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.. prties of OFD beef and normal beef as related to thermal denaturation of meat proteins
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ycTION

anges during heating of meat are related to the intramolecular denaturation processes of the two
“eomponents of meat, myofibrillar proteins and intramuscular collagen. Protein denaturation is
intermolecular aggregation processes which determine the nature of the texture changes.

¢l

scanning calorimetry (DSC) offers a method for studying denaturation of muscle proteins in situ

and Martens). In DSC only the denaturation process can be followed. However, since the dena-
ArOCESS initiates the aggregation process, the denaturation process can be used to monitor the aggre-

€55 .

ns | changes during heating of beef with a normal ultimate pH have been extensively studied. It is usually

it overall tenderness decreases when meat is heated to ca. 50°C (first toughening phase), increases
tecl to ca. H0°C, and decreases again when heated to ca. 70°C (second toughening phase) (Davey and
. Machiik and Draudt). The decrease in tenderness at ca. 50°C, as measured by shear-force, is asso-
With loss of myosin solubility, presumed to indicate denaturation of myosin (Davey and Gilbert). The
s in tenderness at ca. 60°C has been related to denaturation of collagen, corresponding to the collagen
cles o) oo reaction (Machiik and Draudt). Giles found that the sarcomere showed a 20 per cent contraction at

o causing shrinkage of the meat along the fibres at this temperature. He also reported that the I-band
| bpcame disrupted at ca. 70°C producing gaps in the sarcomere structure. Later Davey and Gilbert

e toughening phase at ca. 70°C to the shrinkage along the fibres at the same temperature.

iy Martens et al. studied textural changes in normal beef, as measured by sensory methods, and com-
ese changes to the thermal denaturation of mycfibrillar proteins and collagen, as studied by differen-
- ng calorimetry {(DSC). They found that myosin, collagen and actin in normal beef denature in the
fure ranges 40-60°C, 55-63°C and ©5-73°C, respectively, and that the second toughening phase at ca.
suld be associated with denaturalion of actin (as observed by DSC).

t (Dark, Firm, and Ory) has a higher ultimate pH than normal meat. DFD meat binds more water and
nder when cooked, compared to normal meat (Bouton et al., 1971).

ittle influence on collagen denaturation between 5.4 and 7.0 (Stabursvik and Martens), and the pro-
ol coliagen fibres (Finch and Ledward) or denatured coilagen systems (Veis) show little or no pH
te in the actual range.

L of pH on the myofibrillar structure is believed to be responsible for texture changes. Bouten et al.
ecently atteibuted the difference in lenderness caused by pH, as cooking temperature is increased
-, to heat denaturation of myosin, based on the knowledge that myosin was denatured below 60°C, It
been pointed out by Currie and Wolfe that in meat with a high pH, the water content is high, and
f content must be considered an important factor in determining meat tenderness. ledward stressed
PH dependence of cooked-meat toughness is primarly related to the effect of pH on the mode of aggre-
the myofibrillar proteins and, as such, is related o the interactions between these proteins and the
!;S- their ability to hold water. pH infiuences both denaturation and aggregation by changing the
lic forces within a protein and between proteins (Lapanje).

of the present jnvestigation was to study the texture changes of DFD beef during heating, compared
of normal beef, and to relale these changes to the thermal denaturation of the myofibrillar proteins

Nd actin, Denaturation of meal proteins was studied by DSC. Texture properties at different end
res were evalwated by analytical sensory methods.

RIMENT AL

=20d sample preparation

‘?:;dwm-e performed using post rigor bovine M. semitendinosus from 1% year oild bulls. The muscles
Blcc) following normal slaughterhouse procedure. Sixteen muscles with pH 5.4-5.7 were selected as

£35, and sixteen muscles with pH 6.4-6.8 were selected as DFD muscles. The muscles had not been
y stimulated, and no drugs had been administered to obtain high pH values. The muscles were frozen
_ f"z-aénd cut in 1.0 cm. thick slices along the fibres. The slices were vacuum packed and stored at
e . weeks, The meat was thawed at 4°C, heated in plastic bags at 1.2°C/min to 9 different end
Cena o (P0°C (raw), 48°C, 54°C, 60°C, 65°C, 69°C, 73°C, 79°C, and 85°C, respectively), was held at
i) temperatures for 10 min, and then rapidly cooled to room temperature (20°C). Cooking loss

aW muscle) and shrinkage along the fibres were measured.

