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CHAPTER I .

- INTRODUCTION .

Consumption of beef continues to decllne as Americans
change their lifestyles and d1ets. Recommendatlons from
health OfflClalS to lower saturated fat content in the diet
persist as cardlovascular disease remains the number one
leading cause of death in the United States (CDC, 1985).
The American Heart Association (1585) even advocates using
poultry and fish more often in meals than red meat.

As the concerns over dietafy fat mount, consumers are
demanding ieaner beef“products with no waste fat. Retailers<
have responded to the consumers' demands by completely
trimming nearly 40% of all beef cuts. Thls practlce of
physically trimming the externa; fat has/done little,
however, to reduce the near;yhtwo billion pounds of excess
fat produced each year. Current marketing systems for high
dressing, extensively marb;edlearcasses actnally encourage
the overfattening of cattle. fn order to meet the demands
of the health—conscieﬁslconsumers,’the cattle industry must
begin to market leaner cattle immediately. One‘neans by
which to avoid overfattening‘of eattle is to identify the

optimum time cattle need to receive a high concentrate diet.



As an optimum time-on-feed is‘identified,changes fﬁat méy
occur in the nutrient comﬁosition of beef during those
feedlot months need to 5e assessed.

Consumers are also demanding‘prepackaged, kitchen;réady
beef produéts. ReiétiVely little research Has been
conducted on cdoking t#immeé,ﬂ;hree ounce beef cuts.’ As the
industry starts to,aéyélop and‘marke£ these products, there/
is a great need to map. the éfféct of cooking oﬁwsubsequent
composition.

The objeétives of this ?eséarch’were: 1) to assess the
effect time-on-feed has onfthé:nﬁtrient composition of beef
longissimus muécles‘and 2) to'gvaiuate the effect of coﬁking
on the fatty acid composition/of 5eef longissimus muscle

o3

lipids.



CHAPTER II
LITERATURE REVIEW ,

Beef in the American Diet

Consumption of Beef

Consumption of beef reached its peak in 1976 but has
since declined 24% in the last 14 years. In 1976, per
capita disappearance of beef (Figure 1), edible weight
basis, was 89.0 pounds compared to 67.8 pounds in 1990
(USDA, 1990). Americans are changing their diets as
consumption of red meat declines and poultry consumption
continue to rise (NRC, 1989). The perception of red meat as
high in cholesterol and saturated fat has had a negative
effect on the purchase of red meat (Savell et al., 1987).

In a 1983 survey of supermarket shoppers, Farr (1987)
reported that 14% of consumers polled said they were
concerned about cholesterol and fat, compared to 23% in 1985
and 30% in 1986. The Economics and Statistics Service of
the United States Department of Agriculture conducted a
nationwide survey to obtain data linking consumers health
and nutrition concerns (Jones and Weimer, 1981). They found

that about 28% of households making a change in food use for
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FIGURE 1. Per capita disappearance of beef,
edible weight basis.



health or nutrition reasons cited a concern about fat
intake; 23% were concerned about cholesterol; and(43% wanted,,
to lose weight. Americans are becoming increasingly health
conscious, as nearly one million Americans lose their lives
each year due to cardiOvascular disease (CDC, 1986).

Despite a two percent annual decllne in its prevalence since
1968, cardlovascular dlsease remains the leadlng cause. of
death in the- Unlted States (cbe, 1986) The American Heart
Association (1986) and National Instltutes on Health (1984)
have chosen the follow1ng target levels for adults to have a
healthy diet: . (1) caloric 1ntake matched to 1nd1v1dua1 -
needs and appropriate to achlevezano maintain desirable body
weight, (2) 30 percent'or less of calories from fat,. (3) ten
percent or\less of calories from saturated fat, (4) ten
percent or less offcalorles‘from polyunsaturated fat; (5) 15
percent or less of calories from monounsaturateq fat, (6)
300 mg or less of cholesterolpper day. To follow these
guidelines, the American,HeartlAssociation“in their eating
plan for healthy Americans (158%) suggests that adults need
no more than six ounces  (about two small, 3 ounce servings)
of meat, poultry or seafood per day, and that poultry or
fish should be used more often than red meat. Thus
Americans are expressing‘debate about the inclusion of beef

into their diets, mainly due to its saturated fat content.

ot
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Fat in the diet

The concern about overconsumption of dietary fats may
be linked to their concentrated energy content (9 kcal/qg)
and implications to. coronary heart disease. More than one-
third of the calories ttnsumed by most people in the United
States are provided by fat (RDA, 1989). Half of the total
fat, three-fourths of satﬁrated fat and all the cholesterol
in the U.S. diet is contributed by animal products (NRC,
1988). In a Nationwide Food Cohsumption Surve?)‘the USDA
(1984) found red meat to provide the major source of fat to
Americans of all age groups;

Populations consuming high amounts of saturated fatty
acids have been found to have hiéher cholesterol levels and
higher prevalence of coronafy heart disease (Keys, 1970).
The cholesterol raiéing effect of dietary saturates has been
quantified by Keys et al:. (1965) who determined an increase
in plasma cholesterol equal to 2.7 mg/dl for each one
percent of the total calories<supplied by saturated fat.
The suggested mechanism by which saturated fatty acids
incréase plasma cholesterol is that these fats cause a
reduction in thevélearance ofllow—densitf lipoprotein
receptor system (Spady et al., 1985).. Accordiné to these
authors, this effect would be related to the decreased
esterification rate of intracellular cholésterol, which
would increasé the content of free cholesterol. The

increased amount of free cholesterol would be responsible



for the lower synthesis of low density lipoprotein
receptors. The predominant saturated fatty acids are lauric
(C12:0), myristic (Cl1l4:0), palmitic (C16:0) and stearic
(C18:0) acids. These saturated fatty acids are responsible
for the hypércholesterolemic effect, however, the efficacy
of this effect is not identical for all of them. Stearic
(C18:0) acid, one of the saturated fatty acids, has been
shown to have little if any effect on plasma cholesterol
(Hegsted et al., 1965; Keys, 1965). Keys and Hegsted (1965)
recommended that for the most accurate prediction of the
increase in plasma cholesterol, only lauric (C12:0),
myrisitic (Cl14:0) and palmitic (Cl6:0) acid concentrations
should be considered. Bonanome aﬁd Grundy (1988) reported
that a diet high in stearic (C18:0) acid lowered plasma
cholesterol 14% when compared to a diet high in palmitic
acid. These authors believe that a possible mechanism for
the cholesterol lowering effecf of stearic acid, as compared
to palmitic acid, may be that stearic acid is rapidly
converted to oleic acid upon ingestion.

Dietary recommendations suggest lowering consumption of
saturated fatty acids and increasing the ingestion of
polyunsaturated fatty acids and monounsaturated fatty acids
through proper food selection (LRCP, 1984). The
monounsaturated fatty acids and polyunsaturated fatty acids
have been found to be equally effective in lowering plasma
total cholesterol and low density lipoprotein cholesterol

(Mattson et al., 1985; Grundy, 1986). The polyunsaturated



fatty acids, however, also tend to lower high density
lipoprotein cholesterol, whereas the monounsaturated fatty ;)
acids do not (Shepherd et al., 1980; Mattson et al., 1985).
The prédominant polyunsaturated fatty acid is linoleic
(C18:2) acid, an essential fétty acid that is a precursor of
arachidonic (C20:4) acid. The mechanism underlying the
effect of linoleic acid seems to consist of an increased
clearance of the low density lipoprotein particles (Shepherd
et al., 1980). Oleic (ClS:i) acid is the principle
monounsaturated fatty acid. Diets high in oleic acid have
been compared to low fat diets; both diets lowered
cholesterol; however, the low fat diet increased plasma
triglycerides and decreased high density lipoprotein
cholesterol (Grundy, 1986; Mensink et al., 1987).

Although both saturated and unsaturated fatty acids are
present in beef, the common tendency is to categorize all
animal fat as "saturatea fat". Beef contains approximately
48%, 48% and 4%, respectively of its fatty acids'as
saturated, monounsaturated and polyunsaturated (USDA, 1990).
The most abundant fatty acid in beef is oleic (C18:1) acid,
a monounsaturated fatty acid. Beef contains approximately -
13 percent of its fatty acids as stearic (C18:0) acid and
thus the cholesterol—élevating saturated fatty acid content

in beef is approximately 35 percent.



Impeding Changes for Beef

Research findings (Saveil et al., 1987) led to the
conclusion that consumers still want enough fat for taste
and palatability but do not want waste fat. When external
fat was trimmed, demand for beef increased and consumer's
perceptions of diet/health traits improved. Unfortunately,
this trimming of external fat has done little to reduce the
two billion‘bounds of excess fat produced each‘Year. The
inefficiencies of the cattle&industfy are estimated to be
$12 billion per year, of which $ 4.4 billion is due to
excess fat production (BEEF, 1991). This excess fat
production constitutes 20 pepcent‘of the inefficiency of the.
cattle industry and ‘if cattle producers would correct this,
choice beef could sell cheaperwand still return the same
dollars to the industry. In order to meet demands for
nutrition and palatabi;ity of the health-conscious
consumers, the beef‘industfy'must produce leaner animals
immediately, with intramuscular\adipose tissue that has less

cholesterol-elevating éatufated fatty acids (Dikeman, 1982).
Production Factors Affecting the Nutrient
Composition of Beef

Time-on-Feed

Increasing time-on-feed on a high‘concentrate diet

increases fat deposition in cattle which results in
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carcasses with higher quality and yield grades (Wheeler et
al., 1989; Williams et al., 1989; Greene et al., 1989; May,
1987; Zinn et al., 1970). In these trials, yield grades
increase linearly, however, quality grades and percent total
lipid in the longissimus muscle increases quadratically with
increased time-on-feed. fhis quadratic increase in total
lipid resulted in marbling scores that inc:eased up to 112
days on feed when the éhoice quality grade was reached and
then remained relatively constant with increased time-on-
feed (Williams et al., 1989; GréenéFet al., 1989; May,
1987). Wheeler and co-workers (1989) in a comparison of
late and early maturing cattle found that marbling scores in
late maturing cattle increased up to 77 days. on feed and
then remained the same, in contfast to early maturing cattle
that had increased marbling scores up to 180 days on feed.
In a comparison of pre-finishing diets, Miller and co-
workers (1987), reported that the cattle on a high energy
pre-finishing diet at 0 or 56 day; on feed had higher
quality grades, however by'day 112, quality grades for both
groups consuming the high energy and low energy pre-
finishing diets were similar. Williams et al. (1989) looked
at hot fat trimming of carcasses and found that total fat
trim (hot fat trim plus fat removed during fabrication)
increased as time-on-feed increased. Thus approximately 112
days on a high concentrate diet is needed to achieve the
choice quality grade and increasing time-on-feed past 112

days results in carcasses with relatively little improvement
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in quality grade but increased‘yield grades (Williams et

al., 1989; Greene et al., 1989; May, 1987).

