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ASSTRACtr

The effects of d-ietary fat on serum lipid.s and- Iipo¡rroteins were

investigated. in five healthy male subjects d.uring two trials, each con-

sisting of a six-day stabil-ization period_, r,¡.hen a typical Canad.ia¡r d_iet

was fed-, and" a three-week e4perimental- period., when either beef tallow
or corn oil- t¡as fed. in a mixed d.ie-r, containing about I+O percent of the

total ealories as fat. Fasting sera sanples were taken on Days Lr 6,

21 and. 28 of each trial. Serum cholesterol levels d.eereased. significantly
(p&o.oo5) dr:.ring the first two weeks on the test d,iets, r^rith the decrease

on the corn oil d-iet (48 mg. percent) leing more than tw-ice that on the

beef tallov¡ ùiet (eo te. percent). Serum cholesterol 1evels tended to
plateau dr.:ring the third week on the test d-iets. The observed. d.ecrease

in sen¡n cholesterol on the beef tallow d.iet agreed. well- with the values

that would be preòicted on the basis of changes in ùietary fatty acid

composition if stearie acid. l¡as assr:med. to have no effect on serum chol_est-

erol level. Lipid- phosphorous fol-lowed. a si¡rilar pattern to senm ehol_est-

erol although the magnitud.e of response lÍas less and. the changes were

slower" Sen-¡m triglyeeride l-evels did not change when the men were fed.

the beef tarlow ùiet but d.ecreased. signíficantry (eLo.oo5) when they

received the corn oiJ- d.iet, The changes in se::um beta-/pre-beta-lipo_

protein ratio seemed. to paralIel those of sen¡m chol-esterol. The percent

saturated- and u¡sati¡rated fatty acids of the low density (rol) and very

Lor'r densitv (wpl) lipoprotein flactÍons seemed. to correspond. to altera-
tions in d-ietary fatty acids, with the response of the r.DL fyaction

being more sensitive and. congruous lrith changes in d-ietary fatty acid.s.



The resu-lts of the present stud.y are eonsistent lrith the hy¡rothesis tb.ai;

beef talloin¡ per se is hypocholesterolenic " These find-ings suggest tha',,

restriction of beef to th¡ee 3-oz" portions weekly in serum lipÍd.-reducing

d-iets is a questionable practice.
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]IüTRODUCTTON

AtherosclerosÍs and. related- vascular diseases are the single
greatest cause of d.eath in men of the technologieally d.eveloped. coun-

tries. Coronary vessel d.isease has been correlated, w:ith a number of
risk factors but the one that stand.s out more than any other, both in
a¡i-nal ex¡rerimentation and. ín clinical observation, is the assoeiation

of coronary disease with blood. lipid. abnozrmalities. Elevated. serum

cholesterol has received. the most attention but virtually every blood_

lipid fbaction has been incriminated (Karurel et al. , LgZl:b). Afmost

every blood- lipid" fraction has been found. to respond. to d.iet manipr:-lation

especially changes in am661tr and. souree of d.ietary fat. Nutrition
appears to be a key measure in arqr attempt to change the present high

incidence of hearb d.isease in the countries of the lrrestern worl-d_. Diet

is the only treatment r,¡e have tod.ay that may possibly srow d.own the

infiltration of lipids Ínto the blood vessels. rt has long been

reeognízed- that dietary fat r.¡as in some way involved. w'ith serum eholesterol

levels and- that lo'¡¡-fat diets could- d-epress serum cholesterol 1evel an¿

decrease the rate of incidence of coronary hearb attacks (reys , 19l>6).

