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R. HIRZEL.

had approached the subject of quality in the animal mainly from
the feeding side and had generally stopped short at the digestion of
the foodstuffs and the total body weight of the animal. This led
Hammond (1932) to make a very thorough survey of the scientific
principles involved in the production of meat, in which he considers
the physiological, anatomical and practical points of view, working
backwards from the end product—meat, and studying the conditions
or factors which affect its formation. MacKenzie and Marshall
(1917) pointed out that very little was known as to the exact points
which differentiate the mmntton animal from the wool type. Wood
and Newman (1928) analysed beef carcases of various ages and states
of fatuness in order to determine the percentages of protein, fat and
bone in various joints. Such an analysis 1s interesting from the
point of view of food economy, but tells one little of the proportions
of muscle, fat and bone as seen by the buyer and which add to or
detract from the selling value of the carcase. In 1925 the United
States of America started a comprehensive co-operative project in
order to determine the factors affecting quality and palatability in
meat. The study np to date has yielded much valuable information.
Points of excellence in exterior conformation of the carcase have
been amply described by various authorities. Hammond and Murray
(1934) have investigated the influence of weight, and to a certain
extent quality as determined by conformation, on the price of mutton,
beef and pork carcases. With bacon pigs Murray (1934) has tackled
the problem from the standpoint of fat and muscle measurements.

The primary object of this investigation 1s to determine the
most desirable physical proportions of muscle, fat and bone in mutton,
and, as far as possible, in beef, and to trace the factors which
influence them. Jor the sake of completeness further factors
affecting the quality of a carcase will be briefly surveyed in the
section on beef.

MUTTON.

The eating quality of a carcase refers to the effect of the fal
and meat juices, when cooked, on the normal palate. It includes
both tenderness and flavour. Quality can be judged to a large
extent by visible characteristics such as the condition of the bone
(pinkness and softness of the breakjoint signify vouth), the colour
of the flesh, the texture of- the meat and the colour of the *° bark »’
It is closely linked with and dependent on conformation, finish and
carcase welght which are actually the chief determinants of the
sales value of a carcase. Because of the strong influence of propor-
tions on carcase quality, and because in mutton the other factors
are relatively unimportant, this section will be confined to the
influence of proportions as affected by weight, age and breed, with
a sub-section on marbling, and a proposed soale ()f points for ]udO‘mw
sheep carcases by measurement,

MareErian axp Merions.

(ertain measurements of mutton carcases taken at the Smith-
field Fatstock Show for the 12 years 1921 to 1932 inclusive, have

been analysed.  Where possible statistical methods have been
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But outward proportions are bhut uncertain indications of the
value of the carcase as regards proportion of fat to muscle, as
evidenced in carcase competitions, where an ideal ontward appearance
sometimes yields very disappointing results when seen in cross-
section. Feeding has become an art in itself and by packing on
sufficient fat a carcase is often moulded into the ideal shape, which
only on cutting displays the lack of muscular development and the
superabundance of fat. No criterion in judging has yet been found
whereby the proportions of fat and muscle in a cross-section of the
loin can be determined {from external appearance. It is only when
the carcase is cut through that we can make a study of the proportions
of muscle and fat in it.

Carcase competitions at shows allow the public taste to be con-
veved into figures. Butcler judges representing the public demand,
award prizes to carcases in order of merit. The measurements of
such prize-winning carcases, taking the measurements directly, in
relation te one another, and in relation to weight, may be inter-
preted as the public demand. The fat measurements are absolute,
that is they stand at an almost fixed figure, irrespective of muscle,
bone and weight changes. More than a certain thickness of fat 1is
wasteful and is left on the plate or has to be pared off the joint
before it is sold. A slice of meat from a joint with a heavy fat
layer is repelling to most people in the London area; too little fat
gives 1t an unfinished, unattractive appearance and influences
cooking detrimnentally by allowing juices to escape from the lean
meat, with a consequent drying and loss of succulence of the joint.
Thus is fat an absolute measurement.

Muscle on the other hand is elastic and the more there is within
certain weight-controlled limits which will be discussed later, the
more do the public like 1t. Bone which represents direct waste 15 an
all-round loss, and the cry is for a very light-boned carcase. Bone
weight may be to a certain extent camouflaged by a shortening and
thickening of the bone as has been done in the case of the Southdown
breed (Hammond 1932). Although there may he no actual loss in
welght of a particular bone, the shortening and thickening brings
with 1t a shortening and thickening of the muscle covering. This
produces, as m the case of a leg of mutton, a more attractive joint,
allowing of a deeper slice of mutton and a larger area from which
such slices can be cut (see ficure, p. 428). Waste from the extremity
of the joint is reduced, that i1s there 1s less shank. In addition to
shortening the bone 1t is also possible to refine it to some extent as
has been done with the Aberdeen Angus beef cattle; but too much
lightening tends to bring with it a veduction of the thickness of the
muscle covering, a factor which has been realized and is being
guarded against by suitable breeding. A thickening of the bone in
shortening it, with no weight reduction, 1s preferable to reducing
the weight of bone in a carcase by making the bones thinner. Actually
then it is rather the long bone, than the somewhat heavy bone that 1s
objected to, particularly in mutton. In beef a bone both light and
short is very desirable, but refinement to the extent of destroying
the bulge of meat must be guarded against, for the appearance of the
uncut carcase goes a long way towards determining its sales value
on the wholesale meat markets. The ideal proportions of a mutton
carcase weighing about 55 lh. are given on page 398.
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FACTORS AFFECTING QUALITY IN MUTTON AND BEEL.

How weight, age and breed play a part in determining the
quality of a carcase “will be shown in the following.

1. Prororr1ioNs oF Muscre, Far anp Boxg iy ReErartony vo Wercay
or (CARCASE.

A light carcase is in greater demand than a heavy one, and the
extent to which weight makes a difference to price (lependb upon the
market at the time of selling (Hammond and Murray, 1934).
Butchers on the Central Meat Markets of Loudon consider nothing
too light and lightness is often obtained at the expense of flIllbh
But the unfinished carcases setl, and at a comparatively high price,
for the consuuter wants the small three- pound leg. This accounts for
the ready sale of 28-30 1b. lamb carcases \VheIe\bOHlt‘, lack of finish
is conceded for the sake of lightness. A small advance in weight
beyond 30 1b. brings with it a definite demand for correct finish.
At the other end of the weight scale the danger of surplus fat com-
bined with the heavier weight of carcase brings down the price in
most breeds. When we consider that unnecessary fat is put on in
the animal at considerable expense, especially at the vounger ages,
and that this extra fat in addition to its cost of production brings
down the selling price, we find that it is Important to determine the
welght ranges at which carcases of various breeds attain such pro-
portions as ensure a ready sale.

Table ITI gives a number of breeds which have been divided up
into the weight classes for each age, the measurements for each
weight class being averaged out. Owing to the limited number of
carcases 1n many of the weight classes, the averages, especially at
the lighter and heavier weights, are not trustworthy and make 1t
difficult to determine the actual curve of the Increase. As bhreeds
differ in maturity and size (welght) at the same age, they will be
discussed separately for each measurement, but before doing so
there are some general trends worthy of note. Diagram 1 a-g shows
for each breed at 9 months old the measurement increase with increase
in weight. In general all measurements increase with carcase- weight
increase, the slope being continued by the heavier breeds where the
Hehter breeds leave off, except for the cannonbone where weight
seems to have no direct bearing on length, i.e., the breeds differ
more widely in inherent length of bone (at the same weight) than
they do in proportions of muscle and fat. The extent of differences
varies considerably for the measurement taken, but in each breed the
tendency on the whole, particularly for the muscle and fat measure-
ments, 1s a fairly steady and fairly linear increase of measurement
with increase in weight.

The A measurement (length of eye-muscle) shows considerable
breed fluctuation, there being at the same weight considerable
(hffE‘IeIl(Pb in measurenient between the breeds. The rate of increase

however, fairly constant irrespective of breed, and runs through
evenly from the lighter classes in the smaller breeds to the heavier
classes in the larger breeds.

The B measurement (depth of eye-muscle) shows this to a still
greater extent. Initial differences are evident, as for example
between Southdown and Blackfaced in the initial weight class of

388



R. HIRZEL.

30-39 1b.; but in Increasing there 1s little difference 1n actual amount
of Increase (millimetres) per unit increase in weight, and the graph
lines 1run practically parallel. For example, the Suffolk and Hamp-
shire continue the increase approximately from where the lighter
breeds end and at the same rate of increase. Three reasons for weight
fluctuations within a breed present themseves, firstly, differences in
feeding and management, secondly, differences in individual capacity
for gains from birth to time of measurement, and thirdly, small age
differences.

With the C measurement (backfat over the eye-muscle) the
measurement again Increases fairly steadily with weight increase,
and except for Southdown which puts on fat very rapidly, again
shows a certain parallelism of rate of increase between breeds.

Increases at the 1) measurement (fat over the spine) are steady,
but a great scatter is caused by very marked breed differences which
will be discussed subsequently.

The X measurement (muscle on ribs) increases regularly for
most hreeds, and breed increases run practically parallel except
Suffolk and Southdown x Cheviot which show a very rapid rise from
the lighter welghtb.

The Y measurement (fat on rbs over X) increases rapidly and
it would seem to be on this part that a great deal of weight is added.

The cannonbone shows a very variable measurement with increase
in carcase weight. This indicates that the amount of bone growth
is not one of the chief weight determining factors at ome age,
although bone to a certain extent affords the framework onto which
the anmimal packs its weight. A very heavy Southdown for example
had a cannonbone only 115 mm. long, a length equal to that of the
cannon average 1u the lightest weight class.

In Diagram Il a and b the rates of increase of the various
measurements with increase in carcase weight have been plotted for
the Southdown breed, showing the measurement for each weight class
as a percentage of the measurement at the weight embracing the largest
number of individuals. In order to show the amount of increase of
the various tissues in such a way as t() compare their rates of inerease,
a standard of comparison is necessary and the average measurements
of the weight class containing most individuals, belng nearer the
general mean than any other measurements, offer a good basis of
comparison. The measurements in order of ascending rate of
increase at 9 months are Cannon, A, B, X, Y, D and ('. It is clear
to what a great extent fat affects the weight of the carcase. At 21
months fat shows the same rapid increase as compared with muscle
and bone. In both 9 and 21 months C, D and Y are closely grouped
for the lighter carcase weights, diverging at the higher weights to
malke the fat region over the eye-musecle (C) one of the chief places
of fat output in “the Southdown

The point which we wish to emphasize at this stage is the
important role that fat plays in increasing the weight of the carcase
at any one age (from 9 months on).
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FACTORS A¥FECYING QUALITY IN MUITTON AND BEEL.

