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INTRODUCTION

It is not generally realised how many factors can affect the
water content of meat, At the Dh"“WOlogical level it can bo
affested by the proportion of fat present in the fa atty and muscular
tluouCQs and by the propnrtion of glycogen present in the ruucular

tissues, Because connective tissue contains a higher proportion
of water than muscle fibre tissue, the roport}o“ of Congecﬁlve
tissue in muscle affects its water content, Moreover, it is pos-

sible to decrease the water-holding capaclity of muscular tissue by
fasting an animal, and to decrease it still further by allo«ln&

the fasting animal ¢o drink water, When once t.e anlmal is killed,
: 1 ~nAanatio T0 7 ~
its carcase loses water by evawratlw Even frozen meat loses

water by SubllAﬂthn but it may gain water during thawing, by
condensation,

nad e J“‘ o) 1 1
In the following paper an attempt will be made 1o evaluate the
€ffect of these factors,
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Fat tj tissue consists of connective tissue cells engcrgeg WlEh
fat (triglycerides). As fattening proceeds the percentage of fat

0

(i/NT\ increases, dna the percentage of water (W/FT) co no\\uenuly
falls, Using data for the fatty tilssues iror a series of 10 ewes
at all stages of fatness, the relation betwe W/RT and F/FT was

given by the following equations -

w/FT = 88.5 - 0.890 F/FT ¥ 0.4 (r

i

\L)

-0,9998)

The analyses, which provided the data for this eouation, we re
carried out under conditions which minimised any loss 01 water,

Moreover, the figures used were the weighted averages for the fatty
tissues as a whole from Sﬁ*e/analvﬁ s for each carcase, Experi-

mental error, therefore, was probably negligible,

£

Two things can be inferred from this equation

1. The correlation co-efficient is not significantly different
from.1.0. Hence the system is asdeguately described in temms of
water (u,, fat (F) and *he dry, fat-free resiaue (R) of connective
tissue which remains, Moreover

0 It is implicit that the water-holding capacity of the connective
tissue diminishes as the F(PCLMti\_ of fat increases, This can

be uhovn by clloulath' the water content on a fat-free "s's
(7/‘” At 70% fat, the value of T/FTpf is 87.3%, decreasing
to 80 5, 84,0 and S.OS as the percentage of fat increases to 80,

90 and 95% respectively

In another series of carcases (from 29 lambs) the data gave a
similar equation, :

W/FT = 82,0 - 0,826 F/PT * o.,4 (r = -0,9975)

On this basis too the water on a fat free basis would decrease -
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from 80.6% at 70% F/FT to 79.6, 76.6 and 70,6 at values of 80, 90
and 95% respectively for F/FT.

Again, the correlation coefficient is so near to 1,0 that the
system may be described in terms of the three variables water, fat
and dry fat free connective tissue,

With bo th these sets of data the 1lnss of water has been mini-
mised, In the case of the following data for the fatty tissue
from beef animals there had been an appreciable loss c¢f water from
Carcases by evaporation (see section C), Under these conditions
the data gave the following equation: -

W/ET = 77.2 - 0.773 F/FPT £ 0,9 (r = —0.9977)

Again the form of this equation is similar to the two previous ones;
the constants, however, are smaller due tn loss of wateér from the
fatty tissues.

The general picture which emerges is that of fatty tissue con-
Ssisting of connective tissue cells engorged with variable amounts
of fat (triglycerides), and with the connective tissue becoming
somewhat drier as fattening proceeds, In addition, of course,
there can be a variable loss of water by evaporation from tle
connective tissue itself,

From time to time there emerges a suggestion that water can
replace fat in fatty tissues when the reserves of fat are being
used up, This cannot be substantiated because during a pericd
of fasting the actual weight of the fatty tissue falls, and both
fat (F) and water (W) and dry connective tissue (R) decrease in
weight, In fattening too all three components Wy, F and R increase
in weight, although F increases at a faster rate than either W or R,

B, THE WATER CONTENT OF MUSCULAR TISSUE

Anatomically, unlike fatty tissue, muscular tissue has a

compl icated structure, It consists of muscle fibre tissues sup-
ported by a soft skeleton of connective tissue, and interpenetrated
by fatty tissue (Marbling fat). Moreover, it may also have a

sheath of connective tissue. The follnwing discussion is limited
to muscular tissue less any sheath,

Because nf the presence of marbling fat, the percentage of
f.t (F/MT) increases, In the case of data for Psoas muscles for
cattle (see eq, 1) and for lambs (see eq, 2) where the loss of water
had been minimised the relation was given by: -

