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BACKGROUND

f

There is need to more rapidly and efficiently process meat. Conventional practices involve the holding of entire carcasses for%j o
h at chilled temperatures before boning out cuts. This is very inefficient since there are parts of the carcass that contain bones and fat s
will be discarded after boning and are hence chilled needlessly. Removing the muscles very early postmortem (PM), while the cal'Ca‘;S
hot(hot-boning), accelerates processing, and reductions in energy of up to 50% have been reported for refrigeration of hot-boned bee
compared to beef processed by conventional procedures. Utilization of hot-boning also conserves chiller space since less space is N€€ 4ty
Store cartons of meat than for whole carcasses. The major disadvantage of hot-boning is believed to be a decrease in tenderness cause
rapid pre-rigor cooling resulting in cold-shortening (Marsh et al., 1972; Hinnergardt et al., 1973). The organoleptic trait most affectmgrves
consumer acceptance of beef is inconsistent tenderness (Morgan et al., 1991). Therefore, a commercially applicable method that Conswhen
energy yet is able to ensure a consistently tender product is critical for improved consumer acceptance. Cold-shortening (CS) occurs
pre-rigor muscle is removed from the skeleton and chilled rapidly, causing the muscle to contract, resulting in shortened sarcomefes'd
Shortening has a profound effect on meat tenderness: a length change of 30-40% toughens meat to the point of inedibility (Marsh an
1966). The extent of shortening and toughening is less for pork than for beef and lamb (Marsh et al., 1972). The tenderness problemoS
associated with hot-boning can be overcome, minimized or limited by conditioning the carcass for 3-8 h at elevated temperatures (16 4
higher) before boning or by holding the excised cuts at 10-15°C for 12-48 h (Taylor et al., 1980-81). However, it is questionable Whe,s
regulatory authorities would permit the holding of meat at elevated temperatures due to microbiological concerns, therefore a process®

: : . oU
needed which overcomes or prevents the cold-induced-toughening associated with rapid chilling, but which also ensures desirable f13¥
appearance (particularly colour and minimal purge).
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OBJECTIVES

Investigate the effects of distilled water, sodium chloride and sodium pyrophosphate injected into muscle pre- and post-rigor ©©

determine whether the effects were solely due to pre-rigor actions (i.e. preventing contraction) and to ensure that any prevention of to!
resulted in muscles of similar tenderness to conventionally boned controls.
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METHODS

In three experiments six (~30 month old) heifers were slaughtered in a random order (2 per day for 3 days). In expt. 1 the
semimembranosus (SM) and biceps femoris (BF) muscles were removed from the carcasses within 60 min PM (hot-boned). In expt-
carcasses were chilled under conventional conditions and the SM and BF muscles were excised at 48 h PM (cold-boned). In expt’s I ?n- Cted
the BF muscles were kept whole but the SM muscles were halved, the right and left BF muscles were randomly assigned to be either I¥
with 0.1125 M Na,P,0; +0.1125 M Na;H,P,07 + 0.2 M NaCl (PPi) or non-injected controls (C) and the four SM muscle halves Were
randomly assigned to be either injected with distilled water (H20), 0.875 M NaCl (NaCl)
carcass were randomly assigned to be either hot-boned or cold-bon
be either PPi or C. All muscles and muscle halves were weighed a
brine pump (Hantover, Kansas City, MO 64120). Muscles were w:

recorded. Immediately after processing, muscles were placed in plastic bags in a cooler at 2°C with rapid air movement, with the aim ?

producing CS in the hot-boned muscles. Temperature, pH, ATP, sarcomere length, protein solubility, gel electrophoresis, western blot s
analysis, composition, colour, drip loss and cooking loss traits were all measured but only tenderness will be reported on in this paper: {h
at 3, 7 and 14 d PM were broiled to an internal temperature of 73°C in a conventional oven then allowed to cool at room temperature 1
before being cut into 1 cm? cores and sheared using a Warner-Bratzler shear device.
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nd solutions were injected at 10% w/w using a multi-needle hand-h®
eighed after injection and actual % fluid injected and retained was

RESULTS AND DISCUSSION

The control steaks from HB muscles had high Warner-Bratzler shear values

. uld
(table 1) and where direct statistical comparisons ¢
made between hot-and cold-boned treatments (expt 3 only)

, the HB controls had significantly higher (P < 0.05) shear values than the C,

muscles due to large variations in the degree of toughening in individual muscles.
In expt. 1 where a number of treatments w

maximum toughness is little influenced by even prolonged ageing according to Davey et al., (1967), and
exceeded about 20%, tenderising will take place quite rapidly, and to an appreciable extent
becomes progressively less, no matter how prolonged, and is negligible if the earlier length change was

The NaCl treatment of HB muscles resulted in significantly lower (P <0.05) shear values than t

jed”
he controls at all times and rest p
significant postmortem tenderisation such that t

he 14 d shear values were significantly lower (P < 0.05) than the 3d values for this treat™
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[;:[Were Considered to be acceptably tender. However, the PPi treatment of HB muscles resulted 1n’the most te]ndert E;enai(:eocfoar::r(()){stk; ZI;IIIB
limemems investigated in this study. The HB PPi-treated steaks were significantly lower (P < 0.05') in shea]r) va ue; i CiatEneriat
lia ad resy]teq in very tender steaks at 3 d PM in expt 1, with no significant postmortem tenderisation 0O scrvi b i it
iffer‘t €€ Was no significant difference between the 3, 7 and 14 d shear values (P> 0.05). Inexpt3 therﬁ was al $0 awerg ; nif.icga ity
thap tince between the HB controls and PPi-treated steaks at each evaluation time (P < 0.05), but the 3d shear valuels1 ki ge i
Show, & 1'4 d shear values (P < 0.05) and the 3d values were not considered to pe acceptably tender. The contrﬁ‘ rkr:ghear it
indic: . ignificant tenderness differences between 3 and 14 d PM and consid;rlqg that these muscles had ]Zery ig t{u i e
‘OUgh el:g CS, it s unclear why they showed considerable postmortem tenderisation. However, these steaks were s
€N at 14 d PM. :

