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ABSTRACT

Sixteen lambs of mixed breed and sex were randomly

"ﬂéésigned to four dig?igroups, j@hé%diet groups includeaiﬁ
(1) control basal diet of milo-alfalfa, (2) control diet
plus 8% protected cottonseed oil (8% PCO), (3) control diet
plus 8% protected olive oil (8% P0O0), and (4) control diet
plus 8% protected linseed oil (8% PLO). . Subcutaneous fat
biopsies and blood samples were collected and serum lipid,
insulin and glucagon levels determined. Internal, inter-
muscular? intramuscular and subcutaneous fats were collected.
Two independent sensory panels evaluated éither leg roasts
or loin chops for acceptability. _

Supplementation of oll resulted in elevating (?*5005)'
the levels of C18:1, C18:2 and €18:3, chéracteristic of the
individual oils, in all lamb tissues studied. The fat
biopsies accurately reflected changes which occurred in the
- body tissues. Both roasts and loin chops from the 8% PCO
and 8% PLO laﬁbs:were least (P <.05) desirable because they
possessed aﬁ oily aroma and flavor. The 8% POO lambs were
not different (P> .05) from the céntrol group but possessed
a more bland, beef-like flavor. Serum lipid levels increased
(P<.05) in all oil supplemented lambs. Serum glucagon and
insulin levels increased (P <.05) for all lambs regardless
of dietary treatment.
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INTRODUCTION

The flavor of meat from lambs (Park, Murray and

‘,:;Stanley 1974) and steers (Ford Park and Ratcliff 1976) has

been altered by the feeding of dietary oils protected from
rumen fermentation. Park et al. (1974) found that lambs
supplemented with profected safflower oil were different
(P< .05) from conventionally fed lambs and were characterized
by a sweet-oily aroma. In the cooked meat and fat from these
lambs, A-hydroxy-cis—6—enqic acid lactone and trans, trans-
2,4-decdien-1-al were isolated and implicated with the sweet-
oily éroma and flavor. Steers fed protected sunflower oil
(Fofd et al. 1976) were found to have lower (P< .05) ratings
in evaluation of all flavor properties. The volatile
components of beef were reported to have less (P< .05)
h-hydroxy-cis—G—enoic acid lact0ne than lambs-with other
~components being equall(Pﬁ 05)°

Studies of thls type have 1n most cases 1nvolved
the use of crude oil preparations which have been subgected
to little or no refinement. The use of food quality oils, :
which have received a common degree of refinement, may
reduée the pqssibility of incorpora%ing impurities in the
adipose tissues of lambs. Alsés'it'was of intéreét to
determine if the use of different oils with various fatiy

1



acid compositions could result in favorable'flavor changee
characteristic of the individual oil.

The purpose of this study was to investigate the
effects of the supplementation of food quality oils protected
from rumen fermentation on° (l) meat flavor properties, (2) )
fatty acid compositlon of tlssue lipids, (3) the rate of
change in fatty acid composition of subcutaneous fat, (4)
 animal performance and (5) level of circulating serum 1ipid,

~insulin and glucagon of lambs.




LITERATURE REVIEW

Rumen Action

The diéeefive capabilities of the ruminant anime;;“*
make it possible for them to utilize certain plant compoeents
more effeciently and to a greater extent than monogastriecs.
This is accomplished by the conversion of a component, which
is undigestable by mammalian enzymes, to one that isrby the
actions of microbial enzymes. An example of this is native
cellulose which is hydrolyzed by Cellulase enzymes which
can be produced by cellulolytic bacteria (Underkofler, Kitts
and Smith 1953). |

'Along with making the ruminant.animal more effecient
in the utilization of”some components, the rﬁmen microflora
elSO decreases the efficiency with which some nutrients

are utilized. ThereAis & degradation of higher quality pro-

. teins in the rumen to ammonla, whlch is absorbed in larﬂe

quantities and excreted in the urlne (McDonald 1952) - Also, .
~the levels of nutrients may be self-limitlnoo Levels of fat
higher>than 5-7% cause increased production of fecal soaps
and depress ration digestibility in sheep (Czerkawski,
Blaxter and Wainman l966a;b) and cattle (Figroid 1971)° As

a result ofzthis latter situation, several techniques have
been developed for the protectlon of protelns and 1ipids
from the action of the rumen microorcanismso

3



Protein-lipid Protection

In recent years, processes for the protection of
protein'and protein-lipid homogenates from rumen fermentation
have been. developed. These processes generally involve the
ﬁﬁgSpray dryinv of oil droiiets encapsulated in sodlum cas1enate,
Sor an appropriate protein, and then treating with formalde-
hyde (Scott, Cook and Mills 1971). The spray drying tech-
nigques were those developed for the production of butter‘
powders. It was found that a level of 2% formaldehyde on
a protein basis gave complete protection for a period of
20 hours in-vitro (Scott et al. 1971).

Treatment of sodium casienate with formaldehyde
results in cross-1linking of protein molecules which forms a
stable product at a basic or neutral pH. Since the_rumen is
fairly neutral in pH, the treated protein can not be hydro-
lyzed by rumen microorganisms. When the treated protein
enters the abomassum, which has an acidic pH, it is assumed
the cross-~linking between pfotein molecules is broken.
Therefore, the protein is digested as in monogastries. It
was found (Scoﬁt et al. 1970) that one could encapsulate oil
droplets in a protein coat, then treat the product with
formaldehyde and protect the polyunséturated fatty acids of
the oil from hydrogenation in the rumen. |

The majority of lipids available from plant sources
are unsaturated, but undergo substantial hydrogenation in

the rumen before absorption and deposition in the animal



tissues (Scott et al. 1971). This technique of protein-
lipid protection presents a way in which to alter fatty acids
available for absorption and deposition within the ahimal,
In-vivo studies indicate that little hydrogenation takes

: T;?;ace when ruminants are fed a formaldehyde—freaﬁédvéaéiéhfff;;
éil supplement (Scott et al. 1970 and Dinius, Lyon and Walker N
1974y.

Supplementation of Protected Oils

The supplementation of various protected oil products
has been studied by several researchers within the last dec-
ade. The general results of-such trials have been the incor-
poration of more unsaturated fatty acids in the depot fats,
serum lipids, and milk than is normally found in ruminant
animals. The unsaturated fatty acids incorporated by the
"ruminant animals is dependent upon the composition of the
particular oil being fed. Trials have been run using sev-

eral oils and the findings are listed by oils as follows.

»ﬂLinseed 0il

Scott et al. (1970) reported that the proportion of
linolenic acid was increased from 1-2% to 21-25% in the milk
fat of goats and cows upon the supplementation of formalde-
hyde treated casien:linseed o0il product. In a follow-up
study, protected 1inséed 0il was infused into the abomassum
6f sheep (Scott et al. 1971) and blood plasma triglyceride

studies were conducted. It was noted that linoleic acid
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increased from a pre-infusion level of 3.4% to a 9.6% level
five hours after infusien° Also, the pre-infusion level
of linolenie‘acid was 5.2% and increased to 26.2% five hours
post-infusion. After eleven hours post-infusion, the pro-
portions of linolelc and linolenlc acids had returned to the
pre- infu51on levelsu ThlS indlcated a rapid absorption of
the treated fatty acids from the intestine and that fat
digestion was not impaired by the formaldehyde treatment
(Scott et al. 1971). |

Safflower 0il

It was reported by Scott et al. (1970) that elevated
(from 2;3%_to"28—29%)‘1evels of linoleic acid in lame depot
fats was achieved by the supplementation of protein protected
safflower oil. Linoleic acid in milk has been increased ten-
fold with an increase in total fat of 0.5% by the supple-
mentation of protected safflower oil (Plowman et al. 1971).
Sihilar results were obtained by feeding protected safflower
- oil to lactating dairy cows (Bitman et al. 1973). o

The effect of formaldehyde treated casien: safflower
oil oﬁ fatty acid constltuents_of plasma,'serum, muscle,
liver, and adlpose tissue of cattle and sheep were inves-

tigated by Cook, Scott and Pan (1972 and Falchney (1971).

A three to twenty fold increase in linoleic acid was found

in the tissues of both lambs and cattle. |



It has béen reported thét a three to five-fold in-
crease in the proportion of linoleic acid in perinephric,
messenteric, and subcutaneous fats in lamb was obtained by
supplementing a protected safflower oil-casein product
(Scott et al. 1970 and COok. e't al. 1970). The inccrpé'ré?tion
of llnoleic acid in the tissues was assumed to be fairly
rapid, since the change in depot fat comp031t;on from feeding
the'lambs six weeks as opposed to three weeks was not
greatly different. At the end of three weeks of feeding,
the lambs on the'oil product had mesenteric fat which con-
tained 11.3% linoleic acid as compared to lambs on the prod-
uct for six weeks having 15.7% linoleic acid. Control
lambs had 1.9 to 3.0% linoleic acid in their mesenteric fat.

Scott et al. (1971) reported substantial alteration
of the depot fats of lambs upon supplementatioh of a pro-
tected safflower oil-casien product. The proportion of
linoleic acid was found to increase from 2-3% to 28-29% in

the perenlal and subcutaneous fats, as a result of feeding
3ithe product Correspondlnv decreases were noted in palmitlc,
stearic, and oleic acids within these tlssuesa- I “

The incorporation of linoleic acid in the tissues of
growing steers fed a formaldehydeftreated casien:safflower
0il supplement was studied by Faichney et al. (1972) and
Faichney, Scott and Coék (1973) Thesé studies substantiated
earlier research on the incorporation of linoleic acid into

tissue lipids. It was also found that the rate of



incorporation in each tissue was described by a curve of
diminishing increments and the level of incorporation in
body tissues was observed to be higher than those tissues
nearer the body surface.

Since the proﬁginugnd lipid invthe_sppp;gment are
vprqtected from rﬁminal-fermentation, theAdigésfion ofrﬁhe
nutrients must take place inrthe abomassum. It has been
found that protected casien:safflower oils are digested
as well, with the exception of a slight depression in protein
digestibility, as the non-protected oil product by sheep

(Faichney et al. 1973) and cattle (Dinius, Oltien ét al. 1974).

Sunflower Seed 0il

Ford, Park and McBride (1975) compared lambs fed
sunflower seed oil protected with formaldehyde treated casein
to lambs on pasture and feedlot diets. The linoleic acid
content of the subeutaneous fat at slaughter after 39 and
55 days of feeding was 17.0 +1.1% and 19.8 fl,S%,,respective—
lys in supplemented lambs as compared to 2.5 10.8% in normal
feedlot lambs.

A fatty acid profile of tailhead fat was determined
on lambs fed protein prétected sunflower oil for periéds of
zero, one, two, three, four, five, and six weeks (Park, Ford
and Ratecliff 1975). An increase of twenty-fold was reported
in the proportion of lincleic acid from the first to the last

period of feeding. - It was observed that the incorporation



of linoleic acid into the tissue occurred at a faster rate
in the first few weeks of supplementation as compared to
the latter weeks.

Hogan and Hoganf(l976) evaluated formaldehyde-treated
sunflower ééedfoilébaééinTSupplements fed to lambs. These
researchers observed that céféaéses of lambs fed the supple-
ment were signifieantly (P< .05) heavier and contained more
1lipid and long chain fatty acids than conventionally fed
lamb. With increasing levels of intake (of the sunflower
seed supplement), from O to 33% of the ration, corresponding-
ly higher proportions of linoleic acid were deposited in the
tissues. There was a tendency for the proportion of linoleic
acid to be lower in subcutanebus fats and higher in perenial
fat which substanfiated the repdrts of Faichney et al. (1972)
and Faichney et al. (1973) on the incorporation of linoleic
acid in the tissues of growing steers.

Angus steers were'fed_aﬁformaldehyde—treated casein:

sunflower oil supplement in a study by Ford et al. (1976)

. and the changes in fatty acld composition of subcuteneous

and pereneﬁhfic'féf§1Wefé?ﬁéaéureda AAten-féi&'ihéféééé“f
in the proportion of linoleic acid in the subcutaneous fat
’was reported along with a twenty—fold increase in linoleic
acid in perenephric fat. |

Park, Ford and Ratcliff (1976) reported an increase
in the proportion of linoleic acid from 2.6% to 20.5% in
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the subcutaneous tailhead fét samples obtained from lambs.
A protected sunflower seed oil:casein product had been |
fed to the lambs used in this study, which was a follow-up

study of earlier research.

Cottonseed bil

| Hernandez (1976) found that supplementing lamb diets
with formaldehyde-treated caseiﬁ:cottonseed oil significantly
increased therlevel of linoleic acid in plasma lipid, sub-
cutaneous fat, mesentery fat, kidney fat, and intermuscular
fat depots. Also, significant (P< .05) increases were noted
in the level of linoleic acid in intramuscular and liver
lipids. | | | |

This Stﬁdy was substantiated by research (F. D. Dryden,

J. A. Marchello and A. M. Hernandez, personal communications
1977) in which different levels of protected cottonseed oil
were fed to lambs. Significant increases (P <.05) in the
level of linbleic acid were found in serum lipid, subcutaneous
fats, perenephric fats,.and inter. and intramuscular fats.

Influence of Protected 0il Suppiéﬁéntation
on Milk Fat

There have beeh many studies investigating the
influence that the feeding of ?rotected oils has on thq
composition and palatability of milk, milk fat, and milk
products. The effects of pfbtécted lipids oﬁ milk were first
studied by Scott and Cook (1970) and Scott et al. (1970)
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upon the development of the technigque for protein-lipid
protection. It was noted that fatty acids protected from
biohydrogenation were absorbed and found in substantial

guantities in milk from goetS‘and cows fed the product.

