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SUMMARY 
Fats from various tissues of 48 six-year-old Romney 
ewes and 60 sixteen-month-old Romney wethers were 
found to have the following mean iodine values: 

Depot Ewes Wethers 
Perinephric fat ____,, .__... ,.,.,. 40 
Omental fat ,..... ____., - :: 
Loin subcutaneous fat 42 49 
Loin intermuscular fat 44 
k;;gtFrnus dorsi muscle fat 2: 60 

- 
Tibia-tarsus ,,.,,, .._. ___._. 54 - 
Metacarpus .._._, 80 - 

As indicated above, the iodine values of fats from 
wethers were higher than those for ewes. Within a 
gjven tissue the iodine values showed great varia- 
tion - e.g., in perinephric fats of the ewes and 
wethers, the iodine values cover a range of 15 and 12 
units respectively. Moreover, the iodine values were, 
in general, not uniform in the different depots of the 
same animal but some correlation was found 
between the iodine values of the subcutaneous and 
the intermuscular fats and the longissimus dorsi 
muscle fat in the ewes. 

Although the iodine values of the fats have been 
examined from the point of view of growth rate 
and order of development of t.he tissues, and the 
temperature of the depot, no correlation has been 
found, nor can any reason be given for the remark- 
ably high iodine value of the fat from the meta- 
carpus. 

No significant differences were apparent between 
the iodine values of fats from wethers which had 
been grazed on different pastures, namely, perennial 
ryegrass.; short-rotation ryegrass ; perennial ryegrass 
plus white clover; short-rotation ryegrass plus white 
clover; perennial ryegrass then changed to short- 
rotation ryegrass plus white clover; short-rotation 
ryegrass plus white clover then changed to perennial 
ryegrass. 
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INTRODUCTION 

THE LITERATURE contains many references to the charac- 
teristics of body fats of animals. Few papers, however, 
have been concerned with an examination of material from 
ruminants of known history nor have many workers 
attempted to explain the reasons for the variability in the 
characteristics of the fat, Two sheep experiments in which 
disSection and chemical analyses of carcasses were under- 
taken provided the material for the studies reported here. 
The present paper is an extension of the studies of Shor- 
land, Barton and Rae (1962). It is largely concerned with 
emphasizing the variability in the iodine value of the fats 
from these experiments and examining the results in rela- 
tion to findings made by earlier investigators. 

The iodine value or iodine number gives a measure of 
the composition of a fat in terms of the proportions of 
saturated and unsaturated acids present. Fats having a high 
proportion of saturated acids have low iodine values while 
those with a high proportion of unsaturated acids have 
high iodine values. Fats with low iodine values are “hard” 
and they are not as susceptible as “soft” fats (high iodine 
values) to oxiddtive spoilage. In addition, iodine values of 
fat samples can be used as a convenient and simple means 
of selecting material for a more detailed study involving, 
For instance, gas-liquid chromatography. 

Among the meat animals, soft fat is known to occur in 
pigs, particularly in those raised in the cornbelt region 
of the United States of America. When corn is fed to pigs, 
corn oil is deposited in the carcass fat and if the pigs 
grow slowly the amount deposited is considerable. In the 
case of fast-growing pigs, however, the fat is synthesized 
in considerable degree from the non-fatty constituents of 
the diet and accordingly the depot fat is relatively hard 
(Callow, 1935a, b). Thus the characteristics of the fat of 
the pig are related to its diet (Ellis and Hankins, 1925 ; Ellis 
and Isbell! 1926; Ellis et al., 1931 ; Hilditch, 1956). Simi- 
larly, studies with rats have shown that, when soybean oil 
is fed, the iodine value of the deposited fat is about 132, 
whereas in rats fed coconut oil under the same conditions, 
the iodine value is only 3.5 (Harper, 1961). 