';u';V P@valtuati'on of the meat was perfor‘med in blue Ii_(_;ht by a trained laboratory panel of 12 persons.
m-1_5 Cetelve:ﬂ, as one sample, two _strlps of eat_:h slice, cut paraliell to the muscle fibers (approx.
T irm)' Six samples were served in each_sessnon together with two reference samples. Each sample
1 twe replicates. The order of preparation and serving to the judges was randomized.
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The following characteristics were evaluated on 9 point scales:

Firmness, i.e.

dicularly to the fibre direction (1 =

Bite-off force, i.e. the force necessary to bite off the meat strip (after compression) by the front teeth
r

perpendicularly to the fibre direction (1= very low, 9 = very

Total chewing work,
9 = very much).

Juiciness, i.e. juiciness perceived during chewing (1 = very dry, 9 =

Meat flavour, j.e. intensity of meat flavour perceived by mouth (1

Total preference, i.e.

The uncertainty measure given for each sensory variable is s,
cates, averaged (in absolute value) over the different treatments.

Differential scanning calorimetry

Thermal denaturations were studied in a Perkin-Elmer DSC-2,

was performed according to Stabursvik and Martens.

RESULTS AND DISCUSSION

Thermal denaturation of myofibrillar proteins

In DSC the heat denaturation of a protein is detected as an endothermal
sample temperature - a DSC thermogram. Fig. 1A shows a thermogram of myofibrillar tissue from unhea
normal beef (20°C). The least thermostable DSC peak (58°C) is

LMM  (light meromyosin) and HMM-S1 (Subfragment 1:
molecule, while the middle peak (65°C) is

fragment of heavy meromyosin) of the myosin molecule (Goodno et al.,
thermostable peak (79°C) represents actin denaturation (Wright et al.

pH is found to Influence the thermograms of myosin between pH values 5.4-7.0,
actin which are very little Influenced by pH in this range. When pH is

myosin peak becomes slightly stabilised,
6.0,
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Fig. 1. Thermograms of myofibrillar tissue from
normal (A) and DFD (B) bovine M. semi-
tendincsus recorded after subjecting
the samples to heat treatment at
various temperatures. Scanning rate
10°C min~L. The bar represent.s a change
in the value of dQ/dt of 0.05 mcal s~1.

the force necessary to compress the meat strip about 30
very low, 9 = very high).

i.e. the work necessary for chewing the strip ready for swallowing (1 = very "m
4 -

total impression of texture and flavour-by-mouth (1 =

as found in DFD muscle, the two peaks merge into one. pH is thus the main cause of the differ
between thermograms obtained for normal and DFD beef (Stabursvik and Martens).

per cent with the molar teeth Pé
r l.:

high).

very juicy).

= none, 9 = very strong).

very bad, 9 = very good),

the standard error of the mean of thg repljs

20 40

N

and preparation of myofibrillar muscle samples

.
peak as a function of increag
interpreted as representing denaturation ~
globutar head of heavy meromyosin) of the myos '
interpreted as representing the HMM-52 (subfragment 2: helj
Stabursvik and Martens), The
, Martens and Void).
in contrast to thermograms of e
increased, the least therma 20 40
and the more thermostable peak is destabilised. At pH values abg
Mean
Fig. 1B shows a thermos ture
L. erro.
gram of myofibrillar tissue of DFD beef (20°C)
where only one single myosin peak (63°C) can . 2C)

be observed. However, Figs. 1A and 1B §
that myosin and actin in DFD beef denatur
the same temperature ranges as these proteing
do in normal beef.

smaller
ge

increas:

Tenderness and juiciness ]
normal T

Fig. 2 (A, B, C) show total chewing Worky

firmness and bite-off force as functions 8Rstral
protein denaturation in normal and DFD b . B0°C
The changes in overall tenderness turati

chewing work) of normal beef during heatin
as measured by sensory methods, weré
accordance with the changes described ab
The overail tenderness (Fig. 28) decreased .
ca. 50°C, which is the denaturation r‘lange.
the HMM $-1 and LMM parts of myosin.
observed increase in tenderness at ca. 5[ ;
usuzlly attributed to denaturation of 50!53
The possibie influence of the denaturatlor.
HMM $-2 of the myosin molecule on texnl’d'
this temperature s unknown and Shouin
investigated. The tenderness decreased

actin denaturation range at ca. 70°C.

