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ABSTRACT

Fourteen crossbred lambs with an average weight of 29.4 kg were 
utilized to determine the influence of the nature and amount of dietary 
lipid intake on the qualitative and quantitative composition of the serum 
lipid, carcass depot fat and plasma insulin levels. Formaldehyde treated 
casein-cottonseed oil (PCO) was supplemented at the rate of 8% (three 
lambs) and 12% (three lambs). Two groups of four lambs each were as
signed to diets containing no added fat (Control) and 8% unprotected 

cottonseed oil (CO).
Dietary lipid treatment was effective in elevating (P<.05) the 

lipid levels of the blood. No differences (P>.05) in plasma insulin 
levels were detected between the four diets. Serum low density lipo
protein concentration increased for all treatments during the trial with 
the 8% PCO and 12% PCO lambs increased to a level which was twice and 
three times, respectively, that of the Control or the 8% CO lambs. High 
density lipoprotein concentration followed a very similar pattern.

Through dietary lipid treatment, significant (P<.05) changes were 
effected in the concentration of certain of the fatty acids, due primar
ily to elevation of level of linoleic acid of the phospholipid, free 
fatty acid, triglyceride and cholesterol ester serum lipid fractions. 
Also, the content of total unsaturates tended to increase in all frac
tions . ■

viii



INTRODUCTION

It is now well recognized that, although the dietary fatty acids 
normally available to ruminants are largely in unsaturated form,,substan
tial hydrogenation of these fatty acids occurs in the rumen. (Reiser, 
1951). The effect of this efficient hydrogenation is usually to reduce 
the amounts of polyunsaturated fatty acids presented to the small 
intestine for absorption.

A recent development has made possible the production of oil 
supplements in which the constituent polyunsaturated fatty acids are 
protected from hydrogenation in the rumen. The polyunsaturated oils are 
embedded in a protein matrix and then treated with formaldehyde. The 
formaldehyde-protein coat is stable at the pH of the rumen but is hydro
lyzed in the more acidic conditions of the abomasum (pH 2-3) making the 
polyunsaturated fats available for absorption. This technique, theoret
ically, also allows the inclusion of increased amounts of fat (above 5%) 
in the ruminant diet without causing an increase in the excretion of 
fecal soaps and reduction in the digestibility of the dry matter and 
gross energy of the diet.

The current study was conducted to determine if a dietary fat 
product, treated to be nonfermentable in the rumen, could cause a shift 
in the quality of fat depot of growing and finishing lambs. In addition, 
the serum lipoproteins and serum lipid fractions were studied in an 
attempt to help explain the processes of fat utilization in the ovine.



REVIEW OF LITERATURE

Nutrient Protection for Ruminants

Rumen Function
Digestion in the ruminant animal allows the conversion of certain 

plant components to be useful or more useful nutrients through the . 
activities of symbiotic microorganisms present in the rumen. For example, 
cellulolytic bacteria, which are found in high concentrations in the 
rumen, have the ability to produce cellulase enzymes which can hydrolyze 
native cellulose (Underkofler, Kitts and Smith, 1953). Such physiologi
cal arrangement gives rise to certain advantages and disadvantages 
concerning ruminant feeding practices. On one hand, improved utilization 
of one or various of the feed components may occur due to the action of 
rumen bacteria, but on the other hand, some feed components - may decrease 
in their nutritive value. McDonald (1952) pointed out that high quality 
protein is readily degraded by rumen microorganisms to ammonia, a large 
portion of which may then be absorbed and excreted as urea. In addition, 
ruminant animals may be limited with respect to the levels of certain 
nutrients that can be utilized in the diet.. Amounts of fat greater than 
5 to. 7% of the diet are not tolerated by sheep (Czerkawski, Blaxter and
Wainman, 1966a, 1966b) or cattle (Figroid, 1971). According to these re-

. * •

ports, when such levels of fat are exceeded in the diets, there is a 
marked increase in the excretion of fecal soaps, a reduction in the



digestibility of the dry matter of the ration and reduced animal perform
ance. In an attempt to overcome such limitations, different techniques 
have been evaluated in ah effort to protect certain feed ingredients from 
ruminal microbial action.

Nutrient Protection and Its Implications
Ferguson, Hemsley and Reis (1967) pointed out the protective 

effect of certain aldehydes upon nitrogenous feedstuff's. Scott et al. 
(1970) developed a technique by which protein and lipid protection could 
be accomplished with the use of formaldehyde. After Ferguson et al,
(1967) reported their findings, a great number of Studies were carried 
out to investigate the practical and biochemical implications of nutrient 
protection from rumen fermentation for ruminants. Parameters such as 
feed efficiency (Peter et al,, 1970; McGuillard, 1972; and Hogan, Connel 
and Mills, 1972), wool production (Faichney, 1971 and Reis and Tunks, 
1973), digestibility (Faichney, Scott and Cook, 1973; Schmidt, Benevenga 
and Jorgensen, 1.974; Scott, Cook and Mills, 1971; and McGuillard, 1972) 
and body tissue changes (Faichney et al,, 1972; Dinius, Oltjen, Lyon, 
Kholer and Walker, 1974; and Cook et al., 1970) are some of the evalua
tions that have been made. In the present literature review, nutrient 
protection will be discussed as it relates to protein and lipids.

Medical Importance
From the medical or human health viewpoint, nutrient protection 

has become an important subject in the last six years, because this 
technique has been proven to be an effective method of producing ruminant 
meats and dairy products containing high levels of polyunsaturated fatty



acids (Scott et al., 1970; Cook et al., 1970; and Scott et al..., 1971) . 
Some attention has been focused on the possible interrelationships 
between the intake of saturated animal fats, high concentrations of 
serum cholesterol and coronary heart disease in man (Garrett et al., 
1975). There is, however, no positive evidence linking specific animal 
fats to the incidence of coronary heart disease. The substitution of 
polyunsaturated fats for saturated fats in the diets of some responsive 
individuals reduces serum cholesterol (Garrett et al., 1975). Therefore, 
the medical profession sometimes recommends diets that are low in rumi
nant fats because ruminant fats are normally only 3-5% polyunsaturated 
and about 50% saturated. The availability of polyunsaturated ruminant 
products would allow the formulation of special diets for therapeutic or 
investigative use.

Methodology for Protein and Protein:Lipid Protection

Protein Protection Studies
Protein protection practices include two basic techniques: 

aldehyde treatment of a purified protein and aldehyde treatment of high- 
protein feedstuffs such as soybean meal. Of the aldehydes investigated, 
formaldehyde has been demonstrated to be very effective for protecting 
proteins in the diets of ruminants from degradation by rumen microorgan
isms (Ferguson et al., 1967). In this study, 10% hydrochloric acid- 
precipitated casein was treated by soaking, with occasional stirring, 
for three days in two volumes of 1.5% formaldehyde; the casein was then 
washed by centrifugation and dried for 2.4 hours at 40 C in a forced- 
draught oven. In vitro evaluation of the protected casein resulted in



over 90% protection from.degradation to ammonia during a 24-hour incuba
tion with rumen contents.

Schmidt, Jorgensen and Benevenga (1973) indicated that soybean 
meal treated with 1 ml of 40% formaldehyde/100 g soybean protein could 
be protected from microbial action- The solubility of the treated 
soybean meal, as indicated by in vitro ammonia release, was significantly 
(P<.05) lowered. A subsequent series of experiments (Schmidt, Benevenga 
and Jorgensen, 1974) were conducted to study the effects of treating 
soybean meal with 0, 1.5 or 3.0 ml of 40% formaldehyde/100 g soybean 
protein in diets in which the protein level was varied and soybean meal 
provided at least half of the dietary crude protein. Evaluations of in 
vitro ammonia release were conducted to investigate the efficiency of 
the protection. Ammonia production was inhibited whenever the soybean 
meal was treated with formaldehyde. In general, ammonia levels decreased 
with increasing levels of formaldehyde treatment.

Dinius, Lyon and Walker (1974) investigated the effect of formal
dehyde level, treatment interval and temperature on the degradation on 
casein. The casein was acid precipitated and contained the equivalent of 
188 mg of ammonia per gram of dry matter. Incubation of untreated casein 
resulted in an average net release of 173 ± 13 mg ammonia per gram of dry 
matter. The treated casein was prepared by adding 1, 5 or 10 g formal
dehyde per 100 g casein for either 0, 5 or 24 hours. Both level of 
formaldehyde and treatment duration affected ammonia release (P<.05).



Protein:Lipid Protection
The technique developed by Ferguson et al. (1967) for protein 

protection brought about the possibility for a double protection by 
including lipid in the protein prior to formaldehyde treatment. Scott 
et al. (1970) developed a procedure to protect polyunsaturated fatty 
acids against microbial hydrogenation in the rumen. In this procedure, 
particles containing polyunsaturated oil were encapsulated with protein 
by spray-drying of a homogenate containing equal parts (by weight) of 
linseed oil (50% CIS:3 and 19% CIS:2) and sodium caseinate. The spray- 
dried particles were then treated with formalin (37% formaldehyde).
After 14 days of treatment with formalin in vapour in an enclosed space, 
the particles were sprayed with 2% by weight of formalin and stored for 
three days in sealed polyethylene bags. Linseed oil-protein particles, 
treated or untreated, were incubated with strained sheep rumen contents. 
The proportions of CIS:2 and CIS:3 fatty acids were the same before and 
after incubation of the treated material. In contrast, when untreated 
samples were incubated both linoleic (CIS:2) and linolenic (CIS:3) acids 
were significantly (P<.05) hydrogenated and there were corresponding 
increases in the proportions of oleic (CIS: 1) and stearic acid (CIS:0).
In a similar study (Scott et al., 1971), particles containing oil drop
lets coated with protein were prepared by spray-drying emulsions of 
polyunsaturated seed oils and casein (sunflower oil:casein at 1:1 and 2:1 
W/W, and linseed oil:casein at 3:1 W/W). Acid precipitated casein was 
dissolved in water at 70 C using sodium hydroxide to adjust the pH to 6.8. 
Oil was emulsified into the casein solution by treatment in a colloid 
mill and homogenized in a two-stage homogenizer. The emulsion was



maintained at 70 C and spray-dried in a vertical spray drier using a 
pressure atomizer or in a vertical spray drier with a spinning disc 
atomizer. The oil-casein particles were treated with formaldehyde in 
one of two ways: (a) by spraying with formaldehyde or (b) by introduc
ing the formaldehyde into the oil:protein emulsion prior to spray-drying. 
In this procedure the formaldehyde was allowed to react for 20 minutes 
(70 C) at three different concentrations (1.6, 3.2 and 4.8% of the pro
tein) . The concentration of the formaldehyde required for maximal 
protection was found to be 4% (2% after drying of the particles) by 
weight of the protein in the particles. The layer of formaldehyde- 
treated casein prevented ruminal hydrogenation of the polyunsaturated 
fatty acids for both types of formaldehyde treatment (before or after 
spray-drying).

The effectiveness of the Scott fat protection technique has been 
confirmed by the results of other investigators (Plowman et al., 1971).
In these studies, formaldehyde-treated safflower oil-casein particles 
were completely protected (P<.05) in vitro for 24 hours from hydrogena
tion by rumen microorganisms.

Influence of Supplementing Protected Fat

Animal Performance
The advantages and disadvantages of supplementing protected lipid 

to ruminant diets have been studied by many workers. Hogan et al. (1972) 
investigated the nutritional benefits that would follow the supplementa
tion of a roughage diet with protected lipid; In this study three merino



wethers were fitted with cannulae in the rumen, abomasum and terminal 
ileum. The sheep were offered lucerne hay either alone or with a supple
ment of safflower oil-casein particles treated with formaldehyde. The 
supplement provided an additional 70 g of long chain fatty acids and 9 g 
of nitrogen. Additional nutrients derived from the small intestine 
included about 10 g of nitrogen and 60 g of long chain fatty acids.
About 38 g of these fatty acids were absorbed in the polyunsaturated 
form. The supplemented diet provided about 30% more metabolizable energy, 
38% more net energy and 70% more amino acids than the basal diet. There 
was no effect of the lipid particles on the movement of the digests from 
the rumen, on the volume of water in the rumen, or on the mean residence 
time for 51Cr-EDTA in the rumen. Feed refusals were observed with the 
Sheep on protected lipid. A similar study was carried out in which a 
formaldehydertreated casein-safflower oil supplement was included in the 
diet of nine Friesian growing steers (Faichney et al., 1972). The supple
mented steers ate less dry matter (P<.05) and energy intake was reported 
to be less (P<.05) for nine steers given a conventional diet.

The utilization by growing lambs of a casein-safflower oil supple
ment treated with formaldehyde was investigated in terms of digestibility, 
feed intake and liveweight gain by Faichney et al. (1973) . In this lamb 
study, the formaldehyde treated supplement was given at two levels (75 
and 150 g/day) to lambs receiving 600 g/day of a diet of equal parts 
chopped lucerne hay and crushed oats. Supp1ementation of the protected 
lipid increased livewieght gain at the two different levels. The lambs 
given the supplement did not consume all the food offered to them and 
appeared to discriminate against the supplement to a small extent. The



overall digestibility of organic matter, nitrogen, lipid and energy in
creased (P<.01) when the supplement was given. These findings are in 
contrast.with those reported by Dinius, Oltjen, Lyon, Kholer and Walker. 
(1974). In their study, they observed negative effects in the digesti
bility of some of the nutrients when a similar supplement was given to 
growing and finishing steers. Some of their observations included a 
depression in the crude protein digestibility (P<.05) as a result of 
formaldehyde treatment.

Faichney et al. (1975) observed that intakes of both dry matter 
and gross energy by steers receiving a supplement (formaldehyde-treated 
casein-safflower oil) were lower than those of unsupplemented steers. 
Non-ortho.gonal analysis of variance showed that these differences were 
significant (P<.01). The respective mean dry.matter intakes of the 
supplemented and unsupplemented steers were 72 and 92% of the dry matter 
offered. The energy intake of both groups was low in the first week.
The supplemented Steers ate less energy than the unsupplemented steers 
and although their intake improved as the experiment progressed, it 
remained lower than that of the unsupplemented steers. The concentration 
of supplement in the feed refused (24.2% of dry matter) was significantly 
higher (P<.01) than that in the diet offered (20.7% of dry matter).

Utilization at Tissue Level
The utilization at tissue level of protein protected fat supple

ments and their effect on the final characteristics of those tissues have 
been studied. Cook et al. (1970) reported that feeding formaldehyde 
treated safflower oil supplements to growing lambs caused a 3 to 5-fold



10
increase in the proportion of CIS:2 fatty acid in the perinephric, mesen
teric and subcutaneous fats. The change that was induced by feeding the 
supplement for the first six weeks was not greatly different from the 
three weeks after, which suggested a fairly rapid exchange between the 
fatty acids of plasma triglycerides and depot fats.

Fatty acid patterns and the interrelationships that exist between 
plasma, liver, muscle and adipose tissue from steers fed large amounts of 
linoleic acid protected from ruminant hydrogenation were investigated in 
a follow-up study by Cook et a!. (1972). The addition to the diet of 
formaldehyde-treated casein-safflower oil supplement markedly increased 
the proportion of CIS:2 in all plasma lipids (cholesterol esters, tri
glycerides, phospholipids and free fatty acids). The proportion of CIS:2 
in the plasma phospholipids (PLs), and particularly in the cholesterol 
esters (GEs), was initially (at the time of initiation of the experiment) 
much higher than in the triglycerides (TGs) and free fatty acids (FFAs) 
and was further increased by feeding the supplement. The animals that 
had been given the formaldehyde-treated supplement presented significant 
alterations (P<.05) in the fatty acid composition of the liver lipids 
after 2, 4 and 8 weeks of experimentation. The response was similar to 
that observed in the corresponding lipids of plasma, i.e., the supplement 
caused increases in the proportions of CIS:2 and decreases in the pro
portions of CIS:I.'- The liver CEs and PLs from unsupplemented steers 
contained lower proportions of CIS:2 than did the corresponding plasma 
lipids. The proportions of CIS:2 in the depot fats remained at relative
ly low levels (3-5%) throughout the experiment for the unsupplemented 
animals while those receiving the supplement showed a significant (P<.01)
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increase in all three depot fats (30% increase in subcutaneous fat, 25% 
in omental and 20% for perirenal). The proportion of linoleic acid in 
the internal body fats appeared to be greater (P<.05) than in the 
external (subcutaneous) fats. The increases in the proportions of CIS:2 
in the depot fats were associated with corresponding decreases in the 
proportions of palmitic acid (C16:0) and CIS: 1; negligible changes in 
the proportions of CIS:0 were observed. The proportions of CIS:2 in the 
intramuscular fat of the Psoas major TGs and PLs were increased by feed
ing of the supplement. The proportions of CIS :2 remained relatively low 
(4-6%) in muscle TGs from the unsupplemented steers throughout the period 
of feeding. In contrast, the proportions of CIS:2 in muscle PLs of un
supplemented steers were maintained at relatively high levels (27%) 
throughout the experimental period.

Similar results were reported by Faichney et al. (1972) from a 
study with Friesian steers. In this study it was observed that there was 
an increase in the CIS:2 content of tissue lipids from steers supplement
ed with a formaldehyde-treated casein-safflower oil complex. The 
proportions in tissue lipids of CIS:2 from the unsupp1emented steers 
remained constant throughout the experiment. After two weeks of feeding, 
intramuscular (Psoas major) and subcutaneous TGs from the supplemented 
steers contained approximately three times as much CIS:2, and perirenal 
and omental TGs contained approximately 4.5 times as much CIS:2 as did 
the corresponding TGs from the unsupp1ement ed steers. The proportions of 
CIS:2 in these tissues increased with continued feeding, but the rate of 
increase declined, suggesting that the response followed a curve of 
diminishing increments. The maximum value for the incorporation of CIS:2
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in perirenal fat (39%) was significantly higher (P<.01) than those for 
subcutaneous (28%) and omental fat (31%) with no significant difference 
(P<.05) between the last two. The maximum values for intramuscular CIS:2 
TGs were reported to be lower than for adipose tissue with Semitendinosus 
(23%) being significantly lower (P<.01) than for the Psoas major (27%). 
For the PLs of the Semitendinosus and Psoas major, the values were 42 and 
49%, respectively.

Dinius, Oltjen, Lyon, Kholer and Walker (1974) conducted a study 
in which sixteen steers were fed a 65% ground hay-*35% concentrate diet. 
Two levels of each of the following were added: casein (5 or 10%), un
protected casein-safflower oil (10 or 20%) and formaldehyde treated 
casein-safflower oil (with 10 .or 20% oil). Addition Of the supplements 
resulted in six treatments. The percentage of C14:0, CT4:1j €16:0 and 
€16:1 tended to decrease as €18:1 increased for the steers fed unprotect
ed oil or as €18:2 increased for the steers fed the protected material. 
Biweekly adipose tissue biopsies showed no differences (P>.01) in the 
percentage of €14:0, €14:1, €16:0 and €18 fatty acids as related to the 
level of dietary safflower oil or to the formaldehyde treatment due to 
sampling days. However, at 28 and 42 days, the percentage of €18:1 was 
higher (P<.05) in tissue of steers .fed unprotected material than it was 
in those fed the protected product. Within 14 days, the percentage of 
€18:2 was higher (P<. 05) in steers fed protected casein-rsafflower oil 
than in steers fed unprotected casein-oil. The percentage of €18:2 in 
steers fed unprotected casein-oil was not different (P>.05) from that in 
steers fed no oil. Analysis of carcass samples indicated a lower (P<.01) 
€18:1 in kidney fat of steers fed the protected material; whereas the
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percentages of C18:2 followed the opposite trend. There was a response 
(P<.05) in the level of CIS:2 in steers fed the protected material to the 
level of oil.

