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~EVER before in the history of the English meat eating public has 
there been such fastidiou s demand for meat as at th e present day, 
a demand whirh has made it in creasingly difficult for t he producer, 
wi th the livestock at his command, to put before the consuming 
public exactly that artide which they desire. The chief alteration s 
in public t aste have been the growing demand for smaller , lighter, 
and less fat joints . In bygone years heavy super-fa tted animals 
were r eadily sold , but with smaller families, altered economic concli­
tions and a higher standar d of living, the publie taste now, in lieu 
of t he large fat joint, demands the lighter, leaner article. 

To accentuate further the demand for sm all joints is the fact 
that the English public dislike col d m eat, although during the 
summer months they will put up with it to some exten t when sala <l ,; 
a re available . Changes · in economic conditions h ave sharply 
influenced the taste for fat, that is, the improvement of maehin ery 
and mech anisation of l abour has eut down t he amount of hard work 
done by the labourer p er unit of production , with the r esult that 
he now needs less calories to supply hi s clay's energy expen ditur e 
than he form erly did ; h e loses the sh arpness of his appetit e aw1 
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turns first and foremost against heaYily fatted meats . This is well 
illustrated by the type of mea t demanded in the eoal-mining areas 
of the English Midlands wher e fat is still much relished and a 
rasher of bacon with a t wo-inch layer of fat is called for ; this as 
compared with the London factory worker , the skilled labourer who 
expends comparatively little eneTgy in the cour~e of the day's work 
m anipulating machinery, and who in eonsequence abhors more fat 
on his meat than is necessary for it to coo k to adnmtage. (Fat 
should no t be reducerl beyond this point. ) As regards the standanl 
of living of the working classes, it h as gone up considerably sin ce 
the war , and with improYed transport people are to-clay able to enjoy 
th e best from all parts of the ''"orlcl. K een competition has set 
prices \Yi thin the range of the labourrr and m o,;tly hr wants onl~' 
the best of those simpler foods neces,;ary to his ,,·ell-bei ng . 

The stanclard set by the " white heifer i hat travelled" , an 
extremely fat and heavy beast, is no more, and instead of growing 
out and fattening his stock to great proportions, age being no limiting 
factor , the proclucer is now faced with the probl em of r educing th e 
selling weight of his animals while at the same time maintaining 
proportions of muscle, tnt ancl bone in th e c·mTa~e, which judged 
by the butchers ' requirements c;an hut remain an icleal; for the trade 
seeks a framework of bone so light on which to hang a Yast quantity 
of meat , that from work done on growth th ei r ideal would appear to 
be a biological impossibility. Tremenclous ~hides have, however, 
been made in animal breeding to suit t he prrsen t clay demands and 
as examples can be quoted sh eep like the Southdown and cattle like 
the Aberdeen Ann·us, which with the righ t managemen t and feeding 
approach very elosely to the bu tch ers' ideal. 

The clrastic changes in public taste cannot be illustrated hom 
the figures at our disposal , but some indi cation can be obtained from 
Tables I and II which , although covering the comparativel)· short 
space of thirteen years (1921-1933) point to the d irection in which 
public taste has altered. 

In 1840-1842 Sou thdown sheep 21 months old had a car case 
weigh t of 122·6 lb., from 1893-1913 th ey averaged 90·8 lb. , " ·hile 
killing fat changed from 17· 5 lb . to 7· 8 lb . (Hammond, 1921) : 
Southdowns of the sam e age, from ] 921-1932 aver aged 11·8 lb. 

::'lfoulton (1929) has given a compreh ensive survey of the control 
of quality in ment. from the Yie\\·poin t of th e IUP<lt paeker. H e C'on ­
siders problems of meut storage, m eat spoilage, t he curing of meats, 
sausage making, and th e treatment o{ the various by-products which 
play su ch an important part in abattoir economy. Hammond (1920 
and 1932) published papers on the r elative growth and deYelopmen t 
of various breeds and crosses of cattle an<l sheep , in which h e con­
sider ed th e influeuce of breed, age, early mat urit;\;, and rross-breecling 
on the killing proportions of the earcase. ThP sc·ope of his analysis 
was limited by available dn ta which clealt only with the liYe weigh t 
of t he animal , the c·;nTase weight, combined caul and g ut fat , pluck, 
skin and digestive tract. H e states t hat, " i.here still remains 
another point of great impmta nC"e in estimating the most economical 
breed for th e production of meat, i. e., the proportion of bone, fat 
and meat in the ca rcase. '' Hitherto the science of animal nutrition 
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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 _physiologieal, anatomical and praetical points of view, worhng 
backwards from the end product-meat, and studying the conditions 
or factors which affeet its formation. MacKenzie and Marshall 
(1917) pointed out that very little was known as to the exact points 
which differentiate the mutton animal from the wool type. Wood 
and Newman (1928) analysed bee£ carcases of various ages and states 
of fatness in order to determine the percentages of protein, fat and 
bone in various joints. Such an analysis is interesting hom 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 up to date has y ielded m11ch 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 cm·cases. \Vith bacon pigs Murray (1934) has tackled 
the problem from the standpoint of fat and muscle measurements. 

'fhe primary object of this investigation is to determine the 
most desirable physical proportions of muscle , fat and bone in mutton, 
and, as far as possible, in bee£, and to trace the factors which 
influence them. For the sake of eompleteness further faetors 
affecting the quality of a carcase will be briefly surveyed in the 
section on beef. 

MUTTON. 

The eating quality of a (;arcase refers to the effect of the fat 
and meat juiees, when eooked , on the normal palate . It includes 
both tenderness and flavour. Quality can be judged to a large 
extent by visible charaeteristics sueh as the condition of the bone 
(pinkness and softness of the break joint signify youth) , the eo lour 
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 
carease weight which are actually the ehief determinants of the 
sales value of a carease. Because of the strong influenee of propor­
tions on em·ease quality, and because in mutton the other factors 
are relatively unimportant, this section will be confined to the 
influenee of proportions as affected by weight, age and breed, with 
a sub-section on marbling, and a proposed scale of points for judging 
sheep carcases by measurement. 

MATERIAL AND METHODS. 

Certain measurements of mutton carcases taken at the Smith­
field Fatstock Show for the 12 years 1921 to 1932 inclusive, have 
been analysed. \\' here possible statistical methods have been 
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employed . The breed, age and weight of eaeh earen~e is reconled. 
The carcases are cut through at the level of the last nb, so that the 
proportions of muscle, fat and bone can be seen by the j11clge a~d 
buyer. The following measurements of muscle and fat as seen m 
this cross-section, and the length of the cannon bone (meta cm·pal) 
have been taken (see accompanying figure J). All linear m easure­
ments have been recorded in millimetr es. Marbling (int ra-museula r 
f.1t) has been judged by eye; 1 equals most marbling. 5 equals least. 

A = Length of Eye-muscle (L ongissimus d01·s·i ) . 

B = Depth of Eye-muscle. 
C = Thickness of Backfat over the deepest part of the eye­

muscle . 
D Thickness of Backfat over the Spinal Process. 
X 'l'hickuess of Muscular layer (mixed wi th fat) over i he 

Ribs. 
Y Thickness of the Fat layer over X. 
Cannon = Length of the fore cannonbone taken from the cleft 

in the knuckle of t he distal end to the extremity of 
the proximal end. 

Weight = Weight in pounds of the dressed carcase after the 
under mentioned parts have been removed. An 
allmvance is made for the weight of the head ancl t he 
feet on the carcase-6 lb. for carcases weighing under 
64 lb ., 7 lb . for car cases weighing between 64 ancl 80 
lb., and 8 lb. for carcases weighing over 80 lb.­
and this has been deducted from the weight of the 
car case by the officials of the show. 

M = Marbling. 

Measurements of X , Y and Cannon are only a ,-ail able from 
1925 onwards, M from 1922 onwards. 

'l'he carcases are exhibited in age classes (approximately !:J 
months and 21 months old) , and within each age class they are sub­
divided into Longwoolled and Mountain breeds, Shortwoolled breeds 
and Crossbreds. Only the breeds and crosses represented by six or 
more individuals for t he A , B, C and D measurements have been 
averaged out. The average for each measurement in a breed has 
been found, and in those with a relatively large number of exhibits 

the Standard Error and Coefficient of Variation (SE + 1 OO) for each 
mean 

average has been calculated. In those breeds wh ere relatively large 
numbers were exhibited at both ages, the P ercentage Incr ease in 
measurement from 9 to 21 months has been worked Dut a nd the 
significance of the differences between the measurements expressed 
b:v P , taking- as significant the 5 per cent. point , that is t he poiut at 
11·hich the differen ce will occur once in twenty times by chance. 

In order t o see how measurements changed with increasing 
weight at one age, t he animals in those breeds containing sufficient 
representatives were classed into weight classes (by 10 lb. groups-
30-39, 40-49 lb . , etc.) and averaged . 
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Linear Regression Coefficients were w·orked out at each age to 
determine the r ate of increase in each m easurement per unit in crease 
in carcase weight. For 9 months and 21 months, Southdown, B lack­
faced ) fountain, ·w elsh )Ioun tain and Cheviot were calculated . 
Suffolk and H ampshire were calculated for 9 months only, for they 
had too few individuals in the 21 month s' class . 

FIG. 1. 

MEASUREMENTS 

y 

1 GOOD i 

Right proportion of fat. 
11 Eye-muscle'1 deep. 

Too fat. 

Aver ages, t h eir error and their signi fie an ce Lave he en " ·orke!l 
ou t for the tota l of weight classes eommon to both ages for South­
clown, an d lumped Blnekfaeed and vVelsh breeds. 
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F urther, in order to ascertain the signifiean<:e of differences 
between any two breeds a t one age, th e significance of differen ces 
between all breeds for which the aYerages has been tested statistically, 
were calculated. 

In order to find how one m easurement varied in relation to the 
other, r a tios between various 1neas1uemen ts " ·ere calcu lated for 
weigh t class aYerages and for t he general aYerages of each breed. 

W inners, 1st, 2nd a nd 3nl P rize, h:ne been dealt with separately, 
averages being obtained for all the wiuner s (1933 included) in each 
breed at the t wo ages, and the a ,·erages for all breeds lunq>f'<l and 
divided into weig ht classes. 

In addition to a study of t hese measurements, fads and opinions 
have been collected f rom retail bu tchers and meat salesmen t h rough 
conversat ions and demonstrations in 1 .on don , Ri rmingham, Peter­
borough, Cambridge, etc. 

I.- Quality as Affected by the Proportions of Muscle, Fat 
and Bone in the Carcase. 

I NTIW D u CTlOX. 

T he proportious of muscle, fat arHl bone in a mutton ca1·case 
a re the chief factor determining its value. In outwanl appearance 
the carcase should com ·es· t h e i mpression of being a solid block of 
meat wi th fa t di,;t ributed eYenly oYer t he body. A ca.rease short in 
the leg, broad as seen fro1n the top, back and front, long in the 
body, with a sufficient coYering of fat, rlemands t he highest priee. 
The h indquarters should haYe meat bulgin g on all sides of th e leg 
down to the hock join t , "·hen• a sharp inward curve n arrows the leg 
<lo1vn to continue on a short· light shank . Spencer (1927) has 
reported t ha t in better qualit y ca rcases the ein:umference of the leg 
is proportionally g reater t han t he lengt h . 'l'he c1·otch f rom thP hod, 
join ts up should form a broad shallow U. L egginess and a sm all 
proportion of meat ou th e leg is often <le rJOted by a long JUHTow Y 
(see figu re, p . 428) . T he length of the shank is correlate<l with the 
length of the cannonbone (H ammond 1932), so t hat as a mearmre of 
this the cannonbone h as been measured and in re lation to t he musele 
measurem en ts g ives a relatiYe pictu re of the shanks. A hroarl, long 
back with a good spr ing of r ib rlenotes the possibility of a gooclloin. 
The back par t of the an imal <:onta ins the most expensive cuts, anrl 
t he fron t quarter containing the less valuable parts shoul<l he light 
in accordance. Since the neck form;; one of the ch eapest euts , the 
shorter anrl ligh ter it is , t he better . 

Butch ers in buyin g carcases look to cer tain parts for au indica­
t ion of carcase value. In mutton a good t h ick forearm is considered 
to be an indication of heavy fleshing in the rest of the carcase, while 
the white irregular streakfl (" macker el marking ") radiating over 
the back vertically to t he directio n of the spine and down it, are 
looked upon as signs of " fi nish ,. m· sufficient fat co,·ering on the 
carcase. 
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But outward proportions are but uncertain indications of the 
value of the carcase as regards proportion of fat to muscle, as 
evidenced in carcase competitions, where an ideal outward 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 
superabundanee of fat. K o eriterion in judging has yet been found 
whereby the proportions of fat and musele in a cross-section of the 
loin ean he determined from external appearance. It is only when 
the carcase is cut through that we can ma],e a study of the proportions 
of muscle and fat in it. 

Carcase competitions at shows allow the public taste to be con­
veyed into figures. Butcher 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 to 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 i s 
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 it an unfinished , unattractive appearance and influences 
cooking detrimentally 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 
eertain weight-eontrollecl limits ''ihich will be diseussed later, the 
more do the public like it. Bone which represents direct waste is an 
all-round losil, and the cry is for a very light-honed carcase. Bone 
weight may be to a certain extent camouflaged by a shortening and 
thickening of the bone as has been clone in the case of the Southdown 
breed (Hammond 1902) . Although there may he no actual loss iu 
weight of a particular bone, the shortening and thickening brings 
with it a shortening and thickening of the muscle covering. 1'his 
produces, as in the ease 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 figure, p. 428). \Vaste from the extremity 
of the joint iR reduced, that is there is less shank. In addition to 
shorteniug the bone it is also possible to refine it to some extent as 
has been done with the Aberdeen Angus beef cattle; hut too much 
lightening tends to bring with it a r edu ction 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, is preferable to reducing 
the weigh t of bone in a carcase by making the bones thinner. Actually 
then it is rather the long bone, than the somewhat heavy bone that is 
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 valuP 
on the wholesale meat markets. The ideal proportions of a mutton 
earcase weighing about !):) lb. are given on page ;398. 
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How weight, age and breed play a part in determining· the 
quality of a carcase will be shown in the following. 

1. PnoPORTIONS OF M uscr,E, FAT AND BosE IX R ELATION ;ro vVEIGHT 

0 .1:' CAlWASE. 

A light carease is in greater demand than a heavy one, and the 
extent to whieh weight makes a differenee to price depends upon t he 
market at the time of se lling (Hammond and Murray, 1934). 
Butchers on the Central Meat Markets of London consider nothing 
too light and lightne;;s is often obtained at the expense of finish. 
But t he unfinish ed careases sell, and at a comparati...-ely high price, 
for t he consumer wants the small three-pound leg. This accounts for 
the ready sale of 28-30 lb. lamb carcases where . some lack of finish 
is conceded for the sake of lightness. A sm all advan ce in weight 
beyond 30 lb. brings with it a definite demand for cou ect finish. 
At the other end of the weight scale the danger of surplus tat com­
bined wit h the heavier weig h t of earcase brings down the price in 
most breeds. '\Vhen we consider that unnecessary fat is put on in 
±he animal at considerable expen se, especially at the younger ages , 
and that this extra fat in addition to its eost of production brings 
down the selling priee, we find that i t is important to determine the 
weight ranges at which careases of various breeds attain such pro­
portions as ensure a ready sale. 

Table III gives a number of breeds which h ave been divided up 
iuto the weight classes for each age, the m easurements for each 
weight class being averaged out. Owing to the limited number of 
ear·cases in many of t he weigh t classes, t he averages, espeeially at 
the lighter and heavier weights, are not trustworthy :md make it 
difficult to determine the actual cun-e of t he increase. As breeds 
differ in maturity and size (weight) at th e same age, they will be 
discussed separately for each measurement, but before doing so 
there are some general trends \Yorthy of note . Diagram I a-g shows 
for each breed at 9 months old the m ea t>urement increase with increase 
in weight. In general all m easu1ements inerease with carease- weight 
increase, t he slope being continued by the h eavier breeds where th e 
)ighter 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 inheren t length of hone (at the same weight) t han 
th ey do in proportions of muscle and fat . The extent of differenres 
varies considerably for the measurement taken , but in each breed the 
tendency on the rvhole, particularly for the muscle and fat measure­
ments, is a fairly steady and fa irly linear increase of measurement 
with increase in weight. 

The A measurement (length of eye-mu scle) shows con siderable 
breed :fluctuation, there being at t he same weight considerable 
differences in measurement be tween the breeds . The rate of increase 
is, however , fairly constant irrespective of breed, and runs throug·h 
evenly from the lighter cl aRses in the smaller breeds to the h eavier 
classes in the larger breeds. 

The B measurement (depth of eye-muscle) shows this to a still 
gTeater extent. Initial differences are evident, as for example 
between Southdown and Blackfaced in the initial weight class of 
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30-38 lb . ; but in increasing there is little difference in actual amount 
of increase (millimetres) per unit increase in weight, and the graph 
lines run 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 inerease . 'l'hree reasons for weight 
fluctuations within a breed present themseves, firstly, differences in 
feeding and m anagement, 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 
measmement 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 D measurement (fat over the spine) are steady, 
but a great scatter is caused by very marked breed differences which 
will be discussed subsequently. 

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

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

'l'he cannonbone shows a vety variable measurement with increase 
in carcase weight. 'l'his indicates that the amount o£ bone growth 
is not one of the chief weight determining factors at one age, 
although bone to a certain extent affords the framework onto wh1ch 
the animal 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 in the lightest weight class. 

In Diagram II a and b the rates o£ 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 m easurement at the weigh t embracing the largest 
number of individuals. In order to show the amount of increase of 
the Yarious tissues in such a way as to compare their rates of increase, 
a standard of comparison is necessary and the average measurements 
of the weight class containing most individuals, being nearer the 
general mean than any other measurements, offer a good basis of 
comparison. 'l'he measurements in orcler of ascencling- rate of 
increase at 9 months are Cannon , A, B, X, Y , D and C. 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 ancl 21 months C, D and Y are closely gronped 
for the lighter carcase weights, diverging at the higher weights to 
make the fat region over the eye-muscle (C) one of the chief plaees 
of fat output in the Southdown. 

'fhe point which we wish to emphasize at this stage is the 
important role that fat plays in inereasing· the weight of the carease 
at any one age (from 9 months on) . 
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(a) increase of Muscle, Fat arnd Bone of the ll"i nne1'S CO?n·]JaTed with 
· lncTeases of the Breeds at the Same Age. 

To determine what id eal proportions are and to find the prin­
ciples governing the judging of carcases, the winners ('I'able IV) 
were grouped into weight classes similar to the breeds (Table III) 
and compared with the breeds to see where t he faults come in which 
bring down the value of the earcase when weight is a dded. 

9 iVfonths. A.-In the winners with increase in weight, muscle 
increases steadily from 55 · 5 mm. to 64 mm. (only weigh t dasses 
40-49 lb. to 70-79 lb. are taken for Winne1·s, since 30-39 lb . and 
80-89 lb. are too poorly represented to give reliable averages). The 
general tendency for the Breeds is also to increase with increase in 
weight. 

B.- Both in Breeds a nd iu .. Winners n rises steadily with weight 
Increase. Thus the more muscle growth the better . 

C .- In the vVinner s in the 40-49 lb. class C, wi th a mea ~mremeut 
of 6·2 mm., is considerably lower t han in the 50-59 lb. class where 
it jumps to 8·2 mm . From her e onwards C keeps almost constan t. 
with a rise of only 0·6 mm. in 20 lb . carcase-weight increase. 'l'his 
indicates that fat is au absolute measurement with an optimum 
development of abou t 8 · 5 nun. Comparing this with au aYerage 
measurement of 7 ·9 null. for t he Champions (see T able II), t he 
figure 8 mm. seems to be the correct ideal. But with the years a 
chauge has come about anu t he taste fo r fat as ind i~_;ate!l by the 
Champions has eh a nged (see '!'able II), so that taking- th e aYerag-r 
of the l ast five years we ha Ye an average of 6 · G mm. as r:mu pared 
e.g. with a general average for Southdown at that \\·eight ( ±•->') lh .) 
of 9 · 8 mm. This t hen would constitu te the optimum depth of fat 
eove1ing over the eye-muscle, \Yhile a dep th of 9 nnn . may he con ­
sidered the maximum amount permissible for a readily saleable 
carease. The small differenl'e in actual depth of fat lll a de b.\· auout 
1· 5 mm. seems very small indeed , but that much incrense in fat 
depth is readily noticeable by eye; and it must be remembered that 
1 · 0 1n 111. of fat spread over the fa t-coYer ed area of the (·:u crtse is 
suffi.!"ient to make a considerable differenee, not only to thr weig-ht 
of the carcase, hu t to the weight of t he waste fat on it. In the 
Breeds, C rises rapidly with we-igh t increase. 

In a report issued by the .Ministry of Agriculture (1931) it is 
stated that t inch (ca. 13 mm .) of fnt over the eye-muscle is suffi cien t 
for to-day's r equirements, but t ha t in som e classes of th e trade even 
less is preferred. Our fig ures sh ow that in th e L ondon trade consi­
derably l ess finish is preferred, which is very for tunate for t he 
producer who finds i t difficult to fatten ch eaply . 

D.- In the '\Tinners, D rises up to the 60-69 lb . class and t he11 
drops slight ly . D is a measuremen t varying very mueh with brerd 
and t he drop at the h igher weigh ts of the vYinners is clue to th e bet 
t hat in the 70-79 lb. elass there are no Soutlu lowns, a breed with a 
very deep D measurement . That D is not an absolute fat m easure­
ment, a nd that it may vary independ entl.v of the ab~olu te fat m easure­
ment at C without damaging the carcase, is eviden t. D in t he 
Breeds increases regularly. 
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X .- In the vVinners, X increases on the whole except for an 
unexplainable drop in the 50-59 lb. class. X in the Breeds a lso 
increases regularly. 

Y.-In the vVinners, 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 r apidly 
throughout and the measurements of the \;v~inners indicate that Y 
from the 55 lb. measurement onwards may be considered as absolute 
with an optimum depth of about 14 mm. The Champions vary from 
10 mm. to 18 mrn. with an average of 15 mm. for animals falling in 
the weight class 50-59 lb. In Champions, however, that i ;;; in a 
single ('Hrcase, on e unfavourable point may be coun terbalan ced and 
outweighed by other good points so that the figure for any single 
good nnimal, even a champion, is not as accurate a criterion of the 
less important measurements of a carcase ns the averages obtained 
from a series of good ca1cases. 

Cannon .-The cannonbone in the vVinners increases with 
intrease in carcase weight, jumping up from 55 to 65 lb. a:s the 
average is more strongly infiuenced by t he longer legge<l breeds in 
the heavier ·weight clas8es (see Table IX). Also for the breeds 
there is a tendency for length increase with weigh t increase, but it 
is not so regular sin ce at the higher weigh ts it is not necessarily a 
big-framed carcase that carries the weight, for often weight is due 
more to fat than anything else, wh ereas in the winners weight is 
very largely due to muscular development. 

21 Jf onths. A .- In the Winners there is a steady increase of 
measurement with weight increase; not so in the Breeds where con­
siderable fiuetuations occur. From one extreme to the other there . 
is an increase, but from class to claf's m any breeds, for example, 
Southdown and Blackfaeed, two of the best rep resen ted breeds, sh ow 
a drop after increasing to a certain weight instead of the regular 
rise mostly encountered at 9 months. This is because the length of 
t h e muscle matures early ; consequently at 21 m onths muscle growth 
h aving almost stopped fat goes to make up the weight. 'l'he 
phenomenon of an actual decrease in measurement in some high er 
weight classes may be caused by t he fact that " ·here the muscle 
growth of the animal is stunted in its in itial 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 th e animal to pack on fat very r apidly 
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 h ave 
been fed and managed most incorrectly. 

B.- In the Southdown, an early maturing breed, the same 
phenomenon of a falling measurement with increased weight is parti­
cularly marked, the m easuremen t increasing from 55 to 75 lb. and 
thence falling to 95 lb. In the late maturing Welsh and Blackface<l 
there is a constant rise, for the depth of th e eye-muscle is a later 
maturing dimension than th e length, and where th e early maturing 
Southdown h as already ceased muscular growth both at A and B , the 
later maturing \Velsh and Blackfaced breeds , although h aving 
matured for A, are still g rowing at n. In the \Vinners there is a 
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consistent increase; in these, as opposed to the Breeds when the 
weight increase is chiefly by fat , ·weight is added more by an increase 
in muscular development and bone. 

C.-As opposed t o fat increase in the Breeds which in the <.;ase 
of Southdown for example, is extr emely rapid, t h e fat increase in 
t he \ Vinners having risen to 9·4 mm. in the 60-69 lb. C'lass, takes 
20 lb. to increase to 10.6 mm., an increment of 1·2 mm ., while for 
the sam e weight increase in the SouthdO\Yn i t rises 6 · 8 Jlllll. , and 
for Blacldaced for 20 lb. (55-75 lb. ) it rises 3·3 nm1. Fat thus 
r eaches its maximum sales-boundary at 21 months at about 11 mm. 

D.- In both Winners and Breeds D inneases constantly. 

_\:. - In the Winners X is variable and is probably influenced by 
breed. In the Breeds it rises constantly with -weight increase. 

r.- This measurement Increases constantly, n s1ng in the 
\Vinners from 55 to 85 lb . bY 5 · 5 mm . This inliiC'a tes that Y is not 
so important in determining· car case quality as C which i s kept 
nearly constant with weigh t innease . In the Breeds, however , t h e 
inc1·ease in the early maturing breeds is Yery much greater, t h e 
Sonthdo'l'm incr easing 12 ·2 mm . oYer the same weight range. The 
later maturing Ch eviot incr eases only 5 ·8 mm . and the \Yelsh 6·5 
mm. The greatest ac·tual depth of fat is added at Y " ·ith weig h t 
innease ail evidenC'ed by the Breech; , but whether Y actuall)· shmn; 
a greater percentage inerea se than the other fat mea surements "·ill 
be investigated later. 

Camwn.- }Iostly the ca nnonhon e r ises iu the Jh-eeds \l·ith wt>ight 
increase. In th e Winnen; there is a peC'uliar d10p from 50-59 lb. t o 

· 60-69 lh . accounted for probably by the distribntion of the " ·inning 
breech oYer the weig h t clasRes (see Table IX) . The short-leggecl 
SouthclmYn has a stronger influen ct> in the 60-fi9 lb. cla ss t l1 an in 
the 50-59 lh. class. 

( l1) Th e J~elat·ion of jJ;J ens1nements to one anoth er 71"/th lnr·rN!se in 
('a rrn s e--we I.IJ lt t. 

In mder to a,;certain to what extent the p1·oportion~ of musde. fat 
and hone change in relation to cn e anoth er with increase in weig-h t, 
a series of ratios have been C'al culatecl fm th e weig ht d asses of tlw 
\Yinners (Table V a- e) anrl a <;eries fm· the \Yeigllt da fises nf t he 
Breeds (Ta bile VI n - p) . 

Ratio~ x 100 (a): This :~;aho for the Breeds is no ('riteri on of '"hat 

ihe proportion of fat to muscle should be, for a h eavy f.1 t coYering 
oYer a deep eye-muscle ntigh t giYe the same proportion aR a thin fat 
covering over a sh al low eye-muscle. N eYerth eless sin('2 a.t each 
weight \l·e h ave a fair average for tha t weig-ht, a nd a~ the m rasure­
m ents mostly inerease, especially a t 9 months , a goocl idea of the 
r elative rate of inerea:;e is obtained. 

9 Months.-In all breed~ there is a considerable increase, ranging 
from 23 · 2 in the rapidly fattenin g Southdown to 8 · 6 in th e late 
maturing Hlackface1l. From 50-59 lb. to 70-79 lb. the ratio of t h e 
\Vinners keeps r em arkably constan t at about 2-! · 0. 
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21 L11 onths .- There is more of an increase in the 'liTinners here 
than at 9 months, bnt as compared with the fat increase of the Breeds 
it is still small, amounting to 1 · 2 from 60-69 lb. to 80-89 lb., where­
as for t he same weight increase the Southclo"·n ratio rises 17 · G and 
th e comparatively leun Cheviot 3 · 7. 

R . C + D + y 100 (l ) Th. 
atw A + B- x ' : ~"' ratio combines all pure fat 

giYes an idea of t he 1·atio of and lean measurements, and where B 

l . f 1 C + D + y . 1· h t 1e most nnportunt o t 1ese meusurements, Inc .<cates o"· 

the total fat to lean changes. 

9 illonths.-In the ·winners the increase is by uo means regular 
although in general showing an upward tendency. This is clue to 
breed distribution in the weight rlaRses, the higl1 er proportions at 
55 and 65 lb. being cuused by t he predominating influence of South­
clown \Yith its henYY D measm·ement. Ho\,·Pver the in crease from 45 
to 75 lb. of 4·1 is ·small as co1nparerl with 22·9 for ~outhdmvn and 
12 · [J for Bluckfaceil for the sume weight increment, anrl is a further 
demonstration o£ the necessity of keeping clown the fat proportion. 

\Yith i the " ·inner ratio rPmaine<l constant, an<l the increase l1erp 

shows that D antl Y are not paitl so much attention to as C in 
awanling prizes. 

21 .lfonths.-He1·e both t he Breeds and \Vinners show u more rapid 
increase in the propmtion of fut to muscle tha n at 9 month s . vViu­
ners increase 9 · 0 whi.le for the Breeds the extremes of incre::tse for 
a fat and a lean breed was 31·1 for South down and 10 · 4 for Chevi.ot. 

Uatio! x 100 (f·): 'J'bis rnt io ill(lir-ates the wuy and shupe in which 

the eye-muscle cleYelops. 