Signis ere direct statistical comparisons could be made between HB and CB treatments (expt 3 only), theh Hg;ill;tir-t:ragztde (sitcs*,f:akaskvsvztre3 r:l([)]td
Tdp cantly different (P > 0.05) from the CB controls, but the CB PPi-treated steaks were more tender than t € asipie i

<0.05). The PPi-treatment also showed evidence of tenderisation even in CB muscles, though this was only signi 1d o OSSi.ble
Muscles in expt 2. It is worth noting that all of the CB control muscles in this study were of quite low shear force and 1 1}155 o
Pi-treatment would have had greater effects in the CB muscles if they had not already been so tender. The PPi treatr'n]c(:n e
ten “OMpared to injecting 0.3 M CaCl, in HB muscles (Stevenson-Barry and Kauffman, 1995) and was found to produce steaks of si

€ss (P > 0.05) to steaks from muscles injected with CaCl,.

I the
that ¢
be, .

CONCLUS[ONS A o
Tap, .heSe results indicate that PPi-treatment has beneficial effects on tenderness and corppletely ovcrcomgs .toughenmg mduge y vlt;r)(/: .
illing, resulting in beef of similar tenderness to conventionally boned muscles, and, it may .hav.e beneficial effects on te;; ernebsls :
“'ithC 250, The PP treatment had minimal effects on steak colour, drip and cooking losses, indicating that.there \&;oulgtr:ﬁ; t :/ glrlcl)d ::;ure
Consisonsu"ler acceptance. For muscles that are chilled rapidly, PPi-treatment cog]q Posmbly be a cost-effectlvebtrea n:'z e s
Supg, e0tly tender product. Pork muscles treated with polyphosphate to enhance juiciness and ter?dt':mess have been a
Arkets for several years and appear to be well-received by consumers (these are apparently injected post-rigor).
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E:\ ?,LE L: Warner-Bratzler shear values of hot- and cold-boned muscles at various times after postmortem chilling.
\% Biceps femoris Semimembranosus | Expt 3° Hot-boned Cold-boned7 Overall
Control PPi* Control H,0*NaCl*> PPi*  Overall mean | Control PPi Control PPi* mean
|
?ZH)W | Time :
T4 79 5.6144%9.6 O 3EERZNE5L9 16 e =3id 10; 38l 6 eSS 7.3h
44 2 R TR T T L T 6.9 | 7d 85 65 61 49 6.5
Ver 77 58005813 6.2 NS5 NS0 6.4° | 14d Ted =S58 5 R 6.0
Umean 780 56 9% 76% 62 53 TLSD=05 | TLSD =0.3
¢ | Overall
(&N’W | mean® §F gt g g e ]
SoLmen 51° 44 e . 1 Tl s
hm\ Cral] Means with differing superscripts either within a column or within a row differ (P < 0.05); LSD f(?r Expt’.s 1 &2=1.9and0.7 for
?ighif cold-boned respectively. For expt 2 cold-boned muscles there was no significant treatment x time interaction, but there was a

No Cant, by non-meaningful, time effect with overall means 3 d = 5. 1°, 7d =52, 14d =54 (LSD < 9.3). .

b@tw the hot-boned muscles were not from the same animals as the cold-boned muscles so no direct statistical comparison can be mad.e

steen the hot-and cold-boned treatments. For hot-boned muscle x treatment x time interaction least squares means w1thout. superscripts:

1.8; Or Comparing means across time for fixed muscle and treatment = 1.3; LSD for comparing means across Freatment for flxeq muscle = 1

Kige for comparing control and PPi treatments across muscle for fixed treatment and time = 2. 1 N=6 amma'lls for each boning x muscle

Each Ment cell, n = 18 observations for each muscle x treatment overall mean, and n = 36 observations for each time effect over.al] mean.

Naqp Observation consisted of 10 sheared cores per steak. Units are ng/cmz. 2H,0 = distilled water, NaCl = 0.875 M NaCl, PPi = 0.1125 M

%; 7+0.1125 M Na,H,P,07 + 0.2 M NaCl. All treatments injected at 10% (w/w). 3Note the hot- and cold-.boned muscles were from the

”lter :’flmals so direct statistical comparison can be made between the hot-and cold-bgned. trcatmer.lts. For boning x treatrflenst [; élme

‘o t?on least squares means comparisons: LSD for comparing means across time with fixed boning and tr§atmenl = or

L0 ing means across treatment with fixed boning, or for comparing means across boning = 1.2. N = 6 animals, n= .12 observations for

Mg “Ning x treatment x time cell, n = 36 observations for each boning x treatment overall mean, and n = 48 for each time effegt overall

rUrQ “=ach observation consisted of 10 sheared cores per steak. “For boning x treatment interaction least squares means Comparisons: LSD
Paring means across treatment with fixed boning = 0.4; LSD for comparing means across treatment or boning = 0.7.
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