Chances in Fat Composition

By feeding protected linseed o0il to goats and COWS
during early lactation, ‘Scott and Cook (1970) and Scott et
al. (1970) found a ten-fold increase in the proportion of
linoleic acid in the milk. The proportion of linolenie
acid in milk was increased ten-fold by supplementing a
protected safflower oil product to Holstein cows (Plowman et
al, 1971). In the latter study, linoleic acid increased
from 3 to 35% of the total fatty acids in the milk, Similar
research by Bitman et al. (1973), in which an increase from
2-3% ﬁo 35% in linoleic acid was obtained by supplementing
lactating cows with protein protected safflower .olil, lends
support to the findings of Plowman et al. (1971). Very
similar. results were obtained by feeding cracked sunflower
seeds treated W1th formaldehyde (Scott et al 1972) and :
formaldehyde-treated caseln:safflower oil (Cook, Scott et al.
1972). Dryden.et al. (l971)'reported that the level of
protected safflower oil supplementation had a direct effect
on the nroportion of linoleic acid found in milk fat.

. Douglas et al. (1973) fed a preparation of formal-

dehyde treated full-fat soy flour and sweet whey to lactating
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dairy cows. After a period of four days, the linoléic acid
content of the milk increased froﬁ 2.7% to 10.2%. By
including soybean meal in the preparation, a level of 12.1%

was reached. at thefendrof a four day period.

Changes in Flavor and Shelf-life

The influence that feeding protectéd oils exerts on
milk and cheese flavor, and shelf-life has been studied by
several researchers. Cheddar cheese has been produéed from
- milk obtained from cows fed & protected safflower oil supple-
ment (Wong et al, 1973). Cheddar and other cheeses, contain-
ing 30% linoleic acid, were found to have body and flavor
defects. These problems were less noticable in cheeses with |
12-16% linoleic acid. However, these cheeses were signif-
icantly lower (P< .05) in flavor écore and cheese flavor
than was a control product. The flavor defects were attrib
utéd to autooxidation of linoleic acid in the products.

Oxidized flavors have been found as c¢haracteristics
of unsaturated milk. A study by King et al. (1971) demon-
strated that milk which contained 13.6% linoleic acid was
initially free of flavor defects at the fime of milking.
Spontaneous oxidized flavors developed in the milk from 50%
of the cows on protected oll rations. These researchers
added copper sulfate to samples from cows on the control
and experimental diets to induce oxidationb_ A strongly

oxidized flavor developed in all milk samples from cows fed
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the protécted oils after Eulhourso However, it was found
that ﬁilk from the control cows was resistant to oxidation
by copper sulfate in a 24 hour'period

In another study in which protected full fat soy
flour and whey had been fed, an oxldized flavor was ins1v-
nificant immediately following milking, but its intensity
increased to a definite—pronounced flavor after four days of
refrigerated storage (Douglas et al. 1973). ‘This oxidized
flavor was not found in conventionally produced milk.
Research by Ratcliffe and Bartsch (1974) tends to substan-
tiate this finding. 'Oxidized flavors were noted to develop
in milk from cows fed a protected Sunflower seed supplement,
whereaé no oxidized flavor was noted in milk from control
animals. |

A research project conducted in Beltsville, Maryland
by Goering et al. (1975) points out that milk obtained from
cows fed a protected safflower oil supplement readily devel-
oped off-flavors. The off-flavors were predominantly-of an
ox1d1zed hature and were attrlbuted to the autooxldation of
lanlelC ac1d in the milk Supplementation of cows with
cx-tOGOPhG?Yl acetate or directvadditiOnvof<x-tocopherolVto
the milk prevented the development of oxidized flavors.

In a wrial involving Holstein cows in early'lactation
which were fed a formaldehyde treated soybean meal:animal

tallow product, it was determined that formaldehyde, -
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cholesterol, and milk flavor were not influenced by the feed-
ing of the supplement (MacLeod, Yu and Schaeffer 1976).
However, the oxidized flavor reported in othef studies was
assumed to be a result of the oxidation of linoleic and
linclenic acidsg; Animal tallow is very low in these fatty
acids as compared to seed oils°

Influence of Protected 0il Supplementation
on Meat

Many studies have been conducted on the production
- of polyunsaturated meats by the feeding of protein protected
oils. However, only a few of these studies have reported

on the flavor characteristics of the unsaturated meats.

Changes in Fatty Acid Composition

Cook, Scott et al. (1972) reported that elevated
levels of linoleic acid were found in the M. Psoas major
muscle of steers fed a formaldehyde treated casein safflower
o0il supplement. Accompanyinv thls increase was a correspond-
ing decrease in the proportions of palmitic, oleic, and lin-
OlGHLCxQQ;dSo ‘No consistent change was found in the proportion
of stearic acid. These results have been supported by
similar results obtained from supplementing protected
safflower oil to lambs (Faichney 1971; Hogan, Connel and
Mills 1972; and Faicnney, Scott and Cook 1973) and steers
(Dinius, Oltien and Sattle 1974; Dinius, Lyon and Walker
1974; and Park et al. 1976). Similar results have been
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obtained by feeding protected cottonseed oil to lambs

(Hernandez 1976 and Dryden, personal communication).

Changes in Meat Flavor and Acceptability

L Mills et al. (1972) determined that formaldehyde
':was metabolized by ruminants when fed as formaldehyde -
treated casein. No formaldehyde or its metabolic products
were found deposited in the tissues of lambs when & radio-
active labeled formaldehyde:casein product was fed. There-
fore, it is assumed that the feeding of formaldehyde has
no influence on the flavor of meat or milk from animals fed
a formaldehyde treated product. |

| | It has been reported that the overall desirability
of beef was not affected when safflower oil was abomassally
administered to steers (Dinius, Oltien and Sattle 1974). No
differences (P> .05) were detected between treatments for
aroma, flavor, texture, tenderness or juicinessovahese find-
ings are supported by a similar study in which steers were
supplemented with a proteln protected safflower oil product

(Dinius9 Lyon and Walker 1974)

Contrary to these findings, Park et al. (1974)
reported that cooked meat from lambs fed diets with protected
safflower oil, high in linoleic acid, were strikingly dif-

. ferent from conventionally fed lambs. It was characterized
by a sweet-oily aroma according to the report. This aroma

was found to be associated with the cooked fat and was
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evident in the volatile fraction obtained from the cooked fat
"by the cold-finger distillation. Two major components
were 1isolated from the fraction which were thought to in-
fluence the flavor and aroma. The compound 4-hydroxy-cis,
6-enoic acid lactone wéé*ééﬁ#idéiégfto;bé largely respon-
sible for the sweet flavor-note of}’:'-thevmeat° The origin of
this compound 1is obseure since it was not found in the feeds.
The other component, trans, trans-2, 4-decadien-l-al, was
considered to contribute an oily or chicken-oily aroma to
- the supplement fed lamb. This compdnent is a prominent‘

'bxidation product of linoleic acid and is believed to be '
vproduced upon cooking since its aroma was not evident in
fresh meat.

Ford et al. (1975) compared meat from lambs fed a
protected sunflower seed oil supplement to that from pasture
.and feedlot fed lambs. Roast samples from all treatments

Were tasted both hot and cold. The meat from supplemented
blambs was found less desirablé than that‘produced in a
conventional manner. In the cooked samples of the supple-
mented lamb, an unsaturated K&dbdécalaétbﬁéfand trans,
trans-deca-2,4-dienal were found. Thesé were believed to
be partly responsible for the oily character of the flavor
and aroma of the supplementéd lamb; ‘

Similar data has been obtained by Park et al. (1975)

when a sunflower seed oil supplement was fed to lambs for
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varying periods (zero te Sixrweeks) of time. As the length
of feeding increased, a significant decrease (P< .05) was
found in scores for aroma, flavor and acceptability,l Alse,
cis 3 dodec 6~ enolactone, trans, trans-deca- 2, 4- dlenal
and an unsaturated &= dodecalactone were 1solated from the
volatile components of the supplemented lambs.

 Ford et al. (1976) supplemented steers with protein
protected sunflower seed oil. The supplemented steers
were found to have significantly (P« °OS)lower ratings in
evaluation of all flavor properties° The difference in
supplemented beef and lamb volatile components wes that
beef had less (0.1 ppm:1.0 ppm) cis-y -dodec-6-enolactone
than lamb. A
Results which substantiate these findings were
reported by Park et al. (1976) in a study to evaluate the
effects of protected sunflower seed oil and safflower oil
on lamb flavor. Both products fesulted in a decrease in
flavor and aroma intensity end gave the meat oily aromas
~and flavor characterlstlcs which were. attributed to the
presence of abnormally high levels of deca-2, 4-dienal in
the cooled meat,
Dryden, Marchello and Hernandez (éersonal communi -
cations 1977) found that lamb supplemented with protected
cottonseed oil was less desirable in flavoriand aroma than

control lamb.
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Meat from steers and lambs fed protected sunflower
seed oil with up to 20% linoleic acid waé utilized for
studying the oxidation changes during frozen storagé of
this type. of product (Bremner et al. 1976). It was found
that pérpxidggﬁeyelppménffin high linolei@fﬁ?é%i@@éféuch
more rapid fhah-in‘con§entional meat storeﬁvat-—loocg
However, storage at -20°C greatly reduced peroxide develop-
ment. Evaluation by taste panel demonstrated that high
linoleic meat (stored at -10°C) developed rancid_flavors>
and odors two to three times faster than conventional»ﬁeat

stored in the same manner.



MATERIALS AND METHODS

General ‘

Six Ramboulllet, six Suffolk and four Hampshlre'
lambs w1th an initial average weight of 30 3 kg were random-
1y alloted to four groups of four lambs each and assigned
to different diets. The diets were as follows: Control,
60% concentrate diet; PCO; control diet plus 8% protected
cottonseed o0il; POO, control diet plus 8% protected olive
oil; PLO, control diet plus 8% protected linseed oil (Table
1). 0ils were of food grade quality, thereby eliminating
impurities that may have been présent in more crude prep-
arations. The protected product was fed at a level which
supplied a level of 8% oil to the diets.

All lambs were fed the control diet for an initial
two week period, then the lambs were group fed their respec-
tive diets for a 46 day period prior to’slaughtera The

_initial two week period allowed all lambs an adjustment

“perlod to the- control diet before blood samples for serum.
lipid and hormone analysis and biopsy samples were collected

at the start of the 46 day trial.

19



“Table 1. Experimental Diets?,

Percent Composition

ingfedieﬁt Control - 8% PCO 8% POO 8% PLO

Ground Alfalfa Hay ho.0 40.0 40.0 40.0
Steam Proééssed Milo 53.8 4é,4 ho 4 ho.h
Molasses ;  6.0 6.0 6.0 6.0
Biofos . : 0.2 0.2 0.2 0.2
Protected Olive 011P - - 1.4 0 -

Protected Linseéd oi1b - - - 11.4
Protected Cottonseed 011P - 11.4 - -

PCO = cottonseed oil product, POO = olive oil product, PLO = linseed
oil product (percentages refer to oil content of diet)

0il products (70% 011:30% casein, HpoO:casein ratio 7:1), percent on
100% dry matter basiso

oz
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-Preparation of Formaldehyde-treated
Casein:0il Products

The casein:oil products were prepared as follows:
1. Acid precipitated sodium caseinate was dissoclved in

distilled water (1 part casein: 7 parts water) by

addingﬁéﬁfficient 25% sodium E&df Xiﬁég(§7V) to
adjust the mixture to a pH of 7.0 ¥0.3. The solu-
tion was allowed to stand overnight to insure the
complete hydration of the ecasein. |

2. The appropriate oil (cottonseéd9 olive or linseed)

was added to the casein solution to give a 30:70

“casein:oil mixture which was then placed in a 10

gallon steam Jjacketed kettie and heated to 50°C.

3. The mixture was homogenized twice using a Manton-
Gaulin Model 15Mf8TBA two-stage homogenizer at
2°2x108 kg per sqﬁare meter of pressure.

4, Formaldehyde was stirred~into the homcgenate (2.5%
formaldehyde or 6.8% formalin by weight of casein).

5. The oil products were sealed in plastic containers
and'}efrigefated for at_leasﬁ 24 hrs. The gelled
product was ground through a meat grinder with 1
cm qpenings'prior to mixing with the remainder of
the ration ingredients. v

The final oil products contained 67.6% water, 33.6% cotton-
seed; olive or linseed oil, and 9.8% casein by weight. In

mixing the product with feed, 20.7 kg of the product was
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mixed with 51.7 kg of feed and allowed to air dry. This
resulted in 58.3 kg of feed which contained 8% added oil
by weight.

Sample Collection

BloodrPlasma énd Serum

Blood samples were collected on days O, 14, 28, and
42 from the jugular vein of each lamb, usihg a California
bleeding needle, prior to the 7:00 am feeding. The samples
were collected in 50 ml test tubes COntaiﬁing 1.2 mg EDTA-Naop
per ml of blood to prevent clotting or 2 mg benzamindine
hydrochlori&e hydrate per ml of blood to prevent destruction
of the glucagoﬁo These samples were used for the determina-
~ tion of insulin, glucagon and total serum lipidllevels°
The plasma was separated by centrifugation at 10,000 rpm
for 10 min at 49C., The plasma was immediateiy drawn off
with a syringe and placed in Nalgene bottles and frozen

at -18°C until further analysis.

