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W/MT = 77.9 - 0.888 F/MT 1 0.5 (r = -0.986)
Here the decrease in the value for the constants is due to a loss 
of water hy evaporation from the carcases (see section C).

One conclusion is permissible from these equations, namely 
that the description of muscular tissue in terras of fat (F) , 
water (w) and dry fat-free tissue (R) is not adequate in a mathe­
matical sense, as it was with fatty tissue. The reason for 
this becomes apparent when we consider the changes in the anatomy 
of a single muscle in relation to growth and fattening. Data 
illustrating these changes for the Rectus femoris muscle from a 
series of 10 adult ewes at all levels of fatness are given in 
Table I.

TABLE I

No,
We ight 

of
muscle

Average 
diameter 
of muscle 
fibres

Pe rcentage 
of connec­
tive tissue

Percent 
-age of 
fat

Percent 
-age of 
Wa ter

Percentage 
of water 
on a fat- 
free basis

MT D CT/MT F/MT W/MT W /M T.^
S /'

11 181 33.9 15. 2 0.7 79.8 80.3
21 289 38.7 9 7 1.8 77.9 79.3
26 276 82.6 13.8 2. 2 77.7 79.5
20 309 82.5 10.3 3.8 75.5 78.5
10 3 16 83.8 11.6 8.8 76.5 £0.0
9 339 87.0 11. 2 7.1 78.8 80.1

29 372 86.8 7.8 8.9 78.5 78.8
8 811 87.7 8.1 5.1 78.7 78.7

30 826 52.8 7.8 3.1 75.9 78.3
12 888 85.3 8.8 3.7 75.7 78. 7

The g e n e r a l  p i c t u r e  t h a t  e m e rg e s  f ro m  t h e s e  d a t a  i s  t h a t  a n  i n c r e a s e  
i n  th e  w e ig h t  o f  t h e  m u s c le  (MT) i s  a c c o m p a n ie d  b y  a n  i n c r e a s e  
i n  th e  d i a m e t e r  D o f  t h e  m u s c le  f i b r e s  a s  show n b y  th e  f o l l o w i n g  
e q u a t i o n ;  -

D = 28.1 + 0.0i|75 MT ±3.0 (r = +0.838)
Moreover, the increase in weight is associated with a decrease 
In the percentage of connective tissue and an increase in the 
percentage of fat. Because of the decrease in the percentage of 
connective tissue there is a decrease in the percentage of water 
in the fat-free tissue.

W/MTff = 76.6 + 0.25 CT/MT ±0.8 ^r = +0.83)
For this reason, and possibly because, as we have seen, connective 
tissue itself appears to hold less water as fattening proceeds, 
the water content of muscular tissue, when calculated on a fat- 
free basis decreases during fattening. Thus if calculations are 
made with the aid of equation I. it can be calculated that 
W/MTff is 78.9/ when F/MT is 8/ and only 78. l o when F/MT is Qyo.

It follows from this evidence that the water content of 
muscular tissue (calculated on a fat-free basis) should be less 
in muscles from fat animals than it is in those from lean animals. 
Evidence for this has been obtained by studying the water content 
of Psoas muscles from 29 beef animals whose carcases contained
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from 7.5/0 to 3 9 , k% of fatty tissue (PT/C). The percentage of 
^ater on a fat-free "basis (7/ff) from these muscles was negatively 
correlated, at a very high level of significance, with the fat- 
ess of the carcases as is shown by the following equation:-

Wff = 80.14 - 0.0929 PT/C t  0.77 (r = -0.755)
Moreover^ within a single carcase we‘may expect to find some 
iU+cles vthose containing more connective tissue) with a high 
ater content (on a fat-free basis) than others (those containing 
Sa connective tissue). Evidence for this was obtained from 

analytical data for the rectus femoris and the psoas muscles 
°m 29 lambs. The average value was 78 .8 %  for the rectus 
¡loris muscle (with high content of connective tissue), and 7 8 .  
“k® Psoas muscle (with a low content of connective tissue), 

his difference was statistically significant at the highest 
revel. _ Moreover, the variation from animal to animal (as is 
■̂jllPlicit in the previous equation) was also statistically signifi-