9 illonths. - h the \\' inners there is no significant increase, R fixed 
proportion or romHluess o£ eye-llluscle bei11g eY idently th e clesirerl 
thing. But in all the Bree<ls except Hampshire and K ent there is 
au increase, the nmount of increase differing '"ith breed . '!'hi s means 
that the animals in the higher '"e igl1t classes are better grown and 
that n is an important dimension in determining the Ya.1lue of the 
carcase since, except for 8outhdown, the ratio o£ the winners is 
throughout highe1· than that of the breeds. 

21 illonths.- 'l'he \\'inners increase from 55 to G5 lb . nnd thenc-e 
remain constant to 85 lb . The Breeds mostly i11crease up to a point 
" ·hence a decrea se in the hig-her weig-hts is due to weight added b:v 
fat rather than muscle. 

\Vith the increase in \Yeig·ht B in creases more rapirll:v tha n A. 
Increase in weight is due to thicker muscle, hut rhieB.y to mol'e fat . 
Heavier sheep muy be older, or more likely they have been better fed 
so that length growth A more rapidly approaches muturity, leaving 
most increase to depth grmdh B. Breed difference and rate of 
maturity are important in determining the ultimnte si:r,e und sh ape 
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of musc1le and the nature of the weight increase. In the early matur­
ing Southdown the Yalue of deeper muscle with weight increase is 
nullified by the output of excessive fat; Blackfaced, \\T el.~h 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 South down and Blacldaced for example is 6 · 7; 
comparatively better growth by the BlacHaced (ilater maturing) U]J 
to 21 months reduces the difference at that age to 4·4. 

Improvement in muscle developmeut might to some extent be 
effected by feeding a higher percentage of protein in the ration when 
the animal is young, and making its most rapid muscular growtb. 
But for comm.ercial purposes it is questionable whether high protein 
feeding is of sufficient importance under existing conditions to justify 
tbe extra expense, for until some criterion is found whereby the 
depth of eye-muscle can be accurately judged in the uncut earcase, 
butchers will not be able to discriminate sufficiently between a good 
and a poor carcase (as regards muscle development) to make a differ­
ence in their buying price which will compensate the extra P-xpem;e 
in feeding . Those who do produce a first class article, however, wi:Jl 
find an expanding market for their product, while those who do not 
will encounter a poorer demand. 

Ratio ~ x 100 (d): This ratio gives the relative rlevelovment of 

the meat on the ribs (interspersed with fat) to the fat layer ovPr it. 

9 Jl!onths.-The breeds in general rlecline in ratio with increase 
in weight, that is Y has a proportionally g-reater increase than X. 
'rhe 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 J1 onths .-Here the vVinners and also most of the Breeds 
:show a constant decrease in ratio due to muscle gTowth subsiding and 
fat being chiefly responsible for weight increase. 

Ratio ~ + 100 (e). - This ratio shows how the fat over the ribs 

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

9 Months. - For the Winners, from 55 to 75 lb . the ratio remains 
practically constant, hut at 45 lb. 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 'veight classes within a breed, e.g. South­
down and Blackfaced (see Table III), and it is difficult at the age of 9 
months to determine whether Y or C is th,e faster developing m easure­
ment with increase in weight. 

21 Jl!onths.-The Breeds fluctuate as before, but the vVinners, 
except for a drop at 65 lb. rise consistently, showing that Y in creases 
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 general averages at thP two 
ages in the Breeds- Table VIe.) 
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Ratio AC + B x 100 (/).-This ratio indicates development of 
an non 

total muscle in relation to bone. Winners are left out in this rat io 
and the next, for great breed differences in length of bone influence 
the averages in the weig ht classes according to breed distri­
bution. Judges can select more strongly for good mu scular develop­
ment and correct fatness, which to some extent r eflect the feeders' 
science, than for shortness of bone which remain s unaltered by the 
differences in nutrition that cause radical differences in muscle and 
especially in fat development (Trow bridge, 1918) . 

9 Months.-In general the Breeds have a small but steady n se 
sho11·ing that muscle increases proportionally more th an bone. 

21 ivf onths .- 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 month;;; and at 21 months from 65 to 85 lb. it is 
1· {i. Blackfaced at 9 months from 35 to 55 lb . increases by 6 · 7 and 
at 21 months from 55 to 75 lb. by 4 · 3. 'l'his is explained by the fact 
that the frame of the animal is formed comparatively early in life . 
At 9 months muscle is growing more rapidly t han at 21 months, 
influences carcase-weight more and r aises the ratio more rapidly . 

Ratio 
0
° + y X I 00 (g ) .- 'l'his ratio shows the increases of fat 

an non 
m relation to bone increase. 

9 Months .-'l'he ratio goes up stearlily ,,-ith weig h t increase. 

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

(c) The R elat1:on lietu:een Q1wlity, ll'eight and Pn:ce . 

Hammond and ~Iurray (1934) iu making a study of the influence of 
carcase weight on prices, found that with an increase in weight th~ 
priee per stone (8 lb.) dropped for most breeds analysed (see aecom­
panying Figure 2 from Hammond and M:unay) . 

'l'he increase in weight is closely connected with an increase m 
the fat proport ions of the animal l see T able VI (b) J aud 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 
are difficulties preventing au accurate analysis of the one factor inde­
pendently of the other, the chief one being the very close connection 
between weight increase and fat inqease. It is possible, however, 
hy a consideration of th e various mea surements of the better r epre­
sented breeds at a certain weigh t in relation to t he price obtained at 
that weight, to determine the effect of quality on earease price. 
'('able VII affords a eomparison of the best represented breeds and the 
price per stone they m a de at a carcase weight of 65 lb. 

The highest and lowest prices were given for Cheviot and Welsh 
carcases respectively. T he Cheviot is longer and deeper in eye­
muscle than t he \Velsh, has an optimum propor t ion of fat and has 
somewh at shorter bone . Comparing the two fattest breeds, South­
down and \ Velsh , we find t l1 e Southdown making- a considerably 
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better price than the vV elsh, for althoug-h slightly shorter in eye­
muscle, i t has a much better depth, g-iving the desired roundness of 
muscle. Althoug-h somewhat fatter at C, it contains a little less fat 
at Y and is better at X ; but its g-reatest au vantag-e over the Welsh 
is the shortness of bone giving- a neat compact carcase. Comparing 
the Suffolk and Blackfaced which m ake about the same price, the 
Suffol k although better in the eye-muscle is a shade under-finished, 
poor at X and longer in the leg-. Proport ion s of muscle, fat and 
bone work together in varying degr ees of importance in determining 
the Yalue of a carcase. \iVith increasing weight C and Y are parti­
cularly important as will be shown later. 

FIG . 2. 

Pn:ces for Ccl'rcases of Different TVeights in Vario11s Breeds of S h eezJ. 
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Carcase weight- lb. 

Hammond and Murray in drawing up their vVeight-Price 'l'ables 
ig-nored the age classification owing to but small differences in price 
between 9 and 21 months' carcases of the same weight. If fat affects 
the quality of the car case, t h en this disregard of the ag-e fa<..:tor is 
further justified by a study o{ 'J'able VI (b) which shows how fat 
increases in relation to muscle with weight increase. So for example 
there is in South down an increase of 35 · 7 in r atio at 9 months and 
39 · 6 at 21 months for a weight incr ease of 40 lb. in each case, while 
at one weight (65 lb .) there is an age difference of only 8·4. (65 lb. 
was chosen because it contained a large n umber of r epresentatives at 
each ag-e.) Hammond and Murray found much greater differen ces 
in price due to weig-ht than to breed . Their findings are supported 
by our figures of fat increases with weigh t increase, fo1· breed 
differences are small as compared with wei g-h t differences. At the ag-e 
of 9 months th e maximum differen ce in ratio due to breed between 
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Southdown, BlacHaceJ, ~Welsh and Cheviot " ·as 16 · 2 at 55 lb . and 
21·8 at 65 lb., while difference in proportion of fat to lean due to 
weight increase wa::; in the South down 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 br·eed on the proportion of fat to lean is less important than th e 
influence of "·eight. 

That the proportion of fat increase in the carcase i::; closely 
correlated with price is seen from 'l'able VIII, where 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 u one per cen t. increase in ratio of fat to lean for the 
breeds, from the lightest weight to the highest weight sold. 

'rhe different prices obtain ed by breeds at the same weight and 
with weight inerease are readily explained on the basis of quality, 
All breeds, except Blackfaced, drop in price pPr stone with increase 
in weight (Hammond and )luna~·, 1934), and the reason for the eom­
paratively high and leYel price maintained by Blackfaced is that 
although increasing its proportion of fat to lean with weight increase, 
the increase is such that the ;~mount of fat remains within the taste­
limits of the public (except for the end weight which is somewhat 
high at C). At the commencement the Blaeldaced makes a lower 
price per stone than the light, well finished Southdown, <ming- to its 
lack of fat, but as the weigh t in creases the animal gets nearer the 
optimum proportions , and what is lost in prire due to weight increase 
(larger joints) i ::; g-ai11ed b:y the earcase obtaining the correct amount 
of finish at a he:wier weight . Tbe vVelsh at 9 mon ths !Table VI (b)'l 
haii Yery much th e same r)J'oportions of fat to lean as Blackfaced at 
9 months, but in the 21 months' \Velsh there is at the higher weig-hts 
a rapicl increase i11 tbP proportion of fat and it is r eflected in the 
price-\Yeight enJYe where the drop in price at. the heavier weights 
is rapid d11 e to t-hi;; exressiYe nclclition of fat. On the same argument 
the comparatiYel,Y high prices obtained for t he heavier Cheviot or 
Suffolk carcases r·tut be asrribecl to the fart that they maintain a 
comparati.Yely lo"· proportion of fat. Quality then, especially the 
amount of fat, SPems to play a very important part in determining 
the carcase prire. 

(d) Ca1·case W e1:ght. 

A study of the distribution of the prize-winning carcases in 
weight classes for breeds and in general (see Table IV) reveals a 
difference in the best prize-winning- carease weigh t between 9 and 21 
months' animals. )fost winners at 9 months fall in the f:>0-59 lb. class 
while at 21 months most are in the 60-69 and 70-79 lb. classes. 1t 
is certain that the higher weights are not more desirable than t he 
lighter weights, bnt as the majority of carcases shown at 21 month s 
are fairly heavy the scope of judges for selection of g-oocl careases 
from the lightPr weights is limitecl. 

Knowing now the weights at 9 months of the winners, and kno~w­
ing that the majority of winners fa ll within the 50-59 lb. class, it is 
possible from a consideration of the mrasurements at this weigh t to 
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fix " ·ith some eertainty (for the present-day taste) the proportions of 
the carcase, especially as regards fat, which the judges consider to be 
suited to demand. 'l'he proportions at 21 months are not taken into 
consideration, for as previously pointed ou t and as eYideneed by 
twelve out of thirteen champions being 9 months old (see Table II) , 
the 21 months' animal is not in general suited to the light-\Yeight 
fat-finicky trade of to-day, and seems to be in the Smithfield Show 
classes more as a heri_ta&·e from the. days \\'hen big fat sheep did 
literally and metaphoncally cany \Ye1ght. 

In the 9 months 50-59 lb. class in which most winners fall, the 
follo"·ing are the mea,;urements at the aYerage weight at 55·3 lb.:-

A 58· 1 n1 .m. D 13·7 111.111. 

n 33·9 111.111. X 10·5 ])1.111. 

() 8·2 lll.Jll. y 13·5 m.m. 

Cannon = 12fdl 111. m. 

In this series only the fat measurements C, and to a lesser 
extent Y, should be considered absolute. ln view however of the 
ehanging taste for fat iu favour of the lea ner carcase, C is better 
fixed at 7 m.n1. whi ch is just slightly belo"· the average for the years 
1928 to 1933; 9 m.m. will lllark the upper limit at which a rarcase 
is still readily solei. 1'he fflt measurement at D is subj ect to breed 
variation and is not important in iuflueneing- quality. 'l'he muscle 
measurements A and B haYe no upper hocl!ldaries and may be as 
large as can be obtained withi n the weight elass fixed by the fat 
measurement C. 'I'he measurement at X \Yhieh eonsists of musde 
and fat may develop within the "·eight class determined by C as 
mueh as it can, for it forms an edible part of the ehop. The 
cannonboue measurement marl<s thf' t heoretieal upper limit and any 
decrease in length is weleomed, hut sinee great breed differences 
exist the limit cannot be aereptecl as bincliu£ 

'l'he weights at which breeds a re best slaughtered, that is, the 
weights at which they attain the optimum proportion of fat in the 
earcase, will differ considerably aceordino· to breed · bnt e!'onomy 
as well as quality must play ~ part in rleterminino.' the slauo·hter 
weight best suited to the pocket of t he produeer. 1'h~ highe::;t prices 
per stone are paid for the lightest. earcases, up to a point, irrespective 
of finish; so Cheviot at a light weight hut unclernn ished condition 
mak~s a bett_er price than when corredly finished at a higher "·eigh t. 
Agam the hght but badly finished Blackfaeed at 35 lb.- make,; the 
same J?riee as the C'onectly finished Suffolk at 65 1~>. (see Fig. 2, p. 
396); lll the Blackfaced, lig-htness makes up for priee lost for poor 
finish, _in the. Suffolk correct finish balanees the tendency for priee to 
fall w1th we1ght. In two breeds with the same optimum finish at 
different weights, e.g. Southdowu and Suffolk, the lighter breed will 
generally make the best priee. "With finish the s::m1e at the same 
weights, breeds ntake approximately the sa me pric·e, e.g. Cheviot , 
Blackfacecl n nd Suffolk . 
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The weight at which a farmer sells his sheep will be largely 
dictated by the cost of production. In raising the weight of a sh eep 
he has more to sell but at a lower priee per stone . If production 
costs ar e low, t he extra weight may bring in more 1noney per h ead 
sold . Where production costs are high, t he Teverse may be tru e and 
t he producer may find it 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 reached where rarcases, produced under intensive 
farming condition s, a re paid for according to grade, will guide 
weights, which tell the farmer at what ·weight each breed h as reached 
its optimum proportions, be of value. 

The follow ing table presents the approximate weigh t in lb. at 
which carcases of some of the more wio elv exhibited breeds and 
crosses will, und er existing feecJing nH'th o;ls, attain the optimum 
hack-fat measurement (C' = 7 m.m. ) : 

B1·eed. 9 Months. 

Southdown........... . .. . . . . . . . . . . . . . . . . . . 40 

Kerry R ill. . . .. . . ...... . . . .. . ........... .. 50 

Welsh................. . .. .. . .. .... . ...... 50 

Black faced. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ;);) 

Cheviot.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ;);) 

Kent...... . . ....... . . . . . . . . . . . . . . . . . . . . . . ;);) 

Hampshire. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.") 

Suffolk. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6'3 
Southdown x Chev iot ........ . . ...... . ... . 4;) 

Suffolk X Cheviot .... ................. ... . 55 

( ) = Weights doubtful. 

21 Month s. 

50 

4;) 

50 

55 

(50) 

(60) 

Too fat and heavy to produce marketable carcases at t his age. 
? = No representatives. 

J 

'l'he weight at which breeds are fit to be marketed depends largely 
on the feeding a nd m anagement to which they are subjectecJ. The 9 
months' exhibit is " kept going " from birth, i .e . there is no store 
period; the 21 months' animal undergoes a store period and is subject 
to manipulation to suit i t as nearly as possible to market require­
ments. All breeds are suitable {or slaug htering at 9 months, Lut at 
21 months the large, early maturing breeds are not, becoming too 
fat and heavy. Improvement could <lou btless be effected by feeding 
the animal less after muscle has develope<.!. 

Hammond and Murray (1934) in finding the price-weight corre­
lation lumped th e 9 and 21 months' classes because they foun<.l little 
difference in th e price of car cases of t he same weight . Consequently 
carcases might as well compete in weight groups as in age groups. lf 
breeds competed in weight classes, by trial and error they would soon 
find th e weig-ht level at which t h eir proportions are suited to the traoe . 
At the light weights Southdown , for example, would beat t he un ­
finished Suffolk of the same weight, but at the h eavier weigh ts the 
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Suffolk would come into it:; O\Ytt und beat the Southdown with its 
heavy fat accumulation. Judging carcases, judges, in addtt.iou to a 
considerat ion of quality, are confronted with the problem of weight 
in making their decisions; but if carcases competed in weight classes 
they would be unhampered by weight considerations and would be 
free to pay attention entirely to quality, as defined by confonnatiou 
and propo1tions of muscle, fat and bone: a drawback of the weight 
elass system might be that breeders, finding a sphere in which their 
heavier stock could easily eompete, might lose the incentive to breed 
animals suited to the light-weight trade. It is to be hoped, h owever, 
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 \Yeight comhinecl wiih 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 mutton. 

For several years no\\· t he weight class system, instituted by 
Hammond of the Sehool of Agriculture, Cambridge, has worked 
perfectly for pork and baeon an<l there is no reason '"hy the system 
should not prove equally valuable for mutton. 

C onclv.s ions. 

l. Of the tissues, fat is the mo~i important facto r in determining 
the quality of a carcase . 'l'he back fat (C) and t he rib fat (Y) are 
the most important, with C the mOl'e important of the t"·o. Thic·k­
ness of fat over the spine (D) does not affect carcasP qualit)·. Of th e 
muscle measurements, the clepth of eye-muscle (B) is more importan t 
than the length (A) . A well muscled rib (X) is favoure<l. Long 
bone is detrimental to quality. 

2. At one age therP is little breed difference in the amount of 
muscle inrrease with increase in rarcase weig-ht. Fat increase is 
chiefly responsible for \\·eigh t innease al one ag-E', and most fat i s 
added on the ribs (Y), especially at 21 months. Kext to fat, musclE' 
has the greatest influence on weight , and hone the least. 

3. vVith increasing \\'eight at a uy one age the "'innillg- carcases 
add \\'eig-ht chiefly by muscle increase, and not by fat increase as do 
the individuals of the breerls '"hich are not "·inners. 

4. 'l'he optimum back fat thickness (C) is about 7 mm., an<l the 
maximum ensuring a reafly sale of the carcase is about 9 nuu. 

5. There is a dose conn ection between weight, fatness and price 
of carcase. 

G. Most breeds make top pnces at their lightest " ·eight, irrP­
spective of finish. \¥eight i s more important in determining- price 
in a light carcase than quality, while at higher weights qualit.v is 
more important. 
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7 . All breeds are capable of becoming too fat at 9 months old, 
the point at which the breed becomes over fat depending, apart from 
feed, on how rapidly it matures. 

8 . The influence of weigh t on the ratio of fat to lean in th e 
cm·case is g reater t han the influence of either breed or age. 

9. A t shows weight classes should be substituted for age classes. 

2. PROPORTIO~S OJ' ::\IrscLE, FAT AKD BoxE TK RELATION T O AcE 
OF CARCASE . 

The differ en ces between mutton and lamb and th e age factors 
which m ake for tenderness and other qualities associated with young 
meat will be considered later when quality in beef is discussed. 

In mutton, age is of li t tle importance in affecting the eating 
qualit ies of t he m eat between th e ages of 9 and 21 months. 'fhe 
chief influence is in t he way quality is affected by ch ange of propor­
tions of muscle, fat and bone i n the carcase, and by weight changes. 
In this section the exten t to which age affects the quality of t h e 
car·case will be determined. 

(a) Age Changes in General . 

Age changes in general usually involve an increase in all 
measurem ents an d an increase in weight . The extent to which 
measurements increase will be largely dependent on th e rate at which 
breeds mature an d th e way in which th ey are h andled. 

Diagram III depicts th e percen tage increase of the various tissues 
of the W elsh from 9 to 21 months. 'l'h roughout, fat has a much 
l a rger per cen tage increase than mu scle, and the fat over th e ribs* 
(Y ) has a greater increase than fat over the eye-muscle (C) . E ye­
muscle uepth (B ) makes more incr ease than e:n-muscle length (A), 
an d bone increases less th an muscle. The above is horne out when 
th e tissu es of t he Southdown at the two ages are expressed in relation 
to one another (see Diagr am I V) . These relatiYe increases of the 
differ ent t issues from 9 to 21 mon ths are the same for all breeds, but 
the actual amount of increase of each separate tissue depends much 
upon the breed and will be discussed under that heading. 

( f1 ) A.qe Changes CongideTed I ndependently of ·weight Changes. 

In order to find to wha t extent (under existing systems of manage­
ment) age, as independent of weight, affects the proportions of t he 
carcase, t hose breeds with a l arge number of representatives were 
taken and averages of th e measurements fo und for a number of 
carcases falling in weight classes common to both ages, so that at 
each age the weight averages 11·ere constant. ·w h er e more th an one 
\\·eigh t class was im·oh ed , wher e breeds of similar type were lumped 
in order to obtain large numbers, care was taken that each weight 
class at 9 and 21 months shonld contain exactly the same number of 

* F or explanation of measurements see p. 384. 
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indi Yid u a ls of ea ch breed. aYeraging a s nearly as possible the sanw 
weight. Bla!:kfa ced and \Yelsh , both sm a ll , late-matu ring breeds, 
\I'P-re lulllped togt>ther. Th e 1listr ibution '' as arranged as follows : -

'!'he Uro'll.ping of TVe1:gh t.s f or Age Co mpm·ison aL Co 11 sLant, 
Ca rcase fV eight. 

-- -- === ======-- ==--=:c--==c-:==----==-==--==--

Breed . 

\\"el"h. ... . .. . . . .. . 
, .. . .. .. .. ... . 

Hl >eck -faced . . 

.. . . . . . .. . . . .. .. . 

T ota l ... . . . .. . ..... ...... 

Sout hdo\\·n I fo r .-\ .. B .. (' .. IJ.] 

Southd own IX., Y .. ( 'a n] . . 

I 

\\"e i«ht 
Cla ~' · 

+0- +!J 
,'io-r;u 
+0- 4!) 
50- ;)!) 

60- 6!) 

.)0- ;)\) 
60- 6!) 
70- 70 
iiO-.~ !J 

60- 6!) 
70- 7!) 

:\o. of I 
lndi,·i-
cluak 

7 
!) 
+ 

l i) 
8 

+:! 

10 
3() 

+ 
10 
2:1 

Avora.ge 
\\"e ight. 

lhs . 
46 -!J 
5:3. 7 
46 · 8 
5i)· 2 
6:! -+ 

5+- :l 

-

21 ,\ I Q~'J'H S . 

N o. o f 
l ndi,·i. 
dwds. 

7 
!) 
4 

[ij 

8 

4 :{ 

1:1 
:l l 

+ 
!) 

:1:! 
+ 

-

A verage 
" "eight. 

Ius. 
4 () -!J 
,,,-,. 1 
4() ·8 
;)ii ·0 
()2· 1 

;)4·3 

Sin cE• with Sou lh cl o \\·ns a lone , b rPed infl ue nce is excluded , no 
a ttempt. 11-::ts nw <k to t-<tu a li ze t he numlJPn; fro1n ,,-hieh a Yer ag es 11·er e 
obtain e<l a t U and 21 mon ths. To get t he aYf' ra g e weig btn t>q ual in 
U and 21 n1 onths i t 11 as impossihl e in ca:ses wher e all sh eep <·ou ld 
not be taken from a " ·e ig ht e lass, to practice ,-a11dom selPction fo r 
" ·eig h t: but the Jn ea~ ure m en t:; fo r lho:w 11·e ig hts selPcted a n ' enti re ly 
rando m, for no :1 ttP nl ion ''""s p<~ i cl to m ea su rement s i n ch oosiu g 
ca r ca se 11·eights . 

'l'ahlf' X g iYes th e aYf'r agf's of the m eas uremen b . I n det Prm ining 
their Ya l ue i he coeffie ien t of Yarialion " ·as used a1Hl t lw o per cen t . 
point. (an arhi tr a r5· one) take n a s t he poin t up to ,,·hil' h t he r esults 
('Ould be cous i!ler f' <l r t> li a ble. 'J'h i::; l imit i s :seldom ex ceeded and th en 
very slig ht ly . D iffer en ces be l11een 9 and 21 m onth s "- ~ · re test ed fo r 
.~ i gn ifi (':lll<'e . So uthd o1Yn gan• si g- nifi!'ant d ifrt>re]J( ·rs for (' and D , 
,,·hi lP Bla<'kfa<·Pd + \V elsh IYas sig·uifica n th differen t for A . Y an1l 
Cann on on lY. T he lowe1· fa t mea surem ent i n SoutlH]m,·n...; for t h e 
older a nima·l reflf'd s lll ethods of mana g enw nt an d feed in g 11·hicb set 
out to keep cl01m the n atural inclin atiou of i h e Soui hdo 11·n to a dd fat. 
Although <lifl'er enr·es in JllltSf'l P mensu rem en t-s in favou r of t he older 
anin1 al are statist iea ll.,- in sig n ifica n t , th e;-· m11st Jlf'cessnril .\· acr·ou nt 
for (-•quality in '''eig-·ht . Jn B lackbt ced + \ Velsh the eon siclerable dr op 
in eye-muscle length (A ) from 9 t o 21 mon ths can only be expla ined 
on the basis of a s .n d1·m of m an agem ent which pa rt ia ll _\· neg lect s, i11 
its P:uli<'r sta g-es of g nlldh , th e a nim a l cl f's ig nPd for carcase e la sses 
at t lw older :t g·p , tlw necessn ry f eedin g to attain con11ition l>eing 
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pracii \"ed only ,;hortl y l.Jefore ~ il0\1. ti m e. Th e ea r lier ma t m·irw leno·lh 
uf eye-muEwle ~t>em,; t o he affected mor e th an dqJ th, 11·hir-h , T':'Pachi'n g 
mat uri ty later , is prol.Jubly \"a pa l>le of aYailin g itsPlf of t he hig h er 
plane of nu t ri tion proY irl ecl ~ h ortl .Y h e lor t> th e s h0\1". Theorizi ng, i t 
11·o uld c;ee lll that whil e t her e i ~ gnJ1dl1 , im pr oYem enl" may be a lf ec!ecl , 
bu t on 1·e t he nge i ~ r ea("hed 11·h ne g ro1dh would stop unde r mo~t 
f:ti"01ll':t b l e conditio n ~. 1wnnanent ,; l unt i ng r esu lh; . Hettf'r f ePd in g- of 
t he young Sou t hdo11·n and ea rl ier maturi t y t end ,; to obYiai f' t h e effect 
t>Xl,lerien cerl by t hP la it•r ma tu ri ng and It lOr e poo rly feel an im::d . 
])iffe rr nce;; in r;d e of nt :ttu rity :~re a ppare nt fro m il1e ( ':mn on -b one 
nverag-p,.;; t he Sout.hdown m:1i.ure;; its bon e heforP t lw uge ol 9 m on t hs, 
Blac kf:t cecl :~ n d \Y Pbh late r . \Y i thin l im it s . honf' grmd h i s n ot 
s tunt Pd by la r k of nu t ri t i on a nd 11·i.ll gTo11 a t t he < · xpE'n ~e of o tlwr 
t i ;; su r·~ ('L' mll"lwi rlgE' . 191.'\) . 

(r) Tl, r EftN·I of .-l yP 011 tl1 P .\'nt 111e of !Teir; l, t l nneas<'. 

In order tn c;ee holY Jnu ,.;d e . fn l· a nd hon e i n ('l'en~r· < l \l·ii·h tn rTe:t sP 
of \\·eig h t i n t lu· (' <I IT:Hr~ :~t n m on l h ,; a ncl :.:.'1 Jll<>llth . ..; , li n<':!)' H egrp~­
s ion Uoeffie ien if; sh ow ing !"he i nrrease in 111 i llim eires of ea<:h Jll<'asure­
lll P U t 11·ith r:~rh p ound iunens<' in !':l l'('a c;e \\·eight , w ere rn l r ulated f o r 
th e t wo ages of tho~e b reeds 11·hic h \Ter f' s ufii ci enlly well r eprf'sen t erl. 
It is rPalisecl th a t from !h e h iol og- il'a l :<tandpoin t an nbso lutely linP:H 
r eg-ression i s unlikely, but since most of the m ea snremPnts for the 
hreecl s in r- r Pase Yer)· neatly in a l inea r m a nner (see Diag-ram I a -g'), 
t hr p ri n ci ple of a simp le r eg-ress ion h a s lwen u serl . n ot to afford a 
table on which to r!'acl off :1 mea;; ur e men l :1 t a cert:~ in weigh t . hu t 
ra t h er to g iYe :~ n illustra tion of t he r:~te of innease of t h e Ya r io ns 
t issu ell at rl i :ffer en t ages. 

T h e r esul ts nre g i1·e n i n T a ble XI. Certa in grmdh tenden(·ies a re 
obvious t lnou gl10ut , hut o nly in a f eTI· (' <l ;;b are th e r1iffer e n!'es of t h ese 
tenden('ies hetween t h e h1·o a ges of stat istira l signin l':lllf'P . Jn sig-nifi­
r·nncP is probahl:v clue t o t he !'nnsi<l erahle a ntount· of 1·ar i;1tion in th e 
i n<liYidua ls , a nrl in S0 111 e !':lSes t o :1 rath e r l illli ted n umber of 
i ndivi<l u al s . Hn t t he dirPdi on s i n(li.catr d ll\· th ose fe w ni <'Hci llrPlll E' nl s 
sh o'\\ in g r eg re.-;..; ion (·neffi ('ient. 11·it lt <l il't'E're n.t ·es lwhn•t•n l ite i11·o ages 
o f stat is ti<·:i l sig·uifi(':l!l!'e . i s hor ne out in mo~l c:tfiPs l1.v th ,, ot her 
l'oeffi (' ien t s in spite of th P d i ttP re nl'es hr ing insign ifil'<tllt. 