Subcutaneous Tailhead Fat Biopsy

Individual subcutaneous tailhead fat biopsy samples
were obtained just prior to starfing oil supplementation
(day O) and at days 14, 28 and 46. Approximately 1-5 gm
‘of subcutaneous fat was removed from the tailhead region at

each sampling date.
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Lidocaine was injected subcufaneously in the upper
tailhead fegion as a local anesthetic. A 3 cm incision
was made with a scalpel on alternate sides of the animal

at different sampling periods for the removal of the sample.

- fThe incision was covered with sulfa-urea powder and élééé§i¥~ﬁ5.

by Michel suture clips, then sprayed ﬁith KRS. Combiotic
was administered to each sampling period to help prevent-
infections., After the application of these methods, all

incisions remained closed and no infections were observed.

Carcass Fat Samples

During slaughter, fat samples weré collected for
fatty acid analysis. The fourth '_tailhea':d fat"sa.mple was
taken at this time by removing a 5 gm sample Qf adipose
tissue from the tailhead region, aveiding'scar tissue from
prior biopsies. Other tissue samples collected at this time
were mesentary fat; kidney fat, and heart fat. Carcass
samples collected for 1ipid analysis during pfocessing
(after a seven day aging period) were: a crosssection of
. the center portion'Of:thé;Tri¢ép§fb%échii (TB)gjfhe.sggtiq%fﬁ'
of the Longissimus dorsi (LB) between the ninth and eié&éhéﬁ‘
ribs, seam fat adjacent to the TB, seam fat adjacent torthé
semimembranosus (SM),'subcutaneous fat from the LD, and
-subcutaheous fat from the TB. 'Muscle.samples obtained at
this time for sensory panel evaluation were two loin double

chops, 1.9 em thick, from the area of the 12th and 13th ribs
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and one leg roast, 3.2 cm thick, from the center portion
of the wholesale leg from each lamb.
All carcass samples for lipid analysis were placed
in plastlc bags, frozen, and stored at -20°¢. All samples
ffor sensory evaluation were 1nd1v1dually wrapped in poly-

ethylene freezer paper stored at -20°C untll evaluated

Chemical Analysis

Lipid Extraction Methods

?lasma° Duplicate 2 ml whole plasma samples wWere
extracted with chloroform-methanol (2:1, v/v) according to
the procedure of Folch, Leee and Sloane-Stanley (1957) .
After evaporation in a vacuum oven at 50°C, the ﬁeights of
the extracted lipids were recorded and the samples stored
“in solution with chloroform at -18°C in sealed vials until

further analysis.

‘Intramuscular_Fato Two 10 gm samples from the TB

and LD from each lamb were homogenized and total lipid

t*‘ extracted with chloroform-methanol according to the mOdified '
method of Oetrander and Dugan (1961) as’outlined by Leander
(1975). Ten ml aliduots from each exfraet were used for
weight determinations. These samples were dried, weighed

~and stored as the plasma lipids were.
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Subeutaneous, Intermuscular; Biopsy and_Internal

Fat. Fat samples of>approximately 1 gm from kidney, heart,
mesentary, seam, biopsy and Subcutaneous fats were knife

cut into small pieces and extracted with chloroform-methanol
;"(2319 v/v)9 using the same methodslgg*?gffﬁlésma lipid

extraction.

Feed}Extractionsb Five gm duplicate samples of

each ration were extracted using the éhloroform-methanol—
acid method as outlined by Figroid (1971). For fatty acid
composition of the feeds see Tables 2 and. 3.

Plasma Insulin.

Insulin determinations were made using a slightly
modified radioimmunoassay'procedure of Wright et al. (1971)°
The labeled antigen, 1251 porciné insulin, was purchased
from Cambridge Nuclear Radiopharmaceutical Corporation,
Biilerica, Maséachusetts and the bovine antibody producéd
in the guinea pigbwgs ?urchased.from Miles Laboratories,

Inc., Elkhart, Indiana, = ... .

Serum Glucagon

The radioimmunoassay of glucagon was conducted
according to the method of Aguilar—Pa:ada,,Eisentraut and
Unger (1969), except that benzamidine was used as a proteo-
lytic inhibitor as éugges%ed by Ensinck et al. (1972), The

labeled antiééng 1257 glucagon, was purchased from Nuclear



Table 2. Percent Lipid, Moisture and Fatﬁy Acids of
V Experimental Diets?2.

' ' — Diets —
Content . Control 8% PCO 8% POO. . 8% PLO
"Moisture 9.9 17.3 16.5 17.2
e :gcms P 8 . .2 .2
14:1 .2 -— .1 .1
15:0. .1 .1 .1 1
116 .1 .1 —— .1
16:0 18.0 18.9 15.7 9.2
16:1 1.7 .9 1.3 .5
17:0 | U .2 | .3 .2
118 2.1 .2 A ——
18:0 2.4 2.9 2.6 4.b
18:1 | 27.3 24.0 62.7 26.4
18:2 42.0 49,8 14,1 i9°d
18:3 7.3 2.2 2.5  39.8
TUe 78.5 - T76.9 80.7 85.8

& PCO = cottonseed product, POO = olive oil product,
PLO = linseed o0il product (percentages refer to oil
content of diet). ‘

b galculated on 100% dry matter basis.

€ Total Unsaturated fatty acids.



 Table 3. Fatty Acid Composition of 0ils?,

Tatty Acld  Cottonseed OLl  Tinseed OiT — Olive 011 _

S ko 1.0 20,05 77 7<0,05
16:0 18.5 6.3 : 14.6

16:1 0.6 0.2 1.4

17:0 0.1 0.1 <0.05
118:0 0.1 <0.05 0.5

18:0 2.5 4.6 2.9

18:1 19.4 24.8 72,1

18:2 57.8 1%.6 T4

1.1

18:3 <0.,05

49.5

2 Weight percent of total fatty acid.

27
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Medical Laboratory, Dallas, Texas and the specific pan-
creatié glucagon antiserum (30K) from the laboratory of
Dr. Roger Unger, University of Texas Health Science Center

and Veterans Administrétion'ﬂospital,~Dallas, Texas.

Esterification =

The 1ipid extracts of tissue, depot and feed lipids
were trans-esterified by & modified combination of the
methods of Bowyer et al. (1963) and Marchello, Dryden and
Ray (1968). A 50 mg sample of lipid in solution with
chloroform was mixed with 2 ml of benzene, 4.5 ml of 5%
(v/v) su;furic acid in super dry methanol, flushed with _
nitrogen, tightly capped and well mixed. The tubes contain-
ing samples were placed in}a 90°C water bath for 2.5 hrs,
with occasional shaking. 'The tubes were then cooled
after which 4 ml of distilled water was added to each tube.
The methyi esters were extracted from the solution by the
addition of 5 ml of petroleum ether, shaking well and centri-
fugation at 1500 rpm for 10 min. The petroleum ether layer
- was pipeted off and placed in sealed vials until analyzed
by gas-liguid chromatography.

Thin-layer Chromatography

Methyl esters of intramuscular and feed lipids were
purified so that a‘minimum base line and maximum repeatabil-

ity on subsequent gas chromatography could be obtained.
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This was accomplished by thin-layer chromatography of the
methyl esters obtained from the trans-esterification of
approximately 50 mg of extracted lipid A 5 ml aliquot of
chloroform-methyl ester mixture was spotted on a 20x20 cm
pre- actlvated (1 hr at 100°¢) and pre- coated (O 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 using a solvent of petroleum ether (30-
700C) diethyl ether-acetic acid (80:10:5, v/v/v) (Bowyer
et al. 1963)0 After development of the plates and evapora-
tion of the solvent, the plates were sprayed lightly with
.05% (w/v) solution of Rhodamine 6 G in ethanol (Skipski et
al. 1967) and viewed under ultraviolet light for identifica-
tion and marking of the methyl ester band. The methyl
ester bands were identified With the aid of sfandards‘and
were eluted from the silica gel once with 3 ml of petroleum
ether after mixing and centrifugation at 1560 rpm to settle
the silica gel. Methyl estefs were stored in sealed vials

‘at -18°C until analyzed by gas-liquid chromatography.

Gas-ligquid Chromatography _

Two Beckman GC-5 gas chromatographs were used for
analysis of the fatty acid esters, Both gas chromatographs
were equipped with hydfogen flame detectors. Dual, 1.83 m

(3.2 mm 0.D.) coiled, stainless steel columns, packed with



30

100-120 mesh chromosorb W (HP) as the stationary phase and
5% Silar 5 CP as the liquid phase were used. The carriér
gas (nitrogen) flow rates were approximately 25’ml/min and
the column temperature was 175°Cc. The inlet temperature
.:;WQE;QSéngtﬁifh”the detector and detector lines operated
at.25o°d°i N _

Identificatioﬁ of the methyl esters in each sample
' waslaccomplished by éomparison of the retention times with
those of a standard solution of known composition run through
the same gas_chromatograph, The recorder for each gas
chromatograph was equipped with a disc integrator which was
used as én aid in the computation of the weight_percent of

each methyl ester in the sample.

Sensory Panel Evaluation -

The University of Arizona Evaluation

Lamb leg roasts were roasted in separate, open

pans on the center rack of}standarereneral Electric ovens.

The oven temperatures were set at_lGS?CAgﬁd the roasts weréﬁ}ﬁgﬁ;.

cooked to an internal temperature of 71°C,}determined.by
Models 42 sC and 4002 SB temperature probes from the Yellow
Springs Instrument Company, Yellow Springs, Ohio., After
cooking the roasts were placed in separate pans, covered
with aluminum foll, and held in a portable steam table.

Samples from fhe roasﬁs of about 1.25x1.25x3.75 cm were cut
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from the SM muscle. These samples were excised so as to be
free of connective tissue and seam fat. The eut samples
were held in the juices from the cooked roasts until served
for evaluation to prevent moisture 1oss, Prior to serving,
one sample from each treatment group on” each sample day was
placed in coded souffle cups and were served in a random
order.

The sensory panel consisted of 12 members who had
been selected from the faculty and staff of The University
of Arizona. The only restriction on fhe selection of members
was that they could not have a definite dislike for lamb.

The members of the panel ranged in age from 20_to 50 years
of which six were females and six were hales,

The only training the panel received was accomplished
during a special session in which samples of lamb roasts
from commercially produced lamb were evaluated. The roasts
were prepared(asvouflined for thevsamplesa

Evaluation was based on a hedonic scaie from 1 to 9

feﬂiFiguref;) . The scale“

as numerically scored by the use of )

a transparent grid Aroma, julceness, tenderness, flavor

and overall evaluation were the characteristics evaluated.

Armour Food Company Evaluation

A 12 judge panel evaluated loin chops for aroma and
flavor using a nine point hedonic scale (l=dislike extreme-

ly, 9=1like eXtremely)° The panel was a highly trained
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MEAT EVALUATION

1-4 ' Judge____ ~ Sample

(Very Undesirable)
1

Aroma

(Very Desirable)

Juiciness

Flavor

5-.———--
6————
7_____ Tenderness
8.__
S R—

_ Overall

Comments:

Figure 1. Meat Evaluation Form.
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research panel used for sensory evaluation of the Armour-
Dial Research Center in Scottsdale, Arizona. Four samples, -
one lamb from each dietary treatment, were evaluated during
each of four sessions held over a two day period. Samples
:wéféAfrééénﬁéqﬁpo Jjudges one at a time.

Aroma ﬁés-evaluated by lifting the edge of the watch
- glass, covering the beaker containing the sample, and snif-
fing. Flavor was evaluated by consumption of the entire
sample, |

Thirty-two judges were 3creened for the selection
of the 12 member pahel. For selection, judges were asked
to evaluate four lamb loin samples obtained from two stores.
Loin chops from one store were frozen and imported from New
Zealand; those from the other store were fresh. Judges
were selected on their ability té replicate scores and score
samples in the middle range of the scale, yet differentiate
between store samples.

Loin chops were thawed 19 to 22 hours prior to eval-
 uation. Three loin chOpé;ﬁpqmJbgg;anima;_gg_each}t;eatment o

ﬁ%eré“§¥é§é§éa<fér each seééiono.ﬁThe-éhéfsﬁﬁéfe brbiled on at

heat setting of medium broil, 8.75 em from the heat source,
to an internal temperature of 71°C. Chops were turned after
six minutes and total cooking time was 12 minutes.

The LD musclevwas excised from thevloin chop and

- subcutaneous fat removed from the edges for evaluation
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purposes. The LD muscle was then cut into four equal
sections (approximately 1.9x1.9x2.5 cm)band presehted to
Judges in 50 ml beakers cevered by a watch glass, ~
Panelists evaluated the lamb samples in taste panel
booths, under 1ncandescent white llvhtso Forks were pro-
~vided and Tonopah drinking Water and breadstlcks were supplied

to_cleanse the mouth between samples.,

Statistical Analysis of Data

Statistical analysis of all data was accomplished
by the analysis of variance according to Nie et al. (1975)
and Klecka, Nie and Hull (1975). Duncan's Multiple Range
Test was conducted to compare treatment means.