1., W/MT = 79.6 - 0,963 F/AIT £ 0.4 (» = -0,966)

il

2, W/MT = 79,3 - 0,989 F/AT £ 0,7 (r = -0,885)

Data for the Rectus femoris muscle from 10 ewes at all levels of
fatness gave the following relation: -

W/MT = 79.4 - 0.854 F/MT I 0.8 (r = -0,905)
When the data for the weighted averages for F/UT and W/NMT (based

on/analyses for each carcase) for the total muscular tissue frcm
a series ST 28 lambs were used the equation was: -

W/MT = 79,5 - 0,926 F/UT * 0,5 (r = -0,965)

And when similar data for the total muscular tissue from a series
of beef carcases were used the equation was: -
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W/MT = 77.9 - 0.888 F/MT T 0,5 (r = -0,946)
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One conclusion is pevn;ssiblc from these equatio
that the description of muscular tissue in terms of fai
weterp (m\ and dry fat-free tissue (R) is not adequate i

. s with fatty tissue, The reason f
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matical sense, as

thAJ becomes apparent when we consider he changes in the anatomy
of a single muscle in relation to growth and fatteni ng. Data
lllubtrftinw these changes for the Rectus femoris mubC1b from a
Eﬁflx of 10 adult ewes at all levels of fatness are given in
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Il“m 7.5% to 39,4% of fatty tjscne (F/06). The percentage of

later on a fat-free basis ( ~) from these muscles was negatively
qu¢ﬂ?a+ d, at a very high 1e“67 of significance, with the fat-
ness of the carc cases as 1s shown by the following equation: -

Wep = 80,4 - 0,0929 FT/C * 0.77 (r = -0.755)

MOPbOV“P9 within a single carcase we may expect to find some
muscles (those containing more connective tissue) with a high
Water content (on a fat- fr¢ basis) than others (anob containing
°88 connective tissue), Evidence for this was obtained from
dhalytical data for the rectus femoris and the psoas muscles
Trom 29 lambs, The average value was 78,8% for the rectus '
femoprig nusclu (with high content of comnective tiss&*}g ard 78,L%
for the Psoas ruscle (w1uh a low content of connective tissve)
This difference was statistically significant at the highest
Evel , Moreover, the variation from animal to animel (as is
*“DllClt in the grcvioao equation) was also statistically signifi-
cant,

It is, thus, clear that the overall water content of muscula
tissue is Jncq'GOfd by the presence of conugctlv‘ tissue, and
decreased by the presence of fat, In a similar way we may
C€Xpect the presence of glycogen to decrease the overall ;@fcpntnmp

. Of water in muucular tissue, In this connection it is important
to realise that the glycog gn present in living muscular tissue
Can vary considerab 1J and amounts between 0,8 and 2,5% have been
recorded, (Howard and Lawrie, 1956),

Ehi‘hiﬁuct of fasting. There is some evidence that the water-
Rolding capacity of miscilarp be affected by the level
of mltl'”tLon of the live animal h pigs, there is g
SUrprisingly rapid loss of we: ssues of *hb carcase
if thm are doprlvci of food, '

that tnlu loss (in a 200 1b. ) was ROQHL 3 10&.
of carecase wel rht per 24 hours, Moreover, 1f the pigs had been
given water, here was an extra loss of L 1bs, per carcase,
Calculations showed that even the 3 1lbs, of carcase wastage could
not be attributed entirely to normal wastage of muscular tissues
and of fatty tissues (Cm]lom and Duckham, 1237p54). Nhe reas g
bacon pig might be expected to precduce 5,000 cals, by metabolic
Processes in one day, a loss of 3 1lbs, would indicate 9,000 cals,
if it were due to tLOulu was tage alone, The suggestion was,
therefore, made that some of the wastage was due to a loss hf
yx . Water umn the remaining tissues, Evid is s obtained
! by analysing the Psnas muscles of two !
gTOUD ef which had been partially fas
?Enffol group had Psoas muscles wnicﬁ
76,30 of water and the fasted group had
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before slaughter, and where two pigs were given a meal containing
2 1lbs, of sugar three hours before slaughter and another pair

Q)

two such meals, one 18 hours and the
the livers showed a progressive increase in weight (ch Table II/.