(a) Increase of Muscle, Fat and Bone of the Winners compared with
Increases of the Breeds at the Same Age.

To determine what 1deal proportions are and to find the prin-
ciples governing the judging of carcases, the winners (Table 1V)
were olouped into w eight classes similar to the breeds (Table I11)
and compared with the “breeds to see where the faults come 1n which
bring down the value of the carcase when weight is added.

9 Months. A.—In the winners with increase in weight, muscle
increases steadily from 555 mm. to 64 wmm. (onlv W eloht classes
40-49 1b. to 70-79 1b. are taken for Vaneu. since 30- d‘) Ith. and
80-89 1b. are too poorly represented to give reliable averages). 'The
general tendency for the Breeds is also to increase with increase in
weight.

I3.—Both in Breeds and in Winners B rises steadily with weight
increase. Thus the more muscle growth the better.

(' .—In the Winuners in the 40-49 Ib, class C, with a measurement
of 6-2 mm., 13 considerably lower than 1n the 50-59 1b. class where
it jumps to 82 mm. Ifrom here onwards C keeps almost constant
with a rise of only 0-6 mm. in 20 Ib. carcase-weight increase. This
indicates that fat is an absolute measurement with an optimum
development of about 85 mm. Comparing this with an average
measurement of 7-9 mm. for the Champions (see Table II), the
figure 8 mm. seems to be the correct ideal. Bul with the vears a
change has come about and the taste for fat as indicated by the
Champions has changed (see Table 1), so that taking the average
of the last five years we have an average of 66 mm. as compared
e.g. with a general average for Southdown at that w eight (£55 1h)
of 9-8 mm. This then would constitute the optimum depth of fat
covering over the eye-mmuscle, while a depth of 9 mm. may be con-
sidered the maximum amount permissible for a readily saleable
carcase. The small diufference in actual depth of fat wade by about
1-5 mm. seems very small indeed, but that much increase in fat
depth is readily noticeable by eye; and it must be remembered that
1-5 mm. of fat spread over the fat-covered area of the carcase is
sufficient to make a considerable difference, not only to the weight
of the carcase, but to the weight of the waste fat on 1t. In the
Breeds, C rises rapidly with weight increase.

In a report issued by the Ministry of Agriculture (1931) it is
stated that ¥ inch (ca. 13 mm.) of fat over the eye-muscle is sufficient
for to-day’s requirements, but that m some classes of the trade even
less is preferred. Our figures show that in the Loundon trade consi-
derably less finish 1s pleferred which 1s very fortunate for the
producer who finds it difficult to fatten cheaply.

[).—1In the Winuners, D rises up to the 60-69 1b. elass and then
drops slightly. D is a measurement varying very much with breed
and the drop at the higher weights of the Winners is due to the fact
that in the T0-79 1b. class there are no Southdowns, a breed with a
very deep 1) measurement. That D is not an absolute fat measure-
ment, and that it may vary independently of the absolute fut measure-
ment’ at € without damagmg the carcase, is evident. 1) in the
Breeds increases regularly.
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AX.—In the Winners, X increases on the whole except for an
unexplainable drop in the 50-59 1b. class. X in the Breeds also
increases regularly.

7 .—In the Winners, Y to commence with, increases fairly
rapidly, but slows to about 0-5 mm. increase for 10 lb. weight
increase at the higher weights. In most Breeds Y increases rapidly
throughout and the measurements of the Winners indicate that Y
from the 55 Ib. measurement onwards may be considered as absolute
with an optimum depth of about 14 mm. The Champions vary from
10 mun. to 18 mm. with an average of 15 mm. for animals falling in
the weight class 50-59 1bh. In Champions, however, that is in a
single carcase, one unfavourable point may be counterbalanced and
outweighed by other good points so that the figure for any single
good animal, even a champion, is not as accurate a criterion of the
less important measurements of a carcase as the averages obtained
from a series of good carcases.

Cannon.—The cannonbone in the Winners increases with
Increase 1n carcase welght, jumping up from 55 to G5 Ib. as the
average 1s more strongly influenced by the longer legged breeds in
the heavier weight classes (see Table IX). Also for the breeds
there 1s a tendency for length increase with weight increase, but it
is not so regular since at the higher weights 1t 1s not necessarily a
big-framed carcase that carries the weight, for oiten weight is due
more to fat than anything else, whereas in the winners weight 1s
very largely due to muscular development.

21 Months. A.—In the Winners there is a steady increase of
measurement with weight increase; not so in the Breeds where con-
siderable fluctuations occur. I'rom one extreme to the other there,
is an 1ncrease, but from class to class many breeds, for example,
Southdown and Blackfaced, two of the best represented breeds, show
a drop after increasing to a certain weight instead of the regular
rise mostly encountered at 9 months. This is becanse the length of
the muscle matures early; consequently at 21 months muscle growth
having almost stopped fat goes to make up the weight. The
phenomenon of an actual decrease in measurement in some higher
weight classes mayv be caused by the fact that where the muscle
growth of the animal is stunted in 1its initial stages of growth by
poor or incorrect feeding (lack of proteins) fat growth supersedes
muscle growth and heavy feeding at the end, especially a ration
high in carbohydrates, causes the animal to pack on fat very rapidly
and rise to a high weight. It would seem that the majority of
animals of big weight in some of the breeds are those which have
been fed and managed most incorrectly.

B.—1In the Southdown, an early maturing breed, the same
phenomenon of a falling measurement with increased weight is parti-
cularly marked, the measurement increasing from 55 to 75 lb. and
thence falling to 95 1b. In the late maturing Welsh and Blackfaced
there is a constant rise, for the depth of the eyve-muscle 1s a later
maturing dimension than the length, and where the early maturing
Southdown has already ceased muscular growth both at A and B, the
later maturing Welsh and Blackfaced breeds, although having
matured for A, are still growing at B. In the Winners there is a
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consistent Increase; in these, as opposed to the Breeds when the
welght increase 1s chiefly by fat, weight is added more by an increase
in muscular development and bone.

('.—As opposed to fat increase in the Breeds which in the case
of Southdown for example, is extremely rapid, the fat increase in
the Winners having risen to 9-4 mm. i the 60-G9 1b. class, takes
20 1b. to increase to 10.6 mm., an increment of 1-2 mm., while for
the same welght increase in the Southdown it rises -8 min., and
for Blackfaced for 20 1b. (55-75 1b.) it rises 3-3 mm. Iat thus

reaches its maximum sales-boundary at 21 months at about 11 mm.
D.—1In both Winners and Breeds D increases constantly.

X.—In the Winners X is variable and 1s probably influenced by
breed. In the Breeds it rises constantly with weight increase.

1 .—This measurement increases constantly, rising in the
Winners from 55 to 85 1b. by 55 mw. This indicates that Y is not
50 important 1n determining carcase quality as C which 1is kept
nearly constant with weight increase. In the Breeds, however, the
increase 1n the early maturing breeds 1s very much greater, the
Southdown increasing 12-2 mm. over the same weight range. The
later maturing Cheviot 1ncrcases only 58 mm. and the Welsh -5
mm. The greatest actual depth of fat 1s added at Y with weight
inerease as evidenced by the Breeds, but whether Y actually shows
a grealer percenlage increase than the other fat measurements will
he investigated later.

Cannon.—Mostly the cannonbone rises in the Breeds with weight
increase. In the Winners there is a peculiar drop from 50-59 Ib. to
60-69 1b. accounted for probably by the distribution of the winning
breeds over the weight classes (see Table IX). The short-legged
Southdown has a stronger influence in the 60-69 1b. class than in
the 50-59 1h. class.

(by The Relation of Measurements to one another with Increase in
Carcase-weight.

Tn order to ascertain to what extent the proportions of ;uuscle. fat
and bone change in velation to cne another with increase in weight,
a series of ratios have been calculated for the weight classes of the
Winners (Table 'V a—e) and a sevies for the weight classes of the
ireeds (Table VI - g).

Ratio% x 100 (a): This ratio for the Breeds is no criterion of what

the proportion of fal to musele should be, for a heavy fat covering
over a deep eve-muscle might give the same proportion as o thin fat
covering over a shallow eye-muscle. Nevertheless since at each
weight we have a fair average for that weight, and as the measure-
ments mostly increase, especially at 9 months, a good idea of the
relative rate of increase 1s obtained.

9 Months.—1In all breeds there 1s a considerable increase, ranging
from 23-2 in the rapidly fattening Southdown to 8-6 in the late
maturing Blackfaced. From 50-59 Ib. to 70-79 1b. the ratio of the
Winners keeps remarkably constant at about 24-0.
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21 Months~—There is more of an increase in the Winners here
than at 9 months, but as compared with the fat increase of the Breeds
it is still small, amounting to 1-2 from 60-69 Ib. to 80-89 1b., where-
as for the same welght increase the Southdown ratio rises 17-6 and
the comparatively lean Cheviot 3-7

Ratio = ——-——> x100 (b): This ratio combines all pure fat

and lean measurements, and where 5 g‘ive% an 1dea of the ratio of
+ D+Y
+

the most important of these measurements, — indicates how

the total fat to lean changes.

9 Months.—1In the Winners the increase is by no means regular
although in general showing an upward tendency. This is due to
breed distribution in the weight classes, the higher proportions at
55 and 65 1bh. being caused by the predominating influence of South-
down with 1ts heavy 1) measurement. However the increase from 4H
to 75 1b. of 4-1 is small as comparved with 229 for Southdown and
12-5 for Blackfaced for the same weight increment, and is a further
demonstration of the necessity of keeping down the fat proportion.

.. c . . . ‘ .
With 5 the winner ratio remained constant, and the Increase hLere

shows that D and Y arve not paid so much attention to as C in
awarding prizes.

21 Months.—Here bhoth the Breeds and Winners show a more rapid
increase in the proportion of fat to muscle than at 9 months. Win-
ners increase 9-0 while for the Breeds the exiremes of increase for
a fat and a lean breed was 31-1 for Southdown and 10-4 for Cheviot.

