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INTRODUCTION

5C
It has been established that postmortem electrical stimulation of beef carcasses is important for improving Tgﬂ[
tenderness (Gilbert et al 1976; Raccach and Henrickson, 1979). It accelerates the onset of rigor mortis Gi
and Davey, 1976; Will et al, 1979) allowing for early boning of muscles. On-the-rail hot jre’
honing complements electrical stimulation. It speeds up the fabrication of carcasses (7-10% less labor red
:nts) and reduces both refrigeration energy (30-50%) and cooler space (70-80%).

: b1y
Last but not least on-the-rail early boning may reduce recontamination of meat from surfaces and consider?
decrease the time for bacterial proliferation (Kastner et al; 1976).

78
It is estimated that 3.1 million ton of hamburger and ground beef have been processed in the U.S. during 19

with a corresponding consumption of 14.5kg/capita (AMI, 1978).

c
The bacteriological quality of beef and its ground product is of concern from both of the industrial and Publi
health stand points. Reduced shelf life and discoloration of the product due to bacterial growth are oftén
encountered. The source of meat for ground beef and its holding time may affect the bacteriological qUalicyta[B5
the product, its safety and storage stability. Proposed bacteriological standards for ground beef in somé =~
set a maximum range of 1.0 x 10 to 5.0 x 1006 bacteria/g (Geopfert, 1976). The United Kingdom has prOPOSed ;wb’
level of 106/g (Green, 1976) while in Canada the maximum limit is 107/g (Pivnick et al, 1975). It is well e,
lished that most psychrotropic meat-spoilage bacteria are of gram-negative type (Davidson et al; 1973; MoSf;%
1968) . The nonpigmented Pseudcmonas organisms predominate the flora at spoilage (Ayres, 1960; Herbert, 191

: Lpion &
The purpose of this work was to study the effect of prefabrication procedures such as electrical stimulati®
hot boning on the bacteriological quality and wholesomeness of both beef and ground beef. In addition th€
stability of refrigerated ground beef and its spoilage flora were studied.

MATERIALS AND METHODS ¢
[}

jon

ELECTRICAL STIMULATION (ES).The electrical stimulation (a square wave pulse of 300 V, 400 cpm with a dufac; 1“g
0.5 msec and a current of 1.6 to 1.8 A) of beef sides (commercial Angus and Hereford steers) started at urin
postmortem and continued for 15 min. Both sides, stimulated and control (non-stimulated), were held at 1,5 Sde
the stimulation period and up to 1.5 h postmortem. Six carcasses (290 kg average weight) were used in thi
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BONING OF MUSCLES/PORTIONS. The Biceps femoris (BF), Semimembranosus (SM), Longissimus dorsi (LD) and P©

the chuck were boned on-the-rail at 1.5 h postmortem from the ES side ("Hot-Boned-Hot"), and after 24 h a8t
from the control (non ES) side.
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PROCESSING AND STORAGE. About one third of each BF, SM and LD was stored at 1.1C for 15 h (”Hot-Boned"Chil and
One third of the BF was vacuum packaged (72.5 mm Hg) ina polymylar film (E.I. DuPont, Wilmington, Delawar® g
sotred at 16C for 18-20 h. The portions of the chuck were ground and frozen (-25C) until used. Twelve 2 b g

portions of ground chuck (six of each ES and control) were packed using polystyrene foam tray wrapped with
vinyl chloride and stored at 5 * IC.

d-
SAMPLING. The exterior and interior parts of the BF and the exterior parts of the SM and the LD were Sﬂwple art
One half of a cm of the surface of each muscle and cores of 5 cm diameter were bored only from the interio®
of the BF. d .
Sampling was done manually using sterile scalpels. The bacteriological examinations were done on 508 POOled ﬂ”w
samples from either the surface meat tissue or the meat cores. A 10g sample from each portion of the grov
was removed every 22-24 h for the different examinations.

wer®
Aseptic measures (lighted burner, sanitized working surfaces, frequent changes of sterile scalpels etc.)

taken throughout the sampling process to prevent recontamination of the samples. 4eb
. L5 W
BACTERIOLOGICAL EXAMINATIONS. The homogenates of the BF, SM, and LD were prepared by blending 50g Sampldf ¢he
450 ml of 0.1% peptone (Difco) water. The 10g samples of the ground chuck were blended each with 90 ml ©
same diluent. Further decimal dilutions were prepared (as required) with the same diluent.