howevels
f DFD HE
from that
pe 5"9“

The present study demonstrates,
tenderness (total chewing work) ©
during heating differs significantly
normal beef, DFD beef was found to

tougher than normal beef before heatinds no
became more tender than normal Dee der tweer
60°C. Above 65°C the difference in '-*’"FD in |
became much more pronounced, since D and
in contrast to normal beef showed N° Dre:U
;] int rness. .

decrease in ende‘ - Onrribut 0 .
When expressed in terms of its two U v on

bl .
characteristics, firmness (Fig. 2B) and '
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ef (20%

SstoBC)_' zFlg. 2C), the improved tenderness of DFD beef during heating, as compared to normal beef, seems to
nature ¥

> proteing A smaller initial increase in firmness (a less pronounced hardening effect) in the myosin denaturation

pance

increase in firmness and bite-off force of DFD meat in the actin denaturation range, in strong contrast
ng  Wo 0 normal meat.

)FD be nstrates the importance of the contribution of the pH-sensitive myofibrillar proteins to meat texture
L4, 60°C. The two characteristics, firmness and bite-off force, are both strongly pH-dependent in the

5S y
heati denaturation range.

were -
d  abo! itiness of DFD beef (Fig. 2D) was low and largely unaffected by the temperature of heat treatment. In
reased L, the relatively high initial juiciness of normal beef was much reduced above 65°C, presumably due to
range SEnaturation, Thus, above 73°C normal beef was found to be less juicy than DFD beef.
Sin. 9 ‘

. 60°C I8 55 is probably not directly influenced by pH, I.e. it is not water bound by electrostatic forces which is
collagens _n.effective in imparting juiciness to meat (Hamm). However, juiciness is indirectly affected by pH, by
ration GF ' In which pH influences the microstructure (pore size) of meat (Clark et al.). The microstructure is to
extu‘;‘e &Xtent dependent upon aggregation patterns.

houl :
yd in WS Hifference in juiciness between the two types of beef above 73°C, may to a great extent be explained as

‘||'| _;_:uSecl by a considerably higher loss of water from normal beef than from DFD beef. At 73°C normal
=1 lost ca. 33 per cent as drip and cooking loss while DFD beef had lost ca. 12 per cent as cooking

ver,

DFD B

m that Srmal and DFD beef lost ca. 10 per cent of the total weight in the actin denaturation range (65-73°C).
e sligh fonsistent with normal beef and DFD beef showing the same shrinkage in this range. However, dena-
ting hem‘ myosin (40-80°C) resultet in ca. 10 per cent loss of water from normal beef, in contrast to DFD
f at i e no cooking loss was observed. This indicates a fundamental difference in denaturation and aggre-
anderm Blween normal and DFD myosin. When comparing Figs. 1A and 1B, the most obvious fealure is the
pFD BE ©in myosin denaturation between the two types of beef. In normal meat, myosin must be assumed Lo
> furthel and subsequently aggregate in two more or less separate steps, while in DFD meat the myosin

Presumably denature and aggregate more simultaneously, resulting in a different structure with a

ributl w:'t:_!" binding capacity. Nevertheless, at this stage DFD beef was still perceived as less juicy than
{ bites@% g dﬁgré Myosin denaturation and aggregation thus influences tenderness and apparent juiciness only to a
i &

in the myosin denaturation range, possibly due to intact collagen at these temperatures.




The most conspicuous result of myofibrillar denaturation is seen In the actin denaturation range. |
probably very similar denaturation process in both cases, as Judged from cooking loss and actin t

actin aggregation in DFD beef caused no decrease in tenderness, while actin aggregation in
duced a very tough meat, probably as a result of a different structure of the myosin-actin ag

Flavour and total preference

The intensity of meat flavour (Fig. 2E), which is a property not directly related to denatur
proteins, was judged considerably lower in DFD beef than in normal beef, but the intensity of

increased ‘at higher temperatures in both types of beef. At 85°C the meat flavour of DFD beef had

such an extent that DFD beef had about the same total preference (Fig. 2F) among the judges as

The latter still had a stronger meat flavour, but was dryer and considerably tougher after bein

this temperature.

Recommendations
~=Lgmnendations

A final temperature of 60-65°C for the heat treatment of normal beef and 85°C for DFD beef s recommendeq

obtain optimal sensory quality.
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