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Ground beef samples prepared from electrically stimulated and nonstimulated
biceps femoris and infraspinatus muscles were inoculated with Lactobacillus sp.,

Pseudomonas sp., Acinetobacter sp., or a mixture of Lactobacillus spp., Pseu-
domonas spp., Acinetobacter spp., Moraxella sp., Microbacterium thermosphac-
tum, and Erwinia herbicola. There were no significant differences in growth of
various bacteria in ground beef made from electrically stimulated and non-

stimulated muscles.

Electrical stimulation of beef and lamb car-
casses is now applied widely in the meat industry
as a means for improving tenderness of meat (4,
6). Other benefits of electrical stimulation in-
clude increased firmness of lean, brighter lean
color, and earlier development of marbling (5).
Reports on the effect of electrical stimulation on
the bacteriological condition of meat are not
consistent (1-3). According to Raccach and Hen-
rickson (3), electrical stimulation prolonged the
lag phase of the bacterial population of ground
beef, but enhanced its growth rate between days
3 and 5 of refrigerated storage. The shelf life of
electrically stimnulated ground beef at 50C was
extended by 3 days as compared with that of the
nonstimulated control (3). Mrigadat et al. (2)
reported that electrical stimulation of pork car-
casses did not affect the aerobic plate count of
the skin surface. Aerobic plate counts of cuta-
neous trunci muscles from electrically stimu-
lated sides of beef and lamb carcasses were sim-
ilar to those ofmuscles from nonstimulated sides
of carcasses. Aerobic plate counts of ground beef
and steaks (blade steaks, rib steaks, and T-bone
steaks) from stimulated sides were often numer-
ically lower than those of corresponding samples
from nonstimulated sides (2); however, differ-
ences in aerobic plate counts between electri-
cally stimulated and control samples usually
were not significant (P > 0.05). Electrical stim-
ulation did not cause any consistent, substantial
changes in microbial types found in ground beef
or steaks (2). Gill (1) reported on the develop-
ment of spoilage bacteria on electrically stimu-
lated and nonstimulated mutton legs and in
minces prepared from either type of leg with
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either the natural microflora or after inoculation
with Pseudomonas fluorescens. There was no
difference ini lag phase, growth rate, or maximum
cell density of the bacteria between electrically
stimulated and control samples (1). The present
study compares the growth of various bacteria
commonly isolated from fresh meats in ground
beef from electrically stimulated and nonstimu-
lated muscles.

MATERIALS AND METHODS
Meat samples. Ten cross-bred steers (279 to 378

kg) were processed by normal slaughter dressing pro-
cedures in the Texas A & M University Meats Labo-
ratory. Immediately after splitting of the carcass, one
side was electrically stimulated with 16 pulses (1.8 s
duration each, with a 1.8-s interval between pulses) at
550 V, 5 A of alternating current. The other side of
each carcass served as the nonstimulated control. The
electrical stimulation source was an experimental
"Lectro-Tender" unit manufactured by the LeFiell
Co., San Francisco, Calif. After storage for 2 h in a
cooler (1 to 30C), the biceps femoris and infraspinatus
muscles were removed from both the electrically stim-
ulated and control (nonstimulated) sides of each car-
cass. The pH value of each muscle was determined
with a pH meter (Corning model 12) by using a 3-g
sample macerated with 25 ml of 0.005 M iodoacetate
in a blender for 1 min. The exterior part of each muscle
was burned thoroughly with a gas flame to destroy
microorganisms on the surface of the samples. The
burned exterior part of the sample was removed with
sterile instruments. The interior portion of the sample
was cut aseptically with sterile scalpels into pieces (5
by 5 by 5 cm) and ground in a sterile grinder (model
H; General Co., Walden, N.Y.). Inoculated and non-
inoculated (control) portions (10 g) of the ground meat
were placed on disposable micro-weigh boats (Vanlab;
VWR Scientific Inc., San Francisco, Calif.) and were
overwrapped with polyvinyl chloride film. Both inoc-
ulated and control samples were stored at 5DC for 0, 1,
3, 5, 7, or 9 days.
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Microbiological procedures. Cultures used in
this study were Lactobacillus spp. 49 and 642, Pseu-
domonas spp. 148, Acinetobacter sp. 4, and a mixture
consisting of Lactobacillus spp. 49 and 642; Pseu-
domonas spp. 98, 102, and 148; Acinetobacter spp. 4
and 59; Microbacterium thermosphactum 78; Erwinia
herbicola 139, and Moraxella sp. 65. These cultures
were isolated from raw beef in a previous study (7).
They were maintained on tryptic soy agar (Difco
Laboratories, Detroit, Mich.) slants at 25°C. Inocula
for the experiments were prepared by placing a loopful
of the culture from a 24-h tryptic soy agar slant into
a tube with 5 ml of sterile brain heart infusion broth
(Difco). For the Lactobacillus sp., lactobacillus MRS
broth (Difco) was used instead of brain heart infusion
broth. Broth cultures were incubated overnight at
250C.