TheoreticaffÍ, the risk of eoronary heart d.iseãse drops three pereent

for every one percent red.uetion in serum cholesterol- leve1 (Cornfield.,

11962) 
"

with the demonstration that replacement of saturated w.ith

unsaturated- fat had- a sinilar effect on serun chol-esterol (Ahrens et a1.,
lgr7), the emFhasis was shifted to quality rather than quantity of fat.
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Ïn the fast two decad.es, workers have found. that whí1e satirated. fatty
acid-s l'¡ith fewer than 12 carbon atoms and. more than l-6 carbon atoms had-

l-ittle effect on serum cholesterol, these fatty acid.s exerted. a h1¡per-

triglyceridernie effect. Since stearic acid- (ClB:O) per se has not always

been found. to have an effect on serum chol-esterol and has been formd to

be hypertrigtycerid,emic (Granae et ar-. , L9T2), the question arises as

to what are the effects of a natura] fat, hav-ing a high stearic acid.

content, on blood lípid patterns.

A very irn'portant natural saturated- fat containing high levels

of stearic acid is beef tallov¡. About Bl+ tUs. of beef per capita were

eonsumed ín Canad.a d-riring A97O. Since the general recommend.ation to

Canaùians is to d.ecrease their intake of saturated. fats and f\.rrthermore,

as a severe restriction of beef intake (three 3-oz. portions weekly)

is common in serum lipid--red.ueing diets, the effect of beef tallow

on serum lipíds needs to be better defined to justif! these practices.

The present study investigated the effect of beef tallow as

corupared. to the wel-I-established effect of corn oil, on serum lipid.

levels in norrnal healthy young men.



RE\rIEIT OF LTTERATURE

Tbe lead-ing calßes of d.eath in canad.a and other d.evero¡led.

societies are physiological manifestations of atherosclerosis, a¡r

errbity eharacterized. by the accr:muj-ation of cholesterol and. other

fatty substances in the r,¡a11s of large blood. vessel-s. Karunel (r9Zr")

aptly d.escribed atherosclerosis as the "d-isease of living" beeause it
is almost riniversally present in our population fbom ad.olescence onr.¡ard..

Persons with pronounced. atheroma are exce'l'l ent cand.id.ates for hearL

attacks, angina pectoris and. strokes,

Ca¡ad.a ranks sixth aJnong cowrtries in the r¡¡orld. ia mortality
fbom cardiovascu-l-ar ùisease, About !O percent of all reported. d-eaths

in ca.nad.a are due to various forms (angina pectoris, stroke, sud.d.en

death) of coronary hearb disease (c¡n). The increase in reporbed_

d.eath rates has been espeeiarly significant in younger and_ mid.dle-age

r¡ares. The average, apparently healthy man has about one ehance in
fíve of ex¡reriencing a myoearùial infarction before a€e 60 and. one

chance in fifteen of dying flom a coronal1r attack.

rn spite of the tremend-ous expend,i.tige in hrman and. d_ollar

resources on this disease over the past 20 years, little progress has

been mad.e in solving or red.ueing the incidence of heart disease 
"

Relationship of Co Hearb Disease to Blood Lipids

A consid.erable bod.y of errid.ence has accunulated. conceraing the

role of lipid.s in atherogenesis, and., as a resultr uir-bua]]y every

blood. lipid. fuaction has been i¡g¡iminat,ed- (Kannel et aI. rgZa).
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Those lipid- elements ÍncrÍminated. inelud-e cholesterol, triglyeerid.e,

phospholipid and. non-esterified- fatty acids. rn ad_ùition, the lipo-
protei-ns to which the lipid.s are linked- for transporb have also been

blamed." These inc]-ud.e the cholesterol-rieh . beta-Iipo¡lroteins of
the s¡ 9-26 class, the triglyceride-rich pre-beta-lipoproteins of the

sr eo-r+oo class, the alpha-lipoproteins rieh in phospholipid and- the

albwrin fYaction, ruhich carries the fatty acid-s about. I¡lhether one

or several of these are f\:ndamentally involved. in atherogenesis is
not elear" rtu'bhermore, some se?um lÍpid- values can reach a high level

through a m¡nber of mechanisms-d.iabetes, thyroid- d-isease and a d_is-

ord"ered. or inborn error of J-ipid- rnetabolism. However, the athrogenity

of each kind. of d.isord.er requires f\lrther clarifieation.