Takin g fi r st t he eye-muscle ilrngt h ( A ), tl1e \ Y r l sl1 :11. D m o n th s 
,:;]w'~·s a r np ifl incre:1 se 11· i!'b \\·eigh t i.n n ea se ; at 21 ttlo.nt h ..; t lH' re is a 
il(•ciclecl sbl'kf' n in g off of t he in('['e:l sP wit·h 11·ei.g l1( i nnenc;<> fro nt 
0 · 344 m m. a t U mrrnth s to 0 · Vi:") mn1 . nt 21 months ( ..;re D iagram 
V a) . T h e Ro ui" hd o11·n for th e d t> p t lt of Pl·e-muq·le (B ) sl10wr; tl te 
sa m e t h ing , clen ea .-; i ng in r :d·e of i n crea~e heb1·pen H a llll 21 mont h s 
from 0 · 15(; nun. to O· OfiDS m m . (,;ee ]ha g-r am , - b) . Coming t o th e 
ha<J .;--fat a nd rib-fa t nw a ,.;uremenL (( ') an 1l ( Y ), 11·e find that i n 
\ Velsh th e fa t in c rea se of C of 0 ·101 JnllL a t 0 m onth s r ise,; to 
0·208 nm 1. :1t :.:.' 1 mo n l bs (see D iag r:nn \ ' c) . In the same 11·ay in the 
S ou thd 0\1 11 Y ri ~es from 0 ·260 nun . t o 0·-J:();) m nL ( ,.;Cc•e D i :~ gran 1 Y d). 
This len ds to t he r on elus ion t h at t he E'ffect of a g<' ing is to <lecn •[tSe th e 
r ate at \1·l1 ich muscl e i~ added \1·ith innease- in \Yeight , ,..·h il e t he 
r ate of fat incr ease ri ~e,; as t h e 1nusr·l e i uerea~e drop s . In t he four 
breeds i n 11·h ich agP com pa r isons a r e po-;sible, namely Sout hcl own, 
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Bladdaced, 'Velsh and CheYiot, the principle is borne out by the 
regression coefficients of three out ·Of t he four breeds for every 
m easurement. So for A, Southdown, ' Velsh and Cheviot folllow the 
direction indicated for muscle increase diminishing in rapidity of 
increase with age; forB , South down, 'Velsh and Blackfaced; £.or C 
and D, in the opposite direction, Southdown , ·welsh and Blacldaced ; 
for Y, Southdown, 'Yelsh and Ch eviot. 

R egression coefficien ts for X show no significant age differences. 
'l'he Cannon-bone increases significantly with weight at both ages 
·only in the Southdo"·n, but the small age difference is insignificant . 
The Blackfaced and " ' elsh at both ages, and the Che.-iot at 9 months 
sh ow no correlation between length of bone and carcase weight, which 
means t hat weight is dependent only upon the development of muscle 
and fat, whereas in the earlier maturing breeds, Southdown, Suffolk 
and H ampshire, th e size of h·ame helps to determine weight. 

Conrlu sion s. 

1. ' ' ' itb " ·eigh t increase clu e to age, fat increases most, muscle 
next and bone least. D epth of eye-muscle increases more than length 
of eye-muscle. Fat on the ribs increases more than fat over the eye­
musde. 

2. In early maturing breeds muscle can have reached its max.tmum 
amount of growth at 9 mon th s. In later maturing breeds muscle grows 
beyond this age. 

3. Increase in the weight of an animal is a much more potent 
factor in affecting proportions of musde, fat and bone in the carcase 
th an is increase in age independent of weight changes. ·what these 
latter are will depend on the rate of maturity of the breed and the 
system of management adopted. 

4. )'[uscle grows faster in a young animal than in an old animal. 
F at grows faster in an old animal than in a young animal. 

(3) P ROl'OHTIO:r>s OF )1-r;scLE, FAT AK D Bo:r>E 1~ RELATIO~ TO BREEn. 

Breed plays an importan t part in determining the sales-value 
of a carcase at any one age. Sheep m ay be conYeniently divided into 
two groups, early maturing breeds and late maturing breeds; the 
majority of th e breeds with which we deal fall in to t he former 
group . 'l'his classification is only approximate and no sharp line 
of difference can be drawn. 

For our purposes ma turity may be considered as t hat stage 
of growth where the fatty tissue over the " eye " of loin h as reached 
the optimum depth of 7 m.m. Some breeds r each t h is stage at an 
early age, others comparatively late (Hammond, 1921) . Feeding 
has much to do with the speed and m anner in "-h ich a breed grows 
(Trowbridge, 1918). rrhe inherent early maturing capacity of a 
sheep may be seYerely retarded by providin g insufficient food or 
food of the wrong kind for t he fu ll expression of the growth u rge 
(Callow, 1 935), " -hile no amount of feeding, howeYer good, coulcl 
bring on earlier maturity in those breeds " ·hich naturally develop 
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more slowly (Hammond 1921). \'i'hen a ;young early maturing animal 
i~> full-fed on a ration containing a high percentage of carbohy drates 
and oils, a suitable depth of fat for slaughtering may be rapidly 
attainell, but at the expense of loss in carcase quality clue to the 
lack of protein necessary to allow a full development of muscle. By 
withholding fattening foods the layin g down of fat may be r·etm:ded . 
This practice is adopted by feellers when early maturing breeds haYe 
to be shown in car·case classes at comparatiYely old ages, such as 
is the case at the Smithfield Show n·h ere carcases are shown at 
approximately 9 ancl 21 months old. 

'fhe rates at which breeds mature go hand in hand " ·ith the 
fool! ,;upply, natural or othenYise, of the area on which they are 
found; in the arable dist ri cts where natural grazing has been 
supplemented by root crops and impr·ovecl grasslands, we find breeds 
such as the Southdon·n and Suffolk. These hYo breeds, although 
both develop rapidly, represent two somewhat cliYergent types. 
'!'he former grows in muscle for a short period and soon begins to 
put on considerable quan t ities of fat, so that a carcase i s ready for 
t he butch er at an early age and light weight . The latter also grows 
rapidly, but continues its gro" ·th of muscle for a longer period 
before adding fat in any quantity and, because weight is added more 
rapidly by muscle gro,Yth than by fat growth, at the same age the 
Suffolk is a heavier sheep than the Southdown, but with a thinner 
fat covering . This puts them in two categories: (1) , a sheep which 
attains sufficient fat for marketing at an early age and light weigh t 
and (2), a breed which attains a high weight at an early age \Yithout 
a proportionally great fat coYering. The effect on price has been 
discussed on pages 395-397. 

Contrary to these are the late developing breeds (both in muscle 
and fat) for example the Scotch Blackfaced. Grazing is sparse 
and conditions hard, and the animal grows slowly and remains 
comparatively small. Nature limits the size of th e animal in a 
particular area largely to the food she can provide for its maintenance, 
that is, the size of the animal is dependent on its em·ironment 
(Hammond 1935). So elephants exist in jungles and p laces where 
a vast amount of food is available; with vegetation less dense the 
maximum size of animal which can be supported decreases so t hat 
on the worst of lands only rabbits can exist. A less exaggerated 
scale of comparison is offered by the small merino sheep on th e 
comparati ,·ely poor grazing of the South African Raroo and th e 
large L incoln on the better gra7.ing of the county of that name in 
England. 

(a) ComzJaTison of PU1'ebTed and C1'0ssbTed A vem.9es with a 
StandaTd. 

In the 9 months age class averages haYe been found for 11 pure 
breeds and 9 crosses (Table XIIa). To obtain an idea of the value 
of the aYer ages the standard errors and coefficients of variation 
were calculated for 10 of the pure breeds and 3 of the best r epresented 
crosses. At 21 months (Table XIIb) the averages of 7 pure breeds 
and 6 crosses were found; of these, 3 crosses were not treated 
statistically. (It was impossible in the circum stances to treat each 
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breed and c;l'Oii~ :statistil'ally .) 1n some of the poorl ,v r epn·sented 
b1·eecls the aYerages are sub j ect to a comJmr a tiYPjy large enor, hu t 
neYertheles:s offpr some c-rude in dicat ion of th e c1P,-elovmf'nt ot ea ch 
part m easn re<l . 

Tlw age cL1 ssific·ation of cm·case:s in to g rou ps of 9 111 0nt hs old 
a ncl 21 mont h s old is only appr oximate . T he fi g- ur N; cpwtecl below 
giYing th e eorrPrt ag-es of :ome of t he hreecl s s11 o\\·n in th e carrase 
ela sses from ] E\91i-1Dl ~ 11·e re publ ishec1 b.\- H ammond ( 1021) . 

==================~====~==~=-==-=~~==~= --
"' l.11\-:\IBS . ,, 

-r-

Breed. 
X o. .-\_verage 
of 1 .\Jt hs ./ I 

liheep. lJa.vs . 

13lackfaced . ... . . . . . 16 7- '2 
Cheviot . . . 67 7- 3 
K ent . .... . . . . . . . . . LL 8- 2 
Suffolk .. . ... . . . L:H !l- 0 
Southdown . ..... 80 !J- 0 
H ampshire .... . . 84 10- 0 
~ ----

Blackface . . .. . 
Wcbh ... 
Chc,· iot . . .. . 
S uffolk . . . 
Sout hclo,nl . . . 
H a m pshire .. ... .. . . . . .. 

:\o . 
of 

Shl'c p. 

:l:l 
'20 
76 
6L 
57 
:1:) 

-\ vera <>c 
. .\[t hR) 

l)ays . 

19- :! 
19- :! 
19- :l 
20- L 
:!0- :l 
21-:1 

A.Hhoug h no t of great impor ta nce iu t hi s a naly sis, especiall_,. a t 21 
months old, the~e age diffe ren ces shoul cl be born e in mind in t h e 
fo Jlo,,·j ng b reed com pari son s . 

I n order t·o compare breeds a s ta nd ard of comparison ,,·ns fix ed in 
each ca se wher e compari son s \Yere dra TI·n , b~- ta king t h e aYerage of 
n'll the \Yinners (1s t, 2ncl and ~ rd prize) in the 9 month s :md 2 1 
monihs c-lasses. In t he follmYing di:1gram s (11·hich are all plot ted to 
the sa me s c :~le) \he ln·eed a,·pragc)S are exprP."sed a s a pPrTerlia ge of 
t he '"inner flYf'rags . The muscle measu rt>mPn i ~ ofter excellent 
;; ta ncbnl:s of c-ompa ri son wh en w eig h t of ea r!':\se is taken int o con­
;; ide ration ; th e fat :-;l.an1lards :1re slig-htl y high .-;i nc·p t he tnste for fa t 
l1a ;; decre:l St•d s-orn e,,·1r at in t he Li st yP:ns (see T able I). 

Uompari;;on of b reed a1·e r:1get:> witl1 a ;; ta n1lanl J!l:1de up ' >f ilr e 
a1·e rage pri :~,e,,· in 11 e r s , alth ough 11 ot :dlonl ing- :tn a ccurate pi c ture of 
brePd val ues ( c·arca~e weight is not take n in to I'Ollsic1e ra t io n) i s a 
m ean s o f sho,,·ing- up tl1eir cliil'e ren ces . 

!J .1/ontlt s .J - (L png th of e.ve- m usd e) U iagran1 V Ja.- Onl y l ig ht 
ln·eeds or crosses li e sig nificnntly belo11· th e s tancl:~rcl , and ih l'_\- bc·k 
hut l ittle . No IJI·eell s f<ll l Lrr s hort in leng th of ey 1•- rnusde . 

IJ- (D Pp t h of eye-muscl e) D i:1g ra m Y Jb .- Onl _,- t h e 1H•ayy br eeds 
],a,·e :m :\Yer age l1ig- he r t han t h e s tan1h rcl :mcl the n on ly sli gh t]~- ; ti re 
majori t:v li e we ll lwlmY the st an clnrd anc1 illu stra te t he s irong se iPe­
i ion prartir e<l by _ju dg e.-; for n dePp P,H of loi n. 

C- (F at o1·er c' \'e-musd e) D iag-ram Yfc· . - Onl:-· t h e late m atn r ing 
breeds which are abo fa irl y .1·oung (~ee aboYe) are ra t her ]pan. )lost 
uf the breeds aurl c rosse~ arP too fat for ih e p1·e.-ent fla y cl enwn rl . [t 
:-; honld l!e noted, bo,,·eye r . thn t most com e from fl ocks w]J pre fpefl in g 
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('ondition s a re goo<l , and that un der South .-\ frican conditi ons of 
lJOorer nutri tio n it might be achisable t o use breeds which ''e re tno 
fat und er good nutri ti1·e ('Oildition~. 

D-(1-'at onr dorsa l .~p in e ) Di:1gram Yid.- fn depth of £at o1·er 
t he spine wry gre:1t bree<l difter ence,; exist, b11L economicall)· t h f'.\' 
are unimportant. A sh ort spine means ~ hart lHme . 

_\"-(Musde on ribs intf' r spersed with fa t) ]) ingram VIe) .- Th:1 t 
t he :1mount of muscl e ou t l1 e r ibs i s of some importan ce to t he butcher 
i~ clear from the hid th a t the majorit_\· of l1ree<ls 1l i e below the 
stan<lanl. Deptl1 of X :md dt>pth of H at constant fa t ne,;s, are p r oh­
a bh a ssociated . 

1"- (l •':d on ribs) Diagram \ 'If.- }lost hre<·ds :ne too f a t. 

Co11non- DiagT:11t1 \ 'Tg .- The m a.jor ity of lnee.b a re ~om<'ldw t 
leggy. Th e le ngt h of hom· that a brPPcl nta .1· ca rry to :11 h·an ta,~·e w ill 
of <·our~e •lepe 1~<l Lngely on the 11 e ight of th e m1ima l , i.e . :;ize of 
.i oint . 

ll"e ig/, t.-Di:I g r:I m Yih .- .\ Jt iiong h a nuwbe r of brf'<·<ls lie helo11· 
ihe :;tandanl, none of th em <·:111 he con sid<·red too light. T he Suffolk. 
D orset D o11· n, H ampshire and South do11·n x Dorset DoiYll a re 
definiteh too heaY\" to .' ui t the trnde and sinc·e t ht'se breeds are <Ill too 
fat, it " ·"oulll be to" t he ir ad,·aJJtage to r educe 11·e ight by C'anying only 
t h e right amount of fat. EYf'n breeds sucl1 a:; t h e H.\·el an d , 11·hich 
lie d ose to the weight stan da rd b ut carry far l.no muc h fat, wo uld 
gain mo re in pri ce by an inc rea,.;e i n carl'a~e quality t han would he 
lost by a drop in 11 eight. ~ o c:wca~e is t oo ligh t for th e L onclou 
l.racle . 

21 !lfon th ~.-cl-(Length of eye-muscle) Di~1 g-ram YIIa.- At 
this age the len gth of eye-muscle in most hrecrls has alm ost fully 
deYelopcd and there is no length clPfic ienc·y of any tnt porta nee in 
any of t he breed s. 

/3- (D epth of eye-IIHisel t>) Di ngram ''li b.-'Jio~t of th e breeds 
are sollJewhat sha llo11·. Th e l. 11·o h eaYiesl. l.H·epds, S ufl'o]l; allll 
Hampshire, ma rkedl y e.x('eed the stanclanl ou :H·•·OliJi t of i heil· g reat 
weig ht . 

C- (Fat o1·er eye-muscle) Diag ra 111 Y lic .- }lost breeds nre 
mueh too fat . 'l'h,~ natu ral tenrl en cy of th e older ~b eep is l.o lay on 
fat and producer s ~houl<l g- uard Yf'l'.') rm·pfull~· ngainst oYe r- falteni.ng 
in t hi s cla ss. 

lJ-(F:d. over the dorsa l ~pi n e ) Diagram Y licl .- D[sl inct br<'ecl 
clifferenl'es are apparen t b ut haYe no influence 011 carcase qualit y. 

_\ - (:Jluscles ou ribs intersp er se<] 11·i th fat ) ]) iag-ram Y lie .­
Sta ti,til'ally, b ree(l ditter e nce" ~ne i nsig nifi('ant. The de Yelopmen t 
of Suffolk x Southclo1Yn i:; ho11·e,·f'r outstandin g and is th e onl y one 
to lie abon• t he sianclard . Ot lwr breecls nnd crosses <'OuiJ all he 
improYed. 

r -(Fa t on 1·ihs) Di<I i-nam \'IIf.- T he m ajori t y of e:.'\hibih <Ire 
!oo fat . 
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Cannon-Diagram YIIg.- As in th e 9 months class there is 
selection for shorter bone, but on th e whole there is less fau lt to find 
at 21 months t ha n at 9 mon ths . Bone matures early (H a mmond, 
1932) and gTO \Y little from 9 to 21 months, while t he rest of the 
car case becom es considera bly bigger , so t hat t he propor tion of bone 
becomes less than at 9 months. 

W eight-D iagram VIIh.-Ther e is a trade (restauran ts and 
hotels) to consume a limited number of t he heaYy carcases, but 
H ampsh ire an d Su ffolk are too heaYy eYen for this. 

(b) Comparison of Some Purebred and C1·oss bred A -,;wrages at 
Constant W eight tcith o S tandw·d (the cr&erage of all winners 
at that tce-ight) . 

A bove, t he general averages of breeds have been compared 
irrespective of wh a t weight they aver age, and measurem en ts will 
be l argely dependent upon the weigh t of the breed . For a stricter 
compar ison of breed proportions, such breeds as are sufficiently 
represented have been compared a t a constan t weigh t with standard 
aver ages obtai ned from the aver ages of winners fa lling within the 
same weight class . A t 9 months th e standard is set by 54 winners 
averaging 55 lb . , at 21 mon ths by 45 winners averaging 65 lb . (see 
T able I V) . As lim ited numbers of individuals in some of t h e breeds 
and crosses prohibited llivision into weigh t classes, only 7 pure-breds 
and 2 crossbreds could be compared at 9 months, and only 4 pure­
breds at 21 months . A comparis-on of breeds at t he same weight 
g ives a good indica tion of their comparative carcase quality at a 
useful butcher 's weigh t . For averages of the breeds and numbers 
of in dividuals see 1'abl e XIII . ( Diagrams VIII and I X are drawn 
to th e same scale as YI and VII. ) 

9 Months. A- (L eng th of eye-muscle) D iagram VIIla.- Very 
li ttle fault can be found here with t he breecls . 'r he Southdown is 
perhaps rather poorly developed compared with the standard , because 
i t is a short-bon ed breed an d length of m uscle goes with l ength of 
bone (H ammond , 1932) . Breed differences a re insignifica n t. 

B- (Dep th of eye-muscle) Diagram YIIIb .- Most breeds fall 
below standard. Southdown has a eomparatively good depth of 
m uscle wh ile t h e Hampshire is just over th e standard . 

C-(Fat over eye-muscle) Diagram VIIIc.- Accorcling to 
standard the majority of breeds are too lean, bu t judging from the 
low fa t standard of the last f ew years t he difference is of little 
importance . 1'hose breeds ly ing over the standard are too fa t . 

D-(Fat OYer dorsal spine) Diagram V J IIcl .-The high standard 
set at D m ay be accou nted for by shortness of bone in t h e priv.e­
win ner s (28 per cent. Southclowns), for shortness of bone m eans a 
good shaped leg of mutton (see F ig . , p . 428) . Sin·~e th e breeds are 
mostly not as short in the bone as th e a Yerage of t he winners, t hey 
have a shallower D m easurement t han t he winners and fa ll below 
standard . 
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X-(Rib muscles i nterspersed with fat) Diagram VIIIe.-Kent 
is the only breed seriously lacking development; Cheviot might be 
improved; other breeds below standard do not lack much and several 
are actually better than the standard . 

Y -(Fat on ribs) Diagram iVIIIf .- Most breeds fall belo'" stand­
ar d, but in the light of the present <lay taste it .is doubtful whether 
this is of any importance. Certainly, nowhere are breeds excessiYely 
fat at this weight, nor are any gTeat breed differences apparent 
between three rliverse types of sheep, Southdown, Blarkfaced and 
Suffolk x Cheviot. 

Cannon- Diagl'am VIIIg.- Bone is longer for most breeds than 
the length set by the standard , especiailly the excessively long-boned 
Kent. Bone de ,·elops early and in the lighter, less well covered 
em-case sho,vs off to greater disadvantage than at the higher weights. 

In comparing these breeds at the same weigh t as the prize­
winners i t will be seen that the defects as a wholle are not nearly so 
markecl as wl1en the same breeds are compared at the same age, 
independent of "·eight , i.e, if exhibitors sent their sheep more nearly 
to th ese weights they would on the whole come nearer to th e ideal 
propor tions. 

21 ilf onths A-Length ·of eye-muscle) Diagram IXa.- This small 
drop below standard of Southdown and Welsh is negligible. 

H-(Depth of eye-muscle) Diagram IXb.-As before, muscle 
dept h is l acking, except for Southdown which is sufficiently 
developed. 

C- (Fat oYer eye-muscle) Diagram IXc.-~ one of these ])feeds 
are excessively fat or !lean at 65 lb. 

D-(Fat over dorsal spine) Diag-ram IXd.-There are big· hreed 
differences of no commercial importance . 

_Y-(Rib rn uscles interspersed \vith fat) Diagram IXe.--Some 
improvement is necessary for \Velsh, Cheviot and Blackfaced. not a 
great deal it is hue, but the deficiency i& consistent enough to show 
that like B, X is one of the measurements to which judges a ttach 
importance. lJoth entail thickness of muscle . 

Y -(Fat on ribs) Diagram IXf.-Dlacldaced and Cheviot are 
perhaps somewh at lacking in :finish, while ·welsh is considerably too 
fat. Blacldaced and ·w elsh , both late maturing breeds and very 
similar in conformati.on and other measurements, are sharply differ­
ent as regards the amount of fat carried on the ribs at this age . 

Cannon-- Diagram IXg.- Only the Blackfaced and \Velsh, th e 
late maturing breeds, are too long on the leg. 

(c) Th e I ncrease and !Jercentage In crease of iY!r>asuremPnts from 9 
to 21 Month s. 

In finding th e increase in measurement of the Yarious par ts, it is 
hoped that it will be possiblle by comparing the amounts ·Of increase, 
io gain some idea of t he comparative growth tendencies of some of 
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the breeds. The measurements at the t wo ages have been compared 
statistically for those breeds having sufficien t representation, in both 
the 9 and 21 months class. 

Breeds and crosses clealt with are Southd<lwn, Suffolk, Hamp­
shire, Kent, Chevi<lt, Blackfaced, ·w elsh, Suffolk x Cheviot, South­
down x Cheviot and Southdown x Kent. For Suffolk, Hampshire and 
Suffol k x Cheviot no comparisons could be drawn behveen measure­
ments X, Y and Cannon at the two ages because of too few carcases 
on which these measurements were taken. Table XIV gives the 
increase in millimetres of each measurement from 9 to 21 months, 
the percentage increase and the significance of the in urease. 1'he 
results are illustrated by Diagram X. 

A- (Length of eye-llluscle) Diagram Xa.- Three purebreds and 
Qne crossbred sho-w an insignifican t increase, which may be due partly 
to matmity of musdle length before the age of 9 months, and partly 
to small numbers of inclivi duals at one or other age affecting the 
calculation . It is significant that both length of eye-muscle and 
length of cannon-bone show n<l significant increase in the Cheviot. anJ 
Kent, whereas in cases where the length of bone increases signifi­
cantly,the length of muscle follows suit (see Table XIV) . 

B- (Depth of eye-muscle) Diag-ram Xb.- All breeds increase 
significantly, and with a larger percentage increase in general than 
A, B is again seen to be the later maturin g dimension. 

C-(Fat over eye-muscle) Diagram Xc.-The majority increase 
significantly, for the natura l tendency o£ the animal is to fatten " ·i th 
age. The 9 months level and the amount of increase of Blackfaced, 
\ Velsh and Cheviot, all lean (late maturing) breeds is almost the 
same, with a high percentage increase in proportion to the actual 
increase . The Southdown is so early maturing in fat formation that 
i t pu ts on a large proportion of its fat before 9 months, and to 
prevent over-fatness producers are very careful to add little from 
t hat _t ime on . 

D- (Fat over spine) Diagram Xd.-- There is considerable breed 
~ifference, the later maturing breeds having the largest percentage 
1ncreaae. 

X-(Hib muscles intersperse;} with fat) D iagram Xe.- The fact 
that t he leaner breeds, which add a considerable percentage of fat, 
also have the greatest increase at X , is further evidence of the 
infl uence of fat in thickening this measurement. 

Y - -(Fat on ribs) Diagram Xf.- The fat increase (millimetres) 
over the ribs is not very different for most of t he breeds, except 
\Velsh, which increases very rapidly at this part. Blackfaced with 
a much smaller actual increase has a comparatively large percentage 
increase, i.e . without the danger of becoming over-fat it can add 
more fat at these old ages (9-21 months) than the early maturing­
breeds. 

Cannon- Diagram Xg.- The Kent and Cheviot either mature 
their bone by 9 months, or smaller carcases h aYe been selected at 
the oHer age. The point is an interesting one- it is possible that 
some breeds mature early in bone and muscle but late in fat? 'I'he 
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CheYiot i.s claimed to be early maturing (Brit ish Breeds of Lin­
stock, 1927) but only 26 per cent. of the exhibits are in the 9 months 
class. I s this due to difficulty in getting t hem fat at an early 
age, and if so, is i t due to the n atural restlessness of the breed, or 
to some inheren t capacity militating against fat output? 

Weight- Diagram Xh.- There is a similarity in weight increase 
bet \Yeen all breeds except Suffolk and Hampshire, which aJd 
considerably more weigh t than th e rest. 

It is difficult to determine from the muscle measurements which 
of t he breeds is most early maturing. A small percentage increase 
a t B for example m ay m ean either t hat muscular growth has slackened 
off and that the a nim al has all but reached muscular maturity, or it 
may mean a n ormal (if slow) increase, indicating late maturi ty . 
A larg e percentage increase, howeYer , as in th e case of the Suffolk, 
would m ean t hat a g reat deal of gr owth has occu rred after 9 months 
and would signify late matur ity. It appears most likely that 
between these comparatively a·.:lvanced ages th e percentage increase 
would signify th e r ate of matur i ty, i.e. th e larger the percentage 
increase the later the muscular maturity. In general, in the muscle 
and bone m easurements t h er e is a tendency for the actual increase 
(milliwetres) to be closely associated w~th the amount in percentage 
increase. 'fhis does n ot hold in th e fat measurements, the reason 
being p robably the difference in t he rates at which breeds mature 
in fatness and the con trol exer cised by producers to prevent over­
fatn ess. 

It is known t hat the sequence of growth ia first the development 
of bone, t hen muscle, and lastly fat, but it is unknown whether 
(under similar conditions) t he ratio of the rate of bone growth to 
rate of muscle growth, or r ate of muscle growth to rate of fat 
growth is the snme for all breeds. If it is t h e same, then b ree·ds 
should follow in sequence of amount of muscle increase in the same 
order as they stand for bone incr ease, which is not the case in our 
figures. In non e of the breeds shown is bone influenced by feeding 
practice, for even on a comparatively low plane of nutrition it 
m akes normal g rowth ('l'rowbridge, 1918), but muscle may well be 
influenced by m alnut ri t ion . This, and very few individuals in 
some b1·eeds from which averages were obtained, prevent any conchl­
sions being drawn from this data and the above remarks must be 
consider e.:l strictly in th e ligh t of speculation. 

(d) T he Val,ue of the B-reeds and their Crosses as h~dgecl by Ca1·case 
Quality. 

It is n ow proposed to discuss the carcase value of those pure 
breeds and crosses for which m easu rements have been averaged out 
at 9 and 21 m onths. Only where a marked deviation from the 
standard set by th e winners occurs will any importance be attached 
to t h e figures. Breeds are sh own in the following classes:-

(a) Longwoolled and Mountain breeds. 
(b) Shortwoolled breeds. 
(c) Crossbreds. 
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A t 9 months all three, muscle, fat and bone measurements ar e 
importan t. At ~1 months, while t h is still holds, muscle is relatiYely 
less under-developed t h an at 9 months and we are particu larly 
concerned with t he degr ee of su ccess producer s have achieYed in 
showing carcases of t he various breeds with t he r ight amount of fat. 
Although excess fat over and above t he standard appear ::; to be no 
greater t han at 9 months (D iagram VIc. and VIle. ), it must be 
borne in mind that the excess measur em ent is ba sed upon a standard, 
which because most 21 months exhibit s are too fat , is a g ood deal 
high er t h an the public requiremen ts. Selection against long bone 
remains equ ally strong at bot h ages. 

Th e weight factor greatly infl uences the quality of th e carcase, 
and from a cursory ex amination of t he facts it " ·ould seem unfair 
to compar e all breeds, irrespective of their weights, with a standard 
set by carcases averag ing a cer tain weight. Sin ce, ho,YeYer , thi::; 
aver age ~weight (9 mont hs-55 lb ., 21 months-65 lb .) is ar riYerl at 
by a majority of the prize-winning carcases being of t ha t weight, 
it indicates a standard (part icu larly at 9 m onths) which judges clo 
not consio er too h eavy . From the exhibitor's poin t of Yiew it might 
have been preferable to compare the a verage measur ements for each 
breed with the aver ages of winner s similar in weight to t he breed 
average, but owing to .an u neven distribu tion of t he 1st , 2nd an d 3rc1 
pr ize-winners in t he weigh t classes giving an unfair bias t o some 
weigh t classes, and to t h ere being very few represen tatives in th e 
lighter and heavier weight classes, this method was abandon ed . 
A nother way would be to com p are each breed with the :werages 
of t he winners for t h at breed , but again poor representation of 
prize-winners in some breeds an cl uneven d istribut~on of l st, 2nd 
and 3r d prizes makes th e m ethod u nreliable. F u rthermor e, not all 
t he breeds and crosses dealt with are r epresented among the winners. 
Consequently it was deemed best t o com pare with on e sound standan l , 
t he general average of the prize-winn ers . 