. B
Ratio 1" 100 (¢): This ratio indicates the way and shape in which

the eyve-muscle develops.

Y Months.—1In the Winners there is no significant increase, a fixed
proportion or roundness of eye-muscle being evidently the desired
thing. But in all the Breeds except Ilampshire and Kent there 1s
an increase, the amount of increase differing with hreed. This means
that the animals in the higher weight classes are hetter grown and
thai B is an important dimension in determining the value of the

‘arcase since, except for Southdown, the ratio “of the winners is
‘rhrough()uf highel {han {hat of the breeds.

21 Months.—'The Winners increase from A5 to 65 Ib. and thence
: [ n -
remain constant to 85 1h. The Breeds mostly increase up to a point
whence a decrease in the higher weights 1s due ta weight added by
fat rather 1han muscle.

With the increase in welght B increases more vapidly than A.
Increase in weight Is due to thicker muscle, but chiefly to more fat.
Heavier sheep may be older, or more likely they have heen belter fed
so that length growth A more rapidly approaches maturity, leaving
most increase to depth growth B. DBreed difference and rate of
maturity are mmportant in determining the ultimate size and shape
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FACTORS AFFECTING QUALITY IN MUTTON AND BEEF.

of muscle and the nature of the weight increase. In the early matur-
Ing Southdown the value of deeper muscle with weight increase is
nullified by the output of excessive fat; Blackfa(ted, Welsh and
Cheviot, although not too fat, are flat- muscled due partly to slow
development. At 9 months the difference between the ratios of the
general averages of Southdown and Blackfaced for example is 6-7;
LOlIlpdrdflVelV better growth by the Blackfaced (later maturing) up
to 21 months reduces the difference at that age to 4-4.

Improveurent in musele development might to some extent he
effected by feeding a higher percentage of protein in the ration when
the animal 1s voung, and making its most rapid muscular growth.
But for commercial pnrposes it 1s questionable whether high protein
feeding 1s of sufficient 1mportance under existing conditions to justify
the extra expense, for until some criterion is found wherehy the
depth of eve-muscle can be accurately judged in the uncut carcase,
butchers will not be able to discriminate sufficiently between a good
and a poor carcase (as reg;ar(l% muscle development) to make a differ-
ence in their buying price which will compensate the extra expense
in feeding. Those who do produce a first class article, however, wili
find an expanding market for their product, while those who do not
will encounter a poorer demand.

Ratio ; x 100 (dy: This ratio gives the relative development ot
the meat on the 11bs (interspersed with fat) to the fat layer over 1t.

9 Months.—The breeds in general decline in ratio with increase
in weight, that is Y has a proportionally greater increase than X.
The winners show little increase in the proportion of Y to X and
point to the selection of a good thick muscle band on the ribs.

21 Months.—Iere the Winners and also most of the Breeds
show a constant decrease in ratio due to muscle growth subsiding and
fat being chiefly responsible for weight increase.

Ratio X +100 (e).—This ratio shows how the {at over the ribs

C

increases in relation to the fat over the eye-muscle.

9 Months.—For the Winners, from 55 to 75 Ib. the ratio remains
practically constant, but at 45 Ib. there is somewhat less fat at C,
and although also less at Y, not sufficiently so to keep constant the
proportion. The Breeds show considerable breed variation both
between breeds and between weight classes within a breed, e.g. South-
down and Blackfaced (see Table llI), and 1t 1s difficult at “ihe age of 9
months to determine whether Y or (' 1s the faster developing measure-
ment with increase in weight.

21 Months.—The Breeds fluctuate as before, but the Winners,
except for a drop at 65 Ih. rise consistently, showing that Y increases
somewhat faster than C. Two factors make this possible, firstly a
greater control of fat thickness in Winners at C with less attention
to Y, and secondly an urge with increasing fatness to put on more
fat at Y than at C (compare ratios of the geneml averages at the two
ages in the Breeds—Table Vle.)
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4+ B

Ratio Canmon < 100 (f).—This ratio indicates development of

total muscle in relation to bone. Winners are left out in this ratio
and the next, for great breed differences in length of bone influence
the averages 1n fhe welght classes 1(‘(0rdlnu to breed distri-
bution. Judges can select more strongly for good muscular develop-
ment and correct fatness, which to some extent reflect the feeders’
science, than for shortness of bhone which remains unaltered by the
differences in nutrition that cause radical differences in muscle and
especially in fat developmeunt (['rowbridge, 1918).

9 Months.—In general the Breeds have a small but steadv rise
showing that muscle 1ucreases proportionally more than bone.

21 Months.—The same tendency to Increase exists but to a lesser
extent than in 9 months. So for example Southdown from 45 to 65
lb. increases 2-3 at 9 months and at 21 months from 65 to 85 lb it 1s
1-6. DBlackfaced at 9 months from 35 to 53 1b. increases by 5-7 and
at 21 months from 55 to 75 1b. by 4-3. This is explained by the fact
that the frame of the animal is formed comparatively early in life.
At Y months muscle 1s growing more rapidly than at 21 months,
influences carcase-weight more and raises the ratio more rapidly.

Ratio M x 100 (g).—This ratio shows the increases of fat
Cannon

in relation to bone increase.
9 Months.—The ratio goes up steadily with welght increase.

21 Months.—Here the rise is not as regular and shows a tendency
to shoot up suddenly at the end, due in some cases to excessively fat
animals, or this plus a drop in cannonbone length.

(¢) The Relation between Quality, Weight and Price.

Hammond and Murray (1934) in making a study of the influence of

sarcase weight on prices, found that with an Increase in welght the
price per stone (8 l1b.) dropped for most breeds analysed (see accom-
panying Ihgure 2 from Hammond and Murray).

The increase 1n weight 1s closely connected with an increase in
the fat proportions of the animal |see Table VI (6)] and it is desir-
able to determine exactly in how far price is influenced on the one
hand by weight and on the other by quality. Unfortunately there
ave difficulties preventing an accurate analysis of the one factor inde-
pendently of the other, the chief one being the very close connection
between weight increase and fat increase. It is possible, however,
by a consideration of the various measurements of the better repre-
sented breeds at a certain weight in relation {o the price obtained at
that weight, to determine the effect of quality on carcase price.
Table VI affords a comparison of the best represented breeds and the
price per stone they made at a carcase weight of 65 1b.

The highest and lowest prices were given for Cheviot and Welsh
carcases respectively. The Cheviot is longer and deeper in eye-
muscle than the Welsh, has an optimum proportion of fat and has
somewhat shorter bone. Comparing the two fattest breeds, South-
down and Welsh, we find the Southdown making a considerably
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better price than the Welsh, for although slightly shorter in eye-
muscle, 1t has a much better depth, giving the desired roundness of
muscle.  Although somewhat fatter at C, it contains a little less fat
at Y and is better at X; but its greatest advantage over the Welsh
is the shortuness of bone giving a neat compact carcase. Comparing
the Suffolk and Blackfaced which make about the same price, the
Suffolk although better in the eye-muscle 1s a shade under-finished,
poor at X and longer in the leg. Proportions of muscle, fat and
bone work together in varying degrees of importance in determining
the value of a carcase. With increasing weight C and Y are parti-
cularly 1mportant as will be shown later.

Fra. 2.

Prices for Carcases of Different Weights in Various Breeds of Sheep.

Pence
per 8 Ib, e—— Southdown
120 — x—x Suffolk
S.el o-----0 Cheviot
e N o— ~—o Welch mountain

110— . w—-—x Blackfaced

100 +—

90 [

80—

" : ' J 1 | L

Carcase weight—Ib,

Hammond and Murray in drawing up their Weight-Price Tables
ignored the age classification owing to but small differences in price
between 9 and 21 months’ carcases of the same weight. 1f fat affects
the quality of the cavcase, then this disregard of the age factor is
further justified by a study of Table VI (4) which shows how fat
increases in relation to muscle with weight increase. So for example
there 1s in Southdown an increase of 357 in ratio at 9 months and
39-6 at 21 months for a weight increase of 40 lb. in each case, while
at one weight (65 1b.) there is an age difference of only 8-4. (65 ]b.
was chosen because 1t contained a large number of representatives at
each age.) Hammond and Murray found much greater differences
in price due to weight than to breed. Their findings are supported
by our figures of fat increases with weight increase, for hreed
differences are small as compared with weight differences. At the age
of 9 months the maximum difference in ratio due to breed between
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Southdown, Blackfaced, Welsh and Cheviot was 16-2 at 55 1b. and
21-8 at Gd Ib., while difference in proportion of fat to lean due to
welght increase was in the Southdown for example 49-7. At 21
months the breed differences are equally small compared with the
weight differences.  This leads to the conclusion that the influence
of breed on the proportion of fat to lean is less important than the
influence of weight.

That the proportion of fat increase in the cavease 1s closely
correlated with price is seen from Table VIII, wherve the increase in
ratio of fat to lean in the carcase with weight increase is compared
with the decrease in price ascribed to a weight increase (due largely
to fat). Except in the case of the Blackfaced there is a drop of about
one penny for a one per cent. Increase 1n ratio of fat to lean for the
breeds, from the lightest weight to the highest weight sold.

The different prices obtained by breeds at the same weight and
with welght increase are readily explained on the bhasis of guality,
All breeds, except Blackfaced, drop in price per stone with increase
in weight (Hammond and Murray, 1934), and the reason for the com-
paratively high and level price maintained by Blackfaced is that
although increasing its proportion of fat to lean with weight increase,
the increase 1s such that the amount of fat remains within the taste-
limits of the public (except for the end weight which is somewhat
high at ). At the commencement the Blackfaced makes a lower
price per stone than the light, well finished Southdown, owing to its
lack of fat, but as the weight increases the animal gets nearer the
optimum proportions, and what is lost in price due to weight increase
(lavger joints) 1s gained by the carcase obtaining the correct amount
of finish at a heavier weight. The Welsh at 9 months [Table VI ()]
has very much the same proportions of fat to lean as Blackfaced at
9 months, but in the 21 months” Welsh there 1s at the higher weights
a rapid increase in the proportion of fat and i1t 1s reflected in the
price-weight curve where the drop in price at the heavier weights
is rapid due to this excessive addition of fat. On the same argument
the comparatively high prices obtained for the heavier Cheviot or
Suffolk carcases can be ascribed to the fact that they maintain a
comparatively low proportion of fat. QQuality then, especially the
amount of fat, seems to play a very important part in determining
the carcase price.