ït must be real-ized. a1so, that cIÐ is a d-isease of muÌtiple

causation*it is the resul-t of an intezplay of personal attributes

(age and- sex, genetic tend.eney to heart disease), metabolic d.isord.ers

(hyperlipidemia, hy¡rertension a¡rd ùiabetes) and personal habits

(cigarette smoking, inactivity and. overeating). Neverthe]-ess, Ít is
nanifest that blood. lipid.s can be used- as a bioehemical pred-ictor of

coronaxy events.

A disproporbionate amount of cHD in the general potrrulation

d.evelops anong ind-ivid.i:a1s w-ith serun cholesterol values in the ræper

quartile, i.ê., cholesterol_ values betr,¡een Z5O t,o 350 mS" percent

(r,eren, 1966; Dawber et al-. , L962; Gofìnan et al-. , L)66; scrimshaw-and- Grinzman,

1968). As can be seen in Figirre 1, there is a somewhat linear relation-

strip betr'reen serum cholesterol- concentration and- incid-ence of CHD.

This associatíon is also buttressed by d.ata from geographical stud.ies

shovring a relationship between eholesteror leve]-'and. morbid.ity and.



30ß @

æ4Ø* A59
@
@
@
@

%
@
&

@
&8g
@w

o@
EE€

æÕt

8@0

Swum Çheles8ers8 (mg pereemg 3

Figure 1. tnci¿enee of coronary hearb d.isease associated. with
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nortality from cIÐ alt- across the globe (reys, 1956; carlson and

Bottiger, L972).

Phosphoripid, is believed. to be protective against a high

cholesteror l-evel so that the cholesterol:phospholipid_ ratio (c/r

ratio) has been suggested as an ind.ex of potential risk to atherogenesis

(r,a¿a et al. , r9\9). Tet, prospective risk to cHD can be shown to

actually rise in proportion to the serum phosphoJ-i.oid value (Tu-zpeinin

et al., 1968). This is understandable since phospholipid, values have

been found to parallel- those of serum chol-esterol (lrict<son et al.,
L96\). The CfP ratío, however, is unrelated. to incidence of CHD (Kannel

et al., 1971b). Since L959, when Albrink and. Man suggested that elevated

serum triglyceride l-evels might be rel-ated to the pathogenesis of hearb

d.isease, several investigators (Bro\m, Igjg; Albrink et al. , IÇ6l-i

cra¡rer et al. r 7966; Al]-ard and- Goul-et, L96n have shown a firm rel_ation-

ship between el-evated- serum triglycerid.e concentyations and clID"

Allard and- Gouf-et' (L967) reported. results of a study earried out

at the Montreal Heart Institute and suggested that a combination of
both high cholesterol and- high triglyceride levels l¡ould. be more critical
in produeing morbid.ity than an increase in either lipid component a1one,

In adðition, Carlson and, Bottiger (tgfZ), in a nine year fol]ow-up of

31168 men in stockhorm, reported. that a eombined- el-evation of ¡lasma

triglycerides and, plasma cholesterol carried. the highest risk for ischemic

hearb disease" These observations, together with the suggestion that

serum phospholipid. is a factor in cHD, suggest that sen:m lipoproteins,

t¡hich are primarily involved. in transport of chol_esteror and. tri-
glycerid.e, would play a significant role in the d"evelopment of athero-

sclerosis.
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As early as 1Çl+9, Gofnan et al. shorrred in humans that a spectrum

of lipo¡rroteins bearing eholesterol, phosphoripid. and triglyeeride
existed- spontaneously or coul-d. be induced- by a variety of e4perÍmental

meaJLs 
"

In A)66, GofTnan and. his associates reported- resui-ts flon both

the tr'raningha.n and. Livermore stud.ies which ]inked. Iipid. and. lipoprotein,
espeeially the glyeerid-e-rich st eo-Loo, to the pathogenesi.s of
atherosclerosis, especially d.uring the early stages of the ùisease

process or when only mod.erate invol-vement of the vessel has occurred..

