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INTRODUCTION

For the consumer, tenderness seems to be
the most important meat quality characte-
ristic.

It is now well established that the amount
and mostly the properties of collagen are
important factors in determining toughness
of meat.

Mfany workers have shown that the collagen
properties change with increasing age
(BATILEY et al., 1974 ; BAILEY, 1988 ;
FLANDIN et al., 1984 ; HILL, 1966 ; HEINZE
et al., 1986 ; JUDGE and IMILLS, 1986 ;
JUDGE and ABERLE, 1982 ; LE LOUS et al.,
1982 ; SHIMOKOMAKI et al. 1972 ; ASGHAR and
HENRICKSON, 1982 ; LIGHT and BATLEY, 19380).
HILL (1966) and HEINZE et al. (1986) have
shown that the intramuscular collagen
content decreases with increasing age.

This decrease would be dve to the fact that
the muscle development is more important
than the synthesis of connective tissue in
young animals (HILL, 1966).

Thermal solubility of collagen decreases
as age increases. This decrease in solubi-
lity is related to the formation of heat-
labile reducible crosslinks first, and
then to the appearance of heat-stable non-
reducible crosslinks (BAILEY et al., 1974 ;
BATLEY, 1988 ; HILL, 1966 ; HEINZE et al.,
1986 ; LIGHT et al., 1985 ; SHIMOKOMAKT et
al. 1972 ; ASGHAR and HENRICKSON, 1982).
Those modifications have been shown to
have an inflvence on meat texture (BAILEY,
1988 ; HILL, 1966 ; SHIMOKOMAKT et al.,
1972).

Intramuscular collagen with a large cross-
linking extent confers a higher toughness
to meat.

The crosslinking extent can be measured by
determination of the thermal solubility of
collagen (HILL, 1966 ; CROSS, 1973 ;
BOCCARD, 1979 ; HEINZE et al., 1986 ; LIGHT
et al. 1985 ; SHIMOKOMAKT et al., 1972) or
by differential scanning calorimetry (DSC)
(FLANDIN et al., 1984 ; JUDGE and IMILLS,
1986 ; JUDGE and ABERLE, 1982 ; LEDWARD et
al., 1975 ; LE LOUS et al., 1982).

ageing of collagen is natwrally related to
the chronological age of the animal, but
some external factors such as sex, caloric

intake, hormonal status of the 8
dietary components (ASGHAR and i
1982) could accelerate this age
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It is thus better to define a P
age which will be related to the
stage of collagen. - 40
It should obviously be interestifd o
a method able to give informstad

meat quality on alive animals. s i
Our purpose, in this experiment* ot
to look for a relationship betw?etrsmf'
ageing of skin collagen and of ?n;tetw
cular collagen, in order to estl
physiological age in vivo.
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Samples of skin and of Longissit® /el ¢

were obtained from animals s1899° pive
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groups were studied in this eXP
I 17 four-years-old co¥s

II 16 ome-year-old steers old
III 13 BB cows of 4 to 10 ¥ q)
(average : 5 1/2 +1 /2 ¥

IT 1 eight-months-old foet®

¥ S one-year-old steers ger®
After slaughtering, meat S&mPlesn tbe! ;
stored at 4'C during 7 days. T8 jp
were frozen at -20°C. Hair and :;’;d £

were removed from skin samplés ~ ..
dermis was directly frozen at ~

5t hods
¢ollagen content e

M
Collagen content was calculated g? ’
plying hydroxyprolin content DY ined”
Hydroxyprolin content was det€ W
the I50-3496-1978 method. in fu¥
Collagen content is express?d g
of the total protein content-

Thermel solubility of collsgeh :

1e
A& 10 g meat sample (1 g skiP ?amgoyﬁ
solubilized at 75°C in Ringe? ®
(¥aCl 0.9 ¥) during 70 minut€s: ;%
The solution was then filteredted by
soluble fraction was concent’? 2
evaporation. ¢ 1
Collagen content of both frac”;;ﬂg o
determined by the method desc” o b ¢
Solubility of collagen is Gi¥€
following formula :