ed
The Aerobic Plate Count (APC) was done by spreading 0.1 ml aliquots of the appropriate dilutions of Pfepgzie e
dried surface plate count agar (PCA) (Difco) plates. Incubation was at 22C for 40-48 h. The same proce’vs‘ TJ
medium were used for the Psychrotrophic Bacterial Count (PBC). The plates were incubated at 7C for 10 da at®
Anacrobic Bacterial Count was determined by the pour plate method using tryptic soy agar (Difco) plates ?nt
(35C, 48 h) in a GasPak Anaerobic System (BBL). Total coliform and total Enterobacteriaceae were determ™ 24 be
violet red bile agar and MacConkey agar (supplemented with 1% pglucose) respectively, incubated at 35C for
Both media were from BBL.
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Clostridium pengringens, Salmonella and Staphylococeus awrews were determined according to the Bacceriolog

Analytical Manual for Foods. (FDA, 1976). ccadgd
i d 2" gt
NUMBER OF MICROBIAL GENERATIONS AND SHELF LIFE DETERMINATION. The number of generation (G) was Calcuatee io&
ing to the following formula: G=3.3 log b/B in which b= number of bacteria at the end of a given time P

B=Intial number of bacteria. o

1vi?
The meat samples were organoleptically evaluated for "off odors" by a three-people panel. A sample enve
odors'" was considered spoiled.
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aMNTIFICAIION OF SPOILAGE ORGANISMS. Thirty colonies were randomly selected from PCA plates of each of the ES

anoﬂtrol ground chuck samples. Each colony was purified and transferred to a nutrient agar (Difco) slant
‘Wbated at 22C) which served as the stock culture.

[ .
mefollowlng tests were conducted for the taxonomical classification: gram stain, motility, catalase, benzidine

w;hel and Evans, 1960) cytochrome oxidase (Kovacs, 1957) oxidation-fermentation (glucose) (Hugh and Leifson,

(t,,. Pigment production (King et al, 1954) reducing compounds from gluconate (Haynes, 1951) starch hydrolysis

ahin and Steel, 1965) and hydrogen sulfide production (Thornley, 1967). The isolates were broadly classified in
fme based upon the work of Shewan, (1963) and Shewan et al, (1960). All tests were conducted at 22C.

U
tg, STICAL ANALYSIS.

t Results were subjected to the analysis of variance and the Least Significance Difference
(Stee1, 1960).

The correlation and the linear regression between the APC and the PBS were calculated.

ESU
LIS AND DISCUSSION

Qm
%n:erobic plate counts (Table 1) of the exterior parts of the different "Hot-Boned-Hot" muscles were in the

by fTom 1.0 x 10! o 3.8 x 103/g. Chilling (15 h, 1.1C) did not significantly (P<0.05) change the bacterial

g S+ _The exterior parts of the control muscles had an aerobic plate count that ranged from 1.0 x 10! to

“th /g. These bacterial levels are 104 to 100 fold lower than the documented spoilage level of 107 bacteria/g
and Ayres, 1952).
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; (boning before chilling the carcass) and on-the-rail-boning of muscles expose a relatively small
:%tse area to bacterial growth and recontamination. The processing time is shortened, becoming a limiting
ﬂoxr' for bacterial growth. 1In all treatments, the interior part of the BF had an aerobic plate count of

y  10lg (Table 1).

e

?qhgmmination of ES, and on-the-rail "Hot Boning" prevented recontamination of the product especially with

® @éens- As a result C. perfuingens and Salmonefla were not detected in the exterior and interior parts of the

'Loable 2), while S. auwreus, total Enterobacteriaceae and the coliform group were each at a low level of

mQQE 1Ol/g. The absence of pathogens (and the low level of S. awtews) is in accordance with a proposed standard
] ’ 1976)
&t

:Eﬁzhould be
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emphasized that a meat product with a bacterial level as low as 103/g may become potentially dangerous
gens (if present) may grow with less competition from the "indigenous" flora (Baird-Parker, 1971;
Lippitz, 1962; Troller and Frazier 1963). Therefore, it is extremely important to prevent bacterial

g anination of the product, and this can be achieved useing a sanitary process.