Inocula representing individual species were added
to the ground meat to give an initial concentration of
approximately 104 cells per g. The inoculum, consisting
of a mixture of bacteria, was prepared by mixing broth
cultures of individual species so that the concentra-
tions of the individual species in the mixture were
approximately the same, and the total cell concentra-
tion in the. inoculated ground meat was approximately
104 cells per g. At each sampling interval, a sample (10
g) was placed in a Stomacher bag with 90 ml of sterile
0.1% peptone broth (Difco) and macerated for 1 min
in a Stomacher 400. Plating was done by spreading
0.1-ml portions of appropriate dilutions (0.1% peptone

broth) onto prepoured plates of tryptic soy agar. Plates
were incubated for 3 days at 25°C. Statistical analyses
of the data were made by using two-way analysis of
variance (8).

RESULTS AND DISCUSSION
pH values of electrically stimulated muscles

(2 h after stimulation) were significantly (P <
0.05) lower than those of nonstimulated muscles.
Differences in pH value between stimulated and
nonstimulated muscles ranged from 0.2 to 1.11
and from -0.06 to 0.63 for biceps femoris and
infraspinatus muscles, respectively. Counts of
the Lactobacillus spp. and Pseudomonas sp. in
ground beef increased during storage under re-
frigeration (Table 1). Increases in count were
somewhat larger with Lactobacillus sp. 642 and
Pseudomonas sp. 148 than with Lactobacillus
sp. 49. On the other hand, counts ofAcinetobac-
ter sp. 4 in minced beef decreased during refrig-
erated storage. Total counts of ground beef in-
oculated with a mixture of various bacteria in-
creased during refrigerated storage. Examina-
tion of individual isolates from countable plates
of ground beef inoculated with various bacteria
showed that increases in count occurred because
of growth of Lactobacillus spp. and Pseudomo-
nas spp.

TABLE 1. Mean log counts ofground beeffrom electrically stimulated (ES) and nonstimulated (Not-ES)
muscles inoculated with various bacteria and stored under refrigeration for up to 9 days

Mean log count per g on day:
Microorganism Musclea Treatment

0 1 3 5 7 9

Lactobacillus sp. 642 BF ES 4.22 4.61 5.85 7.22 7.96 8.22
BF Not-ES 4.37 4.65 5.81 7.24 7.86 8.23
IS ES 4.30 4.62 6.15 7.39 7.99 8.21
IS Not-ES 4.36 4.62 5.96 7.28 8.00 8.01

Lactobacillus sp. 49 BF ES 4.49 4.66 4.59 4.60 4.78 5.17
BF Not-ES 4.62 4.61 4.73 4.70 5.04 5.34
IS ES 4.27 4.76 5.31 6.01 6.71 6.96
IS Not-ES 4.53 4.62 5.25 6.13 6.60 6.91

Pseudomonas sp. 148 BF ES 4.08 4.16 5.74 7.90 8.45 9.17
BF Not-ES 4.25 4.23 5.96 8.01 9.09 8.89
IS ES 4.21 4.41 6.91 8.98 9.69 9.93
IS Not-ES 4.11 4.47 6.70 8.82 9.36 9.86

Acinetobacter sp. 4 BF ES 4.32 4.18 4.12 3.79 3.74 3.51
BF Not-ES 4.19 4.20 4.00 3.90 3.81 2.83
IS ES 4.49 4.33 4.25 4.11 4.00 3.05
IS Not-ES 4.34 4.27 4.31 4.23 4.12 3.31