Faichney et al. (1973) in their study with growing lambs reported 
that there was no statistical difference (P>.05) in the chemical composi
tion of the empty body of lambs given a basal diet with (Groups II and 
III) and without (Group I) supplements of formaldehyde-treated casein 
safflower oil. The chemical constituents analyzed included water, 
protein, fat, ash and energy. Some changes in plasma constituents were 
observed: two hours after feeding, the Group III lambs had higher 
plasma urea levels than the lambs in Group I. The Group III lambs had 
lower plasma urea levels six hours after feeding than they did before 
feeding or two hours after feeding. Plasma urea levels tended to fall 
from two hours after feeding in all except Group II lambs. Group III 
lambs had higher levels of a-amino nitrogen in their plasma (P<.01). 
Plasma glucose levels in Group III lambs were higher than those in Group 
II lambs or Group I lambs. The rise in plasma glucose levels which 
occurred between two and six hours after feeding was significant across 
all groups (P<.01). Analysis of tissue lipids in the Group III lambs 
indicated that the mean CIS:2 content of perirenal fat (25.0%) was higher 
(P<.01) than that of omental fat (20.8%), which was itself higher than 
that of subcutaneous fat (19.3%). The mean values (± S.E.) for the whole 
body fat of Group I, Group II and Group III were 3.0 ± .04%, 14.7 ± 1.3% 
and 18.4 ± .6%, respectively; the differences were significant (P<.01). 
The mean CIS:2 content of Groups I, II and III.lambs at slaughter were 
6.5, 35.7 and 42.6 g/kg liveweight, respectively; whereas the mean value
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for all lambs at the beginning of the experiment was 3.1 g/kg liveweight. 
It was also calculated that Group II lambs retained 53% of the linoleic 
ingested and that Group III lambs retained 45%. Although the lambs in 
Group III consumed approximately twice as much as the lambs in Group II, 
there was no difference between the groups in the progress of incorpora
tion when the linoleic content of their tissue lipid (perirenal, omental 
and subcutaneous) was plotted against the total intake of lipid from the 
supplement.' The values obtained for the adipose tissues sampled (peri
renal, omental and subcutaneous) and for the whole body extract confirmed 
the curves of diminishing returns.

The utilization of formaldehyde-treated casein-safflower oil 
homogenate by finishing cattle was investigated by Dryden et al. (1975) 
to determine if the dietary fat product could cause a shift in the quality 
or quantity of the serum lipid or serum lipoprotein fractions of the 
bovine. Qualitative and quantitative serum lipid and lipoprotein data 
were obtained from eleven steers fed an 80% concentrate finishing ration. 
The Control ration (Treatment 1) containing 6% formaldehyde-treated 
casein was fed to three steers. Another group of three steers was fed a 
diet containing 6% formaldehyde-treated casein plus 6% safflower oil 
(Treatment 2). Treatment 3 consisted of a diet containing 12% of a 
formaldehyde-treated spray-dried casein-safflower Oil homogenate which 
supplied 6% safflower oil (5 steers). The serum lipid level for the 
steers consuming the protected safflower oil from 112 to 168 days of the 
experiment was significantly greater (P<.05) than that of the other two 
treatments. In the final period, it was observed that the serum lipid 
level of steers in Treatment 3 was 930 mg/100•ml serum which represented
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an amount which was 2.1 times greater than steers on Treatment 1 and 1.7 
times greater than steers on Treatment 2. For the steers consuming the 
protected safflower oil diet, there was an inverse relationship between 
serum oleic and linoleic acid, the former decreased while the latter 
increased (P<.05). The relative percentage of. the total unsaturated 
fatty acid in the serum between the three diets was not significantly 
different at any of the four sampling periods. The two diets supplement
ed with safflower oil tended to have a greater percentage of total 
unsaturated fatty acids after the initial period. Serum low density 
lipoproteins (LDL) concentration for steers of Treatment 3 at 168 days of 
the feeding period was about four times higher (P<.05) than that on the : 
other two treatments. None of the three treatments had significantly 
different (P>.05) levels of high density lipoproteins (HDL) on the final 
sampling period. The influence of the protected safflower oil on the 
fatty acid profile of unsaturated or saturated LDL or HDL fractions was 
not altered (P>.05) to an appreciably greater extent than the variation 
caused by feeding of the same oil in the unprotected form.

Wool Production
After the development of nutrient protection techniques there was 

a trend among researchers to investigate other practical applications of 
such new techniques. Fraser and Haden (1970) proposed that there was a 
relationship between plasma e-N-methyl lysine (NML) concentration and 
wool growth rate, and that plasma NML may be an indicator of cysteine 
availability. In their study they observed substantial increases in the 
concentration of NML in plasma when sheep were given supplements of
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formaldehyde-treated casein. In a different study (Reis and Tunks, 1973) 
the concentration of NML in sheep was increased four- to six-fold by 
supplementation of 100 g/day of formaldehyde-treated casein.

Unsaturated Milk
Successful attempts have been made to control the fatty acid com

position of milk fat. Scott et al. (1970) reported that feeding of 
formaldehyde-treated casein:linseed oil particles to lactating goats 
increased the proportion of linolenic from 1-2% to 21-25% in the milk fat. 
On the other hand, feeding of untreated casein:linseed oil complex only 
increased the proportion of this acid from 1% to 4%. In the same study 
(Scott et al., 1970), lactating dairy cows were fed a diet containing the 
formaldehyde-treated linseed oil-protein particles. As with the goats, 
there were significant increases (P<.05) in the proportions of linoleic 
and linolenic acids in the milk fat. Similar results have been reported 
in more recent studies (Scott et al., 1971). In this latter study, the 
proportion of CIS:3 in the milk fat of goats was increased from 1-2% to 
20-25%; the proportion of CIS:2 was increased from 2-3% to 9-11% with 
decreases in C14:0, C16:0 and CIS:1. Further experiments with lactating 
cows (Scott et al., 1971) indicated that when particles containing lino
leic acid were fed large .increases in the proportion of CIS:2 in the 
milk fat, these responses were observed within 24 to 48 hours after 
inclusion of the supplement in the diet.

Utilizing the Scott fat protection method. Plowman et al. (1971) 
reported that milk from cows fed formaldehyde-treated safflower oil 
showed a rapid increase in linoleic acid concentration to 30 to 35% of the
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total fatty acids. The decline to the standard 3 to 4% linoleic was slow 
and was not achieved until day 9, four days after removal of the protected 
fat. As percentage of the linoleic acid increased., shorter fatty acids 
(8 to 16 carbons) showed a relative decline with only minor changes in 
the other 18 carbon fatty acids. The most striking change in the composi
tion was the increase in fat content of the milk by as much as 1.0 to 1.5 
percentage units. Total milk production was not altered.

Efficiency of transfer of dietary C18:2 prepared by the Scott 
method was reported to be as low as 17% and as high as 42% (Bitman et al., 
1973). In this study, the C18:2 content of the milk fat of lactating 
dairy cows increased from basal levels of 2-3% of total fatty acids to 
35% by feeding safflower oil enclosed in a casein coat protected with 
formaldehyde. No effect on total milk production was observed, but an 
increase of 1.0 to 1.5 percentage units in milk fat occurred.

Fatty Acid Changes in Ruminant Meats
Scott and.Cook (1975) reported that when safflower oil casein 

particles treated with formaldehyde were fed as dietary supplements (20% 
by weight of diet) to ruminants (cattle and sheep), the proportion of 
linoleic acid in the triglycerides of adipose and muscle tissue increased 
from 3-4% to 20-30%. The evaluation of the organoleptic properties of 
these linoleic enriched ruminant meats revealed no unpleasant character
istics.

Garrett et al. (1975) observed that higher quality grading car
casses could be obtained (1/3 of a grade) with steers fed protected lipid 
supplements in which the fat was either high in polyunsaturated fat or a
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commercially available tallow. The levels of the supplements in the diet 
wer:e. 15 and 30% for the saturated product (40% tallow:60% soybean oil 
meal) and 15 or 25% for the unsaturated product (70% sunflower seed and 
30% soybeans).

Ford, Park and McBride (1975) evaluated the flavor properties of 
meat from lambs and yearling sheep fed a diet containing formaldehyde- 
treated sunflower seed. The Cannon Hill panel comparisons of high lino- 
leic, pasture and normal feedlot sheep meats demonstrated that the aroma 
and flavor of the high linoleic acid meat produced from sunflower seed 
supplement was significantly different (P<.05) from that of normal sheep 
meats. All panel significantly preferred the pasture and conventional 
feedlot meats to their high linoleic acid counterparts. The pasture fed 
lambs were considered by the panel to have a significantly greater (P<.05) 
meat aroma and flavor intensity. The high linoleic lamb and mutton were 
characterized by the presence of an "oily" aroma and flavor somewhat akin 
to that of chicken and pork, together with a "sweet" or "fruity" aroma. 
Park, Murray and Stanley (1974) examined the cooked high linoleic lamb 
from the study of Ford et al. (1975) and demonstrated the presence of 
y-dodecalactone in the meat, and it was assumed that such compound was 
responsible for the sweet characteristic. These workers also found that 
this high linoleic acid sheep meat contained considerable quantities of 
unsaturated carbonyl compounds including trans, trans-deca-2, 4-dienal in 
the volatile fractions recoverable from the cooked meat. These latter 
components were believed to be at least partly responsible for the "oily" 
characteristic of the aroma in the flavor.



MATERIALS AND METHODS

General
Fourteen crossbred lambs with an average weight of 29.4 kg were 

initially allotted randomly to three groups and assigned to diets as 
follows: Control (4 lambs), 60% concentrate diet; control diet plus 8%
unprotected cottonseed oil (CO) (4 lambs); and control diet plus 8% 
cottonseed oil product (PCO) (6 lambs). Experimental diets are de
scribed in Tables 1 and 2. •

The lambs were group fed according to this design for the first 
30 days of the, 84-day trial. After 30 days on test, the 8% PCO lambs 
were divided. Three lambs were offered the control diet plus sufficient 
cottonseed oil product to provide a 12% oil supplementation; and for the 
final two weeks of the trial, this group received 16% fat from the 
cottonseed oil product. At various times during the trial, individual 
lambs from each of the treatment groups were placed in metabolism crates 
for ten-day periods to allow the determination of the digestibility of 
the ration components. The results from these digestibility trials are 
reported elsewhere (Shell, 1976).

Preparation of the Cottonseed Oil Homogenate 
The casein:cottonseed oil product was prepared as follows:

1. Acid precipitated casein was dissolved in distilled water (1 part 
casein:? parts water) by adding sufficient 25% sodium hydroxide

19 '
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TABLE 1. EXPERIMENTAL DIETS3"

Ingredient [%) Control 8% CO 8% PCO 12% PCO
Ground alfalfa hay 40.0 40.0 40.0 40.0
Steam processed milo 53.8 45.7 42.4 36.7
Molasses 6.0 6.0 6.0 . 6.0
Biofos 0.2 0.3 0.2 0.2
Cottonseed oil - --- 8.0 -- *---

Protected-oil product^ -- -  - ---- 11.4 17.1
cChemical analysis

Protein 13.4 12.9 15.5 15.5
Lipid 7.1 15.1 15.0 18.8
Calcium 0.7 0.7 0.7 0.7
Phosphorus 0.3 0.3 - 0.3 0.3

aC0 = Cottonseed oil 
refer to oil content of the

, PC0 - 
diet.

Cottonseed oil Product. Percentages

^Cottonseed oil:casein-(70:30) treated with a 37% formaldehyde 
solution,

cDry matter basis. Source: Shell (1976).
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TABLE 2. FATTY ACID ANALYSIS3 OF EXPERIMENTAL DIETSb

Fatty AcidC Control 8% CO 8% PCO 12% PCO
C14:0 0.6 1.0 1.0 0.9
C16:0 20.1 31.1 27.7 29.3
C16:1 1.3 0.8 0.8 0.7
CIS :0 3.2 4.0 3.3 4.0
CIS: 1 26.0 22.2 20.1 21.4
CIS: 2 41.7 40.9 46.8 43.7
CIS: 3 7.1 ---- -“ " “ - - - - -

Total Unsat. 76.1 63.9 67.7 . 65.7

aSource: Shell (1976)

bCO = Cottonseed oil, PCO = Cottonseed oil product. Percentages 
refer to oil content of the diet.



solution to adjust the mixture to a pH of 7. The mixture was allowed 
to stand overnight to ensure complete hydration of the casein.

2. Cottonseed oil was added to the casein solution to give 30:70 casein; 
cottonseed oil mixture which was then placed in a steam jacketed 10- 
gallon kettle and heated to 50 C.

3. The mixture was then homogenized twice using a Manton-Gaulin Model 
15M-8TBA two-stage homogenizer at 21093 kg per square meter of 
pressure.

4. Formaldehyde was stirred into the homogenate (2.5% formaldehyde by 
weight of the casein).

5. The cottonseed oil product was sealed in plastic containers and 
refrigerated for at least 24 hours. The now gelled product was 
ground into small particles through a meat grinder fitted with one cm 
openings prior to mixing with the remaining dietary ingredients. The 
final product contained 67.6% water, 22.6% cottonseed oil and 9.8% 
casein by weight.

Sample Collection

Blood Plasma and Serum
For the determinations of total serum lipid, insulin and plasma 

lipid fraction fatty acids, blood samples were obtained initially and at 
14, 42 and 84 days in 50 ml test tubes containing 1.2 mg EDTA-Na2 per ml 
of blood to prevent clotting. The samples were obtained from the jugular 
vein of each lamb approximately 4 hours after the usual 7:00 a.m. feeding. 
The plasma was separated by centrifugation at 10,000 rpm for 10 minutes
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at 4 C. The plasma was immediately drawn off with a syringe and placed 
in Nalgene bottles and frozen at 8 C until further analysis.

Blood samples for lipoprotein analysis (200 ml) were collected at 
the start Of the experiment and at 14, 42, 63 and 84 days. The samples 
were allowed to clot in 50 ml centrifuge tubes for 24 hours at 4 C. The 
serum was separated by centrifugation at 10,000 rpm for 10 minutes and 
EDTA-Nag was added to 10""3 M as an antioxidant and merthiolate was added 
to 10  ̂ (w/v) as a preservative. The.pH was adjusted to 7.4 and these 
conditions were maintained throughout subsequent steps.

Subcutaneous Fat Biopsy
Individual lamb subcutaneous fat biopsy samples were obtained at 

same time intervals as those for lipoprotein blood samples. Approximate
ly one gram of subcutaneous fat from the tailhead region was removed at 
each sampling.. 1

The wool was first clipped from the area prior to injection with 
either lydocaine or procaine as a local anesthetic. A 3 cm long incision 
was made with a scalpel on alternate sides of the animal at different 
sampling periods. After the fat was removed, the wound was covered with 
sulfa-urea powder and closed by Michel Suture clips. In all cases, after 
the application of these methods, the incisions remained closed and no 
post-operative infections were observed.

Carcass Fat Samples
During slaughter the following samples were collected: mesentery

fat; kidney fat; liver tissue; and cardiac muscle. The carcasses were 
then aged for seven days and cut on the eighth day. Carcass samples
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collected for lipid analysis during cutting were: the central portion of
the Triceps brachii (TB) muscle; the section of the Longissimus dorsi 
(LD) between the ninth and twelfth ribs; the central portion of the 
Semimembranosus (SM); inseam fat adjacent to the TB (shoulder inseam); 
and inseam fat adjacent to the SM (leg inseam).

All carcass samples were stored at -18 C in evacuated cryovac bags 
wrapped in polyethylene freezer paper until analysis.

Chemical Analysis

Lipid Extraction Methods
Plasma. The lipid portion of duplicate 2-ml whole plasma samples 

extracted with chioroform-methanol (2:1, v/v) according to the procedure 
of Folch, Lees and Stanley (1957). After evaporation in a vacuum oven at 
45 C, the weights of these extracts were recorded and the samples were 
stored in chloroform at -18 C .in sealed vials until aliquots of this 
lipid were utilized for thin-layer chromatography separations.

, Intramuscular a.nd Liver Fat. Individual lamb 10 g samples from 
the TB, LD, SM, cardiac muscle and liver were homogenized and total lipid 
extracted with chloroform-methanol according to the modified method of 
Ostrander and Dugan (1961) as outlined by Leander (1975). Thirty milli
liters aliquots of the extracts were utilized for weight determinations 
and the remainder, after solvent evaporation, was stored in chloroform in 
sealed vials at -18 C until fatty acid analysis.

Subcutaneous, Intermuscular and Internal Fat. Individual one 
gram samples from kidney, mesentery, inseam (leg and shoulder) and
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subcutaneous (biopsy) were knife-cut into small pieces and extracted with 
chloroform-methanol (2:1, v/v) and stored in chloroform at -18 C.

Serum Lipoproteins
A Spinco Model L preparative ultracentrifuge operating at 5 C was 

utilized to isolate by successive centrifugations the major lipoprotein 
classes of the serum samples. After density adjustment to 1.063 ml with 
NaBr and Centrifugation, the low density (density 1.007 to 1.063) lipo
proteins (LDL) were obtained. Further centrifugation at a NaBr adjusted 
density of 1.21 g/ml yielded the high density (density 1.063 to. 1.21) 
lipoproteins (HDL). These isolation procedures and concentration deter
mination have been discussed in detail by Dryden et al. (1971).

Serum Insulin
Insulin determinations were made with slight modification of the 

radioimmunoassay procedures of Wright et al. (1971). The labeled antigen, 
125I porcine insulin, was purchased from Cambridge Nuclear Radiopharma
ceutical Corporation, Billerica, Massachusetts and the bovine insulin 
antibody produced in the guinea pig was purchased from Miles Laboratories, 
Inc., Elkhart, Indiana.

Thin-Layer Chromatography
Plasma Lipid Fractions. Approximately 35 mg aliquots of the 

extracted plasma Were separated into the phospholipids, free fatty acids, 
triglycerides and cholesterol esters by thin-layer chromatography. 
Approximately 200 ml of chloroform-lipid mixture was spotted on 20 x 20 
cm pre-activated (1 hour at 100 C) and precoated (0.25 mm silica gel



F-254) (E. Merck Ag., Darmstad, Germany) thin-layer plates. The plates 
were developed in a filter paper-lined glass tank with a solvent of 
petroleum ether (30-70 G) diethyl ether-acetic acid (80:10:1, v/v/v) 
(Bowyer et al., 1963) which gave a clear separation of the major lipid 
fractions. Some separation of the mono- and diglycerides from the tri
glyceride fraction was apparent; however, they were not handled separate
ly. Therefore, for convenience, the combination of the three glycerides 
is referred to as triglyceride fraction. After development of the plates 
and solvent evaporation, the plates were lightly sprayed with 0.05% (w/v) 
solution of Rhodamine 6 G in ethyl alcohol (Skipski et al., 1967) and 
viewed under ultraviolet light for lipid fraction ind enti f i cat ion and 
marking according to appropriate standards. Each fraction was carefully 
scraped from the plate using a single-edged razor blade-and placed in a 
vial for subsequent esterification.

Methyl Ester Purification. To purify the methyl esters of each 
of the plasma lipid fractions so that a minimum base line and maximum 
repeatability on subsequent gas chromatography could be achieved, each 
methyl ester sample was rethin-layered according to the procedure pre
viously outlined. The fatty acid ester bands were identified with 
standards and were eluted from the silica gel once with 3 ml of petroleum 
ether after thorough mixing and centrifugation at 1500 rpm to pack the 
silica gel. The methyl esters were stored at -18 C in sealed vials Until 
gas-liquid chromatography analysis.
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Esterification

Plasma Lipid Fractions. The lipid fractions were trans-esterified 
by a modified combination of the methods ofBowyer et al. (1963) and 
Marchello, Dryden and Ray (1968). The lipid fractions in the presence of 
silica gel were mixed with 2 ml of benzene, 4 ml of 5% (v/v) sulfuric 
acid in super dry methanol (Marchello, 1965), flushed with nitrogen, 
tightly capped and well mixed. The tubes were placed in a water bath at 
90 C for 2,5 hours with occasional stirring. The tubes were then cooled 
and 4 ml of distilled water were added before the methyl esters were 
extracted with two consecutive washings of petroleum ether (30-60 C) with 
subsequent shaking and centrifugation at 1500 rpm for each washing.

Tissue and Depot Lipid. The transesterification of the lipid 
extracts of these samples was the same as that described for the plasma 
lipid fractions with one exception. Since these lipids were not frac
tionated by thin-layer chromatography, an approximate 10 mg aliquot of 
lipid was esterified and there was no silica gel in the reaction tube.