(d) Carcase Weight.

A study of the distribution of the prize-winning carcases in
welght classes for breeds and in general (see Table IV) reveals a
difference in the best prize-winning carcase weight between 9 and 21
months’ animals. Most winners at 9 months fall in the 50-59 1b. class
while at 21 months most are in the 60-69 and 70-79 1b. classes. Tt
is certain that the higher weights are not more desirable than the
lighter weights, but as the majority of carcases shown at 21 months
are fairly heavy the scope of judges for selection of good carcases
from the lighter weights 1s limited.

Knowing now the weights at 9 months of the winners, and know-
ing that the majority of winners fall within the 50-59 Ib. class, 1t 1s
possible from a consideration of the measurements at this weight to
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fix with some certainty (for the present-day taste) the proportions of
the carcase, especially as regards fat, which the judges consider to be
suited to demand. The proportions at 21 months are not taken into
consideration, for as previously pointed out and as evidenced by
twelve out of thirteen champions being 9 months old (see Table I1),
the 21 months’ animal is not in general suited to the lhight-weight
fat-finicky trade of to-day, and seems to be in the Smithfield Show
classes more us a heritage from the days when big fat sheep did
literally and metaphorically carry weight.

In the 9 months 50-59 Ib. class in which most winners fall, the
following are the measurements at the average weight at 55-3 1b. 1 —

A — 581 mo. D = 137 m.m.

B - 339 m.n. X = 105 m.m.

C = 82 mm. Y = 135 mm.
Cannon — 1259 m.n.

In this series only the falt wmeasurements C, and to a lesser
extent Y, should be considered absolute. In view however of the
changing taste for fat in favour of the leaner carcase, C is better
fixed at 7 m.m. which is just slightly below the average for the years
1928 to 1933; 9 m.m. will mark the upper limit at which a carcase
s still readily sold. The fat measurement at D is subject to breed
varation and 1s not important in influencing quality. The muscle
measurements A and B have no upper boundaries and may be as
large as can be obtained within the weight class fixed by the fat
measurement C. The measurement at X which consists of muscle
and fat may develop within the weight class determined by C as
much as 1t can, for it forms an edible part of the chop. The
cannonbone measurement marks the theoretical upper limit and any
decrease 1n length is welcomed, Lut since great breed differences
exist the limit cannot be accepted as binding.

The weights at which breeds ure kest slaughtered, that is, the
weights at which they attain the optimum proportion of fat in the
carcase, will differ considerably according to breed; but economy
as well as quality must play a part in determining the slaughter
weight best suited to the pocket of the producer. The highest prices
per stone are paid for the lightest carcases, np to a point, irrespective
of finish; so Cheviot at a light weight but underfinished condition
makes a better price than when correctly finished at a higher weight.
Again the light but badly finished Blackfaced at 35 1b. makes the
same price as the correctly finished Suffolk at 65 1h. (see Fig. 2, p.
396): in the Blackfaced, lightness muakes up for price lost for poor
finish, in the Suffolk correct finish balances the tendency for price to

with weight. In two breeds with the same « :im

rent weights, e.o. Southdown and Suffolk, the ughter preed wiil
generally make the best price. With finish the same at the same
weights, breeds make approximately the same price, e.o. Cheviot,

Blackfaced and Suffolk.
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The wetght at which a farmer sells his sheep will be largely
dictated by the cost of production. In raising the weight of a sheep
he has more to sell but at a lower price per stone. If production
costs are low, the extra weight may bring in more money per head
sold.  Where production costs are high, the reverse may be true and
the producer may find 1t more remunerative to sell out at a lighter
weight., The weight at which the animal is best sold must be
determined by the producer himself, and only when a stage in
marketing is rveached where carcases, produced under intensive
farming conditions, are pald for accovding to grade, will guide
welghts, which tell the farmer at what weight each breed has reached
i1ts optimumn proportious, be of value.

The following table presents the approximate weight in 1b. at
which carcases of some of the more widely exhibited breeds and
erosses will, under existing feeding methods, attain the optimum
back-fat measurement (('--7 m.m.):

Breed. 9 Months. 21 Mownths.
Southdown.............. .. ... ... ... ...... 40 50
Kerry Hill.. ..o o o 50 ?
Welsh. . ... a0 45
Blackfaced................ ... ... .. ... .. 55 50
Cheviot.. ... ..o 35 35
Kent.... oo 53 —
Hampshire.. ... oo o o 55 -
Suffolk. ... oo 65 —
Southdown x Cheviot..................... 45 (50)
Suffolk x Cheviot........ ... ....... .. ... 35 (60) .

() = Weights doubtful.

— = Too fat and heavy to produce marketable carcases at this age.
? = No representatives.

The weight at which breeds are fit to be marketed depends largely
on the feeding and management to which they are subjected. The 9
months’ exhibit 1s ““ kept going *’ from birth, i.e. there is no store
period; the 21 months’ aninmal undergoes a store period and is subject
to manipulation to suil it as nearly as possible to market require-
ments.  All breeds ave suitable for slaughtering at 9 months, but at
21 months the large, early maturing breeds are not, becoming too
fat and heavy. Improvement could doubtless be effected by feeding
the animal less after muscle has developed.

Hammond and Murray (1934) in finding the price-weight corre-
lation lumped the 9 and 21 months’ classes because they found little
difference in the price of carcases of the same weight. Consequently
;arcases might as well compete 1 weight groups as in age groups. 1f
breeds competed in weight classes, by trial and error they would soon
find the werght level at which their proportions are suited to the trade.
At the light weights Southdown, for example, would beat the un-
finished Suffolk of the same weight, but at the heavier weights the
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Suffolk would come into its own and beat the Southdown with its
heavy fal accumulation. Judging carcases, judges, in addicion to a
consideration of guality, are confronted with the problem of weight
in making their decisions; but if carcases compeled in weight classes
they would be unhampered by weight consideratrons and would be
free to pay attention entirely to quality, as defined by conformation
and proportions of muscle, fat and bone: a drawback of the weight
class system might be that breeders, finding a sphere in which their
heavier stock could easily compete, might lose the incentive to breed
animals suited to the light-weight trade. It is to be hoped, however,
that the commercial value of a Light carcase as compared with a
heavy one will be sufficient stimulus to maintain their efforts to
obtain light weight combined with early maturity. Some heavy
breeds are, however, still necessary, for there are certain parts and
classes of trade in the country which require fairly heavy wmutton.

For several years now the weight class system, instituted by
wammond of the School of Agm(,ultme, (Cambridge, has worked
perfectly for pork and bacon and there is no reason why the system
should not prove equally valuable for mutton.

Conclusions.

Of the tissues, fat is the most important factor in determining
the guality of a carcase. The back fat (C) and the rib fat (Y) are
the most 1mportant, with (! the more 1mportant of the two. Thick-
ness of fat over the spine (D) does not affect carcase quality. Of the
muscle measurenents, the depth of eve-muscle ( B) 18 more 1mportant
than the length (A). A well muscled rib (X) is favoured. TLong
bone is detrimental to quality.

2. Al one age there 1s little breed difference in the amount of
muscle increase with increase in carcase weight. "Fat increase 1is
chiefly responsible for weight increase at one age, and most fat 1s
added on the 11bs (Y), especially at 21 months. Next to fat, muscle
has the greatest influence on weight, and hone the least.

3. With increasing weight at any one age the winning carcases
add weight chiefly by muscle increase, and not by fat increase as do
the 111(].1\'1(111‘113 of the breeds which are not winners.

4. The optimum back fat thickness (C) is about 7 mm., and the
maximum ensuring a ready sale of the carcase 1s qult 9 111111

There is a close connection between welght, fatness and price
of carcase.

Most breeds make top prices at their lightest weight, irre-
Spectlve of finish. Weight 1s more important in detelmlnnm price
in a light carcase than qudhtv while at higher welghts quahtv 18
more important.
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Shortwoolled Preeds.

Southdown. 9 wonths (146 and 111 individuals).—A sheep of
medium weight, rather short in the eye-muscle but with excellent
depth in comparison to length, indicating good thick muscle

. . muscle . ,
formation; bone 1s very short and the “bone ratio good (sce
one

Table XV); it is shown somewhal too fat. Altogether an outstanding
mutton breed if not fattened beyond the right proportions. In its
class Southdown has by far the largest number of prize-winuners.

21 months (94 and 66 individuals).—Muscle and bone propor-
tions are good but it 1s shown too fat. Tt formed a high percentage
of the winners.

The Southdown is a good sheep at both 9 and 21 months and
the chief eriticism is that 1t is over-fat at both ages. By far the
most widely exhibited breed up to 1933, it has 163 individuals shown
at 9 months as compared with 88 for Blackfaced, the second highest
breed. In 9 months 16 per cent. of the total number of Southdown
exhibits were Ist, 2nd and 3vd prize-winners (see Table 1X), while
11 out of the 26 winuners obtained 1st prizes. At 21 months South-
down has 102 individuals as compared with 77 for Blackfaced and
Cheviot, the next highest breeds. Again, of the total of 25 prize-
winners, 11 obtained lst awards.

Nuffolk. 9 months (73 and 39 Individuals).-—The heaviest breed
exhibited: a well-meated carcase but muscle rather poorly developed
on ribs; too fat, and very long on the leg (shanky).

21 months (10 and 5 individuals).—Much too heavy and much
too fat, but the eyve of loin i1s well developed although muscling on
ribs 1s rather poor. At this age the Suffolk, because of its weight,
15 almost useless to the Tondon butcher.

1he extent to which the breed 1s too heavy is shown by the fact
that the average weight of the Suffolk winners at 9 months is 69 1b.
compared with a breed average of 82 1b. The Suffolk is a good
meaty, comparatively lean breed, and apart from 1its great weight
the chief eriticism is shankiness. That can be remedied by breeding.

Hampshire. 9 months (42 and 22 individuals).—A heavy carcase
with a well developed, long, deep, round eye, in proportion more like
the Southdown than any other breed; rather poorly musecled on ribs,
too fat and too long on leg. Has won few prizes.

21 months (8 individuals).—Excellent eye of meat rather poorly
muscled on ribs, much too fat, bone too long and carcase too heavy;
richt out of prize-winning class at this age.

A considerable amount of welght reduction would be the result
ot showing the carcase with the right amount of fat.