Mixtureb BF ES 4.59 4.72 5.74 7.46 8.49 8.77
BF Not-ES 4.69 4.71 5.57 7.03 8.52 8.78
IS ES 4.55 5.00 6.11 8.21 9.13 9.50
IS Not-ES 4.61 4.92 6.30 8.16 9.00 9.37

a F iesfmrs;I,ifapntsa BF, Biceps femoris; IS, infraspinatus.b Mixture consisted of two Lactobacillus spp., ti
Moraxella sp., M. thermosphactum, and E. herbicola.

hree Pseudomonas spp., two Acinetobacter spp., one
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Analysis of the data (Table 2) showed that
differences in counts of inoculated ground beef
from electrically stimulated and nonstimulated
muscles were not significant (P > 0.05) for any
of the individual bacteria or for the mixture of
bacterial species tested. The results of the anal-
ysis (Table 2) also support the data presented in
Table 1 in which there were large increases in
count during refrigerated storage of ground beef
inoculated with Lactobacillus sp. 642 and Pseu-
domonas sp. 148, less extensive growth of Lac-
tobacillus sp. 49, and no significant change in
count of Acinetobacter sp. 4.

Since there were no significant differences in
count between inoculated ground beef samples

from electrically stimulated and nonstimulated
muscles, a two-way analysis of variance was run

to test for differences in bacterial growth be-
tween muscles (Table 3). Counts of Lactobacil-
lus sp. 49, Pseudomonas sp. 148, and the mixture
of bacterial species in ground beefprepared from
the biceps femoris were significantly different
from counts of comparable samples prepared
from the infraspinatus muscle. In summary, the
data of the present study show no differences in
growth of various bacteria in ground beef from
electrically stimulated and nonstimulated mus-

cles. These results are in general agreement with
those reported by Gill (1) and Mrigadat et al.
(2).

TABLE 2. Comparison ofgrowth of various bacteria in electrically stimulated and nonstimulated ground
beef stored at 5°C for up to 9 days

Two-way analysis of variance

Microorganism Muscle' Mean squares
Total df Treatxnentb Interaction Error

(df 1) Days' (df- 5) (df= 5)

Lactobacillus sp. 642 BF 119 0.005266 56.626023d 0.033263 0.069733
Is 119 0.155362 55.604116d 0.062108 0.098607

Lactobacillus sp. 49 BF 119 0.488236 1.384385 0.051533 0.621933
IS 119 0.001051 21.858811d 0.125319 0.551726

Pseudomonas sp. 148 BF 119 0.738842 98.755282d 0.442716 0.507266
IS 119 0.533240 130.263846d 0.089220 0.321668

Acinetobacter sp. 4 BF 117 0.003845 1.481888 1.529813 1.851232
IS 116 0.101783 0.495361 0.120662 2.273588

MiXtUree BF 119 0.174918 68.352925d 0.184345 1.102676
IS 119 0.017000 88.901191d 0.076745 0.391700

a BF, Biceps femoris; IS, infraspinatus.
b Treatment reflects the difference between logio bacterial counts for electrically stimulated ground beef and

nonstimulated samples.
e Takes into account storage of ground beef for 0, 1, 3, 5, 7, or 9 days.
d Mean square value is significant at P c 0.01.
eThe mixture of microorganisms consisted of two Lactobacillus spp., three Pseudomonas spp., two Acine-

tobacter spp., M. thermosphactum, E. herbicola, and one Moraxella sp.

TABLE 3. Comparison ofgrowth of various bacteria in ground beefprepared from different muscles and
stored at 5°C for up to 9 days

Two-way analysis of variance

Mean squares
Microorganism

Total df Muscle' (df D(db (df =5) action Error
1) Dy d= ) (df=5)

Lactobacillus sp. 642 239 0.175895 112.100084c 0.130055 0.082536
Lactobacillus sp. 49 239 48.053177d 16.220516 7.022680c 0.561968
Pseudomonassp. 148 239 23.384218d 227.348885c 1.670243c 0.409898
Acinetobacter sp. 4 233 3.917934 1.869697 0.107552 1.996916
MiXturee 239 13.985944c 156.061428c 1.192688 0.714429

'The muscles used to make the meat samples included the biceps femoris and infraspinatus.
b Takes into account storage of ground beef for 0, 1, 3, 5, 7, or 9 days.
c Mean square value is significant at P c0.01.
dMean square value is significant at P s0.05.
e The mixture of microorganisms consisted of two Lactobacillus spp., three Pseudomonas spp., two Acmne-

tobacter spp., M. thermosphactum, E. herbicola, and one Moraxella sp.
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