However, these para.neters lose their pred-ictive value for al-l d.e novo

ischemic hearb disease rn¡hen individ.uals are above age ii.
The bl-ood- fat abnorrnalities d.efined- by Drs, Ired.erickson, Ler,1¡

and. Lees (t967) provid-ed an updated- blueprint of the eomplicated

chernical- relationship between lipoproteins and. hearL d.isease. ft has

nol¡ become obvious that we eannot think about atherosclerosis in terms

of one specific lipid., or consid.er high blood lipid levels the manifesta-

tion of one abnorrnalÍty"

Iniporbalt fo¡ a¡: und-erstanðing of lipid- transport is the concept

that lipids (cholesteror-, phosphoripid a^nd. triglycerid-e) circu-late

bound- to specific proteins and. it is as Iipid.-proteln eomplexes or

lipoproteins that ripid-s enter and. leave the plasma. rn essence,

lipid. transport can be thought of in te:ms of two protein moieties

and the triglyeerid-es-the major lipid. they are called upon to transport.
The a]pha- and. beta-lipo¡rroteins exist in plasma together r,¡-ith fixed-

amounts of phospholipid. and cholesterol. The alpha-lipoprotein contains

about J0 percent by veigH phosphorinid and. 20 percent choresterol.

The beta-lipoprotein contains about !0 percent cholesterol by weight
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and. carries one-haJ-f to tr,¡o-thirds of the total serum cholesterol in
the fasting siate. Kinetic stud.ies d-enonstrate that the tirrnover of
phospholipid and chol-esterol is quite srow, both being less than one

to two grams daily, while triglycerid-e has a turrrover rate of loo to
1!O grams per day.

Hy¡rerlipid-emi ¿ may result fYom defective protein as well as

defective lipid netabolism" The protein and_ lipid content of each

lipo¡rrotein d-eteirnines its size, d.ensity and. electro¡rhoretic migra-

tion" With electrqphoresis, using the ùifference in electrical charge

on the ðifferent lipoprotein moieties, it is possible to separate

serum lipoproteins into r n64-migrating, a beta-migrating, a pre-beta-

nigrating and. an alpha-nigrating band.. At present, at least five
patholigical patterns (tatl-e 1) have been d-elineated. Ty¡:e r is
rnarked. by tremendously increased. chylonicrons r,¡hil.e a't I other lipo-
proteins are 1ow; Ty¡re rr is characterized- by an increased. beta- or

low d.ensity tipo¡rrotein; Type rrr has elevated. beta- as wel] as a¡.

increased. pre-beta- or very low d.ensity lipo¡rrotein; Ty¡re rv is charac-

terized- by a marked elevation in pre-beta-lipoprotein; while in Type v,

both ehylomicrons and. pre-beta-lipoprotein are elevated..

More precise info:mation is need.ed. concerrring the prevalence

of the vari-ous tytrres of hy¡rerlipo¡rroteinemia encountered. in the general

population and. their eontribubion to e]-inica]. atheroselerotie disease.

ïn view of the fact that a nw.ber of lÍpids appear related to

the incidence of CïfD and that alJ. are transporbed. l-inked to lipoproteins,

the question arises l¡hether a battery of lipids, a lipid. profile or

the associated- lipoprotein pattern r.¡ould provide a better preùietion

of poterÉial cHD risk tha¡r that given by a single lipid- conçonent.
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Relationship of Diet to Blood- Lipid Levels

None of the epid.enr-iological stuùies of free-living affluent

populations have satisfactorily demonstrated. that either serum 1ípid.