300

ps _ x 100

Fs + Fi in ¥
soluble 0011"‘,3‘?;‘1 ip "'gﬂ ¥
soluble fractl® tianl
non-soluble frac

Cs (%) =

Cs
Fs
Fi

668

I s, S St e P

P




K|

3

M@J-
Yy (2 et

:& Watzf Longissimus dorsi were cooked
% o Dath at 75°C and cutted with a
€ in small cores.

b S
“’her\zr forces were measured with the
Yatzler cell.
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B Rbdsz Sosnning Calorimetry (D5C}

Sy
Ktract';gle§ are rich in collagen and an
% the can 1s not necessary.
3& tr&zi of meat, intramuscular collagen
x@!I’lg.,s e ®d with physiological water.
Ubtl".'d ia nibout 100 mg collagen were
y ngg S cells. DSC curves were
II&M t1g'g h a Setaram Calorimeter between
Qu?}retat.it the heating rate of 2°C/min.
4 10n of the thermograms of skin
.hi!l. (1';;‘ made as described by FLANDIN
\&h Deg, 4). The DSC curves present a
Ths';: thisw;:;lktwo shovlders before and
by d0te .
dmdeterrpretﬁtion of those curves is made
Pryy, Mation of six characteristic
Nyt (fig. 1),
cwthe temperature at which the
™ V¢ leaves the baseline

b :: £ maximum of the first peak
M extrapolated onset of the
7 isl“ peak
5 s t maximum of the main peak
Peakhe transition between the main
I“t % is and the third peak
oy % Cas the recovery temperature

dstes“-ffici Of meat, the extraction was
by, Ming 4ont, and it was impossible to
Se temperatures.

ty :

Rxer"'ingzaxlmm of the main peak was
Sy

%“Iq
&
{5 ™
S
"&riif_cg;::otable I, chronological age by
Eilla‘;:%s explain collagen content

T
“ﬁn‘ll;ll' hggﬁ:“t of foetus muscle is

%‘te ®xp] ¥ than in adult animals, what
g lti m,,sgned by the fact that, during
Uy, g be ®$ have a more rapid develop-
'“r;‘ of ih:nﬂctive tissue. The relative
N Yamuscular collagen thus

N
? Congens

,,swrc.up"“}l differences between the
Ccows and both £

(sm?“ ugi:;}l’s I, IT and g). A
%11:3@?1) hand, the second group of cows

has a :
°°ntent_ lower intramuscular

Actvally, the animals of that group had a
better conformation. The muscles are much
more developped than in animals of normal
conformation.

Collagen solubility

¥e see clearly that collagen solubility
decreases with increasing age (Table 1).
But, again, the groups of cows are
different and chronological age only is
thus not sufficient to explain solubility
differences.

In young animals, skin collagen is much
more soluble than intramuscular collagen.
On the other hand, in older animals, skin
collagen solubility and intramuscular
collagen solubility are almost the same.
Both groups of steers are very similar.

lagt fenderness

Then we look at the results of Table II,
it seems that there is no logical
evolution of the tendermess with
increasing age.

The meat of the first group cows is
clearly tougher than the meat of the other
groups, which give very close results.

It was impossible to measure shear forces
on the foetus because the meat was too
flabby.

Ditfforentisl Soanning Calorigpetrr (D5C}

The DSC curves of skin collagen at
different ages are shown in figure 2.

The DSC curve of foetal skin shows one
peak only.

With the steer skin, a shoulder appears
just before the main peak, which is moved
to the higher temperatures in comparison
with the foetus.

The DSC curves of old cows present two
shoulders before and after the main peak.
The maximum temperature of the main peak
is quite higher than that of the steers.
The onset temperature (T1), the maximum
of the main peak (T4) and the recovery
temperature (T6) increase with increasing
age (Table III), whereas the maximum of
the first peak (T2) and the extrapolated
onset of the main peak (T3) are similar
for steers and cows.