The iodine value and the fatty acid composition of the 
depot fats of ruminants, on the other hand, remain more 
or less unaffected by the feeding of unsaturated fats 
(Thomas et al., 1934). The marked difference in the char- 
acteristics of the depot fats, in relation to dietary lipids 



IODINE VALUES OF FATS IN SHEEP 123 

shown to exist between simple-stomached animals and the 
ruminants, is now generally believed to be due to events 
taking place in the rumen, notably hydrogenation by rumen 
micro-organisms. Hydrogenating mechanisms of rumen 
micro-organisms first indicated by Reiser ( 1951) are not 
only responsible for the reduction in iodine value in the 
ingested fat but also for the formation of trans unsatur- 
ated acid (Hartman et al., 1954; Shorland et ml., 1955 ; 
Garton, 1961). It is also of interes’t that the branch chain 
fatty acids isolated from the fats of ruminants in the Fats 
Research Laboratory are now believed to originate from the 
micro-organisms of the rumen (Saito, 1960; Akashi and 
Saito, 1960; Keeney et al., 1962). The rumen flora ;nd 
fauna thus play a considerable role in the modification of 
dietary lipids but, in addition, it is likely that further 
changes take place within the tissLles of the animal after 
absorption. 

EXPERIMENTAL 
E\w.s 

Nine groups of 6-year-old Romney ewes provided the 
carcasses from which fats and bones were removed. The 
sheep had been subjected to undernutrition and \,arious 
Icvels of thyroxine treatnient for a period of 28 clays. Con- 
trol groups were also analysed. In total, 48 animals were 
examined (see Kirton and Barton, 1958). 

The fat samples were taken from the left side of the 
ewe carcass. The subcutaneous fat sample comprised all 
the outer fat of the loin, and the intermuscular fat all the 
remaining dissectible fat of this joint. The muscle fat was 
prepared from the longissimus dorsi in the loin region. 
The metacarpal, tibia-tarsal, and f’emur bones of eight of 
the sheep were also analysed. 

Six groups each comprising 10 six.teen-month-old Romney 
wethers were slaughtered. Each group had been glazed 
separately: on perennial ryegrass (P) ; on short-rotation 
ryegrass ( S ) ; on perennial ryegrass plus white clover 
(P + C); on short-rotation ryegrass plus white clover 
(S -1 C). Two further groups were switched after four 
months (P to S + C and S + C to P) and remained on these 
pastures for 21A months before slaughter. 

The omental fat samples of the wethers were obtained at 
slaughter and the perinephric and subcutaneous fats of 
the left side of the carcass were obtained at the time of 
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carcass analysis, as was the longissimus dorsi muscle fat 
sample which was taken from the loin region. 

The fatty tissues and the muscular tissues were extracted 
as described by Shorland et al. (1944) and by Barnicoat 
and Shorland (1952), respectively. A similar extraction 
procedure was used for the bones after they had been 
crushed. The fat-free dry matter was determined by heating 
i-he fat-free residue.to constant weight at 100°C. The iodine 
values of the extracted fat were determined by the Wijs 
(1 hr) method using iodine monochloride and measuring 
the amount in grams of iodine absorbed by 100 g of fat. 

RESULTS 

The means and ranges of iodine value and percentage 
fat for the bones and the fatty tissues examined from the 
ewe carcasses are set out in Table 1. The results are 
arranged in descending order of mean iodine values. Thus 
it can readily be seen that the metacarpus has an oily.fat 
with a mean iodine value of 80 and, at the other end of 
the scale, the perinephric fat is very hard with a mean 
iodine value of 40. Of the three bones studied it will be 
noted that: 
(a> 

(b) 

There is no overlap in the individual iodine values 
between any three bones. 
There is an orderly progression from oily to hard 
fats moving from the metacarpus (lowest extremity 
to the tibia-tarsus (middle bone of the three major 
bones of the hind-limb) to the femur which is the bone 
at the head of the hind-limb. _ ^ 

As far as the fatty tissues are concerned, mean ditferences 
in iodine values are not very great; this is particularly the 
case for the subcutaneous depot, an “outer” fatty tissue, 
and the perinephric depot, an “inner” fatty tissue. The 

TABLE 1: MEANS AND RANGES FOR IODINE VALUES AW 
PERCENTAGE FAT FOR VARIOUS DEPOTS OF ROMNEY Ewe 

CARCASSES 

Fut Depot 
Iodine Value Fat (96) 

Mean Range Meun Range 

Metacarpus ...... ...... ...... 
:: 

77-84 ...... 24 22-28 
Tibia-tarsus ...... ...... ...... ...... 51-57 ...... 31 27-33 
Longissimus dorsi muscle ............ 53 45-58 ...... 4-12 
Femur ...... ...... ...... ...... ..... 45 42-48 ...... 4: 
Intermuscular fat ...... ...... ...... 44 36-53 ...... 7 1 ::I:; 
Subcutaneous fat ...... ...... ...... 4402 35-48 ...... 81 58-9.5 
Perinephric fat ...... ...... ...... 33-48 ...... 88 71-96 
NOTE: Bone data based on eight sheep; fatty tissue analyses based 

on 48 sheep. 



TABLE 2: TI-LE EFFECT OF GIIAZINI; DTFFEREN~I. TYPES 01: 
PASTURE ON THE MEAN IODINE VALUES OF THE COMRINEU 
OMEN.TAL, SUBCUI-ANEOUS, PERINEPHRTC ANI> MUSCI.~ FAX 

OF WETHERS 

Pusture Treutnrerzt No. of Sheep Iodine Vulue -_ 

Perennial ryegrass (P) .____. 40 47 - 
Perennial ryegrass plus white clover 

(P-FC) . 
Short-rotation rycgrass (S) 
Short-relation ryegrass plus”“” whi’ic 

2 :!I 

clover (WC) ,..... 40 51 
Perennial ryegrass (P) changed lo shorl- 

rotaliun ryegrass 
(Si C) 

plus white clover 

Short-rotalion ryegrass ““‘plus”“~~ whi’te 
38 51 

clover (S+C) changed to perennial 
ryegrass (P) 40 50 

muscle fat of the longissimus dorsi is the softest carcass 
fat and it is present in small amounts. 

The iodine values of bones vary less (six units in the case 
of the tibia-tarsus and the femur and seven units in the case 
of the metacarpus) than the fats in the fatty tissues studied. 
The extreme variability is shown to a marked degree in 
the intermuscular fat depot where the iodine values range 
over 17 units. However, the perinephric fat varies over a 15 
unit range, and the muscle fat and subcutaneous fat each 
have a range of 13 units. 

The percentage fat in the different tissues examined also 
shows extreme variability. Passing mention should be made 
of the observations on the bones where it is seen that the 
femur, in particular, has a relatively high fat content and 
to comment that this fact is often overlooked in many 
carcass analyses, especially in growth studies in which the 
various components of the body are being compared. 

In Table 2 results are presented for the mean iodine 
values of the four depot fats examined for each. of the six 
groups of wether carcasses. No significant differences 
between pasture groups for iodine values were apparent 
in these data. The liveweight growth of the sheep differed 
markedly between treatments and there were also pro- 
nounced differences in carcass composition (unpublished 
data). 

The mean iodine values for depot fats of tht, ivethcr 
carcasses are given in Table 3. The iodine value of the 
muscle fat differed significantly from the other depots. 
This was the only significant difference. 
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TABLE 3: MEAN IODINE VALUES FOR DWOT FAX OF ROMNEY 
WETHERS -. __.. _-. 

Fat Depot 
___- 

-_ ._ -h’o.olSlzeepodine Vahc 
Pcrincphric ,..... ,..... ...,, 
Omenlal 
Sllbcuta*,eous”“” 

,. ,. .._. 2: 
44 

Longissimus clorsi muscle”“” 
. . . . 

E 
2 

,,.,,, . . .._. 60 

TABLE 4 : COWELAVION COEFIWXENTS BE-WCEN IOU~NE 
VALUIZS 017 FATS FROM DIFFERENT TISSUES OF TJ-IE LOIN (48 

PAIRS OF OBSEKVAT~ONS ) 
ROMNEV EWES 

Longissinzrls 
Subcuturzcosrs Ir~tetwzuscular’ dorsi tnusclc ___- 

Perinephric 
Subcutaneous ‘.“” 

. . 0.147 0.096 0.077 
- . . . . 0,415”” 

Intermuscular - - . . . . . . 
;:g 

___-. 
+ P<O.O5. 

<::: p<()0,. 

Simple correlation coefficients were calc~tlaled between 
the iodine values of the various depots of the ewe carcasses 
and the results arc given in Table 4. The relationships 
between depots for their iodine values arc non-significant 
except in the case of two correlations, namelv, between 
subcutaneous fat and intermuscular fat and subcutaneous 
fat and the fat of the longissimus dorsi muscle. 

DISCUSSION 

Most of the work on variations in the iodine values of 
fats of meat animals has been done on pigs. Certain rela- 
tionships have been found with this species between iodine 
values of the fat and the site and rate of its deposition. 
Type of diet has also been shown to affect greatly the fat 
characteristics of the pig. In ruminants, however, similar 
relationships have not been demonstrated so conclusively. 

Henriques and Hansen (1901) were the first to suggest 
that the composition of the depot fats of pigs is controlled 
by the temperature of the region. They proposed that 
regions of high temperature, for example the fat around the 
kidneys, would have low iodine values. To support their 
theory they lowered the iodine value of the outer back fat 
of a pig merely by covering the animal with a sheep’s skin. 
Callow (1935a, b), on the other hand, found that there was 
considerable variability in the iodine value along the back 
fat of the pig despite uniformity in temperature. Callow 
(1935a, b) and Johns (1941) attributed the variability in 
iodine value of the back fat of pigs to the rate of groxwth 
of the fatty tissue and to the thickness of the fatty layer. 
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Studies by Shorland et al. (1944) showed that, while 
in most instances there was a general connection between 
the iodine value and growth rate of the fats of the bacon 
pig, variations in the iodine values of fats From pigs fed 
copra could not be explained in this manner. Furthermore, 
the results of fatty acid composition determinations of fats 
from different regipns of the pig or of the sheep carcass 
did not appear to bc consis_tent with the growth rate of 
L‘at hypothesis (Shorland and de la Mare, 1944). 

In contrast to the earlier studies already revic\\;ed. Callow 
and Scarle (1956) using cattle, and Callo\v (1955) lviih 
sheep, hound no clear-cut relationship bet\vcen growih rate 
of fat and its iodine value. In cattle but not in >heep, there 
was a tendency for the iodine value of the fat in both the 
fatty and muscular tissues in each anatomical joint to 
decrease lvith increasing fat content. The work on sheep 
and cattlc suggested that there might be a correlation 
between order of development of the fatty tissue ancl its 
iodine value but the results were generally much less 
definite than for pigs. Recently, however, Callow (1962) 
working with cattle found that a g’ood correlation existed 
between the average percentage of fat in a joint and the 
average iodine value. He also showed in this paper that 
there was an effect due to local temperature of the fat 
depot examined. 

Hartman and Shorlancl (1961), in considering the differ- 
ences in composition between internal and external fats 
of ruminants, have indicated that there art, \:ery small 
differences between these fats in the horse and they are 
of the opinion that this complicates the formulation of 
a general theory to explain the changes in composition due 
to the site of the fat deposition. 

The present work emphasizes the ditierencc between 
non-ruminants and ruminants in regard to the deposition 
of fat. It will be recalled that the mean iodine value of 
the subcutaneous fat of ewe carcasses was 42, while the 
perinephric fat had a mean iodine value of 40. The differ- 
ence of only two units between these two depots was not 
statistically significant. A further important aspect is the 
considerable sheep variability in iodine values within each 
depot. The ranges presented in Table 1 show the cxtcnt 
of this variability and indicate that there is much over- 
lapping in iodine values between a number of depot fats. 

Among the bones, however, it is clear that each bone 
(e.g., femur) differs from another bone (e.g., metacarpus) 
in its fat characteristics and that this would indicate that 



bone fats ought to be regarded as being distinct from the 
other depots studied. The neatsfoot oil-like nature cE the 
metacarpus fat is of interes I but no tenable explanation 
can be given at this stage for its high iodine value in relation 
to that of the other bones. 

The high iodine value of the muscle fat has been explained 
by Callow (1962) and Ostrander and Dugan ( 1962) as being 
due to the presence of phospholipids extracted from the 
muscle cells and these have an iodine value of c.120 accord- 
ing to Callow and Searle (19.56). These last-mentioned 
workers showed with cattle that muscle fats of high iodine 
values were associated with animals having low percentages 
of fat, since the phospholipid fraction tended to be a con- 
stant irrespective of the state of fatness of the animal. A 
preliminary examination of ‘the writers’ data Failed to show 
agreement with their findings. 