In addition Table XV (CA x B ) was calculated to provide 
ann on 

figures whereby the shape of muscle in relation to bon e length 
cou ld be compared between breeds. If the ratio is considered as 
amount of muscle to bone length t h en values for breeds with heayy 
bone, e.g . Sou thdown, that is bone ' '"ith large volume as compared 
with length, will be slightly over -estimated , valu es for hreeds IYith 
ligh t bone, e .g. W elsh , will be sligh tly under-estimated as regard s 
t he mea t t o bone ratio. (R atios such as t he aboYe need to be inYesti­
gated ancl tables drawn up whereby the r elation of one part of the 
earcase to another at a certain age can be obtain ed from th e ph ysica l 
analysis of some easily obtained cu t such as the l ast rib. This would 
greatly simplify physical analyses of carcases, besides a.llo"·ing the 
meat h andled to m ake a r eason able pr i ce since t he ear case woulcl 
suffer a mi nimum of muti lation.) 

In the following th e number of individuals from which a.Yerao·es 
were obta ined ar e givep. for each breed . The first number is for 
A, B , C and D measurements an d weight , t he second for X , Y and 
Cannon . Breeds are grou ped into t h e classes in which they compete 
at th e show. 
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S hottwoolled Breeds. 

Southdown. 9 months (146 and 111 indiYiduals) .- A sheep of 
medium weigh t, rather short in the eye-muscle but with excellen t 
depth in comparison to length, indicating good t hick muscle 

£ · b · ·1 d h muscle t . l ( onuatwn; one 1s very s wrt an t e b ra 10 gooc see 
one 

'l'able XV); it is shown some1vhat too fat. Altogether an outstanding 
mutton breed if not fa ttened beyond the right proportions. In i ts 
clast> Sou thclmYn has by far the largest number of prize-winners . 

21 months (94 and 66 imliYiduab).-Muscle and boue propor­
tions are good but i t is shown too fat . It formed a high pereentage 
of the win11 er s. 

The Sout h down is a good sheep at both 9 and 21 monthtJ a nd 
t he chief criticism is that i t is over-fat at both ages . By far the 
most wirlely exhibited breed up to 1933, i t has 163 individuals shom1 
at 9 mouths as compared v;·iLh 88 for Blnekfaced, t he second highest 
breed. In 9 month s 1G per cent. of the tota l number of Sou t hdown 
exhibit" " ·ere 1st, 2nd and 3rd prize-winner~; (see Table LX), IYhile 
11 out of the 26 winner~; obtained l st prizes. A t 21 months South­
do\Yll has 102 indivicluab atJ compared \Yith 77 for B lackfacecl and 
Cheviot, the next highest breeds. Again, of the total of 25 prize­
winners, 11 obtain ed 1st a wards. 

,1\ ujjol!.- . 9 mouths (73 and 39 inclivich1als).-'l'he h eaviest breed 
exhibited ; a well-meated car case hut muscle rather poorly developed 
on ribs; too fat, and very long on th e leg (sbanky). 

21 months (10 and 5 individuals).- Niuch too heavy and mueh 
too fat, but the eye of loin is \Yell de1·eloped although muselin g on 
ribs is rather poor. At this age the Suffolk, bec:ause of i ts " ·eigh t, 
is almost useless to t he London butcher. 

'l'he extent to which the breed is too beaYy is shown by the fact 
that the average weigh t of t he Suffolk winners a t 9 months is G9 lb. 
compared 'vith a breed average of 82 lb. 'l'he Suffolk is a good 
meat.)·, (;omparatively lean breed, a ud apart from its great weight 
the ehief criticism is sh a nkiness . 'l'hat ean he r emedied by breeding . 

Tlam.psh£1·e. 9 month s (42 an d 22 indi1·iduals).-A heavy carcase 
with a well developed, long, deep, round eye, in proportion more like 
th e South down than any othE'r breed; rather poorly muscled on r ibs, 
too fat and too long on leg. Has won few prizes. 

21 mouths (8 inclivi(luals) .- Excellent eye of meat rather poorly 
muscled on r ibs, much too fat, bon e too long and carcase too h eavy ; 
right out of p1·ize-winnin g dass at t his age. 

A considerable amount· of weight r eduction would be th e result 
of showing th e carcase x1·ith the right amount of fat. 

Dorset lJmcn . 9 mon ths (10 indiviclunls).- Too h eavy, and com­
parable with t he Hampshire in weight. Length of muscle is good, 
but depth only just reach es standard ; musele on ribs is good, but 
the r;arcase is too fat . 

413 



FACTORS A:F':F'ECTIKG QUALITY I~ i\IUTTOX A~V BEEF . 

Ker1'y Hill . 9 months (14 and 9 indiYiduals).-A moderately 
heavy breed with an eye-muscle sufficiently long b ut lacking in dept h, 
poorly muscled on the ribs, too fat over the " eye " and loo lon g 
on the leg. 

Ryeland. 9 months (7 and G incliviclua ls) .- 0£ medium weight, 
the eye of loin and muscle on r ibs fall Lelow ;-;tandar d; it is shown 
very much too fat and is a little l ong on the leg for t he weight. The 
muscle . . ( T bl XV) ~b-- ratio 1s poor see a e -"· , . 

one 

'l'he R yeland is most heavily criticisecl for its excessive fatness, 
carrying as it does approximately twice the optimum amount of fat. 
vVe have no doubt that methods of feeding and management are to 
blame. Even :if t he muscle cannot be improvecl, fat-ness can certainly 
be controlled . 

Cheviot. 9 months (2G and 14 indiv iduals).-A medium weight 
carcase with good long but sh allow eye of meat and shallow rib 
muscles; according to standard sligh t ly deficient in fat bu t in view 
of the changing taste in favour of lean meat it is unimportant. It is 
slightly longer on the leg than is ideal for the weight. L eanness, in 
spite of quality cleficiencies in muscle and bone, enables the Cheviot 
to make comparatively better prices th an the well muscled, but on the 
average overfat South<lown . At 9 months Cheviot has \YOn no prizes 
(because it has to compete wit h t he Downs and not the Mou n tain 
breeds) . 

21 months (73 and 38 individuals).-Still a fairly light carcase 
with eye-muscle lacking depth , and rath er poor on t he ribs; fat 
depth and shortness of bone com e u p to standard. At this age the 
Cheviot has many prizes to its credit-13 out of the 77 exhibits 
received prizes. 

At 9 months th e CheYiot has no outstanding virtue except its 
leanness, at 21 months where most breeds are OY-edat its success is 
clue to the same thing. Of the b reeds at our disposal it is prohabl_,. 
t he slowest in maturing its fat . Muscle and bone on the other h and 
mature rapidly . As a mutton breed it fattens too slowly to be 
remunerative; as a rarcase at 21 months it is distinctly Yaluable. 

Longwoolled and Mountain B Teeds . 

K ent or Hom.n ey Marsh . 9 months (18 and 12 individuals) . ~­
Rather heavy; eye-muscle suffi ciently long hut l acking in depth: 
poorly nmscled on ribs; somewh at fat and very long in the bone with 

muscle . 
a poor - b-- raho. 'l'he K ent has produced 4 · 3 per cent. of thf' 

one 
total number of winners, but , competing as it does with the Mountain 
Tireeds, t he competition is not so keen as in the case of the sh ort ­
woolled breeds. Like the Hampshire, th e breed has obtained no 
first places. 

21 months (12 and 6 individualR) .- The muscle is still poorly 
developed, the carcase is too heavy, m uch too fat, and overlong on 
the leg. 
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'l'he Kent, as exemplified by Smithfield exhibits, is a poorly 
muscled breed. Too much importance should not be attached to this 
criticism for the breed is poorly represented and a definite criticism 
would be unjust. 

L eicesta . 9 months (7 individuals).-'l'he exhibits vary greatly. 
In general , length of muscle is satisfactory, but depth is very deficien t 
indeed . 'l'he c~ncase is mu ch too fat and the leg extremely shauky. 
Two carcases, h o\Yever, managed to obtain prizes, one getting a first 
award, its chief virtues being ligh tness (43 lb.) and leanness (5 mm. 
at C), a fairly good depth of " eye " for its weight, and fair rib 
m uscles. (It was notable that judges in 1933 gave p1·izes to very 
lean carca ·es compared with former years .) 

Blackfaced jl'Jountain . 9 months (82 and 53 inclividuals) .- A light 
car case with a rather poorly developed eye of meat lacking parti­
cularly in depth . (The breed is shown at a comparatively young age 
of 7 months.) Rib muscles are moderately developed. The cannon 

d t l h b b m uscle . . C d . h 
I S mo era ·e y s ort, u t t e - L-- ratiO Is poor. ompare w1t 

uone 
the standard the carcase is rather lean. The breed has many prizes 
to its credit. 

21 month s (72 and 39 individuals) .-Still a comparatively light 
carcase with a better proportioned " eye " than at 9 months, although 
still below standard; muscle on ribs could be hetter ; the fat develop­
ment is just right; length of cannon conforms to standard but con­
sidering th e weight of t he carcase is perhaps a little long. The 

mbuscle ratio is poor. Of the 30 prizewinners, out of 77 exhibits 11 
one 

gained 1st Prizes. 

The Blackfaced , because of its lightness, late maturity and con­
sequent leanness, is one of the best breeds for producing meat at the 
older ages. At 9 months the breed is a little lean , for the fat over 
the eye-muscle (C) is raised from 6 · 5 mm. in the general average to 
6 · 8 mm. in th e average of the winners, while the weight average 
goes up from 48 to 51 lb . It is suggested that animals intended for 
the 9 month s' class be cl one a shade better. 

liV elsh ,o/1 ountai11. 9 month s (63 and 55 individuals) .- vVhat has 
been said of Blackfaced at 9 months old holds almost exactly for the 
Welsh Mountain, except that the vVelsh is rather better finished on 
the ribs than the Blackfaced. In consequence the Welsh holds J 5 
per cent . of t he total number of win ners as opposed to 11 per cent. 
by the Blackfaced. Out of 66 exhibits, 17 gained prizes. Like the 
Blackfaced, the average \ Velsh measuremen t at C of 6·4 mm. h as 
been pushed up to 6 · 8 mm . in th e winners and t he weight from 43 
lb . to 48 lb . I n view of the lightn ess of the carcase and sufficien t 
finish on the r ibs, however, it is not advisable to show th e Welsh 
any fatter. 

21 month s (46 and 41 individuals).- A light carcase but very 
shallow in the "eye " and poor in rib muscles; the right amount of 
fat over th e " eye ", but somewhat too fat on ribs. It would seem 

415 



FACTOR S AFFECTING QUALITY IK )iUTTOK AKD 13EEJ:'. 

t hat infiltration of fat between the muscle layers in the X measure­
ment occurs l ess in the W elsh than in most other breeds, and that 
fat is laid down chiefly at Y. The cannonbone is ra th er long. The 

mbu cle ratio ('r able XV) is t he poorest of all the breeds, bu t it should 
one 

be remembered here that t he bones of the V\r elsh are thin and so 
this is exaggerated. The result of this ratio, h owever, based as it is 
on Yolume of muscle to length of bone, is that the shape of the leg 
of m utton i ~ poor (see p. 412 where this is explained) . These fault;; 
give the Blackfaeed the advantage at the old er age as eYideneecl by 
the fact that the vV elsh produced on I :v 7 · 7 per cent. of the· tot a 1 
number of winners at this age as compared with 25 · 6 per cent. by 
the Blackfaced . The breed sho,,·s the tendency to lay on a great 
deal of fat over the ribs as the animal grows older and (or) heavier. 
'l'h e \ Velsh nevertheless at present provides one of the best carcases 
both at 9 months and 21 months, for it has the important attribute 
of l eanness over th e eye-muscle. 

CToss lyreds. 

s~tffollc X Chev·iot. 9 months (61 and 3G individuals) .- A medium 
heavy carcase with a good long suffieien tly deep "eye ", up to 
standard on rib mnscle thickness and rib fat, but slightly too fat 

h " " d l l . l mh muscle . . d over t e eye , an rat 1er oug m eg. .1. e b raho 1s goo . · one 
Five of th e t\Yehe winners obtained .l.st awards. 

2 .1. months (14 and 7 individuals). - A somewhat h eaY}' carcase 
with good muscle deYelopment except on the ribs , not too long on 

the leg, but too fat. 'l'he ~uscle ratio is excellent. 
·one 

At 9 mon th s t he cross is a good one except that it is a li ttle 
heavy and too fat. At 21 month s it is definitely too fat an<l h eavy. 
By reducing fat, a nd h ence weight, t he qualitv would be greatly 
improved. · · 

Southdown x Cheviot. 9 months (34 aud 24 individuais) .- A 
carcase of medium weight, insufficien t depth of " eye ", rather weak 
rib muscles, but with a goo<l short leg_: too much fa t over t he eye, 
but th e right amount on the ribs. Four out of the eight winn ers 
obtained 1st prizes. 

21 months (1.8 and 11 individuals) .- A medium weigh t carcase 
with sufficient 1nuscle development except on ribs, a short leg, but 
too fat. Nine out of the t"·enty exhibits " ·on prizes. 

With a deeper eye-muscle at 9 months and slig-htl.\' l eaner, and 
considerably l ess fat at 21 months, the eros3 would be a very good 
one. Short bone accounts for a good pereentage of prizes . 

Southrlown x K ent.-9 months (16 and ] 0 indiYiduals)-A 
medium h eavy carcase lacking eye-muscle depth, moderatel.\' well 
muscled on ribs, too fat and somewh at long on the leg. 

21 months (14 and 13 indivicluals)-The criticism is similar to 
that at 9 months. 'l'h e cross is one with no outstanding fault . 
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Sou thdown x Dorset Dotcn.- 9 mon th (7 individuals)- A r ather 
heavy ca rcase wit h a good " eye " of muscle, good muscl e on ribs, 

somewhat long on t h e leg , and very much too fat . The ~~:c;e 
ratio is high . The average is h o1ve1·er obtained f rom exhibits which 
va ry considerably . By not carry in g excessive fat, the carcase would 
be reduced in weig ht and of good quality. 

:)otithdown x lrelsh.- 8 months (7 indiviJuals)-A m edium 
light earease deficient io eye-muscle an d rib muscle developmen t, 
short of leg, hut too fat, especially over the " eye ". The cross 
bec· au se of lig htn ess and short ness of hone should be a good one. 

:)outhdown x .Suffo lk .- 9 months (8 individua ls)-A m edium 
heavy c-arcase with good m uscle development, a nice short leg, but 
,;lightly too fat. If this cross were shown a little leaner i t wou ld 

be an ou tstanding examp le of good proportions. The ~::~;e r atio 

is ex r-ellent . A s it is, only two of t he eight car ea ses ex h ibited 
h ave obtain ed pri zes (2nd and 3rd pr izes r espectively) . 

Su ff olk x Southdown.- 9 months (15 and 8 in divi dua ls)- A 
medium weig ht carcase , a lit tle sh allow in t he " e:y t-> · · , wel l muscled 
on rib.~ and carrying the right am ou n t of fat, the ea nnonbone is a 
little long. Of t h e 15 earr-ases ex h ibited , a 1st and 2nd pri ze hn1 e 
been obt ained. 

21 lllonths (10 and 8 individuals)- A rather heavy carcase wi th 
ex cellent muscle development all round, especially on th e ribs; t h e 

l 1 · ' t l 1 t h muscle · · ll F l h ,.; wn' 1s noc oo ong anc e b r ah o 1s exce en t. at c ept 
one 

over t he " eye " .is right , although above standard on t he ribs. 

At 21 m on ths t he carcase is attractive, chiefly becau se i t carries 
th e righ t propor t ion of b t and is packed with m eat. A s a r esult, 
of the lJ carcases exhibited , 6 wer e prizewinners , 3 of them 1st 
IH'i r.es, an d one of t hese a champion . 

R y eland x Cheviot .- 9 mont hs (12 and 10 individuals)- A fairly 
ligh t ('arcase with the " eye " of m eat sufficien t ly long bu t ve1·y 
m uch larking in clepth ; m uscle on ribs is underdeveloped; the l eg 

. . muscle 
leng th 1s fa1rly g ood ; fai p ropor t ions ar e about righ t. 'l'he -.-­

bone 
ratio is p oorest of all i.he crosses. 

~1 mont hs (10 individu als)- A m edium weight carcase with a 
good length of eye, but a lit tle sh allow; well muscled on t h e r ibs 
but rather long in t h e leg and a little t oo fat over t he " eye . , . 
Half of t he exhibit s at this age won pr izea, t wo being 1st. These 
individu als ha d very good muscle developm en t , were not too fat 
for th eir \\'eigh t an d merited t heir awards. 

So'Uthdou· n x .Suffolk-Cheviot .- 9 months (10 an·d 9 indivi­
tl ua ls)- 0 £ m ediu m weigh t , the carcase has su ffieient length of 
" eye " hut lacks depth . On i·be ribs it i s suffieient ly thick at X , 
hu t is too fat as al so over t he " eye " . The leg is n ot too long . 
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21 mont hs (G individuals)- A comparatively light car case, 
lacking in muscle thickness; far t oo mu ch fat over the eye-muscle 
but the right amount on the ribs; t he cannon is not too long. 
('l'hese criticisms are based on too fe \Y individuals to be of much 
value.) 

'l'he cross has t he advantage of ligh tnm;s, and if shown leaner at 

h 
muscle 

both ages it should be in t he r unnin!r for pnzes, for t e -- --
u bone 

ratio at both ages is comparatively good. 

Ueneml lJ1 scussion. 

'l'he main fault to find ''"ith most of the breeds and crosses is 
that they are too well " done " . It 1.3 necessary that a carcase 
.:;houlJ carry 1mfficient finish to allo\\· it to cook properly and to 
look attractive, but over-enthusiat>tic feeding as practised by most 
prod ue;ers has (lefeated its o bj ed, and in;,;tead of r aising the qualit y 
of the care;ase has overshot the murk and dragged it cl own by pa cking 
on (at con,;iderahle e;ost) exe;ei:l sive fat. Ei ther the p1odue;er is 
unaware of t he demand for lean meat or he (loes no t fully appreciate 
t he fattening capabilities of some of t he breeds he uses. The b tter 
is probably the e;ase. Comparatively little is known of nutrit ional 
requiremen ts for optiunnn growth in sheep, and i t is impossible to 
lay down ruleii for any fixed feeding practice because of the difference 
in breed requirements, individual differen ces within a breed aud 
difl'ere!ll·es in the quality of t he grazmg; hut cer tain it is, that if 
hi g h quality is to be attained at an early age, a high protein content 
is essential to gTow out t he muscle to advantage. 

vVe agree with t he opinion so often expres,;ed that prizP-\Yint~ i ng 
is to a great extent a nwtter of luck in hitting oft just the nght 
proportion of fat, hut as the percentage of winner~ in ihe different 
breeds show , the first essential is right conformation and weight. 
Careful selection for blocky (;Onformation in t h e yo un g anilll a l, 
" ·here nmsde and not fat conveys the chief impression of build , t h at 
1,·ith suffi cient exercise and correct feed. to keep i he animal gro\Ying 
steadily in muscle hom birth onwanls, " ·ill go a l ong way to guide 
" luck · · in t he right direction. 

F eeders of hea,·y sheep su ch as th e t:lu:ffol k are distindly 
handicapped with !he weight factor, rnHl this brings us to a11 

importa nt problem wi th which t lte practic-al breeder ancl producer is 
faced , whether to a im at quality or quantity . For example, i n 
aiming nt t he ideal , t he Suffolk sh et>p slt ou ld be bred shorter on 
t he leg. This \YOuld uncloubtedl.'· lea rl to n som ewhat sh orter body 
and red uced weight , hut f rom t he qnality point of view more would 
be gained by lessening the " ·eight of t lw carcase and shortening (not 
thinning) the bone, than \Yould be lost by a somewhat shmter tru n k . 
Practicall.'· speaking- ancl un cler existing- conditions of marketin g, 
it is doubtful whether such n course \Yould be remunerntive. 
U ndoubtedly quantity is paying rather better at the moment t han 
quality . Calculating from data by Hammond and Murray (1934), 
Southclown carcases of 45 lb . (the weight at. " ·hich qu ality is high est 
in the Southdown) demanded 56 shillings at 9 mon ths , whil e Suffolk 
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earcases of 95 lb. at the sam e age, although much too fat and 
heavy , made a price of 90 shillings. U nfor tunately no data 
r egarding th e cost of keep is available. F urther data stressing the 
gr ea ter infiuenee of weight above quality on returns was got from 
the Cambridge Univer sity Farm , wher e t he following r esults were 
obt ained with 150 lambs of equal age consistin g of 75 Suffolk x Border 
L e icester-Cheviot and 75 Soutbdown x Border Leicester-Ch eviot : 

Live I Killin) 
AVERAGE 

PRICE PER GRADING. 

Cross. 'Wt ., I Dead Price per P er- Pou~o. 
on Wt . Lamb. cen t-

Farm.

1 

age. 
Live.j Dead. I Select .[P rime .j Good._ 

I 
Pence .,Pence .f Th. Th. 1 £ s . d. 

Suffolk .. .. . ..... . . 5,977 2,803 1 17 3 46·9 5·6 11 ·9 13 51 11 
' 

Southdowu . . . . .. .. . 4,971 2,337 1 12 6 47 ·0 5 · 8 I 12·3 I 56 l 9 -

I I 
) -

)I o doubt t h e Suffolk cross lambs eat more t han do the Southdow11 
cross, but because the Suffolk cross g rows more rapidly in muscle 
it will make more economical gains than the Southdown and i t is felt 
that in spite of any extra food consumption will turn out to be 
more r emunerative than the ::m imal which adds weight more slowly. 

It is clear that weigh t influences t he returns to the farmer more 
than does quality, and until prices react more strongly to quality , 
it will continue to pay many fa rm ers better to giYe atten tion m ore 
to bulk than to quality . It is a short -sighted poliey but justifiable 
(in Great Britain) in th e absence of marketing regu lations "·her eby 
the quality of a cm·case is an impor tan t determi nant of the price 
paid for it. rrhe public, hmYeYel', demand a cerbill amount Of 
quality, and , as in the ease of lamh , when British producer~ tlid not 
supply t he demand, ~ew Zealand stepped in with her high g1·ade 
Canterhury lamb and pr ac-tically captured the ma r kf't,. In th e 
rears 1927-1931, 57 per cen t . of t he total mutton an d la Ill b consunw <l 
in Ch eat Britain was importetl. (H .)f. Stat. Office, 1931. ) The ehief 
means of improYing the present conil ition would St>Pm to be to 
cheapen , simplify ancT r egul ate an intricate ani! wasteful marketing 
mechanism , and centralise slaug hter hou ses in the larger consu min g· 
areas int o a few well run concerns en pable of using eYery scrap of 
carcase r esidue, which instead of g-oing to \Y aste as at tl te present , 
could be manufactured into Yaluable by-pr oducts . 

To r etu rn t o the problem of heax_v breeds of sheep in r elation 
to quality, it ha s been proved that t hey can be satisfactory at a 
light "·eight- a S uffoLk l'aJ·case " ·eigh ing 59 lb . at 9 mou ths old ·won 
th e championship in 1933. Th e diffi culty wi t h n light enrcase from 
a h eavy breed i. t o get the hone sufficientlY short. That can bP 
remediecl only h:-· breeding' . raleul a ting from the figu res of 
Hammond a Jl(l )funny (1904), the Bl nckfal't>rl (105·2<1. per stonP) 
and Ch eYiot (l 00·9rl . 1w r stonP) ma <l e t lw h ighest prices pPr stm1e 
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in the Smithfield :;ho11 sale,; ring, and the Suffolk (UI-4d. per ::;tone) 
the lowest, t he tiYo former not bee;au,;e of outstandi ug coufonna tiou , 
but l1ee;ause of t il e lightne,;,; and lean ne,;:; of the can :a,;e . 

[mproYelll eut for e;ar ca :->e tl uality nw y be sunJ!llari;.:ecl hy the 
achice : Bre<'d light, s ltod-lt•gged aHinwb, ket·p the result gTu11·ing 
o;tea1lily lly lll t'llll:; of ,; utbci t•Ji t foocl of the right ki nd , a nd. be 11·:n e ut 
on·r-fatt en ing-. Tb e olcl adage th at, ·'Half the hreed111g of <111 

<llJiuwl goes iu at t he lllOUth .. i~ Olily too t rue. 

(e) Ubserrolums on Crossurcedln u . 

Tht• object in lhi,; ,;ectio n is to dderlllill e to 11 hat (•:dent ITo~s­
bn·ediug :dh•d::; t he pnJ1Jortio11s a1HI 11·e igb t of t l1 e offspriug. 
'rubl e X \ '1 s upl>lie::; t hl' ge nl' ra l al·t·rages of J ne:~sun· J IWJil s of ,;oniP 
bret•tb, a1·er:1ge;; obtain ed as a rt•s ult of th e np.-;::; <IIHl tb P un•rage::; 
(bracl;e it>d) ,,: ltic h lluul <l he e:-.: p eded if the offspring l a.l' inter­
JllPdiat t• betl,·eell the pan•nh. I 11 t h 1• ci rnunsLtnce~, a~ thei'L' is no 
,t;llldanli::;ed m ethod of fP1·d ing :~ud uwnagenwnt , it j ,; intpos.~ih l e 
to a ttach a great d ea l of i nqJorLi liCe to fat m.e;~;;un•tllell b i n a cro~~. 
'l'!tl' muscuLt r cl e ,·p]opm ent offer,; oppo rt un ity of m on• <liTUrat~:· in tP r­
pretntion ill t hai in most cn.-;p,; pnHlucer,; atlt•Jup i to force an op hmlllll 
rl(•Yelopment. Hone is p<'rhaps t h e l e;~.-;1 affpde<l by m et h1Hls of 
product ion. Hit ;.:m tm (19'!:1) ;.;i:lte;-; t lwt bonPt>, h~:•r·ausp of t h eir 
compar<diYe stability :~gai n sl f!tu ·hwti ng Yaria tions n11JSL·d h.'· fe ed. 
climatP :~nrl health , oflpr a fnid.1· r Pl iabl1• has is of Jlii '<ISIIn-·nJ Pn L 

In cross lneelling fabtuck for th e bu tcher, th1• pop ul:~ r ubjet· t 
i,; tu co111binl-' the 1·irluL'.'i of lHd l1 lJ<tn·ni s in sUI·h a ,,·;~ y a:; to prolluce 
better proge n.1· than 1•ither pun· bret•tl un der th e giq·n co ndi tions 
e;o uld pru1liii'P. ~u fo r P:\<IIIIJ>lt·, a D(II\'Jl breed pos;;essing earh 
maturity mn.\· be tTos~ L· cl 11·ith a ~founi: ti n hrE'ed p o:;spssiu g lat e r 
m:~turit.\- and a s tron g- constitu t ion. 'l' h1· resulbnt prog-E'n\· h;~1· 1· 
suffil'i ent con stituLion on rough gra J~ ing 11· ith <1 Slll al l allmYance of 
eo uceuir:t tes to m:tke good use of t he l'arly Jlla tuLing Ltdor introducP<l 
by t h e ])OII·n bree<l . 

Diagram XJ a-h p ortrays t he fiu ctuation of tl1E' nosses (fit 9 
mon th s) a round the exp ed:ecl .i nterm edia te , the :~dua.l Grossbred 
m easurem e nt b eiug ex pressed as a ]Wrceni:tge of t he eX]H'de1l intP r­
mefliate mea s t1re n1 Pn i. All 1liagntlll :-i :He rlra\Yll to the R<J ill P sca lP. 

A- (L eug·th of Pye-muscle) D iag ram Xla.- 'l'he majority of 
crosses lie sli ghtly under thP <·xpeclecl mean. Only t.he South­
down x D orset Do,,-n has an ou tsb nclino'IY hia·h a1·e r:w e lti o'h e r 
aetu a lly tha n the hig her parent, th e Dot~~t Do~n1, but tl1 ~ nm~lwr 
of infliYiduals con t:ern e1l (7) is s mall . Fluctuat ions from th e exp ected 
interm edia te are small. 

B - (D eplh of e,ve-musd e) Diag ram XIb.-Greater fluctu ation 
i s apparent h er e. and Rtill the m ea n iR nwstl )· soJn C' II·hat h el01,- i lte 
expPdt>rl mean. 

X-(~fusrle on ribs interspersed with. fat ) D iagram XIe.­
There i s little more variation fro m tlw m e:111 than in B. ft i s strange 
t h at t h e Southclo1Yn x D orset D o,,·n ,,·h irl1 for A and H com es Olt t 
hig h , shoulcl lie so low a t X . An a1·eragt> fro m onlv 7 incl iYidualfi 
ma~· acroun t for th e inconsisten<y. · . 
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Cannon-Diagram XId.-Fluctuat ions h om t he mean are but 
small except in the case of the Southdown x D orset Down, and this 
is in a ccordance with the long eye-muscle of the eross. 

C-('l'hiclmess of fat oYer eye-muscle) Diag-ram XIe.- Coming 
to the fat measurements far greater fluctu ations are apparent . 
Most nossbrerls are fatter than would be expected . 

JJ-(Thiclmess of fat over spine) Diagram XI£.-K early all 
crossbreds lie far below the expected mean. \Ve are unabl e to 
explain this r esult. 

