t  is our opinion that this is the 
process that is occurring in the development of mar- 

TABLE 5 

STI M U LATlO N 
REDUCTION IN “HEAT-RING” BY ELECTRICAL 

Description 
of animals 

Percentage reduced by 
electrical stimulation 

30 grain-fed heifers 
8 grain-fed steers 

30 grain-fed heifers 
12 grain-fed steers 
50 grain-fed heifers 

109 grain-fed cattle 
57 grain-fed cattle 

Average reduction 

-3 7 
- 1  00 
-5 3 
-4 3 
-54 
-2 0 
-3 0 
-3 0 
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bling in electrically stimulated carcasses. Electrical 
stimulation causes the lean to be firmer, finer tex- 
tured and brighter colored and therefore probably 
causes faster “setting up” of the fat in the ribeye. I t  
is our  opinion that differences in marbling between 
electrically stimulated and unstimulated sides is mini- 
mal or nonexistent after additional chilling of greater 
than forty-eight hours (Calkins et al., 1979). 

Questions have arisen that concern may be regis- 
tered by the USDA Meat Grading Branch regarding 
improvements in quality-indicating factors in electri- 
cally stimulated beef. It should be noted that the 
magnitude of the improvement in palatability is much 
greater than the improvement in the factors used in 
predicting palatability. Therefore, it is our opinion 
that regardless of the slight change in grade, the eat- 
ing quality of the meat is far superior to what it would 
have been without electrical stimulation. 

Aging 

Two studies have been conducted to determine the 
extent to which aging negates, or, complements, ten- 
derness differences effected by electrical stimulation. 
Results of one study (Table 7)  revealed that aging 
for fourteen day? increased tenderness of loin steaks 
by 1.5% over that (2%) achieved by electrical stimu- 
lation while fourteen day? of aging of untreated loin 
steaks increased tendernesy by 26% The latter results 
suggest that aging complements the tenderness of 
electrically Stimulated beef. 

Results of other aging study (Table 8)  reveal that 
loins, from electrically stimulated carcasses, aged for 
seven days were about 10% more tender than loins, 
from untreated carcasses, aged for twenty-one days 
(Save11 ct al., 1 9 7 8 ~ ) .  The results of these studies in- 
dicate that post-mortem aging can be substantially 
reduced, thus inwring possible savings in inventory, 
shrinkage, energy and spacc required for the aging 
of meat 

TABLE 6 

ST I M U  LATlON 
INCREASE IN MARBLING SCORE BY ELECTRICAL 

Description 
of animals 

30 grain-fed heifers 
8 grain-fed steers 

30 grain-fed heifers 
12 grain-fed steers 
50 grain-fed heifers 

109 grain-fed cattle 
57 grain-fed ca t t l e  

Average marbling units 

Marbling 
In  c reo se 

+ I 5  
+ I 6  
t 5  
1 3 0  
+14 
+20 
+I8 + 16.9 

TABLE 7 

AGING AND ELECTRICAL STIMULATION (SHEAR DATA) 

Aging period Electrically N o t  electrically 
(days) s t i  m u lated stimulated 

2 -29 % None 
6 -34% -16Yo 

10 -40 % -22 % 
14 -44 0/6 -26 % 

Choice, Good and Standard 

TABLE 8 
AGING AND ELECTRICAL STIMULATION 

Comparison Advantage for electrical stimulation 
Control E.S. sensory shear 
7 days 7 days + 9% - 7% 

21 days 21 days +18?h -22 % 
21 days 7 days + 5% -15% 

Retail caselife 

,4s the first electrically stimulated beef was being 
sold at the retail counter some concern was registered 
that retail caselife might possibly be shortened by the 
use of this process. In an effort to study this possible 
problem, Texas A&M University scientists conducted 
retail caselife studies using both hamburger meat and 
steaks (Hall et al., 1979). Hamburger meat caselife 
\vas not affectcd by electrical stimulation. Hamburger 
meat made from electrically stimulated meat had the 
same pattern of discoloration as hamburger meat made 
from unstimulated meat. 