Dorset Down. 9 months (10 individuals).—Too heavy, and comn-
parable with the Hampshire in weight. Tength of muscle is good,
but depth only just reaches standard; muscle on ribs is good, but
the carcase 1s too fat.
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Cannon—Diagram XLd.—Iluctuations from the mean are but
small except in the case of the Southdown x Dorset Down, and this
1s 1n accordance with the long eye-muscle of the cross.

C—(Thickness of fat over eye-muscle) Diagram XlTe.—Coming
to the fat measurements far greater fuctuations are apparent.
Most crossbreds are fatter than would be expected. .

D)—(Thickness of fat over spine) Diagramn XIf.--Nearly all
crossbreds le far below the expected mean. We are unable to
explain this result.

Y—(Thickness of rib fat) Diagrami XIg.—There seems to be no
tendeney eithev way, considerable fluctuation from the mean existing
but not nearly as much as at D.

Weight—Diagram XTh.—Mostly the crossbreds are lighter than
would be expected. There is considerable variation in the amount
they differ from the mean. A high weight for the Southdosn x Dorset
Down is 1 accordance with its great development of muscle and tat.

Definite conclusions from these results are not justified for they
are not absolutely comparable. ITluctuations may be due either to
differences in feeding, management, or type of animal selected, to
genetic or physiological reasons, or to age differences. Hammond
(1921) compared the weights of purebred and crossbred sheep and
their carcases (1896-1913). In the live classes the weight of the
cross was nearly always greater than the intermediate between the
parents. In the carcase classes only two crosses offer sufficient
individuals for comparison. The following compares his figures and
ours at 9 months:—

Crossbred Intermediate
W eight. Weight.
b. h.
Southdown x Suffolk.................... 86-5 —Hammond— 82-4
69-4 68-5
Suffolk x Cheviot................ e 69-2 —Hammond— 78-9
62-7 67-8

In spite of considerable weight differences between them caused
by the demand for lighter carcases, his figures and our’s vary from
the expected mean in the same direction for each breed. The South-
down x Suffolk is slightly above the expected result, while the Suffolk
x Cheviot is lighter than would be expected. In the first case two
breeds (Southdown-Suffolk) which are both rvegarded as early maturing
and are normally kept under good nufrition are crossed and the lambs
being reared under these conditions grow slightly better than the
expected mean, whereas the second cross (Suffolk-Cheviot) 1s between
an early maturing breed and a late maturing breed, the former
being kept under good and the latter under poorer nutrition. Since
the ewe 1s of the latter type the lambs will be reared under poorer
conditions, and so the cross is below the expected mean.

The popular belief of ““ hybrid vigour ’ due to crossing is not
supported by our figures, nor by those of Ritzman (1923) who crossed

Southdown and Rambouillet. In fact his figures and ours show
rather a tendency for the weight of the I, to lie below the expected
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Thickness of Flesh (depth of eye-muscle = B............... 35
Thickness of Fat (over eye-muscle = C.).................... 30
Shortness of Cannon bone............. ... ... ... . 10
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Marks for Inspection.
Shape of leg........ ... ... . 10
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FACTORS AFFECTING QUALITY IN MUTTON AND BEEF.

of 11 months. Ilow muscles darken with age has been w  illustrated
by Schmid (1929) in corresponding joints from ralves, baby beeflings
and steers. Other workers (Bull et al, 1930;  lser, 1930, De Llsle
1930; Foster, 1928; II1. Agl Kxpt. Stn. Repf 1951-32) obtain essen-
tmll\ the same results. Beef reaches its optimum colour between
one and two years of age.

Sex.

Hall (1910) and leighton and Douglas (1910) agree that the
tlesh of steers 1s lighter in colour than that of bulls. Sustschowu
(1910) has shown that castration diminishes the haemoglobin and
evythrocyte content of the blood. McCay (1931) with over 1,000
determinations has shown that the blood of bulls has a higher haemo-
globin content than the blood of cows. No difference in colour was
found between steers and heifers (Bull et al, 1930).

Feeding.

Hammond (1932) states that the flesh of calves fed on milk o1
potatoes (deficient in iron) is particularly white in colour, while in
those which have a mixed diet (with oatmeal, containing iron) it 1s
much darker. Although the number of steers is too small to establish
the point definitely, Bull ¢t al (Illinois Rept., 1928-29) report that
barley gave a lighter beef (haemoglobin content (}-291) than maize-
fed steers (haemoglobin content 0-325). The Kansas Statior ‘Rept.
1928-30) reports the muscle haemoglobin content of grass-fed eef to
be 04584, maize and grass 0- 416‘4, and dry lot 0- 3960 but states
that grass-fed beef was nevertheless of excellent colour. Longwell
(1930) found the colour of grass-fed beef in no way inferior to grain-
fed animals when the degree of finish was similar. Black (1931)
finds grass-fed beef slightly darker in colour but with greater varia-
+ion among individuals than among test lots. Small colour differences

te to the nature of the feed seem to be commercially unimportant
where auimals are in similar condition.

Management.

It is generally believed that the colour of meat varies with the
method of killing adopted as this may greatly influence the th. Hugh
ness of bleedmw Hall (1910) states that animals killed after mu
exercise or in a feverish condition due to long shipment, pregnancy,
or excitement at slaughter, will have the capillaries dilated and are
more difficult to blead. KExperiments by Bull et al (Illinois Rept.
1928-29, 1929-30) owed no differences in colour or haemoglobin
content of meat between steers bled immediately after stunning,
deferred bleeding for 5 minutes, and koshering. Packing houses in
the United States (1934) find stunnmo‘ the most suitable methc of
nroducing insensibility before blee(hng they state that stunning by

.ctrical shock is not so suitable in that it is liable to produce tiood-
shot meat. Sir Frederick Hobday (Liecture to the Can ridge
University Agricultural Society) found, however, that in over two
million pigs stunned by this method at an abﬂttmr in Austria, not
one case of flashed pork appeared.
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FEzercise.

Hammond (1932) believes that the amount of aemoglobin (and
consequently colour) in a muscle varies directly wi  the amount and
duration of work it is capable of doing. I.ehmann (1904) found in
birds that the muscles most used contained 3-7 per cent. haer-~globin
whereas the least used contained ounly 1 to 1:6 per cent. hipple
(1926) criticises L.ehmann’s method as inaccurate, and attempts to
prove the principle himself, not in the same animal, but Letween
animals.  Unfortunately his exercise was unmeasured, his breeds
of dogs entirely different and his subjects somewhat few in number.
His work, however, presents a strong argument in favour of the
increase of muscle haemoglobin with exercise. Mitchell states that
exercise 1s known to affect the colour of the lean of laboratory animals
(Illinois Rept., 1928-29), but in steers walked 1,181 miles on the
level, 8-8 miles per day at 3:1 miles per hour, only the triceps
brachii muscle became a darker red (Illinois Rept. 1929-30). wed
on the above 1t seems improbable that exercise incurred by normal
range grazing would affect the colour of beef adversely.

Storage.

Colour changes in meat during storage may be of a chemical or
physical nature, or both, depending upon conditions of temperature,
humidity and sanitation in the place of storage.

‘When meat is freshly cut, the colour is normally a dull purple-
red (reduced haemoglobin) which on exposure to air rapidly becomes
pinker and hrighter (oxyhaemoglobin) due to the combination of
reduced haemoglobin with oxygen. Depending upon temperature an
humidity of the air, a gradual colour change takes place due to
drying of the meat surface, the meat becoming progressively darker
until it 1s almost black. On drying, a somewhat gel-like superficial
layer is formed (the thickness depending on the extent of drying)
which differs from the tissues beneath by an increased rigidity and
transparency. This change of transparency increases the depth of
penetration of light before retlection, and this, together wit» the
increased concentration of pigment, leads to an increase in the :pth

of colour (Brooks, 1929).

In order to determine the error introduced by this factor on
colour readings of meat taken at the Smithfield shnws, an experiment
was carried out as nearly as possible under Smit! eld conditions to
determine the rate of these colour changes in peef. Steers were
slaughtered in the afternoon, broken the following morning, and th~
first rib cut removed from one side, the colour reading of the fre
cut meat taken and the meat then hung with all despateh in a chamber
at 5° C. and approximately 65 per cent. relative humidity. Owi~~ to
a rather rapid air circulation in the chamber caused by a reve ring
electric fan on the floor, it was deemed advisable to hang a tubular
cardboard sheath, open at either end, around the meat to prevent
undue evaporation of moisture. Colour readings were made with
Hammond’s modification of the Mwngell beef colour scale. ' e
blads of the scale are of colour-spraye celluloid and numbers increase
in order of darkness, the highest numbers being = darkest blads.
To extend beyond the darkest blad (No. 12) an - nsion scale was
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drawn up with oil paints on paper. The entire scale proved b&tiS"
factory. Lighting was by means of an Osram 100 watt *“ daylight °
(cobalt blue) bulb held at constant distance and angle to eye “from
the surface of the meat. Sample 1 was from a 3-year-old Shorthorn-
cross steer, samples 2 and 3 from 2-year-old Shorthorn-cross steers.
All samples were poorly marbled and of fine texture, giving a very
homogeneous surface which facilitated colour readings.

Diagram XTIT A depicts the brightening curves. Irregularity
of the curves for 3a and 3b is to some extent due to the dificulty of
registering small colour differences not in the scale, by eye The
curve of sample 1 1s typical. Rapid brightening occurs wi in the
first half hour, slowing down progressively until about  hours after
cutting, then stationary for a period of 5 hours, after which the
colour gradually deepens. Sample 2a gave much the same type of
curve. After hanging 2a for 7 days the darkened area was sliced off
and readings commenced on the fresh cut surface (sample 2b). No
explanation is offered for the peculiar behaviour of this meat. The
interior had gone a light purply piuk colour which after darkening
to about the lightest shade the fresh meat (sample 2a) had reached on
brightening, dropped to starting point, and at 2 hours already com-
menced darkening rather more rapidly than normally. Sample 3 was
allowed to brighten for 2 hours, when it was divided m two and
readings commenced on the fresh cut surfaces. One half (sample 3a)
was covered like the rest of the samples had been, the other (sample
8b) was hung in the open to see what effect more rapid drying off of
surface moisture had on colour change. The meat of 3a and 3b took
somewhat longer to reach maximum brlohtness than +he fresher meat
(sample 3). The enclosed portion (3a) brlohtened a ttle more than
the exposed half (3b).