Age and Growth

Several researchers have investigated compositional
changes that occur durlng growth and with advancing age.
Hecker et al. (1975) and Link et al. (1970a) observed that
as the intramuscular 11p1d centent of:the’muscle'increases
with advancing age’and growth, this increase is largely due
to a proportional increase in trlglycerldes and decrease in
phospholipid concentratlon. Hecker et al. (1975) suggests
that the increase 1n trlglycerlde concentratlon is probably
due to adipocyte 1nf11tratlon 1nto the ‘muscle. The
phospholipids are essentlal cell constltuents that are
associated with muscle leanness and membrance structure, and
whose concentration is related to the physiological activity
of that muscle's fibers (quor etlal., 1934; Terrell et al.,
1969; Turkki et al., 1969).:\The(phespholipid fraction
remains constant during~growthfand its contribution to total
lipid decreases as the amount of triglycerides increase
(Link et al., 1970a; O'Keefe‘et,ai.,bi968). Hecker et al.
(1975) and Turkki et al. (1967)’alse suggest that fiher type
(red versus white) plays an importaht role in deterﬁining
the amount of phosphollpld in the muscle. These authors
have observed that red flbers 1n comparison to white fibers

contain 50% more phospholipids.
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Age has been suggested to be the primary contributor
toward changes in the fatty acid: comp051tlon of adipose
tissue (Clemens et al., 1973). Clemens et al. (1973) found
myristic (C14:0), palmitoieiC’(C16;1), stearic (C18:0) and
linoleic (é18°2) acids to be asebciated with animal age,
however, no apparent trends could be drawn Oleic (C18:1)
acid and age have a hlghly 51gn1f1cant p051t1ve association
(Waldman et al., 1965; Clemens et al., 1973). With respect
to the polyunsaturated fatty acids, ﬁink et a1;<(1970b)
reported that since the polyunsaturated fatty acids are
located predominantly in the‘phdSpnblipidxfractien, they are
diluted, especially arachidoniq acid (é20:4), with tne fatty
acids from the neutral lipid with,advanciné age.
Concentrations of linoleie, linelenic (C18:2) and
arachidonic acids deereased from the’firet biopsy period to
the second, a difference of 60 days. Link et al. (1970b)
found that polyunsatrated fatty acids per unit weight of
muscle remain about the'same during growth. Terrell et al.
(1968) found pa;mitic and stearic)tojbe negatively
associated with days of age in'the polar lipid fraction,
which lead to decreased saturated“fatty acid concentrations

in the polar lipid with advancing age. --

Diet

In a comparison of forage versus grain finishing diets,

Williams et al. (1983) reported that consumption of the
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grain diet resulted in increased marbling scores, quality
grades and percent fat in the soft tissue. This increase in
fat content in the soft tissue resulted in decreased crude
protein, moisture and  ash concentrations. In comparison of
mineral concenfrétions, cattlelon‘the forage diets had
increased concentratiohs‘of zinc, phosphérus, magnesium and
potassium. ancentfations ofAZinc, irqn,‘phosphorus, sodium
and potassium were negatively qorreléfed‘with fat content.
As the totalvlipidlcoﬁtent in thé mu§cle~iﬁcreased, a
proportional increase in triélyceride content was nsted
(Williams et al., 1983; Miller et al., 1951).( The
phospholipid content decreased énd was inversely related
with fat content (Wiiliams et al., i§835.

The difference between the forage and grain finishing
diets resulted in differencesnin the fatty acid composition
of the lipid. Grain fgedihg leads to increases in oleic
(C18:1) acid and dgéreases in stearic (C18:0), linoleic
(518:2) and linolenic (C18:3) acids (Williams et al., 1983).
Sumida et al. (1972) found Fﬁat cattle fed high concentrate
feedlot diets had increase& amounts of myristic (Cl14:0),
palmitic (Cl6:0), stearic (018;0), palmitoléié (C;Gél) and
oleic (Clé:l) acids when compafed'to caftle on pasture
diets. cCattle on forage diets have increased concentrations
of saturated and’polyunsaturatéd fafty acids (Wiiliams et ,
al., 1983; Wesferling et al., 1979; Marmer et al., 1984).
Marmer et al. (1984) foﬁnd increased amounts of the branéhed'

chain fatty acids in cattlé fed forage diets. This increase
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in branched fatty acids is believed to be due to the
Aigestion of microorganisms from the rumen. These fatty
acids are prevalent in forage fed diets because the
contribution from dietary lipids is minimal. The increase
in polyunsaturated fatty\acidé of forage fed cattle is
primarily due to an increase in linoleic (C18:2) 'acid
(Larick et al. 1989; Williéms‘et ai. 1982; Marmer et al.,

1984; Miller et al.,1981).

Cooking Effects on the

Compbsitioh of Beef-

Cooking increéses the totél lipid content in beef
(Smith et al. 1989; Gilpin et al. 1965). Gilpin et al.
(1965) attributed this increase in lipid content to moisture
loss incurred during cookind. If the muscle is broiled, the:
loss in moisture is believed to bé due to evapofation
(Gilpin et al. 1965). 'Thé ﬁéighﬁ loss during cooking
usually averages about 30%.(0nolet al., 1985; Janicki et
al., 1974; Smith et al., 1989). In comparisons of cooking
with or without subcutaneoﬁs\fét trim, gergiet al. (1985)
found that cooking Qith fat rgsulted in lower moisture
losses and beef less éaloriqallyidénse than beef cooked with
the fat off. However, Smithiet al. (1989) found no
significant difference in moisture content between cuts

cooked with external fat trim and cuts without external fat

trim.
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Limited research is available as to the effects of
cooking on the composition of\the lipid. Janicki et al.
(1974) found increase in oleic ic18:1) acid, linolenic
(C18:3) acid and the unsaturated to saturated ratio when
ground beef was bfoiled. Ono et'ai;e(1985) also found an
increase in the polyunsatufated,to eatufated ratio when
cooking ground beef. ‘Terreli,et al. (l968) leoked at thex
effect of broiling on the neutraliaad polar lipid in
longissimus mdscle. They found that in the neutral lipid,
linolenic (C18 3) acid decreased w1th cooklng, whereas in
polar lipid, myristic (C14:0) and pentadeconlc (C15:0) ac1ds‘
decreased with bro;llng. These authors belleve that since
the phospholipids eerve as an inherent function in cellular
membranes, they are tightly bound and are not easily
released during breiling. Cdnversely,‘Larick and Turner
(1989 & 1990) found the polyunsaturated fatty acids to be
extremely reactive andrthrough thermal and aﬁtoxidative
degradation, they give rise‘to‘avnumber of carbonyl
compounds that greatly’iﬁfiUence flavor. To date,
relatively little or no(differences in fatty acid
concentrations between raw and cooked cuts of meat have been
reported (Terrell et'al.} 1968} Anderson etwal., 1971, 1975;

Janicki and Appledorf, 1974; Smith et al., 1989).



CHAPTER III

EFFECT OF TIME-ON-FEED ON THE NUTRIENT COMPOSITION
. OF BEEF LONGISSIMUS'MUSCLES.1

S.K. Duckett, D.G. Wagner, H.G. Dolezal L. D. Yates,
" A.C. Clutter and S.G. May

ABSTRACT

Forty-eight Angus x Hereford steers were used to‘assess
the effect of time-on-feed (TOF) on the nutrient composition.
of beef longissimus muscle (LMX. ,The steers were fed a high
concentrate diet and serially slaughtered at 28 d intervals
over a 196 d feeding period.« Day 0 served as a grass-fed
control. At 72 hr postmortem, steaks were removed from the
tenth rib and trimmed of exterlor fat and ep1mys1a1
connective tissue ﬁor chem1cal*analys1s. Intramuscular fat
content increased cubicallf‘(P<305) with TOF. The most
substant1a1 increase came between 84 and 112 d.q As fat
content 1ncreased m01sture and proteln concentratlon in the
M decreased llnearly (P<.05) and ash content decreased
cubically (P<.05). ‘Mg and K did -show a tendency (P<.10) for
a cubic effect over TOF. The increase in the total lipid

(TL) content of the IM stemmed from a proportional increase

1 Journal Article No. g of the Agrlc. Exp. Sta., Oklahoma
State University, Stillwater.
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(P<.05) of the neutrai lipid (NL) as the polar 1ipid (PL)
remained constant throughout TOF. The NL and TL became more
unsaturated as TOF increased,»primarily dué to a linear
(P<.01) increase in oleic (C18:1):§cia. The PL became more
saturated with increased TOF due £§ linear (P<.01) decre&ses

in polyunsaturated fatty acid concentration.