The weight of livers, ard of water, carbohydrate, protein
and fat in these livers of six wl"“ subjected to three
levels of nutrition immediately before slaughter,

Treatment Welght of Weight of Weight of Weight of Weight
live liver water ca I"WOO - PDEO tein 9 of fat
animal hydrate ete.
gms, ms ., gms, onis, gins,
2l; hours 108l 747 4 241 92
fast 122 830 6 27 103
ol hours 1301 939 L2 256 6L
fast plus 1383 98l 63 283 20
one meal
2L hours 1721 1230 162 316 13
fast plus 2231 1583 279 34 20

two meals

Moreover, there was a progresesive increase in weight of water,
carbohydrate and ufotcln Oddly enough, there was a progressilve
decrease in the content of fat, These changes were very closely

related to the actual welght of the livers, as i1s shown by the
constants etec, for the regression lines rela ting the welght of
the livers with the weight of water etc. in the livers. (See Table
It

TABLE IIT

The constants for the regression equations relating the
weight of water, carbohydrate, pfotcln and fat in livers

with the total weight of liver (f The generalised form
of equation used bolngg Weight of part = a + bL + C,

Weight of a b 2 iy
Water - 31 +0.7275 18.3 +0, 9986
Carbohydrate ~-286 +0, 2545 0.5 +0, 9949
Water + Carbohydrate -317 +0, 9820 I +0. 9986
Protein etec, +150 +0, 0914 R o e T +0, 9666
Fat +167 ~0.073L 21,8 -0. 846l

P 1s less than ,001 for all equations except that for fat

where: it lies between ,01 and ,L02,

Two things are quite clear from these data: 1) the increase in
weight of the livers is almost entirely due to the increase in
velght of carbohydrate and water - nver 98% of the increase is
accounted for in this way. 2) The ratio of water to protein
increases steadily with the increase in weight of the liver,

other 3 hours before slaughter,
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Prom these data the inevitable conclusion is that livers increase
in weight mainly by uptake of carbohydrate and associated water,
Moreover, a given weight of carbohydrate is not associated with
a given weight of water, The effect is, therefore, a physio-
logical one and not a chemical one,

With regard to muscular tissue, however, all that is claimed
is that its water content is decreased by a short period of
fasting and that the ratio of water to protein is decreased,

¢ 103S OF WATER FROM CARCASE MEAT

So far the emphasis has been on the physiological factors
rn g ] s : i 5
which influence the water content of nmeat, Vie now come to the
effect of physical factors,
to the air it begins to lose

A

When once a carcase is exposed :
For this reason '"cold dead

weight by the evaporation of water,
weight" is always appreciably less than "hot dead welght" and

in bacon factories a deduction of L4 1lbs, from a carcase weighing
150 1bs. "hot" is allowed for this loss during cooling.

It might be expected that this loss would depend on the fat-

ness of the meat, and that leaner meat would lose rore water
l than wovld fat meat, In the case of sides of beef left 1O cool
” . overnight at room tempe raturc® this relation was found to hold,

and the percentage loss in weight of the side (L/8) was found

to be sipnificantly correlated (p = ,02) with the percentage of
fatty tissue (PI/S) in the side, as may be seen from the following
equation: -

L/S = 2,67 - 0,0387 PT/C + 0,38 (r = -0.6h)

It would, however, bc truer to relate this loss in weight with
the percentage of water in the side (w/s), When this is done

the following relation, which is a more significant one (p = Bk o3 15 4
holds: —

L/S = 0,098y W/Ss - 2,92 T 0,35 (r = +0.709)

From this it can be calculated that the loss of water from a lean
side (containing 50% of water) would be 2%, whereas from a reason-
ably fat side (containing LO% of water) it would only be 1%.

. In practice this loss of weight by evaporation can be reduced

by hanging the carcase meat in a chill room straight away and

by controlling the conditions of temperature, humidlty amd alr
movement in the chill room, Thus with bacon sides which were
cooled at room temperature overnight and then chilled for 24 hours
a loss of 0.7 1bs. (on a 60 1b, side) was reduced to 0.4 1Ds,

by immediate chilling, Even this loss can be reduced if the

alr is kept more humid and the air specd diminished.

©

Even frozen meat loses weight by the sublimation of ice %o
water vapour, Thus during the transport by ship of frozen lamb
Ollowed_cargascs from New Zealand to Egﬁlan@ losses of the order of 0,5%
were recorded/by a further 1,2% during cold storage on land for
a month, Such losses of weight occur almost entirely at the
surface of the meat and, should they be excessive, a porous struc-
gure”is left by the sublimed ice; a condition known as "freezer
01t .