In the statistical analysis of tailhead biopsy
samples, diets were nested within periods and periods within
diets, Carcass fatty acids, muscle lipids and muscle fatty
acids were analyzed by nesting locations within diets and
diets within locations. |

The sensory penel data obtained at The ﬁniversity of

Arlzona Were analyzed by nestinv Judves W1thin_d1ets and

diets within judges. The Armour Food COmpany sensory eval-
uvation data were analyzed using a nested analysis of variance
and a two-way analysis of variance model. The two-way enal—
ysis of varience model was used because it resulted in a |

smaller residual mean square,



RESULTS AND DISCUSSION

Subcutaneous Tallhead Fat Biopsy Fatty Acids

The means for the maJor fatty acids from” tailhead 'b;
fat biopsy samples are presented in Table 4 by period with-
in each experimental diet. Analysis of_samples obtained
bi-weekly from the eontrol'lambs revealed that no consistent
changes (P> .05) occurred in the proportions of fatty acids
of this depot due to the feeding of the milo-alfalfas basal
diet during the 46 day trial. However, lambs supplemented
With.8% PCO, 8% POO and 8% PLO revealed consistent increases
(P<<a05) during the trial in the levels of oleic (C18:1),
linoleic (C18:2), linolenic (C18:3) and/or total unsaturated
fatty acids. In most cases, accompanying these increases, a
corresponding_deerease (P < .05) was noted in the level of
myfistoleid (C14:1), palmitic (C16:0) and/or stearic (01820)
acid. ,

L ‘For the 8% PCO diet, the level of C18:2 in the tail-

}head subcutaneous fat 1ncreased (P< .05) provre531vely With
time. A five-fold increase in C18:2 was noted and this
increase was nearly linear between initiation and termination
of the trial. Simultaneously, ﬁhe proportion of C16:1 de-
creased to a level which was significantly (P< .05) lower by

" the end of the trial. Similar research by Hernandez (1976)
35



Table 4,

within Diet2,

Mean Weight Percent of Major Fatty Acids of Tailhead Biopsies by

Period

Pe-_ Fatty Acids ' ‘

riod? 14:0 14:1 15:0 I16:0 16:0 16:1 17:0 T118:0 18:0 18 1 18:2 18:3 ° TUc
1 5.7 9 égd':?;5d 25.2 4.0 03?35011°3 12.6 42,6‘3e 2,84 1,79 s51.9
2 51 .9 108 .sdeps.5 3.7 2u4d 1.3 k2 sl 26de 1,19 50
3 b,k o .8% .28 25,5 3.4 2,80 1,5 13,9 43,8 2,32 _7°® 5.0
4y 4.2 1.1 1.1 .59 22,9 3.8 3.8 1,7 17.7 39.7¢ 2.69¢ 1,1de 48,2

- | 8% PCO | . | |

1 5.4 .8 .9 .3 254 3,59 1.9 1.2 156 .7 2.59 1.1 9.5
2 46% 9 .9 .x 24,3 3,3% 2,0 1.2 141 .3 6.1° 1.1 52.7
3 2.9 .7 .8 .2 232 32%23 1,1 142 Mm.9 8.8 .8 55.3
4 3.2de 7 .8 .2 20.5 2.5% 2.0 .7 17.4 39.3 12.18 .8 55.4
1 6.0 .7 1,00 .4 26.6 3°3d,8§°goo 1.1 15.78 38,74 3Qé§ 1,34 47,29
2 une 7 ,7° 5 2558 2,82 1.5 1.1 12.9° 46,5€ é{63 1.0de 53,2°
3 3.4F 6 ,6§- .2 22,4% 2,7 1,8 .8 14 nyde 49639 43;éd‘ 7% 56,5
y 2,80 6 .2 20.38 2,58 2,2 .8 17.7f L5.6° A§5§8@ & 55,208

.68

9



Table 4, Continued B
Pe- ‘ Fatty Acids

riod® 14:0 14:1 15:0 11610 16:0 16:1 17:0 T118:0 18:0 18:1 18:2 18:3 7u°
8% PLO |

1 46 .8 .8 .:3 258 2,9 2,04 .9de 18,1 ho.2d¢ 2,69 1.19 47,6

2 3.0 .6 .7 .4 243 =2.6% 1.7% 1,69 16.7 42,49 3,09 2.gde 5 )

'3 3.3 .9 .8 .4 245 3.0 179 gde 151 u2.98 378 3.0° 53.4

b 2.9 .6 .6 . 21,7 1.7° 1,48 .8% 16.7 38.2¢ 5.7f 8.3F s5u.5

& PCO = protected cottonseed 011, POO = protected olive oil, PLO = protected linseed
oil (percentaaes refer to oil content of diet). o

b Pgriod 1 = start of experiment, Period 2 = 1l days, Period 3 = 28 days, Period U4 =
days. i ' .

¢ Total Unsaturated fatty acids.

defg yvalues within the same fatty acid and diet having unlike superscripts differ
significantly (P< .05). v

LE
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has demonstrated that the level of C18:2 increased (P« .05)

for four weeks then tapered off while lambs were meintained
on a diet containing protected cottonseed oil. For steers,
decreases in the level of C16:1 in subcutaneous fat biopsies,
due to supplementatlon W1th proteln protected safflower oil,
have been reported (Dinius, Oltlen et al. 1974) with linear
increases (P< .05) in the proportion of C18:2.

Lambs fed the protein protected olive o0il diet hsad
an increased (P< .05) level of C18:1, from 38.7 to 46.5 per-
cent, in subcutaneous fat from the tailheed area within the
first two week period. No consistent increase (P< .05) was -
noted in the proportion of C18:1 after this initial change,
but increases (P< .05) over those noted for Period 2 were
observed in the percent stearic and linoleic acids at the
end of the 46 day trial. The level of total unsaturated
fatty acids had increased (P< .05) from by fo 53 percent
by Period 2 due to the supplementation of the protected
olive o0il. However, after this time, increases in the 1eve1
‘of total_unsaturates in the tailhead'biebeies were minor_
(P> .05). “This was due to either the specificity of the
enzymes in incorporation of fetty acids into tissue trié
glycerides or the hydrogenation of oleic acid to stearic acid
at the tissue level or in the rumen because of incomplete
protection. Since an iherease (P< .05) in the levels of

C18:0 and C18:2 occurred during the last two weeks of the
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trial, it is reasonable that hydrogenation and desaturation
of C18:1 occurred at the tissue level. Furthermore, the
effect that the'increase (P<- .05) in the level of C18:2

in Period 4 may have had on the level of total unsaturated

-Egjhfatty acids was: offset by . the correspondlnv increase (P< 05)¢753*

-tln the level of C18:0 just noted Because there is no 1lit-
erature on feeding protected olive oil, or oils high in
€18:1, explicit conclusions are not possible without further
research. 7

Along with the increases in C18:0 and C18:1 noted
above for lambs supplemented with olive o0il, decreases
(P< .05) in the proportion of C14:0, C16:0, C16:1 and C18:3
were bbserved in the tailhead biopsies. The level of C14:0
progressively decreased“(P< .05) from the initiation of the
trial until Period 3 (Day 28). Changes in the levels of
C16:0 and C18:3 were not significant (P>.,05) until the third
period, at which poinﬁ they remained constant until termina-
. tion of the trial. The level of C16:1 decreased (P< 05)

'“:by 15 percent w1th1n the first two week perlod of the trial,

t‘after which decreases were minor (P> .05). percent
decrease (P< .05) in the proportion of C18:3 occurred between
Periods 1 and 3oA These changes were ?robab;y a dilution
effect caused by the inefeased (P<'005)'amounts qf 01830,
C18:1 and C18:3 being incorporated in the subcutaneous

tissue as a result of the olive oil supplementation..
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Lambs which consumed the 8% PLO diet had no apparent
changes (P> .05) in the proportions of C18:2 and €18:3
until Period 3. At this time the levels of 018:2 and 018:3
were ralsed 173 and 42 percent over initial levels, respec—
tlvely, in- the fat blops:Les° Between Periods 3 and 4 ‘the
proportion of llnolenlc acid increased (P< .05) nearly three-
fold while the level of linoleic acid increased (P< .05) by
a factor of 1.5. The increase in proportions of €18:2 and
C18:3 during this part of the trial were similar to the
inereases in the level of C18:2 noted in the 8% PCO lambs.
The increase of C18:2 and C18:3 in the 8% PLO lambs was
linear with time and no apparent>maximum was reached by the
end of the 46 day trial. This linear increase is contrary
to the findings in most studies where the incorporation of
€18:2 into subcutaneous fat tissues of lambs (Cook et al.
1970, Ford et al. 1975, Park et al. 1975 and Park et al.
1976) and steers (Faichney et al. 1972'and Faichney et al.
1973) has been described by a curve of dlminishinv incremen'ts°
The incorporation of C18:1 for olive oil supplemented lambs'
may have been observed tenfellow a curve of diminishing
increments as Park et al. (1975) described C18:2 to do in
lambs supplemented with protected sunflower oil, if samples
of subcutaneous fat had been collected within the first 1l

days.



'tg?faimédé?similar observations on the Clﬁji‘énd ¢18:1 content of
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Accompanying the increases Just described for the
lambs_fed linseed oil, the levels of Cl6:l‘and C18:1 were
observed to decrease (P«<705) between the third and fourth

periods in the bicpsy samples. Secott et al. (1971) have

‘subcutaneous fat fromﬁlambs supplemented with formaldehyde-
treated casein:safflower oil. The decreased levels were
thought to be partially due to dilution, which is supported
by the relatively small decrease (from 2.9 to 1.7 percent)
in the level of Cl1l6:1, and pértially due to'increased com-
petition (at the tissue level) between the unsaturated 18
carbon fa%tyvacids for incorporation into tissue triglycerides
(Scott et al. 1971). The latter situation explains the
larger decrease (from 40.2 to 3802 percent) in the proportion
of C18:1 in the biopsy samples. |

Further comparisons were made by analyzing the means
of the fatty acids from the subcutanéous tailhead fat biopsies
by ekperimental diet within each sample period (Table 5). At
. the initiation of the trial’(Périod;l) variations (P«-QOB)
wWere noted in the levels of palmitoleic and linolenic acids
between the experimental.groups° The level of Cl16:1 in the
tailhead adipose tissue of control lambs was higher (P< .05)
than the level of Cl6:1 in the group to receive the 8% PLO
diet. Also, the proportion of 018:3_was higher (P< .05) in

the control, than in lambs alloted to receive the protected



Table 5. Mean Percent of Major Fatty Acids of Tailhead Biopsies

by Diet within
Period? B

DietP 1430 14:1 15:0 116:0 16:0 16:1° g;fgs 118:0 18:0 18:1  ”i8:2 18:3  1U°
Control 5.7 .9 .9 .5 25.2 gioaoé’ 1.3% 12.6 142.6 2;8' 1.7 51.9
8% pco 5.4 .8 .9 .3 254 3,50 1.9  1.2de 15.6 1.7 2.5 1.1° 49.5
8% PO 6.0 .7 1.0 .4 26.6 3.39€ 2.0 1.1% 15,7 38.7 3.2 1.3%€ 472
8% PLO 4.6 .8 8 .3 258 2.90 2.0 .9e 18,1 40.2 2.6 1.1° 47.6
Control 5.1 .9 1.0 25.5 3?$§iog,ﬁd 1.3 14,2 41,9d§§%;6d 1.19 50,1
8% PCO 4.6 .9 09; 24,3 3.39¢ 2,09 1.2 14 41f3dﬁ36;1e 1.19 52,7
8% P00 4.b .7 ;%f 5 25,5 2,88 1.5 1.1 12.9 46056'gék6d 1.09 53,4
8% PLO 3.0 .6 .7 24,3 2.6 1.7de 1.6 16.7 42.hde 3.00 2.8 5.4
Control 4.44 .9 .8 2de 25,5 3?§riog,gd 1;5 1379 u3¢8d"2;3d .79 51.0
8% PCO 2.9 .7 .8 .29 232 31 2.39® 1.1 ane m.9d 8,88 .8 55,3
8% poo  3.4de 6 6 .20 22,4 2.7 1.8%2 .8 14,4 19.,3% 3.24f _7d 56,5
8% pLo 3.39¢ .9 .8 .U 245 3.0 1.7 .9 151 h2.od 3.77 3,00 534

cir



Table 5, Continued

L Fatty Acids ‘
DietP  14:0 1431 1530 I16:0 16:0 16:1 17: 0 118:0 18:0 18:1 18:2 18:3 TU¢

i Period 4 ' b '
Control 4.2 1.1% 1.4 .54 p2,9 3,80 3,80 1,79 17,7 39.7d 2,64 1,19 48, 24

8% pcO 3.2 .7° - .8% .2¢ 20,5 2,58 2,08 .7® 17.4 39.39 1218 .89 s5.u8
8% Po0 2.8 .6° ..6° .2¢ 20,3 2.5¢ 2.2¢ .82 17.7 hs.6e 5.87 g 5508
8% PLO 2.9 .6 .6 .4 217 178 1.6 ge 17.8 38.20 '5.7f B3¢ sy,

@ period 1 = start of experiment; Periods 2, 3 and 4 = days 14, 28 andiHG, respectively.

b PCO = proteetedvcottohseed 0oil, POO = protected olive oil, PLO protected linseed
oil (percentages refer to oil content of diet).