(Key Words: Beef, Time-on-Feed, Fatty Acids, Proximate

Composition)
INTRODUCTION

Consumer's want enough fat,for taste and palatability
but do not want waste fat (Savell et al., 1987). When
external fatrthickness‘was reduced, thé demand for beef
increased, and consumer's pérceptions of fatty
acid/cholesterol levels andidiét/health traits. improved
(Savell et al., 1987). Ho&ever, this practice of trimming
external fat has done little to reduce the two billion
pounds of excess fat produced each7year.a In order to meet
demands of the health—consc@ous consumer, the beef induétry
must produce leaner animals, either througﬁ genetic
selection and/or altering current management pracfices, with
residual adipose tiséﬁe containing increased amoupfs of
monounsaturated énd §61Yunsatﬁrgted fatty’aéids,at the
expense of the hypercholesterolemic saturated fatty acids

Increasing time-on-feed (TOF) on a high concentrate
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diet results in cattle with carcasses with higher quality
ﬁjand less desirable yield grades (Wheeler et al., 1989;
Greene et al., 1989; Zinn et al., 1970). Yield grade
numbers and faf thickness increase linearly, while, quality
grade and mérbliﬁg scores inéreaseIQuadrétically)with
increased finish (Williams et al., 1989; Greene et al.,
1989). Williams et al. (1989) found total fat trim (hot fat
trimming plus fat removed during fap;ication) increased as
TOF increased. 1In order to‘mafket leaner cattle with less
excessive fatvtrim, cattlewprodﬁceré need to‘identify the
optimum TOF on a high concéntréte diéf to obtain adequate
intramuscular fat deposition for palatability whiie not
overfinishing and ééding unﬁedessary deposition of external
fat. As this optimum\TOF is idéntified, there is a great
need to understand how pfoteiﬁ( minerél and fa£ty acid |
composition will bé‘affected.‘ffhe objective of this
research was to assess the effect of TOF on the nutrient

composition of beef longissimus muscles.
MATERIALS AND METHODS

Fofty—éith Angus x' Hereford steers, approximafely 16
months of ége, were:obtained from a native range stocker
operation in northwestern Oklahoma. Steers were blocked by
weight into eighf equally ;ized groups to ﬁe serially
slaughtered at 28 d intervals‘(o - 196 d). Steers were fed

a high concentrate diet (87.5% DM, 1.84 Mcal/kg NEm, 1.19
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Mcal/kg NEg) except for the day 0 slaughter group which
served as a grass-fed control. All steers were slaughtered
at the Oklahoma State University Meat Laboratory. A 2.5 cm
steak corresponding to the 10th rib was femoved, vacuum
packaged and stored at -20°C. After removal of all exterior
fat and epimysial connective tissue, the lateral half of
each longissimus muscle (LM) Wés pulverized in liquid
nitrogen and stored at -20°C until chemical analyses.
Duplicate 2 g samples were analyzed for nitrogen by the
Kjeldahl procedure, moisture by weight loss after drying at
100°C for 24 hr and mineral content by ashing at 600°C for 8
hr (AOAC, 1984). Mineral analyses were conducted by
acidifying ash (AOAC, 1984) ana'then analyzing for Mg, Ca,
Fe, K, Zn and Na a Perkin-Elmer Model 403 Atomic Absorption
Spectrometer. Samples were extracted using the dry column
method (Marmer and Maxwell, 1981) which allows for the
sequential elution for neufral (NL) and polar (PL) lipids.
Aliquots of NL and PL were freed of solvent and dried at
950C for 24 hr to determine dry lipid weight (AOAC, 1984).
The lipid weight of the NL and PL were added for each sample
to obtain a total lipid (TL) weight. Phospholipid (PhL)
content was calculated by determining P confent of PL by the
modified Fiske-Subbarow procedure (Bartlett, 1959) and
multiplying by 25. Both the NL (Slover and Lanza, 19792) and
PL (Maxwell and Marmer, 1983) were esterified to yield fatty
acid methyl esters (FAME). The FAME were analyzed using a

HP5890A gas chromatograph equipped with a flame-ionization
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detector and HP7673A automatic sampler. Separations were
accomplished on a 60 m SP2340 capillary column with a 0.25
mm internal diameter and 0.2 um film thickness. The
injector and detector were maintained at 280°C. Column oven
temperature was programmed at 155-165°C at 0.5°C/minute,
165-167°C at 0.2°C/minute, 167-200°C at 1.59C/minute and
held at 200°C for 18 minutes. Sample injection volume was 2
ul. Data were collected and integrated by HP3365
ChemStation software. Identification of peaks was based on
retention times of reference compounds from Alltech. Total
lipid fatty acid profiles were calculated by multiplying the
percent of NL and PL in TL by each fatty acid.

The General Linear Model procedure of SAS was used to
test the effect of time-on-feed (TOF). Differences between
means were compared using Tukey's t-tests. Orthogonal
polynomials were computed tb determine linear, quadratic and

cubic effects.
RESULTS and DISCUSSION

Carcass weight, fat thickness, iongissihﬁs muscle area
and yield grade (Table 1) increased linearly (P<.01) over
the 196 d feeding period. Marbling score showed quadratic
trends (P<.05) across days—fed. The carcasses from steers
fed 112 d were thevfirst to attain the mean marbling score

(small) required for the U.S. Choice quality grade.
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Marbling scores did not (P<.05) iﬁcrease/after 112 d on a
high concentrate ration.

Increased time-on-feed resulteq in cubic increééerin
crude fat content (Table 2) with a concomitant linear
decreases in moisturé;énd protgin content (P<.01) in‘the M.
Total lipid values were 0.6%'higher’thanvcrude fat values on
the average. This difference is dué»to the fact tha£
organic solvents afe more effiéient at extracting
phospholipids compared to petrﬁleum ethé? (Lewis et‘al.,
1990). The most subétantial inprease/in lipid content was
noted between 84 and 112 d; Lipid content did not differ
(P>.05) from 0 to 84 4 or froﬁ 112 to 196 d. Several
researchers (Williams et al.,51989; Greene et al., 1989;
Miller et al., 1981) aléo noté&'that intramuscular fat
deposition does not proceed iﬁ a linear manner but occurs in
a stepwise manner éuch‘thét épp?oximately\llé d‘qn a high
concentrate diet is needed béfore sufficienf intramuscular
lipid is deposited to obtéiﬁ»the choice quqlity grade. The
NL increased proportionally with the increase in TL (P<.05).
Concentrations of PL and th in the IM did not differ
(P>.05) across TOF. Link et al. (1970), Hecker et al.
(1975) and Miller etrql.‘(1981) have’aiéo shown that the PhL
fraction remains constant throughout growth. The increase
in TL with TOF isllargeiy due to the increase iﬁ
triglycerides. As TOF incréased,vfhe percent PhL on a Tﬁ

basis decreased from 25% at 0 d to 4% at 196 d. The
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increase in TL as TOF increased resulted from propofﬁional
increases in NL and a diluting of the PhL.

Ash content in the IM decreased cubically (P<.05) as
TOF increased; however, individuel mineral concentrations
did not differ (P>.05). Mg endhK (Tahle 3) did show a .
tendency (P<v10) fof a cubic:effect.‘ Williams et al. (1983)
reported that consumphion of e)drain diet resulted in
increased fat content and decreesed:ash content in the LM.

The most prevalent“fatty acids in the NL (Table 4) Were
oleic (C18:1),ﬂetearic (C18:0) end halmitic (016:0) acids,
the sum of which accounted for over éq% of the total fatty
acids in the NL. The NL Waslcoméosed of approximately 51%
SFA, 47% MUFA and 2% PUFA. The SFA content in the NL
decreased (P<.01)‘S.2%:as TOF increased from 0 to 196 d.
The decrease in SFA‘concentratiqn was mainly due to a 5.7%
decrease (P<.01) in stearie'(CiS:O) acid. The odd chain
fatty acids (C15:0, C17:0, CiQ:Q) showed a quadratic (P<.05)
response to increased TOF.> Myrisfic (C1l4:0) aci& showed a
linear (P<.05) increase endkarachidic (C20:0) acid showed a
linear decrease (P;.Ol) Palmltlc (Cl6: 0) a01d did not
differ- (P>.05) acresslTOF. The MUFA showed a 11near
increase ZP<.05) of 5.3% with the increase in TOF. The
increase was due in part to a linea:’increase (P<.01) of
3.8% in oleic (C18:1) acid. Palmitoleic (C16:1) acid and
Cl17:1 also increased lineafly (P<.61) wi£h~TOF. Myristoleie
(C14:1) acid showed a cubic decrease (P<.05). The percent

PUFA in the NL showed a cubic effect (P<.05) over the 196 d
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feeding period. Linoleic (C18:2) acid differed‘cubically,
(P<.01) as TbF’increased. Linolenig (C18:3) acid aﬁd C20:3
did show small incfeases (P<.05)~in concentration over TOF.
In the PL (Table 5), the most predoﬁinant fatty acids
were olelc (C18 1), palmitic (C16 0) and llnolelc (018 2),
and accounted for approx1mately 60% of the total fatty
acids. The PL was comprlsed of approx1mate1y 38% SFA, 30%
MUFA and 32% PUFA. Over two-thlrds of the PUFA 1n the TL
were from the PL. Llnk et al. (1970b) alse found that the
PUFA are predominently loeated in’fhe'PL. Increased TOF
from 0 to 196 d resulted in a liﬁeaf increase (P<.055 of
6.4% in the SFA concentration of the IM. The largest
increase in the SFA concentratien came between 0 end 28 d.
Myristic (C14:0), pentadecyclic (C15:0), palmitic (C16:0)
and margarlc (C17: 0) acids all showed linear increases
(P<.05) across TOF. The MUFA concentratlon in the LM showed
a quadratic effect (P<.01)¢. The increase in TOF resulted ini
cubic increases. (P<.01) in‘mfristioleic (C14;1) acid, and
quadratic (P<.05) increases in-’ olelc (C18 1) acid and C17:1.
Palmitoleic (016 1) acid showed a quadratlc decrease (P<.01)
over TOF. The PUFA in the PL decreased 11neaply (P<.01)
resulting in a 11%'decreése in conbentrationlfromio to 196
d. Arachidonic (C20:4) acid showed the largest linear
decrease (P<.01) of 3%. C22:4 and 022°6 decreased iinearly
(P<.01) while 11nolen1c (C18:3) ac1d linoleic (C18:2) acid
and C20:5 showed quadratic (P<.0l1) effects over TOF. C20:2

and C22:5 did not differ (P>.05) as TOF increased.
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The SFA content in the TL (Table sj chanéed cubicaily
(P<.05) as TOF increased. Myrisitic (C14:0) acid increased
linearly (P<.0l1) and pentadecyclic (C15:0), palmitic
(C16:0), C19:0 and arachidic (C20:0) acids showed cubic
(P<.05) decreases. Stearic (C18:0) acid had a 3;46% linear
(P<.01) decrease. The MUFA demonstréted a 8.8% linear
increase (P<.01l) increase frpmro to 196 dﬂ‘ This increase
was largely due to a 7% linéaf incfease (P<;05)‘in oleic,
(C18:1) acid. “Other researchers (Waldman et al., 1965;
Clemens et al., 1973) have found a significaﬁt positive
association with age and’oléic (C18:1) acid éoncentration.
Myristoleic (C14fl) and gadoleic (C20:1) also showed linear
(P<.05) increases. Palmitoleic/(C16:1) changed -
quadratically (P<.05) éver TOF.“Cl7}1 demonstrated a cubic
(P<.05) response with increasing TOF. The PUFA content
changed quadratically (P<105) over fOF resulting .in a 8.9%
decrease from 0 to 196 d. Linoieic (c18:2), C20:3’and
clupadonic’(czz:S) acids sﬁowed linear (P<.05) responses
over TOF. C20:2,'arachidonic (C20:4) acid, C22:4 and C22:6
decreased quadratically (f<.05)7 Linolenic (Clséé) and
timnodonic (C20:5)‘acidsAsh§wed a cubic (P<.05) response to

increasing TOF.
IMPLICATIONS

Increased TOF on a high concentrate diet results in

cattle with increased quality and yield grades. However,
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the greatest increase in intramuscular fat deposition
occurred between 84 and 112 d. Thus, it appears that cattle
need to be fed a high concentrate diet approximately 112 4
to reach the choice grade and by extendipg the feeding
period past 112 d does relatively little to increase
intramuscular fat deposition bqt does increase excesé fat
trim and yield grades.’;Thé\inéreéserin inffamuscular fat is
largely a reflection of’inéreaéesliﬂ ﬁhe»NL,Apredominantly
triglycerides. The ikcrease iﬁ lipid also results in a
product with décreased moisture/‘proteihzand mineral
composition. Incréasing TOF reéuIt; in increases in the
MUFA concentratién and decfeﬁsés in the PUFA concentration.
These changes resuit in a SFA:UNSFA ratio that changes

cubically over TOF.



TABLE 1. MEAN VALUES FOR CARCASS CHARACTERISTICS ACROSS TIME-ON-FEED.

Time-on-feed, days

0 28 56 84 112 140 168 196 SEM
Marbling score®”* 2522/ 299.0¢f 336.0%f 38 - and 4283bd 4717 464.2b¢ 21.4
"Fat thickne’ss,ﬂ mm" 3.05¢ 4.11¢ 6.824e 9.784. 14.60° | 15.03¢ . 18.20%¢ 21.08° 20

Longissimus n}usclc -
area, cm?* \63:3"’ ‘69:8{ P 78.6°4 76.3¢4 82.8b¢ 85.75¢ 84.5b¢ 93.2b 2.8
Carcass weigyt,kg* 196.68 i3§:if8 '26,3’.7ef ;95.8de 3271244 353.05 3647‘ 41740 9.1
Yield grade” Y 17 17 | p4de 29 . g 3 4.0b 02

@ Marbling score: small = 400-499; slight =300-399; traces =200-299

bedefg Means with different superscripts in the same row differ (P< .05).

* Linear effect (P<.01)

** Quadratic effect (P <.05)

92



TABLE 2. MEAN VALUES FOR PROXIMATE COMPOSITION OF THE LONGISSIMUS MUSCLE ACROSS TIME-ON-

FEED.
Time-on-Feed, days

% 0 28 56 84 112 140 168 196 SEM
Moisture” 74.58¢ 74.08¢ 73.32b¢ 73.64° 70.4590 68.93¢ 68.59% 67479 0.70
Crude Protein* 21.714 21.832 20.5190 21.414b 19.50° 20.339 20.58ab 20.074b 0.41
Ash*™** 1.09% 1.087 107 1087 0.99%¢ 0.99% 0.99%¢ 0.98° 0.02
Crude Fat*™** 2,090 2.62b 4.10° 4.02 8674 9354 9.644 10.149 0.80
Total Lipid* 2.52b 3.06° 496" 409 948 9.73 - 9.834 11.65% 0.90
Neutral Lipid* 1840 2.45b 4.34° 3.44b 8.889 9.03¢ 9144 10.95¢ 0.89
Polar Lipid "~ 068 0.61 0.61 0.65 0.62 0.70 0.69 0.70 0.04
Phospholipid 0.56 0.47 0.50 0.46 0.47 0.54 ( 0.51 0.51 0.05

abc Means with different superscripts in the same row differ (P<.05).
Linear effect (P <.05).
Cubic effect (P <.05).

* koK

LZ



TABLE 3. MEAN

VALUES FOR MINERAL CONTENT IN THE LONGISSIMUS MUSCLE ACROSS TIME-ON-FEED.

Time-on-Feed, days
Mineral® 0 28 56 84 112 140 168 196 SEM
Mg* 17.78 20.96 1931 2075 2197 15.44 1771 19.66 195
Na 85.35 86.33 276 100.65 91.91 92.40 107.85° 89.00 1401
K 32983 31523, 32’1{?9 336,31 32485 9521 ! 33297 - 1349
Ca 19.5 298 2345 23.17 30.50 15.05 2102 2433 638
Fe 53 - 508 5.12 530 . 537 - 497 576 se8 023
P 22600 188.73 19893 185.43 189.07 21647 - 20447 202.00 2161
Zn 6.70 8.11 1217 843 748 o4 o 186

5.66

2 mg/100g of tissue.

* Cubic effect (P<.10).
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TABLE 4. MEAN VALUES FOR FATTY ACID COMPOSITION OF THE NEUTRAL LIPID ACROSS TIME-ON-FEED.

Time-on-Feed, days

% 0 28 56 84 112 - 140 168 196 SEM
140" 341 234 328 3.59 3.64 3.79 385 3.70 0.07
141" 1100 1.014b 0.80 0.88b 0.86b S 09mb 1314 1.029b 0.04
15:0"* 0.76 - 0.96 0.88 0.92 108 09 093 085 003
16:0 2157 28.22 21.11 2963 2151 27.52 27.22 27.40 0.20
16:1* . 355ab 3.55ab 327 3.48b 3.679b 3.909b 4287 4219 0.08
17:0*" 147¢ 1.88b¢ 2208b  30ab 2634 2.33ab 2:128b 2.02b¢ - 0.06
171" 0.59¢ 0.97b¢ 1.174b 1318b 1526 1449 1468 1404 0.05
18:0° 1963 18429 18684 = 16.10b¢ 15.62¢ 14.26 13.41¢ 13.92¢ . 038
18:1" 38.66 3897 39.22- 40.29 40.23 4148 253 - 424 035
182""" 208 171 181 205 228 226 215 196 0.06
18:3" 000 0.00 0.07 0.00 007 005 003 . 006 - 001
19:0™* 0.13ab 026% 0.149b 0.02> 01190 0199 o0a8e®  o249b 0.02
20:0" 0514 0.484b 0.29b¢ 0.25¢ 0.30b¢ 022 020 016 0.02
20:3* 000> - o000 0.000 0.000 0.02b 0026 - . 0030 0.06° 0.00 -
SFA" 53.494 53454 53268 . 5180% 50.894b 47.320b 4791P 48299 045
MUFA*  4420b 44.800 44.74b 46.10% 46.66% 4823 50000  49.56% 0.44
PUFA™ 208 171 187 2.05 237 234 221 208 0.06

abc Means with different superscripts in the same row differ (P<.05).
* Linear effect (P<.05). ‘ |
Quadratic effect (P <.05).

Cubic effect (P<.05).

*k

*okk

6¢



TABLE 5 MEAN VALUES FOR THE FATTY ACID COMPOSITION OF THE POLAR LIPID ACROSS TIME-ON-FEED

Time-on-Feed, days

% 0 28 56 84 112 140 168 196 SEM
14:0" 0.54¢ 067b¢ 0.71b¢ 0 99abe 1024b¢ L119> 1344 1.209b 0.06
141" 003¢d 0004 001¢d 004¢cd 0 o7bed 013b¢ 0259 0174b 0.01
150" 034P . 0474b 04690 0489b 0574 0.514b 0.482b 0.534b 002
16:0°** 1914 250 2303 2263 2347 2153 a7 23.68 039
161" 2.504 ~ 2230b 152bcd 145¢d 1294 160bcd  204ab 2124b 0.08
17.0" 0.84 099 - 0.99 108 120 107 107 107 003
171" 0.63 063 058 060 056 0.62 078 0.79 .00
18:0 12.52 1329 1305 . 1382 1400° 13.60 13.19 1378 020
1817 26.770 274280 23960 26330 25770 26 50P 29.479b 33169 - 0.58
182" 16.24 _ 1619 2031 _ 2035 20.66 214 1922 1532 061
183" 2974 205 145¢ 0924 0.524e 032 026° " 0.04¢ 0.14
19.0"** 0124 0.00° 000> 00® -~ Too0® 000> 000 00 0.01
200" 0384 0294 008> 006P 000> 0.04b 0.06P 000b 002
20:2 - 2127 174 192 1M 190 1.94 177 1.58 006
20:4* 7394 5364b 5984b 5 68b 563ab - 5.52b 5.179b 439 021
205" 0544 034b 015be 005¢ 000° 0.00° 0.00° 000° 003
22:4" 1779 1368b 140%b 107b¢ 099b¢ 0 68¢d 056¢d- 0.254 008
22:5 0.74 113 0.57 054 0.46 065 094 059 0.09
26" 3468 3.014b 299ab 2 448bc 206bcd 1.72bcd 1.48¢d 101 015
u' 0.12 0.18 0.16 004 0.00 003 0.00 000 002
SFA* 3387 3822 3832 3905 4026 3786 3791 - 4026 055
MUFA*®  30034b 30 284b 26 089 28429 27694 28854 32.55ab 36.23¢ 065
PUFA" 35228 31 184b 34.784 327690 3223ab 329690 29.394b 2324b 098

abede Means with different superscrpts in the same row differ (P < 05)
: Linear effect (P < 05)

Quadratic effect (P < 05)

Cubic effect (P < 05)

e
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TABLE 6 MEAN VALUES FOR FATTY ACID COMPOSITION OF THE TOTAL LIPID ACROSS TIME-ON-FEED

Time-on-Feed, days

% 0 28 56 84 112 140 168 196 SEM
140* 252 2 68b¢ 2 8gabe 3 15ab¢ 34500 3567 3679 3 54ab 009
141" 0780 079 069 074b 078b 0914> 1237 09690 004
150" 066° 0867 08290 0859 1034 0984 0907 0832 003
160" 24 84b 26 9740 26 96 27669 27594 26 70 26 807 27 169 021
161" 332 327 301 315¢ 3.52abc 3 669b¢ 4120 4 08b° 008
170" 128 1695 2,049 210 2487 2332 2,049 197ab 006
171" 063° 0.89%¢ 1087 12070 1418 1429 1419 1379 005
180" 17380 17387 1780° 15 7298 15 719b 1429 13 38¢ 13926 029
181° 34 95¢ - 3640 36 85b¢ 38 04abc 38 92abe 40 319b 41582 41867 046
182° 646° 4.94ab 4619 5134 356 39670 336 281° 024
183*** 0937 04sb 0.28b¢ 0154 010 008° 005 006° 005
190" 013¢ 0219 000° 002° 008° 0182 0 1796 0229 002
200" 0497 - 0.43¢ 026 0226 027 0.226 020 015t 002
201" 0234 0269 0259 0114 0369 0397 0407 0 467 002
202" 066° 03990 028b¢ 028b¢ 014b¢ 0 16b¢ 013b¢ 010° 003
203" 0007 0007 000° 0007 00290 0 024 0034 005b 000
204" 2270 115t 09190 0 94b¢ 0 40%¢ 045b¢ 038%¢ 028° 011
205" 0179 - 007 002b¢ 001¢ 000° 000° 000° 000° 001
24" 0549 030 021%¢ 0175 007 006° 004¢ 002¢ 003
25" 022 021 009 009 005 006 003 004 002
26" 106° 064b 0 44b¢ 0395 014¢ 014¢ 011° 007 006
v 003 004 002 000 000 000 000 000 000
SFA*** 4730 50 24 5090 4970 50 61 4826 4714 4779 035
MUFA* 39914 41 604 41 89bcd 43 24bed 44 9gbed 46 697 48754 48739 058
PUFA"" 12319 8150 6 585 7165 4 4g8b¢ 493pc 418%¢ 342¢ 051

abcde Me.ans with different superscripts in the same row differ (P < 05)
* 1 inear cifect (P< 05)

Quadratic effect (P< 05)

Cubic effect (P < 05)

es
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CHAPTER IV

EFFECT OF COOKING ON THE FATTY ACID COMPOSITION OF
-BEEF LONGISSIMUS MUSCLE LIPIDS

S.K. Duckett, D.G. Wagner, H G. - Dolezal L.D. Yates,
. A.C. Clutter and S.G. May.

ABSTﬁACT

Forty-eight ribeyeisteaks“(é.slcm thick) from steers
serially slaughtered at 28 d intervals (0-196 d on a high
concentrate diet) were used teéassees the effect of cookiﬁg
on the fatty acid eompesition of beef longissimus muscle
(ILM) lipids. After removal of all exterior‘fat and
epimysial connectiveftiesue; the IM was sectioned as:
lateral half for raw analfsis (R) and dorsal half for cooked
analysis (C). Dorsal haivee, broiled to an internal
temperature of 70°C,~shrun£ 34.5% and approkimated a 66 g,
cooked serving size. As expected solvent extraction of R
and C to obtain neutral (NL) . and polar 11p1d (PL) fractions
revealed that cooklng 1ncreased (P<. 01) the total lipid .
(TL), NL and PL concentrations. Cooking increased (P<.05)
the saturated fatty acid’(SFA) and pplyunsaturated fatty
acids (PUFA) and decreaeed (P<.05) the monounsaturated fatty.

acid (MUFA) concentrations in the NL. In the PL, cooking

32
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increased (P<.05) the SFA and decreased‘(P<.05) PUFA
concentrations. 1In the TL, SFA concentrations increased
(P<.05) while MUFA and PUFA decreased (P<.05) with cooking.
The increases in the SFA contgnt were the result of the
increased (P<.05) concentration of sfearic (C18:0) acid with
cooking. The decreases in‘the'MUFA and PUFA were attributed
to losses in oleic (CI8:1); linoleic (C18:2) and linolenic

(C18:3) acids during cooking. '

(KEY WORDS: Beef, Cooking, Lipids)

INTRODUCTION

Health-conscious consumeré‘are demanding leaner beef
products with no wésfe fat. These responses hqve resulted
from the recommendations by the dietitians and health
organizations that’intake of total and saturated fat in the
diet should be limited to 30% and 10% of total caloric
intake, respectively. The 'American Heart Association (1§85)
advocates that Americans should consume no more than six
ounces (about two small, three ounce servingsf of meat;
poultry and seafood per déy; and that poultry and fish
should be used more often than red meat. Retailers have
responded to coﬂsumeré' deﬁands by éompletely trimming
excess fat on nearly 40% of all retail éuts of beef. -

However, relatively little research has been conducted as to
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the effects of cooking smaller portion sizes with no
external fat trim.

Berg et al. (1985) found that- cooking beef with the fat
on resulted in lower moisture iossés and béef less
calorically dense than~béef cookéd with fat removed.
Conversely, Smith et al. (19895 found no significant
differences in moistﬁre:éonﬁent between éﬁts‘cooked wifhr
external fat trim or without. To dafe, smali; |
nonsignificant differences héve beenufqund in fatty acid
distributions bet@een raw aﬁd cooﬁed beef(sampies kTerrell,
et al., 1968; Andéfson et al., 1971; Jahicki'ahd‘Appledorf,)
1974; Smith et al., 1989). Howéver, most of these
experiments have\been*cqnducted?with a iimitéd number of
samples by éompariﬁg éajacent, éighf to ten ounce steaks.
The objecti?e of this experiment was to assess the effect of
cooking on the fatfy acid’cpmposition of beef longissimus

muscle lipids.

MATERIALS and METHODS

Forty-eight ribéyexstéaks (é.stch thick) were obtained
from steers seriélly slaughﬁefed at 28 4 intervéls (0-196 d
on a high concentrate Qiet). After removal of all exterior
fat and epimysial connective tissue, the longissimus muscle
(ILM) was sectioned as: létefa; half for;raw analysis (R) and
dorsal half for cooked analysis (C). COOK steaks were

thawed for 24 h in a 5°C cooler and broiled on Farberware
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Open Hearth Broilers (model 450A) to an internal temperature
of 70°C. An Omega (model OM 302-10) temperature logger
equipped with copper constantan probes was‘usgd on all
steaks to ensure the desired in£ernal endpoint}température.
C were weighed before and aftéf cooking to determine the
weight loss during cooking. RAW and COOK portions were
individually pulverized in liquid. nitrogen and stored at
-20°C until subsequent analyses. ’ o '

Duplicate 2 g samples were”dried at 100°C for 24 h and
then extracted with petroleum ether to determine moisture
and crude fat content (AOAC,‘1984).‘ éamples were extracted
using the dry column méthod (Maxwell and Marmer, 1984) which
allows for the sequential elutioﬁ for neutral (NL) and polar
(PL) lipids. Aliqubts of NL and PL were freed of solvent
and dried at 95°C for 24 hr to determine dry lipid weight
(AOAC, 1984). The lipid weight of the NL and PL were added
for each sample to obt#in a total lipid‘(TL) weight.

Neutral lipid (Slover and Lanza{‘1979) and PL (Maxwell and
Marmer, 1984) were esterified toiyield fatty acid methly
esters (FAME). The FAME were analyzed using a HP5890A gas
chromatograph equipped with a flame-iénization detector and
HP7673A automatic sampler. Separations werg’gqcomplished on
a 60 m SP2340 capillary column with a 0.25 mm internal
diameter ana 0.2 um film thickness. The injector and
detector were maintained at 280°C. Column oven temperatures
was programmed at 155-165°C at 6.5°C/mihute, 165-167°C at

0.2°C/minute, 167-200°C at 1.5°C/minute and held at 200°C
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for 18 minutes. Sample injection volume was 2 ul. Data
were collected and integrated by HP3365 ChemStation
software. Identification of peaks was based on retention
times of reference compounds from Alltech . Fatty acids
were quantified by using ah internalwstandard, methyl
heneicosanoic apid fCZl:O).‘ Tétal Iipid fatty acid profiles
were calculated by multiplying the percent 6f NL and PL in
TL by each fatty acid. |

Data were analyzed using fﬁe split-plot analysis of
variance with animal considefed:the‘whole plot and steak as

the sub-plot.
RESULTS

Moisture and lipid contents of the IM before and after
cooking are reported in Table 1.’ Cooking loss averaged
34.5%. COOK pbrtiohs averaged 100g before cooking and 66g
after cooking, approximately 2.3 oz. Moisture content
decreased (P<.05) 20;4% witﬁ‘éooking which resulted in
greater concentrations of 1lipid in the IM. TL, NL ‘and PL
all increaéed (P;.OS) iniconcentratioﬁ from cooking.

Cooking increased (P<.05) the SFA concentration 2.7% in
tﬁe NL (Table 2). This increasélwas attributed to the 2.7%
increase in the steéric (C18:0$jacid’qéhcentration after
cooking. Myristié (C14:0) acid concentration was not
different (P>.05) between raw and cooked samples. Palmitic

(C16:0) acid decreased (P<.05) slightly in concentration
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after cooking. A treatment (TRT) x TOF interaction for
palmitic acid showed that cooking had a greater effect from
0 to 84 d compared to 112-196 d (Figure 1). The MUFA
concentration decreased (P<.05) 3.8%ﬂin the NL after
cooking. The 2% decfease in the concentratibn of oleic
(C18:1) acid with cooking was largely responsible for the
decline in the MUFA. Paiﬁitolgic (Clé:l)kacid also showed a
slight reduction after cooking (P<.05). Thé PUFA in the NL
increased (P<.05) in concentratidn with cooking. Linoleic
(C18:2) acid concentration increased slightly with cooking.
A TRT x TOF interaction for linoleic acid revealed that R
and C responses differed in direction at 0 d (Figure 2).
Linolenic (C18:3) écid was not detected in the cooked
samples. Arachidonic (C20:4) acid increased (P<.05) in
concentration after cooking.

In the PL (Table 3), the SFA concentration increased
(P<.05) 2.5% after cooking.:rstéaric (C18:0) acid increased
3.4% while palmitic (C16:0) ‘acid decreased 2.4% in
concentration after cooking. Myristic (C14:0) acid did show
a slight increase (P<.05) in concentration after cooking.
MUFA and oleic (Clé:i) acid concentrétiops did not differ
(P>.05) between raw and cooked samples. Palmitoleic (C16:1)
acid showed a élight iﬂcreaée (P<.05) with cooking. Cooking
reduced (P<.05) the PUFA concentration 3.4% in the PL.
Linoleic (C18:2) acid concentration did not differ (P>.05)

between R and C. Linolenic (C18:3) acid was not detected in
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cooked samples. Arachidonic (C20:4) acid increased (P<.05)
1% in concentration with cooking.

In the TL (Table 4), cooking increased (P<.05) SFA
content 3.9%. Steariq (C18:0) acid increased (P<.05) 3.1%
with cooking. ' A TRT x TOF interaction for stearic acid and
SFA revealed that cooking had a greater effect at 0 and 28 4
compared to 56-196 d (Figure 3). Palmitic (C16:0) acid did
not differ (P>.05) in concentration between ra& and cooked
samples. Myristic (Ci4:0) did show a slight increase
(P<.05) in concentration with cooking. The TRT x TOF
interaction of myristic acid 'had a similar response to that
of palmitic (Cl16:0) in the NL (Figure 1); The MUFA
concentration decreased 2.1% with cooking. Palmitoleic
(C16:1) acid did not differ (f>.05) in concentration between
raw and cooked samples. A TRT x TOF interaction for
palmitoleic acid revealed that R and C responses differed in
direction between 84 and 112»d (Figure 4). The PUFA |
concentration decreasedi(P(.OS) 2% after cooking. Linoleic
(C18:2) acid and arachidonic (C20:4) acid decreased (P<.05)
1% and 0.4% in,concentration,,respectively,iafter cooking.
The TRT x TOF interaction was significént for linoleic acid,
arachidonic acid and PUFA in the’TL. The response was
similar to that of palmiticvacidAin the NL (Figure 1) in
which cooking had a greater effect from 0-84 d compared to
112-196 d. Linolenic (C18:3) acid/was not detected in

cooked samples.
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DISCUSSION

The moisture loss and lipid values reported in this
experiment exceed those published by the USDA (1990) and
other researéhgrélkSmith et él;[ 1989;"Terrell et al., 1968;
Anderson et al., 1971:‘Janickizénd‘Appledorf,,1974). The
20.4% decrease in méisﬁure‘éqnteht,bbse:ved‘in this
experiment resulted iﬁ a g;eater‘gonceﬁtratiqn §f lipid in
the Lﬁ. This différence is believéd to be due to cooking
smaller portioh si?es with less surfacé area and/or the
removal of the epimysial*connective'tissue. Another factor
important in compéring raw and cooked samplés is whether
there is more variation in lipid distribution within a
steak, i.e. lateral versus doréal halves,»ér with adjacent
steaks. After quaﬁtifidatioﬁ of the fatty acids in the
cooked sampleé, only 13.4%{of the TL could be accounted for.
Adding 10% to this for the weight of glycerol would leave a
remaining 6% extracted by both petroleﬁm ether and organic
solvents that would be non-fatty acid compounds. A small
percentége of this W9uld be cholesterol, however. the
remaining percentaée‘is probébly degrédétivé,pr;dUCts that
resulted from cooking,ﬁsuch as carbonyl compounds from the
autoxidation of lipids ahd/ﬁr thermally-induced hetgrocfclic
amines. Meats\gre belieyed to)particuiarly susceptible to
fatty acid oxidation due £o their relatively high content of
unsaturated membrahe phospholipid species ' and of both heme

and non-heme iron (Hotchkiss & Parker, 1990). These
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compounds are believed to be important in the flavor of
meats. Further investigation into cooking smaller portion
sizes, different sections of the muscle and denuded muscle
are greatly needed.

The éooking of the IM resulted in increased
concentrations of SFA at the expense of MUFA and PUFA. The
increase in the SFA concentration resulted from the increase
in stearic (C18:0) acid with cooking. Stearic acid has been
shown to have little or no effect on plasma cholesterol
levels (Hegsted et al., 1965; Keys,11965). Thus cooking
resulted in a product with a lower hypercholesterolemic
fatty acid concentration. The MUFA decrease was due to
losses in oleic (C18:1) acid with cooking. The decrease in
linoleic (C18:2) and linolenic (C18:3) acids were
responsible for the loss of PUFA during cooking. Fatty acid
melting points decrease with increasing degree of
unsaturation. The losses of oleic, linoleic and linolenic
acids and increase of stearic acid would be due to the lower
melting point of the unsaturates, thus making them more
susceptible to autoxidation during cooking. The
interactions between treatment and time-on-feed demonstrated
that the polyunsaturated fatty acids in the NL and TL had a
greater susceptibility to autoxidation during cooking atAO
to 84 d due to their greater concentration in grass-fed
cattle. This resulted in larger increases in the SFA

concentration in the early slaughter periods.
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TABLE 1. TREATMENT MEANS FOR MOISTURE AND LIPID CONTENT OF
THE LONGISSIMUS MUSCLE.

Raw Cook SE
% %

Moisturedb 71.38 . 51.00 1.13
Crude fatab | 6.33 21.62 0.99
Total lipigab 6.92 20.83 0.94
Neutral lipiqab 6.26 19.63 0.91
Polar lipigd 0.66 1.20 0.03
Cooking loss 34.49 1.78

4 Treatment effect (P<.05).
b Time-on-Feed effect (P<.05).
C Treatment x Time-on-Feed interaction (P<.05).
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TABLE 2. TREATMENT MEANS FOR FATTY ACID COMPOSITION OF THE
NEUTRAL LIPID.

Fatty acid Raw Cook SE
% %

14:0bP 3.56 3.49 0.05

16:0abcC 27.73 27.13 0.14

16:1b 3.73 ' 3.62 0.05

18:0ab 16.28 18.97 0.31

18:1ab 40.45 38.52 0.29

18:2abc 2.04  2.39 0.05

otherd 6.17  5.81

sraabe 51.08 53.74 0.33

MUFAabe 46.76 43.09 0.36

pUFaabce 2.09 2.78 0.05

SFA:UNSFA® 1.04 1.17

4 Treatment effect (P<.05)

b Time-on-Feed effect (P<.05).

; Treatment x Time-on-Feed interaction (P<.05).

Pooled sum of 14:1, 15:0, 17:0, 17:1, 19:0, 20:0, 20:1,
20:2, 20:3, 20:5, 22:4, 22:5, 22:6 and Unidentified.
SFA=Saturated fatty acids; MUFA=Monounsaturated fatty
acids; PUFA=Polyunsaturated fatty acids and
SFA:UNSFA=Ratio of saturated fatty acids to unsaturated
fatty acids.

(1)
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TABLE 3. TREATMENT MEANS FOR FATTY ACID COMPOSITION OF THE
POLAR LIPID.

Fatty acid Raw Cook SE
3 3

14:0ab 0.95 1.23 0.04

16:02 22.22 19.78 0.25

16:13ab 1.86- 2.06 0.05

18:02 13.40 16.85 0.22

18:1b 27.42 28.44 0.35

18:2b 18.80 17.52 0.40

18:3abc 1.07 0.00 0.09

20:42 5.64 6.56 0.15

otherd 8.64 7.56

SFAae 38.22. 40.73 0.35

MUFAbe 30.02 30.73 0.39

PUFA2€ 31.47 : 28.11 0.61

SFA:UNSFA® 0.62 ‘ 0.69

4 Treatment effect (P<.05)

b rime-on-Feed effect (P<.05). )

; Treatment x Time-on-Feed interaction (P<.05).