Gas Liquid Chromatography
The fatty acid esters were separated by a Bechman GC-rS gas 

chromatograph and detected by flame ionization. Dual, 1.83 m (3.2 mm 
O.D.) coiled, stainless steel columns, packed with 100-120 mesh chromo- 
sorb W (HP) as the stationary phase and 5% Silar 5CP as the liquid phase 
were used. The carrier gas (nitrogen) flow was 21 ml/min and the column 
temperature was 170 C. The inlet temperature was 205 C and the detector 
temperature was 240 C.
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Identification of the methyl esters reported was accomplished by 

comparison of the relative retention times with those of standard solu
tion of known composition. The weight percent of each methyl ester was 
computed through the aid of a disc integrator on the recorder.

Statistical Treatment of Data 
All data were analyzed by the analysis of variance according to 

Nie et al. (1975). Student-Newman-Keu1's multiple range test and main 
treatment interactions were performed to compare treatment means.
Pearson correlations were also determined.

Because numerous significant (P<.05) interactions were observed 
between the main effects tested (diet and period), the plasma fatty acids 
were analyzed by nesting diets within periods and periods within diets. 
The same procedure was applied to subcutaneous biopsy fatty acids, total 
plasma lipid and insulin levels. No statistical analysis was conducted 
for the serum lipoprotein data because the chemical analysis required 
pooling by treatment group of the individual lamb.blood samples«

Carcass fatty acids, muscle lipid and muscle fatty acids Were 
analyzed by nesting locations within diets and diets within locations. 
Only the percent liver lipid was statistically analyzed differently. For 
these data the analysis of variance for data with unequal subclass size 
was as outlined by Steel and Torrie (1960). Separation of means was done 
by the least significant difference (Steel and Torrie, 1960).



RESULTS

Performance Data 
The performance data of the lambs fed the various diets appears 

in Table 3. Lambs fed the 8% protected cottonseed oil (PCO) had the 
highest average daily gain of any treatment group. Similar gains and 
feed intake values were observed for the lambs fed the 12% protected 
cottonseed oil and those receiving the 8% unprotected cottonseed oil (CO). 
Lambs fed the 8% PCO consumed more of the diet than those lambs receiv
ing the 8% CO or the 12% PCO. The control lambs had the greatest feed 
intake of all treatments (1.54 kg). Lambs consumed more of the unpro
tected oil (8% CO) than they did the 12% PCO.

Feed required per kilogram of gain was lowest for the lambs fed 
the 8% PCO diet (5.8 kg/kg gain) and was followed by the lambs receiving 
the 12% PCO diet (5.9 kg/kg gain) and the lambs receiving the 8% unpro
tected oil diet (6.0 kg/kg gain). As compared to the protected oil diets, 
the control diet was less efficient in feed conversion (6.5 kg/kg gain).

In an attempt to understand how the ovine manipulates the amount 
and nature of dietary lipid, the qualitative and quantitative composition 
of the serum lipids, carcass depot fat and plasma insulin levels were 
also evaluated.

29
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. TABLE 3. MEANS OF PERFORMANCE AND CARCASS DATA OF LAMBS BY DIET

Item Control
Dieta 

8% CO 8% PCO 12% PCO
Number of lambs ' 4 4 3 3
Days on dietary treatment 84 84 84 40
Initial weight, kg 32.7 31.4 33.0 31.4
Average daily weight gain, gm 236 200 245 T91
Feed intake per day, kg 1.5 1.2 1.4 1.1
Feed required per kg of gain, kg 6.5 . ' 6.0 5.8 5.9
Cold carcass weight, kg 27.7 26.3 26.8 25.5
Dressing 54.5 57.8 59.0 56.2
Ribeye area0, cm2/I00 kg body weight 60.1 ’ 55.3 54.7 54,7

dFat thickness , cm/100 kg body weight 1.6 3.6 2.3 1.4

Kidney and pelvic fat,. % 4.1 5.8 6.3 3.7

aCO = Cottonseed oil, PCO - Cottonseed oil product. Percentages 
refer to the oil content of the diet.

^Calculated from cold carcass weight as percent of shrunk weight.
CLongissimus area at the 12th rib.
^Single measurement over center of Longissimus at the loth rib.
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Serum Lipid and Insulin Level

Table 4 contains the average levels of serum lipid by diet within 
sample period expressed in mg per 100 ml of serum lipid. Serum lipid 
levels at the start of the experiment (Period 1) were higher (P<.05) for 
the lambs to be given the 8% CO diet as compared to the other groups of 
lambs, but two weeks into the experiment (Period 2) no significant dif
ferences (P>.05) were detected among treatments.

The homogeneity among treatments in the level of serum lipid 
continued through day 42 of the experiment (Period 3). At the end of the 
experiment (84 days), serum lipid levels for the control lambs were the 
lowest (P<.05) for all the treatments (305 mg), being 25% lower than the 
8% CO or the 8% PCO treatments, and 40% lower than the 12% PCO treatment. 
No significant differences (P>.05) were detected in serum lipid levels 
among groups of lambs receiving unprotected or protected cottonseed oil, 
regardless of the level of oil in the diet.

Considerable animal variation was noted in the circulating plasma 
insulin level values and no differences (P>.05) in insulin levels were 
detected between the four diets within any of the four sampling periods 
(Table 4).

Table 5 presents the means of serum lipid and insulin level by 
sample period within diets. Regardless of the diet, no significant 
(P>.05) change in serum lipid level was observed for the first two weeks 
of the experiment (Periods 1 and 2), but by Period 3 (42 days) a signifi
cant (P<.05) increase was detected for all treatments.
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TABLE 4, MEANS OF TOTAL SERUM LIPID AND- INSULIN LEVEL BY DIETa
WITHIN SAMPLE PERIOD13

Diet
Period Control 8% CO 8% PCO 12% PCO

— JLJ.JJ2LU./ ± UU inJL jJ±CLOUlct ~ — —
1 188° 256d 184°' 201G
2 154 207 169 217

3 291 396 376 411
4 305C 382d 383d 428d

1 .41 .41 ' .3 2 .33
2 . .73 .59 .74 „ 4 9
3 . .85 .67 .64 .4 4

- 4 1.26 .95 1.23 .83

refer
aC0 = Cottonseed oil, PCO = Cottonseed oil product, 

to oil content of the diet.
Percentages

and 84
^Period 1 at start of experiment 
days, respectively.

, periods 2, 3 and 4 at 14, 42

G’̂ Values within the same line having unlike superscripts
differ significantly (P<.05).
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TABLE 5. MEANS OF TOTAL SERUM LIPID AND INSULIN LEVEL
BY SAMPLE PERIOD3- WITHIN DIETb

Diet
Period

1 2 3 4
----- mg lipid/100 ml plasma -----

Control 188° 154c 291d 305d
8% CO 256° 207° 396d 382d
8% PCO 184° 169° 376d 383d
12% PCO . 201° 217° 411d 428d

Control .41° .73c d - .85Ca . . 12d

8% CO .41 .59 .67 .95
8% PCO , .32- •74Cd .64Cd 1.2 3d
12% PCO .-.33 .49 .44 .84

^Period 1 at start of experiment, periods 2, 3 and 4 at 14, 42
and 84 days, respectively, 

bCO - Cottonseed oil, PCO = Cottonseed oil product. Percentages 
refer to oil content of the diet.

^^Values within the same line having unlike superscripts differ 
significantly (P<.05).
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The observed increase in serum lipid level between Periods 2 and 

3 was by about 90% for the Control, the 8% CO and 12% PCO diets; and by 
122% for the 8% PCO diet. If the changes in serum lipid level found at 
Period 3 are compared to the level found at Period 1, the magnitude of the 
increase is not as pronounced: 62% increase for the Control group, 49%
for the 8% CO lambs, 100% for the 8% PCO treatment and 112% increase for 
the 12% PCO diet. No significant differences (P>.05) in serum lipid 
levels for all treatments were observed between Periods 3 and 4.

No significant differences (P>.05) in the level of circulating 
plasma insulin were detected between the four sampling periods for the 
8% CO and the 12% PCO diets (Table 5). A significant increase (P<.05) in 
the circulating insulin level between day one (Period 1) and day 84 
(Period 4) was established for lambs on the Control and on the 8% PCO 
diets, but such increase was not significant (P>.05) at 14 days (Period 
2) or 42 days (Period 3). .

Serum Lipoproteins
The quantitative data on the lipoprotein fractions are presented 

in Table 6 by sampling period and diet. Lipoprotein values for the first
I • •three periods for lambs receiving the 12% PCO diet were not available 

because up to day 42 of the experiment, these lambs were in the 8% PCO 
treatment.

At the start of the trial (Period 1) the 8% PCO lambs were found 
to have over twice as much low density lipoprotein (LDL) as compared to 
the level observed in the Control or the 8% CO treatments. However, by 
Period 2, the LDL concentration for the 8% PCO lambs had returned to the
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TABLE 6. MEANS OF SERUM LIPOPROTEIN FRACTIONS (mg/100 ml)
BY SAMPLE PERIOD AND DIET

Dietb
Perioda Control 8% CO 8% PCO 12% PCO

LDLC
1 11.7 11.8 23.8 ---
2 11.8 15.7 11.7 ' ---
3 17.4 23.8 29.5 ---

' 4 17.8 11.7 29.5 44.3
5 24.1 26.5

HDLd -
43.4 62.2

1 200.8 244.1 250.4 4- —-

2 213.5 271.8 262.2 — — — —
3 380.7 357.7 386.4 - ----

4 259.8 / 302.7 332.6 361.8
5 246.5 269.5 414.1 319.1

aPeriod 1 at start of experiment, other periods were at twenty- 
one day intervals.

bC0 = Cottonseed oil, PCO = Cottonseed oil product. Percentages 
refer to oil content of the diet.

CLDL = Low density lipoprotein (density 1.007 - 1.063).
^HDL = High density lipoprotein (density 1.063 - 1.210).



same level noted for the other two treatment groups for Period 1. For 
the first three weeks of the experiment, the Control and the 8% CO lambs 
demonstrated little variation in the concentration of LDL. At Period 3 
of the trial, all treatments demonstrated an increase in LDL concentra
tion with the Control and the 8% PCO treatments having the lowest and 
highest increase, respectively. At sampling (Period 4), the 12% PCO 
lambs had been receiving the higher supplement of PCO in their diet for 
21 days. The increased level of dietary PCO caused a 33% increase in the 
LDL concentration (from 29.5 to 44.3 mg/100 ml). At the end of the trial 
(Period .5), the Control and the 8% CO groups were observed to have the 
same LDL concentration, which was about twice the level found for these 
groups at Period 1. The 8% PCO group possessed almost twice as much LDL 
as the Control or the 8% CO group at Period 5. In general, it was 
observed that the LDL concentration increased for all treatment groups 
during the trial, with the 8% PCO and the 12% PCO groups increasing to a 
level which was twice and three times, respectively, that of the Control 

or the 8% CO group.
The response in the concentration of high density lipoprotein 

(HDL) to the four treatments studied is also listed in Table 6. Periods 
2 and 3 presented an increase in HDL concentration for all treatment 
groups over the previous respective period while the opposite trend was 
observed in Periods 4 and 5. At the termination of the experiment, only 
the 8% PCO treatment caused an increase in HDL over Period 4. Despite 
these inconsistencies in the HDL levels for the treatment groups over the 
84-day trial, a net increase (over Period 1) in HDL was observed in all 
groups. The highest increase was observed in the 8% PCO group
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(66% increase) followed by the 12% PCO and the Control groups (27% and 
23% increase, respectively) with the 8% CO lambs having the lowest in
crease in HDL concentration (10% increase).

Fatty. Acid Composition of the Serum Lipid Fractions

Dietary Effects Within Sampling Periods.
The data presented in Table 7.compare the fatty acid profiles of 

the four major serum lipid fractions by diets within sampling periods.
All statistical analysis were conducted on a within lipid class basis.
The sample periods used were the same as those used for the total lipid 
levels data.

Cholesterol Esters i, Significant differences in fatty acid pro
file by diet were not expected at Period 1 because the animals had been 
managed and fed similarly up to this time. This proved to be the case 
not only for the cholesterol esters but for the four serum lipid frac- 1 
tions whose major fatty acids were quite uniform (P>.05) at Period 1. At 
Period 2, palmitoleic (Cl6:1) and oleic fatty acids demonstrated at 
significant decrease (P<.05) by as much as 50% in the protected oil 
groups, while the opposite trend was observed for linoleic acid in those 
treatments. The oil containing diets caused a significant decrease 
(P<.05) in the content of linolenic acid (CIS:3) to a level not different 
from zero at Period. 2. Dietary oil supplement caused a significant in
crease in the content of total unsaturates but, as compared to the 
content of those acids in the Control group, only for the 12% PCO lambs 
was such increase Significant (P<.05). Except for a few minor



TABLE 7. MEANS OF.SERUM LIPID MAJOR FATTY ACID PERCENTAGES FOR EACH FRACTION BY
DIETS3, WITHIN SAMPLE PERIODS'3

Fatty Acid

Period 1 Period 2 Period 3 Period 4

Control
Diet 

8% CO 8% PCO 1.2% PCO Control
Diet 

8% CO 8% PCO 12% PCO Control
Diet 

j 8% CO 8% PCO 12% PCO Control
Diet 

8% CO 8% PCO 12% PCO
Cholesterol Esters

14:0 M c 0*gd ° 4 1.0C 0.7cd 0.7cd 0.4
14:1 M C 0.7 0.7 0.6 0.0 0.4 0.0 0.0
15:0 1.5 1.2 1.3 1.2 1.4 1.8 0.7 0.6
1-16 6.6 0.7 0.6 0.6 0.8 0,5 0.2 0:1
16:0 18.0 15.6 13.8 14.7 13.4 12.2. 13.2 10.6
16:1 4.1 4.4 3.4 3.2 5.2° 3.6 2.4 1.9
17:0. 1.0 1.3 1.3 10 1.2 0.8 0.9 0.7
18:0 4.6 5.8 4.3 4.7 2.6c 2.8 2.6. 2.4.
18:1 25.8 28.9 26.3 28.7 23.4 25.2C 12.3d 11.3d
18:2
20:0

30.7
0.9

29.4 . 
1.1

34 .8 
1.4

32.8
0.9

i |
80.0

7»18:3
Total Unsat.

9.8
70.5

9.4
72.9

10.1
75.6

10.2
75.5 &

1.8° ..s' 0. 8d 0.6d 1 ;9C 1.0d 0.7d 1.0d
0.4
1.0C

0.0 
1.6 » :::d S3*

0.8 0.2 0.5 0.2 1.0 0.5 0.3 0.3
14.8 “ i 14.5.sJ 14.2 Bill? 23:5= 2K5®

58.2
2:5;

40,9 59.9d 63.3 39.8 55.0d 67. lds* I::- 1.5.
0.5 2:5* 2:2*

73.6 82,8 72.5 79.5 71.5 81.0 75.4 79.6
Phospholipids

14:0 1.2 1.5 1.3 0,9 1.7 1,3 0,7 0.5 1,3 0.9 1.3 0.6 1.1 0.8 0.4 1.5
14:1 0.0 0.1 0.0 0.0 0,2 0.1 0,1 0.1 0.5 0,2 0.4 0.2 0.1 0.1 0.0 0.0
15:0 1.9 1.5 1.7 1.1 1.0 2,4 0.7 0.3 1.1 0.7 1.6 0,6 1.1 1.0 0.7 0.6
1-16 2.3 1.6 1.5 0.5 0.7 0.8 0.4 0.3 . 0.7 0.4 0.9 0.3 0.5 0.4 0.4 0.4
16:0 12.2 21.4 

2.1
22.5
1.9

22.6
1.4d

25.2 22.8 17.0 13,0 28.5 22.7 22.2 22.2 22.8 19.6 20.9 21.4
16:1 3.2° 1.4 1.5 1.0 0.3 2.3 1.5 1.9 1.3 1.9 1.8 0.9 1.1
17:0 4.6 4.7 4.6 3.5 2.5 1.9.

28!l*d
0.8 0.0 0.6 0.0 1.9,

22.od 23.7gd
2.7C

18:0 27.3 26.6 29.1 32.2 24. <£ 21. ij 25.4 24.6 23.8 25.9 26.8* 27.6*
18:1 16.1 17.4 17.0 18.2 18.2C 24. Sd 17.4* 15.1* 17.2 20,9 20.3 16.1 lfi.5* 22. r.

28.7
17.0= 9.2*

18:2 16.5 17.3 14.2 14.2 24.8C 23.4C 35.3d 39.7 20.7 27.5 26.5 29.3 24.3* 33.8d 35. ld
20:0 0.0 0.2 0.0 0.1 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18:3 5,0 5.0 5.2 4.6 0.0 0.0 0.0 0.0 0.3 0.3 0.0 0.0 0.0 0.0, 0.0
Total Unsat. 41.2 41.8 38.6 38.8 44.7 49.6 53.9 55.3 41.0 50.4 49.2 47.0 44.9* 53.2d 45.5*



TABLE 7. CONTINUED

Period 1 Period 2 Period 3 Period 4

Fatty Acid Control 8-
Diet 

CG 8% PCO 12% PCO Control 8<
Diet 

GO 8% PCO 12% PCO Control
Diet 

8% CO 8% PCO 12% PCO Control
Diet 

8% CO 8% PCO 12% PCO
Free Fatty Acids

14:0 2.1 2.4 2.2 1.9 1.7 1.5 2.0 1.4 3.1 1.8 1.9 1.8 4.4C 3.O'
14:1 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.9 0.6 0.4 0.4 G.0c 0.0
15:0 2.0 2.0 1.5 1.3 1.6 1.5 2.2 1.5 2.8 1.2 1.7 1.0 4.1= 2.6-
1-16 0.6 1.8 0.7 0.6 0.8 0.6 0.9 1.2 1.5 0.5 0.9 0.7 22c 1.3
16:0 24.8 24.4 18.4 20.9 22.1 20.3 21.7 20.2 21.8 20.9 18.3 20.1 . 19.8
16:1 4.2 4.5 3.1 2.9 3.3 2.5 1.7 2.7 4.4 2,9 2.7 2,5 5.3
17:0 2.4 2.6 3.8 3.0 3.3 2.6 1.0 3,1 1.5 0.7 0.9 0.5 3.0 2.4
18:0 28.3 25.9 28.7 29.9 26.7 22.0 22.1 21.7 23.5 23.2 22.7 27.0 23.0 21:0
18:1 25.8 27.1 29.3 30.6 29.6 34.0 25.4 27.8 27.2 32.7 25.5 28.9 21.5= 31.9'
18:2 6.4 7.8 7.3 5.1 10.1 14.2 22.7 19.9 12.0 15.2 24.5 16.4 7.3 12.5'
20:0 0.0 0.0 0.0 0.0 0,1 0.1 0,0 0.0 . 0.0 0.0 0,0 . 0.0 0.0 0.0
18:3 3.3 2.1 4.5 3.3 0.3 o.o. 0,0 0.0 0,3 0.0 0.0 0.1 o.o 0.0
Total Unsat. 37.8 41.6 44.3 42.0 43.6C 51.0 49.9 50.5d 44.9 51.5 53.2 48.5 35.9 49,8'

cd!d:»
c
cd

!d 'c

1.4

0,4? 
17-2c5:5-
22,0
28.2®
21.7
0,0

0.8
0.4,

Ii.id 
28.0 
25.1® 
24.5d 
0.0

Triglycerides
14:0 1.8 1.5 2,2 1.4 1.5p 1.5, 1,0 1-2. 3.0 1.9 2.3 2,8 2.1 1.7 1.1 0.8
14:1 0.4 0.5 0.4 0.3 0.0 0.4 0.0 . o.i 1,2 0.3 0.4 ia o.o_ ft* O.O 0.0
15:0 3.3 2.7 3.9 2.1 2.4 1.2 0.9 1.7 1.7 . 1.0 2.2 1.3 2.0 0.7 0.6'
1-16 1.4 1.6 1.3 1.5 1.2 0.6 0.2 1.0 0.7 0.3 0.8 0.6 1.1 0.7 0.3 0.4
16:0
16:1
17:0

22.9
3.9
5.0

25.2
3.8
3.8

24.2
3,6
4.5

23.7
3.9
4.6

22.0 
4.4 
2.0

r,*
1.9

i *
1.8 1.0

25,4 26.6 23.6
&

23,0

ft*
18-2 
5 .3 
1.8

!ft*
1.3

21.1,
2.7
1.1

20.6
2.6'
0.8

18:0 27.4 27.2 25.8 24.4 20.7 13.3, 18.0 20.6 24.3 19.2 13.8 22.7 24.8 17.4 16.4 22.1
18:1 23.5 24,9 24.2 25.0 36.6G 46.6d 33.5®® 27.6* 33.7 40.0 38,3 34.7 31.1 39.4 32.0 25.1
18:2 6.4 4.3 5.5 5.6 9.7° 9, 2° 17,2d 19.9 4.8 7,3 15.0d 9.7 12.3 9.3 24,0 27.1
20:0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0,0 o.o 0.5 0.0 0.0
18:3 5.8 3.4 3.8 3.8 0.3 0.0 0.0 0,0 0.0 0.0 0.0 0,0 o.o 0.0 0.0 0.0
Total Unsat. 38.0 37.0 37.7 38.7 51.1 59,3 52.5 50,5 44,3 . 50.6 56.7 49.0 48.8 52.6 58.8 54.9

of diets.
CO = Cottonseed oil, PCO = Cottonseed oil product. Percentages refer to oil content

tively.
Period 1 at start of experiment, periods 2, 3 and 4 at 14, 42 and 84 days, respec-

c,d,e,
(P<.05).