¢ Total Unsaturated fatty acids.
def

Values within the same fatty acid and period having unlike superscripts differ
significantly (P<.05). _

€



4y
cottonseed and linseed oil diets. These differences were
relatively small (.6 to 1.1 percent) and probably represented
chance differences which could occur in any experimental
trial. |

After only 14 days, the effect of the various oil:
treatments started to become apparent. Lambs receiving theﬁ
8% PCO diet were higher (P< .05) in the proportlon of C18:2
in biopsy samples while the 8% PLO lambs had an elevated
(P< .05) level of C18:3. Although not significant (P> .05),
the level of C18:1 was 11 percent higher in the tailhead
biopsies of the 8% POO lambs than in the control group. By
Period 3 all of the above mentioned'differences had become
more apparent (P< .05) with an increase (P< .05) in the
proportion of ¢18:2 in biopsyvsamples from lambs receiving
the protected linseed o0il dieto The differences in the levels
of €18:1, C18:2 and C18:3 were more marked CPf .05) by the
termination of the trial (Period 4).

Furthermore, at the flnal samplinv period all lambs
receiving diets contalnlnd proteln protected 0115 had a:;f;{ff
-hlvher (P< 05) proportion of ‘total unsaturated fatty acids
in the subcutaneous tailhead adipose tissue than lambs
receiving the diet withoﬁt added oil. Hernandez (1976) re-
ported increases (P< .05) in the level of C18:2 in subcuta-
neous fat from lambs fed two different levels of protected

cottonseed oil. Accompanying these increases, corresponding



| 45
decreases (P < ,05) were reported in the/proportions of Cli4:1
and C16:1 due to the supplementation of the protected oil
product. The increases (P <,05) in €18:1, C18:2 and €18:3

as well as the decreases (P-< 05) in the proportion of Cli4:1

:and 016 :1 were assumed to,_ : 1rectly related to the in-

creased (P <.05) availabillty of the unsaturated 18 carbon
fatty acids in the circulating serum (Hernandez 1976). The
decreased (P <.05) percents of Cli:l and C16:1 were meinly
due to a dilution effect by the increased amounts of unsat-

urated 18 carbon fatty acids.

Carcass Fatty Acids

The means for the major fatty acids from certain
carcass fats are presented in Table 6 by fat depot within
each experimental diet. The adipose tissues studied includé
surface (TB and LD subcutaneous), intermuscular (TB and SM
seam) and internal (kidney, hesentary and heart) depots.

| Internal adipose tissues of control lambs were ob-
served to be more (P «.05) saturated than either surface or
"intermﬁSCular fatsq. The internal fats poséesseahavhigherH 
(P< .05) proportion of stearic acid and lower (P< .05) level
of oleic acid. This result was consistent with the findings
of Faichney et al. (1972) where kidney and mesentary fat of
lambs on feedlot diets were determined to be more (P <.05)

saturated than adipose depots nearer the body surface.



Table 6. Mean Percent of Major Fatty Acids of Depot Fats by Fat Depoﬁﬁwithin Diet?.

Fat ' ‘ Fatty Aclds

DepotP 14:0 1h4:1 15:0 I16:0 16:0 1631 17:0 118:0 18:0 18:1 18:2 18:3 TU°
: ' ' Control o
Kidney 2.84 ,6de  pde 3de o3 gde 5 qde 3 odef  gde 39:.1d 32,84 23 .6 38,4d
Mesen 3.4de  ede  gd  5d o5.gde p-3d 3.ode 7 pde 26,9d 310.g 2,6 1,2 138,4d
Heart L.48f _3d .68 ' e p23.2d 1,58 2 pef ~gd g Id 33, 2.4 1,2 39,30
™ sm 4.8 ,4d  pde oe o7.88 2,64 2,08 1 .ode 15.5¢ 410 2.1 - .8 bb.qe
sM sm A4.sef  yd pde oe o jde o od o jef - gd g je 39,82 2.4 1,0 45,8
TB Sb 4,0def _ge  gde jde o5 jde g gf o gdef ; pde 17 38 I ke 2.2 7 4B.8e
LD sb 2.99 1,08 .8de  sde pj yde 3 6f 3,84 1,48 17,28 41.4® 2,1 .9 A49.0®
’ , 8% PGO
Kidney 2.5  .58f .6 - 21.6 1.44 2.0de 63 27.7d 30,49 11 »d g py,ud
Mesen 3.0 Jhdef g - 23,0 1.69 1.6de ud o5 38 33 yde g 74 ) 46, 0d
Heart 3.6 28 ] 23,0 1,58 1.4de yd o7 Bd 35 0de § o€ 6 43,54
TB Sm 4,1 .3d¢ 5 i 25,4 2,0de 1.3d d 18.1e 38,9ef 8,5de g 5p,2de
SM Sm 3.9 .39 . 23,6 2.,2de 1.8de  ede 38 oe 39,672 B de g 5y 3de
TB Sb 3.5 6fg 5 .2d 026 2,58 1, 7de 7de 15 4€ 17,18 10,04 5 55,7°
LD Sb 2.5 .88 .7 22,1 2.8 2, 2e .9% 15,6 40,58 10,44 1,0 55,58

Kidney 2.04 hdef

.93 .gde 48 3¢
Mesen 2.8d¢  sef

1984 3. ude 7, . 13, :
‘ 1 ,28f  gde jg 14

21.9de 1 gef

o © o o

_oOEU OO &

.3 6 2

.3 . 6 Iy
Heart 3.3 ,3de .3 21.6de 1.3 1.6 .7 27.84 38,2 3.6% 1,24 1l se
T8 sm 3.8¢ ,5ef .3 24.8¢ 2.kf 1.4 .6 16.4f L3.6efg L.3ef 1.2d 5o .0d
SM Sm 3.4 24 | .2 24,68 1.9ef 1.4 .6 17.5f uh.efeh y pef — gde 5; -d
TB Sb 3.,0de _gef .2 22.4de o If 1.6 .7 15.2f 18,2 y,79e  se g uf
LD sb 2,24 6f .6 20.,8de 2 4f 1.8 .9 17.2f 46, heh 5 jde 1 gde 5 of

=
(O))



Table 6, Continued

Fatty Acids '
DepotP® 14:0 14:1 15:0 I16:0 1650 16:1 17:0 118:0 18:0 18:1 18:2 18:3 TU®

8% PLO S

Kidney 1.9 .24 0 .2 184 1,08 "1.2 .4 28,99 31,00 6,09 g,0d ug, s5de
Mesen 2.6 .5def 6 .3 21,1 1.4 3.6 .4 27,24 32,44 5ud § 64 g, 2de
Heart 3.2 24 6 .2 23,3 1,04 1,6 .4 30,94 32,60 2,98 2.98 39,7g
TB Sm 3.2 A4de 52 22,8 1.78f 1.4 .4 1g.hef 37.29 5.0 6.65 50.95°
SM Sm 3.2 .3de L .3 23.0 1.6% 1.3 .6 20.52 35.9 e 5,ud 7,24 5o, 54
TB Sb 3.5 f 6.3 21,0 2.2f 1.6 .6 16.1 38.9% 6.0d 8°5g 56.2%
LD sb 3.5 6ef 6 3 21,3 1.8f 1.4 .6 18,6f 37,52 .24 8,79 b5y, 7de
a

PCO = protectedICOttonseed oil, POO = protected olive oil, PLO = protected linseed
oil (percentages refer to oil content of diet). ‘ .

D Mesen = mesentary, TB = Triceps brachii, SM = Semimembranosus, LD}= Longissimus
dorsi, Sm = seam, Sb = subcutaneous.

C Total Unsaturated fatty acids.

defgh Means within the same fatﬁy acid and diet with different superscripts are
significantly different (P <.05). ,

L
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Furthermore, for the control lambs, heart fat was
lower (P <.05) in the proportion of Cl4:1 than were surface
fat samples and the C16:1 content of heart fat was lower
(P <.05) than that observed for surface or intermuscular
adipose sampleso, Althouvh dlfferences ‘in the level of total
unsaturated fatty a01ds between surface and intermuscular
fat samples were minor (P>-°O5), surface fats tended to have
higher (P« ,05) proportions of Cl&zl and C16:1 than inter-
museular fet samples.

The control demonstrated the deposition of fatty
acids within the adipose tissues of lambs fed & milo-alfalfa
diet without added fats. When a deviation of this pattern
occurred.in lambs supplemented protected oils in addition to
the milo-alfalfa diet and all other factors being equal, a
cause and effect relationshlp was indicated. Changes which
occurred in the fatty acid-composition of lambs fed protein
protected oils, when conpared to the control, were assumed
to be é‘direct'result of the protected oil productso

‘Lambs fed the protected cottonseed 011 diet were
similar to the control lambs in the overall pattern of in-
‘corporation of unsaturated fatty acids into the various
tiSéues@ Although the level of various fatty acids were
sometimés different (P < .05) between the control and 8% PCO
lambs, the order in which'unsaturation occurred between the

various fat samples was approximately the same regardless of



49

the dietary treatment. However, heart fat was lower (P< .05),
by nearly 50 percent, in the level of C18:2 than other samples
from the 8% PCO lambs and this was not observed to occur

(P> .05) in the control group. As a p¢ssib1e explanation

for the lower (P.<005)“iiﬂ¢iéicfé¢;d cbﬁfent of fat from

the heart surface, Hernandez (19765 has reported that the
percent of C18:2 in cardiac muscle was lower (P <.05) than

in skeletal muscle. Assuming that intramuscular and surface
fat from the heart are similar, the specificity of fatty acid
incorporation in the tissue as well as the.cardiac muscle's
metabolism of different fatty acids may be reasonablé
explanations for this unique depoSition pattern. Dvorakova
and Bass (1970a,b) have indicated that heart-muscle (mam- H
mals in general) upon increased exercise tend to metabolize
more (P <.05) quentities of saturated fatty acids (C18:0).
With this in mind, the specificity of fatty acid incorpora-
tion in cardiac triglycerides (intramuscular and surface

fats) is more plausible.

In lambs supplemented with protected olive oil it
appearéd‘that surface édiposeﬁtiésués'&iﬁéfiminatédAagainstﬂ,mA
the incorporation of Cl18:1 to a‘greater extent than did
internal fat tissues (except heart fat). This was demon-
strated by the fact that mesentary fat frém the 8% POO
lambs increased from 31.7 to 41.8 percent, while LD sub-

~cutaneous fat only increased from 41.L4 to 48.2 percent as



compared to the control. In contrast, linoleic acid was
deposited in all tissues with no apparent (P> .05) differ-
ences in tissue speéificityg This would not be an expected

result. when supplementing an o0il containing 72 percent oleic

The-inhanced.deposifion of linoleic aéié for 1amb§
supplemented with olive oil suggests a higher specificity for
C18:2 by lamb tissues than would be expected when one
considers the relatively low level of C18:2 (11 percent)
deposited in the carcass fats of lambs fed the protected_
cottonseed oil which was 58 percent linoleic acid, Faichney
et al. (1972) has reported that incorporation of C18:2 in
internai lamb adipose tissues, as a result of'protected
safflower oil (high in C18:2) supplementation, occurred %o
a greater (P< ,05) extent than in adipose tissues nearer the
body surfaéeo ‘Although only minor (P> .05) differences
existed in the 1éve1 of C18:2 between tissues in the current
trial, C18:1 was observed to bé distributed as Faichney et al.
(1972) repartedvlinbieic acid to be de?oéifed for lamb.

‘Lambs supplemented with protected olive oil had a:'
total unsaturated fatty acid deposition pattern similar to
the 8% PCO lambs with internal fat samples being more (P < .05)
- saturated than surface fafs‘(Table.G)o Heart fat was again
more (P?dOOS) saturated than any other adipose éamplen This

dietary ireatment further demdnstrates_the inability of
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heart fat to incorporate higher (P <.05) levels of unsaturated
fatty acids, especially C€18:2, into triglycerides as has
been observed for other internal fat tissues such as kidnéy
and mesentary adipose tissues°

Lambs fed the 8% PLO diet had a deposition pattern
similar to the 8% PCO group in that €c18:2 and C18:3 tended
to be distributed evenly (P> .05) in all tissues except
heart fat, which was lower (P« .05) in the levels of linoleic
and linolenic acids than were other adipose samples. In-
ternal adipose tissues tended to contain less (PlcoOS) Cli-1
and C16:1 than those tissues nearer the body surface., How-
ever, only minor differences (P3 .05) occurred in the total
unsaturate content of all fat samples with the exception of
heart fat being more (P < .05) saturated. Differences between
samples which occurred in the control lambs were not as
apparent (P> .05) in the 8% PLO group. This evidently was
.due to a larger decrease in the amount of C18:1 incorporated
into surface as opposed to internal fat samples.

L The subcutaneous tailhead fat biopsies were in _
w:general found to exempllfy the chanoes which occurred in thel
carcass fats as a result of the protected oil supplementation.
Biopéies from the tailhead region of lambs (Hernandez 1976)
and}steers (Dinius, Oltien and Sattle 1974) have been used
to monitor fatty acld changes within body tissues due to the
feeding of protected oils with favorable results. Hernandez

(1976) reported that although the subcutaneous blopsies did
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not indicate the smaller increase of C18:2 in heart fat and
muscle samples as compared to other tissues, the changes in
fatty acid composition that d4did occur were specific to the
biopsies obtained from each treatment group° A similar
‘result was apparent in the current trial where-hear%ifgt'"*“'
- did not demonsirate the magnitude of change found inrfhe
~fatt& acid composition of other sampleéb However, the
changes that did occur in the fatty acid composition of
heart fat were also noted to gccur, only to a greater extent,
in the subcutaneous biopsies.