Pooled sum of 14:1, 15:0, 17:0, 17:1, 19:0, 20:0, 20:1,
20:2, 20:3, 20:5, 22:4, 22:5, 22:6 and Unidentified.

€ SFA=Saturated fatty acids; MUFA=Monounsaturated fatty
acids; PUFA=Polyunsaturated fatty acids and -
SFA:UNSFA=Ratio of saturated fatty acids to unsaturated
fatty acids.



TABLE 4. TREATMENT MEANS FOR FATTY ACID CONTENT OF THE
; TOTAL LIPID.

Fatty acid Raw Cook SE
% %
14:0abcC 3.18 3.35 0.06
16:0P 26.84 26.66 0.14
16:1bc 3.51 '~ 3.52 0.05
18:0abc 15.70 18.80 0.29
18:123b 38.62 37.90 0.31
18:2abc 4.35 3.35 ' 0.14
18:3abc 0.26 0.60 0.03
20:4abc 0.85 0.50 0.06
otherd 6.69 5.92
sraabce 49.00 52.89 0.32
Muraabe 44.47 42.33 0.38
puraabce 6.43 . 4.43 ‘ 0.26
SFA:UNSFA® 0.96 1.13

aTreatment effect (P<.05)

brime-on-Feed effect (P<.05).

CTreatment x Time-on-Feed interaction (P<.05).

d pooled sum of 14:1, 1%5:0, 17:0, 17:1, 19:0, 20:0, 20:1,
20:2, 20:3, 20:5, 22:4, 22:5, 22:6 and Unidentified.

€ sFA=Saturated fatty acids; MUFA=Monounsaturated fatty
acids; PUFA=Polyunsaturated fatty acids and

SFA:UNSFA=Ratio of saturated fatty acids to unsaturated
fatty acids.
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FIGURE 1. TREATMENT X TIME-ON-FEED INTERACTION FOR Cl14:0 IN
THE TOTAL LIPID.2

39 T

- Z2mO Xxm™

0 28 56 84 112 140 168 196
TIME-ON-FEED, d

AR cis0 M Cl4a0

ac16:0 and PUFA in the NL, and C18:2, C20:4 and PUFA in the
TL all have a similar response as Cl4:0 in the TL.
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FIGURE 2. TREATMENT X TIME-ON-FEED INTERACTION FOR C18:2 IN
THE NEUTRAL LIPID.
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FIGURE 3. TREATMENT X TIME-ON-FEED INTERACTION FOR
SATURATED FATTY ACID CONCENTRATION IN THE TOTAL

LIPID.2
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4C18:0 in the TL also follows a similar response.
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FIGURE 4. TREATMENT X TIME-ON-FEED INTERACTION FOR Cl6:1 IN
THE TOTAL LIPID.
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APPENDIX A

COMMON NAMES ANDVMELTIﬁG“POINTS OF FATTY ACIDS
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TABLE 1.
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COMMON NAMES AND MELTING POINTS OF FATTY ACIDS.a

Common name IUPACP name Carbons Double bonds M.P.
(number) (number) (°C)
Lauric Dodecanoic 12 0 44.2
Myristic Tetradecanoic 14 0 54.4
Myristoleic Tetradecenoic 14 1 18.5
Pentadecylic Pentadecanoic 15 0 52.1
Palmitic Hexadecanoic 16 0 62.9
Palmitoleic Hexadecenoic 16 1 21.0
Margaric- Heptadecanoic 17 0 61.3
Stearic Octadecanoic 18 0 69.6
Oleic Octadecenoic 18 1 16.3
Linoleic Octadecadienoic 18 2 -5.0
Linolenic Octadecatrienoic 18 3 -10.0
Nonadecylic Nonadecanoic 19 0 68.7
Arachidic Eicosanoic 20 0 75.4
Gadoleic Eicosenoic 20 1 22.0
Arachidonic Eicosatetraenoic 20 4 -49.5
Timnodonic Eicosapentaenoic 20 5 NA
Behenic Docosanoic 22 0 80.0
Stearidonic Docosatetraenoic 22 4 NA
Clupandonic Docosapentaenoic 22 5 -78.0

apdapted from Small, 1986
bInternational Union of Pure and Applied Chemists
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TABLE 1. MOISTURE AND LIPID CONTENT OF THE LONGISSIMUS
MUSCLE ACROSS TIME-ON-FEED.

TOF TRT  MOISTURE  TL9 NL4b PL? COOKING
‘ LOSS

d % % % % %
0 R 74.59 252 184, 0.68

C 57.55 ns 1057 125 VL
28 R 74.08 306 2.45 0.61

C 55.11 1532 1420 117 35.89
56 R 7332 496 434 061

C 5340 16.60 15.49 111 3338
84 R 73.64 409 344 0.65

C 52.80 18.42 1123 119 35.66
112 R 7045 9.48 888 0.62

c 4796 255 248 123 34.34
140 R 68.93 973 9.03 0.71

C B4 284 2715 128 33.57
168 R 6859 983 914 069

C 4783 2489 23.68 121 3402
19 R 6747 1165 1095 0.70

o 484, w64 24w 119 34.69
SE 13 094 091 . 0.03. 178

4aC differed from R (P-<.05).

b (C-R): linear effect over TOF (P<.05).
¢(C-R): quadratic effect over TOF (P<.05).
d(C-R): cubic effect over TOF (P<.05).
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TABLE 2. SATURATED FATTY ACID CONCENTRATIONS OF THE NEUTRAL
LIPID ACROSS TIME-ON-FEED.

TOF TRT 14:0 15:04¢ 16:0%b 17:04 18:04 19:04¢ 20:04 SFA4

d % % % % % % % %
0 R 3.41 0.76 2157 147 19.63 0.13 0.51 53.49
C 3.06 1.62 25.98 192 2355 0.00 0.81 56.95
28 R 234 0.96 2822 188 1842 0.26 048  53.46
C 3.19 1.49 .27.00 207 2078 - 000 . 056 5508
56 R 328 0.88 2177 222 1868 0.14 029 5326
C 3.55 130 2736 220 1932 0.00 0.57 5508
84 R 3.59 Y 2863 230 1610 0.02 0.25 51.80
C 3.56 124 2747 2.51 19.12 0.00 045 5434
112 R 3.64 1.08 27.51 2.63 15.62 0.11 030  50.89
C 3.55 134 2754 274 1829 0.00 044 5390
140 R 3.79 0.9 27.52 233 14.26 0.19 1022 4030
C 3.62 118 2677 263 1743 0.50 021 5213
168 R 3.85 0.93 27.22 212 1341 0.18 020 4791
C 3.88 1.08 27.46 230 1614 0.00 047 5133
19 R 3.70 0.85 27;;10 ‘ 202 1392 024 016 4829
C 3.54 1.00 27.46 224 17.14 0.00 0.50 51.88

ac differed from R (P<.05).

b(C-R): linear effect over TOF (P<.05).
¢(C-R): quadratic effect over TOF (P <.05).
d(C—R): cubic effect over TOF (P <.05).
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SATURATED FATTY ACID CONCENTRATIONS OF THE POLAR
LIPID ACROSS TIME-ON-FEED.

TOF TRT 14:0¢  15:0P 16:094  17:.0%b-  18:0%0  19:09¢  20:0%¢  SFA%b
d % % % % % % % %
0 R 054 034 19.14 0.84 1252 012 038 33.87
cC 09 0.67 18.85 133 1730 000 2.75 41.89
28 R 067 0.47 22.50 0.9 1329  0.00 0.29 38.22
cC 116 0.60. 2017 1.32 1800 000 192 43.17
56 R 071 046 2303 099 1305 000 008 3832
C 098 038 - | 19.30 1.08 ° l17.22 0.00 132 40.30
84 R 099 048 263 107 1382 000 0.06 39.05
C 1.20 )0.46 19.51 1.29 1676 . 0.00 1.02 40.23
112 R 102 057 23.47 120 1400  0.00 0.00 40.26
cC 14 0.51 20.42 146 1720 000 0.73 41.79
140 R 111 0.51 21.53 1.07 1360  0.00 0.04 37.86
CcC 137 0.50 1948 138 1628 © 0.0 0.59 39.58
168 R 134 0.48 277 107 1319 0.00 0.06 3791
cC 153 0.41 20.24 1.0§ 1574  0.00 0.37 39.36
196 R 120 0.53 23.68 1.07. 1378 000 0.00 40.26
cC 122 037 20.26 0.98 | 1628  0.00 0.44 39.55

ac differed from R (P<.05).
b(C-R): linear effect over TOF (P<.05).

¢(C-R): quadratic effect over TOF (P <.05).

d(C-R): cubic effect over TOF (P<.05).
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TABLE 4. SATURATED FATTY ACID CONCENTRATION OF THE TOTAL
LIPID ACROSS TIME-ON-FEED.
TOF TRT 140% 1508  160° 170 1809 19:0%¢ 20:2b  SFadd
d % % % % % % % %
0 R 2.52 066 ' 2484 .128 1738 0.13 049 4730
C 284 151 2518 186 2283 002 104 5528
22 R 268 086 2697 168 1738 021 043 5024
c 305 142 2652 201 205 000 068 5427
6 R 288 082 296 204, 178 013 026 5090
c 338 124 2682 212 1917 000 063 5336
8 R 315 085 2766 210 1572 002 022 4970
C 339 119 2690 242 1896 000 049 . 5334
12 R 345 103 2759 248 1571 008 027 5061
c 344 130 2719 268 1823 000 046 5330
140 R 356 098 2670 233 1429 018 022 4826
c 352 114 %44 257 1738 000 050 5155
168 R 367 090 %680 204 1338 017 020 4714
c 376 105 . 2710 224 1612 000 046  SOT2
196 R 354 083 2716 . 197 1% 022 015 4179
c 342 098 2712 219 © 1710 000 050 5130

acC differed from R (P<.05).

b (C-R): linear effect over TOF (P <.05).
¢(C-R): quadratic effect over TOF (P <.05).

d(C-R): cubic effect over TOF (P <.05).
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TABLE 5. MONOUNSATURATED FATTY ACID CONCENTRATIONS IN THE

NEUTRAL LIPID ACROSS TIME-ON-FEED.