T3 of the foetus is clearly weaker.

With the steers, the limit between the
main peak and the second shoulder (T5) is
not clear. It is the main peak which gets
wider.

In the case of the cows, the transition
is evident and the third peak is well
marked.
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The DSC curves of intramuscular collagen
are not so nice because the extraction of
collagen was not sufficient (Fig. 3).
Results of Table III show that there is a
small difference between young steers and
0ld cows. The intramuscular collagen
denaturation temperature of cows is gquite
higher than that of steers.

DISCUSSION

We have seen that collagen content by
itself cannot explain meat tenderness
variability.

DRANSFIELD (1977) has found a correlation
between total collagen content and muscle
toughness.

However , many workers have shown that it
was rather the properties of collagen which
play a role in determining meat tenderness
(BAILEY, 1972 ; SHIMOKOMAKT et al., 1972 ;
BATLEY and SIMS, 1977 ; BAILEY et al.,
1979

If we consider the combination between
collagen content and collagen solubility,
a relationship with meat tenderness
appears.

The second group of reform cows (group III)
contains 30 ¥ less intramuscular collagen
than the first (group I). Thus, despite the
lower solubility of this collagen, intra-
muscular connective tissuve of the second
group cows has little influence on meat
tenderness since the concentration is weak.
On the other hand, intramuscular collagen
content of groups I, II and ¥ is very
similar. In that case, the meat with the
less soluble collagen (group I) is clearly
tougher.

&1l those observations are valid for
cooked meat. In the case of raw meat,
LEPETIT (1988) has found a correlation
between tenderness and total collagen
content.

Evolution of the skin collagen solubility
and the intramuscular collagen solubility
with increasing age is very different.
¥ith steers and foetus, skin collagen is
much more soluble than intramuscular
collagen (IMC). That means that the IMC is
more stabilized by the intermolecular
crosslinks.

This is in agreement with the findings of
BATLEY et al. (1974) who have found that
skin collagen contains mainly dehydro-
hydroxylysinonorleucine. In fact, this
component confers a high tensile strengh
to collagen, but does not have any
inflvence on its solubility.

In intramuscular collagen, 50 ¥ of the
lysine residuves in the N- and C-terminal
non-helical regions are hydroxylated,
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leading to the formation of h¥dr°x¥¢ﬁl

S-keto-norlevcine (BAILEY et al"thfl r E
This crosslink is responsible © at [y
solubility of IMC. t,;,bﬂ :
In the case of older animals, he‘tsﬂe ¢ ’:
crosslinks are replaced by heat-5% gl