Table 7 lists the mean percents of fatty acids from
carcass fat samples by experimental diet within each fat
depot. The supplementation of the protected cottonseéds
olive and linseed oils provided lambs with increased (P < .05)
proportions of unsaturated_l8 carbon faﬁty acids which were
characteristic of the particular oil (see Table 3 for the
fatty acid profile of oils). All carcass tissues sfudied
responded to'some denree to the oil supplementation with

heart fat (the least responsive) revealinv .an increase in

¢18:2 and 018 :3 from 2 4 and 1.2 to 6.0 and 2, 9 bercent
respectivelya

The levels of oleic, linoleic and linolenic acids -
were affected to different extents within the various adipose
tissues due to the feeding of the eXperimental diets. De-

creases (P < .05) were noted in the level of C16:1 in some,



Table 7. Mean Percent@pf Major Fatty Acids of Depot Fats by Diet within Fat Depot.

A, Fatty Acids |
Diet® 14:0 1h4:1 15:0 T16:0 16:0° 16:1 17:0 7T18:0 18:0 18:1 18:2 18:3 TyP

' 8 .6 7 e oae g &Y e 2.8¢ 2.3¢ 6 38
Control 2. . Y 23.6% 2.1 3.0 .9% . 30.1 32.38¢ . . 33.
8% pco 2.5 .5cd ag,i'bz 21.6ed 1.4d 2,094  g%d 27 7 30.4¢ 11.18 .8 Ly,
8% poo 2.0 .hed s .3 19,864 3 ud 3 gde  ged 27,2 39,84 5.9%  ,8C 48,
8% PLO 1.9 .24 4. .2 18,44 1,08 1.2¢ .44 28,9 31.9¢ 6.2° 9,29 43,

' T ' Mesentary Fat }
Control 3.4 .6 .8 .5 =258 2,3¢ 3.2¢ 1.0¢ 26.9 31.7¢ 2.6% 1.2¢ 38,
8 pcO0 3.0 .4 .5 .3 23,064 31,64 1,64 44 25,3 33,9¢ g 79 4C kg,
8% po0 2.8 .5 .5 .3 =21.,9¢d 3,9¢d; 64  6d 23,2 43,84 L,oe 8C g,
8% pPLO 2.6 .5 .6 .3 21,14 1,48 1,69 .64 27.2 32.4¢ 5.4 6,69 45,
B Heart Fat :

Control 4.,9¢ .3 .6 .,2¢d 23,2  1,5¢ 2,2¢ _6%® 29,4 33,86 2,4C 1,2C 39.:
8% pco 3.64 .2 .4 ,2¢ 23,0 1.5¢_ 1,49  ud 27,8 35,20d g.0d  6C L3,
84 poo 3.494 .3 .5 .34 21,6 1.,3¢d 1,69 7¢ 27,8 38,24 3,68 1,2¢ 4,
8% pLo 3.2d ,2 .6 ,2¢ 23,3 1,04 1,604 ,4de 30,9 32,6¢ 2,904 2,94 39,

- Triceps brachii Seam Fat o '
Control 4.8¢ .4 7 2 27.8¢_ 2.6¢ 2.,2¢ 1,0 16.5 A41.0¢d 2.1C 8¢ 46,
8% pco 4.1¢d ,3 5. .2 25,4¢d p.ocd gy 3d - yd 183 38,9 8,54  6¢ 50,
8% poo 3.8¢4 .5 6 .3 2h.8¢d 2. 4cdj . hd- g4 36,4 RI3,6d 4,38 1,.2c 52,
8% pLo 3.2¢4 I .51 .2 22,84 1,74 1,44 4d 39,4 37.2¢ 50° 6.69 50,

Semimembranosus Seam Fat e :

Control 4.5 .4 .7 .2 26.1 2.2 2.4 .9 19.4 39.8¢ 2.4C 1,0C 45,
8% pco 3.4 .3 .6ed 2 23,6 2,2 1.84 6 18.0 39.6¢ 8,49 8¢ 51,
8% poo 3.4 - .2 .50 2 246 1.9 1.4 .6 17.5 bh.6d 4.2¢ .8C 5,
8% PLO 3.2 3 .44 2 23,0 1.6 . 1.3 6 20.5 35.9% 5.4¢ 7,24 50,

€4



Table 7,_Continuéd

Diet® 14:0 14:1 15:0 I16:0 16:0 16:1 17:0 TI18:0 18:0 18:1 18:2 18:3 TyP

‘Triceps brachil Subcutaneous Fat | . 4
c 2.8 1.0 17. hi.4c  2,2¢ .TC 48.8

Control 4.0 .8 8¢ 4 25,1 3.6 3 2, g
8% pcO 3.5 .6 .5de 2 22,6 2,54 1.7 .7 15.4 41,1C 10,99  ,5C 55,7
8% ro0 3.0 .5 he .2 22,4 o, hd 1,64 .7 15,2 48,29 4 7ce 5 56 4d
8% pLO 3.5 .7 .64 .3 21,0 2,2d 1,694 .6 16.1 38.9¢ 6.08 8.5d 56,20
, Longissimus dorsi Subcutaneous Fat - *
~Control 2.9 1.0 .8 .5 244 3.6 3.8¢ 1.4¢ 17.2 41.4¢ 2,1¢ .9C 49,0
8 pco 2.5 .8 .7 . .4 22,1 2,2d 2.2d. ged 15,6 40.5¢ 10,448 1,0C 55,5
8% OO 2.2 .6 .6 ‘.6 20.8 1,80 1,80 9% 17,2 146,09 5,48 1,0% 55.9
84 PLO 2.5 .6 .6 .3 21.3 1,44 1.4d 54 18,6 37.5¢ 6,22 8,74 5.7

a : «
PCO = protected cottonseed oil, POO = protected clive oil, PLO = protected linseed .
. oll (percentages refer to oil content of diet).
b Total Unsaturatéd fatty acids.

cde pMeans ‘within the same fatty acid and fat depot with unlike superscripts differ
- significantly (P <.05).
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but not all, tissues (kidney, mesentary and TB and LD sub-

cutaneous fats), along with similar decreases (P« .05)

in the proportions of Cl4:1 and C€18:1. This tended to
suggest theﬁ some lamb carcass tissues are more specific

in the ratio in which saturated and'unSaturaéedfecidsFeréﬁi
B deposited than others. This is supported by some adipose
samples (mesentary, heart, SM seam and TB subcutaneous)
having increased (P<.05) levels of total unsaturated fatty
acids as a'result‘of protected oil supplementation while the
kidney, TB seam and LD subcutaneous tissues had only minor
(P> ,05) changes° Based on the observation that different
(P< .05) levels of totai unsaturates were present in adipose
tissues of lambs fed protected cottonseed oil, Hernendes
(1976) has:indiceted that qualitative lipogenic differences
exist between subcutaneous, perineal and seam adipose tissues.
Results of the current trial suggest that Hernandez (1976)
was correct in his conclusion that lipogenic differences

may exist between adipose tissues of lambs.

Since supplementation of the protected oils produced

A G%.lambs which varied in fatty acid comp081t10n9 %he rather

unique composition of each dietary group made possible the
investigatlion into the influence that fatty acid composition
may have exerted on the flavor and aroma of meat produced
by these lambs. If fatty acid composition had a measurable |

influence on flavor and/or aroma, sensory evaluation of .
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roasts and loin chop samples from these lambs should indicate

'the value or desirability of producing such changes dietarily.

Intramuscular Lipid and Major Fatty Acids

The fatty - acid composition and percent total llpid
and moisture determined for the Triceps brachii (TB) and o
Long1351mus dorsi (LD) are reported in Table 8 by experimental
diet within each muscle. The variations in pereent lipid
of the TB and LD as a result of diet were negligible (P> .05).
However, lambs supplemented with protected ollve and linseed
oils possessed elevated (P< .05) moisture levels in both
the TB and LD. The importance of such changes are hard to
evaluate since the change in level was relatively small
(.7 to 2.8 gm per 100 gm muscle).

Supplementation of the protected~cottonseed oil
resulted in at least a two-fold increase (P <.05) of linoleic
acid in both muscles while no decreases (P> ,05) were observed
in other unsaturated fatty acids. Increased (P < .05) levels
of C18:2 in the Mo psoas major have been reported as a |
Aresult of feedino protein: protected safflower oil to cattle
(Cook, Scott et al. 1972). Decreases (P« .05) in the
proportion of C16:0 and C18:1 accompanied the increase in
C18:2 content reported by these workers. Hernandez.(1976)
also reported similér,(i° e., increases in Cl8:2oand decreases
in C16:0 and €18:1) results in lambs supplemented with |

protein protected cottonseed 0il. 1In steers supplemented



Table 8. Mean Percent of Lipid Moisture and Fatty Aclids of Muscles by Diet
. within Muscleo

Longissimus dorsi ' Tricepsgﬁfédhii

55.3 5

. Experimental Diets® Experimental Diets
Item Control 8% PCO 8% P00 ‘8% PLO Control 8% PCO 8% POO 8% PLO
Lipid 4 L, 7 —— 5.0 5.1 4.2 4, u 3;8 h,2
Moisture 7T ob --- . 78.6¢ 79.8c  79.1b 78.6P 73.8¢ 8o.2¢
Fatty Acids . L
~C14:0 2,9 2.5 2.1 1.8 2.9 3.1 2.7 2.4
Clh:1 , 515 A o2 .2 .6 .5 .5 A
015:0 “.5b ibe .3bc .3¢ .7 .5 7 .6
CI16:0 5 .3 R .5 1.1b .6¢  1.1b .gPc
C16:0 602 24 .9 25,1 24,3 24,0 23.9 22.8 20.7
Cc16:1 3°4 - 2,4bc 2 1be 1 7€ 2,80 2,3bc o oc 1.9¢
€170 135 1.2b¢ 3130 .9¢ 1.80  1.%¢ 1@3? 1.2¢
CI18:0 1.0P .7be e .5C 1.5 1.0¢ 8¢ .TC
¢18:0 14, 4 b7 . 14,9 14.8 13.4  13.2 13.6 15.0
c18:1 43°u 40.8P 664 yo,2bc  nj ob  no, 7be 43.8Pc 39, 4c
c18:2 404 10.8¢ 509 6.6b 5,50 11,7¢ © 9.8¢c 9,.2¢C
¢18:3 1.2b 1.1b . 6.3¢ 1.6 1.2b 1.0b 7.8¢
Total Unsaturates 52,9 5,4 57.0 54.7 56.4 7.2 58.7

.m

& PCO = protected cottonseed oil POO = protected olive oil, PLO = préﬁécted linseed
oil (percentages refer to oil content of diet). "

be Means within the same line and muscle having unlike superscripts are significantly

different (P <. 05)

LS
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with protein protected safflower and sunflower oil, the
éhanges in fatty acid composition wefe not ﬁnlike those
observed in lambs (Faichney et al. 1972, Hogzan and Hogan
1976). | |

Subcutaneous fat §émﬁié§€§élquted‘&dring slaughter
best exemplified the fatty acid compésition of the intra-
muscular lipids from the 8% PCO and control lambs. However,
%his was not the case forrlambs fed the olive oil diet.

Lambs,fed the 8% POO diet had an increased (P < .05)
level of C18:2 in both muscle samples. However, no signifi-
cént (P> .05) increase was observed in the level of €18:1
in thé‘TB as a result of suppleménting lambs with protecﬁed
olive oil. Both tailhead biopsies and subcutaneous carcass
fats were good indicatdrs of the compositipn of the LD
while fatty acids in the TB were more similaf to the TB
and SM seam fats. |
| Supplementation of protected linseed oil resulted
in the production of int:&musculéf lipids higher (P < ,05)
in €18:2 and 018:3‘with a lower (P < .05) level of C18:1 in
the TB as compared to the éontrolgﬁfThisfieﬁefflevel,of C18:1
was also noted in the'TB of the 8% POO lambs. These results
tend to indicate a difference in enZyme,acfiVity between
the TB and other lipid depot sites studied. |

Subcutaneous fats served}as good indicators of.the
'changes which occurred ih‘the'ihtramuscuiar 1ipids of the

8% PLO lambs, with the exception of the lower level of C18:1
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in the TB. The SM seam fat was the oniy other tissue which
demonstrated the decrease content of oleic acid., Hernandez
(1976) reported that TB and SM lipids were very similar
(Iﬁ>005)a Therefore, one might assume that the TB intra-
muscular aﬁd&sﬁiggéﬁjfé%ty acids wouldvbgggpproximaﬁgiﬁu
the samen-r . L )

Although no statistical analysis was conducted
comparing fatty acid pfpflies of intramuscular to carcass
and tailhead fat samples, differences existing between the
samples for any diet appear to be minor. However, heart
fat (from all oil supplemented lambs) and the TB intra-
muscular lipids from the 8%.POO and 8% PLO lambs demonstrated
unique deposition patterns. This pattern suggests that
lipogenic differences between deposition sites (subcutaneous,
interhal, intermuscular énd intramuscular) are limited for
the tissues studied with the exception of heart and TB
lipids. ,
| The.inhanéed‘incorporation of C18:2 into the B
intramgs¢ulqr_lipids alonggwith thé,apparent:discrimination
'against:dlé;iféﬁééést‘fhé possibilif&+of greater}eniyme
specificity in the TB and LD. The differences in preference
of fatty acid incorporation between these two muscles im-
plies that differences may exist between other muscies,
Hernandez (1976) observed similar differences between the
‘TB ahd LD of lambs fed‘protected céttonseed'oil° However,

he noted that the TB and SM were very similar in fatty acid
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compbsitiona This suggests that more than one muscle may
be required for sensory evaluation if the effects of fatty
acid composition on lamb flavor and aroma are té be accurate-
ly determlned _

Table 9 lists the fatty acid compositlon and percent
lipid and moisture of the TB and LD within each experimental
- diet, _Differences-which occurred in the lipid éontent
between muscles were minor (P> .05) for all diets. This is
consistent with the findings of Hernandez‘(1976) where lipid
content of muscles wasknot.effected‘(P> .05) by feeding
protected cottonseed 0il to lambs. However, the TB from
the control and 8% POO lambs had a'higher (P <.05) moisture
content. - | v‘

The level of C18:2 was higher (P< .05) in the TB
of lambs fed the 8% POO and 8% PLO diets than in the LD
of the same lambs. The proportion of C18:2 which occurred
in the TB from the lambs fed protected linseed and olive
oils (which Wwere 15 and 7 percent 018 12, respectively)

- Was as high as the level found in lambs fed the protected
cottonseed oil (which was 58 percent c18; 2) These results
indicate that there may be & maximum obtainable level of
incorporation of €C18:2 in the TB. The TB also possessed &
unique ability to incorporate this maximum level from a

relatively low source of dietary linoleic acid,



Table 9. Mean Perﬁént Lipid, Moisture and Fatty Acids by Muscle within Diet?,

Contro 3% PCO 0% POO 6% PLO

Muscle A Muscle Muscle Muscle
Item TB LD TB LD TB LD TB LD
Lipid h.2 b7 b,y - 3.8 5.0 4.2 5.1
Moisture 79.1¢  77.08 78,6 ——- 79.8¢  78.64 80.2  79.8
Fatty Acids - ;
Cll:0 2.9 2.9 3.1 2.5 2.7 2.1 2.4 1.2
Cl4:1 .6 .5 .5 ! .5 .2 .4e .od
C15:0 T .5 .5 U 7 .3 -4, 6C .34
CI16:0 1.1¢ .54 .6 .3 1.1¢ Ld C09 .5
C16:0 24.0 26.2 23.9 24.9 22.8 25,1 20..7 24,3
C16:1 2.8 3.4 2.3 2.4 2,2 2.1 1.9 1.7
C17:0 2.8 1,54 1.k 1.2 1.3 1.1 1.2 .9
CI118:0 i.5¢ 1.08 1.0 .7 .8 .7 B S
€18:0 13.4 4.4 13.2 14,7 13.6 14.9 1550 14.8
¢18:1 hiy.,2 43,4 4o.7 40.8 43.8 46.4 39.4 ho,2
018:2 5.5 Lu 10.2 - 11.7 9.8¢ 5,94 g,2¢ 6.64
c18:3 1.6 1.2 1.2 1.1 1.0 .8 7.8 6.3
Total Unsaturates 54,7 52.9 56.4 55.3 57.2 55.4 58.7 57.0

& peo = protected cottonseed oil, POO = protécted olive oil, PLO = proteCted linseed
oil (percentages refer to oil content of diet. -

b g = Triceps brachii LD Longissimus dorsi.

cd Means within the same line and diet having unlike superscripts are significantly
different (P «.05). ‘

19
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Hernandez (1976) reported results similar to those
Just described; however, differences (P .05) in the level
of total unsaturates were also reported for lambs supple-
mented with 8% cottonseed oil protected from rumen fermenta—
'tien, Chanves in total unsaturated fatty acids were not _
observed in the current trial because oleic acid was deposited
in lower concentratlons when the deposition rate of linoleic
acid was elevated (P= .05). Furthermore, the results of
both Tables 8 and 9 indicate the possible existance of a
homeostatic system which maintains the saturated:unsaturated
ratio of fatty acids within the intramuscular lipids studied.
Data (Tables 6 and 7) for adipose tissue depots do not
suggest that such a system is as acfive in the carcass

adipose tissues studied.

Sensory Evaluation

The'University of Arizona Panel

The mean scores for aroma, juiciness9 tenderness,

- flavor and overall acceptability evaluation for leg roasts

as determined by the sensory panel at The University of :
Arizona (UA) are presented in Table 10. Lambs fed the 8% PCO
and 8%‘PLO diets were scored lower (PA<}O5) for aroma,

flavof and overall acceptability. Although there is no’
literature on the effects on the palatability of meat due

to feeding protected linseed o0il, several studies have

involved feeding protected oils high in linoleic acid
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“*Aﬁéble:lou Means bf—Sensdffiﬁéﬁél-Evéluation for Lamb Léé
Roasts by Treatments over All Judges.

Charaéteristics Control 8% Pgée’cg% POO 8% PLO
Aroma | 5,80 4.4 6.2°  y.7c
Juiciness 6.0 5.9 5°§ 6.2
Tenderness 6.3P ‘ 5.5P¢  5,1¢ 5,_,8bc
Flavor o 5.50  3.4e 0 5,7%  4,3d
Overall Eval. 5,7° 3.9¢ 5.60 y,7d

& poo = protected cottonseed oil, POO = protected olive oil,

PLO = protected linseed oil (percentages refer to oil
content of diet. ,

bed Means on the same line with different superscripts are

significantly different (P< .05).
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(sunflower, safflower and cottonseed) to lambs (Ford et al.
1975; Park et al. 1975; and Dryden, Marchello and Hernandez
personal communications 1977) or steers (Mill$ et al. 1972
Dinius?-Oltien and Sattle 1974; Dinius, Lyon and Walker
1974; and Ford et 81. 1976). Samples from these animsis
- Wwere subsequently éuﬁjécted to sensory panel evaluation.
The general consensus of these sensory evaluations has
been that elevated (P <.05) levels of C18:2 and €¢18:3 in
| the meat led to less (P4 .05) acceptable flavors and aromas.
The UA sensory panel data revealed that the samples

from lambs fed the 8% PCO and 8% PLO diets had an oily

aroma With some samples from the 8% PLO group having a rancid,
musty aroma., The flaveors of these meats were characterized

as being oily and strong. Park et al. (1974) reported that
oily flavor and aroma of lambs supplemented with formaldehyde-
treated casein:sunflower and safflower oils were due to
abhormally high (P< .,05) levels of trans,'trans-E,h-decadienal,
a prominent oxidation product of linoleic acid. These workers
also isolated, from the same lamb meat samples, h-hydrdx&dédeé-
cis-6-enoic acid 1aétone;ﬁhich}was thought to contribute a o
sweet aroma and flavor to the meat. However, fhe origin of
this compound was unclear because it was not present in the
oils or fresh meats. Although the compounds identified by
Park and associates (1974) were not analyzed in this trial, it

seems reasonable that they may have contributed to the off



. thé intramuscular, intermusculer and subcutaneous lipids :*
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flavors noted by the sensory panel. According to Park et
al. (1974), trans, trens-2,4-dienal can be formed upon the
autooxidation of linoleic and/or linolenic écids, which were

present in relatively high levels (Tables 6, 7, 8 and 9) in

of lambs fed the 8% PCO and 8% PLO diets.

Aroma and flavor of leg roasts from the olive oil
supplemented lambs scored higher (P< .05) then those from
control lambs, but roasts from these lambs were considered
less (P< .05) tender. Panelists characterized the lambs of
the 8% PCO group as being bland with a "beefy" flavor and
less strong aroma. Although the lambs fed the olive oil had
almost as high a level of C18:2 in‘their'intramuscular lipids
(approximately 9.8 percent) as did the-cottonseed and linseed
0il supplemented lambs, the oily aroma and flavor were not
present. Thié suggests that the subcutaneous and seam fats
may have eXerted some influence on flavor and aroma of the
samples in thét subcutaneous fat from the 8% PCO lambs had

approximately twice the level of:ClS:E that was present in

'Hw”i%he 8% POO lambs, wﬁiie the 8% PLO group were observed to

be seven to eight times higher in the level of C18:3 (Tables
6 and 7). This may have resulted in a réduced amount of
the oxidation compounds found by Park et al.'(1974) being
produced in fhe 8% POO lambs.
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It has also been reported (Douglas et al. 1973)
“that milk high in linoleic acid (12.1 percent C18:2) from
cows fed a diet containing protected soyflour and soybean

oil had an oxidized flavor after four days. However, milk

AQ;;:;prgdqgedfby cows supplementgdfwifh}pﬁéﬁeéted animal tallow -

(MacLeod et al. 1976) was no% different (P> .05), as far as
oxidized flavor was concerned, aftér 48 hours. Since animal
“tallow contains less (P< .05) quantities of 01832 and C18:3
than oils of soybean, safflower, éottonseed or sunflower

seeds and resembles olive oil in C18:1 content, these two
sources of fétty acids might be expected to produce a

similar result in terms of altering the'flavor of a product.

- If the-oxidation of unsaturated fatty acids in meat is

similar to milk, this data suggest higher (P < .05) proportions
of 018:2Aand C18:3 result in more prevalent oxidized flavors

than does an increased level of oleic acid.

'Armour Food Company Panel

‘The mean scores for the sensory evaluation of loin

chop samples conducted by the Armour Food Company (AFC)“éﬁéfif"w'*”

presented in Table 11 for aroma and flavor. The aroma of
loin chops from the 8% PLO lambs was less (P< .05) desirable
than the control, while noldetectable difference (P> .05)
between the aromas of the other groups was spparent. Flavor,
on the other hand, for lambs fed the 8% PCO and 8% PLO

diets was considered inferior (P< .05) to the control groupv



Table 11. Mean Scores of Armour Food Company‘E_va.lua‘tion°

| ' Diet®
Characteristic Control 8% PCO 8% POO 8% PLO
Aroma 5.440 5,210 5,650 4 4ec

Flavor 5,980 3,90 5,46P 3,750

2 pco = protected cottonseed oil, POO - protected olive
oil, PLO = protected linseed oil (percentages refer to
oil corntent of diet).

DC Means on same line with different superscripts are
significantly different (P <.05).

67
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while lambs fed the 8% POO diet were as well liked (P> .05)
as the control. These results are consistent with the findings
of the UA sensory panel on roasts from the same lambs.

The AFC panellsts characterized the 8% PCO and 8% PLO
lambs as having an oily and fishy-oily aroma and an old s B
musty, oxidized flavor.,. As discussed earlier, these samplss
had higher levels of intramuscular C18:2 and C18:3 (Tables
8 and 9) with their respective subcutaneoussadipose tissues
also being high in these particular fatty acids (Tables 4,
5, 6 and 7). This may have led to the autooxidation and
formation of trans, trans-2,4-dienal which sas linked -
(Park et al. 1974) to the oily aroma and flavor of meat
high in linoleic acid. |

Lambs supplemented with crude cottonseed oil protected
from rumen fermentation were less (P <.05) desirable than
lambs fed a.milo-alfalfa diet without added oils (Dryden,
Marchello and Herhandez, personal communications 1977). It is
possible that impuritles in the oil may have been 1ncorporated
into the lamb tissue resultlnv in the less (P< 05) desirable;w
flavor. The results of the current study, where lambs were
fed food quality cottonseed oil protected from rumen fermen-
tation, suggested that the less (P < .05) desirable flavor
and aroma were the result of higher (P < .05) levels of c18:2
and C18:3 along with the pos51ble oxidation products of these
fatty aclds°
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Bremner et al. (1976) reported that meat with a
higher (P <.05) level of linoleic acid developed rancid
flavors and odors two to three times faster than meat from

conventionally fed animals stored in the same manner° This

could have been a factor_if;fuéncing the acceptability of the~3
8% PCO and 8% PLO lambs sincé ‘the samples were stored for
two months prior to sensory evaluation.

The results of the fwd sensory panel evaluations,
each involving a muscle from different locations in the car%
cass, were in rather close agréementa This suggests that
accurate evaluations can be accomplished using only one
muscle, even if some differences (P <.05) in fatty acid

composition of the muscle and surrounding adipose tissue do

exist.

Performance Data

The mean performance and carcass data of the lambs
fed the experimental diets are listed in Table 12. The
average daily gainfofrlambs fed the diets containing protected
:ioi;s were 54 to TO percent higher (P <« .05) than lambs fed -~
the milo-alfalfa diet. Increased (P < .05) gainé of lambs
' (Faichney.et al. 1973, Hernandez 1976) and steers (Garret
andlYang‘l975) as a result of feeding protected safflower
and cottonseed oils have been reported. Faichney (1971)
has also reported increased (P < .05) gains in lambs supple-

mented formaldehyde-treated casein. The higher (P <.05)
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Table 12. Means of Performance and Carcass Dsta of Lambs

by Diet..
'.‘5.}¢£f}f' - A Experimental Dle'ta -
o Item Control 8% PLO 8% P00 8% PLO
Number of lambs ' 4 4 LI 4
Days on treatment 46 46 46 46
' Initial weight, kg 34,2 34,6  34.8 34,0
Average daily gain, gm 2104 304 3418 358
Feed intake per day, kg 1.4 1.6 1.6 1.6
Feed required per kg gain,
kg ' 6.8 - - 5.1 4.8 4,6
Cold carcass weight, kg 22.4 25.7 25,2 25.8
'DressingApercentb 53.3 53.9 5h,lv 53.3
Fat thickness, cm/30 kg ,
cold weight® 1.2 1.0 9 -9
Kidney and pelvic fat, % 4,3 4;1 - b8 3.8
& pco protected cottonseed oil, POO = protected oli#e oil,

PLO protected linseed oil (percentages refer to oil
content of diet). R N T ' :

Calculated from cold carcass weluht as a percent of shrunk'* B
weight. 7

C Longissimus region over the 12th rib.

de Means on the same line with different superscripts differ
significantly (P <.05).
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gains noted for the oil supplemented lambs in the current
trial are assumed to be the result of increased caloric
density (due to the added oil), increased protein quality

(casein was the proteln used for 1lipid protection in this

'5°#ffstudy) and increased feed intake (1.6 kg per day in oil

supplemented lambs vs° 1. 4 kg per day in control lambs).