L The animals were killed over a perinod from March to Septembexn
Climatic conditions - and hence rates of evaporation - must thus
have varied considerably.
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Finally, when froze is thawed, water 1s condensed on
1ts surface and, during the first hour of exposure of frozen 1
arcas o0 aii 20 (3 hev have b nawn to gain 0. 6% 1z
carcases to air at 17°C, they have been znown to 2in 0,06% 1n
welpht as a consequence,
D, THE WATER CONTENT OF COMMERCIAL MEAT

From what has been saild
to define the water content

pear that any attempt

to failure, The re
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is, however, no need to take such a gloomy point of view, Tk
we define meat as the fatty and muscular tissues removed from a
s - + L ¢ e e R
carcase at a stage when it has lost sbout 2 to 23% of its weight
by evaporation, i,e., meat as the tutcher handles it, then the
following data have been established.

In a study of 22 beef carcases (2ll containing more than 18%
of fatty tissue) it was found that, on a fat-free basis, the
content of the muscular tissue was 77.1 = 0.3% and that of the
fatty tissues 76.9 1.5% (see Table IV), Mloreover, t
between the percentage of fat (F/Bl) and the percentage ate
(w/BM) in the boneless meat, 1,e,. the combined muscular and fat

tissues,was given by the equation: -
TR A £ ¥ e Ca s ia 0 ) Cl WD) s S o, A ( "y e N aooli)
W/ D= /7. J - ,,7'\,1‘ g ) - Ug & \ - -'v./,r/L‘,

ct represents the

o value for water

The constant 77.0 in the above
alue when P/BM is zero - i.¢.
on a fat-free basis

I the American food tables prerx
consulted the water content of beel,
fat-free basis can be calculated, and
If the value of 77.0% of water on a f

s a standard figure for boneless mea
1

a
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fat, water and protein are also standaal

The chemical composition of boneless meat and t
(on at fat-free basis) of the muscular and fatty tissues of Dbeef

Psoas Muscular Perinephric - Fatty Bone-less
N = . o e > TR = e % o S :
muscles¥ tissues fatty tissue tissues neat

79.6 77.0 83,1 3.5 76.7
5 77.1 80. 0 7L.8 76.9
112 77.0 8l.1 77.5 Il
fh-3% 7.0 85.C {10 7.0
{19 15,9 8l.0 723 76.38
Fhe ¥ FELY 83. 6 5.5 {149
7.3 76.9 81,1 75,8 76.E
7. ¢ T8 835 r g 15 {{.2
77.4 77.0 85,8 77.L 77.0
76.7 77.2 84,8 79,0 77.4
7.5 77.0 82, 2 76.9 77.0
[1.5 7.2 79.6 76. 6 1.8
78,0 77.4 79.0 76.9 77.4
76.4 76.3 76.4 76.5 76.4
76.7 Tled 80.7 £ (1D
77.1 112 80. 2 78.1 7.3
18, ¥ i N Lo+ 7.9 {142
e 1.0 80, C 78.5 T e
77.1 76.9 79.¢€ 76.7 76.9
71.5 76.8 77.1 76. 9
152 77.4 Eiaed 712 Fges
Ll+6 FEIT £3.9 5.6 11.9
76.9 Ti.% 8L, 8 9.0 77.4
7 1
b 3

e

Oy
-

T4 8

20,3 -

I These values were determined as soon after slaughter as possible
and losses due to evaporation were minimised,
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The percentage of fat (F/BM), water (W/BM) and the remainder
i,e, the dry fat residue (R/BI) mist add up to 100 But the =
relation between the water and the dry fat-free residue must be

as 77:23 if water on a fat-free basis is to be 77%. =

In the equation:
R/Bi can now be put as 2 ﬁ/Tw

ance

The equation can now be re-wiritten as:

W/BM = 77-0.77 F/B

In Pig. 1 the straight line has been drawn to represent this
equation, It will be seen that our own deta for boneless beef
and the fmerican data for beef, veal, lamb and pork fit It remark-
ably well, except for boneless meat containing less than 104 of
fat, With such lean animals, as we have already seen, the
muscular tissve contains more connective tissuc and hence more
water than does that from fatter animals,

One further point, the equation for bone

o) ss beef is almost
identicsl with the one represented by the stralgh

ght 1ine in Fig, 1

The constant is 77.0, and although the slope 1 ,766 this is not
significantly different from Ry T (In fact a calculation of
the "t" test for the difference gives t = ,7 which gives a value
p = .5, i.e, the odds are even that the slope of the two lines 1s
identical,) We may, therefore, accept the fcllowling equations

as good approximations.

If the further assumption is made that 90% of the dry fat-free
residue (R) is protein (P), then:



