
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



MEAT STUDIES IN THE ROMNEY EWE 
(m_ TWO PARTS) 

Department Animal Science 
t\.1assey University, 

Palmerston North, N.Z. 

A THESIS mESENTED m PARTIAL WLm..MENT OF THE 

REQUIREMENTS FOR THE DEGRE:E OF MASTER OF AGRICULTURAL SCIENCE 

m. T""rlE UNIVERSITY OF NE.W ZEALAND 

------------

MASSEY AGRICULTURAL COT.T;mE 

AmiL. 1957 



LIS:r OF CONTENTS 

PART I 

OBESITY m THE EWE 

CH. I: INTRODUCTION • • • • • 

CH. I:I REV'ThW OF LITERATURE. 
(A) THYROXINE EFF.OOTS ON. BODY WEIGHT AND ITS COM:roNENTS 

(B) EFFIDTS OF STARVATION ON BODY WEIGHT AND COM:roSITION • •  

�;� Body fat • . . . . 
Muscular tissue . . . . . . 

�5) Boey tissue . . . . . . . . . . . . . . . . . 

4) Organ weights . . . . . . . . 

(C) BODY COMR>SITION • . . . . 

. . . 

(1) Body weight . . . . . . . . . . . . . . . . . . . . . . . . . 
(2) Prediction of body fatness; from subcutaneous fat • 

(D) 
( 5) Chemi.cal approach • • • • • • . • . • • • • • • • • • • • 

CARCASS CO:MIDSITION • •  

(1) 

��� (4) 
(5) 
(6) 

Carcass. weight • • • . • • 

Percentage cuts • • . • 

Dissection work (British) 
Dissection work (American) • • • • • • • • • 

Chemical analysis on the edible carcass components • 

Chemical work on the complete carcass • • • • • • • 

CH. III MATERIALS AND ME.rHO:OO 

SELECTION OF EXIERIMENTAL ANIMALS • 

mE-EXPERIMENTAL MANAGEMENT • • 

HORMONE USED • • • • • 

EXIERIMENT.AL DESIGN • • • • • • 

METHOD OF :rM:IUNT.ATION • • •  

MANAGEMENT AND RF.I;OR:oo OORING THE EXPERIMENTAL PERIOD • •  

SLAUGHTER TIDHNIQUES AND RIDORm • • • • • • • • • • o 

(A) 
(B) 
(c) 
(D) 
(E) 

(F) 
(G) 
(H) 
(li:) 

R>ST SLA.UGm'ER MEASUREMENT AND SH!X}IFIC GRAVITY IIDrERMINA.TION- • • •  

(J) 

CARCASS DA.':CA' • • • • • . . . . . . . 
(1) Carcass treatment o • • • • • • • • • • • • • • • • • • 

( 2) Chemical analyses • • • • • • • • • • • • • • • • • • • 

( 5) Blysical methods of analysis. on the left half carcass 
STATISTICAL METHOIS • • • • • • • • • • • • o o o o 

CH. IV TREATMENT EFFECTS ON LIVEWEIGHT AND ANIMAL HEALTH 

�s . . . . . . . . . . . . . . . . . . . . . . 

. . 

4 
9 

10 
11 
11 
12 
14 
14 
14 
14 
18 
18 
18 
18 
18 
19 
20 

21 
21 
22 
22 
25 
25 
26 
27 
27 
27 
28 
50 

51 



(A) 
(B) 

CH. V 

(A) 
(B) 

(c) 
(D) 

(E) 

LIST OF CONTENTS ( CONTD. ) 

TREATMENT EFFOOTS ON LIVEWEIGHT • 

,AND.W, Ii:E!ALTH • • • • • • • • • 

DISCUSSION • • • • • • • • • • 

TREATMENT EFFECTS ON CARCASS WEIGHT AND CO:M:R>SITION 

R:ESULTS • • • • • • • .

-

• • • • • • • • 

CARCASS WEIGHT • • • • • • • • • • • • • 

CHEMICAL COMroNENTS OF CARCASS WEIGHT • ! 1) Chemical fat . . . . • . . . . . • . 

2) Fat free carcass weight • • . • . • . • . 

5) Carcasa protein weight • • • . • . • • • •  

4) Carcass water weight • • • • • . • 

BiYSICAL COMB:>NENTS OF CARCASS WEIGHT • • • 

TREATMENT EFFOOTS UEON liD, Wlll, RIB CUT AND FERIRENAL FAT • 

(1) Leg • • • • • • • • • 

(2) Half loin . • . • . 

(5) The 9-10-11 rib cut 
( 4 ) Perirenal. fat . . . . 
RESI:OOAL IODINE DETERMINATIONS 

DISCUSSION • • • • • • • • • • • 

CH. VI TREATMENT EFFIDTS u:EON WEIGHT OF GASTROINTESTmAL CONTENTS AND 

� 
55 

55 

58 

41 

41 

42 

42 
45 
44 
44 

47 

49 

49 
52 
54 
58 

59 

60 

WEIGHT OF TRACT • 67 

RESl.JLTS • • • • • • • • • • • . • • • • • • • • • . . • • • . • 6 7 

DISCUSSION • • . . • • • • • • • • • • • • • • • • • • • • • • 75 

CH. VII TREA'.rWrl' EFF.EXJTS ON WEIGHTS OF INTERNAL FAT DER>TS AND SELE:CTED 

(A) 

0� • • • • • • •  

RESULTS 

mTERNAL FAT DEroTS • • 

(1) Omental fat • • • 

(2) Mesenteric fat . 
SELECTED ORGAN WEIGHTS 

( 1) Tlzyroid gland 
{2) Liver . 
{5) Kidneys 
{4) Spleen • 

(5) Heart • 

DISCUSSION • • 

CH. VIll GENERAL DISCUSSION 

CH. IX SUMMARY AND CONCLUSIONS • 

. . . . . . . . . 

. . . . . . . . . . . 

. . . 

76 

76 

76 
77 

77 

77 
78 
79 
80 
80 
81 

85 

87 



CH:. I 

CH. II 

(A) 

(R) 

LIST OF CONTENTS ( CONTD. ) 

PART II. 

INDICES OF CARCASS COMIDSITION 

�OWCTION. • . • . . • . . . . . . . . . • . 

REVIEW OF LITERATURE 
INFORMATION ON THE ENTIRE CARCASS .AND ENTIRE JODfrS 

(1) Carcass weight • • • • . • • . • 

( 5 Carcass specif'ic gravi. ty • • • 

( 2l carcass measurements • . . . . • 

( 4 Dressd.ng percentage • • . • . . 

INFORMATION ON EART OF THE CARCASS • 

. The rib cut . . . . . . . . . . . 
Leg and the loin • . • . . . . . • • • 

Ca.rcasa chemical components as indices of carcass. composition 
Coring device • . • • • • • • • • • • • . . 

92 
92 
92 
92 
95 
96 
97 
98 
98 
99 

(C) nm>RMATION FROM THE OFFAL IDRTION OF THE ANIMAL 

CH. III 

CH. TV 

(A) 

(1) Internal fat depots . 
( 2) Internal organs . • 

( 5) Cannon bones • • 

MATERIALS AND METHOm 
RESULTS 

INroRMA.TION ON THE ENTIRE CARCASS AND ENTIRE JODfrS 

. . . . 

99 
99 

100 
101 

102 
(1) Ca.rcasa weight . • • • • • • • • • . • • • • • • • • • • • • 102 
( 2) Specific gravity of the carcass and of the joints • J..03 
(5)  Dressing percentage • • • . . . . • • • . • • • 106 

(B) mFORMATION ON PART OF THE CARCASS • • • • •  

(c) 

CH. V 

CH. VI 

�1) The 9-10-11 rib cut • • • . . . . . 
2) Leg and loin . • . . • • • . . 
5) Carcass; chemi.ca.l components • • • • . • 

INroRMATION FROM THE OFFAL IDRTION OF THE ANIMAL • 

(1) Internal fat depots • . • • . . . . • 

(2) Information fram the internal organs 

DISCUSSION • • • • • • • • • • • • 

SUMMARY AND CONCLUSIONS 

BIBLIOGRAHIY • • • • • • 

------------

• • I e 

107 
108 
109 
110 
110 
111 
112 
116 
118 



, .. 
- ,  

' ·-

•, 

TABLE 
NO. 

-

1 

2 

5 

4 

5 

6 

7 

8 

9 

10 

11 

12 

15 

14 

15 

16 

17 

LIST OF TABLES 

Liveweight (lb. ) at the beginning and end of the experimental period 

Mean liveweight loss of the treatment groups (lb. ) 

Analysis of variance of liveweight change (lb. ) 

Weight loss in the DT :LP group 

Hot carcass weight ( lb. ) 

Analysis of variance of hot carcass weight (lb. ) 

Weight of chemical fat in the carcasses (lb. ) 

Analysis of variance of weight of chero:i.cal fat in the carcasseS' (lb. ) 

Fat free carcass weight (lb. ) 

Analysis of variance of fat free carcass weight (lb. ) 

Carcass. protein (lb. ) 

Analysis of variance of weight of carcass protein (lb. ) 

Carcass water (lb. ) 

Analysis of variance of weight of carcass water (lb. ) 

Water as a percentage of the fat free carcass 

PAGE 
-

NQ .• 
-

55 

M 

55 

41 

41 

42 

42 

45 

45 

45 

45 

46 
Analysis of variance of water expressed as a percentage of the fat free 

carcass 46 
Correlations between water as a proportion of the fat free carcas.s and 

percentage and weight of carcass fat, in the ewe 47 

18 Relationship between dissectible components of leg + loin and the same 

19 

20 

21 

22 

25 

carcass component for 25 ewes 48 

Total dissectible fat in dazcas.s.es ( lb. ) 

Total dissectible muscle in carcasses. (lb. ) 

Analysis of variance of carcass: disseotible muscular tisaue ( lb. ) 

Leg weight (g. ) 

Analysis of variance of leg weight (g. ) 

48 

48 

49 

49 

50 



TABLE 
NO:� 
24 

25 

26 

27 

28 

29 

51 

52 

55 

54 

55 

56 

LIST OF TABLES ( CONTD. ) 
� 

NO. 

Weight of dissectible muscle (g. ) in the leg 50 

Analysis of vari.ance of weight of dissectible muscle (g.) in the leg 50 

Weight of dissectible fat (g.) in the leg 51 

Weight of dissectible bone (g.) in the leg 51 

Weight of the half loin cut (g. ) 52 

Analysis of variance of the weight of the half loin cut (g.) 52 

Weight of diss.ectible muscle (g.) in the half loin 55 

Analysis of variance of weight of dissectible nru.scle (g.) in the half' 
loin 55 

Weight of dissectible fat (g.) in the half loin 54 

Analysis of variance of weight of dissectible fat (g.) in the half loin 54 

Weight of the rib cut (g.) 55 

Analysis of variance of weight of the rib cut (g.) 55 

Weight of dissectible muscle in the rib cut (g.) 55 

57 Analysis of variance of' weight of dissectible muscle (g. ) in the rib cut 56 

58 

59 

40 

41 

42 

45 

Weight of protein (g.) in the rib cut 

Analysis of variance of weight of protein (g.) in the rib cut 

Weight of water (g.) in the rib cut 

Analysis of variance of weight of water (g.) in the rib cut 

Weight of diss.ectible fat (g.) in the rib cut 

Weight of perirena.J. fat (g.) from the left ha.1f' carcass 

44 Analysis of variance of weight of perirenal fat (g.) from the left half 
carcass 

45 Weight of gastrointestinal contents (lb.) 

46 Analysis of variance of weight (lb.) of ga&trointestinal contents 

47 Weight of gastric contents (IIB.inly rumi.na.J.) (lb.) 

56 

56 

57 

57 

58 

59 

59 

67 

67 

68 

48 Analysis of variance of weight of gastric contents (nainly ruminal) (lb.) 68 



TABLE. 
NO� 
49 

50 

51 

52 

55 

54 

55 

56 

57 

58 

59 

60 

61 

62 

65 

LIST OF TABLES ( CONTD. ) 

Weight of intestinal contents (lb. ) 

Analysis of variance of weight of intestinal contents (lb. ) 

Weight of gas,trointestinal tract (lb. ) 

Analysis of variance of weight of gastrointestinal tract (lb. ) 

Gastric weight (lb. ) 

Analysis of variance of gastric weight (lb. ) 

Intestinal weight (lb. ) 

Analysis of variance of intestinal weight (lb. ) 

Weight of omental fat (lb. ) 

Analysis of vari.ance of weight of omental fat (lb. ) 

Weight of mesenteric fat (lb. ) 

Analysis of variance of weight of mesenteric fat ( lb. ) 

Weight of thyroid glands (g.) 

Analysis of variance of weight of thyroid glands (g.) 

Liver weight (g. ) 

64 Analysis of variance of liver weight (g.) 

65 Kidneys weight (g. ). (Two per ewe) 

66 Analysis of variance of weight of two kidneys per ewe 

67 Spleen weight (g. ) 

69 

69 

70 

70 

71 

71 

71 

76 

76 

77 

77 

77 

78 

78 

\ 
79 

80 
/ 

68 Heart weight (g.) 80 

69 Analysis of variance of heart weight (g. ) 80 

70 Correlation coefficients between cold carcass weight (lb. ) and between 
body weight (lb. ) at the beg:i.nnling of the experimental period, and 
components of carcass weight 

· 

102 

71 Regression equations for estimating weight of carcass fat from carcass 
weight (lb. ) 105 



TABLE. 
NO. 

72 

LIST OF TABLES ( CONTD. ) 

Specifie gravities, fat and water percentages. Means and ranges 

75 Correlation coefficients between specific gravities of the carcasses 

105 

and other variatea. (Chemical data unless otherwise stated ) 104 

74 Correlations between joint specific gravi ties and state of fatness of 
the joints 104 

75 Regression equations for predicting carcass composition from carcass 
specific gravity 105 

76 Estitm.ted values for specific gravity of fat and s pecific gravity of 
fat free carcass. 105 

77 Correlations between carcass chemical fat and dressing percentage 106 

78 Regression equations for predicting carcass chemical fat percentage 
from dressing percentage 107 

79 Correlations between components of the rib cut and other rib and carcass 
components 107 

80 Regression equations for estimating rib and carcass components of the 
ewe from components of the rib cut 108 

81 Correlations between the dissectible components of the carcass and the 
same components of the leg and loin 109 

82 Regression equations for estimating dissected carcass components from 
dissected components of the leg and loin of 25 ewes 109 

85 Correlation coefficients estimated between weight of some internal fat 
depots and estimates of carcass fatness for 48 ewes 110 

84 Correlations between same internal organ weights and the weight of the 
fat free carcass, carcass weight, weight of muscle from the leg + 
loin, and carcass weight, for 48 ewes 111 

85 Correlations between the weight of the fat free carcass and organ 
weights calculated within the nutritional planes 111 

86 S:ta.ndard. errors of estimate of regression equations for predicting 
chemical carcass fat. 112 

87 Standard errors of estimate of regression equations for predicting 
dissectible carcass fat. 112 



LIST OF FIGURES 

PAGE 

FIG. I TREATM!Wr EF'FIDTS ON LIVEWEIGHT OF DAILY THYROXINE AND 
CONTROL IJJW PLANE :&VES 26a 

FIG. Ia TREATMENT F..FFIDTS ON LIVEWEIGHTS OF LOW THYROXJNE. NP. AND LP. 
EWES 26b 

FIG. II EFFOOTS OF THYROXINE AND aANE OF NUTRITION ON LIVRNEIGHT 558. 



ACKNOWLEOO-EMENTS 

The author wishes to acknowledge. with gratitude the constant interest and 

assistance of Mr. R..A. Barton at whose suggestion this project was oarried out. 

The adv:i.ce of Prof. A.L. Rae and guidance in statistical IIB.tters is also gratefully 

acknowledged. 

Microchemical iodine analyses were kindly carried out by Dr. G. W. Butler, 

Plant Chemistry laboratory, and fat specific gravity values were determ:i.ned by 

Dr. F. B. Shorland, Fats Research laboratory. Prof. O.R. Be.rild:coat was helpful with 

suggestions on chemical methods. Mr. H. Drake undertook the photography. 

Mr. T.S. Oh'ang kindly suppil.ied transport for the carcasses. The workers in 

the slaughter and dissection teams helped to IIB.ke this project possible. 

Misa M.G. Campbell and her library staff were of great assistance in obtaining 

the xm. terial for the literature review, much of which had to be obtained on inter­

loan. 

Glaxo lab ora toriea, &lmerston North, suppilied the 1-thyroxine implant tablets 

used in this project. 

The author was assisted by scholarships provided by the Nr. z. Wool Board and 

the Shell Oil Compuzy'. The labour for the dissection work was financed by a 

D. S. I. R. grant. 

• 



PART 1 

OBESITY IN THE EWE 



CHAPrER I 

INTRODUCTION 

"There is a s;teadily growing aversion to fat on the part of 
consumers. This, althou�� partly a reaction to the over-
fat meat which was issued during the rationing period, is 
also stimulated by the hig.l-). price of meat, the demand for 
very small joints., the elimination of heavy manual work 
and medical pronouncments about the dangers of obesity. " 
(Pomeroy, 1956). 

It has been recently emphasised that the production of light weight sheep is 

becoming an increasingly important selling point in New Zealand 1 s main rmrket, 

the United Kingdom, (Anon, 1956). Evidence is accumulating which sue;gests that the 

consuming public is becoming increasingly unwilling to purchase overfa t meat. Re-

cent articles have stressed that the overfat ewe is a serious problem in New Zealand, 

(Smi. th-Pilling and Barton, 1954; Herri tt, 1954). r�ry:rever, t:b..is c:J..nnot be considered 

n. neYr probler.1, n.s overfa tness v:as one of the rmin difficulties hindering the disposal 

of New Zealand rm1tton carcasses in the United Kingdom, soon after the founding of the 

frozen meat industry, (Pharazyn, 1884) . Because tallow and the skins were the main 

marketable products of the sheep prior to the -development of this industry, the pro-

duction of animals carrying surplus fat was not surprising at that time. It is more 

surprising to find that no research has been carried out on this problem in the sub-

sequent 72 years. 

At the end of the lambing period on New Zealand sheep farms, the ewes are likely 

to encotmter situations of feed surplus in seasons· of good pasture growth. The ei'f·-

ects: of this surplus are later accentuated by the removal of drafts of fat lambs. 

Under such circumstances:, the. ewe has. optinrum conditions for its inherent tendency 

to accumulate large quantities of fat. 

The ten-year average for ewe carcasses, 1946-47 to 1955-56 -- was 56. 8  lb, 

(1956 New Zealand Meat Producers Board Annual Rep.ort ) and the evidence given by 
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Smi.th-P.llling am Barton (1954) sugges-ts that such c�asses have on average, 20 lb. 

of fatty tissue. 

Because of the increasing consumer resistance to overfat mea. t, it is not sur­

prising to note in the 1956 ewe schedule prices that the farmer makes a lower gross 

return from the heavier ewe carcasses. This indicates that emphasis should be placed 

on producing a larger number of lighter sheep, instead of the heavier anirm.ls as at 

present. Furthermore, those ewe carcass.es heavier than 72 lb. as well as those under 

72 lb. which are classed as overfat, are graded as nanufacturing meat; this repres­

ents a loss of export income to our econornw. 

Apart from the direct loss stated above, there is an indirect one effecting both 

the farmer and the nation. Thus. seasonal fluctuations in the state of fatness of 

ewes. have been implicated in sleepy sickness, eversion of the vagina, infertility; 

and it is a well knovm farmers' observo. tior: that hen. vier ewes are nore prone to become 

cast. 

From the point of view of hUimn nutrition also, the evidence suggests that over­

fat meat rray cons:ti tute a health �ard. The theory has recently been advanced by x. 

Bronte-Stewart et al. (1956) , that the eating of fats· derived from land aniimJ.s may 

predispose people to coronary disease. Keys· (1956) considers degenerative heart di� 

eases to be caUSeQ by the general high level of fat in the diet of the effected people. 

Both of these theories suggest the desirability of leaner meat. 

As a research attack on the overfa t ewe problem, the ewe pre-slaughter was used 

aa the atarting point. In terms of efficient farming on the other hand, it may be 

argued that the problem can be overcome by increasing the stock carrying capacity 

and thereby preventing obesity. In practice this approach is unlikely to be widely 

fol1owed because of managemental difficulties and the risks involved. 

T'o be of practical use, aey method chosen to reduce the surplus fat from the 

aniiml, should achieve results quickly, i.e. between the tiiOO that the lambs are 
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weaned and the ewes are sold_ to the meat works. The first method selected was the 

use of thyroxine implants. The literature suggested that thyroxine can remove body 

fat rapidly, and implantation would appear to have possible practical application 

under farm conditions. Secondly, a short term low plane of nutrition is a farming 

possibility. This treatment can also provide information which may be of use in re­

lation to the shutting up of sheep, to prevent the development of facial eczema, and 

during which a low plane of nutrition may be imposed. 

In order to evaJ.u.a te reliably the results of the experimental treatments, body 

weight was interpreted in terms of its components. 

Finally this experiment assists in the search for techniques that may be used in 

studying the manner in which animals gain and lose weight. In view of the importance 

of the proportion of fatty tissue in meat, in terms of both consumer preference and 

of ani.Iml and of public health, the research worker must attempt to find methods to 

control the gain and loss of t11is tissue. If New Zealand is to maintain its position 

as the world's largest exporter of meat, then the farmer IlU.lSt increasingly attempt to 

control the factors influencing carcass acceptability and productive efficiency. 



CHAP.rER II 

REVIE.W OF LITERATURE 

(A) THYROXINE EFFECTS ON BODY WEIGHT AND ITS COMWNE:NTS 

The biologically active iodine compounds of the thyroid gland appear to be 

_b-thyroxine and 1-triiodothyronine (Roche and :Michel, 1955). The iodination of pro­

teins under sui table conditions:. produces equal quanti ties of !-thyroxine and the in­

active form, £-thyroxine. 

Although in loW doses, thyroxine, as such or as iodinated casein has been used 

as a growth s.tirrru.lant, it is well known that hyperthyroid aninals receiving thyroxine 

at levels above physiological normality lose body weight, (Blaxter et al., 1949). 

Drill and Shaffer (1942) report a 10.5 kg. dog which lost 2. kg. body vreig.l-).t in 30 

days when fed desiccated thyroid tissue. In cows, weisht losses of up to 150 lb. 

(being 10-15% of the original body weight) have been recorded by Seath et al. (1945). 

Seath et al. (1944), and other authors (Blaxter, 1945; Owen, 1948a) report that 

weight losses following the admi.nistra tion of iodinated proteins, are corranon in cows. 

In sheep also, weight losses under thyroxine treatment are common. (Hart, 1955; 

J''ordan, 1954; Warwick et _al. ,  1948), and in fact Turner and Reineke, (1946) used 

weight loss in this species as an assay technique for the thyroxine potency of thy­

roprotein. Blaxter (1948), working with wethers recorded losses of up to 2� of the 

original body weight in 24 days. Two of his wethers died and great variability of 

response to treatment was· noted. 

It has been shown that the effects, of' thyroxine administration on body weight 

can be modified by diet. The weight loas in hyperthyroid cows can be partly or 

wholly prevented by giving extra food, (Blaxter et al., 1949). It was. thought by 

Reed e:t al. (1952), that the failure of' heavy rats fed thyroxine.. to decline in body 

weight could be explained by their greatly increased food consumption. KennelJly 

e..t al. (1955) showed that in rats, desiccated thyroid tissue administered with a 

4. 
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diet high in fat, had little effect on weight gain. On the other hand, the average 

weight gain was· significantly less in both rm.le and ferm.le rats on a diet low in fat. 

In ruminants:, it appears that one of the ways that thyroxine reduces liveweight 

my be by lowering the weight of gastrointestinal contents. This could be caused by 

an increased rate of peristalsis, or in more severe cases of hyperthyroidism, by 

lowered food intake or by starva ti.on. 

Frens. (1.949) found that liveweight gains in cows fed methyl-thiouracil, which is 

an anti thyroid compound, could be largely attributed to a 50-70% increase in weight 

of the ruminal contents. He presumed that hypothyroidism caused a lowering of the 

tone of the nervous mechanism governing the emptying of the rumen. It might there­

fore be expected that li veweight losses due to hyperthyroidism in ruminants, could be 

caused by a decrease in the quantity of gastrointestinal c ontents, resulti�� from an 

h:crease in tl!.e rate of :'eristalsis, or an increase in the tone of the nervous nech-

anism �overning the empt:'Jring of the rumen. J:n ea ttle treated with thyroprotein, 

Blaxter et al.. (1.949) in England reported that 7. 7% showed signs of scouring or 

diges tive ups.et as compared with 1. 7% of the c ontrols; the difference being highly 

significant statistically. In hyperthyroid sheep a fixed ration declined in dige st­

ibility associated with an increas.ed water excretion by the bowel (Blaxter, 1.948), 

and it wa s  concluded that the passage of food was probably speeded up and resorpti on 

of wa. ter was impaired. It V'ras presumed that s ome of the loss of li vevreight by sheep 

in this investigation was due to reduced gastrointestinal c ontents. 

Ba.lch et aL (1952) checked the rate of passage of food through the digestive 

tract of four hyperthyroid cows using a strained hay t echnique . After a c ontrol 

period the cows were nade hyperthyroid by oral administration of !-thyroxine . The 

treatment c aused an average decr�se of from 16.5% to 15.5% in the dry natter of' the 

faeces- of each cow. This decrease was likely to be linked to the raised water intake. 

during the period of thyroxine adminisxra. tion and the resultant fal]. in dry natter 
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content of total intake. Thyroxine treatment caused no consistent change in the rate 

of passage of food through the digestive tract._ There 1vas evidence, however, that in 

three of the four cows:, food passed slightly more rapidly through the rumeno-reticulum, 

but the rate of passage of food through the rerrainder of the alimentary tract was un­

changed� 

In extreme hyperthyroidisr.l the self-imposed starvation reported by Blaxter (1948), 

in wethers·, would lower the weight of gaatrointestinal contents. However, the evid­

ence of Balch et al. (1952) does: not support the hypothesis advanced that thyroxine 

administration would cause a weight loss. of gas�rointestinal contents of ruminants by 

increasing the motility of the digestive tract. Ivy (1930), on the other hand, pre­

sents evidence to suggest that :b.yperthyroidism caused increased rate of stomach 

emptying in non ruminants;. 

Blaxter (1948, 1948a) produced evidence to show that the 11ei£:ht loss in his weth­

ers has factorised between loss of muscle, alimentary fill and bone, and the large 

residual l'l'aS assumed to be fat. He found, upon postmortem examination of the bodies 

of the slaughtered animals, and those that had died of treatment, effects, an almost 

complete absence of subcutaneous. fat and fat in the abdominal cavity of the thyroxine 

treated sheep as: compared to the controls:. In these latter sheep, "the most striking 

difference was the large quantity of fat present in the abdominal cavity and beneath 

the skin. rr 

In rats;, Reed et al. (1952) found that the proportionate distributioru of fat in 

the depots· of two groups fed thyroxine was similar to that in the untreated control 

animals. The percentage con,tent of depot fat in the entire body of rats fed thyrox­

ine was however less; than half of that found for control animals. Kennelll;y et &· 
(1955), fed desiccated thyroid tissue to young and old rats· on high and low fat 

diets:, fed an ad libitum diet. They found little difference in fat composition of 

the carcasses·. between thyroxine treated rats; on a high fat dierl; and the controls. 
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However, in  thyroxine treated yolli1g rats there was s2gnificantly less: total l:ii.pid 

(at the 1% level) as .. compared with control young rats;. This was shovm to be in the 

neutral fat fraction as contpared with the essential lipids. In old rat carcasses also, 

this same result was· found, but only at the 5% level of significance. 5lli.e evidence 

thus suggests that thyroxine treatment rmy be more severe on growing than on nature 

aninrus. 

Using an isotope technique in a study of hypothyroidism and hyperthyroidi� 

Ka.rp and Stetten (1949), replaced a portion of the body water of imlmture femle rats 

by deuterium-oxide and observed the rates at which the stably bound deuterium appeared 

in the tissue fatty acids·. The rats fed desiccated thyroid tissue contained almost 

25% less: depot fat per 100g. body weight than did the controls. At the end of the 

experiment, the carcass weights averaged 114g, for the control animls, 96g. for the 

thiouracil treated group, and 83g. for the hyperthyroid a11imals. In every case, the 

thyroid fed animals gave fat samples richer in deuterium than did the other tvro groups. 

It was. estirmted that in the normal, hypo- and hyperthyroid anirmls respectively, 

1.2, 1.1 and 1.0g. of depot fatty acids were replaced daily by newly synthesised fatty 

acids:. 

The more rapid rise in deuterium concentration of the carcasses of the thyroid 

fed rats was ascribed to the higher deuterium uptake expressed as.. a percentage of 

that present in the body water, and to the :r;auci ty of depot fat. The dim:i.nui tion in 

the quantity of depot fat which followed the adminiatra.tion of the thyroid tissue, in 

s.pi te of a virtualJLy nonooJ. ra. te of deposition of newly synthesised fatty acids, -was. 

considered to be attributed to accelerated degradation of body fat. This is in con­

trast to the mechanism of diminuition in. the quantity of fat observed in diabetes, 

underrru.tri tion, and thiamine deficienc¥. In these cases a strild.ng reduction in the 

rate. of lipogenesis is, observed. 

There is some evidence that hyperthyroidism increases; nitrogen metabolism which 
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Z _i� suggestive of protein katabolism. In sheep, Blaxter (1948) reports that treated. 

a.nilmls los,t body nitrogen when iodina. ted casein was given, the losa being proportion-

al to the dosage. Calculations: indicated increases in endogenous katabolism of up to 

120]&, and als·o increases. in dea.mina. tion. There vo�as an i!'1..creased excretion of urea and 

ammonia during hyperthyroidism, the latter being associated with a decrease in pl8Bl'lla. 

carbon-dioxide combining capacity, which is, indicative of slight acidosis� Owen 

(1948a) reports that in hyperthyroid cows, nitrogen balances became negative, while 

in a control cow, nitrogen balances rerrained positive. After hormone treatment ceased, 

the balances of the experimental animals became rmrkedly positive. These results were 

repeated in a second experiment. rt was found that the excessive katabolism could be 

inhibited by increasing the intake of food. 