non-reducible orosslinks (JUDGE o |

8
1986). With old cows, the solvbﬂ;ﬁsq"
skin collagen and intramvscular © g
is very similar. g1
Thus the transformation of the D"
reducible crosslinks in heat-ft‘sdtﬂ
non-reducible crosslinks would 1€ ;s
thermal stabilization of both S¥%7y
(dehydro-hydroxylysinonorlevcin® =
hydroxylysino—s-keto—norleuoine): 33t
resulting in similar collagen so¢iﬁ
We have seen that collagen sol‘lbiinki:ﬂ
gives an indication on the Gr°55til
extent of collagen. But Diffefe?fedto
Scanning Calorimetry is more 5%
explain changings which occur whe ]
collagen ages. denﬁtﬂr‘:n
The DSC technique measures the e
tion of hydrogen bonds in the ¥
collagen --> gelatin. 82)'ty
According to LE LOUS et al. (1% pfatea’
collagen crosslinks would bave as ﬁﬁ&
tive effect on the hydrogen bond ?:
stabilize the helical structwr®
collagen.
The first shoulder of the cw¥e geb:
the denaturation of mative coll8® 's¢f
stabilized by hydrogen bonds ¥ g .n.ﬂ‘
thermolabile crosslinks. In tbf o
the foetus, this first pesk is P\l
showing that the crosslinking 3%
weak. re,ent
The main peak (second pesk) YeP" 58"
collagen fraction with a large¥
linking extent. thfby
The third peak would be due 0 oones it
stable crosslinks. This peak P€% .. 0101
and more important when animé rtioi‘?pv
showing that the relative proPo .o
thermolabile and thermostable §
evolvate with increasing age-
SHIMOKOMAKT et al. (1972) bav
in intramuscular collagen, s
heat-labile crosslinks increas®
12-18 months of age. After tba st
crosslinks are converted in ;85)' 5&
crosslinks (JUDGE and MILLS,IC o
This appears clearly in owr §
skin collagen (fig. 2).
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: nD:Se was to find a relationship
e ey, be &gEing of intramuscular
E“”ﬁneand skin collagen in order to
N bayg 1 Physiological age in vivo.
‘lyge, S€n that the ageing of both
T%m“of 15 characterized by a stabili-
Qesstah‘tPEir structure.
itﬂminat;IZ&tion can be measured by
eﬁihydiflon of the collagen solubility
hitSEEfETEntial scanning calorimetry.
N S that those two collagen types
9:. YY differently with increasing
8],
:gh:umi'gw‘ﬁ' bave worked on two groups of
1y Mot ;ﬂ ouwr results shovld be
U lapq Y data obtained from animals
¥ range of ages.
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Figure 1 DSC curve of a 4-years-old cow Figure 2 DSC curve obtained °;‘s fggld v
skin with the characteristic collagen of a 8-mont _old 5( Y.
temperatures foetus (), & l-Ye‘rd oof
(4) and a 4-years-o
30 ko S0 60 10 80 % ‘%
Figure 3 DSC curve obtained on intramus-

cular collagen of a 4-years-old
cow —) and a l-year-old steer
el
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TABLE IIT Shear forces measwed with the Warner—bBra tler

TABLE I <Collagen content and collagen solubility or
cell on muscle Longissimus dorsi

muscle Longissimus dorsi and skin

/Group / Age / Conforma / Sample/ N /Eoll;”Prot/ Sol;bil / / Group / Age /Conformation / N /Sbear force (N) /
tion
I cows 4 Y [normal L.D. (17| 2.6%0.5 [10.8%1.6 l I cows 4 ¥ | normal 17 63.01 % 16.64 l
skin (17 [89.134 5| 7.1%¥3. 6 ’ II steers 1Y | normal 16 37.65 £ 2,37 .
IT steers 1 Y | normal L.D. (16| 2.9%0.3 |[14.5¥3.2 l IIT cows 4-10 Y| BB 13 32.17 £+ 6.58
skin | 8 |91.4%4.0 [37.4%3.9 l I¥ foetus| 8 |- 1 ~ ‘
IIT cows |4-10 ¥|BB L.D. [13| 2.0%0.2 | 4.6%1.3 ¥ steers| 1Y |normal 8 30.20 *+ 5.30
skin |13 |96.5¥2.7 | 4.3%2.3
IT foetus s |- L.D. 1 12.2 39.9
skin | 1 7.3 78.3
¥ steers 1 Y | normal L.D. | 8 2.6%0.2 [14.9¥2 6
skin | 8 |88.8%4.3 |31.6% .2
(o]
o
TABLE III Characteristic temperatures measured on the DSC curves of
intramuscular collagen(IlC) and skin collagen
Group IMC SEIN
Tmax T1 T2 T3 T4 TS T6
I - 55.7+1.0 |58.8%0.8|63.1%1.3 |68.0£0.9 |76.9%1 .3 |96.1%1.2
II 65.3%0.6 |54.5%1.6 |58.8%0.5 | 62.110.8 |66.8%0.5 - 89.8t1 4
i 1 66.2+0.7 (55.4%0.9 |59.2%+0.4 |62.9%1 .1 628.1%1.0 |77.0%1.1 |103.6¥2.6
Y - 49 - 99 64 77 a1
i - 54.3%1.3 - 62.080.5(67.5%0.5 - 93.5%0.8