Values within same line and period having unlike superscripts differ significantly
04to
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differences, all of the dietary effects in the cholesterol ester fatty 
acids observed at Period 2 remained throughout the rest of the trial 
(Periods 3 and 4),

Phospholipids. Few dietary effects were observed in the phospho
lipid fatty acid profile for sampling periods (Table 7). It is of 
interest to note that the dietary effects occurred mainly in the 18 car
bons fatty acids and were only significant at Periods 2 and 4. At these 
sampling periods, the content of stearic acid (C18:0) tended to decrease 
in the 8% oil treatments but only in the 8% CO group was such decrease 
significant (P<.05). The percent of C18:1 was lowered (P<.05) in the 8% 
GO group at Period 2, and at Period 4 the 12% PCO diet also presented a 
decrease in this fatty acid. For both Periods (2 and 4) the content of 
CIS:2 tended to increase for the oil treatments. At the termination of 
the trial, the content of total unsaturates in serum phospholipid was 
increased (P<.05) in the 8% CO and 8% PCO groups.

Free Fatty Acids. The fatty acid pattern of the serum free fatty 
acid fraction did not reveal significant changes throughout the experi
ment, except at Period 4 at which time many of the fatty acid 
concentrations were found to be influenced by dietary treatment. The 
content of those fatty acids with less than 17 carbons was decreased 
(P<.05) by oil treatment. As in the case of the phospholipid fraction, 
the content of stearic acid tended to be lowered by the unprotected oil 
diet. Oil treatment increased (P<.05) the level of oleic, linoleic and 
total unsaturates.

Triglycerides. The serum triglycerides were influenced to a 
small degree by the various diets in this study. Most of the significant
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effects found in Periods 2 and 3 were not present at the end of the 
experiment. Throughout the four sampling periods, some trends in the 
content of serum triglyceride fatty acids could be observed. Palmit- 
oleic content was lowered by as much as 50% by the oil treatments.
Stearic acid also tended to decrease in the oil groups, especially in the 
8% oil treatments. While the percentage of oleic acid tended to increase 
due to unprotected oil treatment, the same acid appeared to be lowered by 
protected oil treatment (Periods 2 and 4). The increase in linoleic acid 
and total unsaturates observed in the oil diets was not significant for 
all sampling periods but such a trend in those acids remained throughout 
the entire trial. One of the few significant changes found at Period 4 
was the content of 016:1 which was lowered (P<.05) by the protected oil 
treatments.

Treatment effect on the circulating levels of some of the serum 
fatty acids followed similar patterns regardless of the serum lipid 
fractions. That appeared to be the case for 016:1 and heptadecanoic 
(017:0) acids whose contents were decreased by oil treatment throughout 
the trial in all serum lipid fractions, and although not always statis
tically significant, the opposite trend was observed in the content of 
total unsaturates. A similar oil treatment effect (increase by oil 
treatment) was observed in linoleic acid level, except in the triglycer
ide, fraction in which the protected and unprotected oil treatments had 
opposite effects in the content of that acid (the former increase it 
while the latter decreased it). The percentage of oleic acid was in
creased in all serum lipid fractions by the 8% CO diet while the 
protected oil treatment increased it in some fractions (CEs and FFAs) and
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decreased in others (PLs and TGs). . Stearic acid did not follow a 
specific pattern in the four serum lipid fractions. The content of this 
acid was in some cases unaltered by dietary treatment (CEs)> in other 
cases (PLs and TFs) it tended to decrease by dietary oil, and only in 
one fraction (FFAs) was its content increased (12% PCO).

Period Effects Within Dietary Treatments
As a further comparison of these data, the fatty acids of the 

serum lipid fractions for the four different sampling periods were listed 
within diets (Table 8).

Cholesterol Esters. The content of CIS:2 and CIS:3 followed a 
similar pattern throughout the trial within each treatment studied. This 
pattern was demonstrated by an increase (P<.05) in CIS:2 and a decrease 
in CIS:3 between Period 1 and Period 2 with no further change after 
Period 2. Although not statistically different (P>.05) from Periods 3 
and 4, the increase observed at Period 2 in CIS:2 appeared to be highest 
at that Period for all diets. The magnitude of the increase (on the 
average) in CIS:2 content was lowest for the Control diet (39%) followed 
by the 8% PCO diet (70%) and the 8% CO diet (87%) with the 12% PCO diet 
showing the greatest increase (105%). Despite the fact that the content 
of CIS:3 dropped (P<.05) for all diets (between Period 1 and other 
Periods), such decrease was similar only for the PCO treatments (from.
10% to 0%, CIS:3). The decrease in CIS:3 was not as drastic for the 8%
CO diet (from 9.3% to 0.5%) or for the Control diet (from 9.8% to 2%).
No significant (P>.05) change was observed in C18:0 or C18:l for any of 
the periods within the Control diet. The protected oil diets caused no



TABLE 8. MEANS OF SERUM LIPID MAJOR FATTY ACID PERCENTAGES
SAMPLE PERIODS^. WITHIN DIETS'3

FOR EACH FRACTION BY

Control 8% CO 8% PCO 12% PCO

Fatty Acid
Period Period 

1 2 3 4 1 2 3 4 1
Period 
2 3

Period
4 1 2  3 4

Cholesterol Esters
14:0
14:1
15:0
1-16
16:0
16:1
17:0
18:0
18:1
18:2
20:0
18:3
Total Unsat.

u-
1.5 
0.6
18.0
4.1
1.1
4.6 

25.8  
30.7C5:2-
70.5

UOeo.oe
1.4.
0.8
13.4
5.1
1.2 
2.6

77.3

I:!"
1. 0
0.8
14.8
5.8
1.9 
4.0
»
&
73.6

1:1'
1.6
1. 0
14.2
6.0
1. 8
5.7
si-
71.5

1 . 2
0.7
1.2

&
4.4
■1.3c5.8.
28.9 
29. 4t‘

72.9

c

0.7
0.4
1 . 8

3.6

25.2
50.1"

Cd

cd

0,0,0,
0,

1 1 ,
3,0,
2,
18,
59,1,0,
82.

1.0Q 0.8 0.7, 0,8 0.7. 0.7 0.6 i-O
0,2 0.7* !> 0.2d 0-°d 0.6=

%
0.0=

0.9 1.3 0.9 0.6 l'2c «-4 0.5d
0.5, 0.6 0,2 0.5 0.3 0.6 0,1 0.2 0.4
11.4 13.8 13.2 16.9 13.7 14.7 10.6 14.5 14.8
3.4 3,4 2,4 3.2 2.6 3e2c 3.2

1:1“0.7. 1.3 0.9 0.8 0.7 t.o® 0.2
2l : ^  
55. ld .

4.3
26.3=

2.6.
12.3̂ « * .

6.8. 
14.7d

4.7_
28.7* 12!% “ i34.8= 66.3d 53.2d 58.2d 32.8 71.4 63.3d 67. ld

le4c10.1=
0.4.
0.0

1.6. 
0.0 » °-9c10.2*

0.0.
0.0

0.9,o.od 1:5-si.or 75.6 81.1 72.5 75.4 75.5 84.9 79.5 79.6

Phospholipids
14:0 1.3 0.7 1.3 0.4 0.9 0.5 0.6 1.5 l - h 1 • 7 r 1.3 11 1.5 1.3 0.9 0.8
14:1 0.0 0.1 0.4 0.0 o.or o.i. : > 0.0 0,2= 0.5 0.1 0.1 0,1 0.2 0.1
15:0 1.7 0.6 1.7 0.7 1.1= 0.3d 1.9 1,0 1.1 1,1 1.5 2.4 0.7 0.9
1-16
16:0

1.5
22.5

0.4
17.0

0.9
22.2

0.4
20.9

0.5
22.6

0.3
13.0

0.3
25.2

0.4
21.4

2.3
21.2=

0.7.
25.2d 2i:|« 22ia*d zl> 0.8. 

22.8d £:>
0.4
19.6=

16:1 1.9 1.0 1.9. 09 1.4 0.3 1.3a 11 3.2=
24.0

1.9j 2.1 l:%
21. id
S::""

IS 1.8
17:0
18:0

4.6
29.1

2.4
24.4

0.6
23.8

1.7
23.7

3.5
32.2

2.2=
28.1

0.0 
25.9

2.7=
27.6.

4.6=
27.3

0.8
25.4

2.6
26.8 » °> S::"

18:1
18:2 S:5- »

17.0,
33.8d

18.2=
14.2

16,1=
29.3d

16.1
16.5=

2°.9i° 
27.5

20:0
18:3 si 2* “4

0.0.o.od o.o_
0-°d :::* o.«" 0.0.

0.0
0.0
5.0=

0.0.
0.3d 5:2" 0.2

5.0
0.0.
0.0d

0.0.
°-3dTotal Unsat. 38.6= 53.9 49.2d 51.8 38.8 55.3 47.0 45.5 41.2 44.7 41,0 44.9 41 i 8 49.6d 50.4d 53.2d

4̂
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Fatty Acid

Control
Period 
2 3

8% CO
Period 2 3

8% PCQ
Period 2 3

12% PCQ
Period 
2 3

14:0
14:1
15:0
1-16
16:0
16:1
17:0
18:0
18:1
18:2
20:0
18:3
Total Unsat.

2-r
0.0
2.0
0.6
24.8
4.2
2.4 
28.3
25.8
6.4 0.0„
3.3
37.8

1.6 
0.8 22. V
3.3
3.3 
26.6c
29.6 
10.1s-;-
43.6

3
0.9V
2.8
1.5
21.8
4.4
1.5 
23.5 
27.2G 
12.0
»
44.9

cd

4.1
2. 2

3.0

7.4

35.9

2.4
0.0
2.0
1.8

2.6
25.9
27.1
7.8o.oc 
2.1 
41.6

1.5 
0.0
1.5 
0.6
20.3.
2.5 2-6
22.0
34.0 
14.2

51.0

1.8
0.6
1.2
0.5
20.9.
2.9
0.7
23.2 
32.7
15.2

»
51.5

Free Fatty Acids
3.0 
0.0 
2.6
1.3
19.8
5.3
2.4 

! 21.0
31.9 
12.5

14:0
14:1

1.8cd
0.4=

1.5cd

1.2
4
0.7

2.1=do.o= l-5c0.5 S:’=d
15:0
1-16

3.3
1.4

2.0
1.1

. a16:0 22.9 22.0 25.4 18.2 22.7 26.6d
16:1
17:0 . » t l f u . 5 H ;
18:0
18:1

27.4
E ' '

27.2 c24.9
18:2 - 4.8 12.3d 4.3 9.2 7.3
20:0 0.0 0.2. o.o. 0.0, 0.0 o.o.

3
18:3 5.6= 0.3d 0.0d ood 3.3G o.od

59.3dTotal Unsat. 38.0C 51. ld 44.3d 48.8 37.0C

49.8

2.2
0.0
1.5
0.7
18.4

28.7 
29.3 
7.3 0.0̂ 4-5* 
44.3C

Triglycerides nc

24.0
3,8

39.4"
9.33

cd,cd
cd

2.2 

B
24.2 
3.6 4-5=
25.8
24.2 
5.5 0.0„
3-8c 37.7C

2.0 1.9 1,4 1.9 1.4 1.8 0.80.0 0.4 0.5 0,1 0.0 0.4 0.4
2.2 , 1.7 1.5 1 .3 1.5 1.0 1.1
0.9 0.9 0i4 0.6 1,2 0.7 0.2
21.7 18.3 17.2 20.9 20,2 20.1 17.2

!:> 2.7, 4.2, 2.9 2.7 2.5 1.8
0.9 2.3d 3.0 3,1 0.5 1.1

22.1 22.7 22.0 29 .9 21.7 27,0 28.0
25.4 25.5 28.2 30.6̂ 27,8 28-9 25.1
22.7 24.5 21,7 5 .1C 19.9 16.4d 24.5'0.0.
,::A

0.0.& 0.0.o.od » 0.0.
0.1

54.8 42 .0 50.5 48.5 51.9

t.o"o.o. 2.3C
0.4,

l.ld0.0. 1 "c 0.3
o.s;
0.0

0.9d 2.1 1.7 1.3 0.7
0.2 1.5 1.0 0.6 0.4
24.9 23.6 21.1 23 .7 23.8 23.0 22.8

1:1°
3,4.
0.2 li

18.1 13.8 16.4d 24 .4 20.6 22.7 22.1
33.5
17.2

38.3
15.0

32.0
24.0 2i> 34.7

9.7
25.1 
27. V

°4*52.5d 56.7 58.8* 38 .7 50.5* 49.0* 54.9'

lPeriod 1 at start of experiment, periods 2, 3 and 4 at 14, 42 and 84 days, respectively.
5C0 = Cottonseed oil, PCO = Cottonseed oil product. Percentages refer to oil content of

the diet.
c,d,e,Values within the same line and diet having unlike superscripts differ .significantly

(P<.05)
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change (P>.05) in the concentration of CIS:0 in the serum of cholesterol 
esters throughout the four sampling periods. There was a decrease in 
C18:l content for the 8% CO diet, but this was significant (P<.05) only 
at Period 3; whereas, for the PCO treatments not only was such a decrease 
of greater magnitude (50%) but it was also significant (P<.05) for 
Periods 2, 3 and 4. Only within the 8% CO treatment was there any change 
(P<.05) in the content of C18:0 (decrease) and total unsaturates 
(increase) between Periods 2, 3 and 4.

Phospholipids. The effect of sampling period on the fatty acids 
of the phospholipid fraction within each experimental diet is also listed 
on Table 8 for each major fatty acid. A decrease (P<.05) in the content 
of C17:0 and C18:3 accompanied by an increase (P<.05) in C18:2 and total 
unsaturates was found, for Periods 2, 3 and 4 for lambs on the Control diet. 
The CIS:3 content, for all treatments, decreased (P<.05) to zero percent 
after the initial sample period.

For the 8% CO treatment, the content of CIS:2 increased (P<.05) 
and remained at this level throughout the trial while the level of CIS:1 
was found to be significantly lower (P<.05), only at the end of the trial 
(Period 4). No change (P>.05) in C18:0 was observed between periods for 
the 8% CO or the 8% PCO diets. Both PCO treatments showed an increase 
(P<.05) in C16:0 for Periods 2 and 3, but the content of that same fatty 
acid at the end of the trial was not different than at the beginning.

The level of C18-.2 for the 8% PCO lambs was increased signifi
cantly (P<.05) for Periods 2 and 4. All of the 18 carbons fatty acids 
were decreased (P<.05) for sampling Periods 2 and 4, while the levels of 
C18:2 were found to be highest (P<.05) for Periods 3 and 4. Total
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unsatur.ates were increased (P<. 05) by as much as 22% (on the average) with 
no significant (P>.05) further increase after Period 2.

Free Fatty Acids. One of the major changes observed in the free 
fatty acid fraction of the serum lipid within the 12%PC0 diet was an 
increase (P<.05) of about five-fold (on the average) in the content of 
CIS:2 for Periods 2, 3 and 4, as compared to Period 1. Period effect in 
CIS:2 for the other treatments was not significant (P>.05), although the 
concentration of that acid tended to increase after Period 2. Within 
the Control diet. Period 4 caused a decrease (P<.05) in CIS:3 to a level 
not different from zero in all treatments. The only other effect observed 
within the 8% CO treatment was an increase (P<,05) in -the content of 
C16:l found at Period 4, as compared to that observed at Periods 2 and 3, 
although Period 1 had a C16:l content not different (P>. OS5) from the 
other periods.

Between Period 1 and Period 4 and within the 8% PCO treatment, 
the only significant (P<.05) change occurred in the content of total 
unsaturates of the free fatty acid fraction. Such change in total un- 
saturates was an increase by about 23% but although already present by 
Periods 2 and 3, the content of total unsaturates in these two intermedi
ate Periods was not different (P>.05) from the content of those acids at 
Period 1.

Triglycerides. In the triglyceride fraction (Table 8), the 
effects of sampling period on the content of CIS:3 was uniform within all 
experimental treatments. Such effect on CIS:3 was a decrease (P<.05) for 
Periods 2, 3 and 4. This effect was not different from that discussed in 
the phospholipids and free fatty acids. The content of C18:0 also tended
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to decrease after Period 2 for all diets, but only for the 8% PCO treat
ment was such decrease found to be significant at the 0.05 confidence 
level for Periods 3 and 4. The protected oil diets did not present any 
significant (P>.05) change in the content of CIS:1 for any period but in 
the Control and 8% CO treatments there was a significant (P<.05) increase 
in C18:1 between Period 1 and the other sampling periods. All treatments 
were found to have an increase in the content of CIS:2 (Periods 2, 3 and 
4), but only for the Control and the 12% PCO treatment was it significant
(P<,05) and only for Period 4.

In contrast to the cholesterol esters, phospholipids and free 
fatty acids, the content of total unsaturates in the triglyceride frac
tion of serum lipid was significantly increased (P<.05) by sampling time 
within all diets. The increase in total unsaturates was significant at 
Period 2 and remained so for the other sampling periods with the 8% PCO 
treatment having the greatest increase (48% on the average) over Period 
1, followed closely by the 8% CO group (4% increase). The increase in 
the content of total unsaturates for the 12% PCO and the Control treat
ments was on the average of 33% and 26% (over Period 1), respectively.

The influence of sampling period in the level of C16:ti was not 
significant (P<.05) for any of the treatment groups but such effect was 
found to be significant (P<.05) in the content of C18:1 for the 8% CO 
group, although only at sampling Period 3. For all treatments the
content of C17:0 dropped (P<.05) after Period 2 and tended to be lowest
for sampling Period 3.

Various similarities in the fatty acid profile between the serum 
lipid fractions can be observed in Table 8. The content of linoleic acid
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and total unsaturates, for example, increased in all lipid fractions 
after Period 2. The opposite period effect was observed in the content 
of linoleic acid, again, in all fractions and within all treatments. 
Within the protected oil treatments, period effect caused an increase 
in oleic acid content in some serum fractions (PLs and TGs) and a de-.. 
crease in others (CEs and FFAs). Stearic, C17:0 and Cl6:1 acids also 
behaved very similar (decrease for Periods 2, 3 and 4) in all fractions 
within the oil diets, but within the Control diet only stearic acid 
followed that pattern.

Subcutaneous Fat Biopsy Fatty Acids
The. fatty acid profile of the tailhead subcutaneous fat taken

by biopsy throughout "the trial is presented in Table 9 by diets within
a sample period. Significant (P<.05) differences among treatment groups
were detected at the beginning of the trial for myristic (C14:0),
palmitic and stearic fatty acids, but two weeks into the trial (Period 2)
no significant (P<.05) differences were observed for these fatty acids.
The only significant (P<.05) change observed at sample Period 2 was an
increase in the percent of C18:2 acid for the 8% CO treatment and
especially for the 8% PCO and 12% PCO treatments which showed a two and
three-fold increase, respectively (as compared to the Control treatment).