It is, thus, clear that the overall water content of muscular 
tissue is increased by the presence of connective tissue, and 
decreased by the presence of fat. In a similar way we may 
expect the presence of glycogen to decrease the overall percentage 
ef water in muscular tissue. In this connection it is important 
to realise that the glycogen present in living muscular tissue 
can vary considerably and amounts between 0.8 and 2 .5 %  have been 
recorded. (Howard and Lawrie, 1956).

effect of fasting. There is some evidence that the water­
holding capacity of muscular tissues can be affected by the level 

nutrition of the live animal. Tims, with pigs, there is a 
urprisingly rapid loss of weight cf the tissues of the carcase 

they are deprived of food. Work carried out in 1936 showed 
‘'hat this loss (in a 200 lb. live weight pig) was about 3 lbs.
°f carcase weight per 21\ hours. Moreover, if the pigs had been 
given water, there was an extra loss of h lbs. per carcase. 
Calculations showed that even the 3 lbs. of carcase wastage could 
hot be attributed entirely to normal wastage of muscular tissues 
and of fatty tissues (Callow and Duckham, 1937p5i<). Whereas a 
bacon pig might be expected to produce 5,000 cals, by metabolic 
processes in one day, a loss of 3 lbs. would indicate 9,000 cals, 
if it were due to tissue wastage alone. The suggestion was, 
therefore, made that some of the wastage was due to a loss of 
water from the remaining tissues. Evidence for this was obtained 
y analysing the Psoas muscles of two groups of h8 pigs, one 

group of which had been partially fasted for two days. The
croup had Psoas muscles which contained on the average 

7r *qv 0i> Wa^er the fasted group had muscles which contained 
f 5 .  y;o of water. This result, although significant (p = .01), is
!vh ^tT’icient magnitude to account for the losses recorded 
above. It should he noted, however, that fasting was only partial.

The m e c h a n is m  o f  t h e  l o s s  o f  c a p a c i t y  to  h o l d  w a t e r  b y  
m u s c u l a r  t i s s u e  h a s  s t i l l  to  b e  e s t a b l i s h e d .  I t  i s ,  h o w e v e r ,  
know n t h a t  t i s s u e  c e l l s  c o n t a i n  m ore  K io n s  t h a n  a r e  f o u n d  i n  th e  
ly m p h ^ w h ic h  s u r r o u n d s  th e m . M o re o v e r ,  e n e r g y  h a s  t o  b e  p r o v i d e d  
to  m a i n t a i n  t h i s  " s t e a d y  s t a t e " .  I f  t h e  w a t e r  h o l d i n g  c a p a c i t y  
o f  m u s c u l a r  f i b r e s  i s  d e p e n d e n t  o n  t h i s  s t e a d y  s t a t e ,  i t  b e c o m e s  
c l e a r  how f a s t i n g  a n d  e v e n  t h e  i n g e s t i o n  o f  w a t e r  c o u ld  r e d u c e  i t .

A l th o u g h  i t  i s  h a r d  to  o b t a i n  e v id e n c e  f o r  th e  r e l a t i o n  
b e tw e e n  e n e r g y  i n t a k e  a n d  w a t e r  h o l d i n g  c a p a c i t y  i n  t h e  c a s e  o f  
m u s c u l a r  t i s s u e ,  t h e r e  i s  no  d o u b t  a b o u t  i t  i n  t h e  c a s e  o f  p i g s ’ 
l i v e r s .  I n  a n  e x p e r im e n t  w h e re  tw o  p i g s  w e re  f a s t e d  f o r  2k h o u r s
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from 7.5$ to 3 9 , h% of fatty tissue (PT/C). The percentage of 
water on a fat—free "basis ('Tf*f) from these muscles was negatively 
correlated, at a very hi^i level of significance, with the fat­
ness of the carcases as is shown "by the following equation: -

Wff = 80,¿4 - 0.0929 PT/C t  °.77 (r = -0.755)
Moreover, within a single carcase we-may expect to find some 
muscles (those containing more connective tissue) with a high 
water content (on a fat-free basis) than others (those containing 
less connective tissue). Evidence for this was obtained from 
analytical data for the rectus femoris and the psoas muscles 
from 29 lambs. The average value was 78,8$ for the rectus 
femoris muscle (with high content of connective tissue;, and 78.U$ 
for the psoas muscle (v/ith a low content of connective tissue). 
This difference was statistically significant at the highest 
level. Moreover, the variation from animal to animal (as is 
implicit in the previous equation) was also statistically signifi­
cant .

