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INTRODUCT ION

o bong
gfect ,:ga’gay theoretically result in a muscle shortening that adversely
n"ta“es ar te"l?efness. Since hot boned primal cuts will chill faster than
t" hot oni additional shortening may occur. However, the first experiments
(g'ﬁberaturegg oF besf already showed that conditioning of hot boned meat at
un§~ et gf 15 0C followed by chilling at 2 OC will prevent toughening
to 11 g Boiiy ilbert, 1970; Schmidt and Keman, 1974). Postponing boning
"dernqu f Dost mortem was found equally effective in overcoming
in Sing i sSa_dvantaqes (kastner and Russell, 1975; Kastner et al. 1973).
E]Wea; it 1ntroquct1’on electrical stimulation has paved the way for an
B,Etf\'(;a] st?rest in hot boning. By accelerating the onset of rigor mortis
1979”%’ exCA"'lf]atmn may eliminate tenderness problems associated with
the i Tﬂylor 1sion (Davey et al,_19763 G\It_)ert et al, 1979; Seideman et al,
fie ﬂectrica?t al, 1980). Superimoosing high temperature conditioning on
ant) i Stimulation and hot boning treatment was reported to signi-
F 5 grove tenderness (Chrystall, 1982).
et mactermloqica] ;_>o1'nt of view, however, excessive times at
co,,t”?"a ioir)|E"atures are disadvantageous since they allow microbial
Iy inn,-,at“)n g” hOt_boned meat (Kotula, 1981). Minimizing the initial
ﬂar:t-h ( ucht Y strict hygiene and/or sanitation may restrict bacterial
EOnt]c‘-”“”y ‘]?'"g 1982; Smulders and Woolthuis, 1983). However it seems that
thatamnaﬁon Mtial chilling will substantially restrict the level of
theg, 2 rapiq i°f hot boned meat (Walker, 1982). Cuthbertson (1982) reported
)t of Cony Nitial chilling resulted in bacterial numbers not exceeding
S, stimulatie"t‘,ond”y boned meat. In spite of the application of electri-
ept"“ghe ig" in the latter study this was achieved at the experse of
T
o

““’ate

Copgs 0se .
e]’em‘t_ ni °: the present study was to monitor the effects of various
Ctr,ca”; €Mperatures on the sensory and bacteriological quality of

Stimulated, hot boned beef.

gix a MATERIALS AND METHODS

rae PPRoX § i o

luesd Wer:":':ge]‘/ 13 months old meat bulls of the Meuse Rhine Yssel (MRY-)

""‘Sc]' ”ithin ”“_”dted electrically within 5 min. nost mortem (85V, 14Hz,
TL‘ Were ¢ hours post mortem both left- and righthand longissimus

dividhe Cﬂud“ot boned and sampled for bacteriological examipation.

di&tr'd in equ i]’ﬂ:t of each longissimus muscle uo to the 3-5tM rib was

fon s]b“ted ]oa .Cuts" of approximately 10 cm thick. From five randomly

c'ania":mﬂere ?ahons on the cross section of each cut samples were taken

C“]tua] Parts enghts measurements according to Voyles procedure (1971). The

to Si'e of by Were cut into 2 cm thick “"chops” which were ran through a
"’“'ate Cteria prepared from scrapings of cutting tables in an attempt

higher degree of cross contamination.

teg uts 2 3

Supo;e" u:‘éef“%s of each animal were vacuum packaged and randomly distribu-

Sngyy. houng * 23thS of 0, 10, 15, 25 and 35 OC in which they remained for 3,

% g1y ONing" A1thin the framework of this presentation only the 5 hours

simzcolysisp:”w Will be dealth with. A rough estimation of the ranidity

c“"diti]"“gisﬁas obtained by monitoring the pH and temperature fall of one

tayg tlong cu’“US cut per bath, fully submerged in an open vacuum bag. After

h‘cz 9 ts and chops were stored in a chilling room at 3 + 1 OC for 8

. a]?;ts were unpacked and investigated sensorically and

Ag atie,

Qxﬂ::eéamm:.: ;ensOry meat quality

}:'"ter to ai ad been mopped dry and weighed to assess dripp loss. They were

cf i) ULL“ a, e""'one hour. Subsequently colour was assessed using the

uny'\de €00k, Quipment. After heating in a water bath to a core temperature

a"‘ﬁr 'S of 1 9 Joss was assessed. Using a mechanically driven borer
Bratueru“h. excised from the cooked samples, were subjected to Instron