Lambs supplemented with the protected 01lsr(cottonseed,
olive and linseed) converted feed to animal tissue 25 to
30 percent more effeciently than did lambs consuming the
control diet. This is a reflection of the higher energy
content of the diets which contained protected oils. No
significant changes (P:>,05)'were caused in carcass weight,
dressing percent, fatrthickness or kidney and pelvic fat.
This agrees with the findings of Hernandez (1976) in lambs
and Garret and Yang (1975) in steers supplemented with

protected polyunsaturated fats. -

- Serum Lipid, Insulin:and Glucagon Level

Table 13 contains the mean levels of serum lipid,
insulin and glucagon of the lambs by period within each
experimer‘itelrdiet° The level of.serum 1lipid varied between
periods within each treatment group ﬁith an increase (P <.05)
in all lambs fed diets containing protected oils, over the
46 day trial. Previcus studies involving the supplementation

of protected oils to steers (Dryden et al. 1975) and lambs



Table 13. Means of TctaifSerum‘Lipid, Insulin and Glucagon Level by Sample Period
within Diet. . ‘

Period’

Diet? 1 2 3 4 5 6 7
mg 1ipid/100 ml serum ‘
Control 231¢ 1094 353€ 503f  221C 246C 174¢d
8% PCO 195° © 165C¢ 293d 382¢ 315d€ 319de 315%€
8% POO 191¢ . 187¢ 283d Loge 348e 280¢. . 289¢
8% PLO 177e o 172¢ 2104 135° 274d | 237d;ﬁ; 2064
” th‘ | ng insulin/ml plasma | 'ﬁ?
Control 54¢ 1,194 1.00d .72¢d 1.02d 7 1,064
8% PCO e T.7cd se .55¢d .55¢d .8ud -804
8% POO .48¢ .95d ,76¢cd .72cd .88 .69¢cd 1.024
8% PLO .5led .88¢ ,57cd Lud  hyd ,hged .59¢d
SR ng glucagon/ml serum

Control .12¢ . 36d .268¢  oyed ,21¢d ,304 ,25cd
8% PCO .16 0, 32d .374 ,20cd .29cd ;o7ed .364
8% P0OO .16 ,2gcd ,iod .,20C .29¢d .2he .2h¢
8% PLO .17¢ ,30d .39d .30d ,inde .304 .54e

8 pCo = protected cottohseed oil, POO = protected olive 0il, PLO = protected

linseed oil (percentages refer to oil content of diet.

= day O, Peériods 2, 3, 4, 5, 6 and 7 = days 7, 1
respectively. B ’
cde Means within the

b Period 1

4, 21, 28, 35 and 46,
same line with unlike superscripts differ signifiqéntly (P<1005)0R§
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(Hernandez 1976) have indicated that serum lipid levels |
increased (P < ,05) proporﬁionaliy‘with time.
Increases (P < ,05) in the insulin concentrations of

all treatment groups (except the 8% PLO group) occurred

1€ﬁﬁv§;om the first to the final period, even though levels were

not always different (P> .05) between consecutive periods.
Hernandez (1976) reported increases (P< .05) in the level

of plasma insulin in lambs which were supplemented with |
protected and unprotécted cottonseed o0il as well as lambs

not being fed oil supplements.

McDonald and Warner (1975) reported that insulin
has a definite effect on lipid metabolism by stimulating
lipogenesis and inhibiting lipolysis. These workers also
reported that insulin stimulated the uptake and.incorpora-
tion of amino acids into protein and inhibits proteolysis.
This may explain the increase (P <.05) in insulin levels for
the 8% PCO and 8% POO lambs since casein was the protein
used to protect theée oils. The relatively constant level
of insulin noted for the 8% PLO lambs ma& be a reflection
of the smaller changes in serum lipid levels for this grou?
as compared to other groups. The large fluctuation (noted
in Periods 3 and 4):of serum 1lipid levels of the control
lambs was not reflected in the plasma insulin levels in the

same periods.
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~ Glucagon increased in the 8% PCO and 8% PLO lambs
upon supplementation of the o0ils, but the control and 8% POO
lambs were not different (P> .05) at the termiﬁationvof the
trial as compared to the bevinnin Bottver et al. (1973)
reported that fat absorption 1n doos is accompanied by a
substantial (P < .05) rise in glucagon level while Muller,
Faloona and Unger (1971) reported increases (P <.05) in
glucagon level due to higher (P < .05) levels of amino acids
(especially alanine) being absorbed, Similar findings have
been reported by Lefebvre and Unger (1972). Assuming
glucagon responds similarly in most mammals, the supplemen-
tation of lambs with protein protected o0ils explains the
initial increases (P< .05) in giucagon levels for the 8%
PCO, 8% POO and 8% PLO lambs. However, the increases
-(P% o65) in the glucagon level of control lambs can not be
accounted for in this manner, with the only explanation‘being
that control lambs had higher (P< .05) levels of serum
lipidAat various times throughout the trial.
_ 7; . I% has been proposed by Lefebvre, and Unoer, S
! (1972) that increased levels of vlucavon stimulate theﬁ' o
secretion of insulin which has a negative effect of glucagon
secretion. This theory offers a more plausible explanafioh
for the insulin and glucagon data observed.
| | The means of total serum lipid, insulin and glucagon
levels by experimental dieﬁ within each semple period are

listed in Teble 14, At the initiation of the trial lambs to



Table 140‘ Means of Total Serum Lipid, Insulin and Glucagon TLevel. by Diet within
Sample Period. .

Periodl

Diet? 5 2 3 n 5 6 7
‘ mg 1ipid/100 ml serum

Control 231c 109¢ 353¢ 503¢ 221¢ 246c 174¢
8% PCO 195¢ 1654 2934 382d 3154 3194 3154
8% POO 1914 ¢ 31874 2834 Liogd 3484 2804 . 2804

8% PLO 1774 1728 210° 135¢ 274d 237¢ 206°
) .'_, ng insulin/ml plasma |
Control 5k 1.19 1.00¢ .72 1.02¢ LT7C 1.06¢

8% pco . .71 Asa .55 .55¢d .8u¢e .8ocd
8% POO .48 .95 .T6C T2 .88¢ .69¢cd 1.02¢
8% PLO 5k .88 .5red L L hiyd .4gd. .594
ng glucagon/ml serum _
Control 2 .36 L 26¢ a4 o1 .30 .25¢
8% PCO 16 0 .32 - .37¢d .20¢  ,29¢d .27 .36¢
8% POO W16 922 Jod - lzoc¢ .29¢d L2k .2lc
8% PLO A7 T .394 .304d J4hd .30 .54d

8 PCO = protected cottonseed oil, POO = protected olive oil, PLO = protected
linseed oil (percentages refer to oil content of diet).
P period 1 = day O, Periods 2, 3, 4, 5, 6 and 7 = days T, 14, 21, 28, 35 and 46,
respectively.
cde Means within the ‘same column and sample type with unlike superscripts are
significantly different (P< .05). ‘

Sl
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recelve the protected oil diets had lower (P« .05) serum
lipid levels than those which would receive the control
die‘t° This was assumed to be a chance variation which may
happen when sampling any pOpulatlon° Acain, all lambs which
‘received the protected oils had higher’ (P*i 05) serum lipid
levels by the termination of the trial. However,xao definite
patfern could be established from which one could predict
which groups might have the higher serum lipid 1e§els from
one period to the next. Insulin and glucagon levels also
varied from one period to the next_without an established
pattern of change. The results of Dryden et al. (1975)
and Hernandez (1976)'where protected cottonseed oil was fed
to steers and lambs, respectively, indicate fhat increased
1evels of:dietary oils result in increased (P?<005) eerum
1ipid levels. 1In the current trial, periods where serum
levels were higher (P < .05) for lambs which consumed protect-
red oils, the findings of these workers are consistent.
However, when control lambs had higher (P <. 05) serum lipid

1evelsv(Periods 3 andu4) other factors appeared to have an,, -

overldinv 1nfluenceo FThe hivher levels of serum llpld in
the control group may have been due to increased synthes1s
of'lipids within the liver or increased activity of mobi-

lizing lipase in the adipose tissues.



CONCLUSIONS

From the results of feeding formaldehyde-treated
casein:oil (qpttggseed,lolive and linseed) supplements to
lambs combined with the results from previous investigations,
the following conclusions have been developed:

l. The supplementatidn of protected oils caused elevated
| (P< .05) levels of unsaturated 18 carbon fatty acids,
éharacﬁeristiC'of each oil, to be incorporated in
all tissues studied, Linoleic and linolenic acids

were incorporated into subcutaneous adipose tissue

at a nearly linear rate with time. However, oleic

acid was incorporated rapidly within the first 14

days and increased only slightly (P>'n05) after that

time. ,

éo Subcutaneous tailhead fat biopsies demonstrated the
_change-in fatty acid composition which occurred in
 mﬁost of the body adipose tissﬁes during the trial.

'ﬁowevefs biopéy samples tended to overestimate the

ﬁagnitude of change in'the'composition of heart fat.

3. Lipogenic differences were observed between intra-
muscular, intermuscular, internal and subcutaneous

adipose depots as demonstrated by the extent to

[
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which the unsaturated 18 carbqn»fatty acids were
incorporated into each tissue.

Unsaturation of fatty acids was observed to increase

(P< .05) as the adipose site location was nearer the

quy surface,

Adipose tissues of lambs supplemented with olive oil

exhibited a unique abilify to incdrporate linoleic
acid from a relatively low dietary sourcé of this
acid,

The existence of a homeostatic system for maintaiﬁing
the ratio of saturates:unsaturates was indicated for
intramuscular lipids but not for other tissues.
Flavor and aroma were unfavorably altered (P< .05)

by the protected cottonseed and linseed oil diets.

The polyunsaturated 18 carbon fatty acids were assumed

to undergo oxidation with the possible formation of

trans, trans-2,4-decadien-l-al.

A blander, more beef-liké flavor was produced in

'”lambs by the ollve 011 diet.

It was indlcated that intermuscular and subcutaneous
fat, as well as intramuscular fat, influenced the
flavor and aroma of leg roasts and loin chops from

the experimental lambs,



10.

11.

12.

13.

14,
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The need for sensory evaluation of more than one

muscle from a carcass was not indicated by the

results of the two separate sensory panels.

-Average daily gain and feed efficiency of the lambs

were gre&%i&&(ﬁf{???iiinhaﬁced by'tééfﬁfotgpﬁedﬁgii:
supplementé-épbé}énfiy as a result of.increased
caloric density and more efficient utilization of
the protein and 1lipid. |

Carcass welght, dressing percent, fat thickness,

‘amount of kidney and pelvic fat or fat content of

muscles were not éffected (P:>,05) by the protected
oil supplementation during the 46 day trial.
Supplementation of all protected oils investigated
caused total sérum lipid levels to increase'(P<f005)o
Insulin and glucagon levels increased (P< .05) with
time in all lambs with some noted increases (P < .05)

due to oil supplementation.




5:'while the 1evel of C18: 2 was increased (P <,05) in all

SUMMARY

- The purpose of this study wWas to determlne if the
flavor and/or aroma of lambs could be 1nhanced by~ the
alteration of the fatty acid ‘composition of body tissues
through the supplementation of formaldehyde-treated casein:
0il (cottonseed, olive or linseed) products. The dietary
treatments for the 46 day trial involving four gfoups of
four lambs each included a basal milo-alfalfa control and
the three experimental diets each eontaining eight percent
.of one of the different protected oile° In addition, the
effect fhese treatments had on serum lipid, insulin and'
glucagon levels were studied.

Consumption of the protein protected oile increased
(P <.05) the levels of unsaturated 18 carbon fatty acids
in all carcass depot fats. The olive oil product (8% POO)
resulted in hivher (P <.05) levels of C18:1 in most tissues,

"tissues by the protected cottonseed 011 product (8% PCO)

and the 8% POO diet. The protected linseed oil (8% PLO)

diet resulted in elevated (P <.05) levels of linoleic and

linolenic acid in allltissuee stﬁdied° Total unsaturated

fatty acids was increased (P<‘905) by the dietary oils.
80
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Acceptability of meat from the control and 8% POO

lambs were not different (P> .05); however, the 8% PCO

and 8% PLO lambé were considered inferior (P < .05) by both
sensory evaluation panels. One panel evaluated leg roasts.
while the second-sensbry“gfégﬁ?évgluatedlIoin chops.

Lamb performance (weight éaighand'efficiency) was
inhanced (P < .05) by the dietary oil supplements. The
protected oil products had no apparent (P> ,05) effect on
carcass data (dressing percent and cold carcass welghts)
or muscle 1lipid content.

Serum lipid levels were higher (P< .05) in oil
supplemented lambs. Cireulating serum glucagon and insulin
increased (P< .05) in all lambs with time and in some cases

as a result of the protected oil supplementation.
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