It is, thus, clear that the overall water content of muscular 
tissue is increased by the presence of connective tissue, and 
decreased by the presence of fat. In a similar way we may 
expect the presence of glycogen to decrease the overall percentage 
of'*'water in muscular tissue. In this connection it is important 
to realise that the glycogen present in living muscular tissue 
can vary considerably and amounts between 0.8 and 2.5$ have been 
recorded. (Howard and Lawrie, 1956).
The effect of fasting. There is some evidence that the water­
holding capacity of muscular tissues can be affected by the level 
of nutrition of the live animal. Thus, with pigs^ there is a 
surprisingly rapid loss of weight of the tisanes of the carcase 
if they are deprived of food. Work carried out in 1936 showed 
that this loss (in a 200 lb. live weight pig) was about 3 lbs. 
of carcase weight per 2 k hours. Moreover, if the pigs had been 
civen water, there was an extra loss of U lbs. per carcase. 
Calculations showed that even the 3 lbs. of carcase wastage could 
not be attributed entirely to normal wastage of muscular tissues 
and of fatty tissues (Callow and Duckham, l?37p5^). Whereas a 
bacon pig might be expected to produce 5 ,0 0 0 cals, by metabolic 
processes in one day, a loss of 3 lbs. would indicate ̂ 9 ,0 0 0 cals, 
if it were due to tissue wastage alone. The suggestion was, 
therefore, made that some of the wastage was due to a loss of 
water from the remaining tissues. Evidence for this was obtained 
by analysing the Psoas muscles of two groups of U 8 pigs, one 
group of which had been partially fasted for two days. The 
control group had Psoas muscles which contained on the average 
7 6.3$ of water and the fasted group had muscles which contained 
75^9$ of water. This result, although significant (p = .01), is 
not of sufficient magnitude to account for the losses recorded 
above. It should be noted, however, that fasting was only partial.

The mechanism of the loss of capacity to hold water by 
muscular tissue has still to be established. It is, however, 
known that tissue cells contain more K ions than are found in^the 
lymph which surrounds them. Moreover, energy has to be provided 
to maintain this "steady state". If the water holding capacity 
of muscular fibres is dependent on this steady state, it becomes 
clear how fasting and even the ingestion of water could reduce it.

Although it is hard to obtain evidence for the relation 
between energy intake and water holding capacity in the case of^ 
muscular tissue, there is no doubt about it in the case ox pigs 
livers. In an experiment where two pigs were fasted for 2L\ hours
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before slaughter, and where two pigs were given a meal containing 
2 lbs. of sugar three hours before slaughter and another pair 
two such meals, one 18 hours and the other 3 hours before slaughter, 
the livers showed a progressive increase in weight (see Table II).

TABLE I I
The weight of livers, and of water, carbohydrate, protein 
and fat in these livers of six pigs subjected to three 
levels of nutrition immediately before slaughter.

Treatment 
of live 
animal

Weight of 
liver
gms.

Weight of 
wa te r
gras.

Weight of 
carbo - 
hydrate 

gras.

Weight of 
pro te in, 

etc. 
gms.

Weight 
of fat
gras.

2b hours 108U I b l b 2 b l 92
fast 1212 83 0 6 273 103

2 b ho urs 1301 939 b 2 256 6 b
fast plus 
one meal

1383 98h 63 283 53

2b hours 1721 1230 16 2 316 13fast plus 
two meals 2231 1583 279 3 b 9 20

Moreover, there was a progressive increase in weight of water, 
carbohydrate and protein. Oddly enough, there was a progressive 
decrease in the content of fat. These changes were very closely 
related to the actual weight of the livers, as is shown by the 
constants etc. for the regression lines relating the weight of 
the livers with the weight of water etc. in the livers. (See Table 
III).