. At d
;- da
°”°1og¥c

i'legebi Shear force measurements.
] s
aqdicn;]turgigaz examination

iﬁi,""ioo q SCE‘ZCFEria originating from the cutting tables was prepared by
Efrug an, sie Pings to 2700 m)- peptone-saline solution. After 30 min of
:%Gr 2ap c"]tu:‘"g the suspension was frozen. Yhe day before the experiment
!‘Us:iuf b*‘ttei-‘e %as allowed to thaw in the refrigerator at 4 + 1 0C. The
Lo ‘a_ ion 13 in the suspension was assessed after 2 hours of

s:ﬂ tuee1551m“at ambient temperatures.

bgq C2en CUts were sampled by means of sterile cork borers, lancets

Fac 38 s. - p
S8y ql‘e"tly Thus 2 tissue discs of approximately 4.5 cm? were punched out,

foy3503 m .
lﬂh%?ta:e., faﬁerated in 27 m1 peptone- saline solution in a Stomacher and

(] ¢ ?
a_’ﬂ Ch:g Micrg m{3-2_|'1ours. Numbers of colony forming units (cfu) of the
(dikg,.%{‘es%nd danisms were ultimately assessed in a macerate of which
iy e giC ¢ to a sample of 0.33 cmZ:

0 3
& pqurgg{)z-m)"’yﬁount: in poured plates of Tryptone Glucose Beef extract Agar
o™ 10 Plages INCUbation 3d at 30 OC and 14 d at 4 OC. b) 2
tiq!preigcubah of Violet Red Bile Glucose agar (Oxofd CM 485)
4, Pla

gnogo h at 37 Oc (Mossel et al, 1962) c) Lactob

e
ino Pray 9t
"ggad py, 30 0

with

acid acetate agar (Merck Art. nr. 5413); anaerobic i}lcuba-

Gonzalez et al 1971) d) L field iz
i Mlate. - ( : 9 d) Lancefield group D streptococci:
Yo on 18 t; gg KanamyuB Aesculin Azide (KAA) agar (Oxofd CM 481);

31h 48 h at 37 U¢ (Althaus et al, 1982).

Simfiélo"

1 v
79"if1caHCQ :mcs’i,-'*fa of data
“u,°]°ni:"°? o }:;erences were assessed by Student t-tests. To determine
Bong °‘by,s in the c;erences in bacterial colony counts, samples with less than
igwy Ssm-WSt decimal dilution nlate and therefore inappropriate
th the ]E‘"F (Mossel and Drion, 1954) were assigned counts corres-
imit of detection.

Pig'o;ll ‘, RESULTS AND DISCUSSION
8 ng” Meqy, -

8§ le ]oind Tal; .

308 b Mige s ! present the temperature- and nH decline as measured in
\“Qh azaat r:;’”“? Cuts until 7 hours post mortem.
tu:“]‘s‘:]e :z;sswn appears to be mainly dependent on physical variables
tempep, Ume the graphs of Fig. 1 may be a reasonable estimation of
“€rature decline in all samples. The graphs show that the core
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Conditioning temperatures
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Figure 1
temperature

‘ng temperatures on
e 1) in beef longiss

of the longissimus cuts had reached the temperature of the water baths at
approximately 4 hours post mortem. Table 1 should be considered a rough
estimate of the mean pH decline. Inter-carcass variation may account for
some of the difference in pH. Yet, lower temperatures appear to slightly
hamper a fast glycolysis.

Combining pH and temperature measurements show that at 1 h post mortem
cold shortening conditions (Bendall, 1972) may have been present.

Figures 2, 3, 4, 5 and 6 present the effects of various conditioning
temperatures on sarcomere length, drip loss, heating loss, Instron Warner
Bratzler shear force values and Hunter L, a, b, colour yalues.

Fig. 2 shows that sarcomere length is highest at 15° C and decreases
with higher and lower temperatures. Expressed as percentage of the sarcomere
length before conditioning the shortening at 0, 10, 25 and 35° C was
25.3, 7.6, 7.3, and 9.6 % (p <.001). At 15° C the shortening was negligible
(p >.05). Thus, as compared with Locker and Hagyard’s data derived from
unstimulated meat (1963) electrical stimulation has reduced shortening by
approximately 50 %. Yet, the acceleration of glycolysis by electrical
stimulation was not fast enough to fully prevent muscle shortening when
hot boning is conducted very early post mortem. Intensifying the stimulation
treatment may reduce the shortening effect. However, this may lead to
increased denaturation of sarcoplasmic proteins and consequently to
increased drip losses ( Eikelenboom and Smu&ders, 1982).