Blaxter (1948) found in hyperthyroid sheep that the calcium balances became neg-

ative. The extent of de:rletion of body minerals is in.C!.ic�.ted b�r the fact that one 

vrether lost 10)6 of its body calcium in 24 days. There rro..s a co�rable large de:press-

/ ion in the phosphorous balance. 

0\ven (1948) concluded that in thyroxine treated cows, the apparent digestibility 

of dietr'J calcium was·.very low and this together with negative calcium balances he 

considered might lead to a depletion of the calcium reserves. This�ould be clanger-
a. 

Y ously excessive unless dietry measures were taken to make good the loss. The phos-
�>, 

phorous balances, obtained for two cows only, were positive throughout the whole ex:-

1 periment, the thyroxine actually tending to incre�se the amount of phosphor�s retained. 

As two of Bl�ter's wethers died, it is probable that his sheep were more severely 

}zyperthyroid than Owen' s cows, which could help to explain the different results from 

the two experiments. 

B�od.y (1945, p.174) reports that another effect of feeding thyroid tissue is; 

}zypertr0phy of the heart, liver, spleen and adrena.ls. Cameron and C�chael (1921) 
present evidence that treatment of rats with thyroid tissue lowers the weight of the 
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thyroid gland in the treated animal. 

The evidence presented suggests that thyroxine should be a useful experimental 

tool for causing a body weight reduction in ruminants. It would seem that this weight 

loss may include losse$ of gastrointestinal fill� and should include losses of fat, 

protein and minerals with fat being a considerable portion of the total weight loss. 

(B) EFFECTS OF ST�VATION _1\.ND SE!IiiSTA..�VATION ON BODY WEIG:IT AND COIIFOSITION 

A review on starvation with particular reference to the human species is given 

by Keys et al. (1950). 

The_ total loss of body weight in hibernating animals v�as estimated by Uorgulis 

(1925) not to exceed as a rule 20-25% of the initial weight. It is of interest that 

after hibernation, the weight of depot fat in a rrnrmot had decreased by 99.� of the 

original value. Losses of body weight obtained under na tura.l and experimental condi­

tions vrill var'J \'ti thi� wide lir.ri. ts from species to species, o..nd in ruminants losses 

of gastrointestinal fill may be of �ortance. 

Prlobrajensky and Baranova (1932) reported on a dog that died after losing 65% 

of its initial body weight in a 93-day faat. Pomeroy (1941) quoted the weight of a 

pig that during a 155-day subrmintenance period had lost 6'7% of its initial liveweight. 

However, recalculation of his data indicated that the vreight los.s was 45. 2fo of the 

initial liveweight. In the sheep, Robinson (1.948) reported a weight loss in a ewe 

of 55% in 208 days, and White et .al:,. (1956) reported the loss of one pound livevreight 

per day in wethers during 10 days starvation, fol�dng a period of submaL�tenance. 

Franklin (:W52) presents the res-ults of an experiment for estimating the mrln­

tenance rations; of Merino wethers under drought feeding c ondi tiona. The initial 

average liveweight of the wethers was 94 lb. n.tring the latter part of the experi­

ment the sheep were fed at weekly intervals. Over a 344-day period, the li veweight 

of the surviving 127 wether� dropped on the average by 22-27 lb. for diff'erent 

groups, which loss; included a mean of slightly over 7 lb. of wool. The death rate 
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in the weekly fed wethers was 11. s% with over 7Z'/> of these deaths occurring in sheep 

which had los.t 40{o or more of their initial body weight. 

(1) Body fat 

The large extent to vlhich the total body fat rmy decrease in undernutrition has 

been repeatedly demonstrated in various anirmls. Pfeiffer (1887 ) presented data for 

a rabbit which starved for 1.5 days. The fat content of the subcutaneous, intermuscular 

and abdominal adipose tissues decreased by 66, 51 and 75% respectively. �bble (1952 ) 

demonstrated that in rats fasting for over 60 hr., a loss of 25% body weight and 55% 

body fat occurred. Meyer et al. (1956 ) showed that feed restriction on growing rats. 

had the greatest effects on percentage fat in their carcasses. Widdowson and McCance 

(1956) described the effects of chronic undernutrition and total starvation on growing 

and adult rats. Six days starvation reduced the fat composition of the adult male 

and female rat bodies by 1.9% and 5'7% respectively. Undernou_-rished adult rmle and fe­

Jmle rat bodies which had lost the same body weight as the starved animals (15% body 

·weight loss) had the fat percentages reduced by 51 and 40 respectively . 
�· 

Pomeroy (1941)reports that, in pigs, the effects of �bmaintenance on the fat 

of the carcass. is. much more severe than on muscle or bon� . Subcutaneous fat, which 

is later developing than L�termuscular fat, is penalised to a greater extent. On the 

other hand the abdominal fats, which are earlier developing than subcutaneous fat, 

are not so adversely effected . In addition the subcutaneous and intermuscular fat 

of the late developing joints, suffer greater losses in weight than the corresponding 

fats of the earlier developing joint� 

In an experiment with sheep on super- and subioo.intenance diets, Robinson (1948) 

presented evidence to show that the ma.gni tude of the effects on the three nain carcass: 

tissues were in the reverse order to that of their development. Fat showed a change, 

commencing slowly and then proceeding rapidly in the superrraintena.nce series, but 

decreasing rapidly at first, and then JOOre slowly in the subnaintenance series. The 

decreas·e of mesenteric, omental and perirenal fat in the subnaintenance aniimls 



proved very erratic and no conclusion could be drawn. 

( 2) Muscular tissue 

Keys et al. (1950, p.102) differentiate between obesity reduction, where fatty 

tissue is the primry and frequently the only component of the body being used up as 

fuel, and serrd.starva tion in ·which muscular and glandular tissues as well are drawn on 

as a source of calories. They report ( p.184) that marked atrophy of the skeletal 

musculature is a prominent characteristic of severe undernutrition and acute starva­

tion, in both roan and other animals. In general the proportional loss of skeletal 

muscular mass is close to that for the body as a whole. 

Jackson (1915) found an average loss of 51% of the muscular tissue in albino 

rats acutely starved until there vrc�.s a body weight loss of 55%;: in chronic undernu­

trition with an average weight loss of 56%, the musculature was estiroa ted to have de­

creased in weig:ht by 41%. 

Pomeroy (1941 ) vr.i.. th pigs, and Robinson (1948 ) with sheep, both species on sub­

maintenance rations, showed that proportionately less. muscular tissue is lost than 

fatty tissue. 

( 5) Bony tissue 

Keys et al. ( 1950, p. 218) present evidence to suggest that the bony skeleton 

loses less weight relatively, during starvation, than does the body as a whole, or 

than do the blood, fat, muscle and internal or� Vfhether the same concluSion holds 

for the condi tiona in semistarva tion is not known. 

Sedlnair' s (1899) two cats which lost 5� and 55% of their body weight, lost 

only 5·. '7% and 5. S% of the mineral natter of the bony skeleton. It seems that the 

water, fat and organic components of the skeleton are reduced more than the minerals 

during atarva tion. 

�omeroy (1941) with his pll.g data, showed that on subnaintena.nce rations there 

renained a tendency for bone to continue to grow, and only when the subnaintenance 

regime was. prolonged did any a:ppe.rent loss. in weight occur. Robinson (1948) was 
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unable. to demonstrate any eff'ec:ts on weight of' bone in his. submaintenance ewes. 

( 4) Organ weights 

(a) Liver 

Keys et al. (1950, p.191) report that in almost all cases, starvation or chronic 

undernutrition produces a marked los� in weight of the liver, thou6h the high degree 

of nornnl variability in this orga n makes the interpretation of individual data dif'f'i­

cult. The relative loss of liver:·:weight seems to exceed that of the body as a whole 

so that liver weight is subnornnl both in absolute and in relative terms. It seems 

certain that the. weight loss is not a mere hydration change. It is probably related 

to both active metabolic and storage functions of the liver. 

In his series of pigs, Pomeroy (1.941) presents results showing a loss. of 51. 6% 

of the control liver weight (based on one liver duri�� the first stages of submain­

tena.r..ce), a.r..0 B. sli,:'b-: reiluct�0n t:!:.ere:J.fter, t.'l.::ir..:J; -tot.'ll loss to 555� of t:be control 

va2.ue. Robinson (1948) ;·Jith :Us ey:es on submi:1te:r2..nce noted that t!:.ere was an init­

ial rapid fall of liver weight and then a more graduaL decrease to a minimal value 

of 26% of the liver weight of the control ewe. 

(b) Kidneys 

Keys et al. (::L950, p. 193) report that kidneys undergo atrophy in both acute and 

chronic s-tarvation, but the degree of weight loss: ia ordinarily somewhat less than 

that of the body as a whole. 

Pomeroy (1941.) concluded that there was a 1Dss of' weight in the kidneys of his 

submaintenance pigs of from 20-30% of' the control value although there seemed to be 

considerable variability. Robinson (1.948) reported a trend simi.la to that observed 

f'or the livers of' his subimi.ntenance ewes with a value of' 42% of' the control k:Ldneys 

being reached. 

( c) Spleen 

Keys. et aJ.. (1950, p.193) report that the s-pleen normally shows great variabil­

ity in weight among individuals, and in. general during S>ta.rva tion the spleen loses 
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proportionately more weight then the body. Pomeroy ' s (1941) data on subrmintenance 

pigs support this observation. On the other hand Robinson' s: (1948) data showed that 

the weight values of this organ from subrraintenance ewes renained at rela. ti vely con-

stant values throughout the experimental period. 

(d) Heart 

In their review, Keys et al .  (1950, p,- 198 ) noted that with fevr exce:ptions:., a 

comparison of starved animals with controls of the same species, indicated that the 

proportional loss of heart weight in starva.tio�_ averages something like 70-90,% of 

the b ody weight loss ; there are a few reports that heart weight loss was relatively 

greater than that of the body as a whole .  Pomeroy (1941) reports from data on pigs. 

on subnainte:nance that the heart weight dropped rapidly to 75. 5% of the c ontrol value 

during . the first 25 days and thereafter slowly to 69. 9,% of the control value in 155 

days . Robinson' s (1948) data on submaintenance ��es sh�red a fairly stea dy loss of 

wei.;l:.t throughout the trea tnent l'eriocl. 

( e) Stoma.ches a::.1d intestines - -
The effects of undernutrition on the gastrointestinAl tract is not as well docu-

V mented as for other organs:. However Keys et _al .  (1950, p. 186 ) report that smooth� 

muscles respond to starvation much as do the striated muscles. Jackson (1915) quotes 

from :b.is Ymrk vli th villi te rats, vreight losses of the gastrointestinal tract of 5�% in 

the atarved aninals as compared with the well fed controls . Pomeroy (1941) obtained 

evidence that there was a loss of weight of the stomach and intestines in pigs on a 

submaintenance diet. In the case of the srrnll intestines this weight loss. seemed to 

be c omposed of both a decrease in length and a thinning of the intestinal wall.. Rob­

inson (1948) showed a tendency of these organs to lose weight in subnainte:nance ewes.. 

This was most pronounced in the case of the small intestine which initially appeared 

to lose weight rapidly and thereafter maintained a steady rate of loss. 

From the foregoing review, it appears that a regime of undernutrition should 
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result in a loss, of body weight. Of particular interest from the point of view of . 

the present experiment, is the inclica tion that, of the body components, fat seems 

to be the first tissue removed and �t a proportionately greater rate than any other 

compcment of body weight. 

(c) 

(1) 

BODY COMroSITION 

Body weight 

Ih attempting to characterize the physical or nutritional status of an anirral, 

the gross body weight is widely used as the first criterion. There are well. known 

gradients of anirral growth with fat being the last mjor tissue laid down. However, 

. due to the genetically different sizes and proportionate composition of a:ni.rrals, body 

weight, even when differences in size of skeleton are considered, is a poor measure 

of fatness, (Keys and Bro�ek, 1955) . The fact that the constituents of body weight, 

such as fc.t and Y·nter, r:ny varJ vd.ael.J· in their perc enta�e c ontribution to the total , 

constitutes the fundamental limitation to the interpretation of body weight. In rwn-

inants_, the degree of fill can add to the variability of li veweight and so lower the 

value of body weight for preclicting body composition. 

( 2) Prediction of body fatness from subcutaneous 
fat 

The use of skinfold measurement to estilmte fatness has- been validated in rran, 

(Keys; and Bro�ek, 1955) . There are, however, clifficul ties. in applying this method 

to sheep owing to the thickness; of the subcutaneous fat in the fatter anirrals, and 

the fact that the fat does.. not lift up with the skin (personal obs:erva tion.) in this 

species as it does in the hUimn. This difficulty has been overcome by the use of a 

narrow metal ruler, (Hazel and KJ.ine, 1952) ,  and by the use of the "lean rneter" of 

Andrews and Whaley ( 1954) , both methods being discussed by Wilder ( 1955) . Results 

from both rethoda are closely related to thickness· of subcutaneous fat. 

(5) Chemical approach 

The. concept of water forming a relatively conatant proportion of the fat free 
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body of nature animals has: become widely accepted. By the method of degree of dilu­

tion of antipyrine, many workers, (Kraybill et al . , 1951; Kraybill e.t al �  , 1955 ;, Hix 

et al... , 1955 ; Hix � al .  , :l956 ; Breidenstein et aL , 1.955 ; Wellington et al. , 1956) ,  

have used this concept as a basis t o  e stimate the fat content of the body of meat 

animals. This fat content indicates the fat c ontent of the carcass. However, before 

accepting this technique it would seem that the underlying assumpti ons should be care­

fully checked. 

Uurra.y (1922) and Moulton (1925) concluded that the fat free mature aninal b ody 

mass c ompri sing fat, water, protein and ash is relatively c onstant in c omposition. 

With at least the older animals, thes e  workers would seem to have looked at the empty 

body, i. e .  the eviscerated body. 

Pace and Rathbun (1945) suggested a c onstant value in guinea pigs of 72.4% 

1mter (S. D. =2 . 11%) , in the fat free eviscerated body. On averaging the data from 

other yrorkers on m:my speci es , they sugge st a value of 75. 2;� 1vn.ter in the fat free 
animal b ody as a biological constant, (Xange from 69. 9,% for dogs to 76 . 5% for rabbi ts) . 

This work has. been criticised by Keys and Brozek (1955) on the grounds that if the 

water c oncentration of the total b ody is a reliable measure of tota:h. fat f'ree mass, 

it should be independent of the level of fatness.. On the data of Pace and Ra thbun 

(1945) ,  the latter workers were able to calculate correlation coefficients between 

total body fat and % water on a fat free basis of r=+0. 45 for nales and r=+0. 51 for 

fenales, ( significant in both cas.es) , Keys and Brozek interpret this as. indicating 

that the body does: not gain or los.e fat as an entity. 

Babineau and Page (1955) showed water to be a c onstant in the fat free bodies 

o£ 120 ratS> completely independently of the nagni tude of the fat deposits, ( the ali­

mentary tract was removed from these rats before analysis:) . They interpret this as 

indicating that the tissue laid down with fat does not have a very different cornp.os­

i tion from that of the fat free. body as a whole. Because in extremely fat animals 
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there is: only a snall. percentage o£ the totaJ. water in the fatty tissue , this should 

mtke little difference to the overall proportion of water. This argument is supported 

to some extent, by the analy::res of Callow (1947) ,  who shm-red that the water c ontent 

of muscular tissue was about 7f!}{, on a fat free basis, a.'1d of fatty tissue was: 81-82% 

on the same basis·. That is, there was not a large surplus of water in the fatty 

tissue .  

On the basis of 256 eviscerated ea ttle from other experimenters. including Murray 

and 1fuulton, Reid et al. (1955) estimated that these b odies contained 72 . 91 � 2. 0� 

water on a fat free bas i s .  There was a highly significant c orrelation between age 

and percent water ( r=-0 . 46) ,  percent protein (r=-+0.44) , and percent ash (r=-+0. 43) in 

the fat free body. In rats (Ashworth and Cowgill., 1938) and in chickens (McNally, 

1955) it has been shown that the fat free body c or.rposi tion is relatively constant. 

It is of i!Yt erest to r:.ot e  th:�t ir:. ever:/ ex_;_)criment ·;r.i. th t!-le exc eption of the ra t  

s tudies quoted ab ove, the body referred t o  is the b ody vvi thout the vi scera. The only 

evidence to justify generalising to the whole b ody from the eviscerated body is wi th 

regard to fat . In 21 of the series of guinea pigs analysed by Pace and Rathbun (1945 ) ,  

it wa s  shown tha. t the fat content of the whole b ody i s  equivalent t o  that of the 

evisc erated carcas s  over the entire range examined, (r=O. 989 ) . This inoica tes that 

fat is probably laid dovm proportionately in the viscera and the remainder of the 

body. This applied over a range of 3-22% fat in the body. Lush (1926 ) also found 

a linear correlation of r=!J .  995 between body fat in the entire live animal, ar.d fat 

in the boneless carcass·.. This, would suggest that fat is laid down in the viscera and 

the carcass: in. a cons,-tant ratio ; the ratio in which it was·. pa.rti ti oned between the 

two was. not stated. In both the above cases the correlation is between the :part and 

the whole.. (Lush was working with cattle). 

Ih no direct experiment has the relationship been elucidated batvreen the water 

content of the viscera on a fat free basis., and the eviscera. ted body on the sane 
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basis. Callow (1947) has esti.Imted that 7s{o of nruscle on a fat free basis is water 

as compared to the figure of 72-75% water on a fat free basis for the eviscerated 

body reported by various workers. This' difference can probably be attributed to the 

presence of bone, which has a low percentage water, and therefore T!D.lst lower the over­

all water percentage in the fat free eviscerated body .  This argument does not, how­

ever, apply to the viscera, which might be expected to have a higher vro.ter percentage 

on a fat free basis than the eviscerated body, if Call.ow·' s (1947) figure of 7ff{o water 

ap:Qlies to smooth rrn::rscle and organ tissue as YTell as skeletal nruscle .  This could 

raise the overall percentage body �.ter on a fat free basis, as the viscera forms a 

considerable portion of the total body weight. Hankins et al .  (1959) report that 

the viscera accounts. for 2J-4-0-fo of b ody weight in pigs, and in ruminants values of 

40-55% of total body weight are corranon. 

It is therefore of interest to note that Kraybill et �· (1951) estimated body 

fat from b ody ·,•�ater b:,r the c.ntip;:,rrir..e r.1cti::od o..nd used the factor of 73.  2'/�. They re­

lated t:b.is to body fat estimated by the specific gravity method and to se:parable fat 

and ether-extract of the carcass: as estimted from the three rib cut. Good agreement 

was: obtained by all methods;. However, the agreement between the specific gravity 

and body water methods rmy not be a check by two entirely independent approaches. 

As Lesser, Bltunberg and Steele (1952 ) point out : "Calculation of b ody fat from spec­

ific gravity, involves the assumption of a specific gravity of 1. 099 for lean body 

rmss;; calculation of bcrly fat from total body water involves the assumption that 

lean rmss is 7$ water. These assumptions. far from being independent ones,  rm.y be 

essentiall.y the same , namely that 2'7% of mixed body solids dissolved and suspended 

in water yield a subs:tance with a specific gravity of L 099. " 

It would thus seem desirable to directly check the water content of the viscera 

before. a figure of 7�75% of the fat free body weight rm.y be validly regarded as water. 



(D) CARCASS COMroSIT!ON. 

( 1) Carcass· weight 

18. 

One of the simplea� indices of carcass composition would appear to be carcass 

weight. Clarke and McMeeka..'1. ( 1952) report that within quality grades of lamb and 

mutton carcasse� there is a decrease in the proportion of bone and muscle, and an 

increase in the proportion of fat with increasing weight . These changes are also 

suggested by the work of McHeekan �) w.i. th the pig. 

( 2 )  Percentage _cuts 

This is a method of determining carcass components em.Eloyed in the U. S. A. , pro­

bably because certain parts of a carcass bring hi��er prices than others, e . g. the 

run:q:> and Idinare high priced in beef carcass·es and the aim in breeding and feeding 

is to maximise these higher priced cuts, Workers using this technique include White­

ma.n et al . (19!)1) using the pig e.nd Green (1954-) for en. ttle . The big ao.va:::tage of the 

technique seeos to be that the meat can be sold at the c ompletion of weighing. The 

method appears to lack precision and will not be discussed further. 

( 5) Dissection work (British) 

This method was developed at Cambridge, and divides the carcass into fat, rm.tScle, 

bone and tendon :plus waste. This dissection method gives carcass composition in terms 

of the factors in which the consuming public are interested. Most of the work is 

based on a technique developed by Hammond ( 1952) in the sheep. A good description 

of the methods has been given by Pcilsson ( 1939� for the sheep. The method has· been 

used extensively, (McMeekan, 1940, mn the pig; Pomeroy, 1941, on the pig; Wallace, 

1948, on the sheep; Bllsson and Verges, 1952, on the sheep.; Clarke and McMeeka.n, 

1952, on the sheep. ) 

( 4) Dissection. work (American) 

By this method the carcass is divided into separable fat, rm.tScle and bone and 

it WB.Sl probably developed for cattle work. It has been described by- McMeekan (1942) 
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as. "butcher dissection" and Lush (1926 ) indicated that the techniques used are not 

completely staniard. A description of this work is given by Hankins ( 1953) but the 

actual dissection methods do not seem to have been specified in the literature. 

The earliest reports on the use of this technique seem to come from Missouri 

data on 33 s-teers and 3 cows., (Houl ton, 1921, 1922a, 1922b, 1923 ; Towbridge, 1915, 

1918 ; cited Hopper 1944) , and Hopper collected and s.ta tistically analysed all suit-

able data, (92 cattle) . Further s.tatistical analyses· have been carried out on a larg-

er number of cattle of mixed breeds from the stored data of many experiments, by Hank-

ins and Howe (1946 ) , and their publication and that of Hopper (1944) are the standard 

references on beef cattle. 

Cover et al. (1944) gives data on separable fat in lambs, while Hankins (1947 ) 

provides complete dissection data for the same species. 

( 5 ) Chemical anal;/ses on the e�ble c�� 
components 

Chemical analyses of the bonele ss meat gives the composition in terms of water, 

ether-extract (cherrd.cal fat) and fat free residue which is considered for practical 

purposes as protein by some vrorkers, (Barnicoo.t and Shorla.YJ.d, 1952) ,  or as nine-tenths 

protein_ (Callow, 1947 ) on the evidence of Bate-Smith (1942) . In some American s-tud-

ies the Kjeldahl-Gunning Arnold method of analysis is followed for protein determina­

tion, (Hankins, 1946 ) . Some workers also determine ash, (Hopper, 1944. ) 

Percentage ether-extract is highly c orrelated with carcass percent dissectible 

fat, (Hopper, 1944, for cattle ;: Shorland et al. , 1947, for sheep) . 

With any chemical s.tudies it IID.l.St be remembered that the problem of sampling is 

involved; the chemical work being done on a very snnll sample of the total . White-

man et al. (1.955)  showed that sampling methods can be an important source of error. 

A. refinement of the cherrd.cal ap]?roach has been used in a series: of papera by 

Ca.lliow (1947, 1948, :1.949, 1950) who anaJ.ysed the dissected c omponents from severaU... 
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Cambridge carcass studies and interpreted his results in terms of growth and fatten­

ing of animals.  Chemical data are particularly important for fat'bJ tissue where the 

proportion of chemical fat may vary within wide limits. 

(6) Chemical work on the complete carcass 

Apart from srrall animal work, this has not been a practical procedure in the 

large meat animls until the advent of the method demons·tra ted in this labora to:r"'J 

using the meat ba.ndsaw, (Barton and Kirton, 1956 ) .  A knowledge of the chemical com­

ponents of the complete carcass is necessary for specific gravity correlations, and 

for nutritional and efficiency studies . In such studies, the energy content of a 

carcass is related to its chemical fat content, rather than to dissectible fat which 

varies in its proportions of chemical fat. 



CHAPrER Ill 

MA.TER.IA.LS AND 1'lETHOffi 

(A) SELECTION OF EXPERD'IENTAL ANIHALS 

(1) Aims of s:elec..tion 

In this experiment fat animals were required and these were selected by picking 

heavy ewes within as narrow a live·weight range as possible. The underlying assumptions 

yrere that anirmls of the same li vew·eight should have approxima. tely the same dressing­

out percentage ani therefore carcass weight, and also ewes: of the same carcass weight 

should have approxirmtely the same carcass c omposition. It was planned to apply treat­

ments to groups of ewes with the same initial carcass composition, thereby aiming to 

demonstrate treatment effects on the carcass at the end of the investigation. 

( 2 )  Selection of anirmls 

Fifty 6-yee.r old shorn Romney-crosshrec1 ewes of lmovm history were selected on 

15th December, 1955.  They were chosen from 111 cull ewea of this age, from the �:hssey 

College Romney Sheep Breeding Flock. The initial range of li veweight of the cull ewes 

was 105 lb. to ;179 lb. ,  from which 50 averaging 147 lb . liveweight and ranging from 

156 lb. to 165 lb. were selected. With an assumed dressing out percentage of 50, this 

should have brought a proportion of the carcasses to 75 lb. and over in weight. At 

this weight carcasses are commercially classed as rmnufacturing meat, rminly because 

of excessive fatness. 

(B) mE-EXPERIMENTAL MANAGEMENT 

The selected ewes were run with other experimental sheep until the commencement 

of the experimental period of the 17th of Jianuary, 1956. Owing to the dry conditions 

prevailing fo1Jlowing initial selection, and the fac..t that these a.nimtls had vruked a 

consideraible dis;tance and eaten little just prior to reweighing, they loat weight over 

the pre-experimental period. The mean weight had fallen to 1.52. 5 lb . , a droP- of 

. 14. 5 lb. in 35 days, with a range of li veweight of· 110 lb. to 155 lb. , at the time 

21. 
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of allotment to experimental groups . 

(C) HORl.iONE USED 

A stock of 50mg. implant tabl ets of purified !-thyroxine ·was: kindly suppli.ed 

by Glaxo Laboratories. 

(D) EXPERD,JENTAL DESIGN 

The following design ·was used with ten t,;roups each of five sheep . Tl:e abbrevia,... 

tions which rmy be used throughout this tl1esis are indicated. 

Thyroxine treatment :P.l.ane of nu tri ti on 

Low tl:J.J.Toxi::;.e (LT) . 

I �edium thyroxine (liT) . 

High thyroxine (HT) . 

fuily thyroxine (IJr) . 

11 lj 

Norr:a.l plane (�T) . 
Control beginning 
of experiment (CB) . 
Control end of 
experiment (C �NP) . 

150!1'{;. tL:,'ToYine 
ir:1pJ.o.r..ted (L'n . m=>) .l. · - · - • 

:1 21�g. -th:; To:d.ne 
implanted (JI.IT :N1') . 
270mg. thyroxine 
implanted (HT:NP) . 

(1) Plane of nutrition 

Low p)ane (LP) . 

Control end of 
experiment ( C :LP) . 

150r:lg. t�:;-roxine [ 
ir:r;_)la.::J.-tecl (LT :LP) ·j 

I I 210rr,g. thj.-roxine 
ir:rplanted (MT :LP) . 

270mg. thyroxine 
implanted (HT :LP) .  

5mg. thyroxine 
daily (DT:LP) .  

It was decided to include two levels of nutrition because a low plane of nutri-

tion is known to reduce body weight . Evidence from the literature suggests that a 

high plane of nutrition can counteract the body weight reducing effects of hyperthy-

roidism. The nonm.l plane of nutrition (NP. ) consisted of full time grazing on ade.-

quate pas,ture, and the low plane of nutrition (LP. ) consisted of 25 hours, per day on 

a grass free yard. The other hour per aay was apent on adequate pas.ture as: was pro-

vided for the no:rmU plane sheep. The low plane treatment was slightly modified 

during the experimental period because of two deaths. 
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( 2 )  Thyroxine treatments 

Although much information i s  available on the use of iodinated compounds, there 

is very little evidence available in relation to dosage of a known quantity of 

1-thyroxine . Hennenan et al. (1.955) ,  using an isotope technique, postulated secretion 

ra. tes of up to 0. 55mg. 1--thyroxine per day in S:b..ropshire and Hampshire ewes and noted 

great variation between irulividuals .  Hart (1955 ) reported on the use of 1-thyroxine 

tablet implants of up to 100mg. , which appear to have caused losses: in li veweight of 

about 10 lb . in his sheep over a period of three weelr.s. No data were available on the 

ra. te of uptake of thyroxine from implant sA 

A preliminary experiment was carried out with two Romney-crossbred ewes implanted 

with 150mg. and 180mg. of 1-thyroxine respectively and including 9 days of semi-starva-

tion. The results were as follows : -

Ewe No. Th;yrm:ine implant 

25/.55 150r.lg. 
194/50 180mg. 

Livewei,;ht 
Begi!'lr'.ing End Wei��t loss lliys. 

181 lb . 155 lb . l 28 lb . 56 i 175 lb . 165 lb . 10 lb . 35 

Thus this evidence, and all reported evidence of thyroxine administration and 

of secretion rates, suggests �reat variability of response. It is also known that 

:b.igh thyroxine dosage is toxic . 

It was decided to use three levels of thyroxine implant to see if response to 

treatment was linear. The previously highest reported level of implantation "\'/aS 100mg. 

which produced a weight loss below that which it wa.s- hoped to achieve in this pres ent 

experiment. Therefore, levels, of 150mg. , 210mg. and 270mg. implants of 1-thyroxine 

were used. 

In order to obtain info:t"''m. tion on. the ra. te of uptake of thyroxine from the im-

plants, a daily thyroxine injection group was included for comp8.rison with implanted 

groups:. A dose rate of 5mg. 1-thyroxine per sheep per day was used. A thyroxine 
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s.olution of known c onc entra. tion was. prepared from the 30mg. thyroxine tablets:.. On 

the evidenc e of Hennen1Ul et al .  (1955) , and assuming no breed differenc e s ,  this i s  

J.:Ll{ely t o  b e  bet\veen 15 and 250 times the n<I!lr1'00.l physiological level . These DT :LP 

sheep were penned with the LP. sheep t o  facilitate inj ection and regular inspection. 

During the course of the experiment, the daily injection treatment was modified as 

described in section (F). 

( 3) Allotment to treatment gr..:>up:: 

The ewes were weighed on the 17th January, 1956 and alloted to their treatment 

groups by restricted ra.ndornisation ( except f or evre 294. This ewe had become ver'J lame 

during the pre-treatment period a� so was alloted to the c ontrol group at the beginn­

ing of the experiment. The anirm.ls in thi s group were all killed the following day) . 