When darkening set in, the curves of 3a and 3b ran : proxi-
mately parallel. Diagram XIIT B represents darkening over a
nariod of days. Samples 3a and 3b which were allowed to hang for

i days, seemed to have attained their maximumm darkness, being
almost black. At the 4th day of hanging the surface of the uncovered
sample was quite dry and hard, while that of the covered sample was
still pliable and damp. On the following dayv slime was visible on
this sample and it gradually developed a rather unpleasant musty
smell. The uncovered sample remained sweet until removal, when
both samples had a growth of fine whiskers on their surface. The
drying off of the surface made a considerable difference to the keeping
qualities of the meat in that 1t prevented the attack of micro-
organisms. Brooks (1929) found that a sample of meat had turned
very dark red after 24 hours’ exposure at normal room temperature
and humidity (figures unstated). At a temperature of about 19° C.
and 57 per cent. relative humidity we found that a sample taken from
beef killed two days previous reached its maximum brightness
(changing from grade 12-0 to 10-5) in 20 minutes, remained %feady
tor 3 hours and then gradually cormenced darkenlnw so *hat at *%»
end of 24 hours it had again reache the same colour as v en fres]

cut (grade 12).

The Kansas Station (Rept. 1926-28) report that the brightering
process is most rapid during the first 30 minutes after cuttineg, at
continues for about 3 hours, after which there is a tendency Hr the
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cuts to become darker. Helser (1930) found meat of anmimals of
different ages and in different condition at one age to brighten only
one grade on the Muusell scale, but does not stafe ('ondltlons of tem-
perature and humidity. With Hammond’s scale, which is graded a
shade wider, meat brightened from 1-5 10 35 Wrades dependlno upou
the animal and upon conditions. A rapid drymg of the meat surfuce
seems to prohibit maximum brightening, although it does not appear
te influence the rate of bhrightening to any appreciable extent. At
o1 nary room temperatures and humidity (approximately 18-20° C.
and 5560 per cent. relative humidity) it would seem  at constant
colour readings may be obtained after the first 30 minutes and uv to

about 4 hours after cutting. At storage temperatures ak fre ng
and the same relative humidity, 1t 1s saier not to take res rs bef()re

the elapse of 5 hours after (,Ilttlnf" The above suggestions are based
upon relatively few tests and should be considered onlv as tentative.
Where meat colour results are to be compared between experiments
done at different times, it is desirable that samples should be read
always at the same time after cutting and under snmldl conditions
of temperature and humidity, and that sufficient time be allowed to
permit those normal samples which brighten most, to reach 1eir
maximum brightness before reading, for 1t 1s this type of meat
which 1s of greatest value to the trade.

Darkness of meat may be divided into two classes. It may be
a matter of the intensity of rted colour produced by a relatively
high content of muscle haemoglobin, or i1t may be caused y incom-
plete oxygenation of muscle haemoglobin, in which case the tissue
may be so impermeable to atmospheric gases that the brightening
process takes place very slowly or not at all. The Kansas KExpern-
ment Station* treated mb cuts of two typical °° black cutters ™’
whose meat was a chocolate brown colour, by finely mincing the
meat, placing it in a vacuum desiccator which had heen evacuated
to a high vacuum, and then allowing the desiccator to fill with
oxygen. Within a few minutes the meat had turned a bright normal
red colour. They found that these samples were extremely colloidal
and extremely hydrophylic, and suggest that the mineral balance
may have much to do with the unusual physical properties of the
ment.  No feeding experiments have succeeded in prodr~ing dark
c ers, and no att its have as yet been made to fir whether
genetics plays any part in the phenomenon.

Another type of discolouration frequently encountered over
longer periods of storage, 1s the changing of the normal red colour
of meat, to a brown hue, due to the oxidation of haemogl in to a
ferri-compound known as methaemoglobin. This process does not
occur in the absence of oxygen, but proceeds most rapidly at 0° C.
with an oxygen pressure of 4 mm., which increases with risin—
temperature (Brooks, 1929). For this reason, if a sample of store
beef be examined it will frequently be found that there is a dark
brown layer, not at the actual surface, but one or two millimetres

* Permission was obtained from the Kansas Agric. xperimental Station,
U.8.A., to quote experiments published in a confidentiai Progress Report on
their meat investigations (July, 1932).
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from the surface. Similarly, in high concentration of carbon di-oxide,
the partial pressure of oxygen is reduced and therefore dis-
colouration 1s nearer the surface and is more noticeable (Brooks,
1933). Methaemoglobin is formed in the frozen state, but 1s less,
the lower the temperature. Thus Brooks (1933) finds that, whereas
there is a significant discolouration after 8 weeks at —5° C., there
is none after 15 weeks at —20° C. On the other hand the oxygen
penetration of muscle at 0° C. is approximately 2 mm., while at
15° C. 1t is 1 mm. (Brooks, 1929), so that the higher the temperature
above freezing the shallower will be the depth of metha  »globin
formation, althmwh forming more rapidly at the higher tempera-
ture. Where huml"hty is low however, methaemoglobin formation
will be wholly or partially masked by the deepening of colour due
to surface drying of the meat. In meat which has been frozen and
thawed the rate of pigment oxidation is increased, and frozen meat
therefore suffers from the handicap that its colour is not so bright
as that of unfrozen meat. The concentration of colour by drying
of the meat surface is favourable to some extent as it masks the
methaemoglobin formation, but in frozen beef where drying decreases
the intensity of colour, this does not occur. Bacteria may increase
methaemoglobin formation  rooks, 1933; Heiss et al, 1933). In
transport thus, chilling temperatures, considered in conjunction
with other changes which beef undergoes in storage, may be con-
sidered optimal for retention of quality.

One cther factor which strongly affects the sales value a
carcase 1s the freshness of appearance in which it is presented on
the market, commonly known as ‘‘ bloom ”’. The use of the term
applies chiefly to the external appearance of the carcase which is
most affected by the vicissitudes of storage; loss of bloom is most
important in frozen meat and particularly in lamb and muttcn.

The thin, broad, red surface muscle (panniculus carnosus)
stretching over a considerable area of the ribs and flank of the carcase,
and certain flexor muscles of the leg, are chiefly involved. The panni-
culus carnosus 1s covered by a laver ‘of connective tissue and often by
a thin layer of fat. Griffiths, Vickery and Holmes (1932) have fully
surveyed the causes of loss of bloom. The effect on the colour of a
muscle when it dries has been previously pointed out; on a thin
muscle like the panniculus carnosus the effect, rather than darkening
the colour, 1s to intensify it. Conditious leading to further drying
however, and extreme desiccation of the muscle, cause the formation
of minute air-pockets among the desiccated fibres, so that the scatter-
ing of light from the numerous interfaces thus formed decreases the
depth of the reflecting layer, and the muscle appears to have lost
depth of colour resultmg in the greyish-yellow colour described as
““ corkiness *’. At the same time a penetration of oxygen, which is
not prevented by the conunective tissue layer, causes the formation
of methaemoglobin, aud Brooks (1929) states that in practice, dis-
colouration is usually a product of both these factors.

Thicker muscles lose brightness of colour on freezing through
the presence of ice crystals and concentration of salts in the un-
frozen portion.

448



R. HIRZEI.

Alterations in the structure of the connective tissue affect bloomn.
Prolonged contact with water which may take place during
swabbing, during dressing, or through sweating (caused by
temperature fluctuations) increases the capacity by swelling the
collagen fibres, and causes an apparent dullness of the underlying
fat and muscle (Moran et al., 1929).  Again, freezing the tissues
disrupts the swollen collagen fibres and increases opacity. When the
tissue is not allowed to dry after freezing and/or thawing, a still
greater opacity results. If mormal appearance of the superficial
tissues is to be retained, conditions leading to swelling or ~xcessive
drying of the frozen conmective tissue must be avoided. >Hr lamb
and mutton about 10 hours on the cooling floor at 12° C. anda relative
humidity as mnear saturation point as possible, 1s recommended
(Griffiths et al., 1932). However, from the point of view of
“ bloom *’, good results are also obtained by placing warm carcases
direct into the freezer. In freering, temperatures should be main-
tained just below - 8° (. and relative humidity at approximatel~ 75
per ceunt., a combination which, while reducing spoilage by n ro-
organisms to a minimum will maintain the optimum appearance of
carcases.

In the fat, gross chemical changes in saturated or unsaturated
fatty acids, a change to colourless or :uco-compounds giving the
appearance of bleaching, or crystallisation of super-cooled or rapidly
cooled fats, may influence the opacity of fat and consequently bloom
(Moran et al., 1928), but these factors are relatively unimportant,
and the crystallisation which most frequently occurs has no signi-
cant effect on the bloom of a carcase (Griffiths et al., 1932).

These colour changes in the carcase occurring in storage have
been treated at some length because they are important, and while
none of them affect the edibility of meat, they have a profound
influence on the attractiveness and hence sales value of carcases.

— ietors in H of

The yellow colour of fat is due to the carotinoid pigments,
carotin and xanthophyll. Fat from cattle and horses contains
chiefly carotin, yellow fat from rabbits and poultry chiefly
xanthophyll; the almost white fat of sheep and goats contains a
meagre amount of carotin, and pig fat is altogether unpigmented

(Neidig et al., 1928).

Breed.

Breed exerts a stronger influence on fat colour than any other
factor. The colour of body-fat is closely allied to the colour of
butterfat (Neidig et al., 1928); Hammond and Whetham have
illustrated the marked breed differences in the butte 1t colour
of dairy cattle. Hammond (1935) considers the colour of the
body-fat in cattle to be a multiple-factor genetic character, and
states that all shades of colour exist from a very pale yellow
(which is desired by the butcher) to a deep yellow (which is desired
by the breeder of dairy cattle). The very yellow fat in the ca ases
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of Jerseys and Guernseys is well known, and public discrimination
against yellow fat is largely due to the association of yellow fat
with the poor quality of meat common in dairy breeds. Holstein
fat is not normally yellow, but it was found to have a bluish exferior
colour compared with clear creamy-white fat of the Aberdeen Angus
(Wisconsin Agrie. lxpt. Stn. Rept., 1927-28).

Condition .

The effect of condition on the colour of fat will be very largely
depend ~ upon the amount of pigments the animal has ingested in
the course of fattening, and whether during that time there was any
fall in condition.