“i;ﬁ Packaging of "Hot-Boned" meat (Valin et al, 1976) and storage at elevated temperatures (Fields et al, 1976;
%eret al., 1973) stimulated the postmortem metabolism and conversion of the animal flesh to post-rigor meat.

t%k € conditions used in this work (72.5 mm of Hg, 16C for 18-20 h) no significant (P<0.05) bacterial growth
%MH,FC€ either on the exterior or in the interior parts of the BF (Table 3). These results indicate that "Hot-
“dwf and vacuum-storage at 16C for as long as 20 h will not increase the aerobic and anaerobic plate counts

g 11 Not cause deterioration of the product. One should be very cautious to adequately control the tempera-
Storage and the storage period.

mﬁli
;?atzear regression between the APC and the PBC of the ES ground chuck samples (n=6) is shown in Fig. 1. The
e D of ¢

e o he regression line was Y=0.78 + 0.85 X with a correlation coefficient of 0.96, significant at P<0.01.
(%aUQ Shows the linear regression between the APC and the FBC of the control (non ES) samples (n=6). The
Sge M of the regression line was Y= -0.3 + 1.06 X

¥ re with a correlation coefficient of 0.99, significant at P<0.01.
%Wk Sults show that one can get an accurate estimation of the psychrotrophic bacterial population of ground
;Qmmt§°m ES carcasses by using an incubation temperature of 22C. This elevated temperature (22C) shortens the

.“DWN%OH time from 10 days (7C) to 48 h. Since the psychrotrophic bacterial population of ground chuck is

‘tig ible for spoilage (Ayres, 1960), thus it is controlling the storage stability of the refrigerated product.
b 18

“%eqﬁPOTtant to the industry, for quality control purposes, to have rapid means to estimate the psychrotrophic
\QC Population in order to take adequate measures concerning processing and marketing.

jt[SQ (;HCUbation temperature was used for monitoring the APC of the ES and control samples of ground chuck stored
i?*loﬁg’ 3). The initial bacterial count of ,ground chuck from both ES carcasses and control was as low as 8.0-
t}f(c /8. This level was lower by 102 to 10°- fold than currently proposed bacteriological standards for ground
ﬁgsmfopfert, 1976: Green, 1976; Pivnick, et al., 1975). As can be seen (Fig. 3), the bacterial population of
Q}spr €S from ES carcasses had a lag phase of 3 days as compared to 1 day with the control bacterial population.
gﬁ) Ob‘?ble that the electrical stimulation may have impaired the bacterial cell metabolism (Munnert and Gradman,
iﬁmES USing an extended lag phase. A significant difference (P<0.05) was found among the APC of the samples
1%hd,carCasses and the control on the third, fifth, sixth, and seventh days of storage. Between the third and
méy of storage, the bacterial population of ground chuck from ES carcasses formed 12.2 generations while the

It Population formed only 9.9 generations.

1\ s}]

&dd%: f.life (i.e. time to "off odor") of a refrigerated product in general and of a meat product in particglar
qfngl 1ned, among other factors, by bacterial growth. Any processing or preservation procedure that will induce
#“Wm %8 phase and will slow the grow rate of the bacterial population will also extend the shelf life of the
gﬁf4;r Electrical stimulation extended the shelf life of ground chuck by 3 days, "off odors" were detected

¢ﬁ by days in the control samples but after 7-8 days in the samples from ES carcasses with a corresponding
ﬁiulﬁ Count of 8 x 108/g ground chuck. The rapid growth of the bacterial population of the electrically-

nthaE Samples did not compensate for the 3-day lag phase (Fig. 3) resulting with a lower populatiog leYel

mﬁt °f the control samples (up to the eighth day of storage). This low population level did noF impair the
1¢ properties of the product from ES carcasses while the control samples spoiled after 4-5 days.
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1& 30 colonies were picked from PCA plates inoculated with either the ES samples or the c§ntrol. Most
’ﬁ%t% 22-23 isolates) from both samples had the properties described in Table 4. These properties are charac-
Uy t

iga,° the nonpigmented Pseudomonas group II (Shewan et al, 1960) or Pseudomonas gragi (Davidson et al, 1973).