TABLE III

The constants for the regression equations relating the 
weight of water, carbohydrate, protein and fat in livers 
with the total weight of liver (L). The generalised form 
of equation used being, Weight of part = a + bL + C.

W e ig h t o f a b + r

W a te r - 31 +0.7275 18.3 +0.9986C a r b o h y d r a te -286 +0. 2 5 b 5 12.2 +0. 9 9 b  9W a te r  + C a r b o h y d r a te -317 +0.9820 7.7 +0. 9986P r o t e i n  e t c . +150 + 0 .0 9 1 b l l .  b +0. 9666P a t +167 -0.073 b 2 1 .8 - 0 . 8 b 6 b

p is less than .001 for all equations except that for fat 
where it lies between .01 and ,02.

Two things are quite clear from these data; 1) the increase in 
weight of the livers is almost entirely due to the increase in 
weight of carbohydrate and water - over 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.



From 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.

G. LOSS OF WATER FROM CARCASE MEAT

So far the emphasis has been on the 
which influence the water content of raea 
effect of physical factors.

physiological factors 
t. We now come to the

When once a carcase is exposed to the air it begins to lo e 
weight by the evaporation of water. For this reason cola head 
weight" is always appreciably less than "hot dead weight arid _ 
in bacon factories a deduction of k lbs. from a carcase weighing 
1 5 0 lbs. "hot" is allowed for this loss during cooling.

It miaht be expected that this loss would depend on the fat­
ness of the meat, and that leaner meat would lose more water 
than would fat meat. In the case of sides of beef left to cooi 
overnight at room temperature! this relation was found to hold, 
and the percentage loss in weight of the side (L/S) was foundwith the percentage_ oito be significantly correlated (p 
fatty tissue (FT/S) in the side, as 
equation: -

.02)
may be seen from the following

L/S = 2.67 - 0.0387 FT/C + 0.38 (r = -O.6Í4)
It would, however, be truer to relate this loss in v/eight with 
the percentage of water in the side (W/S). When this is done 
the following relation, which is a more significant one (p = .0 1),
holds:-

L/S = 0.098U V S  - 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$, whereas from a reason­
ably fat side (containing ¿40$ 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, humidity^and air 
movement in the chill room. Thus with bacon sides which were 
cooled at room temperature overnight and then chilled for 264 hours, 
a loss of 0.7 lbs. (on a 60 lb. side) was reduced to 0.Î4 18s. 
by immediate chilling. Even this loss can be reduced if the 
air is kept more humid and the air speed diminished.

Even frozen meat loses v/eight by the sublimation of ice to 
water vapour. Thus during the transport by ship of frozen lamb 
carcases from New Zealand to England losses of the order 0 1 0.5,-o 

allowedwere recorded/by a further 1 .2$ during cold storage on land for 
a month. Such losses of v/eight occur almos t _ entirely at the 
surface of the meat and, should they be excessive, a porous struc­
ture is left by the sublimed ice; a condition known as "freezer 
b u m " ____________________________________________— ---------------

! The animals were killed over a period from March to September; 
Climatic conditions - and hence rates of evaporation - must thus 
have varied considerably.



5i

Finally, when frozen meat is thawed, water is condensed on 
its surface and, during the first hour of exposure of frozen lamb 
carcases to air at 1 7 °C, they have been known to gain 0.6^ in 
weight as a consequence.

.7  -

THE WATER CONTENT OF COMMERCIAL MEAT
From what has been said, it might appear that any attempt 

to define the water content of meat was doomed xo failure. There 
is, however, no need to take such a gloomy_point of view. If 
we define meat as the fatty and muscular tissues removed from a 
carcase at a stage when it has lost about 2 to 2g% of its weight 
by evaporation, i.e. meat as the butcher handles it, then the 
following data have been established.

In a study of 22 beef carcases (all containing more than l& o  
of fatty tissue) it was found that, on a fat-free basis, the water 
content of the muscular tissue was 7 7 . 1 ± 0.3$ and that of the 
fatty tissues 76.9 1.5* (see Table IV). Moreover, the relation
between the percentage of fat (F/BM) and the percentage of water 
(W/BM) in the boneless meat, i.e. the combined muscular and fatty 
tissues, was given by the equation: -

W/3M = 77.0 - 0 .7 6 6 F/BM ± 0 .2  (r = -0.9996)
The constant 77.0 in the above 
value when F/BM is zero - i.Ç. 
on a fat-free basis.

equation in fact represents the 
it represents a value for water

I f  t h e  A m e r ic a n  fo o d  t a b l e s  p r e p a r e d  b y  C h a t f i e l d  Adams b e  
c o n s u l t e d  th e  v / a t e r  c o n t e n t  o f  b e e f ,  v e a l ,  la m b  and  p o r k  o n  a  
f a t - f r e e  b a s i s  c a n  b e  c a l c u l a t e d ,  an d  i s  f o u n d  to  b e  7 7 .0  _ 0 .5 .
If the value of 77.C7b of water on a fat-free basis be accepted 
as a standard figure for boneless meat, then the relations between 
fat, water and protein are also standardised.

TABLE IV
The chemical composition of boneless meat and the water-content 
(on at fat-free basis) of the muscular and fatty tissues of^beef^

Psoas
muscles*

79.6
77.7
77.2
78.9
77.9
78.3
77.3
77.6
77.6
76.7
77.5
77.5 78.0 
7 6. 6
76.7
77.1
79.177.6
77.1
77.578 .2
77.6
76.9

ge 78.1 
s ±1.1

Muscular
tissues

Perinephric _ 
fatty tissue*

Fatty
tissues

77.0 83.6 73.5
77.1 80.0 7U.8
77.0 81.1 77.8
77.0 85.0 77.5
76.9 81. 6 75.3
77.7 83.6 75.3
76.9 81.1 75.8
77.0 85.5 79.7
77.0 85.8 77.6
77.2 66.8 79.0
77.0 82.2 76.9
77.2 79.6 76.6
77. 6 79.0 76.9
76.3 76.L 76.5
77.1 80.7 /'y. 1
77.2 80. 2 78.1
77.7 73.5 76.9
77.0 80.8 78.3776. 9 79. 0

77.17 6 .8 86.I4
77. 6 73.7 77.5
77. 2 79.9 75.6
77.2 8U. 8 79.0
77.1 82.3 76.9
±0.3 ±14.2 ±1.5

B o n e-less 
meat

76.7
76.9
77.1
77.076.8
77.5 76 .8
77.2
77.0 
77. *4
77.0
77.2 
77. 6 
76.14
77.3
77.3
77.5 
77.2
76.9
76.9 
77. 6
77.0 
77. 6
77.1 
±0.3

1 These values were determined as soon aiTter slaughter as possible 
and losses due to evaporation were minimised.
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The percentage of fat (F /B M ), water (W/BM) and the remainder,
i.e. the dry fat residue (R/BM) must add up to 100. But the 
relation Between the water and the dry fat-free residue must he 
as 77*. 23 if water on a fat-free Basis is to Be 7 7% .
In the equation: F/BM + R/BM + W/BM = 100

R/BM can now Be put as 23W

The equation can now Be re-written as:
W/BM = 77-0.77 F/BM

In Fig. 1 the straight line has Been drawn to represent this 
equation. It will Be seen that our own data for Boneless Beef 
and the imieri can data for Beef, veal, lamb and pork fit it remark- 
aBly well, except for Boneless meat containing less than 10/o of 
fat. With such lean animals, as we have already seen, the 
muscular tisst'e contains more connective tissue and hence more 
water than does that from fatter animals.

One further point, the equation for Boneless Beef is almost 
identical with the one represented By the straight line in^Fig. 1. 
The constant is 77.0, and although the slope is .766 this is not 
significantly different from .770. (In fact a calculation ol 
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 is 
identical!)* We may, therefore, accept the following equations 
as good approximations.

W/BM = 77.0 - 0.77 F/M 
R/BM = 23.0 - 0.23 F/M

If the further assumption is made that 30% of the dry fat-free 
residue (R) is protein (P), then:

P/BM = 20.7 - 0.207 FM.