The ewes were listed in order of ·weight and divided into five groups of 10 sheep, i . e .  

10 lightest to the 10 heaviest. These five groups were then, wi th the above mentioned 

exception ra.ndorri.secl to the ten treatP-'_ent groups, by means of a table of ro..ndom nunbers . 

This resulted in ten groups of approxi:rm tely equal average liveweight . 

( 4) Durati on of experiment 

The work of B�ter (1948) and others suggested that quick result s  c ould be ob-

tained and it vms therefore decided to run the experiment for 21 or 28 days. If 

suf'ficient weight losse s  were not produc ed over the shorter peri od, the experiment 

was to run for 28 days . The danger of thyroxine toxicity was another reason for keep-

ing the durati on of the experiment flexible . With the large b ody of data to be coli-

ected at slaughter, involving 45 ewes, it was necessary to spread killing over 3 days. 

The timing of the experiment is indicated below. 

Group; 

CB. 
JJ:r:LP 
C:.NP 
LT.:NP 
:MT:NP 
HT :N.P 
C:LP 
LT :LP 
m·:EP 
HT': LP 

Date started 

. . .  , 

18/1/56 
18/:l/56 
19/:l/56 
19/:l/56 
19/:l/56 
20/ii,56 
?JJ/t/56 
20/1/56 
20/1/56 

Date slaughtered 

18/1/56 
15/2/56 
15/2/56 
16/2/56 
16/2/56 
16/2/56 
17/2/56 
17/2/56 
17/2/56 
15/2/56 

Duration ( da;y:s ) 

28 
28 
28 
28 
28 
28 
28 
28 
2£+ 

) 



+This. group was slaughtered two days early as one ewe was showing 
signs of trea tmEmt stress and it was feared she would not last 
the full 28 day period. 

(E) :METHOD OF Di!HJANTATION 

25 .  

The a.ninals to be  implanted were yarded in the morning and a patch of three to 

four inches in diameter, just behind the left shoulder and mid way up the side, was 

clipped to the sld.n with scissors, and washed with a Cetavlon s-olution. In the after­

noon each animl was held in turn on its right side by two men, and the operator ( the 

author) , shaved the clipped patch with a safety razor and applied tincture of Zephir� 

A ha.lf inch incision was rrade through the skin with a scalpel . By blunt dissec-

tion a pocket was rrade under the skin and the required rrurnber of 50mg. 1-tJzyroxine 

tablets were implanted. Implanting was by means of a glass rod, in a loaded glass 

tube, from which tl:e tablets were ejected into the preparecl pocket. The incision 

w::>.s sutured by tvw stitches e.nd a po xlered. sulpm druc \Vns G.pplied. 

(F) 1.IANAGE1.IENT AND RECORDS DURING THE EXPZR�·IBl.,fTAL 
PERIOD 

Li veweights were taken several times throughout the course of the experiment, 

and at more frequent intervals as the experiment progressed. A daily check was rrade 

on the appearance of all animals. The low plane sheep had water available ad lib. 

The high plane sheep grazed two paddocks alternately, one of which had a water trough. 

When grazing in the other paddock these high plane sheep were taken to vva ter daily. 

The low plane aninnls were permitted to graze for an hour each evening, with certain 

modifications,. 

After 16 days of daily injection routine ( total of 80mg. 1-thyroxine injected) , 

ewe rrumber 165 started showing signs of weakness and was not grazing at the completion 

of the hour on pasture. At this stage the daily injection treatment was s:topped for 

all ewes in this m :LP group. On the night of the 1.7th day, ewe. 165 died and on the. 

next night another m :LP ewe ( 541) a-ta.rted showing signs of' weakness and was slaughter-
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ed. The stronger ewes in the DT :LP group, :rn.miliers 598 and 557, received further 5rng. 

injections on the 25rd and. the 26th day of the experimental period ( see Fig. 1) , bring-

ing their total to 90rng. of thyroxine over the 28 days. 

As the nonral plane :::;h�e;p were only s tarting to show th;j-roxine effects on body 

weight after 21 da;:,rs, it had been decided to run the experiment f or the full 28 days .. 

In vieTI of the two deatr..s, it vro.s suspected that the combined th;yro:dne-l ow  plane 

treatment might prove too severe for the implanted sheep als o, and so the one hour 

daily pasturing was increased to  a "b:ro hourl::,r period. As the low plane control sheep 

started gaining weight on two hours daily pasturing, all LP. sheep were cut back to an 

hour and a half grazing, see Fig. 1 .  However, two days later, grazing had once again 

to be increased to ��o hours until the end of the experimental period. 

(G) SLAUGHTER TECI-DliQUES AND RECORDS 

The :cnim:.l:::; to be sb.u;;!1terecl '.'Terc rer::.'1ec1 o..t 1 j_) . w. on the :lfl :r prior to sl!:!.u[';hter, 

:L"YJ.d tl1a t sa.rne after:"loon taken to the C ollet;e c.ba ttoir. At 9 a. n. the follo-.:lin.g morn-

ing slaughtering commenced. The livevreight of each anirro..l vro.s rec orded and then it was 

killed by cutting its throat, bled, and the carcass ·was dressed according t o  c ommercial 

practice, with the exception that the kidneys were removed. 

The follO'wing information, additional to liveweight, and involving six workers, 

was recorded for each ewe : -

(1) 
( 2) 
� 5) 
4) 
5 ) 

��� 
( 8 ) 
( 9 ) 

(10 ) 
(11) 
(12 ) 
(15) 
(14) 
(15 ) 
(16 ) 

Hot carcass weight minus kidneys .  
Wt. left and right fore me tacarpal bones. 
Wt. storro..chs� and oesophagus fulL 
Wt. stamach6 and oesophagus empty. 
Wt. of contents by difference. 
Wt. of small and large intestines full. 
Wt. of small and large intestines empty. 
Wt. of contents by difference.  
Wt. of both kidneys . 
Wt. of heart. 
Wt. of liver (without gallbladder) . 
Wt. of omental fat. 
Wt. of mesenteric fat.# 
Wt. of spleen. 
Wt. of thyroid gland. 
General comments on carcass and organs. 
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• Mesenteric fat includes the fat from the mesentery, 
lymph glands and the fatty tissue re�oved from the 
large intestinal surface .  

27. 

The residual implants from 15 HP. sheep were collected from the sld.n and/or from 

the shoulder site of the carcass., for residual thyroxine dete:nninations. At approxi-

rmtely 4 p. m. , the carcasses were hung in the c:b..iller on gambrels of s.tandard width 

for overnight storage. 

(H) EOST SLAUGHTER MEASUREMENT AND SlliCIFIC 
GRAVITY DETERMINATIO:NS 

The following morning between 8 and 9 a. m. , the cold carcasses vrere again weighed, 

to the nearest 0. 1 lb . ,  a..."'ld various carcass measurements as described by Rtlsson (1959) 

were taken. The weight of each carcass was: then determined to the nearest gram corn-

pletely submerged in water in a tank especially constructed for specific gravity pur-

poses. The water tenverature waa 17-20°C and the surface temperature of the carcasses 

The carcasses were then transported to the stores. of the Manavratu ]\feat Company 

for freezi�� and storage . 

(I) CARCASS DL\TA 

(1) Carcass treatment 

A brief report of some aspects of �his work has been given by Barton and Kirton 

(1956) .  Carcass work started on 21st FebruarJ, 1956 . Nonmlly, two frozen carcasses 

were brought each day except Friday, Saturday and Sunday from the s.tores.  This arrange-

ment nade it possible to complete dissection and chemical work each week by Saturday 

evening. 

Each carcass. while still frozen, was divided down the middle of the back with a 

meat band saw, the left half being permitted to thaw for dissection work while the 

right half of the carcass. was used for chemical analyses. 

The right side of the carcass, while still frozen, was sliced into pieces· �-�" 

• 

' 
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thick, using the meat bandsaw. Firstly the 9-10-11 rib cut was removed by cutting 

with the bandsaw roidway between the 8th and 9th ribs, and m:idv�ay betw·een the 11th and 

12th ribs. This cut was then sliced, minced and sampled for chemical analysis. The 

remainder of the side was sliced, minced, and the surplus mince from the rib cut '>'JaS 

added before sampling for chemical analysis . 

Samples of minced tissue from the sides of the C :HP, LT :!JP and H'I' :NP ewes were 

sent to Dr. G.W.  Butler, Plant Chemist!"'J I.aboratory, for microchemical iodine deter-

mina. tio!'..s . 

( 2 )  Chemical analyses 

(a) Right half carcass analysis 

As the ma. terial came tlw.�ou.gh the mincer, it v�as regularly sub sampled to give a 

total subsample · of 4-6 lb . from half carcasses weighing from 21-59 lb. This subsample 

•.7c.s re!":"d.nc erl_ t-.·ri..ce to e:;.s• re �rec.ter homo,senei.t�· .  Fror:1 tris re:ninceo sul"Jsar.1ple, six 

5Cle;. sn...r:r;:les Yrere vtei.:.:;hecl. into butter r:1oisturc cups usin-£; o. tripple beo..r!l b::::.l;;.n.ce y;i "'.:;h 

an accuracy of 0 . 2g. 

For chemical methods, a modification of those reported by Barnicoat and Shorland 

(1952) was used. The samples were dried in an oven at 105-110°0 for approximately 

18 hrs. and weighed to give water loss by difference. The liquid fat was then de-

canted. Petroleum ether was added and the dried residue was crushed with a metal rod. 

After being allowed to settle, the ether was decanted, and this procedure 'vas repeated 

twice more . The samples were then replaced in the oven to drive off the ether, and 

weighed to give the uncorrected fat weight (ether-extract) by difference, and dried 

fat free residue directly. 

For the 48 half carcasses treated this way, the six samples per carcass gave the 

fol1owing results : -

% water 
% ether-extract (uncorrected.) 
% dried fat free residue (uncorrected) 

+ Mean - S. E. M. Coeff. Var. Range 
+ 42. 21 - 0. 57 

58 . 96 :t 0.45 + 18. 85 - 0. 56 

51. 8-52 . 7/o 
25. 1.-55. 1%  
15. 0-24. 6% 
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The low standard errors of the means ,  and coefficients of variation suggest that 

the sampling technique was sati sfactory. 

(b) Correction factors 

From each sample of dried fat free residue , a subsample ��s taken and bulked for 

the 48 half carcasse s .  A t  the c ompletion of the carcas s  analyses a portion of the 

bulked sub sample was obtained by quartering and ground c omplete vri th b one , to a powder 

in a mill . Three samples of the powder were taken and Soxhlet extractions were carried 

out for 6 hrs . using petroleum ether. These gave v.alues of 7. 4�, 7. 59,% and 7. 4� 

ether-extract from the dried fat free residues, and an overall weighted average 

(weighted by the weights of samples) of 7.4� ether-extract. 

A further six sainples of powdered dried fat free residue were taken and ashed in 

a rruffle furnace to t;ive the following ash percentage s· : -

�5 . 97, 26 . 85,  26 . 04, 25 . 95, 26 . 01 and 25 . 5 5 (weightea mean = 26 . 00%  ash) . 

These two correc tion fc.ctors were applied as indice.ted below to the mean value 

per half carca ss of the dried fat free residue (d. f. f . r . ) . 

% ether-extract 
% ash 

= mean % ether-extract (unc orrec ted) + 7.  45 d. f. f .  r. % 
= mean % d. f .  f. r. by 26 . 00 

% protein = mean % d. f . f . r . - 26. 00  d. f . f. r . % - 7. 43 d . f . f . r. % 

The c orrection increased the total % ether-extract per half carcas s  by 1-z,%. 

The term "protein" in this case is in line wi th that of Barnicoat and Shorland (1.952) ,  

although accx:>rding to Bate-Smith (1942) ,  the nitrogenous substances in meat comprise 

approximately 89% true protein. 

(c ) Other chemical work 

The same chemical procedure as for the h alf carcas s  samples. was applied to each 

9-1.0-11. rib cut sample. The fol�owing c orrection fac tors were determined by the same 

procedures as. employed in the half carcasses, and ap:plied to % dried fat free residue 

of the rib cut . 

% ether-extract correction = 8. 50 d. f . f . r. % 
% ash c orrection = 21. 85 d. f. f. r. % 
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Following dissection, chemical analyses were also carried out on dis sected nuscle 

plus tendon and ·waste from the leg, the lOin and the rib cuts.. The dissected fat from 

the leg and from the rib cut v/as analysed chemically. Soxhlet correction factors were 

applied where appropriate to these data also . The dissected fat from the loin and the 

perirenal fat were sent for analyses to Dr. F. B. Shorland ( Fats Research I.e.boratory) . 

( 5 )  Thysical methods of analysis on the 
left half carcass 

After thavling, the left side was divided into tl<ro portions by a cut between the 

last thoracic and first lumbar vertebrae and follorrin.13 the curve of the rib to the 

flank. T:1e measurements reportec_ 1;y fulsson (1939) were rrade on the n.nterior surface 

of this section and recorded for further study. A 9-10-11 rib cut was rer!lOved by 

cutting mid \7ay between the 11th and 12th ribs a..>"ld parallel to the ribs, and taken 

through the vertebrae vvi. th n. saw, anc. strait;ht to the flank on the outer limits. 

'l'he perire!1? l f::c t 2-.ncl fc. t fror., the rcl vie ea vi t�- ( cl:annel fc. t) -:re re removed and 

weighed. 

The leg joint Tias rernoved as described by fulsson (1959) . The loin ·was removed 

by cutting be�veen the second to last and last lumbar vertebrae; the remainder of the 

jointing of this part being carried out as described by fulsson (1939) . This resulted, 

over the series of sheep dissected, in a loin averaging 5 . 5 vertebrae as compared to 

a loin averaging 6 .  5 vertebrae in stored data of the Sheep Husbandry Department coll­

ected from loins removed by Iilsson1 s method. The joints were weighed. 

It was possible to estimate the dissectible total constituents of the carcass from 

the dissected leg plus loin. Estima. ting equations were calculated between leg J;?lus 

loin constituents and the same constituents in the totally dissected carcasses of 25 

Romney crossbred ewes, ( stored data) . The stored data were of wider carcass weight 

range than the present data. The doubled weight of the half J!oin from the present 

experiment, when used in the estimating equation, is likely to underestimate total 
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carcass c onstituents owing to the method or jointing which gives a smaller loin than 

the method or hlss·on. rt is however, unlikely to errect the variability and ra.nld.ng 

order or this data. . 

Specific gravity determinations by rmderv;ater wei ghi:ng were made on the leg, 

loin and rib cuts .. 

The joints v�ere then reweighed and dissected into rat,  muscle, bone and tendon 

plus vmste as described by �lsson (1959) .  The dissected cor.�onents were weighed and 
then minced and sampled for chemical �Dalyses as described earlier. 

(J ) STATISTICAL METHODS 

The analysis of variance technique as described by Snedecor (1946, p. 275 ) was 

used to test the significance of the treatment erfects . This ��ysis was used to 

indicate the effects of thyroxine, plane of nutrition and the interaction between them. 

The grou:"s i:1dica ted beloYr \';ere il'lCl"Ltded il'l the �ulJ·si s of v:::.ric.nc e 

Control be;i��+ 

Control end NP. 
Low thyroxine I'lP. 
Medium thyroxine NP. 
High thyroxine NP. 

Control end LP. 
Low thyroxine LP. 
Medium thyroxine LP. 
High thyroxine LP. 

fuily thy-roy_ine LP. + 
+Groups excluded from analysis 

The CB. group was· excluded because much of the data. rrom this group were not 

strictly comparable to that which had been collected from the remaining groups rollow-

ing the experimental period. As two JJl' :LP sheep died, some data. were missing rrom 

this. group, and for this reason it was; not included. in the sta. tistical analyses .• 

The s,tandard error of the treatment means was derived f rom the error mean square 

of the analysis of variance, and was used to estinate the 5% and 1% confidence linri ta 

for the group means� Strictly speaking, these confidence limits ap)iy only to the 

eight groups included in the analysis of variance, but they do indicate treatment 

e:f'fects in the renaining groups. 
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Since the accuracy of tests. of significance in the analysis of va.riance is 

dependent on homogeneity of the variances between the experimental groups) Bartlett 1 s 

test (Snedecor, 1_946, p .  249) vm.s applied vrhere homogeneity appeared to be doubtful . 



CF.A.Pl'ER IV 

TREATMENT EFFECTS ON LIVEWEIGHT 
AND .Alffiffi.L HEALTH RESULTS. 

(A) TREATMENT EFFECTS ON LIVEWEIGHT 

The liveweight group means are presented in Table 1.  

Ta�le 1 

Livevreight (lb . ) at the beginning and end of the experimental period. 
Group means and standard deviati ons. 

Group 

CB 
C:I'TP 
C:LP 
LT:l'!P 
LT :IIP 
li!T :NP 
"" . JT . LP 
HT :IJP 
ET : LP  
DT :LP 

50 sheep 

Beginning of experiment 

Mean 

130. 4 
152 .4  
152. 6 
155 . 2 
151. 6 
152 . 8 1 154. 8 
155. 0 
152 . 0  
, 150 . 4 

IL3:1.. 2 

S. D. 

11. 2 
6 . 7 
7. 5 

11. 6 
8. 5 
7. 5 

10. 9 
7. 8 
8 . 2 

12. 6 

8. 7 

Range 

110-155 

l 
I 
I 

I 

End of experiment 

Mean S . D. 

150. 2 8. 5 
116 . 4  8. 9 
120. 6 11. 0  
107. 2 10. 5  
115 . 6 6. 9 
111 . 2 8 . 5 
116 . 8 6 . 6 
1os . s e . 2 

94 .  0( .5)+ 6 . 6 (  5 )+ 

Range 

+Ih tables throughout this thesis a figure in brackets will indicate 
the number of observations upon which the group mean and s:tandard 
deviation is based, when this differs from the normal of five observa­
tions . In thi s case the death of two sheep in the DT : LP  group, before 
the c ompletion of the experiment i s  the reason for their omission from 
the mean. 

The general group liveweight trends over the experimental period have been plotted 

in Figure 2 and the individual variability of response. to treatment is shown in Figure 

1. 

Statistical ana.lysea reveaU.ed that b oth the thyroxine treatment and the low plane 

of nutrition had producea_ highly significant weight losses. 

Table 2 

The mean liveweight loss; of the treatment groups (lb . ) . 

55. 
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FIG. 1 1 .  Effects of thyroxine and plane of nutrit ion on l l vewel ght, 



Group, Mean weight loss· Perc entage weight 

C :NP 2 . 2 
C :LP 16. 2 
LT :NP 14 . 6  
LT : LP 24 . 4  
MT :NP 17. 2 
11T :LP 25 . 6  
HT :NP 16 . 2  
HT :LP 25. 2 
DT :LP 50. 0 ( 3) 

Table 3 

Analysis of varianc e  of li vevreight change ( lb .  ) . 

Source d. f .  

Thyroxine treatment 3 
Plane of nutrition 1 
Treatment interaction 5 
Within subclass 52 

Total 

:!'Iote : � s  = 

�' = 

!13 = 

Tb2_s 

� iz;�fic::-.:---t 
::i;)l i fico.D.t 

39 

r t  
., t  

tl1e 
t!:':! 

1:ot siu1ific�nt 
::::cr::encl-:. t',.u:e vrill 

Si[;nificance level s .  

s. s .  . s . 
857 . 8 285 . 9 
864 . 9 864. 9 

90. 1 50 . 0 
625 . 6 19 . 6 

2438. 4 

1, : l evel (p <:.C . 01 ) 
:;r '-I" lev-31 (:p 40 . 05 ) 

(p >0 . 05 ) 
be used throu,3hout 

Standard error of the treatment means = 1 .  997 lb . 
5% fiducial limits = � 4 . 04 lb . 
1% fiducial limi ts = ± 5 . 44 lb. 

t o  

1 . 7 
12 . 2  
10. 8  
18 . 5 
15 . 0 
17. 5 
12. 2 
17 . 6 
24. 2 ( 3 )  

F 

14 . 6 
44. 2 

1. 5 

de:.1ote 

54. 

loss 

ss 
ss 
ns 

Thn.t no difference in weir:;ht los s ca.n. be attributed to level of th:}rroxine implan-

tation can be see2: from Table 2 .  The difference lies between the control ewes and 

those implanted. For the norrral plane and low plane implanted ewe s respectively, 

these weight l osses averaged 0. 57 and 0 . 85 lb . per day. However, the ' daily injection 

treatment has produce_d a greater weight loss ( 1% level) than the thyroxine implantati on. 

F_ighly si gnificant wei ght losses due to the low plane of nutrition are present at all 

levels of thyroxine treatment. 

Table 4 i s  presented to show the rate of liveweight loss:, which proved dangerous . 



Table 4 

Weight loss in the DT :LP group 

Ewe No. Weight loss (lb . ) 
165 52 
541 29 
598 54-
489 22 
557 54 

% weight loss 

22 . 9 
20 . 7  
26 . 8  
20 . 0 
25 . 2  

Time 

16 days+ Died 
16 days Died 
28 days 
28 days 
28 days 

+16 days i'TaS the t�e at 1'lhich the last liveweight was taken 
on these evres although their deaths occurred later. 

35. 

I.t ImlSt not be forgotten that all evres had lost on the average 14. 5 lb . during 

the pre-experimental period of 35 days, which loss was 9. 9,% of the mean pre-experiment­

al weight. The DT :LP grcup had lost 28. �� of their b ody weig.,_t over the total pre,..... 

experimental and experimental periods. From Table 4 i t  can be seen that the loss of 

approximately 2 lb .  liveweight per day for 16 days proved lethal for two ew·es vrhile 

the remaining three ewes which lost about 1 lb . per day for 28 days survived. 

( 3) _-'CITH!\L 1IEALTH 

( 1 )  'J1le DT :LP t;roup 

The combination of 5mg. !-thyroxine daily, on a low plane of nutrition proved to. 

be too severe, as ewe 165 died and ewe 541 was slaughtered in extremis during the 

course of the experiment. It was observed in the process of :b.andling the DT :LP sheep 

for injection, that all these animals became noticeably weaker than the other LP. 

anirm.ls. The res.pira. tion ra. tes. of the DT :LP ewes rose to values of over 100 per min.-

ute, but because of their rapidity, it became impossible to obtain accurate counts. 

The first symptoms. in the above mentioned. two ewes was that they stopped grazing 

during the hour on pasture. At this stage they appeared to experience difficulty in 

sXanding. A postmortem examination revealed. an almost complete absence of food in 

their gastrointestinal tract, apart from a smal� quantity of liquid in the rumen. 

Postmortem examination also revealed abundant fatty tissue in the subcutaneous and 

internal fat depots� The articulating surfaces of the cannon bones� and of the other 

long bones examined, were tinged blue which was in contrast to the crerucy-whi te. 
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colour of the articulating surfaces of the b ones of the control sheep. 

:Measurements were taken on the influence of 5mg. 1-thyroxine inj ec ted daily, 

on the metabolic rate of' a Rorrmey ewe fed hay ad libi turn. This anirml had previously 

been involved in me tabolic studie s .  The oxygen consumption and respiration rate of 

the e\Ve were measured via a tracheal cannula, by the tech.>ll.que of Cre ssvrell (1957) .  

Evidence is bein,s accumulated by thi s worker which shovrs that the metabolic rate 

remins relatively c onstant for an individual anirra.l over a liveweight change of 

+ - 10 lb . The following were the resul ts of the thyroxine treatment : -

Oxygen c ons�tion 
1i tre 0/5 min. tN� T. P. ) 

Ihte 

5 day average 1.. 1 
28th Jan. 1. 0 
29th 11 1 .0  
50th " o .  9 
51st " 0 . 9 

1st Feb . 1 . 0  
2nd 11  :!... 4 
5rd 11 1 . 4  
4th 11 1. 8 
5 th " 1. 6 
6 th 11 1. 1 
8th " 1 . 1  

20th Feb . 
24th " 
26th 11 

27th 
28th 

11 

11 

1st .,farch 
2nd rt 

5rd 11 

4th 11 

5th lt 

6th " 
7th " 
8th " 

1. 2 
1 . 0 
+ 
.1. 4  
1. 3 
1. 5 
1. 6 
1 . 5 
1. 5 
1 . 2 
1. 2 
1. 0 
1. 0 

Respiration 
rate 

50 /  min. 
55 
50 
30 
50 
60 
70 

100 
110 
110 
80 
40 
50 
40 
60 
45 
50 
90 
80 

100 
100 

90 
80 
60 
60 

Livewei {Sht 
(lb . )  

65 (approx. ) 

62 
59 

59 
59 
58 
60 
61 

75 

70. 5 
68 
63 . 5  

60 
57 
60 
60. 5 
64 
67 
66 

Treatment 

5mg. thyroxine 
10mg. 

5J116 . 
5mg. 
5mg. 
sto:!_)ped 

11  

11 

5mg. thyroxine 
5mg. 
5mg. 
5mg. 
5mg. 
stopped 

tl 

lt 

" 
If 

If 

+An · air leak developed and so this reading was: discarded. This did not 
effect respiration rate. 

The treatment was applied only for short periods because the ewe used was a 

valuable experimental aniim.l . The results show that for this aniimJ.., the oxygen 
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consumpti on wa s  increased by at leaat 50% (it wa s  increasing when the treatment was 

stopped in both cases.) . The respirati on rate was at least doubled and liveweight 

was reduced by the thyroxine treatment . A lag of two days occurred between the time 

of the first injection and the time that the effects of the thyroxine s tarted to m�ow 

up. These effects c ould still be detec ted on the respiration rate 5-4 days af'ter 

treatment had ceased. These results indicate the seri ousnes s  of the daily inj ection 

treatment, even vrhen the anirro..l is on an adlib, diet . 

( 2) Low J@.ane sheep other than DT:LP 
g;roup 

It was ob served that the C :LP sheep adapted themnelves well to the experimental 

conditions, as was indicated by the rrnintenance of an almost c ons tant body weight, 

following an initial drop . All low plane sheep spent most of the day in a recumbent 

posi tion. A high re spiration rate was observed among s ome of the thyroxine implanted 

sheep . Th.rri:'l.::; the la.st four d11:·s cf the experir::e'"!t � e-,·;e 55 in tl:.e �� :LP 61-'0Up nas 

showiYJ.g signs of ':'reakne ss '.'.'hich :nec e s si ta tea. the slattbhter of t.".is group n. t the end 

of 26 days, instead of 28 days as planned. Evre 55 rmy not :b...ave survived the full 

experimental period since she had the l owest weight of gastrointes tinal contents of 

all the ewes slaughtered at the comple tion of the experiment, see (1)  The :r.Yf:LP group . 

( 5) Norrral plane sheep 

No symptoms resulting from thyroxine implantation were observed in these sheep 

until the latter part of the experiment . Five of the fifteen implanted NP. sheep 

became very daggy while none of the �ive control sheep were af'fected. The implanted 

ewes were usually eager to drink when the :NP. sheep were watered and were always 

first to the water trough. 

Toward the end of the experiment one of the HT :.l'TP ewes was obviously panting 

and spent much of her time lying dovm. 

( 4) General obs.erva. tion 

It was observed at slaughter that all of the thyroxine treated sheep were 

suffering from wooJ. break at skin level. There was no wool break in the control 
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sheep. 

DISCUSSION 

The results of the experimental treatments demonstrated that both thyrorine 

and a low plane of nutrition have caused large li veweight losses .  As the l ow pla."l.e 

of nutrition was largely defined in terms of liveweight loss, this latter resul t was 

not altogether unexpected. 

A surprising feature of the experiment was that there was no demonstrable diff-

erence in li veweight los s  between the different level s of thyroxine imple.nta tion, 

namely 150mg. , 210mg. , and 270:rng. of 1-thyroxine .  The higher v,reight losses i n  the 

DT :LP group shovr that the lack of differenc e be-b:reen the level of thyroxine implanted 

groups doe s not result from an upper limiting (ate of weig...l-J.t loss b eing reached in 

the se sheep. This would rather suggest t!"lat the limiting fac tor is likely to be the 

In c or:rparison vri th ot�;.er experinents on uncl_ernutri tion, (Pomeroy, 1941 ; Robin-

son, 1948 ; and Franklin, 1952) ,  and on thJToxine iMplantation, (I1nrt , 1955 ) ,  the 

weight losses, in vi ew of the short time involved, are high. A yreight loss of up to 

lb . per day seemed to be safe for the 28 days of this experiment, vrhile one of 2 lb. 

per day proved lethal . It should be b orn in r.rind thn. t all e\'!es had l ost on the aver-

aze 1� . ;:: lb . pri or to the beginning of the experimento.l period and group Ir.ean losses 

of up to 30 . 2 lb . liveweight occurred on t op of the earlieE· pre-experimental loss. 

The average effect of the lmv plane of nutri tion on the c ontrol sheep as eo� 

pared to the high plane c ontrol sheep was a loss of 0 .  50 lb . liveweight per day. 
The average effect of implantation on a high plane of nutrition as compared to the 

control sheep was a loss of 0 . 49 lb . livevreight per day. Havrever, in those ewes 

subj ected to both a low plane of nutrition and thyroxine implantatio� the average 

daily loss of liveweight on the same basis., was 0 .  77 lb . This would sugges t  that 

the greater the rate of weight l oss, the more difficult it is to achieve an extra 
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decrement ; apparently the lavr of dimin�hing returns applies:. 

59. 

The m :LP ewes shO\·;ed more rmrked signs of hyperthyroidism than the implanted 

sheep, as two ewes died and greater weight los s.es were rec orded in the former group . 

From this it may be inferred that the implanted sheep vrere absorbing le ss than 5rng. 

1-thyraxine per day. .An analysis of the residU£1� implants from th..ree HP. evres im-

planted with 270mg. 1-th;yroxine revealed that approximately 150mg. rerm.ined, (Dr. 

Butler - personal c o:mmunica tion) . Not tald.ng int o acc ount the losses in collecting 

the residual implants would indicate a ma.y�mum possible ab sorption rate of 4. 5mg . per 

day in the high thyroxine ewes, if the rate of ab sorption is assumed even. The re-

maining two residual implants of the HT :HP group decompos ed in storage a!'..d so were 

unsuitable for analysi s .  