Results presented elsewhere (Shorland ct ctf., 1962) 
showed that neither thyroxine nor undernutrition signifi- 
cantly affected the iodine values of sheep fats. This finding, 
together with the results given in Table 2, indicates that 
there is little or no correlation between rate of fat deposi- 
tion and the iodine value of the fat. This observation 
further serves to distinguish the fats of the ruminant from 
those of the pig. 

The lack of significant pasture differences in the iodine 
values of the fats of wethers is surprising in view of the 
differences reported by Johns (1962) in the volatile fatty 
acid composition of the rumen material of sheep in a pre- 
vious experiment grazed on perennial ryegrass and short- 
rotation ryegrass plus white clover pastures. The perennial 
ryegrass gave high percentages of acetic acid and this 
should result in fats with low iodine values as acetate 
probably contributes significantly to the synthesis of higher 
fatty acids in depot and milk. lipids (Shorland, 19.55; Gar- 
ton, 1960). While it is true that the wethers grazed on 
perennial ryegrass had fats of low iodine value, the differ- 
ences between this group and all other groups was not, 
however, significant. 

In sharp contrast to the present results, Shaw el ~2. 
(1960), working with two groups of steers each of two 
animals, stated : “Although values were obtained on only 
two animals in each group, good agreement was obtained 
within each group, leaving little doubt that the [iodine] 
values represented a real difference in unsaturation of fat 
due to diet”. 
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The correlation coefficients given in Table 4 are generally 
of a low order. The interpretation therefore is that, if an 
animal has a high iodine value of one of its fat depots, it will 
not necessarily have a high value in its other depots. This 
means that there is a degree of independence between 
depots, and that a factor affecting the composition or iodine 
value of one depot may not be responsible for the charac- 
terization of the fat in another depot in the same animal. 

It is clear from the foregoing that adequate explanations 
for the variations in iodine values of sheep fats arc not 
yet available. It may now be necessary to cxa.mine in 
greater detail than hitherto the effect which the kind of 
fermentation occurring in the rufilen has on the fatty acid 
composition of the depot fats of sheep. In addition, it may 
be profitable to study genetic effects in relation to the 
characteristics OF sheep fats. Current work is concerned 
with both these aspects. 

REFERENCES 

AK,ISI-I I, S., SAITO, K. (1960): J. Bioclz~~?~., Japur?, 47: 222. 
BARNlCOAT, C. R., SHORLAND, F. B. (1952) : N.Z. J. Sci. Tech., 33A : 16. 
C~I_LOW, E. H. (1935a): Rept. Food Invesr. Bd (Lond.), p. 43. 
- ( 1935b) : Ewzp. J. Exp. Agric., 3: 80. 

(1958): J. crgric. Sci., 51: 361. 
___ (1962) : J. ccgric. Sci., 5s: 295. 
----, SEARLE, S. R. (1956): J. ugric. Sci., 48: 61. 
ELLIS, N. R., HANKINS, 0. G. (1925): I. Biof. C/rem., 66: 101. 
ELLLS, N. R., ISBELL, H. S. (1926a): J. Biol. C’Izerx, 69: 219. 
~ ~ (1926b): .I. Biol. Chem., 69: 239. 
Euyi5Nt R., ROTH\\~ELL, C. S., POOL, W. 0. (1931): J. Biol. Chenr., 92: 

G.ktuoN: G. A. (1960): Nutr. Abstrs. Revs., 30: 1. 
____ (1961): In Digestive Physiology md Nrltritiorl o/ the 

Rctruinunt, Ed. D. Lewis, Butterworths, London. 
HARPER, H. A. (1961 ): Review of Pl?!;siological Chemistry, 8th edn., 

Lange Medical Publishers, Los Altos: California. 
H,ZRT~~IAN, L., SHORUND, F. B. (1961): N.Z. J. Sci., 4: 151. 
HARTMAN, L., SHORLAND, F. B., h4cDoivALD, I. R. C. (1954): Nature 

[Lond.], 174: 18.5. 
HENRIQUES, V., HANSEN, C. (1901) : Skand. Arch. Ph?lsio/., 1: 151. 
HILDITCH, T. P. (1956): TIze Clzernicul Constitution of Naturcll Far.s, 