Tt was observed that in rabbits, which for various reasons
(illness and starvation due to deformed teeth) had dropped greatly
in weight, the fat colour had increased in depth far above normal.
It seemed that while the hody absorbed the fat for maintenance, the
yvellow pigment was not drawn out, »nd concentrated in the tissue,
gave the abnormally dark colour. > test out this *heory seven
rabbits with potentially yellow fat were fattened (inbre line selected
for yellow fat), a fat sample removed from one half of the shoulder
strap for colour reading, the animal reduced to desired weight by
starvation, killed, and the fat colonr reading taken from the remain-
ing half of the shoulder strap. he following vepresents the colour
changes which occurred.

. | |
i Starved | Weight Loss | . 1 Condition
Rabbit No. | Weight at  when in | Qperation | Killitg 0
Operation. Killed. | Weight. | SmPIe. | bample. | Tled.
! Gms. | Gms. . Percent. | Colour. ‘ Colour.
Toviuininn., | 2731 ¢ 1890 | 31 6 11 Very Lean.
/N 3,225 | 2,930 11 4 \ 5 ‘ Good.
3 ‘ 3,275 2,560 w‘ 22 7 75 ! Very Good.
4o ' 3,540 2,820 | 20 | 8 9 Good.
5 | 3,437 3,090 10 8-5 I 9 Fair.
6.0 3,422 2,637 23 i 75 9 Fair.
T 3,080 2,480 19 | 8 13 Very Lean.

(The higher the grade, the yellower the fat).

The most striking concentration of colour was shown in rabbits
Nos. 1 and 7, which were very lean when killed. Nos. 2, 3 and 4
which were still in good condition when killed had become but
little yellower. No. 2 which had a very light coloured fat, while
losing only about half the weight that 3 and 4 lost, deepened in
colour to the same extent. On the other hand No. 5 which was 1n
the same condition as No. 6 when killed, but had lost in weight only
about half as much as No. 6, showed a correspondingly smaller
increase in colour. Samples of Nos. 5 and ¢ were rendered, this
method giving more homogeneous samples for comparison; although
it was found impossible to match rendered samples on the scale,
direct comparisons between samiples were possible. Contrasts in the
rendered fats correspond t¢ those taken by scale on the fresh fat.
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We do not wish to attach much value to the preciseness of (he
differences between Nos. 2, 3, 4, 5, and 6, but at the same time find
some indication of deepencd colour in every case. An exact method
for determining the concentration of pigment would he by
quantitative chemical analysis. Further fat colour readings taken on
each of seven lean rabbits which had once been in good condition,
averaged 11-3: readings on ten rabbits in good condition averaged
8-6, a striking difference.

It the carotin in beef fat concentrates in the same manner as
xanthophyll in rabbit fat when fat is absorbed by the hody, a partial
explanation is offered for the rather vellow fat of range-grazed three-
vear-old animals when not in first-rate condition.  Tat added when
grazing 1s good, 1s lost in the store period during the sparse season;
a sequence of this nature would tend yearly to imerease the amount
of pigment in the adipose tissue. Livesay (1929 found the fat of
higher grade steers, i.e. fatter steers, to have a more desirable colour.
The reason is probably found in the dilulion of the pigment on
fattening on rations largely devoid of carotinoids (see Feedi ).

Adye.

A litter of five rabbits from a vellow-fat strain (¢ r §-6) were
divided after weaning into groups of 3 and 2 and fed differently to
test the immfluence of teed on the colour of the fat. In the green fed
lot, No. 1 died 2 weeks after weaning: the little fat present was
colourless,  No. 2 which wus sick and so killed at 9 wecks after
weaning, had a fat colour of 1-5. No. 3 grew normally, was killed
at 33 weeks old, and had a tfat colour of 4. In the white feed lot.
No. 4 killed at 13 weeks after weaning had fat colour 1-5H, while
No. 5 which died at 38 weeks old, having dropped n weight from
2,445 gms to 1,740 gms in 6 weeks, had a colour of 3. Davis (1932)
<fates that the fat of yearling heef animals 15 somewhat whiter than

at of mature animals. Age seems to have an influence in increasing
the yellow pigment in the fat, probably because of the increase 1in
total amount of the pigment ingested with age.

Ser.

Bull ¢1 ol (1930) find no difference in the colour of fat between
steers and heifers. Rabhit data shows no difference between bucks
and does.

Feeding.

Perhaps the most important factor influencing the colour of fat
in practice, is feeding. Tt is well known that when animals are out
1o green grass (rich in carofinoids), the colour of both the body-fat
and bhutierfat mereases i intensity. Palmer (1922) has demonstrated
conclusively that the carotin content of the cow’s adipose (issue as
well ax that secreted in the milk fat, is determined by the carotin
content of the ration. Tn a sinilar wayv the fat colour of the fowi
and the yolk of the egy, 1s dependent upon the santhophyll provided
in the feed. Watson (1933} obtained a striking inecrease in colour
of bulterfat when stalled dairy cattle were allowed out to grass.
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Pease (1928) has shown that if the yellow-fat strains of rabbils are
fed on foods such as yellow maize and green foods, yeliow fat 1s
always deposited, bul if pigment-free foods ave fed the fat deposited
is white. Similarly we found (see p. $51, Age) that a rabbit 33 weeks
old and fed on carotinoid-rich food had a fat colour of 4, while one
fed on food deficient in pigment, aut 33 weeks old, in spite of a con-
siderable loss of fat (which tends to concentrate colour), had a grade
of only 3.

In practical experiments (Kansas Agr. Lxpt. Stn. Rept., 1920
32) iowas found that animals on a full concentrate ration plus e
grass pasture [rich in carotinolds (Neudig et al., 1919)] for 150
days, contained more yellow units in their fat than animals gelting
no green grass.  This period was however insufficient to discolour the
fal, giving it only a pinkish appearance often described as ™ muddy ™
by packer-beet men. The calves used were reared in Texas and it is
reasonable to suppose thal their main feed prior to fattening had
heen grass. The beet breeds have a natural tendency to white fat
and fai added in a fattening period on a main ration low in carotin,
evidently served to dilute any prgnment which may have been laid
down on grass to an extent sulflicient {o produce a desirable article.
This fact has an important bearing on cattle fattened off the range
and shows that, provided animals are voung enough so that not too
much piegment has been laid down, range reared cattle mayv produce
fat of a desirable colour.

Storage.

Liee (1931a) has shown how fat bleaches by oxidation. We
observed changes in the colour of rabbit fat under different conditions
over a period of five months. In short, storage of shoulder aud
kidney fat in the dark for 3 months at 0° (!, left the normal colour
of 9 unaltered, except for the kidney fat which appeared to reach
grade 11 on thawing. After keeping for 2 months in light at 18° C.,
1t had bleached to 8. Fat stored at - L0 (. appeared to have bleached
from 9 to 5, but on thawing regained normal colour. Crystallisation
of the fat may account for this 1llusion when frozen. The shoulder
fat (0° C. and —10° C. samples) when kept in light for 2 months
at 18° C. subsequent to thawing, bleached from 9 to 4. The kidney
tat stored at —10° C. for 3 months had not bleached at the end of
another month in light at 18° C., so was refrozen at —20° . for
three davs, dropped from 9 to 4 1u storage, darkened on thawing
from 4 to 10, and in H weeks the surface had bleached 1o 2. An
eighth of an inch down the colour was still normal, nam - 9.

How rapidly this bleaching occurs in beef fat we do not know.
Mattikow (1932) states that in solution, carotin (beef) bleaches more
rapidly than xanthophyll (rabbits). Tn rabbit fat it was noticed
that the drier the sample, the more rapidly bleaching occurred, due
probably to the better penetration of oxygen where an oily smrface
layer was absent. Tt is alleged that bleaching of beef it is
accelerated by “ shrouding ', i.e. pinning hot damp cloths  rhtly
over the carcase after killing. (Readings in Packing House ractice,

1934.)
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The reason for a disfiguring brown discolouration of fat travelling
long distances, as from Australia for example, has been ex; umned
by Brooks and ILea (1933a). 1In bleeding, beef tat retains an
appreciable amount of blood haemoglobin in the capillaries, which
imparts to the fat a pinkish tinge, and which on changing to
methaemoglobin gives the fat a brown, or a dead, chalky appearance,
according to the amount of haemoglobin originally present. These
discoloured patches are most frequent where carcases have chafed
i transport, so keeping the fat snrface moist, a condition conducive
to methaemoglobin formation. 1 he practice in South America of
running cattle through a cold shower-bath before slaughtering, by
contracting the skin, probably has a beneficial effect on clearing
blood from the surface-fat capillaries.) In experiments, the
discolouration occurred already in 3-5 days at 0° C. in an atmosphere
of 95 per cent. carbon dioxide and 95 per cent. relative humidity;
in 50 per cent. carbon dioxide it occurred in about 30 days and in
10 per cent. carbon dioxide or in air, only after about 60 days

{Brooks and Lea, 1933b).

Brooks and T.ea (1933a) state further that the optical properties
of the connective tissue and the fat determine the depth to which
light penetrates before reflection, the more transparent the material
the deeper being the colour. They consider that the composition
of the adipose tissue in terms of fat, protein and water affects this
transparency.

—Factors Influenc § tI  Fi ness of |

In meat anim:  the firmest fat is found in sheep, followed by
cattle, and the softest in pigs, and it is only in the Iatter that soft
fat 1s a serious problem. Henrigues and Hansen (1899-1900), feeding
Tingseed o1l and cocoanut oil to pigs, did the classical experiment

owing how the nature of the food influenced the firmmess of fat.
This was the commencement of a great deal of research on the soft
fat problem in pigs, and Callow (1935) has comprehensively reviewed
what is known about it. 1n beef, maize, soybeans, maize oil and
soybean oil (all softening pork fat) were unable to influence the
firmness of beef fat (1933); the extremes, cocoanut oil (lodine number
8-1) and Menhaden o1l (iodine number 139-2 to 192-9) gave no
significant difference in firmness of fat (unpublished data of the
Towa Agricultural Kxperiment Station), but the experiment 1s not
conclusive. Tlammond (1932) states that grass-fed animals produce
soft fat, and quotes as a possible reason Sjollema’s (1903) finding
that the feeding substances which ferment much in the rumen cause
the formation of volatile fatty acids (which softened butterfat).
Hammond states further that the over-hard fat of animals feftened
on roots (a carbohydrate feed) may be softened by linsec cake
(containing o1l), while the soft fat of animals off grass may be
firmed up with cotton cake or carbohydrates.