At 42 days into the trial (Period 3), the percentage of C18:2 was
still significantly (P<.05) higher for lambs fed the 8% PCO (10.3%) and 
. ■ \ ' 

for those receiving the 12% PCO treatment (12.7%) as compared to the
level of the same fatty acid found in the Control lambs (2.4%). The
increase observed in the percent of 018:2 for the PCO treatments at



TABLE 9. FATTY ACID LEVELS OF SUBCUTANEOUS PAT BY DIETS* WITHIN BIOPSY PERIODS1*

Fatty Acid

Period 1 Period 2 Period 3 Period 4 Period 5

Control
Diet 

8% CO 8% PCO 12% PCO Control
Diet 

8% CO 8% PCO 12% PCO Control
Diet 

8% CO 8% PCO 12% PCO Control
Diet 

8% CO .8% PCO 12% PCO Control
Diet 

8% CO 8% PCO 12% PCO

14:0 5.6C 6.1= 5,9= 4.2d 4.6 4.0 4.6 4.1 3.7 3.6 2.4 2.4 3.1 2.9 3.7 2.6 • 2.7 , 3.4 2,8 ; 2.3

14:1 0.5 0.6 0.5 0.5 0.5 , 0.5 0.6 0.5 1.3= 0.7d 0. 8d 0.6d 1.6= 0.7d 1.0d p.6d 1.3d o. sd 0. 6d 0,9=d

15:0 0.9 0.8 0.8 0.6 0,8 0.8 0.7 0.7 1.1= 0.5d 0.5d 0.5d 1.1 0.6 1.0 0.8 0.8= 0.6=4 0,4d 0. 5=d

1-16 0.2 0.2 . 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.2 0.2 0.3 0.1 0.0 0.0

16:0 26.6 25.9 26.9 26.8 25.1 24.4 25.5 24.1 24.9= 24.6= 23.4cd 22.6d 23.9 . 24.7 23.6 24.2 23.0 24.3 22.8 21.9

16:1 2.4C 3.1d 2 > 2.4=d 3.2 3.1 2.7 2.9 4.5= 2.7d 2.7d 2.4d 4.9= 2.9d 2.6d 2.2d 4.3= 2.2d 2.0d 2.2d

17:0 2.1=4 1.7= 2.1Cd 2.5d 2.0 1.9 1.9 2.1 3.0= 1.5d 1.6d 1.4d 3.4 = 1.6d 1.7d 1.6d 3.2= 1.3d 1.3d 1.4d

18:0 22.7= 17.6d 19.8=d ‘ 24.4= 18.7 18.6 19.9 21.1 14:9 15.4 19.2 19.5 13.9= 14.1= 18.0d 20.4d 14.8 16.1 18.7 17.9

18:1 37.0 41.3 38.4 39.0 42.0 42.6 38.3 37.2 42.7= 46.6d 38.2= 37.0= 44.8= 47.9d 36.8= 42.8= 45.4= 46.3= 38.8d 36.6d

18:2 1.9 2.0 2.1 1.7 2.2= 3.1= 4.9cd 6.3d 2.4= 3.7d 10.3= 12.7f 2.4= 3.9d 8.1= 9.8f 3.1= 4.6= 11.6d 15.5d

Total Unsat. 41.9 42.7 43.9 44.4 47.6 49.5 46.7 -17.2 51.3 53.8 52.1 53.0 54. 0=d 55.6= 41.2d 49.7d 54.4 . 53.5 53.3 55.4

aCO = Cottonseed oil; PCO = Cottonseed dil product. Percentages refer to oil content of the
diets.

b  ■ : ' ' : "Period 1, at start of experiment; periods 2, 3, 4 and 5 at 14, 42, 63 and 84 days,
respectively.

c d e f’ ’ ’ Values within same line and period having unlike superscripts differ significantly
(P<.05) .

io
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Period 3 remained throughout the experiment without a marked change in 
magnitude after Period 3 (42 days). At 84 days the lambs fed the 8% CO 
treatment did not demonstrate a significant (P>.05) difference in the 
percent of C18:2 from the percent of that acid in the Control lambs. It 
is of interest to note that the increase in C18:2 for the protected oil 
treatments was accompanied by a significant decrease in C18:l acid.

Even though the concentration of linoleic acid increased in the 
subcutaneous fat depot, there was no significant (P>.05) change in the 
total quantity of unsaturated fatty acids between the treatments studied, 
although these fatty acids tended to be increased for the lambs supple
mented with PCO.

For an additional comparison, the biopsy fatty acid data by 
period were statistically analyzed within each experimental diet (Table 
10). Except for the 12% PCO treatment, the level of myristic fatty 
acid decreased significantly (P<.05) between Periods 1 and 3 for all 
treatments and remained so for the remainder of the trial. Within the 
Control diet, significant decreases (P<.05) were found in the percent of 
C16:0, C18:0 and C18:1. Most of these changes appeared to be the result 
of marked changes in those fatty acids (C16:0, CIS:p and C18:1) of the 
biopsy lipid for Periods two or three. No significant (P>.05) changes 
were observed in the level of CIS:2 for the Control diet.

For lambs receiving the 8% CO diet, there was a significant 
(P<.05) increase in C18:l and C18:2 levels at 42 days of the trial, but 
unlike the Control Or the 12% PCO treatment, this group of lambs did not 
show a significant change (P>.05) in either C16:0 or CIS:0 acids. No 
significant change (P>.05) in the percent of C18:1 was found in the



TABLE 10. FATTY ACID LEVELS OF SUBCUTANEOUS FAT BY BIOPSY PERIODS* WITHIN DIETSb

Fatty Acid

Control 8% CO ' 8% PCO 12% PCO

1 2
Period

3 4 5 1 2
Period

3 4 5 1 2
Period

3 4 5 . 1 2
Period

3 4 5
14:0 5.6C 4.6=4 3.7de 3.1de 2.7= 6.1= 4.0d 3.6d 2.9d 3.4d 5.9= 4.6=d 2.4= 374= 2.8de 4.2 4.1 2.4 2.6 2.3
14:1 0.5° 0.5= 1.3d 1. 6d 1.3 d 0.6 0.5 0.7 0.7 0.5 0.5 0.6 0.8 1.0 0.6 0.5 0.5 0.6 0.6 0.9
15:0 0.9 0.8 1.1 1.1 0.9 0.8= 0.8= 0.5d 0.6d 0.6d 0,8cd 0,7=4 0.5d 1.0= 0.4d 0.6 0.7 0.5 0.8 0.5
1-16 0.2 0.1 0.1 0.1 0.3 0.2=4 0.2= 0.1=d o.od 0.1=d 0.2 0.1 0,1 0.2 0.0 6.1 0.1 0.1 0.2 0.0
16:0 26.6C 25.led 24.9=d 23.9d 23.0d 25.9 24.4 24.6 24.7 24.3 26.9= 25.5=d 23.4d 23.6d 22.84 26.8= 24.1=4 22.6Cd 24.2cd 21.9d
16:1 . 2.4C 3.2= 4.5= 4.9= 4.3= 3.1 3.1 2:7 2.9 2.2 2.6 2.7 2.7 2.6 2.0 2.4 2.9 2.4 2,2 2.2
17:0 2.1 2.0 3.0 3.4 3.2 1.7 1.9 1.5 1.6 . 1.3 2.1= 1.9=d 1.6=4 1.7Gd 1.3d 2.5= 2,ld 1.4 = 1.6 = 1.4 =
18:0 22.7° 18.7=4 14.9d 13.94 14.8d 17.6 18.6 15.4 14.1 16.1 19,8 19,9 19.2 18,0 18.7 24.4= 21. ld 19.5d 20.4d 17.9d
18:1 37.0C 42.0d 42.7d 44.84 45.44 41.3= 42.6= 46.6d 47.9d 46.3 d 38.4 38.3 38.2 39.3 38.8 39.4 37.2 37.0 36.8 36.6
18:2 1.9 2.2 2.4 2.4 3.1 3.0= 3.1= 3.7d 3.9d 4.6d 2.1= 4.9d 10.3= 8.1f 11.6= 1.7= 6.3d 12.7 = 9.8f 15.5%
Total Unsat, 41.9C 47.6d 51.3d6 54.0= 54.4= 47.2= 49.5= 53.8d 55.6d 53.5d 43.9= 46.7d 52.1= 51.2® 53.3® 44.4= 47.2= 53.0d® 49.7=d 55.4=

aPeriod 1, start of experiment; period 2, 14 days; period 3, 42 days; period 4, 63 days; 
period 5, 84 days.

bC0 = Cottonseed oil, PCO = Cottonseed oil product. Percentages refer to oil content of 
diets. ■

c,d,e,f,gya ûes within the same line and diet having unlike superscripts differ significantly 
(p<.05). ;;
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protected oil treatments throughout all periods, but a definite increase 
(P<.05) was found in CIS:2 for these treatments. The statistical analy
sis of the total unsaturates by periods within each diet showed a 
significant increase (P<.05) for all experimental treatments.

Carcass Lipid Fatty Acids '
The dietary lipid effects on the fatty acid composition within 

the four carcass fat samples are reported in Table 11. Treatment effect 
on the deposition of linoleic acid was similar for all carcass fat 
samples. The level of that acid tended to increase for all oil supple
mented diets, but the increase was significant (P<,05) only for the 
protected oil groups with the 12% PCO diet causing the greatest (P<.05) 
linoleic increase over the Control diet (five-fold increase on the 
average). The deposition of oleic acid also followed a similar pattern 
in all fat samples, but in this case, the dietary effect was opposite and 
only caused by the PCO treatments.

The unprotected oil also tended to increase the d-position of 
CIS:1 but only for leg inseam, kidney fat and mesentery fat. Leg inseam 
was the only fat sample for which the content of stearic acid was in
creased (P<.OS), although only by the 12% PCO treatment.

Despite the changes observed in the individual unsaturated fatty 
acids, only in kidney fat was the content of total unsaturates increased 
significantly (P<.05). Mesentery and kidney fat unsaturated fatty acids 
also tended to increase. In all these tissues, the increase in unsatu
rates was caused by the oil treatments and especially by the 8% CO diet, 
and was greatest in shoulder inseam (10% increase over the Control group).



TABLE 11. MEANS OF CARCASS LIPID MAJOR FATTY ACID PERCENTAGES FOR DIETS* WITHIN CARCASS FAT SAMPLES

Kidney Fat Mesentery Fat
Fatty Acid Control 8% CO 8% PCO 12% PCO Control 8% CO 8% PCO 12% PCO

b be ’ be c
2-5c14: 0 2*6b 2.2c 2.2c 1.7c n'rb 2-7c 2*4c14: 1 0.3 0.0 0,0 .0.1' °-5b 0-3 0.2 c

0.4?1510 0.4 0.4 0.3 0.2 0.5^ 0.3C
0.01-16 Q.L 0.1

23'.^° 0 a c 0.3 0.1 0.0
16 0 24 21.4

1.3
21.4 23.1% 22.3 23.9_ 23.0„

16 1 I:f- 0.9 2-°b 1.7° 1.3 1.3
17 0 1.2 0.9° 2.7 1.2C 1.1C 1.2°
18 0 29.0 27.0 28.3 

30.8
29.1 28.7 26.3 25.9 26.8

18 1 35.2b 40.8C 26.5^ 36.5% 40.0? 32.9° 28.4?
18 2 3.2% 5.5 12.7^ 18.6? 3.1 5.0 11. lb 15.7d
Total Unsat. 40.7 45.6C 44.8 

Leg Insearn
46. 2 42.2 47.0

Shoulder
45.6

Inseam
45.9

14:: 0 3.2L 3.9, 3.5 . 2.8 2.8, . 2.9 2.8 2.1
14:: 1 o.sf 0.6̂ 0.2° 0.2° G.6. 0.4° 0 .3b 0.3°
15::0 0.9 0.8 0.4° 0.3C 0.6 ' 0 .4b 0.4b 0.3 b
1-16 0.0 0.1. 0.0 0.1, 0.2 0.1 0.2 0.1
16:: 0 23.3^ 24.3b 26.2C 23.5b 22.4 22.8 22.4 21.4
16::1 3.0 2.7 2,0° 1.6 2.2?

2.5b
1. 8C 1.5b 1.4b

17::0 2.2 1.8, 1.1, 1.1 1.4b 1.3^ 1.1C
18::0 18.6^° 17.3^ 19.0 22.5^ 24.5U 21.3 25.8 27.2
18:: 1 44.6b 43.7b 38.2° 33.7b . 40.3? 43.9? 33.3* 29.8?
18:: 2 3.5^ 4.7 9. 2C 13.8 3.3b 4.7b 11.5b 15.9^
Total Unsat. 51.8 51.7 49.7 49.3 46.4 50.9 46.8 47.6

aCO = Cottonseed oil, PGO = Cottonseed oil product. Percentages refer to oil content of the
diets.

k , c , t V a l u e s  within same line and fat sample having unlike superscripts differ significantly 
(P<.05). . .
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followed by kidney and mesentery fat (8% increase) with no change observed 
in leg inseam fat. Regardless of the type of fat tissue and form of 
dietary lipid supplementation, deposition of C16:l and C17:0 acids was 
decreased (P<.05) by oil treatment.

Presented in Table 12 are the fatty acid profiles of the carcass 
fat samples nested within each experimental diet. The deposition of 
C18:0 acid and CIS:1 acid demonstrated similar changes within each diet. 
The same trend in the deposition of these acids was.observed in kidney 
fat, mesentery fat and shoulder inseam. However, for leg inseam, C18:0 
was decreased (P<.05) while C18:l was increased (P<.05).

The content of CIS:2 was lowered (P<.05) for leg inseam only for 
lambs receiving the 8% PCO diet. . Although not always statistically 
significant (P<.05) within diet, leg inseam was a tissue with a differ
ent fatty acid composition than the other three fatty tissues. In 
general, leg inseam had greater quantities of total unsaturates, CIS:1, 
C16:l, 04:1 and lower levels of 08:0 and 08:2.

Intramuscular Lipid and Major Fatty Acids 
Total lipid extract percentages and the fatty acid composition 

for diets within muscle (cardiac muscle, CM; Semimembranosus, SM; Triceps 
brachii, TB; and Longissimus dorsi, LD) are listed in Table 13. Dietary 
treatment followed very similar effects on fatty acid deposition of 
skeletal muscles. Palmitoleic deposition in these muscles was decreased 
by all of the oil treatments. Furthermore, the content of the 18 carbons 
fatty acids presented a very unform pattern in all skeletal muscles. 
Stearic and linoleic acid were increased (P<.05) while oleic acid was



TABLE 12. MEANS OF CARCASS LIPID MAJOR FATTY ACID PERCENTAGES FOR CARCASS FAT SAMPLES WITHIN DIETS*

Fatty Acid
Diet*/Fat Sample 14:0 14:1 15:0 1-16 16:0 16:1 17:0 18:0 18:1 18:2 T. U.b
Control

Kidney Fat 
Mesentery Fat

2.6
2.3

0.3*
0*5d

0.1*
0.2

24.7
23.1 '•"c2.0*

2.3
2,7

29.0*
28.7*

35.2* 
36.5* .
fo'>

3.2
3.1

40.7*
42.2*

Leg Inseam 
Shoulder Inseam

3.2
2.8

0.8
0.6

0.9
0.6*

23.3
22.4

3.0
2.2*

2.2
2.5

3.5
3.3

8% Cottonseed Oil 
Kidney Fat 
Mesentery Fat is2"1

5:?
0.0*
0.1*

014*
0.4*

0.1
0.1

21.4*
22.3*

1.3* 1:| 27.0*
26-3*

40.8 
40.0

5.5
5.0

47.6*d 
47.0*

Leg Insearn 
Shoulder Inseam

0.8
0.4*

0.1
0.1

24.4*
22.8*

2.8® 
1.8 !> 17.3*

21.3®
43.7
43,9

4.7
4.7 S:&

8% Cottonseed Oil Product 
Kidney Fat 
Mesentery Fat

0.0
0.3

0.3
0.3

0,1 
0.0 .

23.2*
23.9*

1.3*
1-3*

14
1.1

28.3*
25.9*

30.8*
32.9

12.7*
H.I*

44. 8* 
45.6*

Leg inseam 
Shoulder Inseam

0.2
0.3

0.4
0.4

0.0
0.2

26.2*
22.4*

2.0
1.5*

1 .1 
1.3

19.0
25.8*

38.2® 
33.3 d

9.2
11.5*

12% Cottonseed Oil Product •
26.5*Kidney Fat ■i.?! 0.1 0.2 0.1 21.4

ii:
0.9 29.1* 18.6 46.2

Mesentery Fat 0.2 0.4 0.0 23.0 1.2 26.8^ 28.4* 15.7 45.9
Leg Insearn 
Shoulder Inseam

0.2 . 
0.3

0.3
0.3

0.1
0.1

23.5
21.4

1.1
1.1

22.5
27.2*

33.7*
29.8*

13.8
15.9

49.3
47.6

Percentages refer to oil content of diets.
^Total Unsaturated. 
c,d,e

(P<.05).
Values within same column and diet having unlike superscripts differ significantly 01Ol
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TABLE 13. MEANS OF INTRAMUSCULAR LIPID AND MAJOR FATTY ACID PERCENTAGES
FOR DIETSa WITHIN MUSCLES

Cardiac Muscle Semimembranosus
Item Control 8% CO 8% PCO 12% PCO Control 8% CO 8% PCO 12% PCO
% Ijipid*3 3.1 3.0 3.1 3.0 3.5 4.6 3.8 4.1
14
14

0
1

4.0
1.4

3.4
0.8

3.4
0.6

3.2
0.4

2.8e 
0.2

2-4
0.2®

15 0 0.9 0.6 0.6 0.4 0.8 0.4® 0.3® 0.4®
I-]
16

L6
0

0.7
21.6

0.4
20.0

0.2
20.9

0.2
22.3

1.6, 
21-9d

0.8 
24.0® ,

: i.o, 
22.9 22:7*:

16 1 1.7, 1.8. 1-4^ 1.4 2.8 2.0 1.5® 1.7®
17 0 2.3 1.6® 1.5 1.4® 1.5, 1.1 0.9 1.3, 

19.1 ' 
31 .of

18
18

0
1

30.4. 
33-7d

27.8
38.5®

29.1, 
32.4d

25.6, 
31. 5®

14.ld 
46.2®

16.4®
42.7®

17.2® 
36.71

18
T.

2
u.e

3.0\
40.3d

9.5®
44.4

13.1
46.9®

7. 6̂  
57.4

9.2 
54.2® :

16.5®
55.0®

19.2r 
52.8®

Triceps brachii Longissimus dorsi
% Lipid*3 3.3 4.7 3.6 4.2 3.9 5.1 4.3 5,1
14:: 0 2.0 2.5 2.0 . 2.0 2.5 3.0 3.0 2.5
14:: 1 0.2 0.2 0.2 0.2 0.0 0.0 0.0 0.0
15:: 0 0.3 0.3 0.4 0.3 0.7 0.5 0.4 0,5
1-16 1.3 0.7 0.9 1.0 0.9 0.8 0.7 0.5
16 0 21.0, 23.2 22.4 22.3 22.6 24.7 25.6 24.3
16
17
18 
18 
18

10
0
1
2

13.8^
so. n
6.9j

■ 1% 
16.0® 
43.9® 
9-9®

36.0^ 
16.9

o:8d
19.0' 
31.7g 
20. 3S

2.9 
1.7, 
14.7d 
47.0d 
5.7

2.3®
a:?-
41.8
8.7®

1.8® 
1.2. 
18.6^ 
36.8^ 
12.0

1.7®
0,9p
19.6?-
32.lg 
18.0g

T. u.c 60.1 56.0 55.0® 54.2® 55.6 52.8 50.6 51.7

aCO = Cottonseed oil, PCO = Cottonseed oil product. Percentages 
refer to oil content of the diet.

^Wet basis. 
cTotal Unsaturated.
d,e,f,gValues within the same line and muscle having unlike 

superscripts differ significantly (P<.05).
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decreased b y  the oil treatments. The protected oil supplements not only- 
caused a significant (P<.05) effect beyond the 8% CO treatment but also 
increasing the supplementation of the protected lipid (12% PCO) resulted 
in additional effect in the deposition of these acids (P<,05).