Ueasurement o f  the metab olic rate i n  a e ·re inj ected 5mg. tl:yrorine for 5 days, 

evre before treatment . Thi::; should indicate the severity of the treatment in the 

ill :LP group . 

The main signs of h;yperthyroidism in the living ani:rrals seemed to be, an increased 

respiration rate, indications of sc ouring in the normal plane sheep ( suggested by 

the pre sence of dags.) , and an increased vva ter c onswnption a& indi cated from behav-

ioural observations . The se symptoms are in line wi th those reported by Blaxter 

(1948, 1948a) . 

lfurther observations. jus.t prior to the death of the two IJI' :LP ewes that did not 

survive the experimental period, pius a postmortem examination of their gastrointest-

inal c ontents suggested that the severity of the DT :LP regime had resulted in a self 

imposed starvation. This postmortem inspection of the above mentioned two ewes also 

revealed plentiful fatty tissue in the subcutaneous· and internal depots, as opposed 

t o  the observations. of Blaxter (1948a) . However, his we thers were c onsiderably 
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lighter than the pre s ent ewes and s o  thes e  w·ethers probably had less fatty tissue 

to start with. 



CH.AP.r.ER V 

TREATMENT EFFECTS ON 
CARCASS 'WEIGHT .AND COllR)SITION 

RESULTS 

(A) CARCASS WEIGHT 

The group means for carcas s  weight e.re presented in Table 5 . An analysi s of 

varianc e revealed no sig:t"'.ificant treatment effec ts on hot carcass weiGht . 

Table 5 

Hot carcass weight (lb . ) Group means and standard deviati ons. 

Group Uean S . D. Group Mean S.D. 

CB. 71 . 0  5 . 7 
c ::<!P 6 7 . 6 8 . 4 C :LP 60 . 7 6 . 2 
LT :IlP 62 . 8 5 . 7 LT :LP 56 . 0  7 . 1 
ET :1'1P 65 . 8 5 . 4  11T. LP  61. 7 8 . 5 
HT . !'TP �9 . 3 4.- .  5 liT ::sP 60 . 4  5 . 5 

::::Jr . LP 4C' . G( 3) 7 . 3 ( 3) 

Table 6 

!unalysis of variance of hot carcass ''re:.:_' .t ' 1 1· ) \ -""" · . 

Source d. f. s .  s. M. S . F 
Th;y-roxine treatment 5 161 . 74 5 5 . 91 1 .  272. 
Plane of nutri tion 1 154. 52 154 . 52 3 . 16 9  
Treatment interaction 5 113 . 46 57. 82 0 . 892 
Wi thin subcla ss 52 1556 . 1-1 42 . 59 

Total 59 1765 . 95 

ns 
ns 
ns 

However, the great variability of the se data indicates that large differences 

are re q.rired before significance is reached. As in all cases the treatment groups 

have lm.ver mean weights than the CB. or C :J\TF groups, i t  seemed possible that there 

were treatment effects 'Which could not be demonstrated statistically. However, 

weight loss is known to effect the c omponents of carcass weight differentially and 

so these were next checked f or treatment ef'fects.. 

41. 



(B) CHEMICAL COMFDNENTS OF CARCASS 
WEIGHT 

(1) Chemical fat 

42. 

The analysis of variance of weight of chemical fat in the carcas s  is presented 

in Table 8 .  Before testing for treatment effec ts, Bartlett ' s test of l1omogenei ty  

of variance ·wa s  applied. T:b..is gave a""!--2 
of 7 . 72 for 9 d. f . , p > 0 . 5, indicating that 

the hypothesis of equality of the varianc es is acceptable .  

Table 7 

Weight of chemical fat in the carcass·es (lb . ) Group means and 
s.tandard deviations. 

Group :Mean S. D. Group Mean S. D. 

CB. 30. 7  4. 00 
c :l'JP 25 . 1  8. 98 C :LP 25. 8 4 . 75 
LT :NP 25 . 6  5 . 75 LT :LP 21 .. 7 6 . 27 
HT :IJP 27. 2 - 5."70 ] � :LP 27. 5 8 . 11 
�IT. 2JP 21 . 1  4. 48 ET :LP �4. 4 5 . 81 

DT : LP 16 . 8( 5) 6. 67(3) 

Table 8 

Analysi s  of variance of weight of chemical fat in the carcasses. (lb. ) . 

Source d. f. s . s.  M.. S. F 

Thyroxine treatment 5 121. 12 40. 57 1 . 19 ns 
Plane of nutrition 1 1 . 40 1. 40 0 . 04  ns 
Treatment interaction 5 66. 79 22. 26 0 . 66 ns 
Within subclass. 52 1081. 46 55. 80 

Total 59 1270. 77 

The thyroxine implantation and low plane of nutrition have caused no sigpificant 

loss of carcass fat .  However, the IYr :LP sheep appear to have lost carcass f'at. 

A comparison between Table 1 and Table 7 indicates that body wei ght is not a 

good index of the ata. te of fa tnesa of the carcas s. The CB. ani C :NI> groups of almost 

the same average liveweight at slaughter, differ on average by 5. 6 lb . of carcass 

fat .  This is a large difference. 
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( 2 )  Fat free carcass weir)lt 

Both the th:'lroxine treatment and a low plane of nutrition have caused a highly 

significant reduction in wei�ht of the fat free carcass . 

( 

Table 9 

Fat free carcass weight (lb . ) . Group means and sta.J.1.d.ard deviations . 

Group Uean S . D. Group Mean 

CB. 59. 2 2 . 45 
C :NP 41 . 0 1. 50 C :LP 55 . 6 
LT:llP 55 . 8 2 . 66 LT :LP 52 . 8 
llT :Iifp 55. 5 2. 40 L� :IiP 55 . 0  
HT :"lP 56 . 7 2. 51 HT :LP 54. 7 

DT :LP 51. 4( 5) 

Table 10 

i\.nalysis of variance of fat free carcass weight (lb. ) . 

Source 
'.:�::.::,TCJXi�e 
I:-�c1�1e of 
Tree. tr::en t 

d. f .  
-- ---

trea. tLler�t 3 
::1.ut:d t::. o�1 1 

• .J._ .L .  �i1 "e r-cJ..c --� or.. 5 
Wi thi�1 subclass 32 

Total 59 

s. s.  1.1. s.  
---- -

111. 4/: ':;7 , 1L� 
:l.' ... .,C . �-�r_, :!..00 . 90 
18 . 56 G . 12 

152. 18 4 . 76 

582 . 86 

Standard error of the treatment E�eans = 0 .  975 lb. 
5% Fiducial limits = !  1. 99 lb . 
1% Fiducial limits = � 2. 68 lb . 

F 

7 . 91 
::1 . �)� 
:!.. . 29 

S. D. 

5 . 27 
1. 15 
1. 62 
1. 89 
1. 05 (3) 

ss 
CS 
ns 

The thyroxine effect of reducing the weight of the fat free carcass lies between 

the controls and the implanted sheep, and the latter sheep and the DT :LP group. There 

is no significant difference between the levels of thyroxine implantation, although 

there is a tendency for the high level of implantation to be less· effective than the 

lower levels. 

The low plane of nutrition reduced the weight of the fat f'ree carcass between 

the control sheep and at alL levels of thyroxine treatment. All in all, the treat-

ments accrount for from 4-1.0 lh. of the liveweight loss,. 

The next atage of the analysis was to break down the fat free carcass into its 
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components of protein, water and ash to discover which of these s:!:low treatment effects.. 

As the ash values were determined from a c orrection factor, they were not suitable 

for statistical analysis .  

( 5) Carcass protein weip,ht 

A low plane of nutri tion reduced the weig..1t of carcas s  protein, but no th;yrox-

ine effects were denons trated. 

Table 11 

Carcass protein (lb . ) . Group means and stande.rd deviations . 

Group Hean S. D. Group Hean S. D. 

CB. 8 . :1.1 0 . 659 
C :�P 8 . 12 0. 647 C : LP 7 . 17 0 . 772 
LT :I\lF 7 . 62 0 . 499 LT :LP 6 . 87 0 . 154 
MT :NP 7 . 60 0 . 789 MT :LP 7 . 12 0 . 508 
HT . NP  7. 76 0 . 652 HT. !.P  7 . 22 0 . 557 

DT . LP 7 . 01(3) 0 . 558 ( 3 )  

T:lble 12 

�'\.nalysis o f  variance of weig:ht of carcass protein (lb . ) . 

Sourc e d. f .  s. s .  1t S .  

Thyroxine treatment 3 0 . 8874 0 . 296 
Plane of nutri ti on 1 4. 6444 4. 644 
Treatment interaction 3 0 . 3329 0 . 1ll 
Within subclass 32 ll. 5257 0 . 360 

Total 39 17 . 3904 

S tandard error of the treatment means; = 0 .  2685 lb . 
5% Fiducial limi ts = � 0.  548 lb . 
1% Fiducial limits ::: ! 0 .  738 lb . 

F 

0 . 82 ns 
12 . 90  ss 
0 . 31 ns 

At the most, the loss of protein only accounts for the loss of about a pound of 

the fat free carcass weight. This is, however, a considerable proporti on (approx. 

12. 5%) of the original total weight of pro tein. 

(4) Carcass water weight 

From the analysis of "'m.riance, Table 14, it can be seen that b oth t�oxine 

treatment and a low plane of nutrition caused highly si gnificant weight losses . 



Table 13 

Carcas s  water (lb . ) . Group means and standard deviations. 

Group Mean S. D. Group Hean 

CB. 27 . 9 1. 54 
C :HP 29. 7 0. 99 C :LP 25 . 6  
LT ::NP 25 . 2  2 . 01 LT :LP 23. 2 
HT :l!P 23. 1 1. 02 I.1T :LP 24. 7 
HT :NP 24. 6 1. 75 HT :LP 25. 9  

IYI' :LP 21 . 7( 5) 

Table 14 

Analysis of variance of weight of carcass vrater (lb . ) .  

Source d. f. s . s .  M. S .  F 

Thyroxine treatment 3 86 . 606 28 . 87 11. 55 
Plane of nutrition 1 49. 841 49. 84 19. 94 
Treatment interaction 5 11. 800 5:. 95 1. 57 
Within subclass 52 80 . 116 2. 50 

Total 59 228 . 565 

:JtD.r:.C2-rd error of the trea tme!':t neo..n..s = 0 .  707 lb. 
5;� Fi::lucial lir:d. ts = :!: 1 .  44 lb . 
1$� Fiducial limits = :!: 1. 94 lb . 

45 . 

S . D. 

2. 24 
1. 24 
1 .  52 
1 . 42 
0 . 63(3)  

s s  
S"S' 
ns 

Once again no large differences are attributable to different levels of thyroxine 

implanta. tion. The rmin treatment effect seems to be a loss of water in all groups as 

compared with the C : NP group, and the loss due to the low plane of nutrition is not 

clearcut be tween the implanted ewes .  Thyroxine implantati on has proved more effective 

on the normal plane of rrutri tion. The IJr :LP group is once more significantly lighter 

than other groups . Wat er l oss can acc ount for up to 8 lb . of the l o s s  in weight of 

the fat free carcass, as c ompared with the C :NP group. The lower ·weight of water in 

the CB. group as compared 1vi th the C :!liP group can probably be accounted for by the 

droving and yarding the former sheep received for two days prior to slaughter. 

An attempt was made to find out if the loss of water was a dehydration effect, or 

if it occurred in conjunction with tissue loss. Water has been sugges.ted t o  c ompose 

approxinately 7Z{o of the fat free carcass weight in nany species, and so the proper-
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tion of water in the fat free carcass of these ewes was computed, and the results 

were s·.ta tistica11y a."18.lysed as shO\m in Table 16. 

Table 15 

Water as a percentage of the fat free carcass.  Group means and 
standard deviations . 

Group J..1ean S. D. Group Uean S. D. 
CB. '71. 22 1. 24-8 
C :l'!P 72. 54 1. 494 C :LP 72 . 02 0 . 704 
LT :!lP 70 . 38 o .  564 LT :LP 70. 64 1. 350 
liT. l'lP 70 . 12 1. 647 MT. LP 70. 06 1. 073 
HT. l'lP 70. 58 0 . 654 IIT :LP 70 . 94 2. 094 

IYr :LP 68. 97( 3) 0 . 602 ( 3) 

Table 16 

Analysis of variance of water expressed as a percentage of the 
fat free carcass. 

Source d. f .  s. s .  
�-:� .. rc:d.:1e 'trea t::-,e�1 t 3 24 . G5 
PJ..o.r.e of 1'-U tri ti on 1 0 . 04 
Treatment interaction 3 0 . 74 
'li thin subclass 32 54 . 18 

Total 39 79. 61 

Standard error of the treatment means = 0 .  581% 
5% Fiducial limits. = :!: 1. 18'7% 
1% Fiducial limits: ::. :!: 1. 599{o 

lf. s .  F 
-

8 . 2� 1- . 86 
0 . 04 0 .00 
0. 25 0 . 17 
1. 69 

ss 
r...:. 
r..s 

It can be seen from Table 15 that thyroxine treatment has caused a dehydration 

of the fat free carcass . This raises the apparent a.nomoly of lack of a plane of nu-

trition effect on the proportion of water in the fat free carcass in contrast to the 

highly significant plane of nutrition reduction of water weight shown in Table 14. 

However, this. effect is explained by the highly significant loss of protein on a low 

plane of :nutrition. Tba t is, the plane of nutrition effect is a loss of both protein 

and water in a constant ratio, probably in the fonn of Imlscular tissue, while the 

thyroxine treatment causes dehydration. 

It is of interest to note that for the 15 control ewes, the careasa water formed 
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71. 86% (range 70. Zf{, - 74. �) of the weight of the fat free carcass. This value is 

likely to be low·er than the value for proportion of water in the fat free fresh car-

casses due to storage shrinkage losses. 

The value for carcass water on a fat free basis has been taken as synonymous 

with body water on the same basis by rmny workers and used to estimate body fat. 

Keys and Brozek (1955 ) have criticised this method on the grounds that on the evidence 

available at that time, carcass fat and proportion of carcass water on a fat free basis 

were significantly correlated. This present data seemed sui table to test whether 

this was also the case for the ewe .  

Table 17 

Correlations between water as a proportion of the fat free 
carcass (f. f . c . ) and percentage and Tieit;."lt of carcass fat, 
in the ewe. 

C: orrelc. tion 
'.'T2. ter e.s �� f. f .  c .  c.r.d vrt . cc..rcc..ss 

fat 15 controls 
Water as J� f. f. c .  aJ:1..d 1� carcass 

fat 
Water as % f. f . c .  and ivt. carcass 

fat 
Water as % f. f. c .  and % carcass 

fat 

15 controls 
55 thyroxine 
treated 
55 thyroxine 
treated 

r= 0 . 24 ns 

r= 0. 26 ns 
r= 0. 16 ns 

r= 0. 15 ns 

Beca�3e thyr��ne reduced the proportion of ca1�ss vmter on a fat free basis, 

these correlations were computed within the thyroxine treated animals and within the 

control groups . The results indicate that carcass vlater expressed as a proportion of 

the fat free carcass is independent of carcass fat in the ewe. 

(C) HIYSICAL COMroNENTS OF CARCASS 
WEIGHT 

The weights of dissectible fat and dissectible muscle in the ewe carcasses were 

estimated from the leg plus loin dissectible components of these same ewes .  The re-

la tionship between the components of the leg plus loin and the same carcass components 

was, calculated from stored data on 2.5 Romney cross .... bred ewes, and applied to the pre-
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sent experimental data. 

Table 18 

Relationship between dissectible components of leg+loin and the same carcass 
components for 25 ewes . 

Dissectible fat (g. ) 
Dependent varia te (weight of diss.ectible carcass fat, g . ) = Y 
Indepenclent varia te ( vreight of dissectible fo. t in leg+loin, g. ) = X 

Correlation coeff. Regression equation 
� o. 9859 Y � 4. 178X + 955 . 2 (s = 655 . 7g. ) 

y. x 
Dissectible muscle (g. )  

Dependent variate (weight of dissectible carcass muscle, g. ) = Y 
Independent variate (weight of dissectible muscle in leg+loin, g. ) = X 

Correlation coeff. Regression equation 
r= o . 9725 Y = 5 . 695X + 1151. 7 (s : 462 . 6g. ) 

y. x 

Table 19 

Total dissectible fat+ in carcasses (lb . ) . Group means and standard 
deviations. 

S.roup � Ienn S. D. G-rcup !.:::eo.r.. S. D. 

CB. 25 . 1  5 . 65 
C : ITP 25 . 5  9 . 52 C :LP 20. 4 5 . 94 
LT :l'rP 20. 5 5 . 50 LT:LP 18. 0  4. 97 
UT :NP 25 . 1  4. 60 MT :LP 24. 1  7 . 56 
HT :_JP 18 . 8 5. 54 HT : LP  21 . 0 2. 54 

Dr :LP 15. 1(5) 6 . 10( 5) 

+For reasons discussed earlier (M .. "-TJ-<..:;m:A.LS AliD lfi'.:THODS, I, 5. ) 
this 'Will b e  a slight underestirmte . 

The variability of dissected fat is high as it also was for chemical carcass 

fat.  Only the Dr :LP group appears to show a reduction in carcass. dissectible fat. 

With ITUlscle tissue on the other hand, the variability is low and the results are more 

clearcut. 
Table 20 

Total disaectible nuscle + in <r:arcasses (lb. ) . Group means and standard 
devia tion.s. 

Group Mean S. D. Group Mean S . D. 

CB'. 29. 5  1. 95 
C :NP 50. 7  1. 50 C :LP 26. 7  5. 17 
LT :NP 27. 9 1. 56 LT. :LP 21:1-. 6 1. 10 
MT :N.P 26. 5  2. 55 MT :LP 25. 5  1. 91 
HT':NP 27. 9 2-. � HT :LP 25. 4  1 . 10 

DT :LP  25. 6(5) 2:.46(5) 



+For reasons discussed in MATERIALS AND METHODS, (I) , ( 5) , this 
will be a slight underestina te,. 

Tabl e 21 

_Analysis of variance of carcass dissectible nruscular tissue 

Source d.  f .  s. s. u. s. 

Thyroxine treatment 5 48. 525 16 . 108 
Plane of nutrition 1 75 . 902 75. 902 
Treatment interaction 5 11. 157 3 . 712 
Within subclass 52 12;). 584: 5. 856 

Total 59 256 . 748 

Stand.o..rd error of the treatment means = 0 . 878 lb. 
5% Fiducial limits = � 1 . 79 lb . 
1% Fiducial limits = �  2 .42 lb . 

F 

4. 177 
19. 165 

0 . 963 

(lb . ) 

s 
ss 
ns 

49. 

A low plnne of nutrition has caused a reduction of nuscular tissue in the C :LP 

e':res and at all levels of th;yroxine treatment excer>t the neoi'lUil level . Thyroxine has 

�::£_;l::tr.ted tr.;:,Toxine. 

(D) 'l'Rlli\TI !E:::T RFFECTS uron LEG, LOllf, RIB 
CUT .. 'il'lD :ESRIREIIAL FAT 

(1)  Leg 

An �ysis of varia�e revealec a sigrificant plane of nutrition effect on Leg 

·weight. This is to be expected as the mj or component of leg '::eight is nuscular tissue, 

which the evidence so far reported suggests is the major tissue effected by the low 

plane. 
Table 22 

Leg wt . (g. ) .  Group means and standard deviations. 

Group Mean S . D. 
CB. 5055. 2 195 . 9 
C :NP 5059. 4 269'. 2 
LT :NP 2928. 8 248 . 1 
MT :NP 2906. 8 185. 5 
HT :NP 2958. 2 116. 2 

Group 

C :LP 
LT:LP 
:MT :LP 
HT:LP 
ur :LP 

Mean S. D. 

2821. 4 264. 0 
2616 . 2 165. 9 
2879. 4 229. 6 
2845.4  191. 7 
2155. 5(4)+ 122.  8(4) 



+The leg of ewe 541 was removed and dissec ted although mos t of 

the norrml inf o!"ll'B.tion ·was mis si ng  on t:b; s ewe . The ewe was: 
killed after 18 days. on the IJI' :LP routine and so is not stric t­
ly c omparable t o  the rermining data. 

Table 25 

A.."Ylal�·sis of variance of leg weig..."ll t (g. ) .  

Source d. f .  s. s .  lf. s .  F 
Thyroxine treatment 5 145662 48554 1. 058 ns 
Plane of nu tri ti on 1 282915 282915 
Treatment interaction 5 115018 
Within subclass: 52 1468252 

Total 59 2011845 

Standard error of the treatment means = 95 . 8g. 
5% Fiducial limits = !  195 . 6g. 

58539 
45885 

6 . 166 s 
0 . 856 ns 

50. 

The DT :LP routine apparently h.·1.d a marked effec t on reducing let; weight. All 

the low plo.:1e groups except 1.1'1' :LP are si gnificantly lighter th:ln the C :� p·mrp. 

Dissectio!"l y·ork c o:lfir.:1ed t� t it '::as r:liffereJ1ce in Yrei,sht of let; ru.:;c liar tissue 
wl-:ich producec·:. differences in let; weiL:;ht l1ei;\·rpen the tree:m"'nt �rou::-s . 

Table 24 

Weight of dissec tible muscle {g. } in the leg. Group means and 
standard deviationa. 

Group Mean S . D. Group :Mean S . D. 

CB. 1859. 6 152 . 6 
C :NP 1864. 4 124. 1 C :LP 1662. 6 165. 5 
LT :NP 1757. 2 100 . 9  LT : LP  1545. 0  72. 8 
MT :NP 1728. 8 128. 5 M.T :LP 1614. 2 94. 5  
HT :NP 1794. 2 179. 9 HT:LP 1685. 4  106. 4  

Dr :LP 1554. 8(4) 52. 5(4) 

Table 25 

Analysis of variance of weight of diss:ectible muscle (g. ) in. the leg. 

Source· d. f .  s. s .  M. S. F 

Thyroxine treatment 5 99611 55204 2 . 098 ns 
Eiane of nutrition 1 259785 259785 15. 150 ss 
Treatment irLteraction 5· 18755 6244 0. 595 ns 
Within subclass 52 506471 15827 

Total 59 864600 



Standard error of the treatment means = 56 . 25g. 
5% Fiducial limits = � 114. 9g. 
1% Fiducial limits = ! 154. 7g. 

51. 

Table 24 shows tbat the low plane of nutrition appears to have reduced rruscle 

weit;ht, with less effec t at the hit;her l evel s of thyroxine implantati on. Implanted 

thyroxine appears to have reduced rrnJ.scle weiJ"lt on the normal plane of nutri ti on 

but has he.d no effect pe r � on the l ow p:!.n.ne . The more severe daily thyroxine 

treatment has caused a highly significant further reduc tion in weight of leg muscle 

on the low plane . 

It can b e  seen from Table 26 that the only treatment which appears to h.ave low-

ered the vreir;ht of dis sected fat in the leg i s  daily thyroxine on a low plo..ne of nu-

triti on. 

'![e.;_::,;:-_-1:, -:-f "i:: ::cr ti" ·le f,:' t 
s"tc_'t!1rl.c�TYi_ (i_�:v-i � ti 0:·.:.s . 

Grot.l.;' �.�an S. D. 

CB. 776 . 2 111 . 6 
C :NP 766. 2 193 . 1  
LT :.NP  757. 8 143 . 1  
l.lT :NP 795 . 0 103. 8 
HT :l'!P 715 . 8 96 . 5 

Table 26 

le�. 

Group Uean S. D. 

C :LP 703. 0 143. 6 
LT :LP 698. 4 156 . 4  
NT :LP 831. 8 191 . 0 
H.T : LP  764. 4 91 . 5  
Dl' : LP  596 . 5(4)  70 . 42( 4)  

The group means in Table 27 sugge s t  n o  treatment effec ts upon the weight of b one 

in the leg j oint. 

Table 27 

Weight of dissec tible b one (g. ) in the leg. Group means and 
standard deviations. 

Group Mean S. D.  Group Mean S . D. 

CB. 299. 0 28. 5 
C :NP 29j_, 5 24. 4  C :LP 293 . 3 22 . 1  
LT :NP 507 . 9 15 . 2 LT :LP 285. 5 10. 7  
MT :NP 277. 2 21. 3 MT:LP 294. 1 25. 4  
HT :NP 509. 6 56 . 2 HT:LP 300. 5  24. 9  

IJI' :LP 297 . 5(4) 56.4(4) 
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52.  

( 2)  Half loin 

Stati stical analysis of this joint reveals an almost significant effect of 

thyroxine treatment. The low proporti on of nruscle in this cut in c omparison to the 

leg is likely t o  be the reason for a lack of nutri tio�Al effect .  

Table 28 

Weight of the half loin cut (g. ) .  Group mea_'1.s e.nd s tano.ard 
deviations . 

Group Mean S . D. Group l\1ean S . D . 

C3. 1779 554 
C :NP 1777 461 C :LP 1490 581 
L'r :r!P 1505 251 LT :LP 1241 275 
MT :NP 1651 290 l\lT :LP 1651 278 
HT :1'1P 1527 267 HT :LP 1575 155 

Dr : LP  1562(5) 452 (5 )  

Table 29  

A..na.lysis o f  variance o f  the vrei�h+. of' th� ';." lf loi:-: cut ( .:.; . ) . 

3o1.1.IY' e  cl... f .  .s.  s .  l.i. s . 
Thyroxine tre11 t""le!:t 3 792909 264503 
Plane of nutrition 1 159591 159591 
Treatment interaction 5 227121 75707 
Wit:h.in subclass �2 2971154 92848 

Total 59 4150555 

Standard error of the treatment men.ns = 136 . 5g. 
5�� Fiducial lirni ts = ;: 278. 3g. 

F 

2 . 847 
1 .  717 
0. 815 

almost s 
ns 
ns 

It can be seen that the significance lies between the C :HP group and s ome of the 

thyroxine treated grours. The C :LP is also significantly lighter than the C : NP [;roup . 

That this is a real aild not a chance effect is suggested by the fact that all of the 

th;;rroxine and the low plan� groups have a la:ier mean half loin weight than those of the 

CB. or C : NP groups. Apparently the short duration of the experime� tal periOC. a:r.cl :1i� 

va.riabili 'bJ of the data prevented more groups from shov1ing a significant trea.tment 

weight loss. . 

.An analysis · of variance showed highly significant treatment effects on the weight 
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of muscle in the half loin. 

Table 50 

�'leit;ht of :li ssec tible r:ruscl e (g. ) in the half l oin . Group 
:r1eans and s tc.nd:trd. c1evi::>. ti ons . 

Group ! lea::l S . D . Group �.:e:::.n S . D. 
CB . 722 . 2 85 . 0  
c �:P 798 . 6 67 . 8  C : Ll� 655 . 8 116 . 4 
LT : =TP 6 90 . 0 85 . 2 LT : LP  584 . 2 6 5 . 7 
:.IT � �:p 605 . 8 84. 1 : l'I' : LP 5 93 . 0 79 . 5 
IIT := :P 657 . 8 100 . 5 }lT �LP 560 . 6 57 . 8 

DT : LP  617. 3 ( 3 ) 135. G (  .s ) 

.Ar1..a.l�rsis of vari o..nce of weisht of dis sectible rm.lScle (g. ) in the 

:half loin. 

Source d. f .  

Th;;,rro:dne trea tr.1ent 3 
Pl_a.r.e of nutri tion 1 

Treatr.1ent interac tion 5 
Wi t�:in subclass 32 

Total 59 

Sto..ndarC. error of the treatment 
5c<1 Fi • · "' 1  1; · t 

+ 
75 0 1 .;  C.'.UClu._ _r.u S = . g. 

1% Fiducial limits = ! 101 . 1g .  

s . s. 
101677 

80571 
22621 

216108 

4..-2(·777 

mec.ns = 

l.L S .  F 
3.'3892 5 . 019 ss 
80371 11. 902 s s  

7540 1 . 117 r..s 
6755 

5 6 . 75g. 

55 . 

Reference to Table 50 suggests that c. lovr plane of nutrition hD.s in all cases 

reduced the weigi1t of muscle in the half loin cut .  Th;>rroxine has caused ''l'i thout ex-

ception, a reduction of muscle wei r;ht on the norrral plane ewe s ,  but in only one case 

in the low plane groups is the reduction significant . Onc e again no differences 

can be attributed to the different levels of thyr��ne implantati on, and the DT :LP 

group appears to be no more effected than arw of the other thyroxine treated groups . 

The weight of fat in the half loin cut is unaffected by the nvo treatments as 

is shown in Table 55. 



Table 32 

Weight of dis sectible fat (g. ) in the half loin. Group means 
and s tQndard devi�tions . 

Group Mean S . D. Group Mean S . D .  

CB . 858 . 8 296 . 7  
C � NP 778 . 6 429 . 7 C :LP 642 . 6  261 . 9 
LT :�lP 651 . 2 1f8 . 3 LT : I1P 516 . 8 146 . 2 
MT : I'lP 849 . 8 201. 6 MT :LP 790 . 8 312 . 2 
HT ::lP 549 . 0 175 . 3 IIT :LP 646 . 8 10 3 . 3 

DT :LP 5 22 . 0 ( 3 )  3 20 . 5 ( 3 ) 

Table 3 3  -- - -

Analysi s of variance of weight of dissectible fat (g. ) in the 
hal f  loin cut . 

Source d. f .  s . s .  u. s .  F 
Thyroxine treatment 3 385229 128410 2 . 083 
�ne of nutrition 1 27984 27984 0 . 454 
Tre�tment interaction 3 83589 27863 0 . 452 
Within su"bclass 32 1973150 61661 

Totc.l 39 2469952 

I1S 
ns 
ns 

54. 

The great variability in the weight of fQt in thin j oint, as in other regi ons 

of the carcass and in the carcass as a whole, w..eans that large differences are required 

to achieve statistical s ignificanc e .  Hmvever, as significance is approached for the 

effects of thyroxine on t!le dissected fat in the half loin, and as thyroxine caused 
a highly significant reduction in the y;eig:1.t of rrn.lscl e in the half loin, these two 

factors together are responsible for the almos.t significant reduction in the total 

w�ight of this cut. 

( 3 )  The 9-10-11 rib cut 

It was possible to add chemical data where this would help in the interpretation 

of the results for this cut because it was analysed physically for the left half car-

cass and chemically for the right half carcass. 

The treatments produced no demo��trable effects on the total weight of the rib 

cut. However, the mean weight of the rib cut in the Dl' :LP group does suggest that 
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this extreme treatment c ombination my have s tarted t o  lighten this region o f'  the car-

cas s .  

Table 34-

V/eight of the rib cut ( g. ) .  Grou� Means and standard deviati ons . 

Group Me:J.n S . D. Grou !.�ear. S . D. -------
CB . 125 3 . 0 227 . £3 
C :!\TP 10 70 . 8 237 . 6 C : LP 943. 8 134 . � 
LT :I!P 989 . 6 100 . 6 -· n • - - ..,  

.l.L • .u.l. 'J03 . 0 :33G . O 
UT : NP 1096 . 2 135 . 2 l.lT : IZ' !.051. 8 277 . 6 
HT :liT' 858 . 4 140 . 3 IIT : LP 929 . 4  110 . 7 

W' : LP  773 . 7(3)  243 . 6 (  3) 

Table 35 

�'l.nalysi� of variance of the vreight of the rib cut (g. ) . 

Source d. f .  s . s.  1.1.  s .  F 
Thyroxine treatment 3 188256 62752 1 . 876 ru:; 
Plane of nutri tion 1 22090 22090 0 . 661 ns 
Treatment interac tion 3 b6399 18800 0 . 562 n::; 
Wi t!lln subclass 32 1070207 33444 
Total 39 1336952 

The rm.1scular ti s sue has c omparatively low· variability and shows :bi ghly signifi-

cant treatment effects . 

Table 36 

Weight of di s sectible Tin.lscle in the rib cut ( g. ) .  Group me�'1S 
and standard deviati ons. 

Group Mean S. D. Group Mean S . D. 

CB. 409. 8 36 . 3 
c :rlP 402. 6  34. 3 C : LP 350 . 2 38. 9 
LT :NP 338 . 2 15 . 4  LT :LP 309. 8 18 . 6  
MT :l'lP 329. 8 20 . 9  MT �LP 292. 4 29. 6 
HT :NP 351. 6 15 . 9 H'l' :LP 305 . 8 30. 6 

I1l' � LP  271. 5(5)  42. 0 ( 5) 



Table 37 

Analysi s of variance of weight of di ssec tible muscl e ( g. ) in the 
rib cut . 

Source d. f .  s . s.  11. s .  F 

Th:�rroxine treatment 3 18459 6153 8 . 554 ss 
Plane of nutri tion 1 16810 16810 23 . 515 ss 
Trea tment interac tion 5 3171 1157 1. 605 ns 
Within subclass 32 23084 721 

Total 39 61824 

Standard error of the treatment r1eans = 12. 01g. 
5� Fiducial limits = 

+ 24. 5g. 
11; Fiducial lir.'j_ ts = 

+ 55. 0g. -

56. 

It can be seen from Table 56 that the plane of nutrit i on effect of lowering the 

weight of nru.scular tissue is present betvre en the c ontrol s and at all l evels of tr..yrox-

ine treatment . Thyroxine bas reduc ed the weight of mscle on b oth planes of .lll.l.tri ti on, 

w.i.. th Im.lch larger effects on the norrml plar..e . .:o differenc e s  are attributa1)le to the 

levels of thyroxine implantation, and the DT :LP treatment has pr oved more severe tha..rt 

the implantation treatme�ts . 

• 4.5 chemical data were available on the rib cut it ':ias of interest to see if this 

IIn.lscle loss V/as a protein loss, or v1hether it was a deh;:,rcirctti on effec t . 

Table 58 

Wei[;ht of protein (g. ) in the rib cut . Gro"..lp meo.ns and s tn.n&rd 
deviations . 

Group Eean S. D. Group :Mean S . D. 

CB .  117 . 8 16 . 7  
C : l'U' 109. 7 11. 1 C :LP 105 . 2 9. 4 
LT :NP 106 . 8 4. 6 LT : LP  100. 5 11. 4  
MT :NP 107. 5 2 . 5 1.1T-:-LP 101. 2 1 . 2 
HT :NP 104. 8 14. 0  BT :LP 105 . 1 15 . 7 

DT : LP 96 . 2(5 )  14. 1(3 )  

Table 39 

Analysi s of variance of weight of protein (g. ) in the rib cut . 



Source d. f .  s. s.  M. S. F 

Thyroxine treatnent 3 4-3 . 7 14- . 5 0 . 14 ns 
Plane of nutrition 1 213 . 0  213 . 0 2 . 08 ns 
Treatment interaction 3 8 3 . 0  27 . 7  0 . 27 !1S 
Wi thin subclass 32 3273 . 0 10 2 . 3 

Total 39 3612 . 7 

T�ble ,::,o 

Wei....;ht o-£' ;·,v.tcr ( t:;. ) in the rib cut . 1 rem"l.S a�cl s t;:;.n&.rc.l <:evia ti <J�ls . 

Gro'..lp l�a!l :3 .  D. Groul) :.:ean S . D. 
C3. 392 . 5 1-6 . 9 
("' • TT1� 
,..) ·- . ..... 4.-10 . G 14. 3 C :LP 344. 5  18 . 9  
LT : · :1 ::. �2\ . 3 53 . 5 LT : LP .')13.  7 44. 0  
l.:T :IJP 340 . 4 18 . 6 I.J.T : LP 3C5 . 7 3 2 . 5 
::r: : :JP 323. 6 113 . 7 l:T :LP 314. 7 33. 7 

Dl' �LP �8G . 9 ( 3 ) 41 . 5 ( 3 ) 

Table 11 

�'\.nal�·si s of va.ri.:" :-:.ce of ';reit:;ht r,f "�TI.tcr (;; . )  iE tl;.e rib r:ut .  

�o1..1.rce d .  f .  ,... n . ..:. s.  � . � .  

T�:;yro:d..ne trea tn:ent 3 2·1474- 21:::3 
:Pla!le of :mtri ti on 1 ?366 9266 
�reo.tnei 1t interac tion 3 5 281 1760 
Within subclass 52 30581 956 

Total 39 69602 

Standard error of the treatment mea.:n.s = 13. 82g. 
5;� Fiducial lir:U ts = !. 28 . 23g. 
1% Fidncio.l limits = !. 38 . OOg. 

F 
8 . 54 s s  
9 . 70 s s  
1 . 84 ns 

57 . 

Stati stical anal;yses revealed no treatment effects upon the weight of protein in 

the rib cut but highly significa..11.t effec ts upon the weight of v�ater. It can be s e en 

by comparing Table 36 with Table 40 that in general the weight of wa. ter reflects very 

well the treatment effects on weight of nn.lScle . The thyroxine effects shm'r up e qually 

vrell in both tables, but the plane of nutrition has less severe effects upon weight 

of v�ter in the rib cut . 

:further results of a preliminary nature confirm that the loss of water is due t o  

llUlscle dehydration. The average water percentage in the fat free rib JID.l.Scle tissue 
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(uncorrected) is 77 . 5  for the C :liJP and 76 . 8  for the C :LP, with a.n average for both 

groups of c ontrol sheep of 77. �. The c omparabl e fi6LITe for the 50 th:,rroxine implant-

ed sheep is 75 . 6� v�ter in the rib muscle on � f�t free basis (uncorrec ted) , indicat-

ing muscl e dehy<'l..ration in the se latter ewes . Tl:.e c ontrol "ll!'�ue of 77. 2';b wRter ar;rees 

vri th the Vc:>.lue of 77'� vra ter in the fat free boneless r:1ea t of stored. frozen carcass es 

postuk ted by Callorr (1947) . 

Prelimina:rJ ob servations failed to reveal dehydration in the rib fA. tt�r th: sue 

of the t!'l;:;ro;�ine iT'!j_)::!..antec. ewes.  For fa tt�, tissue of the rib out , the percenta.::;e 

·ra.ter on a fat free be.sis (unc orrected) averased 80. 6 for the C : �JP and C : LP  evres ,  and 

80 . 5 for the LT :NP and LT :LP ewes, indicating no dehydration of the fatty tissue in 

this regi on of these implanted evres .  

I n  Table 42  are pre sentec1 the everage Yreir.;hts of the di s sec tible fat fro:r.1 the 

ri C".lts . 

Table 4� 

The reiLht of c1i ssectible fat ( ::; . ) of the rib cut . Grou:;_:; mean..s 
and standard deviati ons . 

Group l!ean S . D. Group Mean S . D. 

CB. 685 . 6  199. 5 
C :llP 510. 8 201. 8 C :LP 468 . 8 126 . 7 
LT :l'P 497. 2 86 . 1  LT :LP 460 . 8 199 . 2 
MT :l'lP 625 . 6 124. 8 HT :LP 624. 4 264. 5 
HT :l'IP 401 . 4 157. 8 HT :LP 504. 0 109 . 1 

Dl' :LP 591. 0(5)  229 . 3 ( 5) 

This table demonstrates the high variability of dissected fat in the rib cut. It 

appears that the treatments nay have been starting to take effect in the Dr :LP group. 

( 4) Perirenal fat 

An analysis of variance showed no significant treatment effec ts on the weight of 

the perirenal fat from the left half carcass·. 

• 



Table 43 

Weight of perirenal fat (g. ) fron left half carca ss. Group means 
and standard deviations . 

Group Mean s . n. Group io!ean S . D .  

CB . 681. 2 216 . 5 
C :I':P 573 . 0 206 . 7 C : LP 445 . 4  89 . 4  
LT :�P 546 . 2 324 . 6 LT :LP 592 . 0 123 . 5 
>iT :l'P 488 . 2 158 . 9 l.lT : LP  544 . 8  184. 0  
HT :�·P 294. 2 148 . 4  �IT ;LP 498 . 6 203. 7 

DT : LP 323. 7 (3)  195 . 3 (5) 

Table 44 

_t\..Yl8.lysi s of vrtriance of weight of perirero.l fat (t;. ) from the l eft 
half carcass . 

Source 

Thyroxine treat:r:1ent 
Plane of nutrition 
Treatr.lent interacti on 
lithin subclass 

Toml 
- - - - - - - �  

d. f .  s . s .  
5 90133 
1 325 
3 213566 

32 117611-2 

59 1 11.0 
- - �  1G6 

- - --- · - -

!.L S .  F 
30044 0 . 82 ns 

325 ns 
71189 1. 91- ns 
5 754 

-- -----·- - ... 

in a.;reene:r�t with the ::.ih�tion fcu.'1.C!. for ot::1er f�'..ts alre:1d�, O.i scussed. 

(E) RESIDUAL IODllfE DETl!R.t.T!ATIOI;S 

59. 

� D.crochemical analyses of the bulked t;rou:;,: mL ce tis sue 9ave the followi ..£ resc.1l ts 

for the following groups : -

Eigh thyroxine , norrml plane 
Low thyroxine , norrml pl:::.ne 

C ontrol, normal plane 

= 1. �_J4g. I') I 6 ·  
= o . 18�. r; I g. 
= o . 18�. r2 1 g. 

r:rince 
mince 

mince .  

The individual samples of mince from the HT :!-!P group were then analysed t o  see if 

all sa.m,ple s  vrere contributing to the high mean value of this group .  

HT :NP group 

Ewe 8 
Ewe 28 
E.we 314 
Ewe 538 
Ewe 551 

Residual iodine in...s;. /g. of mince , 
0 . 087 
0. 150 
0 . 087 
0 . 087 
2. 50 (approx. ) 
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It can be seen that the main factor c ontributing to the c omparatively high re sid­

ual i odine level in the h'r :NP group is the high l evel f or ewe 551. Apart from the 

remote pos sibility that the rrQnce sample came from a regi on adj acent t o  a removed 

implant residue, a reason for this hi�h value ca�Jlot be advanced on the limited data 

available . 

DISCUSSIQII; 

In view of the highly significant effects of the treatments on t:he l ivewei.:;.'rJ.ts 

of the ewe s ,  it -,vas s·-1rprisi:r1g that no differences c ould be ctetected s tatis tically 

between the group mean carcas s  l'rei[;ht s .  The Dr :LP group, not included i n  the analysi s 

of varianc e ,  does ap:pear t o  have had its average carcass wei ght l ovrered. Because the 

re:rmining group means for carcass weight are all b el ow the CB . and C : NP means , t:b..is 

su.;ges t s  that there :rmy have been treatnent effec ts . However, these c ould not be 

deNo��trated because of the high variability of these llata. .  

T:b..i s result demons trat e s  clearl;;', the dan,zers involved i n  ta.ki�� liveweight a s  

a criterion for eXIJerir-1e�1.t8.l effects . 

The mean hot carcas s  weight f or thi s seri es was 61. 8 lb . (ra!"'.._ge 45 . 1 - 78 . 8  lb . ) 

·which i s  only 5 lb . ab ove the Ne\'r Zealand 10 year average from 1946-47 t o  1955-56 

seasons . Reference t o  Table 2, from Smi th-Pilling and B<trton (1954) , would also sugg­

e s t  that these are not an extreme group of carcas ses . 

However, the reason for the la.cl: of significant tre�tl-:1ent effec t s  on co.rcass 

weight vm.s :rmde obvi ous by tLe data on c omplete or regi onal carcas s  fat vreiJ1ts .  The 

high variability of carcass weight i s  reflec ted in an equally high variability for 

carcass fat ,  and fat in these s eri e s  is one of the main components of carcas s  weight . 

In no case can s tatistically significant treatment effects be shown on carcas s  fat or 

on fat from the cuts .  This applies t o  both the chemical and physical fat weight s .  

Furthermore , there are no treatment effect s  o n  perirenal fat .  

The only exception where treatment effects may b e  present i s  the Dr:LP group 
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which was not analysed .. s tatisticall;>r . 

It was noted that two C : l'!P carcasses !-..ad c omparatively low fat percentage s at 

the c ompleti on of the experimental peri od. This c ould be due to cJ:-.LB.nc e in the random 

all ocation of sheep to the ez:;:)erimental groups, whereb�· two particularly leo .. n ewe s 

were a�loca ted to tLis group. In thi s  c o!;..Ylec tion als o ,  the c:w.nce all occ. ti on of two 

ewe s of over 50}; cher.U.cal c?.rcass fE'.t to the 1·.:'1' : LP  croup rray have prevented the de­

monstration of st£?.tistic8 ll;j• sig!'.ificant trecctment effectc: on co.rcns s  fat . 

How·ever, the overall re sult s sugce st that surplus fat ccnnot be removed from e·.ye 

carcasses in n. relc.tively short period of time v;i tr .. out enclangerine the lives of these 

animals .  

The averc.se total carcass fc.t :9ercentac;e '.'/as 40 . 4 ( rar..,3;e 24. s,; - .54. rf/�) W1 :ich 

does ·u..�hli,::ht t::e ::_:robl em involvecl in tl1is c ountr:,•, as the se ewes were not an extreme 

c;rou::.• of �ro.ls, o.nd c.re re:;.'re ser..ta ti ve of o. lo.rGe pro:._Jorti on of t:.1.e alrl e...-re s  sold 

t·:) tl:· e , .e:J.t ··ror::s . 

In c cnt�.st to the lacl: of tren t!' .CYlt effec ts C.'!1 C" rC::> S S  f"..t , is the f'"r'..r1 :erl. treo t­

f:'.ent effec t s  D...YlC lo-.7 vari:ll)ili t:l 0f th� " cher.ti.cc.l f.:1.t" free carc2.s :::. ".rei.jlt . This 

could acc-au...."1.t for fro!'!! 4 - 10 lb . of the liveweit:ht loss . It wr:o.s possible t o  partiti on 

the fa t free carco .. ss int o its cornronents .  Lil:e-.·.i. .se, the ·.rei�:t of ph�·sico21�- rl eter­

rd.necl rrruscub.r tis :::ue i s  also i:Klico.tive of treo.tmec:.t effects on protein and \'JD.ter . 

. A l ow plane of nutri tion caused a hi r:;hl:'/ si[;!'.ifico.nt loss of ::?rctein, •:!!.rich y:n.s 

ass ociated ''.ri th a loss of v;ater. This '.'!D.s suggestive cf o. l oss of rm.1scular tissue, 

vr.l.ich was c or..:firmed s to.. ti stically by analysis of t: e e s timD.. ted t otal •:rei.=;ht of di ssec t­

ed carcass nruscular tissue . The lovr plane e1·res ( excluding IYr :LP) shoYred a loss of 9% 

of carcass protein vrhen c ompared vri th the nonml plane ewe s .  Thyroxine, on the other 

hand, has caused a dehydrition of the fat free carcass as indicated by the lowering 

of the proportion of vmter in the fat free carcass ; this proportion has been regarded 

by rra.n;y- workers as a "biological c onstant" under nonnal c onditions . The normal plane., 
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th;yroxine implanted sheep had their vreight of' carcass water rec.uce d by 18 .4% as 

compared to the C :l'lP &roup . On the other :b..and, the low plane implanted sheep bad 

the weieht of CR.rcass \Vater re<1uc ed by 3 .  9% vlhen c ompared t o  -'.;he C :LP sheep . 

Sor.J.e preliminary anal::,·ses of the rib cut indic:-1te th..at dehydra ti on of the muse-

ular tissue oc curred in the thyroxine treated she ep . Dehyclrati on, however, was not 

c�_e tected in scne :prelimnary a_'1a]_�rse s of the fa tty ti:Jsue of tbi s cut. Both d ehydra­

tion and loss of muscular tissue -:r.Lll acc ount for carcass v1ater los s .  

The observati on tha t nru.scular tissue (and J?ro tein) hacl been reduc ed by tmdernu-

tri tion i s  in line '.'ii th the ob::;erva ti ons of Le::,·s et ::U. ( 1950 ) . Becau s e  of this r.uscl e  

lo s s ,  it is surprisin,; t o  note that the fat ty ti s sue of the carcc..:Js (and chemical fat ) 

hn.s not b een reduc ecl, particulo.rl;;r in view oi' the evidence revie,':ed wl:ich indicates 

that yf.1en body vreight is l ost, fatt;y tis sue i s  usuo.lly the first tissue removed. 

Reported e:-:perir.J.c!1ts sue;gest th.'l..t there i s  usuo.ll:; a J?roporti onately larger reduc ti on 

of b ad;'/ an::l corcass fat t!1D.Il of b ocly '.'rei,;ht , in c ontr.::.st t o  the other tissues of the 

b ody . However, c.s !"'1en.tioned earlier , it is pos sible that the c�:.,.'lnc e vario.:'ci ons of 

the i:ni tio.l carcass f:::t t perc enta.;e s in the eJS_;erimentL'.l groups, and the overall var­

iability of this c omponent, prevented s tatistico.l significance from bei ng reached. 

The ab ove results in general apply also to the spe cific regi ons of the carcass 

examined. The leg a..'1d l oin vreights b oth shovl'ed treo. tment effec ts . 

The reduc ti on in leg weight of the l ow j_Jln.ne s heep ( excluili.ng Dl' :LP) i s  in the 

order of B% when c ompared with the C :�� sheep . When c ompared on the same bo.sis, the 

l eg weights of four DT :LP sheep ( owi:rl.G to the experimentally induced death, this 

j oint was not available for the fifth ewe) were reduc ed by 29{o. For muscular tis su e  

the reduction i s  i n  the order o f  1� a nd  29,% respectively for the low plane �ves r.J.en­

ti oned ab ove and the IYl' !LP ewes Vlhen c ompared with the wei ght of musc'Lllar tissue of 

the C :NP -ewes. 

The low proporti on of fatty tis sue and high proportion of muscular tissue in the 

leg, as c ompared t o  the other two cuts examined, is. likely to b e  the explanation of the 
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statis tically significant low plane reduc ti on i n  l e g  weight . 

On the other hand, the almost s ignif'icant reducti on in loin weight is attribut­

able to thyroxine treatment . The thyroxine-caus ed reduction of' loin rrru.scle is supp­

orted by a tendency in the same directi on f or the fatty tissue in the thyroxine treat­

ed. a!"l.irrJC>.ls, r;i ving o..n overall th;:,rro:::ine treatment reduc tion in l oin weight . The low 

plane of nutrition :!.1ns only reduc ed the weiGht of loin rm1scle n:lich Ym.s not s1.1.fficient 

to effect the total loin weiQ1t . As c ompared ':ri th the :·TP. sheep, the LP. nheep ( ex­

cluding DT :LP) lost 13�� of loin rrru.scular ti s sue . The nonnal :;_Jlane implanted sheep 

lost 18�b of muscular ti ::: sue n.s comparecl.. with the C ;lTP, whil e the low plane implanted 

sheep �ost 12'}� o..s compared wi th C :LP. 

The weight of the rib cut showed no treatment effects ancl this o..lso applied t o  

the fatty tissue o f  t�.is cut . IIowever, the Im.lscular ti ssue responded to b oth treat­

me:::ts as 0.icl. the loi:-1 f.'llscl e .  It ·.-,ra::; , therefore, tu;.e:�1ccted tr.at !'-O tren.tnent effects 

c oulc,_ be :::h"J';,n on the ·:rei,)1t of protein in the rit cut . I!o';rever, this result co.n b e  

expl<J.i!1C:l c;-_,- the f:1c t t!'>..[l.t both tre3. tr:lents haG.. l O\'.'Crec1 the YTeit:;ht o f  Y:B. t e r  i n  tr�e rib 

cut . 

Throughout these results it s hould be :coted. that there has been no c onsistent 

cliffere nc e  between the three level:: of thyroxine implaat:::. ti on. In ,;eneral the DT :LP 

treatr:-.ent has produced ;;reater wei�t reduc ti ons tho..n t!!:;-rox�ne ir.1l)lantation. Tr.is 

sup::9orts the evidence on liveweight which sug[ested that the daily rate of uptake of 

th;yroxine from the implants must ho..ve been less than 5mg. 1-th;yroxine per day. Thy­

roxine implantation, ·where effective, produced less weight loss on the low plane of 

nutri tion than on the high plane . Thi s effect is c onsis tent with that demonstrated 

earlier on liveweight. 

It i s  now appropriate to c ompare the different sample j oints. The normal abbre­

viations to denote statistical significance levels are used : -



Treatment effects on chenical fat and fatty tissue 
weight 

Treatment 1 Chemical fa� Fatty tis sue 

Carcas s  Carcass+ Leg+ Loin Rib � 

Thyroxine ns il'To effects No effects ns �To effects 
Plane of nu tri ti on n.s �ro effects :!'Io effec t s  ns r o  effects 

+Decaus e of the similarity of the Group men.Tl...s of fa tt�· tissue and •;.ride 
variability, no an"'ll:rsis of variance Y.:::J..s carrie d  out . 

Trea tr.1.ent effec ts on nuscular tissue \'Teight 

Treatment I Carcass -r Sanple joint l 
I 

I Leg Loin Rib cui: 

Tr,yroxine s ns ss ss 
Plane of nutri tion ss ss ss s s  

+ Estinn ted from leg+loin. 

1_reatment effects on protein o..nd yl[l_ter wei;:;hts 

Treatment Prot ein Water 

Carcass Rib cut Carcass Rib cut 
__, 

T�l::,'rcY..ine r...s ns ss ss 
Plane of nutri ti on ss ns s s  s s  

64. 

For all j oints a.11.d f or the carcass as a whole no treatment effec ts vrere demon-

strated on wei �ht of fat . 

It can be seen that the significant effec t of th;;'T oY..ine on the wei ght of carca ss 

nlUscle is made up of a non-significant effect on the le[; and a highly significant 

effect on the loin. Thus , used indivicl_-u.a.lly, these j oints vrould have �;iven different 

anSYvers c oncerning the effec ts of thyroxine on the yrei�ht of muscle in the carcass . 

The rib c· 1.t gives the se.me results as the loin. The plane of nutri ti on effect on 

IID..lscle was shown on all j oint s .  

From the chemical analys es, the rib cut indicated treatment effec t s  on v�ater 

weight but failed to reveal a reduction of protein on a l ow plane of nutrition, wlrich 

had b een detected in the carcass as a whole .  Thi s difference is probably explicable 

in terms of the large differences in ·weight of the rib cut and the small variability 
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in the percenT of protein in this cut, which meant tl1.0. t the weight of protein to a 

b.r,se extent refl ected the v.'ei:j.1t of the rib cut. upon ·wr--; eh no tren. tment effec ts 

could be .enons tra ted. 

Tl:e u s efulne ss of ::,o;",ple j oints ::..no their rclation.ship to the carc2.:::;s c ... :: a ':rllol.e 

··i.l:!. be further U.i scu::. sed in E.:' ,T II . T't:.ey have reve�.l.ec� cliffercntic.l tre'l tr.ent res-

It sh::r .. l:!..c" � e  na-'ce2 +.!:2.-'- t::.e fit,1..rre of '71 . ?;� Yio..ter in the fo.t free e·:'e carcas s ,  

is i n  excellent c.;;,re encn.t ·:ri tl� the vo.lue of 72 - 73/� post"llln. tea. "b:-,r r.-e..n�r ot!1er ·;rorl:ers, 

( . ·ur ., · · 1 o ...,?. · -·- -- --J ,  - v u� ,  Pace c..ncl ?,.a th un, 1'J45 ; 

cor...sb.nt11 f or t':le cc.rc�.sses of Cf'.ttl e ,  0'.l.il1ec.. pi�s ar..;' .rn.ts respec tivr.'l�- . :'-s the 

cl e: . .ic:�:::.. :).nD..l�·scs i:1. t.1e ?re sent e::perirncnt •;rere done on store0. cc..rco.s ses, the vo.lues 

fer fre sh co.rcasscs s!10ulc. l)e Y.ri thin the .:: ' ovc range if :::;kcir:l<D{;e losses o..re tal:e:"1 

int,.... :tcco'.L'1t . Tl:is e�;cri:r.:ent he.s de:-:'.o::s tr�. tec' tJ1.::... t t:1�rro:-:ine hut n.ot :;?l::>.:1e of nutri-

ti o:.1 �;.'l.S C8..'.lSec C.. reo.nct i on 0 the ::t.:roportj 01� of '."'3.ter in t:b.e fat free ce.rc.:: S S .  

T!1e obser-.ro.tion t i:)a  t the pcrcentz.e;e ' '!D. -'c er on n. fn. t :c"ree bc.sis is unc orreln.ted wi th 

both percent<:-.�;e o..nd vreight of fat in the co..:c�casses of the se e\·res is in 2.6reement "'.'li th 

e. sirr.ilo..r observation by :!J.?.binco.u 2.nC.. la�e (1955)  on rc.ts . These t:- b ove resul ts su�-

est tho.t if the 1 1 c ons tant 11 of cv rcass Yrater r.c.:,· be ta.�:en as synon;:,'Llous vri tl1 bocly \'.nter, 

as l:as been clone by mn:,r y;orkern , then b ody nater is a �ood i:X..icator of c ocly fat, c orn-

pletely independently of the quantity of b ody fat, c .  f .  Keys and I3rozek (1953) . 

Preliminary resul ts on the c ontrol ewes show tha. t 77/� of the fat free rib muscle 

vreight can b e  attributed to water vlhich is in agreement vrith Callow' s (1947) results 

from stored frozen carcasses. 

1ucrochemical iodine determinations of the l evels of thyroxine from the carcasses 

of the two implanted groups studied, indicate that the meat is safe for htmru1 c onsump-

tion. Care must, however, be taken to see that no implants are left on the surface of 

the carcass. In mos t  cases the implants were removed with the skin. 
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The band.saw techniq_ue is the first reported. method which enables chemical anD.ly-

ses to be carried out on cor.rplete large animl carcasses . By using this method, 

total cherr.ical carcass fat can b e  obtained., v;i-l..ich is of :t=nrticular value for specific 

gravity purpos es , or any studie s  related. to s torec. enerwr in the cn.rcasse s such as 

those on e fficienc�r or nutrition. Suc:t studies are concerned. more vri th chemical than 

>Vi th dis s ectibl e fat sinc e dissectible fat conta.ins vn.ryirlb proportions of chemical 

fat . 

E\J..rthermore , it is pos sible to obtain info!'!ffi tion t sing the b.3..lld.saYf technique , 

including the chemicn.l work involved, in approx:im.'\tely 5 man-hours per carcass as op:p-

osed. to the estimated. 72 - 84 ma�hours ( �lsson, 1959) required. to c ompletely dis s-

ect out a carcass� The lovr standarcl. errors of the mean end c oefficients of variation 

for the uncorrected r>ercenta ;;es Yrater, checicn.l fat n.no dried. fat free re si due respect-

ively: suggest t:b .. a.t the sru>1plinr; tech:r1ique is s o'..lrlo . •  

The chernc.:1.l mctho0..s used in tr...iz ex·oeriment o.i::'fer from those reported by other 

·::orkers . in beir� macrocherrd.co..l n.s ccrnrared. to the sto.nc:3.£crd cherncal procec1ures . That 

is, 500t;. of minc e d.i vided. into 50 g. samrles o.re analysed per carcass and. an accuracy 

+ + � 
of weighing of - 0 . 5g. would give chemical accuracy of - 1/u. It is c or..sid.ered that 

�rea ter accuracy than this was achieve d. 

:Jornal Smd11et and Kjelc1a111 nethod::; for fc.t ani protein determination respectively, 

'!roulc1 limit both size of sample, and the number of sar.rples it would. be practical to 

analyse .  It is c onsidered that the increased accuracy of sampling r!lacle possible by 

the present methods. of sampling and. size of sample more than offsets the slightly re-

duced accuracy of the present chemical methods as compared to the standard ones. It 

my b e  noted that the above methods give the same answers f or such 11 biological con-

stant s" as. percentage water in the fat free carcass and percentage water in the fat 

free muscular tissue as have been obtained. using the stanaard methods . 



� EFFIDTS UIDN WEIGHT OF GASTROINTESTINAL 
CONTENTS AND WEIGHT OF TRACT 

RESULTS 

Table 46 presents the statistical analysis of treatment effecta upon the weight 

of contents of the gastrointestinal tract. In ruminant& these contents (�) are 

one of the Ili!Ljor sources of variation of body weight. 

Table 45 

Weight of gastrointestinal contents (lb. ) • Group means and stamard 
deviations. 

Group Mean S.D. Group S. D. 

CB. 9. 1 1. 5� 
C :NP 12. �  2. 11 C :LP 11. 0 2. 79 
LT :NP 9 .0+ 2. 85 LT : LP  8. � 1. 18 
Mr :NP 8. 2 2. 92 :tlr : LP  7. 5 1. 55 
HT :NP 11. 5 �. 15 HT : LP  7. 1 1. 92 

IY.r :LP 7. 7(�) 1. 29(5) 

+underestimate. Same loss of ga&tric contents occurred from one ewe. 

Table 46 

Analysis of vari.a.nce of weight (lb. ) of the gastrointestina.l contents. 

Source d. f. s. s. M. S. 

Thyroxine treatment 5 84. 727 28. 242 
E1ane of nutrition 1 00. 800 00. 800 
Treatment interaction 5 20. 808 6. 956 
Within subclass 52 182. 750 
Total 59 519. 085 

Standard error of the treatment means = 1. 069 lb.-
5% Pi.ducial. li.mi ts = ! 2. 18 lb. 
� Fiducial limits = ! 2. 94 lb. 

E'. 
4. 945 ss 
5. �95 a, 
1. 214 ns 

Firstly, it should be noted in_ Table 45 tha.t the CB. group is not comparable to 

the other experimental groups owing to the different :uanagement these a.niJials received 

jus:t prior to slaughter. Secondly, it shoul.d be noted that the NP. ewes were atarved 

prior to slaughter for appro:x:i.Dately 25 hours, as CODIJ.l!.red with approxiuatel.y 41 hours 

for the LP. ewes. This f'actor alone shoul.d be enough to account for the plane of' 

67. 
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nutrition effect shown in Table 46. In view of the nature of the low plane treatment 

and the effects this has had on reducing li veweight, it is surprising that the reduc-

tion of the gastrointestinal contents of the low plane sheep was not greater. The 

thyroxine treatment has produced a marked decrease of gastrointestina.l contents in 

all groups except the HT:NP, when com,pa.red to the controls. 

AB the infornation was avail..a.ble, it was decided to analyse the weights of the 

contents of the stoma.ch�c , and of the intestines separately, to see if the weights 

of both had been reduced. 

Table 47 

Weight of ga&tric contents (IIB.inly ruminal� (lb.) Group means 
and s ta.ndard deviations. 

Group 

CB. 
C :NP 
LT:NP 
:t&r :NP 
HT :NP 

6. 5 
8. 4 
6. 3+ 
6. 0 
8. 9 

S.D. 

1. 65 
2. 13 
2. 31 
2. 33 
2. 98 

Group 

C :LP 
LT:LP 
m :LP 
HT :LP 
Dr:LP 

Mean S .D. 

8.0 2.46 
5 .8  0. 85 
4. 9 0. 98 
4. 7 1. 20 
4.4(3) 0. 77(3) 

+underestilm.te. A snall loss of gastric contents occurred from one ewe . 

Table 48 

Ana.lysis of variance of weight of gastric contents (IIB.inly ruminal) (lb. ) .  

Source d. f. s. s. M. S. 

Thyroxine treatment 3 42.031 14. 010 
Plane of nutrition 1 22. :550 22. 550 
Treatment interaction 5 20. 686 6. 895 
Within subclass 52 155. 650 4. 176 
Total 59 218. 697 

Standard error of the treatment means = 0. 914 lb. 
5% Fiducial limi. ts = ! 1. 87 lb. 

Table 49 

F 

3. :555 s 
5. 552 s 
1. 651 ns 

Weight of intestinal. contents (lb.) Group means and standard deviations. 

Group Kean S. D. Group �dean S. D. 

CB. 2. 65 0. 77 
C:NP 5.85 O. M 0-:LP 5. 07 0. 72 
LT :NP  2. 70 0. 89 LT :LP' 2.45 0. 55 
Hr :N.P 2. 15 0. 72 Hr :LP 2.4:5 0. 62 
HT:NP 2. 66 0. 56 HT :LE 2. :57 0. 85 

m:LP 5. 52(5) 0. 57 



Table 50 

Analysis of variance of weight of intestinal contents (lb. ) 

Source d. f. s. s. M. S. 

Thyroxine treatment 3 7. 952 2. 651 
Fiane of nutrition 1 0. 676 0. 676 
Trea. tment interaction 3 1.407 0.469 
Within subclass 32 14. 566 0.449 
Total 59 24.401 

Standard eiTor of the treatment means = 0. 500 lb. 
5% Fiducial limits = ! 0. 61 lb. 
1% Fiducial limi. ts = ! 0. 82 lb. 

If' 
5. 90 
1. 51 
1. 04 

69. 

ss. 
ns 
ns 

As mentioned previously, the CB. group is not comparable to the reilll.ining groups. 

The plane of rmtri tion effect would appear likely to be a storage effect of the :rumen 

and it rm.y be observed tha. t this only reaches significance between the two high thy-

roxine implanted groups. All implanted groups except HT :NP have a significantly 

lighter'leight of gastric contents than their appropriate controls. The reduction of 

weight of intestinal contents is highly significant for the implanted sheep on the 

high plane of nutrition, and is only significant on the low plane. Ba.lch et al. (1952) 

presented evidence which suggested tha. t thyroxine speeds up the �ssa.ge of food through 

the rumeno-reticulum. In view of this, the reduced weight of intestinal contents in 

the thyroxine implanted sheep is likely to indicate a more rapid passage of food 

through the intestines. The presence of fresh dags on the high plane implanted sheep 

supports this interpretation. 

The comparatively high weight of intestinal contents of the Dl' :LP ewes has pro-

bably resulted from the greatly reduced frequency of thyroxine injection over the 

latter part of the experimental period. 

The weight of the empty gaatrointestinal tract was statistically analysed to see 

if it would help to explain the treatment effects on the weight of contents. 

Table 5:1. 

Weight of ga.strointestinal tract (lb. ) . Group means and standard. 
devia tiona. 



Group Mean S.D. Group S. D. 

CB. 7. 80 0.83 
C :NP 8. 62 0. 86 C :LP 6. 22 0. 99 
LT :NP 7. 54 0. 87 LT :LF 6. 38 0. 77 
MT:NP 6. 88 0. 70 MT:LF· 5. 61 0. 35 
HT:NP 7. 47 0.42 HT :LP 5. 93 0. 50 

Dr :LP 5. 65(3) 0.49(3) 

Table 52 

Analysis of variance of �ight of gastrointestinal tract (lb . ) . 

Source d. f. s. s. M. S. 

Thyroxine treatment 3 7. 241 2.414 
E1ane of nutrition 1 25. 361 25. 361 
Treatment interaction 3. 2. 365 0. 788 
Within subclass 32 16. 377 0. 512 
Total 39 51. 344 

Standard eiTor of the treatment means = 0. 320 lb• 
5% Fiducial limits = :!: 0. 653 lb. 
1% Fiducial limits � ! 0. 880 lb. 

F 

4. 716 sa 
49. 552 ss 

:h. 540 ns 

70. 

By comparing !!!able 45 w.i. th Table 51 it can be seen that the treatment effects 

on the weight of the gastrointestina.l tract and contents can account for at leaat 

8 lb. of the loss. in li veweight, c. f.  MT :LP versus C:NP. The decrease of gastroin-

testinal contents makes up the larger fraction of this overall loss� As highly sig-

nifioant treatment effects were produced on the weight of gastrointestinal tract, it 

'Was subdivided into gastric weight and intestinal weight and reana.1yaed. 

Table 53 

Gastric weight (lb . • ) . Group means and sta.ndard devia tiona. 

Group Mean S.D. Group Mean S.D. 

CB. 3. 98 0. 37 
C :NP 4. 58 0. 50 C::LP 3. 22 0.52 
LT :NP  3. 65 0. 71 LT:LP 3.06 0. 26 
llr :NP 3. 38 0. 31 KL' :LP 2. 76 0. 19 
mr :NP  a. 59 0. 31 HT :LP 3.01 0. 35 

m :LP 2. 77�3) 0. 23(3)  



Table 54 

Analysis of variance of gas.tric weight (lb. ) . 

Source d.. f .  s. s. M:. s. 

Teyrox:ine treatment 5 5. 708 1. 256 
Plane of nutrition 1 6 . 202 6. 202 
Treatment interaction 5 1. 095 0. 565 
Within subcla.ss 52 5 . 722 1. 079 
Total 59 16. 727 

Standard error of the treatment means = 0. 189 lb. 
5% Fiducial. limits = ± 0. 586 lb. 
� Fiducial limits = ± 0. 520 lb . 

Table 55 

F 

6. 91 ss 
54. 68 ss 
2.04 ns 

Intestinal weight (�b. ) . Group means and standard deviations. 

Group Mean S. D. Group Mean S. D. 

GB. 5. 82 0. 59 
C :NP 4.04 0.42 C :LP 5.00 0.47 
LT :NP 5. 89 0. 25 LT:LP 5. 52 0. 70 
MT:NP 5. 50 0.41 ML' :LP 2. 85 0. 25 
HT :NP 5. 88 0. 16 HT :LP 2. 92 0. 28 

m :LP 2. 88(5) 0. 28(5) 

Table 56 

Analysis of variance of intestinal weight (lb. ) 

Source d. f. s. s. M:. s. 

Teyrox:ine treatment 5 1. 04Q 0. 549 
P.Lane of nutrition 1 6.480 6. 480 
Treatment interaction 5 0. 596 0. 152 
Within subcla.ss 52 5 . 108 0. 160 
Total 59 15.050 

Standard error of the treatment means = 0. 179 lb. 
5% Fiducial li:mi ts = ± 0. 565 lb. 
1% Fiducial limits = ! 0.492 lb. 

F 

2. 18 ns 
40. 50 s& 
0. 85 ns 

7:1.. 

It DllSt once again be emphasized that the GB. group is not com.para.ble to the 

remaining groups for the reasons given earlier. 

The above tables reveal that the low plane of nutrition has bad marked effects, 

upon both regions of' the digestive tract, while the thyroxine treatment has only 
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reduced the gastric weight. The latter effect is most marked on the normal plane of 

nutrition. When compared with the C :NP group, the mean weight of the stonaches of 

the MT:LP (most effected group) have been reduced by approx:i.D:ately 40% which indicates 

the severity of the treatment effects. 

The weight of the gastric contents reflect treatment effects on gastric weight 

whereas the treatment effects on intestinal contents are in marked contrast to effects 

on intestinal weight. Correl.a tions were calculated between the above variables to 

aid in interpretation of results. 

(1) Correl.a tions betweeng;astric contents and gaatric 
wei t (empty) 

Experimental ani mal s 

Total 48 ewes 
55 Thyroxine treated ewes 
15 Control ewes 

Correlation 

r = +0.4264 ss 
r = +0. 4985 ss 
r = +0. 0216 ns 

The hypothesis that the two sample values of r (for the latter two correlations.) 
were drawn at random from the same population was tes.ted according to Snedecor (1946, 

p. 151) . 

Lot Sheep in lot r :z: 1 
n-5 

Thyroxine treated 55 0.4r985 0. 546 0. 0555 
Controls 15 0. 0216 0. 022 0. 0855 

Difference 0. 524 Sl.un). 1166 

sd = 0. 5415 t = 1. 552 d. f. = - p = 0. 15 ns 

ti th ]); = 0. 15 there 1'18.s no reason to reject the lzypothesis that the r '  s are from 
a coDBDOn popl].ation correlation. 

(2) Correlations between intestinal contents ani intestinaJ. 
weight (empty). 

Experimental anjq] s 
Total 48 ewes 
55 Tlzyroxine treated ewes 
15 Control ewes; 

Correlation 

r = +(). 5289 s 
r • +0. 2775 na 
r = +0. 2622 ns 



(5) <lorrelations, between gastric w=:t (empty) and intestinal. 
· �ight ( e!!!E_). 

Experimental a.ninals 

Total 48 ewes 
55 Tlzyroxine treated ewes 
15 Control ewes 

Correlation 

r = +0. 7582 sa 
r = +0. 8M5 ss 
r = +0. 6898 ss 

75. 

The above correlations are likely to consist of a biological relationship between 

the two organs, i. e .. the aniTTBls with a greater gastric weight also have a greater 

intestinal weight. 

( 4) Correlations between gastric contents and intes-tinal 
contents 

Experimental a.nimUs 

Total 48 ewes 
55 Thyroxine treated ewes 
15 Control ewes 

DISCUSSION 

Correlation 

r = +0. 5968 ss· 
r = +0. 5518 ns 
r = +0. 2598 ns 

The results from this experiment have demonstrated that hyperthyroidism has low-

ered the weight of the gastrointestinal contents in the ewe. Group mean losses; of up 

to 4 lb. liveweight could be attributed to this cause. Thyroxine implantation loweZ'­

ed the weight of both the gas.tric (nainly ruminal) and intestinal contents . This is 

in contrast to hypothyroidism, which Frens (1949) demonstrated to cause an increase 

in the weight of ruminal contents in cattle. 

It is possible that a lowered intake may partly explain the lowered weight of 

gastrointestinal contents recorded. However, no differences were observed between 

the grazing behaviour of the control anjmel s and the thyroxine treated animals on 

either plane of nutrition. The low plane animals all appeared to f'ull.y utilise their 

restricted grazing period. Also, it should be noted that the literature suggests 

that thyroxine nornally increases intake except in extreme cases of hypertcyroidiam, 

such as was noted on the two IJ.r :LP ewes which did not survive the experimental period. 

It is therefore considered that lowered intake is unlikely to be the explanation for 
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the lowered weight of gastrointestin.a.l contents. 

Balch � al. (1952) presented evidence which suggested that thyroxine speeds up 

the passage of food through the rumeno-retioulum (in ea ttle) . If this also occurs in 

the ewe, it could explain the reduction of the mean weight of the gastric contents 

in this present experiment. As thyroxine reduced both empty gastric weight and the 

weight of gastric contents, the lowered empty gastric weight in the thyroxine treated 

sheep rm.y also help to explain some of the loss; of contents. 

Balch' s (1952)  evidence cannot, however, explain the reduced weight of intestinal 

contents, which supports the hypothesis put forward by Blaxter (1948), tha. t thyroxine 

speeds up the p:�.ssage of food through the digestive tract. The formation of fresh 

dags by some of the thyroxine implanted nonmJ. plane ewes in this present experiment, 

and the thyroXine induced scouring observed by Blaxter � al. (1949) in cattle, support 

this hypothesis. 

It may be noted that thyroxine therapy caused a highly significant reduction in 

weight of the intestinal contents, in contrast to the l.ack of thyroxine effect and a 

highly significant low plane reduction in weight of the intestines themselves. The 

first noted is probably a physd.ological response while the latter is a morphological. 

response. 

The above results should be considered in relation to Balch' s (1952) conclusion 

that thyroxine did not measurably increase the rate of p:�.ssage of food through the 

digestive tract of hyperthyroid cattle. In the present experiment, the weight of in­

testinal contents were reduced on the average in the norual plane ewes by slightly 

aver 1 lb. in 28 days,. In the low plane ewes the reduction was even less. It would 

not need a large increase in the rate of passage of food through the intestines to 

produce such differences, and so the present findings do not necessarily contradict 

those of Ba.loh � !:1,. (1952) . 
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The almost compJ.ete absence of rnuri nal contents in the two JJr :LP ewes which did 

not survive the experimental period, as mentioned earJ.ier, is suggestive of seJ.f­

imposed starvation. This has been observed in oases of extreme hypertl'zyroidism in 

wethers by BJ.axter ( 1.948) .  

The J.ow pJ.ane of nutrition caused a highly significant reduction in both gastric 

8.Di intestinal. weight, which agrees with reported observations. For the C :LP ewes, 

this reduction was in the order of 50% and 2.6% for gastric and intestinal. weight 

respectiveJ.y, as com;pe.red. with the C:NP ewes. The most extreme weight J.osses occurred 

in the Mr :LP group where the mean reduction in gastric and intestinal. weight -was 40% 

and 29% respectiveJ.y when compared to the C :NP group. 

The group mean J.oss:es of weight of gastrointestina.J. tract couJ.d account for up 

to 2 J.b. of li veweight in the nonm.J. pJ.ane thyroxine impJ.anted ewes .  Tlru.a the total. 

J.osa of weight of tract and contents, attributa.bJ.e to t hyroxine impJ.anta.tion, on a 

norual. pJ.ane of nutrition, couJ.d account for a group mean J.oss of liveweight of up 

to 6 lb . This shouJ.d be considered in relation to the average loss: of liveweight 

f'rom thyroxine impJanted ewes of 10 lb. reported by Hart (1955) .  



TREATMENT EFFIDTS ON. WEIGHTS OF INTERNAL FAT DEPOTS AND 
SELECTED ORGANS 

(A) mrERNAL. FAT DEPOTS 

(1) Omenta1 Fat 

Before doing an anaJ.ysia of variance on. the QJ!lental fat data, Ba.rtlett ' s. tes..t 

of homogeneity of variance was appl.ied. This teat gave a � of 11. 598 for 9 d. f. , 

which gives a. P> W'A iniicating that the hypothesia of equality of the varia.nces 

is acceptable. 

Table 57 

Weight of �nta.l fat (lb. ) . Group means and standard deviations. 

Group Mean S. D. Group Mean S. D. 

CB. 5. 26 1. 15 
C :NP 4.42 2 .06 C:LP 5. 81 1. 12 
LT :LP 4. 20 0. 60 LT .. :LP 5.41 0 . 95 
MT :NP 5. 94 0 . 75 MT :LP 5. 58 1. 14 
HT :NP 5. 57 1 .82 HT::LP 5. 55 0. 76 

m·: LP 2.45(5) 0. 75(5) 

Table 58 

Analysis of variance of weight of omental fat (lb. ) 

Source d. f. s. s. !l. s. F 

Thyroxine treatment 5 2. 9612 0. 987 0. 65 na 
Pla.ne of nutrition 1 2.0250 2. 025 1. 29 na 
Treatment interaction 5 0. 7955 0. 265 0. 17 ns 
Within subclass 52 50. 0980 1. 566 
'l!.btal 59 55. 8777 

A1 though no. significant treatment effects were sh01m on omental fat, it should 

be noted that the renining group means are all less than the CB. and C :NiP group 

means which suggea:ts: that the treatments my have been a� to produce effects. 

76. 
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( 2). Mesenteric Fat 

The d8. ta on mesenteric fat weight showed no significant treatment effects. 

Table 59 

Weight of mesenteric fat (lb. ) . Group means and starxlard deviations. 

Group Mean S. D. Group Mean 

CB. 1. 87 0. 54 
C :NP 1. 95 0.41 C :LP 1 .48 
Ilr :NP 1. 65 0. 27 Ilr :LP 1. 55 
MT :NP 1.45 0. 16 Mr :LP 1. 60 
HT :NP 1. 42 0. 25 HT :LP 1. 24 

Dr :LP 1. 05(5) 

Table 60 

Ana.lysis of var:i.ance of weight of mesenteric fat (lb. ) 

Source d. f .  s . s. 

Thyroxine treatment 5 0. 740 
P.l.ane of nutrition 1 0. 225 
Treatment interaction 5 0.457 
Within subclass 52 4. 107 
Total 59 5. 529 

(B.) � ORGAN WEIGHTS 

(1) mwoid g1anc1 

M. S. 

0. 247 
0. 225 
0. 152 
0. 128 

S. D. 

0.42 
0. 55 
0. :57 
0. 51 
0. 17(5) 

11 
1. 95 ns 
1. 77 ns 
1. 19 ns 

As the homogenei. ty of the variance between the group means was; in doubt, Bart­

lett ' s  test was applied. This test gave a -x_2 of 14. 5185 for 9 d. f. , J?;/0. 10, indicat-

ing tha. t the eypothesis of equality of the variances is acceptable. Therefore, an 

anal.ysis of variance was carried out on teyroid gland weight, and the results of 

this analysis are presented in Table 62. 

Table 61 

Weight of teyroid glands (g. }: .  Group means, and standard deviations. 

Group Mean S. D. Group Jean S.D. 

CB'. 7. 88 1.195 
C::NP 11. 66 5. 568 C ::LP· 8.00 1. 151 
IaT:NP 7.80 2. 562 �.LP 7. 18 1. 009 
m::NP 9. 50 2. 545 m -:LP 7. 50  2.498 
�:NP 7. 78 2.445 lil!r::LP 9. 72 5. 167 

m :LP 6.05(5) 0. 515(5) 
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Table 62 

Analysis of var:i.a.nce of weight of th;yroid glands (g. ) .  

Source d. f·. s. s. M. S. F 

Tlzyroxine treatment 5 28. 57 9. 52 1. 54 ns 
Plane of rmtri tion 1 11. 77 11. 77 1. 91 ns 
Treatment interaction 5 42. 09 14.05 2. 27 ns 
Within subclass 52 197. 50 6. 17 

':rrotal 59 279. 75 

lf.o treatment effects were detected on thyroid gland weight, although the mean 

value for the IJ!' :LP group suggests that the combined treatments had reduced the 

weights of these gla.nds. It 198.S noted that all of the thyroid glands of the tlzyrox:ine 

treated ewes looked anaemic when COJIIPired to the thyroids of the control ewes. 

(2)  Liver 

Both thyroxine treatment and a low plane of rrutri tion reduced liver weight. 

Table 65 

Liver weight (g. ) . Group means and standard deviations. 

Group Mean S.D. Group Mean S.D. 

CB. 754 56. 5 
C :NP 854 48. 5 C:LP 655 47. 8  
LT :NP 722 64. 8 LT :LP 627 45. 5  
MT :NP 648 15. 5  Mr :LP 559 40. 2 
HT:NP 757 99. 2 Er.' :LP 586 24. 5 

IJ!':LP· 602(5) 55. 0(5) 

Table 64 

Analysis of variance of 11 ver weight (g. ) .  

Source di. f'. s. s. M. S. 

Tlzyroxine treatment 5 99668 55225 
PJ.a.ne of' rmtri tion 1 191961 191961 
Treatment interaction 5 16275 5424 
ti thin subclass; 52 92270 288:S 

Total 59 400172 

Standard error of the treatment means • 24-. 0lg. 
5% Piducial limit& :: ±  49.0:Sg, 
1% Plducial limits • ! 66. O:Sg. 

p 
11. 52 S& 
66. 58 ss 
1. 88 ns 
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The mean liver weight of the CB group is lower than the C :NP group, probably 

as a result of the management this former group received immediately prior to slaught-

er. The low plane of IDltrition has lowered the liver weight, of the C :LP ewes, ani 

also at all levels of tlzyroxine trea t100nt. Thyroxine has reduced the mean liver 

weight, with a greater reduction occuring on the nornal plane of nutrition. 

(3)  Kidneys 

Table 66 presents the statistical analysis for treatment effects upon the c om-

bined weight of both kidneys for each ewe. 

Table 65 

Kidneys weight (g. ) . (Two per ewe) . Group means and standard deviations. 

Group Mean S. D. Group Mean S. D. 

CB. 141. 2 9. 07 
C :NP 159.4 6 . 73 C :LP 125.4 12. 95 
LT :NP 163. 0  12. 25 LT :LP 155. 8 14. 12 
MT :NP 167. 2 15. 78 MT :LP 125. 0 10. 84  
HT :NP 170.2  21. 28 m·:LP 129. 8 13. 09 

I1l':LP 125. 5(5) 9. 50(5) 

Table 66 

Ana.J.ysis of variance of weight (g. ) of two kidneys per ewe. 

Source d. f. s. s. !L S. 

Thyroxine treatment 3 526 109 
5.ane of ID.ltri tion 1 15286 15286 
Treatment interaction 3 268 89 
Within subclass 52 5984 187 
Total 59 19864 

Standard error at the treatment means = 6. 1g. 
5% Fiducial limits • ! 12. 46g,. 
t% liducial limits = - 16. 78g. 

F 

0. 58 
71.05 
0.48 

ns 
as 
ns 

The above tables show that the low plane of nutrition has reduced the canbined 

kidney' s  weight for the controls: and at all levels of teyraxine treatment. It rm.y be 

noted that in all thyroxine implanted groups except Mr :LP, the mean kidney is greater 

than for the oorrespotding control group. This agrees w.l. th the evidence on other 
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organs reviewed by Brod¥" (1945, p1. 174} . This di:f'f'erence did not reach significance. 

{4) Spl.een 

The spleen weight showed no olearout treatment effects and so no a.naJ.ysis of 

var:i.a.nce was carried out. 

Table 67 

Spleen weight (g. ) . Group means and standard deviations. 

Group Mean S.D. Group Mean S.D. 

CB. 92. 6 9.4 
C :NP 92. 2 14. 2  C :LP 105 . 6  7.4 
LT :NP 108. 6 25.5 LT :LP 92.4 15. 7 
:M!r :NP 100. 8  11. 1 MT:LP 99.4 15. 6  
HT :NP 110.4 11. 6 Hlr :LP 112. 8 10. 1  

m.: LP 104. 8(4) 12. 6(4) 

(5)  Heart 

Table 69 shows tba t plane of nutrition exerted a highly significant effect 

upon heart weight. 

Table 68 

Heart weight (g. ) . Group means and standard deviations. 

Group :Mean S.D. Group Mean 
CB. 260. 2 28. 1 
C :NP 270.4 18. 0  C :LP 259. 4  
LT :NP 296. 6 29. 4 Ilr:LP 255. 0  
m :NP 258. 6 29. 5 Mr:LP 257. 6 
lfr :NP 288. 6 24-. 0 HT:LP 259. 2 

Dr :LP 262� 8(4) 

Table 69 

Anal.ysis; a£ variance of heart weight (g. } . 

Source di. f. s. s. JL S. p 
Tl\Yrox:ine treatment 5 �9 1146 1. 99 
PJ.ane of m.tri tion 1 6651 6651 11. 55 
Treatment interaction 5 2259 755 1. 51 
Within subclass 52 18598 575 

Total. 59 50727 

Standard error of the treatment means • 10. 72g. 
fffo Piduoia.l limits a ± 21. 9g. 
1% i'iduoial limi. ts = :!: 29. 5g. 

S. D. 

21. 5 
25. 0  
Z5. 2 
15. 8  
58. 2(4) 

ns 
ss 
na 
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At all levels of tlzyroxine treatment except the medium level, the low plane of 

nutri. tion has reduced heart weight. Although the effects due to thyroxine treatment 

did not reach significa.ooe, it shoul.d be noted that in all cases· except the :Lfi' :NP 

group, the mean weights of the thyroxine treated groups are greater than their respec­

tive controls. This is suggestive of hypertrophy of the heart, which ha.s: been observed 

by other workers to occur in thyroxine treated animals, (Brody, 1945, p. 174) . 

mSCUSSION 

No treatment effectS' could be demonstrated on the weights.; of omental or mesenter­

ic fat, although the reduced weight of these depots in the I1l' :LP group, which was not 

included in the analyses of variance, were suggestive of treatment effects. These 

results agree with those of Robinson (:1948), who was· unable to demonstrate a loss of 

fat from the internal depots of ewes which had lost up to 55% of body weight. 

The weights of the thyroid glands did not iniicate any treatment effects, although 

all the glands from the thyroxine treated animal.s were anaemic as compared to those of 

the control animals. The only exception was the Dl' :LP group where the low mean weight 

and low variability suggest that the weights of the thyroids from these ewes bad been 

reduced. 

Both treatments have caused highly significant effects on liver weight. The re­

duction in liver weight attributable to a low plane of nutrition was in agreement 

with a large b ody of sjnrlJa.r evidence in the literature. The weight loss-. of the C :LP 

livers was 24% when compared to the C:NP livers. It was to be expected that a low 

pl.ane of nutrition woul.d cause a loss-. of stored :ua terial f'rom the liver. 

Less expected was the highly significant reduction in liver weight caused by 

thyroxine treatment. For the Mr :NP group this was a reduction of 22% when compared to 

the C :NP group. This disagrees with the evidence reviewed by Brody (:1945, p. :174), who 

sugges,ted tha. t thyroxine treatment caused lzypertrophy of the liver. As. the present 

results leave no room to doubt that thyroxine has caused a reduction of liver weight, 
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the most likely explanation for this apparent disagreement is the high levels of thy­

roxine treatment involved in this experiment a.nd. species differences are another possi-

bility. 

The reduction of kidney weight caused by a low plane of nutrition, and the sugg­

estion of thyroxine induced hypertrophy, are in agreement with other workers ' results. 

The present data on spleen weight did not agree with the findings of Keys et al. 

(:1.950),  that the spleen no:rnally loses, JOOre weight than the body as a whole during 

ata.rvation. However, Robinson' s.  (1948) data on submaintenance ewes support the results 

of the present experiment. These differences may be a feature of the shee.p as a spec­

ies, or may be due to the less severe undernutrition in the sheep investigations. 

A low plane of nutrition has reduced heart weight, and as; for the kidneys, there 

appeared to be a tendency for thyroxine to increase heart weight. 

Thus in general, a low plane of nutrition has caused a reduction in organ weight 

which was previously observed for the digestive tract. The only statistically signifi­

cant result of thyroxine treatment on the organ weights available for analysis was a 

lowering of liver weight and as was noted earlier a lowering of gastric weight. 

Neither treatment was effective in lowering the weight of omental or mesenteric fat 

depots. 



CHAPl'ER VII[ 

GENERAL DISCUSSION 

A.t no stage, throughout the experimental data., could differences due to the 

three levels of thyroxine implantation be detected on liveweight and its com,ponents. 

Implantation effects, where present, were usually greater on the norn:Bl. plane of nutri­

tion than on the low plane. Treatment with 5mg. 1-thyro:rlne injected per day on a low 

pil.ane of nutrition (Dr:LP) showed the severest effects, in most cases;. This result 

suggested that the rate of uptake of thyroxine from the implant tablets was less than 

5mg. !-thyroxine per day. Confirmation of this came from the chemical analyses of a 

limited number of residual implants. 

Thyroxine therapy and a low plane of nutrition, singly and in combination, caused 

highly significant losses of li veweight. As compared to the nol"D'BJ. plane control ewes 

(C:.NP), the nornal. plane implanted ewes ani the low plane control. ewes (C :LP) lost 

13. 8 lb. ani 14. 0  lb. respectively over the 28-da,y period. On the same comparative 

basis, the low plane implanted ewes lost 21. 5 lb. li veweight and the low plane ewes 

given a daily injection of thyroxine (m:LP - 3 surviving for 28 days) lost 27. 8 lb. 

liveweight. The renaining 2 ewes in the latter group, which did not survive the ex­

perimental period., lost about 30 lb. liveweight in 16 days. All of the above live­

weight losses occurred over and above the mean loss for the total. 50 experimental. ewes 

of 14. 5 lb. liveweight during the 35 day pre-experimental period. For the 28 days of 

the experiment, weight losses of up to 1 lb. per da.y were safe while losses of 2 lb. 

per Clay proved fatal.. 