¡¡aIues or atheroscl-erotic d-isease status rel-ate to ùiet eaten by a

particular popuJ-ation grou¡l (Scrimsharrr and Gunzr¡ian, L)68; Keys, L95T;

carlson and. Bottieer, r9T2). controlled studies with experimental

aninal-s and. hr¡'oans have shor¡m that manipulation of a m¡nber of dietary

factors produce aÌmost pred.ictable changes in serum lipid- va.l-ues (t<eys

et a1., 1965 a - d)" Neverbhel-ess, Connor (tg6g) stated "to change the

present high ineid-ence of CHD in the countries of the i¡Iesterr wor]d,,

nutrition is the key measure". Many others also bel-ieve that, d-iet is the

only treatment we have to offer tod,ay that nay possibly sl-ow d-or¿¡n the

atheroscrerotic process. rt is the principal treatment that ean be

safely offered to patients for red.uction of blood. lipids, although

drugs may be of adùitional help in maintaining lor^¡ blood lipid leve]s

in certain t¡rpes of hy¡lerlipid-emia. A very encouraging d,everopment is

the reduced incid-ence of coronary artery disease in persons who have

maintained. a lor¿¡-eholesterol- level wiih fat-con't,ro11ed. diets for five

years oï more (Rinzler, :-968 Turtrreinen et al. , 1968, christakis et al.,

.l97la). Theoreticaffv. tire risk of coronarr¡ n";I)66 and Kannel, l!7la). Theoretíca11y, the risk of coronary h(

d.isease drops by three percent for very one percent red.uction in serum

cholesterol level (CornfieJ-d, L962)

The dietary alterations invol-ved- include 'uotal fat, anÍmal

fats and vegetable oils, saturated and. unsaturated. fatty acid.s and

cholesterol. Among non-fat dietary eonstituenis are protein, starches,

sugar, pectin and plant sterols. These latter com'oonents exert on].y
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a mínor effect on blood lipid.s as corrpared. to effects of d.ietary fat

and. w'ill not be discussed."

Dietary {at and Atherosclerosis

The incrimination of d.ietary fat as the cause of hurnan arter-

iosclerosis d.ates largely flo¡r trriorrd- war r. During the war and. the

acconçanying British bl-ockad.e of Ge::nany, it was noted. exLensively by

Gerrnan pathologists that the incid-ence of d.eaths and. sickness fY'om

atherosclerosis fell sharply. Fol].owing the war, lifting of the food.

blockad.e and. resurrption of the custonary fat intake in the d-iet, the

incid.ence of d.eaths and. morbid.ity flom this d-isease again rose to pre-

war levels in Gennany (Hueper, 19i+l+). Dr.lring Worl¿ Intar fI, history
repeated itself as regards the relationship of ùietary fat and ather-

osclerosi-s" fn this case the observations were the consequence of the

Ge:man blockad.e of the Scand.inarrian cor:¡tries (ivlorrison, Ag:5Z). Even

more recently, ad.d.itional informatÍon corroborating these find-ings

l¡as obtained. from American rrilitary stud-ies such as those of Enos et al_.

(lgll). As a consequence, mm.erous Ínvestigations were begr:n into the

rol-e of dietary lipids in the production of human and aninal athero-

sclerosis.

Before ùiscussing these stud.ies in more d.etail, hor.iever, it nay

be adr¡antageoLts to briefly rerriew the characteristics of d.ietary fat.

General properties of ùietary fat" Dietary fat is conçosed of
p8 percent triglycerid-e, a compound. conrposed. of a molecule of glycerol

and. three molecules of fatty acid.s. since the glycerol moiety Ís the

same in e]] f,¡iglycerid-es, fats d.iffer flom one another d.epend-ing on

the fatty acid.s making r4r these triglycerides. Each fatty acid is
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mad.e up of two parts-a earboryl end and. a hyd.rocarbon chain. rt is
the l-atter which distinguishes -r,he various fatty acids.

Fatty acid.s are classified- as being short-chain if they contain

six or less carbons and an exampÌe of a fat vhich contains consid.erable

quantities of short-chain fatty acid.s is butterfat. The med.ium-chain

fatty acid.s are those with B to 12 carbon atoms and_ an exampls ef ¿

natr¡¡al fat tha+, is a rich source of med.iurn-chain fatty acid.s is coconut

oil. A-l-1 other fatty acid-s are classed. as rong-ehain fatty acid.s.