Cardiac muscle fatty acids, especially the 18 carbons, followed 
a unique and somewhat opposite pattern as compared to the skeletal muscle 
fatty acids: (a) Stearic acid tended to decrease by oil treatment,
(b) Oleic acid was not affected by protected oil treatment but was 
increased (P<.05) by the unprotected oil diet, and (c) the PCO treatments 
increased (P<.05) only the deposition of linoleic acid. Despite the fact 
that all muscles increased their deposition of linoleic acid by about 
three-fold by oil treatment, only in cardiac muscle was the content of 
total unsaturates increased (P<.05).

In the skeletal muscles evaluated, there was a decrease in the 
deposition of unsaturates. No significant (P>.05) influence of dietary 
treatment on total lipid was observed for any of the muscles studied 
(including CM).

Upon rearrangement of the data of Table 13 so that the different 
muscles could be compared within each diet (Table 14), the skeletal mus
cle fatty acids were found to be deposited very similarly in all skeletal 
muscle samples. Some additional differences can be observed in this 
table: (a) within the 8% CO and the 12% PCO treatments, skeletal muscles
demonstrated increased (P<.05) deposition of total lipid while lambs 
receiving the Control or the 8% PCO diets presented very similar lipid 
values in all muscles, (b) as compared to the CM, the deposition of oleic 
acid in skeletal muscles was found to be higher (P<.05) within the
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TABLE 14. MEANS OF INTRAMUSCULAR LIPID AND MAJOR FATTY ..ACID PERCENTAGES
FOR MUSCLESa WITHIN DIETS

Control 8% Cottonseed Oil
Item CM SM TB LD . CM SM TB LD
% I.ipid 3.1 5.5 3.3 3.9.

2.5*
0.0

3.0® 4.6®f 4.7®^ "£5.1
14 .0 4.0® . 2.4= 

0.7=
2.0= 3.4 2.8 2.5- 

0.2* ;
3.0-
0.0=14 1 1.4® 0.2= 0.8® 0.2

15 0 0.9 . 0.8 0.3 0.7 0.6 0.4 0.3 0.5
I-]
16

.6
0

0.7
21.6

1.6
21.9.

U f -
14.1=
46.2=
7,6=
57.4

1.3
21.0.

0.9
22.6.

0.4
20.0®

0.8
24.0

0.7-
23.2

0.8-
24.7=

16
17
18 
18 
18 
T.

1
0
0
1 :

x430.4
33.7®
3.0

40.3®

. 2.8= 
1.2= 
13. Sf 
50.1= 
6.9^ 
60.1

1 %
14.7=-
47,0=
5.7=
55.6=

1.8
l-6e27.8

38.5®
4.6
47.0®

2.0 
1.1 
16.4= 
32.7= 
9.2* 

' 54.2=

1.9
1.0-
16.0=
43.9=
9.9=
56.0*

2.3
1.6-
16.7*
41.8=
8.7*
52.8

8% Cottonseed Oil Product . 12% Cottonseed Oil Product
% I 
14: 
14:

jipidC 
: 0 
: 1 •i;: : 0.2

3.6.
2.0=
0.2= 0.0

3.0® 
- 3.2® 

0.4®
4. i f  
2.4* 
0.2 ;

4.2®*
2.0f
0.2=

5.If 
::::

15:0
1-16

0.6
0.2

0.3
1.0.

0.4
0.9.

0.4
0.7.

0.4
0.2®

0.4
0.9

0.3- 
1.0 o:5«f

16:: 0 20.9 22.9= 22.4 25.6g 22.3 22.7 22.3 24.3
16 :i 1.4 1.5 1.9 1.8 1.4 1.7 1.9 1.7
17 :0 1.4p 0.9. 1.3. 1.2.

18.6=
56.8=
12.0®

1.4 1.3 0.8 0.9
18:
18
18

: 0 
:1 
:2 ,

29.1®
32.4®
9.5®

17.2=
36.7=
16.5=

17.5=
36.0=
16.9*

25.6
31.5
13.1®

19.1
31.6
19.2=
52.8

19.0 
31.7- 
20.3= 
54.2=

19.6
32.1-
18.0=
51.7*T. U. 44.4® 55.0 55.0= 50.6S 46.9®

aCardiac Muscle (CM), Semimembranosus (SM), Triceps brachii (TB), 
and Longissimus dorsi (LD).

bPercentages refer to oil content of the diets.
cWet basis.
Total Unsaturated.
e’ ’̂ Values within the same line and diet having unlike super

scripts differ significantly (P<.05).
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Control or the 8% CO treatments, (c) although oleic acid was also higher 
(P<.05) in the skeletal muscles of lambs receiving 8% CO, the magnitude 
of such increase was smaller, (d) the deposition' of oleic acid for the 
group of lambs being fed the 12% PCO diet was similar in all tissues 
(skeletal and cardiac), (e) regardless of the diet, the content of total 
unsaturates was higher for skeletal muscles as compared to CM, (f) the 
differences in total unsaturates between CM and skeletal muscles was of 
greater magnitude for lambs receiving the Control diet than those 
receiving the oil treatments. The LD tended to deposit the lowest 
(P<.05) content of total unsaturates.

Liver Lipid and Major Fatty Acids
The major fatty acid percentages and the total lipid extract 

percentages of the liver tissue are listed in Table 15. Addition of the 
different dietary lipid supplements had a very marked influence on the 
fatty acid composition of the liver. The only major fatty acids for 
which there was not a significant change (P>.05) were linoleic and 
docosanoic (C22:0) acids.

Liver fatty acids with less than 18 carbons were all significant
ly decreased (P<.05) by oil treatment with the greatest (P<.05) decrease 
found in the protected oil diets. The unprotected oil diet presented 
the only effect on stearic acid (decrease). All oil treatments had an 
effect on G18:1 deposition, but while the unprotected treatment increased 
its deposition (P<.05), the protected oil diets decreased it (P<.05). 
Liver CIS:2 acid was increased (P<.05) by oil treatment, especially for 
the protected oil treatments.
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TABLE 15. MEANS OF LIVER TOTAL LIPID AND MAJOR FATTY ACID
PERCENTAGES BY DIET

Fatty Acid
Diet

Control 8% CO 8% PCO 12% PCO
14:0 1.3b 1.3b 0.8° 0.3C
15:0 0.9b 0.7b 0.4C 0.3?
1-16 0.7b 0. 8b 0.3° 0.1°
16:0 18.2b 16.6bc 15.5° 12.6d
16:1 3. 6b 2.9b 1.7° 1.1C
17:0 2.6b > > 1.5cd 1.0d
18:0 26.7b 19.4° 24.0b 25. 0b
18:1 26.7b 32.6° 20.3d 12,0®
18:2 11.0b 17.4° 24.0d 33.8s
18:3 1.4 .1.3 1.4 0.8

22:0 1.6 1.5 1.0 1.1
20:4 5.8bc 3.4C 8. 6be 11.2b

Total Unsat. 42.8b 54.8° 47.6bc 47.9bG
% Lipid , 4.6b 6.4C 5. 8d 5.9d

aCO = Cottonseed oil, PCO = Cottonseed oil product. Percentages 
refer to oil content of the diet.

b,c,d,e.ya ûes within same line having unlike superscripts differ 
significantly (P<.05).
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The content of arachiodonic acid tended to increase for the pro
tected oil diets while the 8% CO diet decreased (P<.05) the content of 
this acid. Total unsaturates were higher for the oil treatments but 
when compared to the total unsaturates found in the Control lambs, only 
the 8% CO groups presented significantly (P<.05) higher levels of 
unsaturates.

Total liver lipid percentages (wet basis) were increased (P<.05) 
by oil treatment with the 8% CO group having the highest (P<.05) lipid 
content. No additional increase (P>.05) in liver total lipid was ob
tained by increasing the level of dietary protected oil from 8% to 12%.

Wholesale and Retail Cutout Data
Percent retail cuts was higher for the Control lambs and it was 

different (P<.05) from either the 8% CO or the 8% PCO lambs, but not 
different (P>.05) from the lambs receiving the 12% PCO diet (Table 16). 
Yield of retail cuts (%) for the 8% CO lambs was not different (P>.05) 
from the 8% PCO lambs.

No significant differences (P>.05) were detected among the four 
treatments for the yield of any of the closely trimmed wholesale cuts: 
shoulder, rack, loin and leg. The same results were obtained when the 
total weights of the untrimmed wholesale cuts were statistically analyzed.
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TABLE 16. MEANS OF WHOLESALE AND RETAIL CUTOUT DATA BY DIETS

Bietb
Itema Control 8% CO 8% PCO : 12% PCO
Shoulder, % 20.8 19.5 19.4 20.9
Rack, % 8.0 7.9 8.3 8.8
Loin, % 6.4 5.8 5.5 , 5.1
Leg, % 24.1 22.4 22.7 24.2
Breast and shank, % 12.0 11,0 12.1 10.4
Yield retail cuts, % 75.4C 68.2d 67.5d 73.0°

aValues for the wholesale cuts represent the weight of the 
closely trimmed wholesale cut as percent of the carcass weight, except 
breast and shank which as not trimmed.

bC0 = Cottonseed oil, COP = Cottonseed oil product. Percentages 
refer to oil content of diet.

c,cValues within the same line having unlike superscripts differ 
significantly (P<.05).



DISCUSSION

Performance
Average daily gain and feed intake tended to be favored by the 

lambs fed the Control or the 8% PCO diets, as compared to the unprotected 
oil supplemented diet or the 12% PCO diet (Table 3). Depression in feed 
intake by ruminants fed elevated levels (over 7% of ration) of added 
dietary fat has already been reported in sheep and steers (Czerkawaski 
et al., 1966b; and Figroid, 1971). These workers concluded that such 
high levels of fat must have a marked influence on the general intra- 
ruminal environment with subsequent impairment of feed intake and diet 
utilization,: Cuitun (1974) reported complete protection against rumen
microbial fermentation of formaldehyde treated casein-safflower oil 
particles. These studies explain the superiority of the 8% PCO lambs as 
compared to the 8% CO group.

The lower feed intake observed for the 12% PCO group could be due 
to either a decrease in palatAbility of the ration or to decreased feed 
intake caused by the release of .large amounts of fat in the duodenum 
(Faichney et al., 1972). Depressions in feed intake by steers supple
mented with high levels of protected (Faichney et al., 1972) or 
unprotected (Figroid, 1971) lipid have been observed. In these studies, 
it was suggested that lipid consumption would not go above a certain 
level regardless of the amount of lipid in the diet of ruminants. Their 
findings agree with the present study in that a depression in feed intake 
was noted for the lambs fed the 12% PCO but did not account for the

63
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superiority of feed consumption by the 8% PCO lambs. It is possible that 
the mechanism by which dietary lipid influence feed intake in steers does 
not operate in the same manner for sheep or at least to the same degree; 
therefore, regarding lipid ingestion, the ovine cannot be used as a 
bovine model and vice versa.

Feed required per pound of gain tended to favor and was similar 
for the oil supplemented diets which reflects the higher fat and energy 
content of such treatments. Although carcass weight, dressing percent
ages, fat thickness and kidney fat tended to be altered by the 8% PCO 
lambs, such differences were not statistically significant. Similar 
observations have been reported by Garrett and Yang (1975) in steers 
supplemented with protected polyunsaturated fat.

Serum Total Lipid and Insulin 
As compared to the Control group total.plasma lipid tended to be 

higher for the oil supplemented lambs after Period 2, with such increase 
being significant at Period 4 (Table 4). Oil supplementation appeared to 
have the opposite effect on the circulating level of insulin, but the 
decrease in this hormone was not significantly different (P>.05) between 
treatment groups at any of the sampling periods. The 12% PCO treatment 
tended to cause the greatest changes in both total serum lipid (increase) 
and insulin level (decrease).

The role of insulin in the removal of large glucose loads is 
clearly less important in ruminants than in "Species absorbing large 
amounts of glucose; however, rates of glucose turn over in sheep fed a 
variety of diets are closely related to plasma insulin concentrations
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•(Basset, Weston and Hogan, 1971). With regards to lipid metabolism, 
insulin has been reported to have a definite effect by stimulating: lipo- 
genesis and inhibiting lipolysis (Basset, 1975) . Therefore, one might 
expect to find rather low insulin levels in lambs whose total serum lipid 
is already high (oil supplemented groups).

Insulin has also been reported to stimulate uptake and incorpora^ 
tion of amino acids into protein and to inhibit proteolysis (Basset,
1975). This could account for the rise in circulating insulin after 
Period 2 for the protein protected groups, if it is assumed a higher 
amino acid absorption in those treatments (Table 5). Faichney and Weston 
(1971), Basset et al, (1971), and Fajans and Floyd (1972) reported that 
plasma insulin levels in sheep fed diets containing formalin-treated 
casein were higher than plasma insulin levels in sheep fed diets contain
ing unprotected casein. Trenkle (1970) and others (Lofgreen and Warner, 
1972; and Ross and Kitts, 1973) have reported that plasma insulin levels 
increase less after feeding hay than concentrates. These workers conclud
ed that such differences were probably a reflection of slower digestion 
and smaller amount of digestible organic matter provided by the hay diets 
rather than any specific difference between the diets. This appeared to 
be the case with the nOncas.ein-containing groups of the present study 
(Control and 8% CO) for which there was an increase in insulin after 
Period 2 (Table 5) as.a result of shifting their diet from ground hay 
(pretrial) to a higher organic matter containing diet (Table 1).

The regulation of insulin secretion by dietary means in ruminants 
is not yet well understood. A great deal of attention has been focused 
on the possible involvement of volatile fatty acids in insulin regulation
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(Horino et al., 1968; Manns and Boda> 1967; and Manns, Boda and Willies, 
1967). As to whether or not circulating serum lipid levels (containing 
long chain fatty acids) have a direct effect on insulin secretion cannot 
be concluded from the present study. . It is possible that such effect may 
be indirect through an alteration in carbohydrate metabolism due to the 
high lipid in the circulating serum. It is also unclear as to the 
mechanism by which protein absorption in ruminants may stimulate insulin 
secretion since most amino acids absorbed from the gut are taken up by 
the liver and their absorption is not reflected in changes in periferal 
amino acids (Wolff, Bergman and Williams, 1972). Again, an indirect 
protein effect on insulin secretions is more likely to exist. Increases 
in serum lipid of steers consuming an 80% concentrate fattening ration 
supplemented with protected safflower oil have also been reported (Dryden 
et al., 1975). But such increase over the control diet (unsupplemented 
80% concentrate diet) was of greater magnitude than that observed in 
the lambs of the present study. This discrepancy between species in* . 
dicates the presence of a more efficient homeostatic mechanism contfoling 
serum lipid levels in the ovine and hence a higher capability in utiliz
ing high levels of absorbed lipid.

Serum Lipoproteins 
Kubasek, beat and Buttress (1974) and Nelson (1973) reported that 

in plasma of adult sheep most of the lipid (70%) is transported as high 
density lipoprotein (HDL) with low density lipoproteins accounting for 
17% of such transport. This is in variance with observations in human 
serum (Lewis, Green and Page, 19.52; and Havel, Eder and Bragdon, 1955)
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and pig serum (Janado, Martin and Cook, 1966), where the major portion 
of the lipoproteins appeared in the low density fraction. . The lipo
proteins values obtained in the present study (Table 6) agree with those 
reported by Kubasek et al. (1974) but not completely since the LDL 
fraction accounted for only 6% (on the average) of the lipoproteins.
Such discrepancy can be the result of different methodology in the 
analysis of the lipoproteins or differences in diets.

Regardless of dietary treatment, both lipoprotein fractions 
tended to increase the amount of lipid carried (Table 6) with the pro
tected oil supplemented lambs presenting a greater increase in such 
capacity and at an earlier time in the trial (Period 3). Dryden et al.
(1971) reported that steers receiving high energy diets supplemented 
with unprotected added fat demonstrated that serum lipid and lipoprotein 
fraction concentrations were quite stable regardless of the level of fat 
addition to the diet, but in a different study (Dryden et al., 1975) 
using similar animals, supplemented with protected lipid, resulted in 
alteration of both the total serum lipid and the concentration of serum 
lipoproteins. The present study agrees with the findings reported by 
Dryden et al. (1975) in that the two major lipoprotein fractions were 
increased (especially by the protected treatments).

It is of interest to note that most of the elevation in total 
serum lipid observed for the PCO lambs (Table 5) was due to an increase 
in HDL fraction (Table 6) which is at variance with the reported findings 
in steers (Dryden et al., 1975) for which such increase in serum lipid 
occurred mainly in the LDL fraction. Furthermore, it should also be 
noted that the rise in HDL concentration due to protected oil treatment
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was by about two-fold (as compared to the Control at Period 4) in lambs; 
whereas, the increase reported by Dryden et al. (1975) in serum LDL of 
was by as much as six-fold. Shell (1976) has indicated that cottonseed 
oil digestibility by lambs consuming a diet supplemented with 8% protect
ed cottonseed oil can be as high as 96%, a value quite high when compared 
to that reported by Cuitun (1974) with steers fed an 80% concentrate 
diet containing 6% protected safflower oil (69% lipid digestibility). 
Whether or not the differences between species in the digestibility of 
protected lipid relate to those differences observed in their serum lipo
proteins is not.known. It is possible, that the ovine may possess a more 
suitable homeostatic mechanism maintaining normal lipoprotein concentra
tions even when absorption of lipid in the gut is highly increased. The 
presence of high circulating levels of insulin in lambs fed protected 
cottonseed oil offers an alternative explanation. This hormone has been 
reported to increase the activity of lipoprotein lipase of adipose tissue 
(Benson et al., 1972) in ruminants. The role of this enzyme is to 
catalyze the hydrolysis of triglycerides of serum lipoproteins to fatty 
acids and glycerol prior to entry of fatty acids into the tissues 
(Garfinkel, Baker and Schotz, 1967; Robinson, 1963 and 1967). The 
activity of such enzyme within the lipogenic tissue of monogastric 
animals has been reported to be sensitive also to changes in substrate. 
The present study demonstrates a possible double activation of lipopro
tein lipase; through hormone stimulation (high insulin level) and through 
substrate availability (high serum lipid. Tables 4 and 5).
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Fatty Acids of the Serum.Lipid Fractions

In the present study, treatment effect on the fatty acid profile 
of the different serum lipid fractions can be summarized as follows:
(a) except for palmitic acid of the triglycerides which was unaffected, 
all fatty acids with less than 18 carbons tended to decrease with oil 
treatments; (b) linoleic acid level was increased by the oil diets in all 
fractions with the magnitude of the increase being greatest for the pro
tected oil groups; (c) the percentage of oleic acid was increased in all 
serum lipid fractions by the 8% CO diet while protected oil treatment 
decreased oleic acid in some fractions (CE and PL) and did not affect it
in others (FFA and TG); (d) the content of stearic acid was in most cases
unaltered by dietary treatment (CE, PL and TG) and only in one fraction
(FFA) was its content increased (12% PCO); and (e) although not always
statistically significant, the content of total unsaturates tended to be 
increased by the oil containing treatments (Table 7).

The fact that esterified fatty acids with less than 18 carbons 
were decreased by oil treatment in all plasma fractions could have been 
the result of low absorption (or dilution) at intestinal level. Re- 
esterification into triglycerides at the intestinal mucosa or liver of 
those acids may also be low. Under conventional ruminant diets those 
acids would originate from de novo synthesis (Hanson and Ballard, 1967). 
Because of the greater availability of exogenous long chain fatty acids 
and restricted source of fatty acids with less than. 18 carbons (oil con- ' 
taining treatments. Table 2), the latter explanation appears to be a more 
feasible one. The restricted availability of short chain fatty acids 
(with less than 18 carbons) is also exemplified by the lower content of
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those acids in the plasma free fatty acids. Similar observations have 
been made on ruminants fed protein protected diets by Scott et al. (1971).