Electrically stimulated and unstimulated round 
steaks were stored under identical display conditions 
for four days. From the results of the experiment, 
steaks that were electrically stimulated remained 
brighter for an extra day. Surface discoloration was 
less severe at day three and the overall desirability 
was marginal at day three instead of being unacccpt- 
able as it was for the unstimulated samples. This 
would indicate that an extra one-half to one day of 
caselife is possible for steaks that arc from carcasses 
that are electrically stimulated, despite earlier con- 
cern to the contrary. 

Industrtj utilization of electricid stimulation 

Because of the interest shown by the U.S. meat in- 
dustry regarding the incorporation of electrical stimu- 
lation into the slaughter-dressing sequence of beef 
packing plants, three companies, LeFiell Company, 
San Francisco, California, Omeco-St. John, Omaha, 
Sebraska and Rritton Rhmfacturing, College Station, 
Texas, began building equipment to administer clec- 
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tricity to carcasses. LeFiell Company was the first 
company to install an automated electrical stimulator 
in a beef packing plant in the United States. The name 
of their electrical stimulator is “Lectro-TenderT”” and 
the Sam Kane Beef Processors plant in Corpus Chris- 
ti, Texa5, was the first beef slaughterer to use this 
automated system. Electrical stimulators are being 
h i l t  for packing plants with kill rates of two to three 
hundred head per hour with packers of all sizes inter- 
ested in this innovative system for tenderizing beef. 

Several beef packers in the United States have al- 
ready begun using electrical stirnulation. Some of 
these companies include H and H Meat Products, 
hlrrcedes, Texas; Sam Kane Beef Processors, Corpus 
Christi, Texas; J. W. Treuth and Sons, Baltimore, 
Maryland; Freedman Packing Company, Houston, 
Toxas; Schaake Packing Company, Ellensburg, Wash- 
ington; Litvac h4eat Company, Denver, Colorado; 
Gooch Packing Company, Abilene, Texas; Auge Pack- 
ing Company, San Antonio, Texas; Diamond Meat 
Company, Selma, California; hlidldnd Empire, Bill- 
ings, Montana; Caldwell Packing Company, Windom, 
Minnesota; C & M Meat Company, National City, 
California; Blue Ribbon Packing Company, Houston, 
Texas; Nobles Meat Company, Madera. California 
and Blinco Magic Valley Packing Company, Gooding, 
Idaho. In addition to these companies, many more 
have ordered units with the most notable being hlon- 
fort of Colorado. Monfort will be the first high-speed 
beef plant (250-300 head per hour) to install an elec- 
trical stimulator. Many of the large beef packers in 
the U.S. have displayed An interest in electrical stimu- 
lation and possibly will purchase equipment in the 
near future. 

Trade names for electrically stimulated product 
have surfaced since use of this process has begun, 
Sam Kane Beef Processors call their product “ELEC- 
TRO-TENDER-agecly’r” and have incorporated their 
trademark on their boxed beef and portion controlled 
meat boxes. Gooch Packing Company calls their prod- 
uct “Gooch Good’n Tender BeefT”” with point-of-pur- 
chase materials such as gum labels, posters, etc., avail- 
abk ,  as well as inserts for newspaper advertisements. 
I t  appears that this is just the start of a vigorous pro- 
motional campaign to inform the public of the avail- 
ability of meat treated with this process. 

Electrical stimulation has become a reality in the 
United States because of the efforts of certain pro- 
gressive beef packers, equipment manufacturers and 
retail markets. By the end of 1980 the percentage of 
electrically stimulated beef in the United States may 
be a significant portion of the market. Electrical stim- 
ulation may possibly have a revolutionary effect on 
thc, way cattle are lired, fed, merchandised and mar- 
keted and this process could have a tremendous im- 
pact on the cattle industry. 
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