Drip loss percentages were lowest at 15° C and increased slightly
(p ».05) with lower-, and significantly (p < .025) with higher temperatures.
The striking coincedence of higher sarcomere lengths and lower drip losses
is in agreement with earlier findings on beef longissimus (Smulders et al.,
1981a, 1982).
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Cooking losses were lowest at 10° ¢ and increased slightly with lower and

higher conditioning temperatures. However, none of the differences were
significant (p > .05).

Instron Warner Bratzler shear force values reflected the "cold-" and
"heat-shortening" found at 0 and 35° C: samples conditioned at thess
temperatures showed considerable toughening as compared with the 15° C
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conditioned meat (p < .025).

Fig. 6 shows that particularly Hunter L-values increase with increasing
conditioning temperatures. This effect may account for the slightly darker
red colour of hot boned as compared with cold boned meat as found in earlier
studies (Smulders et al., 1981b, 1982).

Bacteriological meat quality

Immediately after hot boning the aerobic colony counts both at 30 and 40C
(1imits of detection 1.3 log/cm2) were approximately 2.5 log/cmZ, whereas
the Enterobacteriaceae count, the Lactobazillaceasc count and the Lancefield
D streptococci count were all below their limits of detection ( <1.3, <2.3
and <2.3 respectively).

The suspension of bacteria from the cutting tables contained log cfu/ml
5.10 and 4.91 for aerobic colony counts at 30 and 40C, 1.79 for Znterobacte-
rige,3.22 for I t 1l and <2.3 for Lancefield D streptococci. Par-
ticularly the obact aceae count was expected to be higher. Probably
the frozen storage has substantially injured this group of bacteria. The
temperature decline as shown in Fig 1 might suggest that the bacteria were
subjected to the conditioning temperatures not earlier than at 3-4 h post
mortem. However, one should bear in mind that Fig 1 presents the core tempe-
ratures and as such is more relevant for the sensory rather than the bacte-
riological quality. Since the meat was separated from the waterbath merely
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by a thin vacuum film it is obvious that the meat surface has acquired
the temperature of the surrounding water rather fast.

Fig 7 presents the effects of various conditioning temperatures on
aerobic colony counts at 300C, Enterobacteriaceae count, Lactobactllaceae
count and Lancefield group D streptococci count. Since the aerobic colony
count at 40C was very similar to that at 300C its growth curve was not
included in Fig 7.

The major bacteriological findings may be summarized as follows. With
increasing temperatures all colony counts increase. There is not much diffe-
rence between the numbers found at conditioning temperatures of 15 and 350C
(p>.05). This is probably due to the fact that the temperature range in
which mesophilic and psychrotrophic microorganisms grow overlap partially. At
150C psychrotrophic bacteria will constitute the major part of the surface
flora whereas at 35°C mesophilic bacteria will dominate (Mossel 1982).
However, in view of the adverse effects on sensory meat quality conditioning
at 350C is undesirable. Not surprisingly,the colony counts are the lowest
at 00C. The sensory meat quality is substantially deteriorated at Tow tempe-
ratures, however. Consequently temperatures of 10 to 150C should be consi-
dered. Dependent on the hygiene practiced (in the present study simulated
by applying or omitting an inoculation of the meat surfaces) the 10-15°C
temperature range results in a surface contamination of 105 (aerobic colony
count at 300C without inoculation) to 106 (idem,without inoculation) cfu/cmZ.
At none of these temperatures unacceptably high Enterobact counts
were found. One should realize, however, that these results may only be
obtained provided one conforms to Good Manufacturing Practices.

CONCLUSIONS

The best bacteriological quality may be expected as a result of rapid chil-
ling. Nevertheless, the exposure of beef to low temperatures immediately
after early-post mortem boning is advised against in view of the deterioration
of the sensory meat quality. Electrical stimulation can only partly counter-
act these adverse effects since intensified stimulation treatment may cause
problems with waterbinding.

Consequently one may wish to increase conditioning temperatures during
the first few hours post mortem to the 10-150C range since these tempera-
tures result in the best waterbinding and tenderness characteristics. Pro-
vided one conforms to Good Manufacturing Practices this will not entail an
unacceptable decrease in bacteriological quality
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