It has already been mentioned that palmitic acid tended to be 
unaltered by dietary treatment (Table 7). In respect to this acid, it is 
of interest to note that its positional distribution in chylomicron tri
glycerides from the thoracic duct of sheep is not at random, regardless 
of the form of the dietary lipid (Scott and Cook, 1975) but instead it 
tends to be Specifically located at position 2. The specific location of 
palmitic acid in chylomicron triglycerides may be a consequence of absorp
tion of that acid in the monoglyceride form without further hydrolysis by 
the intestinal cell or liver. This may not be the case since, triglycer
ides from plants generally show a preferential esterification of 
saturated fatty acids at positions 1 and 3 (Anderson et al., 1970;
Christie and Moore, 1971; and Privett, Blank and Verdino, 1965), this 
being the form in which the dietary triglyceride reached the intestine 
(Table 2). Therefore, the intestinal cell appears to be responsible for 
the specific distribution of palmitic acid in the serum triglyceride.
The role of the liver in relocating palmitic acid from one position td 
another in the glyceride moiety is not clear. However, translocation of 
palmitic acid from lipid fraction to lipid fraction must occur in the 
liver since in the plasma the triglycerides, fatty acids account for only 
3% of the total plasma fatty acids (Duncan and Carton, 1963) as compared 
to 70% in the lymph (Leaf and Harrison, 1974).

Since little variation in the content of palmitic acid was 
encountered among treatments in the four lipid fractions, this implies 
that once hydrolysis of the lymphatic chylomicron has occurred in the liver
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each lipid fraction will receive a constant amount of that acid, regard
less of its availability or the availability of other fatty acids 
(saturated or unsaturated).

Intra-abomasal infusions in sheep of emulsions on linseed oil, 
maize oil, or linoleic acid (Moore, Noble and Steele, 1969) have suggest
ed that the unsaturated acids (mainly CIS:2) enter the different plasma 
lipid fractions in a definite pattern, i.e, incorporation first into the 
triglyceride fraction within 1.5 hours, followed by incorporation into 
the phospholipid and. cholesterol ester fractions within 8 to 9 hours and 
24 to 25 hours, respectively. This sequence of incorporation proposes 
that after absorption from the small intestine, unsaturated fatty acids 
are transported in triglyceride form to the liver where the triglycerides 
are partially or completely hydrolyzed. It also implies that any changes 
in the fatty acid content of the nontriglyceride plasma fraction is in 
part due to the composition of lymphatic triglyceride.

In the current experiment, plasma stearic acid generally did not 
respond to dietary lipid treatment which was an expected result since 
none of the diets contained above 4% stearic acid (Table 2) . The in-, 
crease in stearic acid in the plasma free fatty acids brings about the 
possibility of displacement of that acid from the esterified form (CE,
TG, PL) and replacement of that available site by unsaturated fatty acids. 
That was probably the case for the protected oil groups but the same 
logic does not apply to the 8% CO lambs whose dietary stearic acid was 
very likely increased by microbial hydrogenation of the unsaturated-18~ 
carbon fatty acids, namely linoleic and oleic. In those lambs (8% CO) a 
homeostatic mechanism (present in liver or other tissue) controlling the
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content of stearic acid in the plasma lipid may have been responsible for 
maintaining that fatty acid at a constant level in the plasma CE, TG and 
PL. Such mechanisms would react to changes in the circulating levels of 
other fatty acids (probably unsaturated). The tendency for stearic acid 
to rise in the FFA fraction for lambs on the 12% PCO treatment was inter
estingly enough accompanied by significant (P<.05) increases in that same 
fraction of oleic and linoleic acid. Upon examining the statistical 
analysis concerning stearic acid of the FFA fraction, it was observed that 
there was a significant (P<.01) negative correlation (-.33) between the 
concentration of this apid and that of linoleic acid.(Appendix, Table 
19).

The content of unsaturated 18 carbon fatty acids in the plasma 
lipid fractions is the result of a much more complex mechanism in which 
more than likely a number of factors (endogenous and exogenous) play an 
important role. Leat and Hall (1968) noted that cholesterol esters are 
quantitatively the most important means of transport oi CIS:2 and CIS:3 
acids in the blood plasma of the cow while they are of very minor 
importance in the transport of these fatty acids in intestinal and 
thoracic lymph. Furthermore, Leat and Baker (1970) have recently report
ed sufficient evidence to suggest that a major part of the ester fatty 
acids are derived from position 2 of plasma lecithin by the action of a 
plasma lecithin-cholesterol acyl-transferase present in herbivorous 
animals (cow, sheep, horse and goat). These workers also found that the 
percentage of C18:2 and C18:3 in the cholesterol esters was linearly 
related to the percentage of those acids in the plasma phospholipids.
For CIS:2 the percent present in the cholesterol esters of all
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herbivorous examined was nearly twice that found in the plasma phospho
lipids and, in general, it appeared that there was a one to one 
relationship between the percent CIS:2 in the position 2-fatty acids of 
lecithin and that in the cholesterol esters.

Felinski et al. (1964) and Heath, Adams and Morris (1964) have 
indicated that lymph cholesterol esters and triglycerides are more 
saturated than the corresponding plasma lipids; whereas, lymph phospho
lipids contained more CIS:2 and CIS:3 than plasma phospholipids. Scott 
and Cook (1975) have already demonstrated that the CIS:2 content of the 
lymphatic triglycerides can be increased by dietary CIS:2 protected from 
ruminal hydrogenation. In that respect, beat and Harrison (1975) have 
reported that in lymph phospholipids 52% of the linoleic acid, 81% of the 
linolenic acid, and more than 88% of the oleic acid are derived from . 
endogenous esterified sources.

From the mentioned reports concerning the unsaturated profile of 
the lymphatic lipid fractions it can be concluded that both the triglycer
ide and phospholipid of the lymph, have a limited direct effect on the 
degree of unsaturation in those same lipid fractions in the plasma. From 
these observations it is also apparent that the influence of other tissues 
(muscle, lipid) may determine (in part) the composition of plasma lipid 
fractions.

The increase in oleic acid observed in the 8% CO lambs occurred 
in all fractions. This was due to increased oleic acid reaching the 
small intestine as a result of hydrogenation of the unprotected linoleic 
acid by the rumen microflora. This hydrogenation action of rumen micro
organisms. on saturated fats has been demonstrated by Carton, Lough and
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Vioque (1961) and Ulyatt, Gzerkawski and Blaxter (1966). According to 
Polan, McNeil and Tove (1964), the hydrogenation of CIS:2 to C18:0 by 
rumen microbes involves two separate systems: one converts CIS:2 to
C18:l and the other converts CIS :1 to CIS: 0 . These researchers obtained 
evidence to suggest that high concentrations of CIS:2 completely inhibit 
the conversion of CIS:1 to CIS:0 by the second system. Since the dietary 
content of CIS:2 in the 8% CO diet was quite high (Table 2) this also 
can account for the unaltered stearic acid content in the plasma lipids 
of the 8% CO lambs.

Protected oil treatment tended to decrease oleic content in phos
pholipids and cholesterol esters. Since those plasma fractions appear to 
have transport specificity for linoleic and linolenic acids and their 
availability was high in those diets (8% PCO and 12% PCO), it appears 
that some displacement of oleic acid occurred in phospholipids and 
cholesterol esters with esterification of polyunsaturates being favored. 
The tissue responsible for that selective esterification of cholesterol 
esters and phospholipids appears to be the intestinal cell, according to 
Leat and Harrison (1974).

The observed increase in linoleic acid by oil treatment was the 
same regardless of oil protection. Since the content of that acid in the 
8% CO diet was quite high (Table 2), it is apparent that a significant 
portion of that acid escaped hydrogenation in the rumen. Furthermore, 
the increase in linoleic acid was always greatest for the protected oil 
groups.

Most of the plasma linoleic changes were accompanied by changes 
in other plasma fatty acids. Statistical analysis of such changes
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resulted in various significant (P<.05) correlations between linoleic 
acid and other fatty acids (Appendix, Tables 17, 18, 19 and 20). The 
content of total unsaturates was positively correlated (P<.01) with the 
level of linoleic acid in all plasma fractions with correlation coeffi
cients ranging from 0.64 to 0.83. It is also of interest to note that 
linoleic acid was negatively correlated (P<.01) with stearic and oleic 
acids in all fractions. A highly significant (P<.01) negative correla
tion was also found between total unsaturates and stearic acid (Appen

dix, Tables 17, 18, 19 and 20).
The aforementioned results clearly indicate that interrelation

ships and interactions between plasma fatty acids do occur in the ovine. 
The total unsaturates of plasma fatty acids, regardless of fraction and 
under the conditions of this study, are a result of decrease in stearic 
acid and an increase in oleic and linoleic acids. This situation may be 
the result of a number of mechanisms in which more than one tissue is 
involved.

Inclusion of large amounts of lipid in the diet of non-ruminants 
generally leads to an alteration in the pattern of tissue lipogenesis.
One of the many effects of Such dietary regime is that endogenous fatty 
acid biosynthesis is suppressed (Hill et al., 1958) and cholesterolgene? 
sis is generally increased in the liver (LinazarosO et al.', 1958 and 
Mukherjee and Slater, 1958). A similar situation has been encountered 
with ruminants fed diets supplemented with protected lipid by Mills, Cook 
and.Scott (1976) who observed increased entry of cholesterol into the 
secretion of sterols, however, was insufficient to prevent the observed 
hypercholesterolaemia which was exclusively of endogenous origin (Mills
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et al., 1976). Despite the high concentrations of serum cholesterol in 
ruminants fed dietary lipids, no significant change has been observed in 
the cholesterol content of meat (Bitman et al., 1973 and Nestel et al., 
1973).

The extent to which absorbed triglyceride fatty acids are uti
lized for further lipid biosynthesis will depend largely on the total 
caloric intake of the animal. If the caloric intake is insufficient for 
adequate growth, the absorbed fatty acids will be oxidized to meet the 
energy demands, rather than be deposited as tissue lipids (including 
plasma).

It is generally accepted that glycerides of animal fats (includ
ing those in the plasma) differ not only in the fatty acid composition, 
but also in the way these acids are distributed among the various 
glyceride molecules. Early attempts to correlate composition and struc
ture soon led to rejection of the concept that animal.fats were composed 
of mixtures of simple triglycerides. The development of stereospecific 
analysis utilized enzyme specificity to establish the fatty acid composi
tion at each of the positions in a triglyceride. The theories proposed 
to explain the findings are varied and include: Even Distribution Theory,
Random Distribution Theory and Restricted Random Distribution Theory 
(Price and Schweigert, 1971).

Both the Random Distribution and Even Distribution Theories base 
the glyceride composition on the availability of any given fatty acid.
If that was the case for the lambs of this study, then a marked decrease
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should be expected for palmitic and stearic acids in the plasma lipids of 
the protected oil groups since the availability of those acids in the 
diet was quite low (Table 2).

Very few significant alterations were found for the content of 
total unsaturates despite the changes observed in linoleic and oleic 
acids. None of the theories proposed for glyceride composition can be 
used to explain the plasma lipid composition of the present study. The 
data obtained in this regard is limited. However, it can be concluded 
that there is a homeostatic mechanism whereby the fatty acid profile 
(unsaturation) of ovine plasma is controlled, regardless of the avail
ability of fatty acids.

Subcutaneous Fat ~ Biopsy Fatty Acids 
The results obtained in this experiment show that dietary unsat

urated fats given as a formaldehyde-treated casein-cottonseed oil 
supplement are rapidly incorporated into subcutaneous lipid tissues 
(Table 10). Evidence of such incorporation was presented at two weeks 
into the trial (Period 2). This response is similar to that observed 
when oils containing unsaturated fatty acids are administered directly 
into the abomasum of sheep (Moore et al., 1969).

Studies with nonruminants and to a lesser extent with ruminants 
have shown that chylomicron and very low density lipoprotein triglycer
ides serve as a source of fatty acids for utilization by organs and 
tissues (Barry et al., 1963; Bragdon and Gordon, 1958; Olivecrona and 
Belfrage, 1965; and Robinson, 1970). According to Barry et al. (1963) 
and Robinson (1970) these triglycerides are hydrolyzed by lipoprotein
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lipase (located at the adipose cell surface) and the liberated fatty 
acids are then available for subsequent uptake and/or metabolism by the 
tissue. If such is the mechanism of fatty acid incorporation into body 
tissues, then the serum free fatty acid fraction must also play a role 
in that mechanism. The influence of the composition of the FFA fraction 
may be dominant since its availability does not depend oh lipoprotein 
lipase. Furthermore, absorption of the fatty acids from either fraction 
(FFA or TG) must be very similar since the. glycerol portion derived from . 
the serum triglycerides is not incorporated into the adipose cell but 
instead it is released into the circulation (Herrera and Nicolosi, 1974) 
because adipose tissue lacks glycerokinase (the enzyme necessary to 
reesterify glycerol).

The proportion of CIS:2 in the serum of the supplemented lambs 
(PCO diets) after two weeks of feeding (Period 2) was approximately four 
times as high in the TGs and FFAs (Table 7) than in the tailhead fat 
depot (Table 9), but in all cases, it was a two-fold increase over Period 
1. These results suggest that during this initial Period the CIS:2 in 
the FFAs was largely derived from hydrolysis of serum TGs and also 
indicate that subcutaneous depot fat incorporates CIS:2 at a lower rate 
than its availability increases in the plasma. These observations are 
consistent with other reports (Robinson, 1970; Olivecrona.and Belfrage, 
1965; and Bragdon and Gordon, 1958) regarding the role of serum TGs in 
the biosynthesis of tissue triglycerides.

Although the incorporation of CIS:2 into the serum and subcuta
neous fat was accompanied by a compensatory decrease in the proportions of 
CIS :1, this substitution effect is analogous to that observed in
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monogastric animals (Tove and Smith, 1960; Leat, 1963; and Beare and
Kates, 1964).

At the end of the trial (Period 5 for biopsy samples and Period 
4 for serum samples) the difference in CIS:2 between serum- (FFA and TG) 
and subcutaneous fat was only two-fold. Therefore, the limiting factor 
in the incorporation of CIS:2 into subcutaneous fat was never its avail
ability in the circulating serum..

. . . ■ ■
Carcass Lipid Fatty Acids

Oil supplementation (protected or unprotected) had no effect in 
the deposition of palmitic and stearic acids (Table 11). Also, total 
unsaturates presented no alteration and their level was about the same 
in all fat carcass samples studied. The increase in oleic acid by the 
unprotected oil supplement was an expected observation since the avail
ability of that acid probably increased due to hydrogenation in the rumen 
(Polan et al., 1964). Efficiency of this hydrogenation was indicated by 
no increase in the deposition of CIS:2 in the lambs receiving the unpro- 
tected oil diet (Table 11). Similar observations with regard to oleic 
acid have been reported (Cook et al., 1972; and Dinius, Oltjen, Lyon, 
Kohler and Walker, 1974; Dinius, Oltjen and Satter, 1974; and Dinius, 
Edmonson, Kimoto and Oltjen, 1975). -

. Incorporation of CIS:2 was increased (P<.05) in all fat depots by 
oil protection. The level of CIS:2 incorporation observed in the kidney 
and mesentery fats tended to be higher than in intermuscular (leg and 
shoulder inseam) or subcutaneous fat (Tables 11 and 12). Faichney et al.
(1972) reported similar results in steers and Faichney, Scott and Cook
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(1973) in lambs. Ingle, Bauman and Garrigus (1972a and 1972b) indicated 
that internal adipose tissue exhibit the highest rates of lipogenesis in 
sheep and cattle. Therefore, the higher rate of CIS:2 incorporation into 
internal fats may be a reflection of a higher enzymatic lipogenic 
activity in those fat depots.

If one assumes that in ruminants the protected cottonseed oil 
triglycerides are digested, absorbed and resynthesized via the mono- 
glyceride pathways proposed for nonruminants (Mattson and Volpenhein, 
1962), then one should expect to find a preferential localization of 
CIS:2 and position 2 of adipose tissue triglycerides. This assumption 
would be in agreement with those reports indicating specific placement of 
unsaturated fatty acids on position 2 in plants (Anderson et al., 1970; 
Brockerhoff, 1966; Christie and Moore, 1969 and 1971; and Privett et al., 
1965). Scott and Cook (1975) investigated such possibility in a study 
with lambs very similar to the present report and observed that CIS:2 was 
esterified the lease in position 2 of adipose tissue triglycerides.
These suggest that these triglycerides may be synthesized via both the 
glycerol phosphate pathway (Kennedy, 1957) and the monoglycerol pathway 
(Mattson and Volpenhein, 1962 and Senior and Isselbacher, 1962), both of 
which have been demonstrated in the intestine of sheep (Cunningham and 
Leat, 1969).

Following hydrolysis by lipoprotein lipase of chylomicron and 
very low density lipoprotein triglycerides, lipogenesis in the adipose 
cell will depend on the availability of fatty acids and ct-glycerolphos- 
phate for esterification. The glycerol moiety resulting from the 
hydrolysis of the serum triglycerides will not be used for lipogenesis



since the adipose cell does not contain glycerokinase (Herrera and 
Nicolosi, 1974) . An alterantive source of oi-glycerol,phosphate is glucose 
through glycolysis. If this is the case, the glucose in ruminants plays 
a double role in lipogenesis: (a) a source of NADPH via the pentose-
phosphate cycle and (b) a source of glycerolphosphate via the Emden- 
Meyerhof pathway.

Ballard, Hanson and Kronfeld (1969) have discussed the importance 
of gluconeogenesis in ruminants and pointed out the adaptations that 
occur in ruminant tissues for the purpose of conserving glucose. As a 
direct consequence of this situation, the rate of gluconeogenesis is 
highest during the immediate post-prandial period when the availability 
of gluconeogenic substrates (propionate and amino acids) is greatest 
(Annison and White, 1961 and Katz and Bergman, 1969).

■ Intramuscular Lipid and Major Fatty Acids
Oil treatment had no effect (P>.05) on the total lipid percent of 

intramuscular lipid (Table 13). Under typical ruminant diets, acetate is 
the major precursor and the adipose tissues are the major sites for 
endogenous fatty acid biosynthesis in ruminants (Hanson and Ballard,
1967; Hood, Thompson and Allen, 1972; and Ingle et al., 1972b). Scott 
and Cook (1975) have indicated that the feeding of protected polyunsat
urated lipid tends to suppress the incorporation of acetate in various 
adipose tissues of the sheep. This latter effect may also partially ex
plain the reduction in the. proportions of C16:0 and CIS:0 into adipose 
tissue triglycerides (intra- or extramuscular) of the lambs in this study:. 
These observations are very similar to those reported by Mills, Cook and
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Scott (1976) in ruminants and mono-gastric animals fed protected polyun
saturated fats. Ghakrabarty and Romans (1972) reported that 
intramuscular adipose tissue of cattle possesses lower capacity of lipo- 
genesis than other adipose sites.

Indications of qualitative lipogenic differences between 
intramuscular adipose tissue and other adipose sites (subcutaneous, 
perirenal, inseam) were observed in the deposition of total unsaturates 
(Table 13). Although no statistical comparisons were made between intra
muscular fatty acids and other adipose sites, it is clear (Tables 13 and
14) that total unsaturates in skeletal muscles were decreased by oil
treatment. Linoleic acid deposition in the muscles studied also increas
ed, as it did in the other adipose sites, but such increase was not high 
enough to override the decreases caused in other unsaturates (oleic and 
palmitioleic acids) and increases in some saturates (stearic and palmitic 
acids) with the end result being a decrease in total unsaturates in 
skeletal muscle. This situation may be the result of previous metabolic 
activity (oxidation to carbon dioxide, saturation or incorporation) upon
absorbed fatty acids by liver or other adipose sites (subcutaneous,
mesenteric, perirenal or inseam fat).

Because the reactions involved in triglyceride assimilation are 
of central importance in determining adipose mass and because the rate- 
limiting step in this process is regulated by lipoprotein lipase, it is 
of importance to the activity of this enzyme in the different tissues of 
meat animals. Lipoprotein lipase activity in subcutaneous adipose tissue 
has been reported to be higher in intramuscular fat than in nonruminant 
animals (Pothoven and Beitz, 1973). If the same situation exists in the
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ovine animal, then such mechanism could explain the aforementioned 
metabolic activity of adipose tissue (nonmuscular) upon absorbed fatty 
acids.

Some differences (P<.05) were encountered between skeletal mus
cles in the deposition of certain fatty acids (CIS:0, C18:1 and C18:2) 
within any given experimental diet (Table 14). This observation is in 
agreement with the findings of Hood and Alien (1975) who reported that 
within four anatomical sites of intramuscular adipose tissue, activities 
of NADPH-generating enzymes varied from one muscle to another.