The most conmon fatty acid.s in natural fats are those eontaining 18

carbons.

Ïn ad.d.ition to chain length, fatty acids nay either be satr:rated

or r:nsatu¡ated.. If they are r.ursaturated., they can be either mono¿nsat¿r-

ated--that is, contain only one d-oub1e bond. or they may be polyunsatu¡ated.-

that is, contain tvo or more d.ouble bond.s. Ex"nTÞfes of these various

classes of fatty acid.s are: stearie acid., an lB carbon satu¡ated. fatty
acid., a principal conrponent of beef taì-row; ol-eic aeid., an l-B carbon

monounsatu¡ated. fatty aeid., the most conmon fatty acid- in our d.iet;

and. linoteie acid., an 18 carbon fatty acid. that contai-ns tl¡o d.ouble

bond.s which are separated- by a nethylene group. Linoleic acid. makes

up 5o percent of the weight in corn, cottonseed. and. soybean oils and.

is the primary poryrrnsatr:rated fatty acid- in tod.ay's d-iet.

Another characteristic of unsaturated. fatty acid.s is their
geometric configuration. The natural configruation of the fatty acids

is the cÍs configuration wherein the carbon ehain is d.oubled. back on

itself. The trans eonfiguration, on the other hand_, basieally yield.s

a straight chain configuration, except for the slight kink in the chain

at the double bond-. The irnportance of the cis and. trans configùration

is in the hydrogenation of oiJ.s in the rnanufacturing of margarine and.
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shortening where unnatural trans isomers of fatty acids are formed,.

Brown (tgsg) found. no indieation that trans fatty acids in a¡ounts

nonnally used. in practical ùiets affeet human beings adversely. The

d-ifficulty in using a hydrogenated- prod,uct is the narked. red.uction of
polyunsaturated. fatty acid.s. Hydrogenation invol-ves the ad.d.ition of
hydrogen, at high pressure and. in the presence of a catalyst, to the

double bond. of a fatty acid., thereby converbing an unsatu¡ated- fatty
aeid. such as oleic to its saturated. analog-stearic acid.. rn general_

the more unsaturated. a fatty acid. the more easily it is hydrogenated_.

Thus l-inolenie acid, is much more read.ily hyùrogenated. than linoleic
acid- which is more easily hydrogenated. than oleic acid.. Thus in the

hydrogenation of corn oil, the polyunsaturated. fatty acid. content can

be markedl-y rowered. vhil-e the saturated- fatty acid. content is only

slightly increased-

Quantity of dietary fat. rt was originally thought that the

total amor¡nt of d-ietary fat r"¡as critical- in a serun lipid-red.ucing ùiet

because of the epid.ernìcrogj-c evid-ence (Keys et al., r95B; Joliffe,
L959) that popuJ-ations eating l-ow-fat diets (15 percent or less of
total caloric intake) fraa lower blood- cholesterol levels and. much.l-ess

card-iovascular d.isease than those eating high-fat diets (l+o pereent of
total ealoric intake). reys (1957) ascribed the effect of l-ow-fat

diets to the decrease in aninal fat, espeei¡]'tJr since sone 1,egeteb1e

oils given in large amounts had. been found. to d.epress serurn cholesterol.

As a consequence the eoncept grew that it was the origin rather than

the amor:nt of ùietary fat that affected serum lipid levels.
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origin of dietary fat. The original breakthrough on the

rel-ationship of serum lipids to dietary fat souïce was made by Kinsell
et al. (tg>Z) who shor,¡ed that the ingestion of certaín vegetabl-e oit-s

v¡as follol¡ed by a pronounced drop in plasma cholesterol and phospho_

lipid l-evels. This find-ing was soon confir:ned. by others (Ahrens et al.,
1955; Beveridge et aI" , Lgjj; Ifalmros and wigand, rgij). However, not