TOF TRT 14:19d 16:19b 17:14¢ 18:14 20:14b MUFA4
d % % % % % %
0 R 1.10 3.55 0.59 38.66 0.30 422
C 036 3.60 0.2;3 3458 045 39.46
28 R 1.01 3.55 L .097 3897 . 0.30 44.80
C 0.48 365 022 37.11 037 41.82
5 R 0.80 327 117 3927 028 4474
c o6l 3.50 001 . 3785 (‘).28' 4225
84 R 0.88 3.48 131 4029 0.13 46.10
C 0.60 3.49 0.00 38.02 0.24 4236
12 R 0.89 3.67 152. 4023 038 46.66
C 0.53 338 0.00 | 3860 0.20 27
140 R 0.97 3.90 1.4 41.48 0.43 4823
C 0.67 3.44 4 0.00 40.18 021 4450
168 R 131 428 ‘146 42.53 043 50.00
C 081 400 - 000 40.86 0.07 4573
19 R 1.02 421 140 . 42.44 0.49 49.56
C 095 3.8 0.00 4097 0.08 45.88

4C differed from R (P<.05).

b(C-R): linear effect over TOF (P<.05).
¢(C-R): quadratic effect over TOF (P<.05).
d(C-R): cubic effect over TOF (P<.05).
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TABLE 6. MONOUNSATURATED FATTY ACID CONCENTRATIONS OF THE

POLAR LIPID ACROSS TIME-ON-FEED.

TOF TRT 14:19¢ 16:14¢ 17:19b 18:1 20:14 MUFAD
d % % % % % %
0 R 003 259 0.63 26.77 0.00 30.03
C 0.11 2.59 0.10 28.58 0.14 31.56
28 R 0.00 223 0.63 2742 h 0.00 30.28
C 0.15 237 0.07 29.02 0.06 31.67
56 R 0.01 1.52‘ 0.58 23.96 0.00 26.08
C 0.14 172 0,00 26.07 0.01 27.94
84 R 004 145 0.60 2633 0.00 2842
C 0.18 191 0.01° 26.92 0.00 29.02
12 R 0.07 1.29 0.56 25.77 0.00 27.69
C 0.19 1.92 0.00 1‘ 27.88 0.00 29.99
140 R 0.13 1.60 0.62 | 26.50 0.00 28.85
c 0.23 138 0.00 28.53 0.00 30.66
168 R 0.25 2.04 6.78 ’ 29.47 0.00 32,55
C 0.24 1.89 0.00 29.61 0.00 31.75
196 R 0.17 2.12 079 - 33.16 0.00 36.23
C 0.20 2.22 0.00 30.87 0.00 33.28
aC differed from R (P <.05).

b (C-R): linear effect over TOF (P <.05).
¢(C-R): quadratic effect over TOF (P<.05).
d(C-R): cubic effect over TOF (P<.05).
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TABLE 7. MONOUNSATURATED FATTY ACID CONCENTRATIONS OF THE
TOTAL LIPID ACROSS TIME-ON-FEED.

TOF TRT 14:19¢ 16:14 17:19¢ 18:14b 20:14¢ MUFA®%b
d % % % % % %
0 R 0.78 332 0.63 3495 023 39.94
C 034 349 044 33.90 041 38.57
28 R 0.79 321 08 3640 0.26 41.60
C 0.46 356 020 36.53 034 41.09
56 R 0.69 3.01 18 3685 0.25 41.89
C 0.58 338 0.01 37.05 027 4129
84 R 0.74 315 1.20 38.04 0.11 4324
C 0.58 338 000 37.23 022 41.41
12 R 0.78 352 a1 e 0.36 4498
C 0.52 330 0.00 38.07 0.19 42,08
40 R 091 3.66 142 4031 0.39 46.69
C 0.65 337 0.00 39.64 0.20 43.86
168 R 123 412 141 41.58 0.40 4875
C 0.78 38 000 4030 0.07 45.04
19% R 0% 408 137 418 - 0.0 873
C 092 38 000 40.49 0.02 4529

ac differed from R (P<.05).

b(C-R): linear effect over TOF (P<.05).
¢(C-R): quadratic effect over TOF (P<.05).
d(C-R): cubic effect over TOF (P <.05).
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POLYUNSATURATED FATTY ACID CONCENTRATIONS OF THE

NEUTRAL LIPID ACROSS TIME-ON-FEED.

TOF TRT 18:29¢  18:39b

20:3@b

20:29d 20:49¢  20:5¢ 2249  PUFA4C

d % % % % % % % %
0 R 208 0.00 0.00 0.00 0.00 0.00 000 2.08
C 200 0.00 0.24 024 o011 0.00 0.00 2.60
28 R 171 000 000 0.00 0.00 0.60~ 0.00 1n
c 211 0.00 | 0.12 0.29 008 0.0 0.00 2.60
56 R 181 007 000 0.00 0.00 000 . 000 1.88
C 252 0.00 0.12 022 004 “ 0.01 002 297
84 R 205 0.00 0.00 0.00 0.00 0.00 0.00 2.05
c 25 000~ 008 0.19 0.06 0.01 0.01 2.86
112 R 228 0.04 0.00 0:02 0.00 000 . 000 2.37
C 264 0.00 0.08 0.18 0.04 0.01 0.01 295
140 R 226 0.05 0.00 0.02 0.00 0.00 0.00 234
Cc 267 0.00 0.05 0.18 0.03 0.00 0.01 297
168 R 215 0.03 0.00 0.03 0.00 0.00 0.00 221
C 256 0.00 004 018 0.03 0.00 0.00 2.85
196 R 19 0.06 000 006 000 0.00 0.00 2.08
C 208 0.00 002 021 0.10 0.00 0.00 241

ac differed from R (P<.05).
b(C-R): linear effect over TOF (P<.05).

¢(C-R): quadratic effect over TOF (P<.05). °

d(C-R): cubic effect over TOF (P <.05).
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TABLE 9. POLYUNSATURATED FATTY ACID CONCENTRATIONS IN THE
POLAR LIPID ACROSS TIME-ON-FEED.

TOFTRT 1820 18344 2029 20:3@  20:490 20:590 22:4a  22:59b  22:69bPUFA%

d % % % % % % % % % %
0 R 1624 297 212 00 739 054 177 074 346 352
C 1349 000 018 028 736 09 201 000 142 2571
8 R 1619 205 174 000 536 034 13 113 301 3118
C 1401 000 013 021 641. 067 175 000 139 2460
56 R 2031 145 192 000 598 015 140 057 299 3478
C 193 000 0l6 o012 742 090 204 000 137 3140
8 R 2035 092 171 000 568 005 107 054 244 3276
C 1935 000 011 010 640 071 182 000 116 2790
112 R 2066 052 19 000 563 000 099 046 206 3223
C 1840 000 009 014 58 067 19 000 08 2790
140 R 2214 032 194 000 552 000 068 065 172 329
C 1923 000 013 016 631 087 200 000 074 2945
168 R 1922 026 177 000 517 000 05 094 148 2939
C 1908 000 006 018 633 064 190 000 062 2882
9 R 1532 004 159 000 439 000 025 059 107 2324
C 1671 000 003 028 645 084 18 013 058 2684

ac differed from R (P <.05).

b(C-R): linear effect over TOF (P<.05).
¢(C-R): quadratic effect over TOF (I5< .05).
d(C-R): cubic effect over TOF (P<.05).
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TABLE 10. POLYUNSATURATED FATTY ACID CONCENTRATIONS OF THE
TOTAL LIPID ACROSS TIME-ON-FEED.

TOFTRT 1829 18:3%  20:29d  20:390 20:49¢  20:5¢  22:4% 22:59¢  22:64CPUFA4C

d % % % % % % % % %
0 R 6.46 093 0.66 0.00 227 40.17 ‘0.54 10.22 1.06 1231
C 329 0.00 0.23 0.25 ~‘ 094 O.i2 029 ~ 0.03 0.07 522
28 R 494 0.45 0.39 | 0.00 115 007 . 030 0.21“ 0.64 8.15
C 3.08 0.00 012 . 029 . 0.66 006 ' 020 0.00 . 0.04 438
56 R 461 0:28 0.23 0.00 0.9V1 0.02 021 - 0.09 0.44 6.85
C 3.65 0.00 0.12 021 0.57 0.08 0.20“ 0.01 0.02 487
84 R 513 0.15 028 0.00 093 0.01 0.17 0.09 0.39 7.16
- C 3.75 0.00 0.08 0.19 050 006 0.19 0.00 0.02 4.80 |
112 R 3.56 0.10 0.14 0.02 0.4)0 0.00 0.07 .0.03 0.14 448
C 342 0.00 0.08« 0.17 0.1;;3 0.04 0.17 0.00 0.02 | 422
140 R 3.96 0.08 0.16 # 0.02 0.45 0.00 0.06 0.05 0.14 493
C 343 0.00 008 018 . 032 0.04 0.14 0.00 001 421
168 R 3.36 0.05 0.13 0.03 0.38 0.00 0.04 0.061 0.11 4.18
C 3.38 0.00 0.01 0.‘18 0.35 0.04 0.14 0.00 0.00 4.10
196 R 281 0.06 0.10 0.05 0.28 0.00 0.02 004 0.07 342
C 2.79 0.00 0.02 0.21 ‘ 041 0.04 0.1’4‘ 000 0.00 3.62
ac differed from R (P< 05)

b (C-R): linear effect over TOF (P <.05).
¢(C-R): quadratic effect over TOF (P <.05).
d(C-R): cubic effect over TOF (P<.05).
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