Because of the treatment effects. on liveweight, it was surprising to find that 

the group mean carcass weights showed no treatment effects. However, the treatments 

rra.y have lowered carcass: in the low pl.ane ; dail.y  thyroxine injection group (DI':LP) which 

was not included in the &tatistical. analysis, because only three carcasses were avail­

able. 

8�. 
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No treatment effects could be demonstrated on weight of carcasa fat, weight of 

fat from the carcasa cuts, or on any internal fat depots measured. However, it 

appeared that the mean weights in the low plane :  daily thyroxine injection group not 

included in the ana.J.ysis of variance, may have been reduced in some cases. In view 

of the large body of evidence which shows that during b odyweight loss, fat is usually 

the first and most s eriously affected tissue, this result was, unexpected. 

Deapi te the fact that s� large li veweight losses were recorded over the period 

that liveweights were measured, the average ca.roass fat percentage was 40.4 for the 

48 ewes which su.rvi"ved the experimental period. Thi& indicated the difficulties to 

be faced in trying· to remove fat from a.ni.maJ.s such as the overfa t ewe .. 

Thyroxine treatment and a low plane of nutrition, singly and in combination, 

have lowered the weight of muscular tissue in the carcasses. This could also be looked 

at from the chemical point of view. Thyroxine caused dehydration of the fat free boccy-, 

and analyses of muscular tissue which contributes largely to the weight of the fat 

free b ody, showed evidence of thyroxine induced dehydration. A low plane of nutrition 

caused loss of carcass protein. The combined weight of the bones from the leg joint 

indicated no treatment effects. 

The data from the leg, loin and rib cuts showed regional carcass treatment diff­

erences, but the overall results are in generaJ. agreement with those for the carcasa 

as a whole . 

The above results indicate that it is: unlikely that fat in the ewe can be reduced 

by either of the treatments imposed, at leaat in a limited period of 28 days, and with­

out endangering the lives of the a.n:i.Imls concerned. On the evidence available it 

would appear that the farmer llllSt take a longer term view, and prevent his ewes from 

putting on the surplus fat by controlling their rmtri tion. 

The evidence in the literature suggests tba. t teyroxi.ne will reduce body fat, but 



85. 

\ 

apparently a period of time longer than 28 days, or a faster rate of uptake of .tbiYrox­

ine from the implants, is needed before teyroxine can signifioantl.y reduce fat weight. 

MOre information than is ourrentl.y avail.able, is needed on the rate of uptake of thy­

roxine from the implant tabl.ets. As muscular tissue (and protein) were removed on a 

low pl.ane of nutrition, it appears desirable that future experiments should be planned 

to fUrther elucidate the manner in which ewes l.ose weight. Information is needed on 

the importance of these loss:es with particular reference to effects on fatty and musc­

ular tissues. 

This experiment makes clear the limitations of using liveweight as a criterion 

for experimental results. This is, particularl.y important in meat studies, nutritional 

studies, and efficiency studies .. 

A further point which has: been cl.early demonstrated is the importance of the non­

carcass liveweight loss. One of the ways by which thyroxine has reduced liveweight is 

by causing a loss in the weight of both the stomach and intestinal. contents. Thyroxine 

therapy has also reduced gastric weight. Reduced weight of the gastrointestinal. tract 

and contents together accounted for up to 6 lb. liveweight loss on the nonml plane of 

nutrition. The low pl.ane of nutrition caused surprisingly l.i ttl.e reduction of gastro­

intestinal contents, but caused a highly significant reduction in the weight of the 

empty tract. The combined treatment effects on gastrointestinal tract (empty), and 

contents accounted for up to 8 lb. of the total liveweight loss. "Fil.l." alone account­

ed for 5 l.b. of the 8 lb. loss of weight. This again re-emphasizes the dangers of tak­

ing llveweight as an indicator of treatment effects on ruminants. 

A l.ow pane of nutri tlbon has caused a demonstrabl.e reduction in the weight of all 

organs measured, except for the thyroid gland and the spl.een. TbiYroxine reduced gas­

trio weight and l.i ver weight, had no effect on intestinal weight, spleen weight or 

teyroid weight, and there were suggestions of t�axine induced :tzypertropey for heart 

ani ld.dney weight&. Thu& in total the treatments appeared to have caused most weight 
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reductions in the offal fraction of the ewe body. The thyroJd.ne induced delzydra tion 

of the fat free oarca.ss suggests tba t the weight of blood in the body nay also have 

been reduced. 

Microa.nalyaes of mince from the thyroXine implanted sheep suggest that this, treat­

ment leaves the carcass safe for human consumption, provided tha. t the residual im,plants 

are totally removed at slaughter. It was noted that al.l implanted sheep showed wool 

break at skin level. as compared to the controls .  This however does. not rra tter in ani­

rrals which are soon to b e  slaughtered. 

The ba.ndsaw techni(iU� has for the first time nade possible the chemi.oal analyses 

o:f complete l.arge a.n:imal carcasses. The accuracy of sampling achieved by the use of 

l.arge quanti ties of mince produced results which agree well with other si nri 1 a r chem­

ical work. The results using these methods are obtained far more quickly than by the 

use of complete dissection �thods, and. give Iml.Ch IOOre information than the "percentage 

cuts" approach o:f American workers . However, diss.ection work can be carried out in 

conjunction with the handsaw technique as was done in this experiment. It should be 

noted that simi.l.ar results were obtained no rra tter whether the bandsaw or dissection 

methods were employed. 
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CHAPl'ER IX 

SUMMARY .AND CONCLUSIONS 

87. 

(1) An experiment is· described involving 50 Romney crossbred ewes of known hist­

ory. These ewes were randomi.sed.. to 10 treatment groups of approximately equal mean 

liveweight. Each group consisted of five ewes. Three levels of 1-thyroxine implanta­

tion were used on groups of ewes on both a normal and a low plane of m1tri tion, and a 

daily thyroxine injection group was included on the low plane of nutrition. The aver­

age liveweight of the ewes was 147 lb. at selection and 155. 5 lb. at the beginning of 

the 28-da.y experimental. period. 

(2)  Liveweight losses of up to 24. 4  lb. for the low pl.ane : low thyroxine group 

(LT:LP) and 50 . 0  lb. for the three surviving ewes, of the low plane : daily thyroxine 

group (Dl':LP) were recorded during the experimental period.. In the latter group, the 

daily injection of 5mg • .!-thyroxine resulted in two deaths before the completion of 

the experimental period and this treatment had to be curtailed. 

( 5) Metabolic studies on a f'urther ewe injected daily for 5 days with 5mg. 1-thy-

rax:i.ne on an ,!9; libitum diet, at the completion of the main experiment, indicated that 

the oxygen consumption was increased by at least 50% and the respiration rate was at 

least doubled by this treatment. 

( 4) Nb treatment effects were demonstrated on carcass weight. The mean hot car­

cass weight waa; 61. 8 lb. (range 45. 1  lb. - 78. 8  lb. ) .  

(5) There were no demonstrable treatment effects on the weight of c:arcas& fat or 

on weight of the internal fat depots. The carcasses averaged 40.4% chemical fat, 

(range 24. � - 54. *).  

(6) Both thyroxine treatment and a low plane of nutrition and the combination of 

the two treatments reduced the weight of the chemical fat free carcass. Thyroxine low­

ered the percentage carcass water on a ohemi.oal fat free basis which was. indicative of 

tissue deeydration. A low pl..ane of m1trition lowered the weights of both protein and 
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'Water in the oa.roa.ss, which suggested the loss of' muscular tissue. This loss of musc­

ular tissue 'W8.S confirmed f'rom the dissection results. 

(7)  No treatment ef'f'ects could be shown on the weight of' bone f'rom the leg joint. 

( 8) Dissection reaul ts from the leg, loin and rib cuts, and chemical work on the 

rib cut showed some regional treatment dif'f'erences, but, in general, the results con-

firmed those on the carcass as a whole. 

( 9) Thyroxine therapy caused a lowered weight of' gastrointestinal ccmtents and 

this was attributed to an increased rate of passage of' f'ood through the tract. A low 

pil.ane of nutrition ani a longer starvation period prior to slaughter had surprisingly 

little eff'ect on the weight of' gastrointestinal contents. .Alimentary "fill" accOWlted 

for a group mean loss of liveweight of up to 5 lb. 

(10) Thyroxine reduced gastric weight, while a low plane of' nutrition reduced 

both gastric and intestinal weight. The combined treatment effects accounted f'or a 

loss; of' up to 5 lb. in the weight of' the empty gastrointestina.l tract. 

(11) A low plane of' nutrition reduced the weight of' the liver, kidney and heart 

and produced no effects on spleen weight and thyroid weight. �oxine treatment re­

duced liver weight. 

(12) In no case could consistent differences be demonstrated. between the three 

levels of thyroxine implantation, namely 150mg. , 210mg. and 270mg. .!-thyroxine. The 

daily thyroxine injection treatment proved more severe than implantation. 

( 15) Tlzyroxine impla.nta tion at the above levels caused a wool break at the skin 

surface in all treated ewes. 

(14) M:icrochemiea.l iodine analyses, of' minced carcass samples suggested that there 

is unlikely to be sufficient thyroxine in the meat to mke it unsafe for hlman COllSUII1.P­

tion, provided that care is taken to remove any residual implants. 

(15)  The proportion of water in the fat free carcass; of' the control ewes was 71. �. 

This agrees well Jd th the figure of 72 - 7'5'/o water which has. been Cfllcula. ted as a 
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"biologic8.1 constant" in other species. This water percentage -was; reduced by thyroxine 

treatment, and was found to be uncorrelated with the weight of carcass. fat. 

(16 )  Preliminary analyses revealed that the proportion of -watel{in the fat free 

rib muscle of the control ewes was 77% which agrees with the figure proposed by Call.ow 

(1947) for the fat free boneless meat from frozen stored carcasses. This proportion 

was reduced by thyroxine treatment thus indicating dehydration. 

(17 )  The bandsa.w technique used has made possible the chemical analyses of whole 

carcasses from large aninals. The n:acrochemi.cal techniq_uft adCi>pted, permitted the ana­

lysis of six 50g. samp2es. per baJ.f carcass.. The low standard errors of the means and 

coefficients of variation suggest that this method was successf'ul. The use of the 

above methods m.de the analyses of the 48 half ... carcasaes studied in this experiment 

a practical possibility. 
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INDICES OF CARCASS COMroSITION 



CHAPrER I 

INTROOOCTION. 

Studies. on the development of meat animals and the efficiency of meat produc-

tion, as. affected by breeding and feeding, are primarily concerned with changes in 

the fatty, muscular and bony tissues. The proportions of these tissues at any given 

stage of development are of interest to the producer, meat grader, butcher and espec­

ially to the consumer. Fatness greatly affects the acceptability of meat to the con­

sumer, and it is well known that the rattening period is the most costly phase of ani-

nal feeding. 

In the m.jori ty of an:Um.l production experiments, liveweight, and in sane cases 

carcass weight, are used as the only criteria for the effectiveness of the treatments 

and of the nutritional status of the a.ninals. Rarely is· the body and/ or the carcass 

composition determined. It is known that bodyweight, even when evalua. ted with refer­

ence to size of skeleton, is a poor measure of fatness: (Keys and Bro�ek, 1955) .  No 

research worker has yet clearly specified the relationship between carcass weight and 

composition, although there is evidence to suggest tba t such a relationship exists. 

It is probable that the cost of chemical or dissection analyses, in terms time and 

labour, meat destroyed and the value of chemicals and equipment, is the reason for the 

lack of information on the end product in JIB.niY animal husbandry experiments. 

As. chemical and dissection methods were used to test the experimental treatments 

used on the ewes in EART I, the data on the carcasses from these ewes were also suitable 

for a study on indices of carcass composition, and little add:i. tiona.l work was necessary 

to obtain the extra. inf'o:nration. Some data from earlier dissection work aa.rried out 

in the Sheep Husbandry Department were also available for study. 

Better inform. tion than is at present commonly collected, can be obtained without 

much extra cost, by the use of indices of carcass composition. These indices include 

information available on the entire carcass, inforuation on ];1B.rt of the carca.as ( e . g. 

sample j,oints), and inf'o:rnation from the offal or non-carca.ss; portion of the body. 

90. 
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For example, DWliY workers have recently suggested that carcass specific gravi.ty is 

a good index of' the proportion of' fat in the caroasa. When the relationship between 

oa.roass specific gravity and carcass fat percentage has been elucidated for a given 

breed or species, then the composition of' similar carcasses rray be estilm. ted from their 

SP'ci:fio gravity and the carcasses rra.y still be saleable at the completion of' the ex­

periment. � using indices of' carcass composition, the accuracy of' evaluation of' ex­

perimental treatments nay be increased at sn:all extra cost. 



(A) 

REVIEW OF LITERATURE 

INFORMATION ONf THE ENTIRE CARCASS AND ENTIRE JOINTS 
(WITH PARTICULAR REFERENCE TO niDICES OF FATNESS) 

(t) Carcass weight 

Carcass. weight is an item of inforna tion 'Which is usually collected at slaughter 

in most a.niDBl research institutions . Smith-P.i.1ling and Barton (1954) present evidence 

which suggests tha. t fat is the najor factor affecting carcass weight. Clarke and Me-

Meekan (1952) ,  reporting on lamb and DD.ltton carcasses, show that within quality grades 

there is a decrease in the proportion of b one and JmJ.scle and an increase in the propor-

tion of fat with increasing carcass weight. This is also suggested by the work of MC-

Meekan (1940, 194-1) on the growth of the pig. The relationships between carcass. weight 

and carcass·. components, particularly for carcass fat, have not yet been calculated. 

( 2) Carcass measurements 

Many workers have calculated relationships between linear measurements on the car-

oa.ss and on its cut surfaces, and the composition of the carcass. 

( 5) Carcass specific gra v.i. ty 

The density of body fat is considerably less than that of the other body and car-

cass components, and hence the larger the proportion of fat, the lower will be the den­

sity of the whole body or of the carcass.. Morales .£1 al. (1945) show that for theore;.. 

tical reasons "the plot of percentage body fat versus body specific grav.i. ty should be 

a rectangular hyperbola displaced from its priooipe.l x axis. " They also deduce from 

purely dimensional considerations that the nature of the relationship between the nass 

of e:rr:f body oomponent and the average body density is not H near but l'zyperbolic. 

The specific gravity technique was first successfullzy' used to determi.ne the pro-

portion of fat in the huiian body by Bebnke ,£1 .!!· (1942) . Behnke (1945) suggested a 

value of 1. 10 for the specific gravity of the fat free body nass. 

92. 
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A direct validation of the use of specific gravity for determining body fat "WaS� 

obtained by Rathbun and :Eace (1945) when they am.lyaed the whole body for fat, in a 

series of 50 eviscerated. guinea pigs of which the specific gravi ties. of the carcasses 

and of the viscera of 21 animls had been previously determined. The relationship � 

tween b ody  fat and specific gravity has since been reported on for cattle (Kraybill 

et al. , 1952) and for pigs (Kraybill et al. , 1955) . 

Va:lidation of the specific gravity method in carcass studies. has been demonstrated 

for the albino rat (IA Costa and Clayton, 1950),  the pig (Brown � al. , 1951) ,  cattle 

(Kraybill � al. ,  1952) and for the ewe {Ba.rton and Kirton, :1956) .  Correlation coeff;.. 

icients be:tween earcass specific gravity and carcasa fat (ether-extract in some cases 

and separable fat in others.) of up to 0. 79 for the albino rat, 0. 75 for the pig, 0.  956 

for cattle and 0. 877 for the ewe were reported by the above workers:. Some preliminary 

results from the use of specific gravity on lamb carcasses were given by Stouffer (1955) ,  
o - 02. 

who found a correlation of � between carcass specific gravity and ether-extract. 

I:t rm.y be noted that the relationships between specific gra.v:i.ty and fat found for 

cattle and for guinea pigs ( r = 0. 972) were higher than those obtained in the rat and 

pig experiments. This rm.y be due to the siJRller rrumber of an:i.ne.ls involved in the 

former experiments, which rm.y have allowed more caref'ul determination of the specific 

gravity. Also, the fact tba t the ea ttle carcasses were quartered would lower the 

chance of air being trapped in the carcasses and so reducing the accuracy of the spec-

ific gravity determ:i.na tions.. As a :tzyperbola "W8.& fitted to the ea ttle and guinea pig 

data and a straight line waa. fitted to the pig and albino rat data, this:::uay help to 

explain the higher correlations in the former caaes.. 

Of special interest are the results of Rathbun and Pace {1945) which showed that 

the fat content of the whol.e a.n:i.m1 (guinea pig) is equivalent to that of the eviscer-

ated carcass.. over the entire range that they studied. Because of this, the correlation 

between whole an:in11.1 specific gra.vi ty and carcass specific gravity of 0. 962 -.s to be 

/ 
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expected. 

The specific gravities of various carcass cuts have also been used for predicting 

their composition for both cattle and pigs, (Brown et al. , 1951; Kraybill � �· , 

1952 ; WhiteiiiUl n al. ,- 1955; Lofgreen et al. , 1954; Pearson et !J,. , 1956) . The 

specific gravities of cuts have been used for predicting carcass fat as estinated fran 

the three rib cut by Kraybill � �· (1952) in cattle. Carcass specific gravity has 

been used to estinate the percentage fat in various cuts from the ewe by Barton and 

Kirton ( 1956) . The specific gravity of a out has also been correlated with other car-

cass items such as areas of components of the ham and various carcass measurements in 

the pig by Fredeen � 8.1. (1955a, 1955h) . 

Various workers have specified the following factors which must be tidcen into 

account in the determination of specific gravity:-

(a) Water temperature 

As. the specific gravity is the ratio of the density of the body or the carcass 

to the density of water, it is an abstract number independent of the units of measure-

ment. However, both the temperature of the body or carcass being measured and of the 

water must be specified. The importance of water temperature as a factor in specific 

gravity work was discussed by Keys and Brozek (1955) . Whitenan ,U !!:1· (1955) consid-
0 ered that water temperature changes of within 20 F. are of no practical importance. 

(b) Repeatability of specific gravity 

WhiteiJIUl � !J_. (1955) noted that freahly dressed pli..g carcasses float and so spec-

ific gravity measurements should be made on chilled carcasses which sink. I.t waa; noted 

by Kline ll al. (1955) that the specific gravity readings for 0, 24, 48 and 72 hours 

of chilling were 0. 9965, 1. 0214, 1. 0249 and 1.0276 respectively on pi.g oarcasae.s . It 

is probable that the temperature of the carcass, is a na.jor factor contributing to these 

differences. Kline � !Y:_. aJ.so report that the correlations. between specific gravity 

and various fat measurements were naximJ at 24 hours, and then decreased after 72 
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hour& to values approximating those at zero hours. They suggest that these changes 

in specific gra.vi. ty point to the necessity of ma.1d.ng determina. tions at a uniform chill-

ing time. 
For a period of up to three hours, the longer a carcass is left in water the le sa 

is its specific gravity. Because of this, a second reading taken a few minutes after 

the first will be less: than the first, (Whitema.n et al . ,  1.955) .  Uptake of water by 

the carcass as well as carcass: temperature change& could be factors leading to these 

results;. 

(c) Trapped air 

For obvious reasons, great care must be taken to avoid trapped air in the carcasses. 

(d) Carcass components other than fat 

Carcass components, apart from fat, are likely to effect carcass specific gravi. ty. 

As Keys and Brozek (1955) pointed out, there will be some variations due to different 

amounts of bone present. Tbis factor was, however, small as: the standard deviation 

of bone as a percentage of the fat free body was found to be approximately equal. to 

0. 5% for the rat, rabbit, guinea. pig and cat. The st ate of hydration or dehydration 

of the anilm.l. ' s body is also important. 

(4) t 

The first attempt to relate fatness of beef aninals to dressing percentage was 

nade by Lawes and Gilbert (1.859) .  Lush (1926),  on the basis of 50 steers, found a 

correlation of 0. 84 ± 0. 056 between dressing percentage and percentage of fat in the 

entire live aniDBJ .  On a greater number of a.n:i.Joo.ls, where there were differences due 

to breed and in slaughter techniques, this correlation was lower. This lower correla­

tion could also be influenced by the basis of calculating the dressing percentage (hot 

or cold carcass "Weight),  and the treatment of the ani nal prior to slaughter, whioh 

could influence "fill" and certain organ weights. Lush concluded that while dressing 

percentage is a good general indicator of fatness, it is affected by too liill'\Y other 

... 
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things to be very trustwortey, particularly if the aninal.s studied have. a smU.:J. range 

of fatness. 

Hankins and Titus (1959) suggested that one of the most obvious and best known 

changes that accanpe.ny growth and rattening is the increase in dressing percentage. 

They quote frcm data on 5000 normally fed hogs that varied from 60 - 580 lb. in final 

feed-lot weight. Increase in weight was accompanied by an increase in dressing per-

centage from 67 to 80. Similar figures are quoted for cattle and lambs. As fat is 

the last najor tissue laid down in the carca.s� and thus will constitute a greater 

portion of each extra increment of carcass weight, one would espect a correla. tion be-

tween percentage fat in the carcass and dressing percentage. Callow (1944) also re-

lated state of fatness to dress-ing percentage in beef cattle. Thus dressing percentage 

was correlated 0. 95 wi. th fatness as expressed by the ratio of fatty tissue in the car-

cass as a percentage of li veweight. 

/ � and Winters (1949) found a correlation of 0. 659 between dressing percentage 

and backfa t thickness in the pig. The yield of the carcass in terms of the five prinal. 

cuts (ham, picnic, loin, belly and Boston Butt) was not associated with dressing per-

centage. 

(B) INFORMATION ON A PART OF THE CARCASS (e . • g. SAMPLE 
JOINTS) 

Two JI&.in regions of the carcass have been used as sample joints. The three rib 

cut ( 9-10-U ribs) has. been the sample joint favoured by American workers, probably 

because much of their meat work concerns cattle, for which the other sample joints 

ua:ed rmy prove too. bulk¥ for large scale experiments. Other workers have followed 

the methods developed by Ha.Dmond (1952) of the CaJJibridge school and have shown prefer-

ence for the leg plus loin. They were ohosen because they include an e.arly and a late 

developing joint, they are accurate indices of carcass composition and they are rela-

tively easy to disaect. This. approach, thus far, has been followed on sheep and pigs. 
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(1) The rib cut 

Qn the available information, Lush (1926) concluded that the portion of the beef 

animal most frequently analysed to determine level of fatness was the wholesale rib 

cut. A linear correlation of +0. 987 � 0.005 was obtained between percentage fat in 

the entire live an:inal and percentage fat in the rib cut. Thia iniex of body fatness 

was; more reliable than aey other indicator looked at. The correlation between fat in 

the entir� live a.n:iim.l ani fat in the edible meat of the carcass was almost unity 

suggesting that the wholesale rib cut is an equally good indicator of carcass fat. 

Hankins � al. (1945) found the correlation coefficients between the 9-10-11 rib 

cut and the dressed carcasses of cattle to be for the following separable components ; 

fat 0. 95, lean 0. 90 a.nDl bone 0. 80. The appropriate regression equations were given. 

Hopper (1944) nade use of the published cattle data from Missouri and North Dak­

ota. He looked at relationships between the components of the wholesale rib cut, the 

9-10-11 rib cut and the edible portions of these cuts as. COIIlpi.red to these same com­

ponents in the edible and non-edible carcass. The constituents studied included sep­

arable fat, lean ani bone ;  and the chemical ether-extract, protein, water and ash. 

A large number of correlations and regression equations was presented for these data. 

Most correlations and particularly those for measures of fatness were well over 0. 9 .  

Ha.nkins and Howe (1946 )  also have data. on the physical and chemical constituents 

of the 9-10-11 rib cut and the whole carcasses for 120 cattle. They calC?uJ.ated lower 

correlations than Hopper; those for separable fat and ether-extract were the highest 

(r = 0. 95) .  The equations of Hopper and those of Hankins and Howe seem to be the stan­

dard ones used for estinating purposes in U. S.A. , using nainly the relationship between 

the carcass and the 9-10-11 rib cut. 

The wholesale rib cut ( 9 riba) has, been used as a:n index of the composition of 

lamb carcasses, (Hanld.ns, 1947) . A correlation between the separable fat of this cut 

ani the carcass aae.a whole of 0. 98 was shown. A similar high correlation waa. found 

for ether-extract. In Kew Zealand lamb ani nutton ca.roasses, Shorla.nd. � .!:!· (1947) 
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found a correlatiom of 0. 99, between percentage ether-extract in the edible meat of 

the thorax and that of the rest of the carcass. The thorax in this case would in-

elude the 9-rib cut of Ha.nkins '  lamb data. 

The above work suggests that the wholesale rib cut or a 9-10-11 rib cut can be 

a gpod �ple joint for predicting the composition of the carcass as a whole and in 

particular for predicting its fat content. 

( 2) Leg and the loin 

The use of these joints in combination, as indices- of carcass: composition of 

the sheep, was suggested by Bil.sson (1959) .  He considered them suitable because they 

can be cut w.i.th precision, give infornation on a valuable portion of the carcass, are 

easy to disaect and include an early and a late developing region of the carcass. 

Correlations between the fat, nuscle and bone in the sample joints and the same con-

stituents in the whole carcass approached unity for eleven lambs and five hoggets. 

It was always found that the correlation for the joint component as compared with 

the same component of the total carcass was slightly less. than for the combination 

of both joints. 

For the ether-extract of edible portion of the leg and loin, Shorland � al. 

(1947) found in New Zealand lamb and IIIltton, correlations with the same fraction of 

the total carcass of 0.  86 and 0. 97 for these two joints respectively. Unfortunately 

the combination of leg plus loin was not tested. OOsson and Verg�a (1952) also des-

cribe the use of sample joints on the sheep. 

McMeekan (1941) found the combination of leg plus loin was of higher predictive 

value than either leg or loin alone, for the dissectible constituents of the pig. 

( 5) Carcass, chemical <DmpOnents as 
indices of carcass comp.osi tion 

caJ.law (1942) and Sh.orland � al. (1947) have shown that the chemical components 

of water, protein and fat in the . edible carcass are closely interrelated. 



99. 

( 4) Coring device 

The use of a coring device to obtain a oaroass sa.mple was suggested by Aunan and 

Winters (1952) .  The results., as expected, were not as accurate as those obtained frcm 

the use of sample joints. 

(C) INR>RMA.TION FROM. THE OFFAL. 
IDRTION OF THE ANIMAL 

The offal portion of the body rray provide infOI"'I8.tion on the carcass and so pre-

vent the destruction of saleable meat, as occurs when sample joints are used. Cannon 

bones have the added advantage that they oari be stored for future reference. 

( 1) Internal fat depots 

Lush (1926) suggested that the percentage of offal fat to liveweight rray be used 

as a measure of fatness for cattle. The offal fat consisted of caul fat, ruffle fat 

(frcm mesentry) and gut fat. The coiTelation between the percentage of fat in the 

entire live anilm.l and percentage of offal fat to liveweight, over a very diverse group 

of cattle was 0. 858 � 0. 051. For a uniform group of cattle this c orrelation was 0. 958� 

0. 015. Lush suggested that the results must be viewed with caution as there rray be 

sex differences which could not be estinated in his data, and there was some slight 

evidence for breed differences.. 

Lush also used the ratio of percentage caul fat to liveweight as an indicator 

of fatness, and this was a fairly easy measurement to obtain. It was; not however as 

good an indicator of fatness as total offal fat. Using a combination of dressing per­

ce�tage and percentage offal fat as an indicator of fatness;, Lush found a con-elation 

of 0. 966 between this combination and fat in the entire live a.ni.Jm.l. With a combina-

tion of dressing percentage and percentage caul fat he calculated coiTelations between 

this combination and the fat in the entire live eni�l of 0. 917 over the total data 

and 0. 941 for a uniform group of steers. 

( 2) Interm.l organs 

In an interesting study on stored data from nany sources, on 165 cattle, Kraybill 
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e.t al. (1954) studied the degree of association between the weight of the visceral. 

organs (spleen, liver, heart, kidney and pu10reas ) and the weight of the lean body 

Jm.as and. empty body weight. There was a very high positive correlation between the 

organ weights and both weight of empty body and lean body Jm.s·s (up to 0. 98 between 

lean body mass and. liver weight for one group of cattle studied) . All of the visceral 

organs used were about equally reliable in their predictive values. For a popu:lation 

of cattle limited in age and weight, the liver appeared to be a better indicator than 

the other organs_. However, for cattle varying more widely in age, weight and degree 

of fatness, all organs are good indicator&. 

( 5 )  Cannon bones 

It has been :found :for lambs and hoggets (OOsson, 1959) and for pigs (McM:eekan, 

1941) that the weight of the cannon bones gave an excellent indication of the weight 

of bone in the carcasses. 



CHAPl'ER m 

MATERIAlS AND METHOI6 

The 48 carcasses which were analysed as described in FART I of this project were 

considered suitable for a study on indices of carcass; composition. It has been shown 

that no treatment effects were demonatrated on carcass; weight or on aey measure of 

fat taken. It should be recalled, however, that treatment effects were observed on 

carcass. protein and water and also on diss.ectible muscular tissue. The question ar­

ises as to whether the regression equations calculated for these latter constituents 

will give valid predictions for the general population, assuming that these data were 

originally a representative sample. There is not sufficient evidence available in 

the literature from which to decide whether the treatment induced changes are similar 

to those found under "no:rnal" condi tiona or not. As most of the observed treatment 

effects, although significant, were not of very great n:agni tude, it is considered 

that the use of the present data should not lead to very large predictive errors. 

Some da. ta from earlier W:ssection work carried out in the Sheep Husbandry Dept. 

were also available for study. Twenty five ewe carcasses had been selected for this 

work from the freezing chamber of a meat works, to cover the nornal range of carcass 

weight. These are likely to be Ronm.ey-crossbred carcasses .. 
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RESULTS 

(A) nm'ORMA.TION ON THE ENTIRE CARCASS AND ENTIRE JOINTS 
(WITH PARTICULAR REFERENCE TO INiliCES OF FATNESS) 

(1) Carcass weight 

Carcass weight has been correlated with both chemical and dissectible carcass fat. 

The 48 carcasses had. a mean weight (cold) of' 60.4 lb. , (range 41. 5 - 77. 4  lb. ) The 

mean weight of' chemical. f'at was; 24. 7 lb. (range 10. 5 - 57. 0  lb. ) .Al.so included here 

are three correlations between body weight at the beginning of' the experimental period 

and estinate& of carcass fatnessc. The correlations were included to test the as� 

tiona made in planning this experiment; tha. t ewes of' equal body weight should have 

carcasses at approx:i.na tely equal fatness. 