3rd edn. revised, Chapman and Hall, London. 
JOHNS, A. T. (1941): N.Z. .I. Sci. Tech., 22A: 248. 
~ (1962): Proc. N.Z. Sot. Anim. Prod., 22: 88. 
KEENEY, M., KATZ, I., ALLISON, M. J. (1962): J. Ameu. Oil Chern. SOL, 

39: 198. 
KIRTON, A. H., BARTON, R. A. (1958): J. qric. Sci., 51: 265. 
OSTF~.D;;~,JOYCE, DUGAN, L. R., JR. (1962) : J. Amer. Oif, Clzer?t. Sot., 

REISER: R. (1951) : Fed. Proc., 10 : 236. 
SAITO, K. ( 1960) : 1. Biochem., Japun, 47 : 699. 
SHA%,J~~~:, ENSOR, W. L., TELLECHEA, H. F., LEE, S. D. (1960): J. N&r., 



130 BARTON, , SI-JORLAND AND RAE 

SHoRI.ANI), F. B. (1955): In Progress it? the Chernistr’y of Futs aftd 
other Lipids, Vol. 3, p. 276. Eds: R. T. Holman, W. 0. Lundberg, 
T. Malkin, Pergamon Press, London : New York. 

___ BARTON, R. A., R,IE, A. L. (1962): J. agric. Sci., 59: 1. 
-1 DE LA MARE, P. B. D. (1944): 1. ugric. Sci., 35: 39. 
~ HANSEN, R. P., HOGAN, K. (1944) : Emp. 1. Exp. Agric., 12: 

103. ’ 
~ WEENINK, R. O., JOHNS, A. T. (1955): NN~~~IZ [Lond.], 175: 

1129: 
Tl-IO~~AS, B. H., CULBIX~SON, C. C., BIZARI), F. (1934): Pvoc. Atnet-. Sot. 

Anirn. Prod. 27th A~zu. Mtg, p. 193. 

DISCUSSION 

0: Do the proportions of short chain fattv ucids in the rwwen affect 
the tissue fat composition, and did not Show et al. (1960) feed one 
group of steers u diet containin g linseed oil lneal and thereby pro- 
dwe differences in the iodine valttc of their body fut? 
DR F. B. SHORLAND: I know of nc: exact experiments to determine 
the effect of short chain fatty acids of the rumen on the composi- 
tion of the tissue fats, but by analogy with the milk fats such an 
effect could be anticipated. Obviously some of the fatty acids in the 
tissue fats of ruminants come from the dietary fats as shown by the 
presence of truns unsaturated acids derived by hydrogenation of 
the dietarv unsaturated fattv acids in the rumen. The final comuosi- 
tion of the tissue fat thus depends on the contributions of the dietary 
fat and of the endogenous fat derived at least in part from short 
chain fatty acids of the rumen. 
R. A. BARTON : Both groups of steers in the experiment of Shaw et cd. 
(1960) were fed linseed oil meal. The diets of the two groups differed 
only in the preparation of the feedstuff- i.e., chopped alfalfa and 
ground corn plus linseed oil meal was compared with ground and 
pelleted alfalfa and flaked corn plus linseed oil meal. 

Q: Were the differences in iodine vulue recorded in Table J stutis- 
tically significant within the bone and tisstte groups? 
MR BARTON: Yes, the iodine values of the bones were significantly 
different. The iodine value of the muscle fat of the ewes differed 
significantly from the fat of the fatty tissues. This was also the case 
for the wethers. 

Q: How long is it necessury to feed animals on a particulur diet to 
ensure that the body fat arose from thui diet? 
DR SHORLAND: The rate of turnover of fats in the fatty tissues is 
rapid. Experiments using deuterated fats suggest a half-life of 3 days 
in a mouse. The depot fats are rapidly affected by changes in com- 
position of the dietary fat. For example, Longenecker (1939; J. Biol. 
Chem., 130: 167) showed that, after feeding a ration containing 40% 
coconut oil, in 14 days the laur-ic acid content of the depot fat was 
raised to 7.8% and to 17.2% after 21 days, as compared with 45% in 
coconut oil and onlv trace amounts normallv found in rat deuot fats. 
The actual time re&ired to product in an animal a depot fat of the 
same composition as the dietary fat depends on the composition of 
the dietary fat and on the species. 