Y-(Thicln1 ess of rib fat) Diagram Xlg.-'l'here seem,; to be no 
tendency either \\·ay, considerable fiu ctuation fr om the m eau existing 
but not nearly as much as at D . 

1V eight- Diagram XIh.- Mostly the crossbreds are lighter th <w 
''"oul<l be expected. There is eonsiderahle Yariation in the amount 
they differ from the m ean. A high weight for the Southdown x D orset 
Do11·n is in accordance with its great development of muscle and fat. 

Defini te condusio ns from these results are not justified for they 
arc not absol utel:v comparable. Fluctuations Jna.y be due either to 
differe nces in feeding, m anag-ement, Qr type of animal selectell, to 
genet·ic or physiological reasons., or to age differences . H ammond 
(1921) compared the weights of purebred and crossbred sheep an r1 
their carcases (1896-1913j In t he live classes the weight of the 
eross was nearly always greater than the intermedia te between the 
parents. In the carcase classes only two crosses offer sufli c·ieni: 
individuals for companson. The following compares his figures and 
ours at 9 months : -

Southdown X Suffolk ......... . . ... .... . . 

Suffolk X Cheviot ...... . . .... .. .... . .... . 

C1·ossbred 
Weight. 

lb. 
86·5 
69 ·4 
69·2 
62·7 

- H ammond-

- Hammond-

I nteTmediate 
Weight. 

Th. 
82·4 
68 ·5 
78· 9 
67·8 

ln spite of consid erable weight diffe rences bebl·een them caused 
by the demand for ligh ter carcases, his figures and our 's vary from 
the expected mean in the same direction for each breed . The South­
down x Suffolk is s:lightly above the expected r esult , while the Suffolk 
x CheYiot is lighter than would be expected. In the first case two 

lH·eeds (Soutbdown-Suffolk) which are both regarded as early maturing 
and are normally kept under goocl nutr.ition are crosser] anfl the lambs 
being reared unrler these conditions grow slightly better than the 
expected mean, whereas the second cross (Suffolk-Cheviot) is hetwee11 
an early maturing breed and a late maturin g breed, the former 
being kept under good and the latter under poorer nutrition. Since 
the e've is of the latter type th e lamb;; wil:l be r ear erl nnrler poorer 
conditions, and so the cross is below the expected mean. 

The popular belief of "hybri<l vigour " rlue to crossing is not 
supported by our figures, nor by those of Ritzman (1920) who crossed 
Southdown and Rambouillet . In fact his, figures and our;; sh ow 
rather a tendency for the -weight of the F, to lie below tl1e expecte<l 
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intermediate. The SouthrlowH and HallllJOuillt>t are approximate!_, 
t h e sam e weight but difff' rent in hocl y proportions . whil e our crosses 
are often b ebYeen bref'd s ,,·id ely <liYergent in weig-ht. Orosshreerling­
rf'sults are n eYHthe less silllilar: a lso in t lw lllore deia il N l anahsis, 
in t h e fe 11· ca ses wh er e our mf'asurem en!~ o,· .. rlap, lhey a n· m ostf_,. in 
agref' m enl. So, IYh er e 11·e find the le n g th of tlw eyf'-musd e m eastuf'­
ment (A ) some 11·hal 1JPl OIY t h e iutf'rme d iatf', Hib:ma n 's ' ' 11· iclth of 
loin " i,; similarly defici e nt . The l e ngth of C<lnnonbone ( in hi s ea;;e 
fore leg) in hol lt ca~cs dosely approach th f' int er n1 ed i:l t e. Ilf' find,; 
the lPng-th of spin e in f<' , belo11· i.he m t-an. [f thi nnP~:>s of fat m·t>r 
tht- spin e i s any c rit·eriou to length of spiiH', our I 'Psu lt ~ arf' in n10,;! 
ca,.;e,; (li ametri cally opposf'd to his . 

Hitzn1a n a nd l>a,·t' npod (l9~0) find a clea r suggf'::;t ion t h at all 
l1ones of !he body, or in fad hone;; of a group . ;;uch as a limb, do no( 
inherit size in similar propor t i ons from one or !he othN parent IYh err 
two unlike rae<>s are c rossed. In other w ord,.;, ;;om e f orm of 
dominan('e ,.;eem,; !.o exist in cer t ain measurr m ents . 'l'hey state that 
whil e a ('J'O~s gi,·es an offspring which in the sum of ib mf'asurem ents 
a pproximateH to th e int.er111 ediate , th<>re i s conl' id erabl e ev icl e n ce ihat 
i n som e insta n ces, !his in termediate con(litio n i.-; rP!ai n ed through a 
d ifferen t iated size inh Pritanct- of in<liYiclual hone,; o r units . i .e. a 
differentiated i nhe ritan ce of associated parts. l'ear,.;on (1!)00) 111 

humans, Hatai (l!l07-R) i n albi n o rats. an<l ~IacDo11· Pll (19 1-J.) 1n 
rahbits, have s.hown that in si~~:e CTOSSf':i diil'en'nt ch ;Jl':1('1f'ri sti(';; clo 
not inherit f'<lU;tll~· . Punn t>tt an d Bail t>y ( 1918) ha \·t- .-;hcmn that ii, 
tlw r:1bhit , s i~~: f' a ncl t>a rl :, · matu rit y nrf' tra nsmi!tPd i n<l t>pendentl)· . 
Yario u ,; t-:qwr iments in rro:;shref' rlinp: (C:lood a l t- , ]!):\:2) ,-;ho11· that in 
spil t- of Hw rt- be in g apparently a hi g-h cl t-gTE'P of bomnz.~·go,;ih· of 
qnan iitaii 1·f' c·hara\'lt-r,.;, resu l b :ll'e oftt- n nl1h1in t-cl \YlJicl J li(' t>ithf'r 
ahm·f' or lwlow t h e intennf' tlia !e r ·f'~ ult to hP t-xpeeted if the g'f' Ilf'ti(' 
eons t.itutiou o-f the' parent s 11·ere l1 omo~~:yp:nus. Thi s l('cl Unoclale 
(]!):{:( ) to po.-;h1late tht- i h 0ory that tl1P fr-pqut>nt lnc·k of ahsolutf' 
intennediac.1· in r't'o:-;,.;ing t11·o apparen!l_,. pnrf' lint>s cnn lw t'xp'la inerl 
hy d.omi na nl ge nes 11·hid1 (•xis! i u \·aryin::r <lt-gn•e,; of he( f' I ·ozyg·oc; i t~·. 

'!'hat " hyl 11· icl Yip:Ol.ll .. i,; oft en Hirlen red in tht> F, ca n not lw 
rlP ni ecl. Ea,.;t and lLwe:i (JD19) h:ll'f' dt-lnon.-; t raiPcl the pffed of 
.. h)·hrid vig-our .. in c r;l~,; inp: h 1·o ini f' n ,;i ,·f'h inhre(l ~tra in ~ of m:li ?: f'. 
(';1-;tlP anrl \ Vrighi (l !) l fil anrl D t-t]pfsen (1!) 14), no~sing IYil rl anrl 
domestic ,·arietiP~ o f g'llinea pig-. and Tlo)·rl (191-1-) ;Jncl U oo(l nig·ht 
(l!Jl4 ) in cmssi ng t lw hi,;on >~·iih d om esii(· c·;ltilf', h aYe nhtain e(l 
offspring largf'r than t>it hf'r parr> nt. \Yh e r f' lh t- t :qws of :1niinal,.; 
c rossc•d n r'f' I'Pr\· 11· idPl )· ,;f'p:n;ltt-d o r· I'PI'I' inl(> n ,.;i , ·e l,· inhn•rl . 
.. hYhri(l Yig·ou r . , ,-;f'f' lll s to 1w ('llllllll OJl in tl1P nfL pring-.· L i1·c· .-;;1_1· 
( l!J:l()) inc·linPs to tht> tlwon th at a n nntnos,; 11·ill :1!11·a,·;: c·nntai11 
g·f' n f'S making- for 1· ig-o ur ~~- l;ic·h :Hf' not p rP.-;(' JI ( in :J n ii;hn·cl r;lf·P , 
~~·hil P ra .-;(]p ( J!J:.?Ol ~1lg·p;f>,-;(,.; th a t innpa,;f' i n Yig-our Ill ;l\' lw rlnf> to 
i li('J'ea .~e in In r•t ,Jlw'li c s tiinnl ns ,,·h i,·lr I'PS IIlts horn t lw r·hPlllic· :ll 
(] i fff' rPll ce,; j I) Ullrt' 1:1 tt-d g-:1111 f'( PS. 

1\'hatt-Yf'r th e rt-a~on may h e, in r·ros,;irw cliflt>n· n t hr('('cl~ of 
fn nn liYt-~tock. " ·hen· t h e g·f>netic '·on stih1!ions :ll'f' IliOn' or le-s akin . 
tl1P h~·bricl s seem mm·p co.mnJon]_,. to h f' (]11:1111 il:di 1·e intermNli:des. 
Ri t~~:man (l!rll) sht<•;: ibat f'Yen in thP more ('ontras!i.ng- cross of 
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Zebu with other races of cattle, the hybrid does uot excel in any 
indiYidual traits of the better parent; in size , based on weight, the 
intermediate predominatea. Schutte (1934) in crossing various beef 
breeds with native co~·::; found uo marked effect of heterosis. Castle 
(1909) in crossing different sizes of rabbits reports intermediacy in 
the offspring . Based on hi:; own experiments, and ou a critical 
review of the literature he (1920) has iiummarised the behaviour of 
crossbreeding as follo\\·s: -" \Yhen animals or plants are crossed 
which have racial differences in size or other characters, in respect 
of which each race shows continuous variation about a different 
mean, the Ft prog-eny are of intermediate ai7.e " . 

lt is interesting from the producers standpoint to note that 
Hammond (Hl21), Rit7.man (1927) and Cast le (191 6) are in general 
agreement that the F 1 are not more variable than the parent pure 
breeds, even when the breeds differ considerably in si7.e. 

'l'he extent of uterine nutrition has a great effect upon the ::;ize 
of the proge ny at birth. Both Humphrey and Kleinheinz (1908) and 
Mumford (1901) haYe folmd that it is the size of the ewe and not 
the size of the nun whid1 determines the size of the lamb. 'l'hia 
means a diJferent start in life, for not alone h as the bigger progeuy 
a larger frame an<l body to sta rt with, but it has an abundan t supply 
of milk, while th e offspring hom the smaller clam , gToll·ing faster 
than the normal after birth may fin·d that as it gets heaYier so the 
uutrition becomes insufficient io allow of the fullest expression of 
the gro~dh urg<> . In t he rP(' iproral noss of Sonthdo,,·n ani! Sufrolk 
a <lifference in r esults is explained by this . ln tl1e leng·th of eye­
musele (A) the Southdo\1·n dam gives progeny with slig-htly smaller 
devt>lopment than offspring from the Suffolk dam. ln t he later 
maturing depth measurement (B ) the difference is much more 
marked . The principle does not hold for bone, but in both cases 
bonP ui.ffers very little from the expected mean and it is lnHJ\Yll 

(T1-mdnidge, 1918) that bone cl eYelopment is little aitt>d<>:l hy nntri­
tion and will grow normally, at th<' e.x.pense of the oth0r tissnes, 
proYidecl that animal is not very gr<'atl,v underfer1. The lambs of 
t he Southdown ram and Suffolk ewe are a little fatter than those 
of the reciprocal cross, but this is hardly sufficient to account for the 
big \\·Pight <lifference o£ 13 ·1 lb. in favour of the former. 

Results indicate a somewhat smaller grovvth of muscle an d a 
greater gT011·th of fa t in tho crossbred than would b0 expected , \Yh irh 
may mean that early maturity is obtained at the expense of muscular 
development. Hammon·;l (1820, 1921) points out that crosaing 
seems to increase early maturity in sheep and cattle . 

Rit7.man and Davenport (1931) write t hat, " So much has been 
said nnd written about t h e superiority of F , hybrids that heterosis 
has been loosely accepted as a corollary to cros.:;ing. There h as 
heen a tendency to laxness in defining- hy suffi eientl:v cle<Hcut C'lassi­
fications the traits in which improvelll en t rossessed by the hybrids 
manifests itself ". Tlw <l etailed influence of crosshrf'eding on 
car<'ase qualit~r is unknown. Crossbreeding- experiments ar('ompanied 
by detailed physiral analyses of carcases, should do much to further 
test the commercia 1 value o£ the practire. 
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The u,;es of crossbreeding iH practice are to improve the 
deficiencies of one breecl by crossing wi th auother in which this 
charaeter is wrll or (as possibly in the ease of fat ) overdeYeloped. 
Hardy breeds under poor en ,-i ronJllen tal <.:Ou di tions are !'rossed with 
early maturing a ncl l e:;s ha1·dy types to get tbe best uf both in the 
offspring. 

Conclu sions . 

] . The leJ1glh of eye-musele (A ) lack.; litUl' in the breec.ls, 
esp ecially nt 21 moot bs; I h e depth of eye·-musr· lc' ( B) falls consider­
abl,· s hort o f the s tanclad. but less at 21 months than nt 9 monthR. 
The~ mu,.;de of 1.hc rihs (X ) shoulcl ou tbc who le be deeprr. 

'2. Length of hoilL' is consi~t.ently selected :tgaiust.. 

3. ~l ost c·ar<.:ases are too fat. Oul)· 1\ladd:u·ed, '\\reLh, ChC'viot 
a ncl H veland x Cheviot ar<' s hown s ufli('ie ntl v le:w at !J months. At 
:21 mo.nth,.; the firc;L thre<> and Suffolk x So{tthclmnt f'arry the ri ght 
amount of fat. 

4. AI a co n ~ t :1nl ,n•igh t C<! lb. ) nt 8 month~. t he sh:-tll o ,,·ness 
of .. eye · · (B ) remain ,; one of thl' c·hief poiub of c riticism. F ew 
of the breeds treated are too fat, but bone i,; Luo long. AI ;!I 
months (constant weight ():j lb. ) e~·e-muscle depth (B ) and mu sc-1<> 
on ribs ( X ) are too shallcnc ThE>re i ~ not llitiC'h fault t.o find with 
fat d epth oYer tbe '· eye " ((' ) . In fat o\·er the rih~ (Y ) hret'd 
differen ces at 21 m onths b ecom e Yen· m arked . T he• c·annonhonP 
length is not a seriouc; fm1lt. . 

5 . In musc·le anJ bone ( 'Yi t h age i.ucreaae) t ho~e breeds \Yi t h 
the greatest adunl innense in m e:t sm·Pm<cmt, have also ihe grentest 
pen·entag-e incn·:t~<'. 

G. Fat g-nJ\dh i;; not Yet ab~oln i<'ly c·onl.rullecl fm all hrcecls 
fat ten from !) lo 2 1 111011t h~. The leanest hreecl;; havr t he gTt·:dest 
p e rcen tag-e) in c· r<·ac;e· in fat- t.h<'_\· c·an afto rd lo do ~o. 'l'lw \\' p}sh 
i.'i uniqur in tlw propodion:~lh· f.!'I'C'at a111ount of fa t :1dded 011 thP 
ribs. ' l'h r IH'rc·cntage in!'n':ht> uf fat. 011 th e ribs (Y ) is g-rentPr lhan 
m·t·r th e <·_,·<'-ll lll :sc·le (C) for most hrc•t•d ,;. '!'h e clistrihuti on of fnt 
at ( ' and Y i,; not ~ imil:H in :I ll hn•t•d,;. 

i. )Jil,;d<• de·Y Piop m .- n t [n :111 :1 11illl:tl within :1 hret·cl fol]o,,·t> thc> 
clirPc-l ion of honC' dl'\'C'Iop111 e nl .. ·\1 OTIC' age I'On;-;idc•r:lhl e c1iffprpn ces 
in ratio of lllll.' t·l<> lo hun<> ,·:-;i,; L-; hd,,·c·en ],ree.l,;. 

K. Uncln c•x ist ing· l'onditions quantity is payiug· hPttn than 
qualdy ; hut tho~<' who proclne·p qualiy. P.g . :.;,.,,. Zt•alancl. ohtain 
an innea,;ing· dc•n1:11Hl for thPir pmdu c·t i nst<>acl of :1 sta t ionnr_,. or 
decreasing· on r. 

9. 'l'h<' c·arc·as<' cpla lti P,; uf the Y:nious hrc•ecls :ne th•scrilwcl. and 
t h rir ~hort-coming;; arf' pointed oni. 

10. Tn (')'O ~,;brf'l' cling- , thP otf~pring· appro:tc·h th<' qu:mtibtiYe 
i ntPrmediatP. 
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I I.- Marbling . 
.MaTbling in meat as seen by eye, pertains to the intramuscular 

fat laid down in t he connective tissue between muscle bun-::lles . It 
has been judged by eye and scored from 1 to 0; 1 equals most 
marbling, 5 equals l east marbling. In most cases t h ey rrere so 
graded by two different people : where their opinions cliffered by 
more th an one grade the carcase was regraded. 

(1) 'l'RE EFFECT OF CARCASE-\VE IGHT ( F ATNES S ) ON )fARBLIJSG. 

Both at 9 months and 21 mouths with an inerease in carcase­
weigh t the marbli ng increases . T his is proved by statistics for 
three breeds in 1'able Xl and by a,·erages for all breeds in Table Ill. 
An increase in marbling with an inerease in carcase-\\·eight is 
associateJ with the increase of fat above muscle (,;ee 'l'able VI a). 
In the ·winners (Table l V) where back fat at C remains very nearly 
the same thickness in spite of weight increase, the amount of 
marbling varies very li ttl e indee<L 

(2) THE El' FECT oF AGE ON ~Lmm.ING. 

Marbling shows no significant difference of rate of increase 
with increase in carcase-weight between the two ages, but definitely 
increases as weig ht at one ag·e increases. That age affects marbling 
to some extent is seen f rom a com pariw n of marbling between the 
t wo ag es in the Sout h down weigh t class aYerages (1'able III) . 1' he 
fat measuremen ts i n the corresponding weight classes (!'>0-!'}9 lb. 
and 60-69 lb.) are less in 21 months than in 9 months, while the 
marbling average i n spite of this is slightly better at 21 months. 
The difference in ma1·bling due to age where baf·k fat at C is kept 
con;;t.a nt, is seen from the following table :-

9 J\[ONTHS. 

Constant 
Legend (Sout hdown). Dept h of 

21 MoNTHS . 

:Vlcasure ­
ment. 

Carcasc 
Weight. 

Back :Fat ~·~Icasurc- I Carcasc 
at C. ment. I Weight. 

------------~ ------- --------~--------

m.Tn. lb. tb. 
11arbl ing (J\1. ) . . ........ . . 9· ;)6 2·80 56·04 2· 56 66 ·40 

l''at depth on ribs (Y. ) ... 9·65 14 ·35 55·88 16·24 67·53 
m.m. m.m. 

[ 'l'he averages for ma rbling were obtained hom 11 Southdowu 
individuals with C measurement 9 u1.m. and 14 individuals with 
C measurement 10 Hl.lll. , iu each of the 9 m onths old group and 
t he 21 mont hs old group, i .e. au average at each age from 25 
mdi,·idua ls averagi ng the same in fatness. For fa t <lept h on ribs (Y), 
6 in diYiduals at !) m .m . and 11 i nrli,·idu al,; at 10 m .m. were taken 
at ead1 age , i .e. an average from 17 in<lividuals. J 

vVith animals in the same eonditiou of back fa t the diffe ren ce 
m marbl ing due to age is only 0·24 in favour of the older a nimal. 
In spite of haYing the sa me hack fat measu r em en t (C) , the older 
animals " ·ere a li ttlP fatter as shown bv the m easurement of rih 
fat (Y). " 
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Th e increase in marbling due to weight increase (chiefly fat) 
in Bou thdowns is howeYer considerably greater than the increase 
due to age. \\' eight causes 1·52 increase for 30 lb. increase 
(35 to 65 lb.) at 9 months, and 1· 56 for 40 lb. increase (55-95 lb .) 
at 21 months, whereas the difference due to age from aYerages of all 
exhibits is only 0·83 . The slow fattening Blacldaced at 9 months 
for a weight increase of 30 lb. (35-65 lb. ) increases 0·85 in marbling, 
whe1·eas the age ch ange (from general averages) is only 0 ·47. 

(3) THE EFFECT OF BREED 0~ ~{AlWLDG . 

At similar weights (Table III) breed differences a re clearly 
marked. The 8outhclown for example at 9 months and about 45 lb. 
c:ncase-\Yeight has an aYerage of 3 · 02 compared \Yith that of 4 · 27 
for Blacldaced at the 1;ame age and weight. At 21 months and about 
65 lb. the Sou thdown has 2 · 21 and the Blacldaced -! ·ll. 

Table XYII (aYerages of all individuals) sho"·s the differences 
in marbling due to breed. The distribution cunes are given in 
Diag-ram Xll. These averages are to some extent dependent 1.1pon 
the fatness of the carcase, but that there may be distinct breed 
rlifferences independe11 t of the thickness of subcutaneous fat is seeu 
from a com pari son at 9 months of the lean vV e lsh and the very fat 
ltyeland, the former being ,;ome,Yhat better marbled than the la tte1·. 
The Kent , although considerably fatter than the CheYiot is not as 
well marbled . 1' hese breeds are of different types, but within a type 
differences exist; the \ Velsh , although it has a littl e th inner back 
fat than the Bl::tckfaced at 9 months, is better ma1·bled. The order 
of marbling in \Yhieh the better represented breech, Southdo,,·n, 
Hampshire, SuffoLk, ''r elsh and Blackfacerl come, is 1 he recognised 
order in which they mature (as regards thickness of fat), that is, 
tht> early maturing breeds " ·ill co.mmence marbling at a younger age 
than " ·ill the later maturing breeds. That c~ncase-weight, 
in<lepenclt>nt of fatness, does not influenee marbling is eYident from 
'l'able XVII. 

At 21 mouths the breeds shown remain in practically the same 
order of marbling as in 9 months. The change in relatiYe position 
of Suffolk, Cheviot and vVelsh is unimportant as the differen ces 
het"·een them at 21 months r emain very smalL The some" ·hat better 
marbling in the vVelsh than in the Suffolk is in accordance \Yith an 
age gain in fat percentage of 5G per cent. for the vVelsh and 50 per 
r·ent. for the Suffolk. 

1n the crossb red.· at 9 mon ths old, with the exreption of the 
Buffolk x Southclown, which equals the intermediate bet"·een the 
parent breeds, all crosses are better marbled than would he 
expecter1. All except Suffolk x Soui.hdown, Southdown x Suffolk and 
Ryebnd x CheY iot are also fatter than the intermediate bet"·een 
parents. 

Tht> two best marbled breeds (Southclown and Dorset Down) 
give the best marbled offspring when crossed. The South­
clown x Suffolk, although carrying less fat than would be expected, 
has excellent marbling. Hammond (1932) states that the Suffoll< 
is a goo<l mil ker and that the milk supply of the clam is of t he 
gTeate;;t importanre for the growth of lambs in early life. In 
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crossing with a Southdown ram, the good milking qualities of the 
Suffolk ewe will allow the comparatively small offspring to grow 
o1~t quickly, and it. seems pos.sible th~t ea:rly maturi.ty .of .the mu.sc~e 
w1ll enhance the time at whiCh fat IS la1d down w1thm 1t. Ne1d1g 
and Iddings (1919) find the Southdown a poor milker; the 
Suffolk x Southdown is fairly lean and not better marbled than would 
be expected. The Suffolk x CheYiot, both rather poorly marbled, g ive 
poorly marbled offspring. Similarly the Ryeland x Cheviot is poorly 
marbled. 

CoNCLUSIONS. 

Marbling is influenced to some extent by age and is influenced 
by age sooner in an early maturing breed than in a late maturing 
breed. At the ages of 9 months and 21 months an increase in fatness 
at one age has more influence on marbling than has t he age in crease. 

For accurate comparisons breeds should be compared at the same 
age and stage of fatness, but owing to the small numbers of 
individuals in som e breeds and their natural variation in fatness , 
it was impossible to keep the thickness of fat constant. ~farkecl 
breed differences do however appear to exist. 

\iVith our data the factors influencing marbling in order of 
importance, are fatness, breed and age. Under commercial 
conditions where the extremes of fatness are not so common, condition 
will be preceded by breed, and where a standard of fatness is closely 
adhered to, also by age. 

In mutton marbling has little effeet upon price. The Blacldaced 
in spi te of its poorer marbling makes the second highest pr ice . The 
champion carcases average only 3 · 5. 

~ OTE.- The colour of mutton is important and should be as light 
and bright as possible, but the data collected up to elate is insufficient 
to warrant any conclusions. 

111.- A suggested Scale of Points for Judging Sheep Carcases. 

Carcases at Smithfield show are judged enti rely by eye. Certain 
points in t h e earcase can n·ell he judged more easily and accurately 
by measurement. Such a system would create a more uniform 
stan<lard from year to year and eliminate small :fluctuations cau sed 
b:v pE'rsonal preference of judges. It " ·ould form, too, a m easure by 
'"hich the breeders could he informed ,dn· arHl in how far t-heir 
carcases fai led to come up to the standard . · A scale of points hasecl 
upon t h e foregoing carcase measurements and intended for use under 
t h e present s.Ystem of classification (age), has been tabulated. It 
rna.'· be readily adjusted to suit any chan ges in public ta ste (which, 
however, are not an tici pa ted in the near future ). S honlcl shmY 
authorities he persnaclecl to allmY carcases to be exhibited in " ·eig·itt 
classes instead of age classes, adjustment of th e scale to suit the 
c hange can readily be effected. 75 marks an-• gi-nn for m easurement 
(see belo,v) and 20 marks for inspection. The shape of a good ~1nd 
a bad leg of mutton is illustrated by the ncr·ompan:-·ing £ gure. The 
points at which measurements are tahen, have b een i llustrater1 on 
p. 384. 
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FrG. 3. 

CARCASE PoiNTs . 

lJfaximum 
. Marks for 111easurement. 

Thickness of Flesh (depth of eye-muscle = B.) . .. .. . ....... . 
Thickness of Fat (over eye-muscle = C.) . . . . . . . . . . . . . . . .. .. . 
Shortness of Cannon bone .. . . .. . . . . . . .... . . . . . ........ . . .. . 

llfarks for I nspection. 

Marks . 
35 
30 
10 

75 

Shape of leg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Colour of Meat . ........ . ... . . . .... . ... ... ... . ..... .. ... . .. 10 
Meat on Ribs(= X .)..... .... . . . . .. .... .... . . . . . .. .. .. .. . 5 

25 

ToTAL MARKS . . • . . . . . . • . • . . . . . . . . 100 
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iV!m·ks for T hiclmess of Flesh (depth of eye-muscle = lJ ). 
(Jfaxim.wn marl.:s = 35.) 

CARCASE WEIGHT ( lb. ) 

Marks. 

30- 39. I 40-49. I 50-59. I 60- 69. I 70- 79. I 80-89. , 90- 99. 

mm. nun. llllll. mm. I mm. n11n. JU JU . 

- and under -
l. .... ... .... . .... . 20 22 24 25 

I 
26 28 30 

5 .. . .. . . ......... . . 21 23 25 26 27 29 31 
9 . ... . . . .......... . 22 24 26 27 28 30 32 

12 .. . ..... . .. . . ..... 23 2l3 27 28 29 31 33 
14 .... . .. .. ... . ..... 24 26 28 29 30 32 34 
16 ..... . .. . . .. ..... . 25 27 29 30 31 33 35 
18 . ......... . .... . . . 26 28 30 31 32 34 36 
20 .. . ... . .... . . . .. .. 27 29 31 32 33 35 37 
22 .......... . .... .. . 28 30 32 33 34 36 38 
24 . .. . ... . ... . . .... . 29 31 33 34 35 37 39 
26 . ... . . . .. . . . ...... 30 32 34 35 36 38 40 
28 ... . . ............ 31 33 35 36 37 39 41 
30 . . . . . . . . .. ... ... . . 32 34 36 37 38 40 42 
32 . ................. 33 35 37 38 39 41 43 
a5 .... . .... . . .. ... 34 36 38 39 40 42 44 

- and over -
I 

Marks for Thickness of F'a l (ocer ey e-11/uscle= C) . 
~ (Maximum marks = 30. ) 

CAR CASE W EICH T ( lb. ). 

Marks. 

, 30- 39. 1 40- 49. 1 50- 59. 1 60- 69. 1 70- 79. 1 8~-89. 1 90- 99. 

mm. m . m 1n. I mm. mrn. I mm. mm. 
- and under -

1. ......... . .... ... 1 2 3 4 4 4 
10 .. . .. . ... . . . ...... I l 2 3 4 5 5 5 
18 . ... . .... . ... .. ... 2 3 4 5 6 6 6 
24 .... . . . . . .. . . ..... 

I 3 4 5 6 7 7 7 
28 ..... . . .. . . ...... . I 4 5 6 7 8 8 8 

30 . . .. . . ..... . . . . . . . 
I 

5 I 6 7 I 8 

I 
9 9 9 

29 .. . . . . . . .... .. . . .. 6 7 8 9 10 10 10 
27 . .... . .. ... . .... . . 7 8 9 10 ll ll 11 
24 ...... . . . . . .. . ... . 8 9 10 ll 12 12 12 
20 . . . . . . .... . . .... .. 9 10 ll 12 13 13 13 
15 . .. .... . . . ... . .... 10 ll 12 13 14 14 14 
9 .... . .. . . . . . . .. . .. ll 12 13 14 15 15 15 
l. .. . . . . . . . .. . . .. .. 12 13 14 15 16 16 16 

- a nd over -
I 
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jJfm·l.:s jo1· Shortness of Cannon /J ane ( ?/IO,Ci71lll1/l marks = 10). 