Table 70 

Correlation coefficients between cold carcass weight (lb. ) and between 
body weight (lb. ) at the beginning of the experimental period, and 
ccmponents of carcass weight. 

Carcass. component Carcass weight 
(48 ewes) 

Carcass chemical f'at (lb. ) o. 9154 as 
Carcass chemi.oal f'a t (%) 0. 7010 sa 
Leg + loin d:l.ssected fat (g. ) 0. 8558 sa; 
Rib cut chemical f'at (g. ) 0. 8571 ss 
Carcass ve.ter (lb. ) 0. 6750 ss; 

� weight 
45 ewes 

0. 7088 sa 
0.4375 ss 
0. 5481 ss 

+The three daily thyroxine treated ewes were excluded because 
there appeared to be treatment effects on carca.ss fat in this 
group. These ewes were, however, aui table for the caroa.ss weight 
correlations because. this had also been reduced in the IY.f:LP group. 

'llhe mean weight at the 25 dissected carcasses 118.8 60. 6 lb. ,  (range 57. 9 - 80. 8 lb. )  

The mean weight of' dissected fatty tissue from these carcasses waa 21. 5 lb. , (range 

10. 2 - 40. 9 lb. ) The correlation coefficient between carcass; weight (lb. ) and weight 

of dissectible fat 'WB.S o. 9591 sa • 
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Regression equations were calculated between oa.rcass weight and weight of car-

cass fat. 

Table 71 

Regression equations for estimating weight of carcass fat from 
carcass; weight (lb. ) Dependent variate (weight of fat in the 
carcass, lb. ) • Y 

1Independent variate = X !' Regression Equation J S 
y. x 

f48 carcasses (chemical data) 'Carcass weight (lb. ) Y = o .  72 02X - 1 8 . 80 1 2. 54 lb. 
25 carcassea (dissection data�Carcass weight (lb. ) � = 0 . 6077'1: - 15 . 3 9  2. 72 lb,. 

(2)  Specific gravity of the carcass 
and of the joints 

The specific gravi ties of the carcasses were determined at a 'Water temperature 

of 1!1 - 20°0. The surface temperature of the chilled carcasses 'WB.S 1.1 - 12°0. Table 

72 presents the means and ranges. for specific gravities and fat and water percentages. 

Table 72 

Specific gravities, fat and water percentages. Means and ranges. 

Item NUmber 

Carcass specific gravity 48 
Rib cut specific gravity 45+ 
Leg specific gravity 48 
Loin specific gravity 45+ 
Half carcass; chemical fat % 48 
Rib cut chemical fat % 48 
Rib cut dissected fat % 48 
Leg dissected fat % 48 
Loin dissected fat % 48 
Half carcass water % 48 
Rib cut water % 48 

1.029 
1. 015 
1.049 
1. 007 
40.4 
50. 9  
51. 0 
25 . 4 
45. 7 
42;. 2 
54. 7 

Range !1. 009 - 1.. 054l 
0. 991 - 1. 059 
1.050 - 1. 076 
0. 984 - 1. 055) 
24. 9 - 54. 5)  
55.4 - 68. 5)  
51.4 - 69. 5)  
16. 2 - 54. 7) 
25. 5 - 62. 2) 
51. 8 - 52. 7) 
22.4 - 48. 8)  

+The method used to determine the specific gravities of the joints 
proved u:nsa tisfactory in the early stages due to technical difficul­
ties and some · of these data had to be discarded. 

Table 75 presents the correla tiona between the specific gravi ties of the oar-

casses and other variables. 



Table 75 

Correlation coefficients between specific gravities (S. G. ) of 
the carcasses and other varia tes, (chemical data unless: other­
wise stated. ) 

:1.04. 

Other variate No. of pairs Carca.ss S. G. ea s G rcass • •  

Carcass side % fat 
Carca.ss side % fat !NP. tcy:rorine trea. ted) 
Carca.ss side % fat LP. thyroxine treated) 
Ca.rcass side % fat Control ewes) 
Carca.ss side % water 
Rib cut % fat 
Rib cut % fat (dissected) 
Rib cut % water 
Rib cut specific gravity 
Leg fat % (dissected) 
Leg specific gravity 
Loin fat % (dissected) 
Loin specific gra.vi ty 

Table 74 

48 ;...(). 8417 
15 -0. 8255 
15 -0. 9060 
15 -0. 8769 
48 0. 7875 
48 
48 -0. 784:1. 
48 0. 7928 
45 0. 6224-
47 -0. 5860 
47 0. 5947 
48 -0. 7511 
44 0. 6648 

Correlations between joint specific gravities and state of 
fatness; of the joints. 

s:s 0. 8405 
sa 0. 8211 
SS: 0. 9058 
ss 0. 8724 
ss -0. 7849 

0. 8589 
ss 0. 7809 
ss; 
ss 
ss 
ss 
SS: 
sa. 

Varia.tes No. of pairs Correlation coeff. 

Rib % chemical fat and rib specific 
gravity 

Rib % dissected fat and rib specific 
gravity 

Leg % dissected fat and leg specific 
gravity 

45 

45 

48 

Leg % dissected fat and leg if . 1 
. ty 48 spec l.C gra.Vl. 

Loin % dissected fat and loin. specific 
gravity � 

-0. 7870 ss 

-0. 8958 ss; 

-0. 8161 ss 

0. 8161 sa 

-0. 7950 S& 

ss 
ss 
ss 
sa 
ss 
ss 
ss 

The above figures show that in nearly all cases, specific gravity is a good indica-

tor of state of fatnesa. By using the relationships in Table 75 it was possible to 

predict the fat and water percentages of the ewe carcasses within the ranges presented 

in Table 72. The appropriate regression equations are presented in Table 75. 



Table 75 

Regress:i.on equations for predicting carcass composition from 
carcass specific gravity (S. G. ) 

Dependent variate (% chemical fat in the carcass) = Y 
Dependent varia te (% water in the carcass ) = Z 

Population Nb. of Independent Regressi.on 
pairs variate = X  equation 

Control ewes 15 Carcass S. G. Y :  578. 6 - 523. 8X 

Control 15 1 Y :  544. 1  
- 489. 3 ewes Carcass s.G.. 

X 
NP:Impl.anted ewes 15 Carcass S. G. Y = 438. 9 - 386. 5X 

NP:T�ented ewes 15 
1 Y =  408. 3 

- 355. 7 Carcass: -
X S. G. 

LP: Implanted ewes 15 Carcass S. G. y = 534. 0 - 479. 2X 
LP:Implanted ewes 15 

1 
y = 

496. 1  
- 441. 3 Carcass s:G. 

X 
Within above subclass:es + 45 Carcass S. G. Y = 517. 7 - 463. 5X 

Within above subolassea + 45 1 
y = 484. 0 

- 429. 8 Carcass; -
X S. G. 

Total 48 ewes 48 Carcass S. G. Y = 537. 8 - 8. 483X 

Total 48 48 1 
y = 

504. 7 
- 450. 3 ewe a: Carcas& s:G. 

X 
Total 48 ewes 48 Carcass S. G. Z = 515. 9X - 282. 9 
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s y. x 

3. 12% 
3. 1'7% 
2. 88% 
2. � 
2. 55% 
2. 55% 
2. 85% 
2. 8'7% 
3. 24% 

3. 25% 
2. 5� 

+That is', within the control ewes plus within the NP:Im:,pl.a.nted ewes plus within the 
LP:ImpJanted ewes,. 

It rray be noted that the theoretically based curvilinear regression line f!P.ve 

resul.ts that were no more accurate than a straight regressi.on line for predictive 

purpos·es. 

A least squares method which ha�een used by Bel tsville workers. (H:iner, 1957. 

Ebrsonal cummunioation) , was used to estimate the specific gravity of the fat and the 

specific gravity of the fat free oarcasa, :from those above equations which are based 

on the reciprocal of carcass specific gravity. The method used is specified in the 

appendix. The method uaed gave the results presented in Table 76. 

Table 76 

EstiDated values for specific gravity of fat and specific gravity 
of fat free oarcasL 
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PtDpula. tion Nb. of pdrs Fat S. G. Fat free carcass S. G. 

Control ewes 15 0. 9255 1. 112 
NP:Impla.nted ewes 15 0. 8960 1. 148 
LP: Implanted ewes 15 0. 9165 1. 124 
Within above subclasses 45 0. 9156 1. 126 
Total ewes. 48 0. 9171 1. 121 

The above values for specific gravity of fat rray be compared to a val.ue of 
0 

0. 8999 �;� which was determined on the perinephric fat of five ewes from this experi-

ment ( Shorland, 1957. Personal cOliilllllication) . The values for the specific gra.vi ty 

of the fat free carcass are in relatively close agreement with the values of 1. 098 and 

1. 094 (Keys and Brozek, 1955) as the specific gra.vities of the fat free body nass: of 

mm and guinea pigs respectively. The higher specific gravity values for the fat free 

ea.rcasses of the implanted ewes as conp.red to the controls was to be expected, as it 

was shown in Tables 15 ani 16 (PART I) that the fat free carcasses of the implanted 

groups were dehydra. ted. 

( 5) Dressing percentage 

Table 77 presents the results of the correlations between dressing percentage 

(hot carcass weight/liveweight at slaughter) and percentage chemical fat in the car-

cassea of the experimental ewes. The mean dressing percentage was 55. 4  (range 48 . 4  -

59. 7) . 

Table 77 

Correlations between carcass chemical fat and dressing percentage. 

BDpul.a.tion No. of pairs Correlation coeff. 

Control ewes 15 0. 8694 as. 
NP:�lanted ewes 15 0. 7682 ss 
LP:!In.!ilanted ewes 15 0. 8218 ss 
All ewes 45 0. 8217 ss; 

The following regress:i.on ei!JB.tions were calculated for these data. 



Table 78 

Regression equations for �dieting carcass. chemical fat 
percentage from dressing percentage. 

Dependent variate (% chemical fat in the carcass) a Y 

Population 

Control ewes 
All ewes 

No. of 
prlrs 

15 
45 

Independent Regression 
varlate = X equation 

Dressing % y .  1. 794X - 55. 5 
Dressing % Y =  1. 595X - 44. 4 
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s y. x 

5. 2% 
5. 2% 

It is of interest to note that the carcass chemical fat percentage could be pre-

dieted as accurately from all ewes as it could be from the control sheep. This ia in 

spi. te of the fact that thyroxine treatment lowered the weight of the ga.strointestinal 

contents, one of the components of body weight. 

(B) INFORMATION: ON PART OF THE CARCASS 

(1) The 9-10-11 
rib out 

This is the rib cut referred to throughout the results sections of this experi­

ment. The mean percentage protein of the rib cut was 10. 95 (range 7. :t - 15. 7%) and 

the mean carcass; protein percentage was 12. 52 (range 10. 1 - 16. 4%) . The means and 

ranges for chemical and dissected fat and for water were presented in Table 72. 

Table 79 

Correlations between canponents of the rib cut and other rib and 
carcass; componentL 

· 

Varlates 

Rib % che�cal fat and side % chemical fat 
Rib % dissected fat and side % chemical fat 
Rib % chemical fat and rib % dissected fat 
Rib % water and side % water 
Rib % water and side % chemical fat 
Rib % 'W8. ter and rib % chemical fat 
Rib % protein and side % protein 
Rib dissected DUScle wt. (g. ) and leg + loin 

l!llSCle wt. (g. ) 
Rib protein wt. (g. ) and rib DllSCle wt. (g. ) 

No. of 
pairs 

48 
48 
48 
48 
48 
48 
48 

48 
48 

Correlation 
coeff. 

0. 9580 ss. 
0. 9056 S& 
0. 9162 S& 
0. 9548 ss 

-0. 9509 sa 
-0. 9794 sa 
0. 8858 ss 

0 •• 8009 sa; 
0. 5865 ' sa 
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Table 79 suggests that the: 5-rib out is a sui table index of carcass caupoai tion 

in the ewe and so regression equation& were calculated for this cut. 

Table 80 

Regression equations for estimating rib and carcass components of 
the ewe from components of the rib cut. (based on 48 pairs of 
observations;) . 

Independent varia te = X 

W.t. rib chemical fat (g. ) 

% rib chemical fat 
Rib water % 
Rib water % 
Rib protein % 

Dependent varia te = Y 

Wt. carcass chemical fat 
(g. ) 

% carcass chemical fat 
Carcass water % 
Carcass fat % 
Carcass, protein % 

Regression 
equation 

Y = 14. 81X + M99 

y = 0. 747.X + 2. 52 
Y = 0. 726X + 16. 99 
y = 75. 58 - 1. 014X 
Y = 0 . 6798X + 5 . 09 

s 
y. x 

877g. 

1. 7� 
1. 25% 
2. 19% 
0. 7(Jf/o 

The low standard en-ors of estimate of these regression equations suggest that the 

three rib cut gives an accurate estinate of carcass composition. The use of rib protein 

% to predict that of the carcass has resulted in a low standard en-or of the regression 

equation but in this case the eZTOr is high proportionally because of the low range of 

protein percentages in the carcass. 

( 2) Leg and loin 

The literature has shown that the dissectible components of the leg plus loin and 

of these joints individually are good indices of the dissectible components of the car-

cass as a whole. Dissection data were available for study from 25 ewe carcasses. These 

carcasses had a mean weight of 60. 6  lb . (range 57. 9  - 80. 8 lb. ) The mean weight of 

dissected fatty tissue was 21. 5 lb. (range 10. 2  - 40. 9 lb . ), of dissected mlSCular 

tissue was 29. 6 lb. (range 20. 1 - 57. 7 lb. ) and of bone was 6. 2 lb. (range 4. 6 - 7. 8 lb. ) 

Table 81 presents the relationships. between the components of these joints; and those of 

the carcass- as a whole. 



Table 81 

Correlations between the dissectible components of the carcasa; 
and. the same canponents of the leg and l.oin (stored data) . 
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Variates No. of pairs Correlation coeff. 

Carcass fat (g. ) and fat of leg + loin (g. ) 25 0. 9839 sa; 
Carcass fat (g. ) and fat of loin (g. ) 25 0. 9743 ss 
Carcass fat (g. ) and fat of leg (g. ) 25 0. 9452 ss. 
Carcass muscle �g. � and leg + loin Im.lscle (g. ) 25 o. 9725 ss 
Carcass Imlsole g. and loin muscle ( g. ) 25 0. 9265 sa 
Carcass, muscle ( g. ) and leg ImlScle (g. ) 25 0. 9540 ss 
Carcass. bone (g. ) and leg bone (g. ) 25 o. 7096 ss 

The relationship between a component of a sample joint and the same carcass com-

ponent was closer for the combination of the leg plus loin than for the individual 

joints. The reason for the conq:aratively low correlation between leg bone weight and 

carcasa: bone weight aa conq:ared to higher values reported by other workers is not 

apparent. A possible explanation rm.y be that other workers have studied a growth ser-

ies, as opposed to the present experiment where mature aninals have been used. SUch 

a group of rm. ture animals is likely to provide a more severe test of any relationship 

between two variables uncomplicated by growth. Regression equations were calculated 

for the above data. 

Table 82 

Regression equations for estimating dissected carcass. components 
from dissected components of the leg and loin of 25 ewes. 

Dependent varia te (carcass fatty tissue. g. ) = Y 
Dependent varia te (carcass DllSOular tissue. g. ) = Z 

Independent varia te = X 

:Fatty tissue of leg + loin (g. ) 
:Fatty tissue of loin (g. ) 
Eatty tissue of leg (g. ) 
MUscular tissue of leg + loin ( g. ) 
Muscular tissue of loin (g. ) 
Milsoul.ar tisaue of leg (g. ) 

Regression equation 

Y = 955. 2 + 4. 178X 
Y = 1740. 2 + 5. 099X 
y = 19. 584X - 711. 6 
Z = 1152 + 3. 695X 
z = 3280 + 6. 032X 
Z = 287 + 8. 013X 

( 3) Carcass chemi.oal components 

s y. x 

655. 7g. 
807. 2g. 
1176g. 
462. 6g. 
747.0g. 
597. 7g. 

'llhe literature indica tea that the relationship between the chemical components 

of the edible meat in the carcass (fat, protein and. water} are high and ao it 1I8.S 
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not surprising that this also applied to the chemically analysed whole carcass. The 

correlation coefficient between the % water in the haJ.:f carcass and the % chemical fat 

in the ba.lf carcass was. -o. 9794 sa. The regression equation for predicting side % fat 

from % water was:-

% chemical fat = 99. 51. - L 401X where X = % carcass.. water. S . • 1.. 20% y. x 

A correlation was calculated between side % water and side % protein. This corr-

elation was also caloula ted wi. thin the control sheep alii wi. thin the thyroxine treated 

ewes. 

Population 

Total 48 ewes 
1.5 control ewes 
55 th;yroxine trea. ted ewes 

Correlation coeff. 

0. 8055 ss. 
0. 8725 BS 
0. 841.4 ss; 

(C) INFORMATION. FROM THE OFFAL BJRTION OF THE ANIMAL 

(1.) Internal fat depots 

Correlations; were calculated between the weight of omental and mesenteric fat 

and combinations of these fats and estimates of carcass fatness; for the 48 ewes from 

PART L 
The mean weight of omental fat was 5. 85 lb·. (range 1.. 50 - 7. 10 lb. ) 
The mean weight of mesenteric fat was 1. 54 lb. (range 0. 94 - 2. 28 lb. ) 

Table 85 

Correlation coefficients estimated between weight of some internal 
fat depots and estimates of carcass fatness for 48 ewes. 

Carcass chem. Leg + loin dis- Carcass % 
fat, lb. sected fat g. chem. fat 

<Omental fat lb. 0. 7821 sa 0. 6905 ss. 
Mesenteric fat lb. 0. 5742 ss 
Omental + mesenteric fat lb. 0. 7751 ss 0. 6177 ss; 

Omental 
fat lb. 

0. 7061 ss, 

Since weight of omental fat and weight of carcass fat were most highly correlated, 

a regression equation was calculated for estimating carcass fat weight. 

Carcass fat weight (lb. ) • 10. 56 + 5. 745X where X = weight of omental fat (lb . • ) 

S = 5. 89 lb. It can be seen that the above estimate of carcass fatness is less 
y. x 

accurate than the more easily obtained info:nm.tion on the carcass, as a whole for 



Which results are presented in Table 86 . 

( 2.) Inf'orna tion :fran the internal 
organs;. 

111. 

The results o:f an experiment by Kraybill � !J_. ( 1954) suggested tba t lean body 

nass: could be estina ted accura. tely fran the weight of some internal organs. In this 

case it would aJ.so be possible to estinate fat by difference. Data were available 

from 48 experimental ewes (PART I) to test these relationship&. It should be borne 

in mind that aJ.l the variables to be used were affected by the low plane of rrutri tion 

arii/ or thyroxine treatments. 

Table 84 

Correlations between some internal organ weights and the weight 
of the fat f'ree carcass., carcass weight, weight of JJI.lScle from 
the leg + loin, and carcass. protein weight, for 48 ewes. 

Carcass wt. 
Fat free carcass wt. 
Leg + loin muscle wt. 
Carcass protein wt. 

Liver Wit. 
0. 4594 as 
0. 7291 ss 
0. 6695 ss 
0. 5278 ss 

Kidneys wt. Heart wt. 

0. 4675 ss 0 . 4540 ss 

A& aJ.l the organs considered above and the fat free carcass weight were reduced 

by a low plane of rrutri tion the correlations between these variables were recaJ.cula ted 

within the classification of rrutritional plane. 

Table 85 

Correlations between the weight of the fat free carcass. and organ 
weights caJ.oula.ted within the rrutritional planes. 

Wt. of :fat free carcass 

25 li:>rual plane ewes 
25 Low plane ewes 

Liver wt. 
0. 6690 ss 
0. 2574 ns 

Kidneys wt. 
-0. 0448 ns 
o. 2054 ns 

Heart wt. 
0. 1589 ns 
0. 5079 s 

These results indicate that within a unifo:r:m group o:f me.ture ewes, organ weights 

are unlikely to be of use for predicting carcass weight and composition. Of the organs 

tested, liver weight was most closely related to fat :free carcass weight. 



OHAPl'ER V 

DISCUSSION 

The ewes were selected in Part 1 on the assumptions that animals of equal body 

and carcass weights should be of approxilm.tely equal fatness,. The correlation coeff-

icienta of 0. 71. and 0. 91., between carcass fat weight and body and carcass weights res-

pectively, provides some justification for these assumptions. The above correlations 

indicate that level of carcass fatness is likely to be the major factor influencing 

body am carcass weight. 

The accuracy of prediction of chemical carcass fat from indices of carcass com-

position is suggested in Table 86 and for dissectible carcass fat in Table 87. 

Table 86 

Standard errors of estimate of regression equations for 
predicting chemical carcass fat. ( 48 carcasses. ) 

Independent variate = X 
% carcass water 
% chemical fat of rib cut 
% water of rib cut 
Carcass specific g:ravi ty 
Dressing percentage 
Carcass. weight 
W.eight of omental fat 

Table 87 

Standard error (% chemical fat) 
1.. 20% 
1.. 7� 
2. 1.9}& 
2. 85% 
3. 20fl 
4. 20}6 
6.44% 

Standard errors of estinate of regression equations for predicting 
dissectible carcass: fat. ( 25 carcasses - a.tored data. ) 

Independent varia te = X 
W:t. dissectible fat in leg+ loin 
wt. disaectible fat in the loin 
Carcass wt. 

staMard error (% dissectible fat+) 

+'IDle standard error was origi.na.D;y expressed as weight of fat, but waa 
converted to percentage fat in the carcasses. (for comparative purposes;) 
by using mean carcass weight • 

.AJ4Wough, percentage ca.rca.ss water and percentage water in the rib cut are among 
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the most accurate indices for the prediction of carcass: chemical fat percentage, 

they are unJ.ikely to be used in practice. In view of the work involved in obtaining 

these figures, the added chemical work necessary to get percentage carcass fat figures 

is; snall and greater acGru.racy will be achieved. 

Thus the two most aocura te indices of carcass fat which are likely to be us.ed 

in practice are percentage chemical fat in the rib out and weight of dissected fat 

in the leg plus loin (g. ) .  The above comparison will be unfaar to the leg plus loin 

in that smaller mmibers were used in this regression equation. Also, the weight of 

fat dissected will include varying proportions of chemical fat; so these two sample 

regions are not being strictly co�d on the same basis. It should be noted that 

these indices were estimated from different population samples� 

Because of the saving in time and finance by using indices on the carcass. as a 

whole, the c�tive accuracy of these indices and in particular of carcass specific 

gravity nnkes: them worthy of considers. tion. The relative accuracy of carcass weight 

as; an index of carcass fat proportion provides a justification for taking carcass 

weight as an end point in production experiments for the JIB.ture ewe. However, data 

are needed on the other sexes (male and neuter), on the growing sheep, and on other 

species before wide genera.lisa tions can be JIB.de. The indices from the internal fat 

depota looked at, do not appear to be of practical use in the JIB.ture ewe . 

As has been shown for other species ani for preliminary results in the lamb, the 

specific gravity technique gi veso.a. good ind.ica tion of the fat content of JIB. ture ewe 

carcasaea. Underwater weighing indicated a carcass specific gravity ranging from 

1. 009 to 1. 054 for ccarcass fat percentages ranging from 24. 9 to 54. 3. 

en these ewe data, no greater accuracy of prediction was obtained by fitting a 

eyperbolio curve, which far theoretical reasons; should be IOOre accurate (Moral.ea. 

� al. , 1945) than a s;tra.ight line . 

�e equation for the 15 control sheep presented here differs from that reported 
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preViously for these same ewes (Ba.rton and Kirton, 1956) because the preaent equation 

was calculated on the corrected % ether-extract (fat) whereas. the previous equation 

'W8.S based on the uncorrected % ether-extract. 

The &tatistical estimation of the specific gravity of fat and the specific grav­

ity of the fat free carcass agreed well with the actual determination of the former 

specific gravity and results published in the literature for the specific gravity of 

the fat free a.nine.l body. The evidence of Rathbun and Pace (1945) on guinea pig& 

suggest that these ewe carcass specific gravity values nay apply to the ewe body as 

a whole ;  direct determina. tion is however necessary to va.J.ida te this extrapmla tion. 

The specific gravities of the joints studied gave a good indication of their 

state of fatness. However, in view of the high relationships between state of fat­

ness; · of these joints ani carcass. fatness, the corresponding correlations between spec­

ific gravi ties of these joints and of the carcasses were disappointingly low. 

The rmgnitude of the correlation between d:resnng percentage and carcass fatness 

was surprising in view of the diversity of treatments applied to the experimental 

groups and the two different lengths of pre-slaughter &tarva ti.on period. This suggeats 

that under standard conditions and using a standard basis for calculating dressing 

percentage, this percentage can give a usef'ul measure of fatness. 

The 9-10-11 rib vut has proved in the sheep, as; far cattle, to be a reliable 

sample joint as an indicator of carcass; chemical composition. From this cut, the 

chemical fat ani water composition of the ccmpl.ete carcass; could be accurately esti­

na ted. The rib cut gave a less. reliable estina te of carcass protein. No ash data 

were available on the rib out. 

!11be omental ani mesenteric fat depot&, individua1ly and in combination, were re­

lated to level of carcass fatness:. This relationship was. not, however, good enough 

for experimental predictive pmzposes. 

The low order of the correlation between internal organ weights and the weights 
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of the chemical fat free carcass, protein and muscular tissue suggest that this re­

lationship is not high enough for predictive purposes in �mture ewes. The high corre­

lations reported by Kra.ybill n al. (1954) were calculated on cattle of widely dif:t'er­

ent ages and liveweights. On enitmls of more uniform age and weight the correlations 

were of a lower order as was; found in this present study on �mture ewes. The liver 

weight appeared to be most closely related to fat free body weight but even for this 

organ the relationship was, not close. 



CHAPl'ER VI. 

SUMMARY AND CONCWSIONS 

(1) The oa.rcasses of 48 Romney erossbred ewes studied in B\RT I plus stored 

dissection data on a further 25 Romney crossbred ewe carcasses were used in an in­

vestigation of the value of indices of carcass composition. 

(2) High correlation coefficients of 0. 91 and 0. 94 were estinated between car­

cass weight and weight of chemical carcass fat and fatty tissue respectively, indicat­

ing that this tissue is a !IIl.jor factor influencing carcass weight in the m.ture ewe .. 

Thus with this knowledge there is some justification for taldng carcass weight as an 

index of treatment effects in this species. 

(3)  The use of carcass specific gravity aa. an index of carcass fatness has been 

va.J.idated for the ewe as has previously been done for other species. The mean carcass 

specific gravity was 1. 029 (range 1. 009 - 1. 054) for 48 ewe carcasses averaging 40.4% 

chemical fat (range 24. 9 - 54. �) and the correlation between them was -0. 84. Re­

gression equations are presented for predicting carcass fat ani �G� - 428. 9 is sugg­

ested for esti.Jm. ting the carcass fat percentage of New Zealand Romney-crossbred ewes 

fran carcass specific gravity. Joint specific gravity was also closely related to 

the fatness of the joints studied. 

(4) Dressd.ng percentage was also closely related to state of carcass fatness, 

but is slightly less accurate for prediction of chemical fat than is carcass specific 

gravity. 

(5)  The use of a 9-10-11 rib cut has been studied for the first time as an in­

dex of the chemical oompoai tion of JIUtton carcasses. This cut is an aooura. te estina t­

or of total carcass fat and water percentages, but is a lea& accurate indicator of 

carcass protein percentage. 

(6) The use of the leg plus loin as sanple joints gave reliable indications of 

116. 
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carcass fatty and muscular tissue which Vi9.S simi.la.r to the results reported by other 

workers on the pig am iJIJm. ture sheep. 

( 7)  Carcass water percentage was. closely related to carcass chemical fat pe� 

oentaga ( r = 0. 98 ) .  

( 8)  The weights of omental and mesenteric fat were highly significantly correl­

ated with the weight of carcass fat, but the relationship was not close enough to be 

use:f'ul for predictive purposes. 

(9) The relationships between s�eoted organ weights (liver, kidneys, heart) 

am the weight of the fat free carcasses. were too weak far predictive purposeS\ in the 

mature ewe. 
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Theoretical method of esti.Jm ting the density of fat and the density of the fat free 

body as suggested by Dr. W. Harvey, Biometrition, Beltsville. (Hiner, 1957. Per­

sonal cOIIIllUilica tion) . 

Two least squares methods are available for estinating � and � from data 

such aa that given by Kra.ybill ..!! al. (1952) .  The linear regress:i.on equations 

which rray be used to estirrate thes:e two densities are derived from the theoretical 

equations given by Kraybill et .!!· on page 579 of the paper referred to above." The 

derivation of both equations; was given by Hiner but only the derivation of equation 

( 2) which it was considered gave the best estirra tea of 1\a and »p will be given below. 

This equation was applied to the data in the present experiment. 

Theoretical equation 

G = F 
� 

Where . G = whole-e.nilm.l specific gra.vi ty 
M = body weight 
F = weight of body fat 

_ � density of body fat 
I£= density of lean or fat-free, 

body rraas. · 

For the purposes of the present experiment where appropriate read carcass for body 

and specific gravity for density. This equation express.es a curvilinear relationship 

between body fat and body specific gravity. 

Derivation of equation (2) 

D:i. vide the numerator and denom:lna tor of the theoretical equa. tion by !L 

G •  1 

where P cl ia; the deoirral fat percentage 

1 �'a + 1� ... -F a - . G � D L  

� - � 1 

n_, � i!'d + � • 

r 



I 

F
d 

= It_ - G � � 
G D_u � - � 

( DL -1) -�:. ( 
� D ) Ill: J .• . p 

G- :C1lJ:, - 17 j · 

� � � I\,  DP 
� 

� -
D

F 

-
(2) 

This i s  now in the form of the ordinary linear regression equation, 

where..:. 

In both equation (1) and equation ( 2),  X was measured with error. However, 

the error of' measuring X was likely to be greater if equation (1) was used. There-

fore, it would seem that the best estimate of' Dr, and � are obtained frcm the appil.i­

cation of equation (2 )  given above. 

Equation (2) corresponds to the equation fitted by Kraybill _tl !J:_. (1952) .  
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