Cardiac muscle did not respond in the same manner to dietary 
treatment as did the skeletal muscles studied (Table 13 and 14). In this 
muscle (CM) linoleic acid was increased (P<.05) by oil treatment, while 
stearic and oleic acids remained unchanged (P>.05) with the end result 
being a significant increase in total unsaturates. The deposition of 
linoleic acid in CM followed a similar pattern as that encountered for 
adipose tissue. A lack of literature concerning cardiac muscle lipid 
metabolism in the ovine animal prevents the development of any conclu^ 
sions in the present study regarding this muscle. Some of the few 
reports on cardiac metabolism (mammals in general), are those by Dvorakova 
and Bass (1970a and 1970b) who indicated that Cardiac muscle upon in
creased exercise tended to metabolize more quantities of saturated fatty 
acids (stearic). Beck (1971) has also indicated that cardiac muscle can 
utilize fatty acids for energy production more readily than skeletal 
muscle..



Liver Lipid and Fatty Acids .
Ruminant liver synthesizes very little lipid from either glucose 

or acetate, although acetate is preferred as the substrate (Scott and 
Cook, 1975). The role of this organ;.in lipid metabolism is concerned 
primarily with esterification to triglyceride of fatty acid derived from 
the diet or from endogenous origin (Herrera and Nicolosi, 1974). This 
latter liver function became very evident in the present study (Table 15) 
where many changes (P<.05) in the concentrations of fatty acids due to 
treatment effect were detected. Oil supplementation caused decreases 
(P<.05) in all fatty acids with less than 18 carbons which may be a 
result of depressed de novo fatty acid biosynthesis. It is also of 
interest to note that the same trend was observed in the serum fatty 
acids with less than 18 carbons. ' Hence, all tissues involved in lipid 
metabolism showed the influence of readily available absorbed long 
chained fatty acids.

Cook et al. (1972) investigated the fatty acid interrelationships 
in liver of ruminants fed safflower oil protected from ruminal hydrogena
tion and their results are very similar to those of the present study. 
Furthermore, the differences in linpleic acid between liver and other 
tissues, e.g., depot fats and muscle, suggest that in ruminants as in 
nonruminants the liver is an important organ in the clearing of chylo- 
micra from the plasma (Bragdon and Gordon, 1958; Stein and Shapiro, 1960; 
and Belfrage, Borgstrom and Olivecrona, 1963).



Retail and Cutout Data
Retail and cutout data of the lambs are listed in Table 16. No 

significant differences (P>.05) were detected in. wholesale cut percent
ages' between groups. Only the yield of retail cuts (%) was significantly 
(P<.05) increased by dietary treatment (Control and 12% PCO groups).

The aforementioned results are in agreement with those reported 
by Garrett et al. (1975) who observed higher (P<.05) grading carcasses 
with steers fed protected lipid supplements (saturated and unsaturated). 
The" final total lipid level in the study by Garrett et al. (1975) was 
15 and 30%. Therefore, it appears that the 8% PCO lambs were not receiv
ing lipid to the level required for alteration in the yield of cuts 
(Table 16).

Significant decreases (P<.05) in yield carcass grades of lambs 
have been observed (Devier and Pfander, 1974) when oil supplementation 
has been with unprotected oils (4% supplementation). However, the ■ 
similarity of percent yield retail cuts between the 8% CO and the 8% PCO 
lambs suggests that the source of lipid supplementation (at the level 
provided in this study) does not affect to any significant extent the 
carcass yield of lambs.



SUMMARY

This experiment was conducted to determine the influence of the 
nature and amount of dietary lipid intake on the qualitative and quanti
tative characteristics of serum lipid, plasma insulin levels and carcass . 
depot fat. A control basal diet, a diet with 8% added cottonseed oil, a 
diet with 8% protected cottonseed oil (PCO) and one with 12% PCO were the 
four dietary treatments of this study.

Lamb performance (weight gains and cutability) were generally not 
altered by any of the dietary fat supplements. However, dietary lipid 
treatment was effective in elevating (P<.05) the plasma lipid levels. 
Serum low and high density lipoprotein concentrations increased in all 
treatments with the low density lipoprotein fraction presenting the 
highest increase (PCO diets). No differences (P>.05) in the circulating 
levels of plasma insulin were detected due to lipid supplementation.

Oil treatment increased (P<.05) the concentration of linoleic 
acid in all serum lipid fractions (phospholipids, free fatty acids, tri
glycerides and cholesterol esters), except for the 8% CO lambs for which 
that acid was decreased in the serum triglycerides. Although not always 
statistically significant the content of total unsaturates tended to 
increase in all serum fractions.

Biopsy samples of subcutaneous fat obtained from the tailhead 
region at 0, 14, 42 and 84 days through the trial revealed that the type 
of dietary fat fed the. ovine was effective in altering the type of fatty 
acids deposited in the subcutaneous fat of the animal. Cottonseed oil

86
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protected from rumen 'fermentation was effective in elevating the levels 
of linoleic acid; however, the level of total unsaturated fatty acids in 
the subcutaneous depot fat was not different (P>.05) between diets.
Fatty acid analysis of the other extramuscular fat depots of the carcass 
obtained at slaughter indicated that these tissues responded in a similar 
manner to dietary oil treatment.

The fatty acids of the intramuscular lipid of the Longissimus,
Semimembranosus and Triceps brachii responded to the different diets very 
similarly. Cardiac muscle fatty acid deposition was different (P<.05) 
from skeletal muscle. No difference in intramuscular lipid was observed . 
as due to the four diets in the experiment.

Additional of the different dietary lipid supplements had very 
marked influenced (P<.05) on the fatty acid composition of the liver.
The only fatty acid for which.there was not a significant change (P>.05) 
was linoleic acid. Total liver lipid percent (wet basis) was increased 
(P<.05) by oil treatment with the 8% CO lambs having the highest (P<.05) 
lipid content.



APPENDIX 

STATISTICAL DATA



TABLE 17. CORRELATIONS BETWEEN PLASMA CHOLESTEROL ESTER FATTY ACIDS
OVER ALL SAMPLING PERIODS AND DIETS

Fatty Acid 14:0 14:1 15:0 1-16 16:0 16:1 17:0 18:0 18:1 18:2 20:0 18:3

14:1 0.18 ------ ------ - ------ ------ ------ ------ ------  ------ — - - ------ —■—

15:0 0 .39** 0 .45* * -- ---- ---- - —---- ------■ ---- - — — ---— - - — ------ - -—
1-16 0 .52** 0.13 0 .54** ------ ------- ------ — ----  — — — — - -  — ---- - ------

16:0 0 .35** 0.29 0.16 0.25 -----— ------ ------ ------  ------ ------ — ■— - - —

16:1 0 .73 * * 0.17 0 .46** 0 .60* * 0.29 ------ ------  ------ ------ - -  — ------

17:0 0 .49** 0.18 0 .42 * * 0 .59* * 0.16 0 .64** ------ •------  ------ ------ —i— - - —-
18:0 0.25 - 0.11 0.16 0.29 0 .62** 0.17 0.27 - ----- ------ — — — . ~ - ———

18:1 0 .43** 0 .59 * * 0 .60* * 0 .45* * 0.17 0.57** 0 .41* * 0» 24 -—  - — - •—

18:2 -.55** -.66** - . 5 9 * * - . 5 6 * * - . 5 4 * * -.62** - * 53** -.52** -.87** ------ — — ------

20:0 0 .36** - .0 5 0.19 0.31 - .0 3 0.44 0 .40** 0.10 0.13 - .21 ------ ------

18:3 0.19 0 .80 * * 0 .35* * 0.26 0.24 . 0.17 0.26 0.20 0 .63 * * -.75** - ,0 2 — . -

Total Unsat. - . 5 5 * * - .3 2 0 .41** 0 .52* * - . 8 5 * * 0 .51* * 0 .49** 0 .82* *  - . 4 0 * * 0 .75** - . 2 6 -.33

^'Significant at the 0.01 level.



TABLE 18. CORRELATIONS BETWEEN PLASMA PHOSPHOLIPID FATTY ACIDS
OVER ALL SAMPLING PERIODS AND DIETS

Fatty Acid 14:0 14:1 15:0 1-16 16:0 16:1 17:0 18:0 18:1 18:2 20:0 18:3
14:1 0.17 --- — .— . — — --- -— --- - -  — — . — ---  ----- —  -

15:0 0.58** 0.00 --- --- . — . — *--- -- - — --- --- — — —  --- ---

1-16 0.55** -.10 0.66** — . — --- .--— --- - — --- ---- - -— ---

16:0 0.20 0.27 0.04 —. 03 --- --- --- --- - --- ---  --- ---

16:1 0,49** 0.18 0.61** 0.61** 0.26 --— ------ --- --- --- — .— ---

17:0 0.06 -.37** 0.10 0.34** -.21 0.27 -- — , --- ---- -  — - ------ — —
18:0 -.10 -. 10 -.10 -.12 0.03 CMO1 0.33 --- --- - - - -  — -- ---

18:1 COoi 0.25 0.18 -.12 1 o 00 0.13 - . 1 9 - . 4 3 * * --- — . —  --- ---

18:2 -.42** -.07 -.45** -.35** - .50** -.67** - . 4 0 * * - . 3 5 * * -.23 — •—  —----- ---

20:0 0.04 0.03 0.00 -.01 -.01 0.04 0.16** 0.22 - . 0 2 -  . 23 — — ---

18:3 0.09 -.24 0.18 0. 33 -.01 0.36** 0.68** 0.51** -.12 - . 6 6 * *  0 .37** — - —
Total Unsat. -.39** 0.02 -.33 -.33 -165** -.52** - . 3 8 * * -.55** 0.30 0.83** -.19 -.55**

**Significant at the 0.01 level.



TABLE 19. CORRELATIONS BETWEEN PLASMA FREE FATTY ACIDS
OVER ALL SAMPLING PERIODS AND DIETS

Fatty Acid 14:0 14:1 15:0 1-16 16:0 16:1 17:0 18:0 18:1 18:2 20:0 18:3
14:1 0.12 . ---- --- - — — • — --- - ---- — - — --- --- —-—  --- ---

15:0 0,85** 0.03 --- --- . — -— . — — — ---  --- — —  — — — —
1-16 ' 0.62** -.01 0.66** — — — — --- — — , — .—  — ■ — — — —-—— -—— —— — —
16:0 0.57** -.13 0.50** 0.20 ——■— ---  --- ---* —— — - ■ --- ---

16:1 . 0.74** 0.04 0.69** 0.56** 0.45** — .— ---  --- -- — ---

17:0 0.20 -.30 0.25 0.37** 0.08 0.45** ■---- — ■— --- ---  --- — •—
18:0 -.40** -.26 -.38** -.37** -.04 -.36** —. 09 --- --- --— -- — ---

18:1 -.35** -.02 -.36** -.20 -.35** -.23 -. 07 -. 04 --- ■--- --- ---

18:2 -.42** 0.23 -.38** -.24 ■-.55** -.49** -.41** -.33 -.19 —-- --— •---
20:0 -.10 - ,08 -.06 -.05 0.02 -.08 0.12 0.12 0.03 —.08 —- — — --.—
18:3 -.09 -.26 -.14 -.12 0.02 -.03 0.32 0.50** 0.03 -.49** 0.04 — —  —
Total Unsat. -.53** 0.26 -.53** -.29 -.77 . -.46** -.35** -.39** 0.40** 0.79** -.08 -.36*

**Significant at the 0.01 level.



TABLE 20. CORRELATIONS BETWEEN PLASMA TRIGLYCERIDE FATTY ACIDS
OVER ALL SAMPLING PERIODS AND DIETS

Fatty Acid 14:0 . 14:1 15:0 1-16 16:0 16:1 17:0 Odor—
1 18:1 18:2 20:0 18:3

14:1
15:0
1-16

0.59**
0.33
0.13

0.13
0.11 0.37**

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

16:0 0.31 0.30 0.17 -.09 -------- -------- -------- ----- — --- ---- -------- --------

16:1 0.50** 0.17 0.48** 0.38** 0.16 —  ----- - . --- -- ------- -------- T — — — --- --------

17:0 OhO1 -.06 0.53** 0.57** -.05 0.17 -------- -------- —  ̂ ---  .----- i. — --------

18:0 0.07 0.03 0.32 0.18** -.19 0.06 0.31 -—  — - -'T- ---  —-- - ---

18:1 0.01 -.02 -.43**' -.42** 0.06 -.20 -.48** -.54** —  --- — . —  —

18:2 -.40** -.31 -.35** -. 21 -.36** -. 29 -.32 -.43** -.19 — —- --- — — —  —
20:0 -.08 -.13 -. 03 0.09 -.12 0.08 0.00 -. 22 0.22 0.01 --- ---

18:3 0.03 0.07 0.54** 0.43** 0.03 0.15 0.80** 0.43** -.55** -.35** -.06 ---

Total Unsat. -.27 -.24 0.56** -.44** -.24 -.29 -.57** -.80** 0.62** 0.64** 0.20 -.63*

**Significant at the 0.01 level.



TABLE 21. CORRELATIONS BETWEEN TAIL HEAD BIOPSY FATTY ACIDS
OVER ALL SAMPLING PERIODS AND DIETS

Fatty Acid 14:0 14:1 15:0 1-16 16:0 16:1 17:0 18:0 18:1 18:2
14:1 -.22 --------- --------- ---- ------ ----------- ------ — -------- - ---------

15:0 0.33** 0.58** ------- -------- --------- --- --------- --------- ------- -

1-16 0.23 ■ 0.16 0.38** ---- ------ -- ---------^ --------- — — — . —

16:0 0.70** -.26 0.12 0.08 *- --- .--- --------- , --- --------- ■

16:1 0.03 0.79** 0.62** 0.23 -.05 --------- --------- --------- -------- - — - -

17:0 -.04 0.62** 0.62** 0.24 0.04 0.75** --------- --------- — — ---------

18:0 0.13 -.59** -.18 -.10 0.15 -.58** -.09 — „— — - - —  - —

18:1 -.13 0.30 0.01 0.08 -.02 0.43** 0.11 -.75** — ■ — . ----
18:2 -.53** -.06 -.40** -.26 -.61** -.42** -.44** 0.09 -.46** — ~  —

Total Unsat. -.62** 0.47** -.17 -.11 -.59** 0.29 -.08 -.76** 0.61** 0.39**

**Significant at the 0.01 level.



TABLE 22. CORRELATIONS BETWEEN CARCASS FAT DEPOT* FATTY ACIDS

Fatty Acid 14:0 14:1 15:0 1-16 16:0 16:1 17:0 18:0 18:1 18:2
14:1 0.41** --------- — —- ----.---- ---------- '--- ---- --- ---------- ------ - - •-- -
15:0 0.54** 0.76** --- ------ --------- --------- ------ -- --- -------- --------- ------ --

1-16 -.27 0.13 0.02 --------- --------- ------ - —-- --------- --------- ---------

16:0 0.72** 0.16 0.21 -.19 --- - - --- --- --- --- --
16:1 0.62** 0.78** 0.86** 0.04 0.33 “-- - --- --- - -  ---
17:0 0.07 0.59** 0.61** 0.41** 0.02 0.58** --- --- --- ----

18:0 -.79 -.46** -.52** 0.43** 0.49** -.64** 0.07 --- — —- ---

18:1 0.52** 0.45** 0.59** -.12 0.17 0.71** 0.24 -.68** — --- ---

18:2 -.34** -.45** -.58** -.24 -.19 0.65** -.61** 0.22 -.79** . ---
Total Unsat. 0.46** 0.27 0.28 -.50** 0.06 0.40** -.34** -.87** 0.59** 0.01

aKidney fat, leg insearn, shoulder inseam and mesentery fat.
**Significant at the 0.01 level.



TABLE 23, CORRELATIONS OF INTRAMUSCULAR* LIPIDb AND FATTY ACIDS

Fatty Acid 14:0 14:1 15:0 1-16 16:0 16:1 17:0 18:0 18:1 18:2
14:1 0.60** --- - —-— --- - --' ---- --- --- --- -

15:0 0.53** O'. 60** —-- - — —- --- --- --- --- --- --—

1-16 -.41** 0.01 0.23 --- - ——- --- --- --- --- ---

16:0 0.09 -.48** -. 28 -.17 — —- ---— —-- --- --- ---

16:1 • -.29 -.14 0.30 0.65** -.18 -- ~ --- ' “ --- --- ---

17:0 0.51** 0,51** 0.72** 0.18 -.31 0.27 --- ---- ---- - ---

18:0 0.60** 0.65** 0.29 -.53** -.41** -.55** 0.35 ---- ---- ---•

18:1 -.34** -.26 -.11 0.38** -.01 0.67** -.06 -.64** ---- ---

18:2 -.45** -.45** -.41.** 0.02 0.25 -.35** -.51** -.22 -.54** ---

Total Unsat. -.79** -.64** -.44** 0.50** 0.14 0.51** -.48** -.93** 0.67** 0.26
% Lipid -.04 -.48** -.34 • -.30 0.71** -.14 -.41** -.37** 0.08 0,22

aCardiac muscle. Triceps brachii, Semimembranosus and Longissimus. 
bWet basis.
**Significant at the 0.01 level.



TABLE 24. CORRELATIONS BETWEEN LIVER FATTY ACIDS

Fatty Acid 14:0 15:0 1-16 16:0 16:1 17:0 18:0 18:1 18:2 18:3 22:0 24:0

15:0 0 .83** ------ ---- • — ------ ------ -- ---- ------- ------  ------ ------ ------

1-16 0 .74** 0 .76 * * ----- ---- - ------ ------ ------ ------- —----- ---- - - - ----- ------

16:0 0 .69 * * 0 .69* * 0 .70 * * ------ - — ~ — — ----- ------ ------  ------ ------ - --- ------

16:1 0 .81 * * 0 .83* * 0 .82 * * 0 .80 * * ---- - ------ ------ ---  ------ . ------ ------

17:0 0.64 0.59 0.54 0 .75** 0 .80* * ------ ------ ------  ------- . ---- — • ------

18:0 - .1 7 0.11 - .  36 - .0 1 - .1 2 0.08 ------ ---- - _ — ■—

18:1 0 .79** 0.51 0 .69** 0 .74* * 0 .73* * 0.63 - .4 4 -- -̂- - ---- - - ------ . - ----- ------

18:2 - . 8 7 * * - . 8 3 * * - .6 5 - . 8 4 * * - . 8 8 * * - . 8 4 * * - .08 - . 7 7 * *  ------ - —--- .---- - —

18:3 0.35 0.41 0.42 0.21 0.24 0.39 - .0 2 0.18 - . 3 2 - - - - ------ ' ------

22:0 0.48 0.56 0.21 0.03 0.37 0.30 - .0 5 0.07 - . 3 8 0.29 --- , ---

24:0 - .5 6 - .2 9 - .5 8 - . 6 7 * * - .4 8 - .3 9 0.34 - . 8 4 * *  0.49 - .0 6 0.35 ---

Total Unsat. - . 0 8 - .4 2 0.13 - .1 1 - .1 8 - .2 7 - . 8 2 * * 0.35 0.32 - .1 3 -.43 -.52

**Significant at 0.01 level.



TABLE 25. CORRELATIONS BETWEEN CARCASS YIELD CHARACTERISTICS

Item
Cold
Weight

Kidney 
Fat, %

Fat 
Thickness 
Per 100#

Ribeye 
Area 

Per 100#
Wrapped 
Meat, %

Trimmed 
Shoulder, %

Trimmed 
Rack, %

Trimmed 
Loin, %

Trimmed 
Leg, %

Kidney fat, % 0.63 --- —  - -- — - -— — . - — ——— ---

Fat thickness/100 -.02 0.42 --- --- --- --- --- --- ---

Ribeye area/100# -.09 0.10 0.26 --- --- --- --- --- ---

Wrapped meat, % - .46 - . 73** -.71** . 06 --- --- -- -

Trimmed shoulder, % -.43 -.50 -.77** -.25 . 0.83** --- --- --- ---

Trimmed rack, % 0.42 -.29 -.27 -.19 0.19 0.26 ---

Trimmed loin, % -.25 -.72** -.27 -.05 0.72** 0.40 -. 08 ---- ----
Trimmed leg, % -.01 - .77** -.64 0.21 0.83** 0.62 0.22 0.66** ---

Breast and shank, % -.29 -. 39 0.03 0.25 0.29 -.07 -.50 0.39 0.21

**Signifleant at 0.01 level.

to
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