-----

CA HCASE \ \'EIG HT ( tO. ). 

:Mar h. ---- -- -- - - --
:J0- :39. -lO- ·HI. :)0- .)!). 60- 69. 70- 79. 80- 8\J. 90-99. 

-- __ J -- --- --- -

rum. ]lJJ]), nnn. 1n1n. rnm. mm . ffilll. 

- and o \·er 
l.. . . . . . . . . . . . . . . 146 148 !riO 1:)2 ]i\4 1;}(i l ii8 

~ . .. . . . . . . . . . . 145 147 1.4\J 1:)1 15:1 I :):) I :)7 
144 146 148 1:>0 152 1:) 4 1!56 
1+3 i -l:) 147 149 1.51 v;:3 15!) 

3 ...... ..... .. ..... 142 1+4 [ .H) 148 150 1:)2 1ii4 
141 14:3 14 ;) 147 149 15 1 153 
1-lO 1+2 14-l 146 u s 150 152 

4 . . . ... . . ... . . . .... 13\J 14 1 U:3 14 5 147 14!) l!il 
138 1+0 1+2 1+4 146 148 150 
137 139 J.H 143 145 147 149 

,j. 136 138 1-lO 1+2 144 146 148 
135 137 J:l!) 1+1 u:~ 1-l:) 1+7 
134 1:36 1:38 1+0 1+2 l H 1+6 

---
6. 133 13:) t:n I :39 141 u:l 1-l:) 

132 134 I:W 138 uo 1+:2 144 
131 13:3 l :lJ) 137 139 1+1 143 ---

7. . . . . . . . . . 130 132 134 1:!6 138 1+0 1+2 
129 131 l :l:{ I :3::; 1:37 t:l!) l+l 
128 130 1:)2 1:34 136 t :lS 1+0 
127 12() l:ll I :33 1:3:) I :!7 139 

8 . .. 126 128 1:!0 I :!2 1 3~ [:J(i 1:!8 
125 127 1:2D l :ll 13:3 1:!:) 1:n 
124 126 128 1:)0 1:32 l :l+ I :!6 
123 ] 2;) l :n 12!) 1:31 l:{:l I;{.) 

----
!J ... 122 124 I:W 128 1:30 t:l2 I:H 

121 123 lZ:) 127 120 I :ll l :l:l 
120 122 124 126 128 1:!0 I :!2 
11 9 1:2 1 l :!:l 12:) 127 12!) l :l l 

10 . • • •• • • • • 0. 11 8 120 122 12-l 12(i us 1;{0 
--- ---

- a lnd unde r I -
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BEEF . 

I NT RODUCTION. 

Quality in beef invohes a larger number of factor s than quality 
in mutton. \Vhere carcase proportions (muscle, bat and bone) are of 
chief importance in selling m utton, additional factors of equal 
importance operate in determining beef quality. F igures at our 
disposal on beef, except for marbling, deal exclusiYely " ·ith propor­
tions. To complete the picture other factors " ·ill be briefly surveyed 
from th e literature. 

A beef carcase may be described in t erms of conformation, fimsh 
and quality of meat. Best conformation inYohes short shanks and 
neck, deep and plump rounds, thick full loin s and a relativel:;r t hick 
:flank. Correct finish implies a smooth, sufficiently deep coYering 
of firm white fat evenly distributed over most of the exterior surface 
of t he carcase . Quality of the meat refers primarily to the structure 
of the meat, that is the size of m uscle fibres and muscle bundles 
(texture), the amount and distribution of conuectiYe tissue per unit 
volume of meat, the amount and distribution of intramuscular fat 
(marbling), and the nature of t h e meat juices or extractives. These 
quality factors are closely associated with t he t enderness and 
palatability of meat and, al though of gTeater importance in beef 
than in mutton, flre applicable to the latter in principle. 

Beef cnrcases are subject to much greater cutting thau mutto11 
carcases, and becanse of this and the co8rser nature of the meat, 
proportions of muscle , fat and bone in beef are of less importance 
to the consumer than iu mutton where joints are retai led in relatively 
large units, for example a leg of mutton . The house\Yife purchases 
beef almost entirely accorfl ing to the quality nf tbe llleat. To the 
retail er, who buys in bulk, both conformation and finish ar e extremely 
important in that the former tells him the percentage of highly 
priced cuts and the waste to be expected from hone, '"h ile the amount 
of fini sh is some indication of the extent of marbling in the meat 
(see page 454) . . 

The main factors influencing carcase quality in general, 1.e., 
conformation, finish and quality of th e meat itself, are:-

Breed or 'l'ype. 
Condition 
Age . 
Sex. 
Feeding. 
Management. 
Exereise . 
Methods of Slaughter. 
Methods of Storage. 
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Quality as influenced by these may be expressed in terms of 
carcase proportions (muscle, fat and bone), texture of meat, colour 
of meat and fat, firm11ess of fat, marbling, flavour and nutritiYe 
value. Since the nutritive value of meat is not taken into account 
by the publie except in the broader sense, it will be omitted from 
this discussion. 

FIG. 4 . 

Muscle deep. 
Right proportion of fat. 

f } ~ ~ 
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I .- Factors Influencing C·arcase Proportions. 

B reed. 

The measurements taken on bee£ carcases are best described by 
means of the accompanying fig ure . Carcases " ·ere quartered behin d 
th e last r ib, so exposing th e eye-m uscle of the last rib cut and the 
thickness of fat over i t . All measurements from A to R (see below) 
ar e ex pressed in millimetres an d M and K were judged by eye over 
a range of 5 points, 1 = most , 5 = least. 

A = L ength of eye-muscle ( lon,qissi m~ts doni) . 
B = D epth of eye-muscle. 
C = 'l'hickness of fat over the end of t he eye-muscle nearest t he 

spme. 
D = Thickness of fat (measured at thinnest part ) lying over 

the end of the eye-muscle furthest from the spine. 
R = L ength of the R adius U lna. 

M: = Marbling. 
K = The sinewy kink (tendon) on the upper surface of the eye­

muscle. 
Weigh t = Carcase-weight in poun ds. 

Table XVIII gives th e averages of th e available breeds, t h e 
Standard Error of t he means, the Coefficients of Variat ion, and the 
numbers of individ uals constit u ting an average. 

This table affords a comparison between 22 months' old steers 
of breeds of various types ; t wo good beef breeds, Aberdeen Angus 
and Galloway, anoth er beef breed, the K or th D evon, a dual 
purpose breed, t h e R ed P oll , and a beef cross, Aberdeen Ang us x 
Shorthorn . Th e Ang us and the Galloway are much alike in m easu re­
m ents; t he Devon is m ore thinly fl eshed (B) and longer boned (R ) 
t han the Angus and Galloway . 'l'he Aberdeen Ang us x Shorthorn 
has fairly good muscle but is as long in t he bone as t he Devon and 
in consequence of that and a somewhat thicker fi nish (D), is defi­
nitely h eavier th an t he four pure breeds. The R ed P oll and t he 
Devon ar e much alike. 

E xaggerated breed differences (from th e meat stan dpoint) are 
apparent between dairy and beef br eeds, t he latter being more com­
pact, t hicker fleshed and shorter legged than the latter (Fuller et al , 
1929). It has been noted th at a well-hred bee£ animal tends to 
increase ex ternal fa t rather than internal fat (Edinger, 1925 and 
Wise. Agr. Expt. Sta . Ann . R ep. 1927-28) . Hankins and Burk (1932) 
from an analysis of data from 2,073 cattle, find a fairly close 
correlation ( + · 69 ± · 008) between feeder grade (which t o some ext ent 
is a cr iterion of breeding) and carcase grade. 

Table X I X g i\·es average m easuremen ts of the winning carcases 
(1st and 2nd P rizes) . A suitable depth of :fa t over the " eye " at C 
is about 20 m .m. (4 / 5 inch ) an d a t D about 12 m.m . (l in ch ) . It 
will be seen from a comparison with T able X VIII that over -fatness 
is no problem in show beef. In t he yearling class there h as been 
selection for fatt er animals. Two-year olds will attain the mark 
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readily with reawnable feeding, while in yeadings it is only under 
the most intensive feeding conditions and with good beef animals 
that the required fatness will be reached . 'rhe great improvement in 
feeding in the last years is apparent from the following mea ure­
ment,; of pri;,e winning yeadings: 

P eriod. No. of I ndividuals. A. B· c. D. W eight. 

mm. mm. n1n1. mm. lb . 

1921- 1923 6 125·7 60·2 13·7 6·3 449· 0 
1930- 1932 6 135 ·0 70·7 19 ·3 9 ·8 635·7 

l<'ullness of muscle is consistently selected for. In the Abe1·<leen 
Ang us and Galloway there is little fault to find Yrith the muscle and 
bone development . The Red Poll (22 months) , t h e D evon and Aber­
deen Angus x Shorthorn are lacking in muscle devellopment and are 
too long in the bone. 

It may be m entioned here that the tendon or " kink " on the 
upper surface of the eye-muscle i , not influenced signi£cantly in our 
figures by either breed, age or sex. 

In the last 14 years 10 of the 14 championships were awarded to 
Gallo,,.ay carcases, th e other 4 going to Aberdeen Angus. 

Condition. 
The condition of the animal has a considerable infiuenre on the 

proportion of muscle, fat and bone in the carcase; the distribution 
of the fat influences the eye judgment of the carcase. Townbriclge, 
Moulton and Haigh (1919) found thRt a.· animals fattened thf' 
skeleton decreased from 19 per cent. to neady 10 per eent., muscle 
decrease<l from 44 per cent. to 33 per cent . , while fat increased from 
8 per cent. to 28 per cent. Foster an<l Miiller (193a) and Edinger 
(Hl25) conclude the same. 'rhe latter states tha t with increase in 
carcase \\·eight the weight of bone and muscle increased , but not as 
rapid ly as the weight of fat. ('l'he amount and rate of increase of 
the tis.sues depend much upon the age of the animal and / or its 
previous p lane of nutrition as will be shown subsequentl.v .) In Rll 
the wholesale cuts animRls in the high est condition gaYe the highest 
percentage of the more va luable cuts (Edinger, 1925, and 'l'rowbridge, 
Moulton and Haigh, 1919), that is the r ear half of the animal 
improved more than the fore. As regRrds tl1e <listrihu tion of fat, the 
hind part of the animal (loin , rump and rounds) adds fa t more rapidly 
than the fore part (chuck) which is the earli.er rl evelopi ng. 

Age. 

Age very definitely affects t he proportions of the carcase. 
H ammond (HJ:12) has shmYn how, as the Rnimal increases in age on 
a normal plane of nutrition, the long-leggell big-headed short 
shallow-bodied youno'ster gradually changes shape until at maturity 
the !legs are proportionally short, the head small and the body long 
and deep as vompRred with the newly born. 

Table XX presents the increase and pereentage increase of the 
~neasurements anll the significance of th e difference due. to age 
m crease. In the Aberdeen Angus steers all measurernents m crease 
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significantly from 15 to 22 months; in heifers increase in the length 
of the muscle (A) is insignificant. This may be due to earlier 
maturity of the heifer or to the fact that small numbers at 10 months 
(5 individuals) caused statistical insignificance. It is unlikely that 
thm·e is no increase, however small it may be, for Hogan (1929) h as 
shown that the length of the growth period (of bone) of normal beef 
steers is about six year:;. ln steer~ from 22 to oa months old only 
the depth o£ muscle (B) and bone increased significantly . Had the 
state of fatness not been controlled there would undoubtedly have 
been also an increase in fat measurements. Angus heifers show no 
significan t increase from 22 to 33 months in any m easuremen t. 
Since t here is a weight increase this result is absurd ; but the in cr ease 
in weight of 16 · 2 per cent. is comparatively sm all and the incr ease 
split up and accorded to t he various parts producing it leaves t h e 
measurement of each part with an increase probablly insufficiently 
large to appear statistically significant, especially ''"i th the small 
number of animals at our disposal. 

Ko Gallo\Yays are shown in the under 15 months class, for t h e 
conditions under which the young animals are kept do not allow of 
rapid maturity of the carcase and have gained for th e breed the 
reputation of being slmY to mature. As a result t here is consid er able 
growth from 22 to 33 months. RO that all increases are s.ignificant. 
Fat at D is d0ubtful because of great individual variation in this 
measurement. Heifers h ave insignificant fat increases as, condition 
has to he strictly controlled on account of the fem ale tenfling· to 
fatten more rapidly than the male (seep. 437). 'rhe R ed Poll st eer s 
increase signiflcantly for all measurments from 15 to 22 months . 
(Heifers do not compete in carcase competitions . for being dua!l pur­
pose they are kept for milk. production. ) 

Over a period of fourteen years commencing in 1921, one 
champion was in the under 15 months class (1933), n ine were in t he 
22 months clas,s, and four in the 33 months class . 

In order to see how the proportions of fa t , m uRcle and bone 
changed with increasing age, ratios between these measurements were 
worked out for the different ages, of steer and heifer averages avail­
able . Table XXI gives the results. M uscle and fat throughout 
increase with age more th an bone; fat increases more than muscle 
from 15 to 22 months only , as at 22 month s the animal reach es an 
optimum fatness and i3 not allowed to fatten much further . The 
small increase in fat is scr. rce:l:v sufficient to offset hone growth anrl in 
the Angus and Galloway is insufficient to offset muscular growth. 

M:uscle g-rowth (An~ru&, AB x B ) is considerahlv QTeater in the younger 
~ ~ one · " ~ · 

animal (15 to 22 mon ths) than in the older (22 t o 33 months). 'l'he 
edible port ion of the carcase (muscle and fat) in relation to bone, 
increases with age . Wood and Newman (1928) found that bone in the 
round of a fat animal at 19 months was 18 · 6 per cent., whereas at 
:34 months it had decreased to 10 per cent. Our figures, with sheep 
and thos€ of Hammond's (1932) shmv that gains made by older 
animals ar e very largely flue to fat . 
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Growth of the various tissues (muscle, fat and bone) may be 
considered as a series of 1ntves, which partly overlap but have clear 
peaks where the:y te<1ch their maximum growth rate. Bone reaches 
its peak first and is followed by musd e deYelopment, which on 
abating, allows fat the nutri tion which bone and muscle each in 
their turn had claimed. The point of practical importance to the 
prolucer is to kno11· ho"· best to increase the J:ate of muscle growth 
and to know at what point it has abated sufficiently to allow th e 
animal to make the best use of a fattening ration. In other words 
we do not yet know ho,,- to suit rations to the growth requirements 
of animals at Ya1·ious stages of their development. The modern 
demand for light cfl rcase:> has increased the urgency of adding fat 
early in the life of the animal. This may be accomplished by feeding 
(see Table, p. 434) and breeding. Breeding, 11·hil t- £oreing the 
peaks of the grml'th curves closer together also tends to decreaf'e 
the ·development o£ bone and muscle, so giving a smaller, lighter 
and more " chuffy " cm·case. vVithin a given time this t ype of 
animal will not produce the carcase Yolume of the rangier type, 
but will give a rarcase of higher quality at a lighter weight, which 
is what is wanted . 'l'he evolution and production of the ideal type 
can however, only proceed and be suceessful in an optimum environ­
ment, _ and these 8onditions, while promoting development of :::n 
ideal carca:>e unfortunately do not seem to increase or maintain the 
constitution of the animal , so that on a lower plane of nutrition 
such as proYided by range conditions, breeds with a potentially 
perfect shape are liable to " go to pieces ' ·, while t he som ewhat 
rangier and slower maturing types commonly associate-J with a 
rugged constitution, thrive better. The quality -constitution problem 
has been par tly ,;oh-ed by judicious crossing of the two t yp es. 

To return to the proportions of Lhe carcase, H elser (1930) found 
an insignificant difference in the proportion of cuts clue to age. 
Proportions of lean to fat in finished steers of different ag'es was 
very uniform. 'rhis does not agree entirely 'vith our data, bu t 
equalisation was probably due to the fact t hat ca h-es, yearling's and 
two-year-olch all starteJ. as " feeders " and all received th e same 
ration. Gramlich (1928) shows t hat to produce 100 lb . of gain, 
calves needed 5~9 lb. of m aize, yearlings 702. lb ., two-year-olds 
798 lb. , and three-year-olcls 836 lb. 'fhalman ' s (1932) figures agree 
in principle. Bull et nl (Illinois Agr. E xpt. St. Hept . 1931-32) 
found that yeading cm·eases graded somewhat better in conformat ion 
than calves and were fatter. P otter , \Yithycombe and Edwards 
(1931) in fa ttening c:1lves and yearlings (12 :mel 24 months old 
respectively at sale), conclude that ralves make good gains in 
weight but the degree of finish they 'vill arquire is not as dependable 
as that of a more mature animal; further, t hat profitable fattening 
of calYes and yearlings requires rather concentrated rations ancl close 
attention to eYery Cl etail. Their findings stress the point that fat 
is not easily laid on by the younger animal. The cost of product ion 
would be to some extent offset bv the small e1· amount of food neces­
sary to produce gains in the younger animal. Thalman puts the 
case for the cattle feedt>r: " R egardless of qualit~·, the feed required 
to proclure a pound of g-ain , and therefore the rost, increases as the 
age of t he animal increases. Yearlings am:l cah-es make efficient 
gains ovPr much longer periods and therefore are not so expensiYe 
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to hold. Furthermore, there is a much greater and more flexible 
demand for t he ligh ter weigh t cattle, which 1·esu lts in a more 
stable market for t hem ., . The latter statement holds for t he 
Central Meat Markets of London. A s Hammond and Murray (1934) 
have shown, the lighter carcases i n times of bad prices, drop less 
in price than heavier ones. 

Se:c . 

A widespread belief exists among butchers in U.S .A. that 
heifers are inferior to steers, chiefly because they are supposed to he 
wasty cu tters . In England , on the contrary, there is a considerable 
demand for heifer beef and many butchers look out for heifers 
because of t he better finish they ar e expected to carry. Producers 
in K orthumberland, becau se heifers finish earlier than steers, buy 
up nothing bu t h eifer stor es to get them off quickly on th e early 
g rass of that region. 

The difference between steers and heifers are indicated in '!'able 
XXII. On the " ·h ole sex differences, except for length of muscle 
(.A.) and hone (R ) a re insign ificant . As has been pointed ou t with 
sheep, of those taken these h ·o measurem ents a1·e the first to ma ture 
and are correlated. 'f he sam e seems to hold for cattle. Small 
numbers an d considerable individual variation in t he later maturing 
measurements (B , 0 and D ) prohibit statistically significant 
differencell , bu t defin ite trends are nevertheless obvious. The 
musele .rneasurements A and B are consistently greater in the steer 
than in th e heifer, and a greater difference seems to exist between 
sexes in the length of the eye-muscle (.A.) than in depth of muscle 
(B). Differencea in the Angus at 15 months and 33 mont hs are 
uncertain berause of t he small number s compared; but because 
even th e weigh t differenees at 15 months are insignificant. it seems 
as i f sex differences at this age are of no importance. In general 
the females are fatter than the males from 22 months on , while 
weight ·differences due to sex, in the Aberdeen Angus any ,yay, seem 
to increase as age increases, t he male becoming p rogressiYely 
heavier than th e female. This i s probably due to the earlier 
maturing female making less gains io muscle than t he steer , for 
fat onpu t is controlled , while muscle growth continues normally. 
The weight differences noted above are ill agreem ent with 
H ammond 's (1920) r esults on cattle . 

D ifferences in relation of the m easurement:;; of steer to heifer 
are further evident from r atios i n T able XXI. The ratio of muscle 

to bone (A~ B) remains nearly the same for the steer a nd heifer at 

differen t ages. 'fhe fat to bone ratio (C ~D) in the young animal 

under 15 months old sho'~>s no sex differences, but from then on the 
female has the higher ratio. Similarly in th e fat to muscle ratio 

(~ t he young animals show very small differences, but from 22 

months on h eifers haYe a h igher proportion of fat than steers. 'l'hese 
lesults lead on e to conclude that proportions of muscle to hone are 
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the same in steer and heifer carcases, but that at the same age from 
the yearlings on, heifers will be fatter than steers. The following 
per centage figures of the physical analysis of the rib cuts from two 
steers and two h eifers are taken from au Annual Report of the Illinois 
Agricultural Experiment Station (1926-27) . 

Tissue. Steer. Steer. Heifer. Heifer. 

Lean ... . ..... .. . . ..... .. .. 68·12 65·20 57·96 58 ·70 

Fat ... . ... . .......... . . ... 6·06 7·31 15·03 12·43 

Bone .... . .. .. .. . . ....... . . 23 ·88 24·01 22 ·04 25·19 

It is agreed that the heifer r each es a given state of fatness 
sooner than the steer (Illinois Agr. 8t. Rept. , 1926-27; Trowbridge 
and Moftat, 1932; Bull et al., 1930; Hankins, 1932), that is the 
female matlues more early than t h e male, and with an early cessation 
of bone and muscle growth nutriment is aYailable for fat onput 
(Hammond, 1932). The ratio of fat to lean in steers and h eifers 
remains about the sa.me up to approximately 625 lb . live weight 
and thence rises in favour of the h eifer (H ankins, 1932; Helser et al, 
1932). In rib cut analyses, at a similar killiug weight for steers and 
heifers, heifers yielded a smaller percentage of lean and a larger 
percentage of fat than steerl:i (Illinois Agr . Expt. St. Rept., 192G-27; 
Bull et al, 1930; Foster et al, 1933). Evidence on the proportions 
of t he various cu ts in steer and heifer carcases is somewhat 
conflicting. On the one hand no differences in percentages of round, 
rump, loin, ribs and chuck " ·er e found attributable to sex and no 
difference in the percentage of wholesale cuts (Bull et al., 1930; 
Foster et al., 1933) . Others find a smaller percen tage of hindquarters, 
heavier rounds, lighter loins and lighter flanks in steers, but no 
difference in the percentage of m ore Yaluable cuts (Gramlich and 
'l'halman , 1930 ; Illinois Agr. Expt. St. R ept., 1926-27). Sex 
differences in carcase proportions will only become marked as sexual 
maturity is approached in the heifer; but more eviaence is necessary 
before concluding what exactly these differences are, and to what 
extent steer s and h eifers differ at Yarions ages. DaYis (1932) in 
describing the differences in conformation between yearling steers 
and h eifers states th at sex characteristics have not developed to a 
point at whieh any appreciable differences in market value are 
recognised . The optimum slaugh ter weight recommended for hE-ifers 
in U .S.A. is 700-750 lb ., for steers about 850 lh (F oster and }'{iller, 
1933; Hankins, 1932; Thalman, 1932). Our findings on carcase 
proportions considered in conjunction with those of Hammond and 
Murray (19=i4) on carcase prices, lead to the conclusion that while 
ba b~· hE>ef, if well finished, will make the highest price per stone 
on Smithfielcl markets, a carcase weighing 650 lb . ·will still fincl a 
rea dy sale ; further, that wh en steers and heifers are approximately 
Pquall-'· fat, no prire cliscrimination exists against h eifers. 
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Feeding. 
The amount of feed and its nat ure are of importance in affe<.:Ling 

the proportions of an animal at any one age. A consider able amount 
is known of the effect of various planes of nu trition upon external 
body proportions, and th e weigh ts and chemical composition of the 
body parts, but little is known of the way propor tions of muscle fat 
and bone are affect ed as regards linear m easuremen ts, or what th e 
different ratios and kinds of protein and carbohydrates in th e diet 
have upon their development. 

Beginning with fat yearling steers, Trowbridge, :Yioulton and 
Haigh (1918) found that the g-rowth of the skeleton h as primary 
demand on nutrition and persists eYen under very adverse conditions. 
On a subm aintenance ration, nutrition for maintenance of life is 
derived from external fat, internal fat, intr amuscular fat, body 
proteins and lastly, when very much u nderfed , from fat in th e bones 
themselves. Henseler (1914) and vVaters (1908) found that feeding 
affects proportional development considerably . 'fhe latter states 
that scanty feeding, while not m aterially hindering th e growth in 
height, causes r etardation of t he middle width of the body . 
Hogan (1929) found th at a low p lane of nutrition lengthened the 
g rowing period, but that only a low plane of nutrition for the first 
three or four years t ended to r educe mature size (height) . Both 
severity and length of underfeeding affected mature size. \ Yatson and 
Hunter (1906) found th at an unsuitable diet u sed in the gro-wing 
period caused a permanent stunt ing of muscle growth. 1'he K ebraska 
Experiment Station (1931) reports that lambs fed on a high protein 
ration before and after weanin g m ade slig h tly better gains than 
on a low protein mixture. H ammond (1934) considers that retarded 
growth in the young pig has an adverse affect on the quantity 
of muscular tissue eventually laid down. In beef production it is 
a well known saying that calves should never lose their " baby fl esh ". 
With cattle Moulton (1920) h as shown that on a subnormal diet 
muscle fibres become smaller in diameter, which means a loss in 
thickness of muscle . Callow (1935) states t h at a deficiency in the 
quant ity of protein in th e diet, or th e excessiYe use of an incomplete 
protein like that in maize, retards growth . }fitchell , Hamilton an d 
Smuts (Illinois Agr . E x pt . Stn . R.ept ., 1931-32) h ave sh own to what 
extent some of the most common cereals and meat proteins are 
deficient in certain amin o acids. \ iVe do not yet unrlerstan d th e 
causes of badly developed muscular t issue and studies are needed to 
determine what ratios and amounts of amino acids in th e cliet enable 
optimum muscle growth, and how the balanre of protein to 
carbohy drate should be altered in relation to the J . .rrowth of animals 
of various ages and differen t species. Mitch ell , Hamilton an d 
Kammlade (Illinois Agr. E xpt. Stn . Hept., 1931-32) h ave commenre•1 
investig-ations in this field . Th e benefi cial effect of g-ood feeding on 
carcase proportions has been demonstrated by F oster (1933) and 
Trowbridge (1931). 

E:ceTcise. 
The effect of ex er tion on the condition of an animal is well­

known . Bone growth is not known to he in any way affected by 
exercise or lark of i t. Among pig producers it is maintained that 
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exercise incr eases the ueYelopment of muscle, but there is reason 
to belieYe that the result is more closely associated with the better 
health of exer cised animals. vVhere exercise \Yas increa ·eel to 
work, }fitchell and Hamilton (1933) found that after walking steers 
1,181 miles in 381 working hours at 3 ·1 miles per hour, the moisture 
content of the muscles was somewhat lowered, but that the nitrogen 
conten t of t he fat free dry matter was not appreciably altered. 
U ufortunately no histological studies ''"ere made. Hammond (1932) 
inclin es to th e opinion that exer cise increases the diameter of t he 
muscle fibre. It seems possible that the nature of th e exercise 
influences the ·ize of muscles more than the amount; th e slow, steady 
strain exer ted by "·eight lifters tends to S\Yell the size of muscles, the 
s \\·ift motion practised by runners has no such effect. Breed is of 
far greater importance to muscular deYelopment than exercise; 
typical dairy animals, although obtaining the same amoun t of 
exercise as bee£ breeds in Great Britain, never deYelop the same 
bulge of meat. 

11.- Factors Influencing the Texture and Tenderness of Meat . 

Factors e,vcept Sto1·age. 

The texture of meat is thought to be closely a~sociated with 
toughness, and up to date it is belie.-ed that in t wo similar cuts 
the fin er grained meat will eat the more tender. T ex ture is l argely 
dependent upon the number and development of fibres in a muscle 
bundle, tenderness upon the amount and distribution of connective 
tissue (collagen and elastin) in the meat. 

Hamm.ond (1932) in setting forth his results on texture has 
ritecl many authorities. Concensu s of opinion goes to sho"· t hat fibre 
size increases with age, exercise and nutrition; t he male has larger 
fibres t han the female, the castrated male being approximatelly 
intermediate. The fatness of the animal as such afferts fibre size very 
litt le, although a connection bet"·een fatnes.,; aurl muscula r nu trition 
probably accounts for the findings of Hohertson and Baker (1933) 
that muscle fibres of full-fed animals were greatest in diameter, those 
of rough-fed steers smallest, and those of half-feel steers intermediate. 
Opinions differ r egarding breed differences, some fiinding small 
d i fferenc.es, others oomparativelly large ones . D ifferenceR> h ave been 
noted between dairy and bee£ breeds, but none beh,·een the beef 
b reeds themselves. 

Hammon.d (1932) h as shO\m that in the sheep musc:les wi th the 
greatest post-natal growth have the largest fibre diameter and h ence 
the largest muscle bundles; muscle bundles in the wether are larger 
t han those in e\\·es; breed differences showed that small er a nimals 
h ave sm aller grain, hut not in proportion to the differ ence& in body 
weight. Adameb (1888) in ·examining breeds of cattle found no 
correlation bet"IYeen size of fibre a nd size of muscle bundle. 

L ehmann (1907) states that th e toughn ess of meat is largely 
dependent upon the amount of connective tissue fibres contained in it. 
His view is substantiated by Mitchell and Hamilton (Illinois Agr. 
Expt. Stn. Report ., 1927-28) who found that the less tender cuts such 
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as t hose from the shoulder , contained more collagen than the more 
t ender ones from t he rib and tenderloin for example. But toughness, 
in comparing similar cuts from animals of t he same age and in the 
same condition, may be also a function of the cl istribution of the 
connective tissu e. In masticating, the eff·eet of toughnes» is probablly 
due largely to the unwillingness with which muscle bu ndles part on 
maceration by the teeth . Given the same percentage of connective 
tissue in two pi eces of meat of equal volume, one piece being fine 
grained an cl the other coarse grained, the former is likely to be the 
more tender, because in it the given amount of connective tissue 
present is spread over a. large area and is thus thinner than in the 
eoarse grained meat, and the structure more easily broken down . 
Thi ,; theory assume. an inh eren t difference in size of muscle bundles 
which is supporterl by the results of Adametz (1888), Hall (1910) and 
H elser (1923). Hammond (1932) :finds a correlation between tender­
ness and smallness of fibre of + 0 · 71, and between tenderness and 
smallness of muscle bundle of + 0 · ~3. ~1oran and Smith (1929) also 
find a correlation between grain of meat and tenderness . 