The effect of age on the firmness of fat has not been shar; -
dissociated from the possible effect of condition. The fat of calves
fed at Illinois (Ann. Rept., 1927-28) was hard at the beginning of
a trial; after 140 days it had softened appreciably, but after a

453






R. HIRZET.

Age.

Most authorities agree that marbling increases with age (H---
mond, 1932; Helser, 1930; Foster, 1928), but few have dissoc  :d
the effect of age and the natural fattening accompanying age. 11
et al (I11. An. Rept., 1931-32; found no difference in marbhing
between calves (baby beef) and yearlings, where the calves had 31
per cent. fat in the carcase and the yearlings 35-2 per cent., which
means that neither thickness of fat nor age increased the marbling
in this case. In sheep we find a small age difference independent
of fatness. In cattle the marbling of the Angus definitely increased
with an age increase from 15 m to 22 months (see Table XX),
but the increase is connected with a great increase in fatness. From
22 to 33 months where little fat is added, marbling improved but
little.  An age increase from 22 to 33 months in the Galloway
heifers on the other hand, in spite of a non-significant fat increase,
produced a significant difference in marbling, while steers had a
marbling percentage increase considerably greater than the fat per-
centage increase. A breed difference 1s indicated and a chemical
analysis of the amount of connective tissue (the depository for
marbling fat) in the muscle of the Angus and Galloway, might = or
some explanation of this discrepancy; furthelmore the Angus, an
earlier maturing breed than the Galloway, has at 22 2 months probably
attained the maximum development of marbling in proportion to the
thickness of subcutaneous fat, which the Galloway perhaps has not.

Sex.

Hammmond (1932) finds only a small difference in marbling
between rams and ewes and states that the marbling seemed to
depend largely upon the state of fatness of the animal and the strain,
these differences being lavger than differences between the sexes.
The marbling of rams was coarser than in wethers. Tieighton and
Douglas (1910) and Hall (1¢ }) agree that bulls are poorly marbled;
Hammond explains the difference on grounds of sex activity. Heifer
beef is supposed by some to be better marbled than steer beef
(Helser, 1932; Trowbridge et al., 1931), but others found that sex
made no difference in spite of heifers being the fatter + rowbridge
et al., 1932; TIl. An, Rept., 1927-28). JToster and Mailler (1933)
found heifers, although not a great deal fatter than steers, to have
more fat in the eye-muscle, which points to better marbling. Owr
figures show no significant sex differences in cattle (see Table XX .
There 1s no reason to believe that there is any difference in marbling
in steer and heifer carcases of equal fatness, and where heifers do
have better marbling it is probably due to a thicker finish.

Faercise,

No other factors are known to affect marbling except perhaps the
temperament and management of the anmnla, i.e. with a low
metabolism of the muscle, fat will be more readily deposited in it.
Hammond (1932) states that if the animal is kept quiet, more fat
will be deposited in the muscle, but if it is leading an active life
little fat will go into the muscle itself, although it may be deposited
in other parts not so much affected by exercise as the muscles.
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Vil.—-Factors Influencing the 1 vour e i

Ilavour in meat is still an elusive factor of which little is
koown. Hammond (1932) states thut the extractives influencing
flavour are possibly ethereal salts of aromatic ring compounds which
in small quantities give meat a pleasant Havour, but in large ~uanti-
ties become disagreeable. Hall and Fmmett (1912) state  at the
organic extractives (water soluble) aid in giving meat its tavour;
the more 1mportant, the nitrogenous extractives, consist largely of
ereatin and purin.  Mitchell and Hamilton (I, An. Rept., 1927-28)
think that the flavouring substances of meat are probably largely, if
not entirely, water soluble, and while they probably contain nitrogen,
they cannot be proteins, since the proteins of meat are tasteless:
further, that differences in flavour are dependent more upon
differences in occurrence of individual extractives than on the total
extractive material present.

Breed.

Toach species of animal has its own chavacteristic flavour and
odour of meat; gout flesh for example is particularly strong com-
pared with mution. Sheets (1934) states that in co-operative meat
experiments in U7.S.A. no differences in flavour have been detected
between hreeds of a species.

Condition.

Foster and Miller (1933) find roastz slightly more pulati le the
fatter the animal.  Sheets (1934) states that thinly fleshed lambs and
tattle give the poorest flavoured meat.  Armsby (1917) wentions ot
with fattening there is a gain in the soluble nitrogenous extractives
of musele, which points to an inerease in flavour.

Good flavour is commonly assoctated with good marbling (prime
conditions) and on the basis of Armshv’s findings is explained by the
increase of soluble extractives of muscle with fattening, for fat
in itself 1s relatively flavourless except where hrowning has caused
a high flavour by formation of sebacic acid. IHammond (1932 an the
other hand found no connection bhetween marbling and  avour
between muscles in the same animal, and states that while m=~bling
fat undoubtedly influences the eating qualities of meat, it es so
more by the effect 1t has on smoothness of eating 1an on the Havour.
While this is undoubtedly true, it is likely that in the most uwsed
muslees the relative marbling is less, and the flavour highest hecause
of the darker colour, and althoueh TTammond's correlation is not
negative, the very weak positive correlation may be caused by this
factor.  Tn short, marbling, while not directly influencing flavour,
mayv he assoctated with it by a coincident increase of marbling and
soluble nitrogenous muscle extractives with rising condition.

Adge.

It is agreed that fluvour increases with age (Hammond, 1932:
Leitghton ¢t ol 1918). Roasts from mature carcases scored higher in
aroma, colour, flavour and juiciness than roasts from immature car-
cases ,Foster, 1928: Towa An. Rept., 1929). Hammond (1932) found
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a correlation between high flavour and dark colour in muscle, and
Lehmann (1904) a higher extractive content in red muscles than in
white muscles, stating that the former have the most pronounced
flavour. In the same way veal is relatively tasteless compared with
mature beef.

Sex.

Authorities agree that the meat of the uncastrated male 1s
stronger and less pleasant in flavour than meat from steers or wethers
(Hammond, 1932; Leighton et al., 1910), and that gener
there 1s no difference in flavour between steer and heifer beef (Foster
et al., 1933; Trowbridge et al., 1932; Hankins, 1932; Helser et al.,
1932; 1. An. Rept., 1927-28).

Feeding.

In pigs it is known that a fishy taste may he Imparted to the
meat if more than 5 per cent. of fishmeal is fed in the ration up to
the time of killing. Tainting is believed to be largely due to
rancidity of the fish oil rather than the amount fed. although with
an ad hb. supply of fresh fish tainting is observed (De Iisle, 1930).
In cattle, Sheetz (1934) states that the nature of the feed has mno
influence on the flavour of the meat. On the other hand, mutton
grazed on the aromatic bush of the South African Karroo. seems to
have a better flavour than meat raised in the grass areas.

Storage.

The efficiency of storage may influence the flavour of me: to a
considerable extent, not so much by improving the flavour ot rresh
meat, but by preventing bad flavours introduced by breakdown
products resulting from attack by micro-organisms. Movan and Smith
(1929) find no improvement in the flavour of meat after ripening or
storage, and state that as no chemical changes occur in the meat,
flavour is not altered. Hall and Kmmett (1912) on the other hand
claim that flavour is improved during ripening to some extent by an
increase in organic extractives. Up to 30 days hanging autolysis or
breakdown of the proteins by intrinsic ferments, does mnot occur
(Moran et al., 1929), but meat stored for 180 days gradually under-
went a change in flavour by this reaction, which resulted in a stale
flavour rather than improvement ( »vagland et al., 1917). But
perhaps the most important factor enhancing flavour during ripening
1s the attack of putrefactive micro-organisms in 1its ingipient stages.
The flavour increases progressively, until meat becomes ‘‘ high ”’
after which 1t is inedible. Temperature probably has a cons1derab‘“
influence on development of this type ~f flavour, as bacteria wi
flourish best at higher temperatures. | commercial refrigerators
however, where a relatively low temperature i1s necessary to prevent
drying out of the carcase, it seems that meat will have but little
chance to improve in flavour. In tests by Lampitt and Moran (1933)
rapidly frozen meat had a somewhat better flavour on cooking than
similar cuts slowly frozen.
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Storage does nothing to improve flavour of fat, but 1s extremely
important in preventing rancidification, the slightest suspicion of
which is universally unpopular. Rancidification occurs as a result
of the action of enzymes, moulds and bacteria, and by oxidation with
atmospheric oxygen. The general effect is a breakdown of the fat
molecule with the formation of fatty acids, while simultaneously an
oxidative change takes place, encouraged by the free acidity, which
results in the formation of substances of disagreeable flavour and
odour (Moran et al., 1929). T.ee (1931) has shown that oxidation
and acidification of mutton fat held for 7 months at - 5° C. and 3
days at 12° (., was very slight and not sufficient to affect palata-
bility, provided it was not exposed to strong light, which hastens
oxidation. Mould growth was prevented at - 10° C. and growth at
- 5% (. was insufficient to influence flavour deleteriously. Drying
off of the fat surface of heef assists its keeping qualities (Lea, 19
Over a period of about 40 days at — 1-6° C. followed by 4 days hang-
ing at 10° C., no rancidification occurs provided the fat is not unduly
exposed to strong light. Moran, (1934} finds that frozen mutton
and beef may be kept sweet for 18 months.

In rancidification two flavours are distinguishable, firstly a
tallowy flavour c¢au 1 by oxidation, and secondly and more
important, a bitter or _.aeesy taint which is most frequently found in
the region of the brisket fat. DBlood drains to these parts and 1s
readily attacked by micro-organisms which produce strongly flavoured
products, small r-antities of which are sufficient to send the fat
“off ’. Free ac ty in itself is unimportant in influencing favour
and 1s considered rather as an index to the activity of micro-
organisms (Lea, 1931). Whilst ultimate rancidification is inevitable
with prolonged storage, its onset can be delaved by storing the fat
at low temperatures by which means the rate of enzyme and chemical
action is diminished. Careful handling and clean storage minimise
attack by micro-organisms, while feeding for a firm fat reduces the
rate of oxidation and postpones rancidity.
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