Ay 1s 8
gSQHVzlates from both the ES carcasses and the control were gram negative, nonmotile, and nonpigmented and
quti in Hugh-Leifson medium. These isolates were designated Moraxefla-oxidative in accordance with the

0

R of Thornley (1967). A gram positive, catalase-positive, benzidine- and hydrogen sulfide negative
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theamosphactum(Davidson et al, 1968; McLean and Sulzbacher, 1953). These results show that electrical st "
ed t

did not affect the nature of the spoilage flora of ground chuck. The nonpigmented Pseudomonas predominat

flora at spoilage.
£he

C. perfringens, Salmoneffa and coliform organisms were not detected in the samples from either ES carcasses orﬁ,
control. S. awreus was detected at a level as low as 10 cells/g of ground chuck. This level coincides with gaﬂ
posed bacteriological standards (Geopfert, 1976; Green, 19765 Pivnick et al, 1975). These results point Outecwy
one of the advantages of electrical stimulation and on-the-rail hot-boning: reducing sanitation problems esP

ly preventing bacterial contamination of the product from surfaces as with on-the-table boning.

o
This study showed that both thc samples from ES carcasses and the control were free of pathogens except S. auﬁdﬂ”
The ground samples from ES carcasses had a prolonged shelf life as compared with the control with no uniqué
concerning the nature of the spoilage flora.
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cocobacillus organism was isolated from the control sample; it was identical to a culture of M{crobacte ulacwﬂ ‘E
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Figure 3. The growth of the endogenous flora of ground beef from
electrically  stimulated carcasses stored at 5 C. (C= control;
ES = electrically stimulated. CFU = colony forming unit).
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Aerobic plate count of electrically stimulated beef. Table 4. Properties common to most-
BF isolates.
T
Rtment Exterior part Interior part sM? Lp® Sharacter Jbeervat ton
"Hog 2 (count/g)b Gram reaction =
"hog Boned-Hot" 1.9 x 10 1.0 x 101 3.8 x 103 1.0 x 101  Morphology Short rods
(l‘BOned—Chilled" 3 1 3 2 Motility +
ant‘lc, 15 h) 7.5 x 10 1.0 x 10 3.9 x 10 6.5 x 10 Oxidase +
rolc 1.0 x 103 1.0 x 10! 6.0 x 10° 1.0 x 10! Oxidation/fermentation
%he test (glucose) Oxidative
EEQ €Xterior part only. Pigmentation -
%o, result represents the arithmetic average six determinations. Reducing compounds from
€lectrically stimulated. gluconate -
ah =
le 2. Occurence of pathogenic and indicator microorganisms in elec- Seapch hyarolysis
trically stimulated Biceps femoris. brpvthyar ab ¥+
Op,. . Growth at 41C =
agm\mMroup Count?
0 S .
S@ﬁédiﬁium pergringens Absent/50 g 855 isolates (23 and 22 isolates from
%wﬁetfab Absent/50 g ground chuck from ES carcasses and
Toy YLococcus aureusb <1.0 x 10l/g the control respectively).
iy Enterobacteriaceae <150 xS 10~/
coliform <1.0 x 101/g
q
8o
% S{reSult represents the arithmetic average of six determinations.
Tineq by the 5 tube MPN method.
Tab
1
\\e 3. Effect of vacuum packaging on the bacteriological quality of electrically stimulated Biceps femoris.?
% Aerobic plate count Anaerobic count
<y
\\Rbi\‘__¥ Before storage After storage Before storage After storage
3 (count/g)P
plergo . 3 3 2 3
Wte, OF part 2.2 x 10 3.6 x 10 5.0 x 10 15168 X410
lor part 1.0 x 101 1.0 x 10! 1.0 x 101 1.0 x 10!
b,aQ\.lum
h“h Packaged and stored for 18-20 h at 16C.
Tesult represents the arithmetic average of six determinatioms.
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Figure | The linear regression berween the Aerobic Plate Count und Figure 2. The linear regression berween ‘k‘Aem,h'( Plate Count and
Psvehrotrophic Bacterial Count of ground beef from electrically Psvchrotrophic Bacterial Count of ground beef from non-stimulated
Sttmulured carcusses carcasses.
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