In young animals and over a small age range, :Mitehell ancl 
Hamilton (Illinoi, Agr. Expt. Stn . R ept., 1927 -28) found no age or 
sex differences (between steers and heifers) in coillagen content of the 
meat. It is interesting to note that although generally aceepted 
that meat from old lean animals is tough, the meat from a " canner " 
cow contained less collagen than meat of a ch oi r·e two-year-olcl steer. 
Uur k nowledge of th e causes of tough meat is incomplete. With 
mechanical tests H elser (1930) found cahes meat tought>r than that 
of older animals ; between sexes h e found no di.fferenre in qua:lity 
( 19~2). With fatt~ming the collagen content increased as well as the 
inter-fasicular spaces. The m eat of fattened animals is nevertheless 
known to be more tender than lean meat. It is possible that with 
the laying do";n of fat in the connective tissue, the collagen :fibres 
are forced apart and split up. so becoming more friahlP on mastica­
tion . This wou:lcl offs·et the ·effect of toughness caused by an increase 
of connectiYe t issue with age . But eviclence on texture and 
connective t issue, their interrelation ancl t he effpct on toughness of 
meat is still scarce and inconclusiYe. 

From th e vie\vpoin t of the range cattle farmer it is interesting 
to note the results of ~1itchell and Hamilton (19~3) that the effeet of 
exercise (walking) was to decrease the collagen percen tage of the 
meat and 1ncr ease i ts tenderness. Leighton and Douglas (1910) on 
the other h and state th at the effect of exercise is tD increase the muscle 
sarcolemma and the denseness of the connective tissue holding the 
:fibres together, a condi tion which woulld make for gTeater toughness . 
'L'his probably occurs when exercise takes the form of draught. 
Blacl, "W arner and \Vilson (1931) find grass-fed beef a little tougher 
than beef fed a supplementary grain ration. 

S t orage . 

The tenderness of meat is greatly improved by conditionmg or 
ripening (Moran and Smith , 1929; Hoagland et al 1917; Lehmann 
et nl, 1907) . The in crease in tenderness ,vhieh occurs when meat is 
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hung is due to ('hemical ch a nge in th e proteins of t he muscle su b­
stance au d the p ro te iu call ed collage n, '"h ich is the main co nsti­
tu ent of the musc ula r conn ectiYe tissu e fibres. Both changes are 
due i n t he fir::;t in~:d an ce to the lactic· acid produced i n t he muscle 
fibre,; f rom t he glycogen content of t he meat. Firstly the stiffening 
a nd shorteniug- of t he m uscle fib res (rigoT 11w1·tis) caused by a post­
mortem coag-ula tiou , i .e. a rlcneased sol ubili ty of t he proteins ' '"it hin 
t hem , is 1·e~oh·ed by th e a('tiou of t be acid ('hanging- t he prot ein 
iu to m ore soluble forms . Some fe,, days after cleath at a time 
depending- mainly upon temperature, rigor is completely r esolved 
and i lte furt her developme11t of tenderness is du e Jttainly to the 
ooft enin g- nrHl .'melling of the collagen by the action of b rtic acid 
on i t. When h ang ing is long con ti nued (beyond about 30 days) , 
t he addit ional h ydrolytic action of th e i nhin;;ic fermen ts (autoly;;is) 
t a ke,; a lHm<l, hut in commercial hang ing praetice of anyth ing u p 
to 14 days, t his latte1· reaction i :; of no impor tance C~foran aud 
Sntith , 1829) . The aYentge conditions for successful hang ing are 
10-12 days at :!G-38° F . a11<l al>ou t 86 per cPn t. rela ti Ye hum i(li\ y, 
but good re.:mlts h <LYe been obtain ed over 17 clays at ten1pe1·a tu res of 
32°--±1 ° F. (Moran , 1930) . The 1.m clerl.ving ob ject 1s to keep tempe­
ratu res and relat.!Ye hu midity just lo'' enough in the storage 
ch a mbers to prevent att:H;k by m icro-organisms. The coarser cu ts 
of beef are fo und t o be improved to a g-reater extent by h anging 
t han the better cu ts . 

In t ransportat ion over long distan ee~ t he structure of meat may 
he intlueneed by necessary c-onclitiou ci of ;;torage. "\Vher e meat is 
slowb· f rozen at - 10° C. , iee crystals form in bet\Yeen t he muscle 
fibres. On t h awing rapidly the m oist ure i s not reabsorbed by the 
fibres and a drip clrai niug a \Yay a reddish fluid contain ing salts, 
p1·oteim; and mu;;de p igmen ts, oc<"urs, and the m eat is left flabby 
and u nattractive ():Iorau , 1930). W ith very g radual t h awin g (which 
is difficult under commercial courlit ions) t he fibre::; a1·e g iYen a <·hance 
to reabsorb m oisture, dr ip is lessened an <l the appea r anee of the 
meat main tain ed. 'l'he diffie11lty of -J r ip may be oYercome in small 
joi11 ts such as distributed in cartons b.v United Stated paeking 
h ouses by rapid freezing ( - 20° C.), in \Yhich cnse ice crystal s are 
formed ' '"ithin t he fibre thus preYenting drip on tha\Yin p: (~:loran, 
1929) . As t h e penetration of thi s effect is only 21 inches (Moran, 
19JO), i t is impracticable where larger join t." are shipped. I n tests 
(L ampitt et a1, 1933) t he slow fr eezing method gave slightly 
g reater t enderness t han rapid free7.ing, particularl5· in t he case of 
m utton where tenderness and texture varied together fai tly closely 
in the same direction . Considering whole carcases, mu tton an cl 
lamb because of smallness, f reeze through more rapidly t h an beef, 
and h ence are l ess liabl e to deterioration by drip than beef . 

\ iVhere transport takes not much m ore than 25 <lays, chill ing· 
g ives excellen t r esults (Mor an, 1930), t he principle being to holrl 
t he m eat just above freezing point ( - 1° C. or 30 ·2° F .) . Actually 
t he meat is shipped one or two degrees lower to reduce moul d growth 
and becomes f rozen on the outer su rface, hu t joints on the whole 
a re r en dered far less unattractive by ch illing than by fr eezing. 
Comparing methods of f reezing .Mor an and Smith (1929) fou nd th at 
freezing h ad no ill effects on t h e palatability of the meat. The 
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experiment was canied out however with prime beef and un..:ler 
ideal eonditions of thawing etc. and h eld in stor age for only a few 
days, and it is still uncertain how far t he decreasing dem and for 
frozen beef is affected by quality as against the " off " appearance 
due to drip . 

Recent investigationJ into t h e possibilities of gas storage in 
carbon <lioxide (Moran , 1934) h ave render ed practical results which 
increase the life of chilled meat 100 per cen t., and make it possible 
for far lying countries such as Austra lia t o ship beef t o t he E nglish 
market by means of the ch illing system . 

II I.- Factors Influencing the Colour of Meat. 

Hammond (1932) states and qu otes extensively t o show that the 
colour of musele varies with its con ten t of haemoglobin . Brooks 
(1929) and Heiss and Hohler (1933) h ave shown that the int ensity of 
muscle colour depends chiefly on its h aemoglobin concentration . 'f he 
public accept the colour of meat as a guide to quality. Old beef 
and bull beef have long been associated with dark colou r and tough­
ness, and although dark m eat in a young animal may make excellent 
eating, the fact is not gener ally recognized . B eef is unfortunately 
displayed in most retail shops in r ela tively small joints, and it is 
not always possible for the public to judge from wh at class of animal 
the meat has been cut, so that a ligh t colour offers some margin of 
safety. 

Hreed. 

Colour differences Jue to breed h ave been noted (Hammond, 
1932; Hall, 1910; Helser, 1923; A nametz, 1888 ; Kansas Agr. Expt. 
Stn., 1926-28) . Experiments a t ~Wisconsin U niversity (\Vise. Agr. 
Expt. Stn. Hept., 1928-29) on t h e oth er h an d disclose no colour 
differences between breeds as ~widely divergent as the Angus and 
Holstein . From observations at shows, packing houses and meat 
markets we are inclined to believe t h at individual variation ''"ithin 
bree<1s is of far greater impor tance than any small br eed differences 
which may exist . 

Condition. 

The animals in better condition are m ost ly found to have lighter 
coloured m eat (Trowbridge et al , 1918 ; Bull et al, 1930 ; Leighton 
et al, 1930) ; other worker s (K ansas Agr. Expt Stu, Hept., 1926-28) 
tentatively advance results showing th at a better finish renders beef 
darker at the time of cutting. H ad the meat been allowed to 
brighten normally , different results migh t have been obtained . 
"P~I~\HU\.l Gb~~1"1\1tlGl\~ ll\ li11~ t o U~e, G"\.)ll\lCm th at well fi.n.ial\ecl :cmimala 
have the b est col ouren m eat. 

Age. 

H ammon d (1932) found th at in lambs all muscle fibres were of 
the same colour. By 5 months t hey h ad differentiated into light and 
dark fibres, t he latter increasing in intensity of colou r by the age 
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of 11 months. How muscles darken with age h as been well illustrated 
by Schmid (1929) iu corresponding joints from calves, baby beeflings 
and steers . Other ·workers (Bull et al, Hl30; Helser, 1930, De Lisle, 
1930; Foster, 1928 ; Ill. Agr. Expt. Stn . Hept. 1931-32) obt ain essen­
tially the same r e::mlts . Beef rea (.;hes its optimum colour between 
one and hYo years of age. 

S e:r; . 

Hall (1910) and L eighton and Douglas (1910) agree that the 
flesh of steers is lighter in colour than that of bulls. Sustschow::. 
(1910) has sho"·u that castration diminishes the haemoglobin and 
erythrocyte content of the blood. )fcCay (1931) with oYer 1,000 
determinations has shown that th e blood of bulls has a h igher haem o­
globin content t han t he blood of com.;. No difference in colour \\'Ct::i 

founcl between steers and heifers (Bull et al, 1930). 

F eeding. 

Hammond (1932) states that the fle h o£ cal Yes fed on milk 01 

potatoes (deficient in iron) is particularly white in colour, while in 
those which have a mixed diet (with oatmeal, con taining iruu) it is 
much darker . Althoug-h the number of steers is too small to establish 
the point definitely, Bull et al (Illinois Hept., 1928-29) report that 
barley gave a lighter beef (h aemoglobin content 0·291) than maize­
fed steer s (h aemoglobin content 0· 325). The K ansas Station (Rept. 
1928-30) reports the m uscle haemoglobin content of g rass-fed beef to 
be 0 · 4584, maize and grass 0 · 4164, and ory lot 0 · 3960, but states 
that grass-fed beef was neverth eless of excellent colou r . Longwell 
(1930) founrl t he colour of gr ass-feCI beef in no way inferior to grain­
fed animals when the degree of finish was similar. Black (1931) 
find s grass-fed beef slightly darker in colour but with greater varia­
tion among individuals t h an among test lots. Small colour oifferences 
due to the nature of t he feed seeJ-n to be commercially unimportant 
where animals are in similar condition. 

Managem ent. 

It is generally belieYed that the colour of meat varies with the 
method of killing adopted as this may gTeatly influence the th orough­
ness of bleeding . H all (1910) states that animals killed after much 
exercise or in a feverish condition clue to long shipment, pregnancy, 
or excitement at sl au ghter, will h ave the capillaries dilated and are 
more difficult to bleed. E x periments by Bull et al (Illinois R.ept. 
1928-29, 1929-30) showed no differences in colour or haemoglobin 
conten t of meat between steers bled immediately after stunning, 
deferred bleeding· for 5 minutes, and koshering . Packing h ouses in 
the United States (1934) find stunning the most suitable method of 
producing insensibility before bleeding; they state that stunning by 
electrical shock is not so suitable in t hat it is liable to produce blood­
shot m eat. Sir Frederick Hobday (Lecture to the Cambridge 
University Agricultural Society) found , however, th at in over two 
million pigs stunned by this method at an abattoir in Austria, not 
one case of flash ed pork appeared. 
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E.-ceu:isc . 

Hammond (1932) belieYes that t.he amount of haemoglobin (and 
consequently colour) in a muscle yaries directly with the amount and 
duration of work it is capable of doing. L ehmann (1904) found in 
birds that t he muscles most used contained 3 · 7 per cen t. h aemoglobin 
whereas the least used contained only 1 to 1·1:i per cent. vVhipple 
(1926) criticises Lehmann's method as inaccurate, and attemp ts to 
prove t h e principle himself, not in t h e same animal, but between 
animals. U n fortunately his exercise was unmeasured, his breeds 
of dogs entirely different and h is subjE'cts somewhat f ew in number. 
H is " ·ork, however, presents a strong argument in favour of th e 
increase of muscle haemoglobin wi th exereise. ~Iitchell sta tes that 
exercise is known to affect the colour of the lean of labora tory animals 
(Illinois Hept. , 1928-29), but in steer s walked 1,181 miles on the 
l evel , 8 · 8 miles per clay at 3 ·1 miles per hour , only the triceps 
brachii muscle bec·ame a darker red (Illinois R ept . 1929-30) . Based 
on t he above it Ree n1 s improbable that exercise incurred by normal 
range grazing would affect the eolour of beef adversely . 

Storage. 

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

vVhen meat is freshly rut, the colour is normally a clull purple­
red (reduced h aemoglobin) which on exposure to air rapiclly becomes 
pinker and brigh ter (oxyh aemoglobin) clue to the combination of 
reduced haemoglobin " ·it h oxygen. Depen cl ing u pon temperatu re and 
humidity of t h e a ir, a gr adual colour change takes place due to 
drying of t he meat surface, the meat becoming progressively darker 
unt il it is almost blaelc. On drying, a somewhat gel-like superficial 
layer is formed (the thiekness depending on the extent of drying ) 
which differ s from the tissues beneath by an increased rigidi ty and 
transparency. This eh ange of transparency inereases the depth of 
penetra tion of light before reflection, and this, together with the 
increased coneen tration of pigment, leads to an increase in the depth 
of colour (Brooks, 1929). 

In orcler to determine the error introduced by this factor on 
colour r eadings of m eat taken at the Smithfield sh ows, an experiment 
was carried out as nearly as possible under Smithfield conditions to 
determine the 1·ate of these colou r changes in beef. Steers \-vere 
sl augh tered in t he afternoon, broken the following morning, and the 
first rib cut removed from one side, th e colour reading of t he fresh 
cu t meat take!). and the m eat then hung with all despatch in a ehamber 
at 5° C. an d approximately 65 per eent. rela tive humidity. Owing to 
a rather rapid air circulation in t he ch amber caused by a revolving 
electric fan on t he :floor, it was deemed advisable to h ang a tubular 
cardboard sheath , open a t either end , around the m eat to prevent 
11ndue evaporation of moisture . Colour readings were macl e wi th 
Hammond's modification of t h e Munsell bee£ colour seale. The 
bla ds of t h e seale are of colour-spr ayed celluloid and numbers increase 
in order of darkness, t he highest numbers being the darkest blads. 
To extend beyond the clarkest blad (No. 12) an extension seale was 
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drawn up with oil paints on paper. The entire scale proved satis­
factory . L ighting was hy m eans of an Osram 100 watt " day light " 
(cobalt blue) bulb held at eonstant rlistance and angle to eye from 
the surface of the meat. Sample 1 was from a J -year-old Shorthorn­
cross st eer, samples 2 and 3 from 2-year-old Shorthorn-cross steers . 
All samples >~·ere poorly marbled and of fine texture, giving a very 
homogeneous surface which facilitated colour r eadings. 

Diagram XIII A depids the brightening curve~ . Irregular ity 
of the curves for 3a and 3b is to some extent due to t he difficulty of 
registering small colour differences not in the scale, by eye. 'fhe 
L;urve of sample 1 is typical. R apid brightening occurs within the 
first half h our, slowing dmnt progressively until about 5 hours after 
cutting, t hen stationary for a period of 5 hours, after which the 
colour gradually deepens . Sample 2a gave much th e same type of 
c;u1·ve. A fter hanging 2a for 7 days the darkened area was sliced off 
and readings commen ced on t· he fresh cut sur face (sample 2b) . Ko 
explanation is offered for the pec11liar behaviou r of this meat . 'l' he 
interior ha d gone a light pmply pink colour which ufter darkening 
to about t he lightest sh ade t he f r esh m eat (sample 2a) h a <l r each ed on 
brightening , dropped t o star t ing point , and at 2 hours already com­
m enced darkening rather more rapidly than normally . Sample 3 was 
allowed to brigh ten for 2 hours, when it \\·as divided in two and 
r eadings conunenced on the fresh cut surfaces. One h alf (sample 3a) 
was covered like the rest of th e samples had been , the other (sam ple 
3b) was hung in the open to see what effect more rapid drying off of 
surface moisture had on colour ch ange. The m eat of 3a and 3b took 
somewhat longer to r each maximum br ightn ess than t h e fresher meat 
(sample 3). The enclosed portion (3a) br igh tened a lit tle more t h an 
the exposed half (3b). 

When darkening set in, tbe ellrves of 3a and 3b ran approxi­
uw tely parallel. Diagram XIII B r epresents darkening over a 
period of days . Samples 3a and 3b which wer e allO\Yeo to hang for 
16 days, seemed to h ave attain ed their m aximum flarkness, being 
almost black. At the 4th clay of hanging the su rface of the uncovered 
sample wafl quite dry and hard , while th at of the coYered sample was 
still pliable and damp. On the following day slime was visible on 
t his sample and it gradually developed a rather unpleasant musty 
smell. 'l'he uncovered sample remained sweet un til removal , when 
both samples had a growth of fi ne whiskers on t h eir surface . The 
dry ing off of the surface made a considerable difference to the keeping 
qualit ies of the m eat in t hat it preventecl the attack of micro­
or ganisms. Brooks (1929) found that a sample of meat h a rl t urned 
very dark red after 24 hours' exposu re at n ormal r oom temperature 
and humidity (figures unstated). At a temperature of about 19° C. 
and 57 per cen t . rel ative humidity we found that a sam ple taken from 
beef h:illecl two clays previous rear·hed i ts m aximum brigh tness 
(changing from grade 12 ·0 to 10· 5) in 20 minutes, remained steady 
for 3 hours and then gradually commenced darkening so that at the 
end of 24 hou rs it had again reach ed the sam e colour as when freshly 
cut (gr ade 12). 

The Kansas Station (R ept. 1926-28) report th at t he brightening 
process is most rapid dur ing th e first 30 minutes after cutt ing, bu t 
cont inues for about 0 hours, after which t here is a t enden cy for t he 
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cuts to become darker. Helser (1930) found meat of animals of 
llifter ent ages and in different eondition at one age to brighten only 
one grade on the :M:uusell scale, but does not state cunllitiuns of tem­
per ature and humidity . With Hammond's scale, which is graded a 
shade wider, meat brig h tened from 1 · 5 to 3 · 5 grades, depending upon 
the animal and upon conditions. A rapid drying of t he meat surface 
seems to prohibit maximum brightening, although it does not appear 
to influence the rate of brightening to any appreciable extent . At 
ordinary room temperatures and hmuidity (approximately 18-20° C. 
and 55-60 per cent. rel ative humidity ) it \vould seem that constant 
colour rea dings may be obtained after t he first 30 minntes anu up to 
about 4 hours after cutting. At storage temper atmes above freezing 
and the same rela tiYe humidity , i t is safer nut to take r eadings before 
the el apse of 5 hours aft er cutting . The above suggestions ar e based 
upon relatiYely few tests and should be considered only as tentative. 
v\'here m ea t colour r snlts ar e to be (•ompared beh n•en E'X perimen ts 
done at different times, it is desirable that samples should be read 
;tlways at the sam e time after eutting and under simila r corHlitions 
of t emperature and humidity , and that sufficien t t ime be allowed to 
permit those normal samples which brighten m ost, to reach t heir 
maximum bright ness before reading, for i t is this t ype of m ea t 
which is of gr eatest value to the t rade. 

Darkness of meat may be diYided into two classe8. lt m ay be 
a mat ter of the intensit y of red colour produced by a relat iYely 
high content of muscle haemoglobin , or it may he caused by incom­
plete oxygenation of muscle haemoglobin, in which case t he t issue 
may be so impermeable to a tmospheric gases t h at the brightening 
process takes place Yery slmYly or n ot a t all. 'l'he K ansas E xperi­
m ent Station* t rea ted rib cuts of t " ·o typical " black cutters " 
whose meat was a chocolate brown colour, by finely mincing th e 
meat , placing it in a vacuum desiccator which had ueen eYacu ated 
to a high vacuum, and then allowing the desi ccator to :fill with 
oxygen . vVithin a fe" · minutes the meat had turned a br ight n orm al 
r ed colour. They found that these samples wer e ext remely colloidal 
and extremely hydrophylic, and suggest that the min er al balance 
m a)· h ave much to do \Yith the unusu al physical p ropert ies of t he 
m eat. No feeding ex perimen ts have succeeded in produ cing clark 
cu t ters, and no attempts have as yet been m ade t o find whether 
genetics plays any part in the phenomenon . 

Another t ype of discolomat ion f requently encounter ed over 
longer periods of st orage, i s the changing of t he normal r eel colour 
of meat, to a brown hue, due t o the oxidation of haem oglobin to a 
fern-compound known as methaemoglobin . This p rocess does n ot 
occur in the absence of oxygen, hut proceeds most rapidly at 0° C. 
with an oxygen pressure of 4 mm. , which incr eases with rising 
temperature (Brooks , 1929). For this reason, if a sample of stored 
beef be examined it will frequen tly be found th at t here is a clark 
brown l ayer , not at th e actual surface, but one or two m illimetr es 

·• P ermission was obtained from t he K a nsas Agric. E xperiment al Station , 
U.S .A. , to quote experiments published i11 a confident ial Progr ess R epor t on 
the ir meat investigat ions (July , 1932). 
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from the surfa t.:e. Si1nilarly, in high concentration of carbon di-oxide, 
the partial pressure of oxygen is reduced and therefore dis­
colouration is nearer the surface and is more noticeable (Brooks, 
1933). M:ethaemoglobin is formed in the frozen state, but is less, 
the lower the temperature. Thus Brookr; (1933) finds that, whereas 
there is a sig ni fi can t cliscoloura tion 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 
J 5° C. it is 1 mm. (Brooks, 1929), so that the higher thB temperature 
abo\·e freezing the shallower will be the depth of methaemoglobin 
formation, although forming more rapidly at the higher tempera­
hue. ""Where humdity 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 " ·hich haa been frozen and 
thawed the rate of pigment oxidation is increased, and frozen meat 
therefore sutl'ers from th e 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 bee£ where drying decreaaes 
the intensity of colour, this does not occur . Bacteria may increase 
methaemoglobin formation (Brooks, 1933; Heiss et al, 1933). In 
transport ·thus, chilling temperatures , considered in conjunction 
with other ch anges which beef undergoes in storage, may he con­
siclere·cl optimal for r etention of quality. 

One ether factor which strongly affects the sales value of a 
C'arcase is the freshness of appearance in which it is presented on 
t he market, commonly known as " bloom ". 'l'he 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 ancl partir:ubrly in lamb ann muttcn . 

The thin, broad, red surface muscle (panm:culus r;arnosus ) 
stretching over a considerable area of the ribs and fian k of the carcase, 
and certain fleNor muscles of the leg, are chiefly invollved. 1''he panni­
culus carnosus is covered hy a layer of connective t issue 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, is to intensify it . Conditions leading to furth er drying· 
however, and extreme desiccation of the muscle, cause the formation 
of minute air .. pockets among the desiccated fibres, so th at the scatter­
ing of light from the numerous interfaces thus formed decreases the 
depth of the refl ecting layer, and the muscle appears to h ave lost 
depth of colour result ing in the gr eyish-yello-w collour described as 
" corkiness ". At the same time a pen etration of oxygen, which is 
not prevented by the connecti-ve tissue layer, causes the forma tion 
of methaemoglohin, and Brooks (1929) states that in practice, dis­
colouration is u sually a product of both these fa ctors. 

Thicker muscles lose brightness of colour on freezing through 
the presence of ice crystals and concentration of salts in the un­
frozen portion . 
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Alterati{)ns in the structure of the connectiYe tissue affect blom11. 
Prolonged contact with water which may take place during 
swabbing, during dressing, or through sweating (caused b~· 
temperature fluctuations) increases the capacity by swelling the 
collagen fibres, ancl cau ses an apparent dulilness of the 1mderlying 
fat and muscle (Moran et al., 1929). Again , freezing the tissues 
disrupts the swollen collagen fibres and increases opacity. \Vhen the 
tissue is not allowed to dry after freezing and j or thawing, a still 
greater opacity results . If normal appearance of the .superficial 
tissues is to be retained, conditions ileading to s" ·elling or excessive 
drying of the frozen connective tissue must be avoided . For lamb 
and mutton about 10. hours on the oooling floor at 12° C. and reln tive 
humidity as n ear saturat ion point as possible, is recommended 
(Griffiths et al. , 1932) . However, from the point of view of 
" bloom ", good r esults ar e also obtained by placing warm carcases 
direct into the freezer. In freezing, t emperatures should be main­
tained just below - 8° C. and relative humidity at approximatel:v 76 
per cent., a combination which, while reducing spoil age by m icr-o­
organisms to a minimum will maintain the optimum appearance of 
carcases . 

In the fa t, gross ch emical ch anges in satura ted or unsaturated 
fatty acids, a change to colourless or ileuco-compounds giving the 
appearance {)f 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 r elatively unimportant, 
and the crystallisation ,,hich most frequ ently {)Ccurs has no signi­
cant effect on the blloom .of a car case (Griffiths et al. , 1932) . 

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

IV .- Factors Influencing the Colour of Fat. 

The yell{)w colour of fat is due to t he carotinoid pigments, 
carotin and xan thophyll. Fat from cattle and lwrses contains 
chiefly carotin , yellow fat from rabbi ts and poultry chiefly 
xanthophyll; t he almost white fat of sh eep and goats contains a 
meagre amount of carotin, and pig fat is al together unpigmented 
(Neidig et al. , 1928) . 

B1·eed . 

Breed exerts a str.onger influence on fat colour than any other 
factor. 'l'he colour of body-fat is closely allied to the colour of 
butterfat (Neidig et al. , 1928) ; Hammond and vVheth am h avE> 
illustrated the marked breed differences in the butterfat colour 
of dairy cattle. Hammond (1935) consider s the colour of t he 
body-fat in cattle to be a multiple-factor genetic ch aracter, and 
states that all shades of colour exist from a very pale yellow 
(which is desired by the butch er ) to a deep yelllow (which is desired 
by the breeder of dairy cattle). T'he very yellow fat in the car r ases 
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of Jerseys and Guernseys is well known, and public discrimination 
against yellow fa t is largely due to the association of yellow fat 
wi th the poor quali ty of m eat cqmmon in dairy breeds. Hol stein 
fat is not normaJlly yellow, but it was found to have a bluish exterior 
colour compared with clear creamy-white fat of the .Aberdeen Angus 
(Wisconsin Agric. Expt. Stn. R ept., 1927-28). 

Condition. 

'l'he effect of condit ion on th e colour of fat will be very largely 
dependent upon the amount of pigments the animal has ingested in 
the cou rse of fattenin g, and whether during that time there " ·as any 
fall in condition. 

It was observed that in r abbits, which for various reasons 
(illness and starvation due to deformed teeth) had dropped greatly 
in weight, the fat colour bad increased in depth far above normal. 
It seemed that whille the body absorbed the fat for nwinten an(:e, tbe 
yellow pigment was not (lrawn out, :-mel concentrated in t he tissue, 
gave the abnormally clark colour. To test out this theory seYen 
J'abbits with potentially yellow fat were fattened (inbred line selected 
for yellow fat), a fat sample removed from one half of t he shoulder 
strap for cdlom reading, the animal reduced to desired weight by 
;;tarvation, .killed, and the fat colour reading taken from the remain­
ing h alf of the shoulder strap . T'he following represents the colour 
changes which oceurred. 

I 
I Starved vVeight Loss Operat ion Ki.lling 

I 

Condition 
Rabbit No. Weight at when in when 

I Operation. Killed. vVeight. Sample. Sample. Killed. 

I 
I I 

Gms. Gms. Per cent. Colour. Colour. 
l. ...... .... 2,731 1,890 31 6 ll \"cry Lean. 
2 .... ...... . 3,225 2,9:{0 ll 4 5 Good. 
3 ... ... ..... 3,275 2,560 22 7 7·5 Very Good. 
4 . . . . .. ... .. 3,540 2,820 20 8 9 Good. 
5 . ... . .... . . 3,437 3,090 10 8·i'i 9 Fair. 
6 .. . ... .. .. . 3,422 2,637 23 7·i\ 9 Fair. 
7 ...... .. ... 3,080 2,480 19 8 13 Very Lean. 

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

'l'he most striking concentra tion of colour was shmn1 in rabbits 
Nos. 1 and 7, whieh were very lean when killed. No . 2, 3 and 4 
11·hich \\·er e still in good condition when killed had beeome- but 
little y~llower . No. 2 ·which h a d a very light coloured fat, while 
losing only abou t h alf the \\·eigh t that 3 a n<l 4 lost, deepened in 
colour to the same extent. On the other hand No. 5 which was in 
the same condition as No. 6 when blled , but had lost in weight only 
about half as much as No. 6, showed a correspondingly smaller 
increase in colour. Sam piles of Nos . 5 and G were rendered, this 
method giving more homogeneou s samples for comparison; although 
it was found impossible to match rendered samples on th e scale , 
direct comparisons between samples '"ere possible. Contrasts in the 
rendered fats correspond tc those taken by scale on the fresh fat .. 

450 



ll . liiHZ J-:L . 

W -e do n ot wish to att ach much value t.o the precisen ess of the 
differ en ces between Nos . 2, 3, 4 , 5, and G, bu t a t t h e sam e t im e find 
some indication of <leepelJPd colour t n eYery c:ase. ~-\.n exact m et hod 
for determining t he co ncentration of p igm en t would be b y 
qu a n titatiYe chemica l an a lysis . Fudher fat <'olou r r ead iugs La ken on 
eac:h of ::;eYeu l ean rabbi t ~ \Th ic:h h a d o nce lH'ell in g-uo<l condi tion, 
averag-e<l11·=~; r ea d ing ,; on t eu r abbits in good <"ond it ion aYeraged 
8 · (;, a :;triki ng di ffer en ce . 

H the car oti n in beef fat cuucen t ra tes in th <· s<lm.e m ann e1· a s 
x an t hophy ll in rabbit fat 11 hen f a t i :> absor bed b~· Hte h ody , a pa rtial 
expla na hun i,;. offer e<l fo r the r a t her .vell o11· b t. of r ange-gnnwd th ree­
year-ol <l a nimab whe n nu t iu fi r st-ra te r:ondit ion . Fa t a<ld ed ,,-hen 
gTa<~iug- is g ood , i ~ lud in the ::; Lore period dur ing- th e ::;p an.;e season ; 
a sec1ueuce of t bi :s n atu n ' 11·ou l<l tend yearl_,. to i n('rease t he am ou n t 
<li pigmen t in t he ad ipo:;e ti:;Kue . LiYesay (1929 ) fou nd t h-e f a t of 
high er gra d P st eer s , i .e . fa tter steers , t o baYe a m ore rlesirable colou r. 
T he r eason is proba bly fouJl(l in t h e <l iluti on of t h e pig- ment on 
fa tt en i ng on ration s larg-e>'l~· <l eYoid of carot i noi fl s (see Fee<lin g) . 

Age. 

A litter of five mhbit ;; from a yellow-fa t str ain (colour R·(i) 11·en~ 
<liYi<led aft;er 11·eaning- into group6 of 0 an d :! an<l f eel rli ft e> r en t ]_,- to 
teHt th e infiuen re of f ee<l on th e co lour of thP fat. I n t he g-reen feel 
lot·, No. 1 <lie<l 2 1reeks a ft e r wea nin g ; th r' lit tl e fa t p re:;ent \Yas 
('o lou rl es~ . ~ o . '2 ,,·hic h 11·as ~ick an d 60 ki lle>d at !l weeks d te r 
weani ng , h a cl a fa t colour of 1 ·5 . No. :~ gr ew n ormailly, was killed 
:tt 30 11·ee ks ol<l , an <l h ncl a fa t col our of -1- . I n t he w h ite feed lot. 
N o. 4 ki11 e<1 a t l :i 11·eeks afi e> r 'IYP <lnin g h rul f a t colour 1 -;\ 1rhi l e> 
No. 0 whi('h rli<·<l at· 38 11·ee b old, h :n ·in g <l roppecl in 11eight from 
2,445 g-ms io 1 ,740 gms in G 11 eeks , bad a colour of' 0. Dav is (J W32) 
states t hat the fat of y earling beef animals is som ewha t whi ter th an 
t h at of m ature an imals . A ge ~eem s to h :l YP a n infiu t>nce in in ('reasi n g 
t he )' ellow p ig-n ten t in t he f at , p r obabl y be<:ause of th e i nnea~e i11 
tota l amoun t of the pi g m ent ingest ed wi th age . 

S c.r . 

Bull rl aT (1900) finrl n o differ en ce in i.b e colour of fat bet11·een 
steers and lte ifPrs . Rabhi t data sh ows n o <l ifference het" ·ppn bnch 
ancl does . 

f!' pcr/ l ng . 

P erh aps t h e m ost import ant factor infiu e>n ci n g t h e r o lour of fat 
in pra cti<"e, is f<-•e<li ll g'. f t is 11·ell k llO\\' Il t h<J ( IYh en an ima ],.; are OUt 

t o green grass (r i ch in ('arotiuoi ds) , t h e colour of ho th t h e body-fa t 
:1n d h ut (erFa t i n n eu,.;<-'o i n i u tt· n sit~· . P :d m er (192'2 ) hn~ <leJJJ onst ra ted 
<·ondw.;iYeJy t h at th e caro t in eon te>nt of th e f'm1· '~ a <l ip ose t iss ue as 
11·ell as th a t ~rnete <l i n t he milk fa t , i s cle t e> n n i11 e rl h.\- t he carotlll 
('onte nt of t he ra ti o11. T11 a s.inula r ,,·ay th(-\ f a t colour of the fowl 
rmcl i he yo lk of th e egg·, is rlepend ent UJ;On th e xanthoph y ll proYidecl 
in t h e fee<l. \ Vat son (HJ:i3) ob tai ned a st r iking i n cr ease in collour 
of butterfat " h en stalle<l dairy catt l e 1Ye1·e a llo\1-efl ou t to gTa ss . 
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l'ease (1928) has shown that i f the yellow-fat str ains of rabbit:; are 
fed on foods sueh ::1s yello"· m aize and green foods, yellow fat 1s 
a lways deposited , but if pigment -free foods are fed t h e fat deposited 
i;-; 11·hite . Simi larly 11·e found (see p . -±:11 , Age) that a rabbi t:{;) 11 eeL; 
old a nd fe rl on earotinoid-riclt food h ad a fat colo ur of 4, whil te one 
fed on food defi eieut in pigment, at 38 11·eeb old, in ;;pi te of a eou­
s itl erable lo.:::.:> of fat (vd1ieh tends to concentra, te colour) , had a g rade 
of onl y 0 . 

ln prad ieal experiments (li.a n,;a:; A g r. E xpL Stn . R ep L, Hl00-
:J:!) it 11·as fo und 1hat anim al::; on a full eO JH·entrate 1·ation plu:; blu e 
g ra,s:; pasture !1·ich in carotinoids (Nei-dig et al. , 1919) J for 150 
days, cont ained m ore yellow unib iu their fat than an ima l,.; gett ing 
no green grass. ' l'h i,; per iod II'<.I S however insuf-ficie nt to di ,.;colour the 
fat , giYing it only a pinb:;h appea rance often describe<l as" llHHldy" 
hy pacJ;er-l.Jeef men . The cahe,; u . .,ed \Yer e r eare(l in T exas anrl it is 
r eason able to s uppose tha t t heir m ain feed prior to fattenin g harl 
been grass . The bee± breeds h a.-e a na tural tentlenr-y to 11hi te fat 
and fat added in a fattening perio(l on a m a in r<Jtion low in carotin, 
evidently served to dilute any pigmeut 11hieh lllay ha ve been laid 
down Oll g raSS to a n exte nt SUrhcient lio produee a cle::>irabl e ar ticle. 
This fad has a n importan t bearing on cattle fattened oft the range 
and shows that, p rovided anim als a re young en ough w t h<lt n ot too 
mur..:h pigment h as b een la id (l01n1, range reared cattle may prod.u ce 
fat of a desirable colour. 

St;urage . 

L ee (1931a) hac; slumn h OI\- f at blear;hes b:y oxida tion. vVe 
ohserve(l changes in t he colour of rabbit fat und er rliffe re nt conditions 
oyer a pe riod of five montl1 s . ln sh or t, :;torage of sh oulder a nJ 
kidney fat. in the rla rk for 3 mout hs at 0° C . left the 11m·mal colour 
vf 9 uualhered, except for th e k idney fa t \1·h ich appear·ed to reaeb 
grade 11 on thawing. After keeping for :2 months in light aL 18° C., 
1t had bleached to 8. Fat ::;tored at - 10° C. ::1ppeared to have bleaeh ed 
from 9 to 5, but on t hawing regained n ormal colou r . Crystallisation 
of the fat m ay account for th is illu sion when fror,en . The sh oulde1· 
fat (0° C. and - 10° C . Rumples) ,1·h en kept in light for 2 months 
a t 18° C. subsequent to t hawin g, b leach ed from 9 to 4. ' l'h e kidney 
fat stored at - 10° C. for 3 m onth s h arl n ot blea(·he(l at th e end of 
a nothe r month in lig-ht at 18° C., so \\·as r efror,en at. - 20° C. for 
three clays , dropped from 9 to 4 i n storage, darkene(l on tha win g 
from 4 to 10, and in 5 weeks tl1e surfa ce h arl hleaeh erl to 2. A n 
eig-hth of an indt clown t he colour 11as s till n ormal, namely D. 

How rapidl y this bl eachin g oef:1ll'S in beef fat we rlo not kn ow. 
Mattiko11 (1932) states t hat i n :;olntion , carotin (bee£) bleach es m ore 
rapidly than x :1nthophy ll (rabbits) . In r abbit fat it; W::1R n oii cerl 
t hat the dr ier th e sample, the more rapidly bleachi ng- occurrerl , clue 
probably t o th e better penetrat-ion of oxygen wb Pre an oily surface 
layer \YUfl ::1bsr> nt. It iR all eged that bh•achin g of b eef fat is 
aeceler::1 t ed by " shroudin g ", i. e. pinning hot dnmp clotl1 s t igh t ly 
over the ca rcase after killin g . (R ead ings in Packino· House Prartice 
1934.) 

0 

' 
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The reason for a disfiguring brown discolouration of fat travelling 
lon g distances, as from Australia for example, ha,; been explained 
by Jhooks and Lea (1933a). In bleeding, beef fat r etain,; an 
appreciable amount of blood haenwglobin in the cnpillaries, which 
imparts to the fat a pinkish t inge, and which on changing to 
methaemoglobin gives the fat a brown , or a dead, chalky appearance, 
according to t he amount of haemoglobin originally present. These 
discoloured patches are most frequent where carcases h ave chafed 
in transpor t, so keeping the fat surface moist, a condition conducive 
to methaemoglobin formation. (The practice in South America of 
runniug cattle through a cold shower-bath before shughtering, b_y 
contracting the skin, probably has a beneficial effect on clearing 
blood from the surfaee-fat capillaries.) In experiments, the 
discolouration occurred already in 3-5 days at 0° C. in an atmosphere 
of 95 per eent. carbon dioxide and 95 per cent. relati.-e humidity; 
in 50 per cent. carbon dioxide it occurred in about 30 days and in 
10 per cen t . carbon dioxide or in air, only after about 60 days 
(Brooks and L ea, 1933b). 

Brooks and Lea (1933a) state further that the optical properties 
of the connective tissue and the fat determine the depth to which 
light penetrates before reflection, t h e more transparent the material 
the deeper being the colour. They consider th at the composition 
of the adipose tissue in terms of fat, protein and " ·ater affects this 
transparency. 

V.- Factors Influencing the Firmness of Fat. 

ln meat animals the firmest fat is found in sheep, followed by 
cattle, and the softest in pigs, and i t is only in the l atter that soft 
fat is a serious problem. H enriques and Hnnsen (1899-1900), f ee<ling 
lim;eed oil and cocoanut oil t o pigs, did the classical experiment 
showing how the nature of the food influenced the firmne::;s of fat. 
1'his was the commencement of a great deal of resear<~h on the soft 
fat problem in pigs, and Callow (1935) has comprehensively reviewed 
wh at is known about it. In beef, maize, soybeans , maize oil and 
soybean oil (all softening pork fat) were u nable to influence the 
firmness of beef fat (1933); th e extremes, cocoanut oil (iodine number 
8 ·1) am:l Menhaden oil (iodine number 139 · 2 to 192 · 9) gave no 
significant difference in firmness of fat (unpublished data of the 
Iowa Agricultural Experiment Station) , but the experiment is not 
conclusive . Hammond (1932) states that grass-fed animals proc1uce 
soft fat, and quot.es as a possible reason Sjollema's (1903) finding 
that the feeding substanees which ferment much i n the rumen cau se 
th e formation of volatile fatty acids (whieh soft ened butterfat) . 
Hammond states further that the over-hard fat of nnimals fatten ed 
on roots (a carbohy drate feed ) may be softened by linseed cake 
(containing oil), while the soft fat of animals off grass mny be 
firmed up with cotton cake or carbohyc1r ates . 

The effect of age on the firmness of fat h as not been sharply 
dissociated from the possible effect of condit ion. The fat of ealves 
feel at Illinois (Ann . Rept., 1927-28) was h ard at the beginning of 
a trial; after 140 days it h ad softened appreciably , but after a 
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furtheT GO <la y,; had ha rd ened to t h e firmn es:; of tht· ori gina l readiug : 
anoth e r GO day,; of feeding proLluced no t.:h a uge in r efractive in dex. 
At Kan sa s (Ann. H ept. , 1828-:lO) on t he other hand it \Yas fountl 
that the fatte r tl1 1~ ani n1 al the wfte r the fat, IYh il'h agr ees " ·i t h th<· 
Illinois r esu lls u p to thP l-!0 day feed in g p eriod. L eig h ton au d 
Dougl a:; (lUlU) f' tat e t h a t the fa t of old co 11·.~ i s so l't e r than that 
of young a11i mab ; L:1 nger (1819) fou n d that the fa t of full-g rown 
cat tle <·on tni 11 eel 111 ore ol eil' a JHl l ess ste:Jri<· ;H· i<l t ha 11 the n e"· horn . 
As animal s are , ho" ·ever , sol rl fai rly yom1 g· in comm ercial b eef 
prod u ction. Rge is n o t E kt• ly to pla~- a n imp1,rf<1nt p:1 d i11 softening 
fat. 

H eganling t l11· effl'l·t of t·tJil<litio n , i t is 1·l;~inJ ecl th;l t bttt•JllJlg 
spn·f'd t o llt•t·n•a,;t• t ht• fir1111J e,;,; of lwd fat (111. Ann. Ht-•pt. , Hl27-2~ ) ­
Th:ll w il l p rohalJly d t' pe111l <·hit>tl~- 0 11 th e" na tun• of the fattening 
raho11, hut j ust holY ll ll tl'h feP1l m a.1· inHn <·IH·e firnmPss in lwd fat 
i:; u nknmnL Ex l' n·i :-; t• lw s no eftel'l on fi nnnE'"s ( []1. Ann. H ep t. , 
1 929-:~0) ; stePr :1nd l1PifE'r lwef sho 11· no lliH'E' rPitl·t·s (Il l. A nn . H Ppi-., 
1927-2R: B ul l cot ;1l., 1930). 

V I.- Factors Influencing the Amount of I ntramuscular Fat 
(Marbling) in the Meat. 

}Iarhling i ~ of n·ry gTea t iw porbnt'e in h<·Pf, for the Jn ter­
sp e rsion of htt hehn'en mu:;de bmtdles ;t n<l fibre,; g iYt's b eef a 
tP n<l emess, .iu icill l'SS <ltl(l fLt\·our t h at i s lat'l;ing 11· itlwut marh li llg·. 
Ha m m o tHl (1 ~rl'2 ) ~t-at0s t hat g-rt>a if'l' ten<l ent p,;s i.-; pmhahl _,. clue to 
thP brea hng u p of t h P conn er·ti1·e ti~sue h~ the f.1t dl'posi tPrl in it. 
H e and \Vootl nn<l J'\p ,,·m an ( l!J'!,c:\) ha n • d es!'Tilwd tlw dis trihution 
of marbling fat nntl sh o ,,- t ha t ill ,,·e ll fiu isht•cl r·mT: tses the later 
mat uring· p~H t s cill l'h :1,; t l1 e loin a nJ rib,; (ihe mo:;t c>xp en sive r·uts J 
a re h est m arhlecl. 

/J I'PPtf . 

Uannno n d (Hr3:2) find,; a gTea t tliffNt'llC'P i11 nwrhling· b ehH'e r, 
rlom estil'at E' :l ancl unclomesti catE'Cl h r ePcl s of shcw p . Uo n;;ide rablP 
rliffere m ·c·.-; within a hn•pfl are i11ll i c:atPCl by figure;; of '2 ·I a nd 1 ·0 for 
~ufl'o l ks of eq ua l age <t tlll fa l ue . ..:s . The nwdJl iup: in ditfer E' n t hn'eds 
of s heep i.-; :-;ho\Y n in TablP X\'ri. Tn catth• A clam etz (18R8) fom11l 
t lwt th e uuim prol-t> tl ~tepjw cat tle l1:Hl muc-h les.-; fat· in t he muselP 
t h a n clid t.lw D utc- h :1 n rl ~h ortl10rn t'aitlE' . T hE' A hen leen .Angus , 
GallmYa:V , Tit> tl P o ll , J )(•l-oti a n d A h ercleen Angus x 8 horthmn slt o \\· 
n o s ignifil'ant hrP<· d 1l i ~1'e rE'nc · es (see Tahl f' :XVliJ). 

( 'onditioll. 

Edinger ( 19'2:-,) fi n ch tl1nt the t hi t·ker t.hl:' t' :dt' Jna l fat , th e hdte r 
i::; t h e marbling-. Our result~ ' '"i t h s h eep . ..:ho'" t l1e san1e . H obertson 
antl B a ker (Hl33) founcl tr ue fats i n aJ,undan ce in t lt e t·onnediYf' 
ti ssue of t lte musrles of full -ferl c-a ttlP, while only t ra('E'S \YP re foun rl 
in a roug-h-fE> d steer. The finding-s of Hankins an1l B urk (1!.132) wh o 
\\·orked " ·ith '2,070 inrliYi1lual~, a r e l'onclu si,·e. T h e correlation 
het\Yeen t hick n ess o f extemal fat and marbling was + ·88 ± ·003; 
t h ickness of fl esh (goocl deYelopm ent), a ncl uni fo rmity of ' '" id t h of 
ca r case, \Yere also rath er highl~- c:orre laletl "·ith marbl ing . 

464 



H. HIHZET.. 

Age. 

Most a uthorities agree that marbling increase,; Kith age (H am­
monrl, 1932; Helser, 1930; Foster, 1928), but fe""· have dissociated 
the effect of age and the natural fattening acc<lmpanying age. Buill 
et al (Tll . An . Hept., 1931-32j found no difterence in marbling 
bet,veen calves (baby beef) all(l yearlings, where the calves h ad 31 
per cent. fat in the cm·case anrl the yearlings 35 · 2 per cent. , \\·hich 
m eans that ueither thickne~s of fat nor age inneased the m arbling 
in this case . In sheep 'Ye fin<l a small age difference independent 
of fatness. In cattle the marbling of the Angus detinitel:v- in crea :>ed 
with an age increase from 15 m ouths to 22 mont hs (see Table XX), 
but the increase is connecterl with a great increase in fatness. From 
22 to 33 months where little fat is added, m arbling improYed but 
litt le. An age increase from 22 to 33 months in the Galloway 
h eifers on the other hand, in spite of a 11 0n-siguifican t fa t increase, 
pro<lnced a significant difference in marbling, " ·hile steers h acl a 
m arbling percentage i ncrease consider a hly greater than the fat per­
centage increase. A breed difference i,; indicated and a chemical 
analysis of the amount of <·onnective tissue (the depository for 
m arbling fat) in the muscle of the Angus and Galloway, might .offer 
s·ome explanation of th is discrepancy; furthermore, the Angus, an 
earlier maturing breed than the Ga'llo"·ay, h as at 22 months probably 
atta ined the maximum clevelopm ent of m arbling in proportion to the 
thickness of .subcu taneous fat , which the Ga Uoway perh aps h as not. 

Se:c . 

Hammond (1932) find s only a small tli:ffe1·ence in marbling 
between 1·ams and e\Yes and states that the m arbling seem ed to 
depencllargely upon the state ·of fatness of the animal and the strain, 
these differences beiug larger than differ ences between the sexes . 
The m arbling of rams was coarser than in wethers. Leighton ann 
Douglas (1910) a nd Haill (1910) agree that bulls are poorly marbled; 
Hammond explains the diffe rence on grounds of sex activity. Heifer 
beef is supposed by some to he better marbled than steer beef 
(Helser, 1932; Trowbridge et al ., 1931), but others found th at sex 
made no tliffe1·ence in spite of heifer~ being the fatter (Tro\\·briclge 
et al., 1932; I ll . An . Rept. , 1927-28) . Foster an d ~filler (1933) 
found h eifers, although not a great <leal fatter than steers, to lJave 
more fat in the eye-muscle, " ·hich points to better marbling . Our 
figures show no significant sex differences in cattle (see 'l'1able XXI). 
1' here is no reason to beilieve that there is any 1lifference in ma rbling 
in steer and h eifer car cases of eq ual fatness, and where heifers do 
h aYe better marbling i t is probably clue to a t h icker finish . 

Ea·ercise. 

N o other factors are known to affect marbling except perh aps the 
temperament and management of the animals, i .e. with a low 
metabolism of the muscle, fat will be more readily deposi tetl in it. 
H ammond (1932) states that if the animal is kept quiet, more fat 
will be deposited in the muscle, but if it is leadin g an active !life 
little fat will g·o into the muscle itself. although i t may be depo<ited 
in oth er parts not so much affected b.\· exercise as the muscles. 
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VII.- Factors Influencing the Flavour of the Meat and Fat. 

FlaYour in meat i;:; :;tiU an elusiYe fador of ,,-hich littl e is 
known. Hallmlon·d (HJ32) states th<1t the extractives influencing 
flaYour a r e possihh- etlwreal sa lts of aronwlic ring- compound,; '"h iclt 
i n small quantiti es giYc meat a pleasa n t HaYotu·, bu t in Lu·g·t:> qu<wti­
ties becom e clisag-r eeaLle. Hal l and Emlllett (l!Jl2) state that t h e 
orga nic extrac;ti,·e;:; ( '>'·a ter ~olubl e) aiel i11 gi,·iug m eat. its fiannu: 
the m ore important, t he n itrog-enons extractiYes, ('on :;ist largel_,. of 
n Palin and purin . ..\Ii tchell a ncl H amilton (111. .\n . ]{ppt. , 1!l:!i -:2H ) 
t lt iuk that the fl a,·o uriJw sults t;t ncf':; of lllf'at are prohahl,, Lng-el_,-, if 
no t entire!\· \HtLer solubl e and ,,.-hiJ e th ey probably coHl<tin uitrogen, 
t hey !'an not' be proteiHR, 's-ince t lt t> protE'i w; of in eal an' t a ste less : 
f udlwr, tlwt cliffer en c·cs i n fla,·our are clepe nel t>nt nw re ll])OJI 
clifferE'nces i11 occunence of ineliYiclual e-xlrac·li,·e,; t han on thf' t·otal 
extractin1 waterial p resPnt. 

Breed. 
l~ach srwcies of animal has i ts own dt;nactt>ri~tic · Aa ,·our ancl 

od our of meat; goat fl<'s h for e~a mple is pnrticulady ~tro n g com­
pal·ed ,,-ith m utton. Sheeb (1834) states that. i n co-operatiYe meat 
exveriments in U.S. A . no diffe rences in fJnyour haY(' bPen detE'ded 
betwern hreec1s of a species . 

('ondit ion . 

F oste r a nrl Mill er (19:1:\) find roasts sl igh t!~- mo re pal atable the 
fa.Lter t he animal. Shee ts (1904) s tates thnt t h inl.v fleshed lamb& and 
cattle g-i,·e th e poore~t fL tYourerl mPa t. Armsby (1017) mentions tha t 
with fattP nin g t h ere i,; a ga in i n t he soluble ni t rogenous exirar liYf'S 
of musclP, ,,-hic h po ints to nn increase in flayonr. 

Goorl fla,·our is c·ontlllO ll l ,\' fbSociat erl ,,·ith good marhiling (pri me 
condi t ions) a nd on t h e h;1 sis of Armshy's findings is Pxplninf'cl h :v the· 
in('rease of solubl e exi radiYec; of mu sc:le '"ith fa t t.en ing, for fat 
in itself is relati,·ely fla,·o urless exC'ept wherf' bro,,·nin g h a~ ca userl 
a high flayour by formation of srba('ic acid_ Hammond (1932) on the 
ot her hand fou nd no con nection b f>t ,Yet•n m arblin g and flayour 
between musdes in t he s:llne a nimal, and states that ,,-bi le m arbling­
fat uncloubterll~- influences t llE' eating qualities of meat, it cloPs so 
more by t he effec t i t has on smnothn E'ss of 0ating !han on the AaYnur. 
\ Vh i:le thi s is un cloubter1ly tniP, i t is li];p ]y that in tlw mo:;t used 
muslces th e relat iYe marbling is less, and ih e fl:n·our hig·hpst hecause 
of tht> darker Polo ur , ;uHl altlw u g- h TTannnond ' s. correlat ion is not 
negai-iYe, t lw Yt' l'.\. ,,-ea k positi,-E' l'OITE' Iati on may he (·a usf'cl h~· thi s 
facto1. In :-; hart, marbling·, ,,·h ile not di rec tl y influenc ing flavour , 
m nv he as~ociatecl ,,-ith it ]j,- a co in c:i cl en t in cren ~P of marblino· and 
so l ~ t h i E' nitrog-e no us musr· le ~xtractiYes ,,·ith r is in g- condit ion. "' 

A.r;e. 
It i s ag-r eed that flavour incn·ases \\'i l h age (Hammond, 1932: 

L eig-h ton et ol . , 1910). l{Qasts from maturP ca tTa:if's :;C"orPcl hi g- lwr i n 
aroma, colour, flavour and juiriness t han roasts from immature ear­
eases ,Foster, 1928: Io\\a An. H ept., 1D29) . H a ntmoncl ( 1932) founrl 
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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 . 

S etv. 

Authorities agree that the meat of the uncast rated male IS 

stronger and less pleasant i n flavour than meat from steers or \\·ethers 
(Hammond, 1932; Leighton et al., 1910), and that gen erally 
th ere is no difference in flavour between steer an d heifer beef (.b'oster 
et al., 1933; Trowbridge et al ., 1932 ; Hankins, 1932; Helser et al ., 
1932 ; Ill. An. Rept. , 1927-28). 

F eeding . 

In pig it is known that a fishy taste m ay he imparted to the 
m eat if more than 5 per cent. of fishmeal is fed in the ration up to 
the time of kilhng . Taint ing is believed to be largely due to 
rancir1ity of the fish oil rather than the amount fed. although with 
an ad lib. supply of fresh fish tainting is observed (De Lisle, 1930) . 
In cattle, Sheets (1934) states that the nature of the feed h as no 
influence on the flavour of the meat. On the other h and, mutton 
grazed on the aromatic bush of the South African Karroo. seems to 
have a bette1· flavour than meat raised in the grass areas . 

Stomge . 

'l'he efficiency of storage may influence the flavour of meat to a 
considerable extent, not so much by improving the flavour of fresh 
meat, but by preventing bad flavours int roduced by breakdown 
products resulting from attack by micro-organisms . Moran and Smith 
(1929) find no improvement in the flavour of meat after ripening or 
storage, and state that as 110 chemi cal changes occur in the m eat, 
flaYour is not altered. H all and Emmett (1912) on the oth er hand 
claim that flavour is improved during r ipening to some exten t by an 
increase in organic extractives. Up to 30' days hanging autolysis or 
breakdown of th e proteins by intrinsic ferments, does not occur 
(Moran et a!J., 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 (Hoagland et; al ., 1917) . But 
perh aps the most important factor enhancing flavour during ripening 
is the attack of putrefactive micro-organisms in its incipient stages. 
The flavour increases progressively , until meat becomes " high ", 
after which it is inedible. Temperature probably has a considerable 
influence on development of this type of flavour, as bacteria will 
flourish best at h igher temperatures . In commercial refrigerators 
however, where a r elatively low temperature is necessary to prevent 
drying out of the carcase, it seems that meat willl 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 sl()wly frozen . 
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Storage does nothing to improve flavour of fat, but is extremely 
important in preventing rancidification, the slightest suspicwn of 
which is universally unpopular . Rancidification occurs as a r esult 
of the action of enzymes, moulds and bacteria, and by oxidation with 
atmospheric oxygen. The gener al effect is a breakdown of the fat 
molecule with the formation of fatty acids, while simultane<ms1ly 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) . L ee (1931) has shown that oxidation 
and acidification of mutton fat J1eld for 7 month s at - 5° C. and 3 
days at 12° C., was very slight and not sufficient to affect palata­
bility, provided it was not exposed to strong l ight, wh ich hastens 
oxidation. }1ould growth was preYented at - 10° C. and growth at 
-5° C. was insufficient to influence flavour deleteriously . D rying 

off of the fat surface of beef assi sts its keeping quailities (L ea, 1931). 
Over a period of a bou t 40 clays at - 1· 6° 0'. follo,ved by 4 clays hang­
ing at 10° C., no rancidification occurs provided th e fa t is not un duly 
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 caused by oxidation, and sef:ondly ancl more 
important, a bitter or l'heesy tain t which is most frequently fountl in 
the region of the brisket fat. Blood drains to these parts and is 
readily attacked by micro-organisms which produce strongly flavoured 
products, small quantities of which are sufficient to send the fat 
" off ". Free acidity in itself is unimportant in influencing flavour 
and is considered rather as au index to the activity of micro­
organisms (L ea, 1981) . \Vhillst ultimate rancidification is inevitable 
" ·ith prolonged storage, its onset ran he delayed by storing th e fat 
at low temperatures by which m eans the rate of em~yme and chemical 
action is diminished . Car eful hanclliJl g' and clean storage minimise 
attack by micro-organisms, while feeding for a firm fat recluces the 
rate of oxidation and postpones rancidity. 
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