all vegetable oils possessed this cholesterol--lowerÍng effect. Bronte-

Steward et al-. (t956) clearì-y showed that certain marine and vegetable

oils, which in their natural state Iol¡ered. serum cholesterol- l-evets

in man, af'ber hydrogenafion acted. to el-evate serum cholesterol just as

did certain naturally occuring highly saturated fats, e.g., those

d-erived. fYom coconuts and. cow's mirk. Thus, ii tecame clear that the

analysis of the effecis of dietary fats on serum cholesterol shoul-d be

mad-e in terrns of chemical composition rather than in terrns of "animal"

or "vegetable" origin. The highly saturated fats, such as butter and.

coconut oil, tended. to elevate serum chol-esterol l_evels while iso-

caloric.amounts of highly r:nsaturated oil-s, such as safflower oils,
eorn oil and- cottonseed- oil d.epressed, serum chol_esterol_.

It soon became evident, however, that serum lipid. constituents

other than cholesterol- also respond.ed. to manipuJ-ations in dietary fat.
Ahrens et aI-. (ry>rv) reported, a decrease in the phospholipÍd. level_s

of serum when a high polyunsaturated. fat ùiet rvas fed.; a d.ecrease

that paralleled the deerease in serum chotesterol. shapÍro et a1. (tg>l)

found. that changes in serum phospholipid. level were not proportional

to the changes in serum cholesterol l-evel and that the cfp ratio
tend-ed- to be lower follow'ing the ingestion of unsaturated fatty acid-s.
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Qualj.ty of dietary fat. Three main postulates regard-ing the

relationship betr.reen dietary fats and serum chol-esteror d.eveloped.

The effectiveness of the polyunsaturated. fatty aeid,s in lorvering serum

cholesterol- was ascribed by Ahrens et al. (l.g57b) to the total ¿nsatura-

tion of the fats as erpressed- by the iodine nr¡nber (ttre numler of

double bonds per rmit of carbon) and Gr.:nning et al. (rgd+) to the square

root of the iodine mrmber" At the same time, Kinsell et al-. (fgi8)

and- Sinclatr (t956) postulated- that the effect of polyunsatr:.rates on

cholesterol l-evel- was d.ue to the content of essential fatty acid.s (¡¡'l)

in the ùietary fat and that hy¡lercholesterolemia in man might be due to

a biochenrical erçression of EFA d-eficieney" This theory, however, was

untenabre in vier.¡ of the fact that sard.ine, r.rhare and. pilehard. oils,

whieh are exeeùingly poor in EFA but rich in other polyr-rnsaturated

fatty aeids, caused a l-owering of sen:rn chol-esterol, phospholipid. and_

beta-lipoprotein (vtatmros and- wigund, Lg:-T). The third. postulate rrras

that of Keys et al. (1957) ,,no, after six years of e>çerimentation pub-

;.l-ished. their original preùietion equation which rel-ated. changes in serum

cholesterol to changes in composition of dietary fat.

(r)A c = z,Tt+A s - l_.31¿ip

Their equation suggested. a rel-ationship between the saturated.

and. polyunsaturated- fatty acid content of the dietary fat. From the

variety of fats stuùied-, saturated- fatty acid-s, at least those of

chain length longer than t0 carbon atoms, were about twice as effective

in el-evating sen:-m choÌesterol as the polyunsaturates r¡ere in depressing

serum cholesterol. F\:rther e4perimentation by the sarne group (t<eys

et al., 7958) showed the principal dietary monoene fatty acid., oleie

acid-, had. absolutely no effect on serun choresterol levels. This was
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subsequently confÍrmed- by Hegsted- et aI. (l-g6j).

Effect of fatty acid chain l-ength on serum lipids. At first,

all saturated fatty acid-s were thought to affect serum cholesterol

l-eveIs in the sarne rray. Hashim et al. (rç60) reported- that adùition

of a mirbure of glycerid-es of medium-chain length saturated fatty acid.s

to the Ôiet produced. l-ower serum cholesterol levels than isocaloric

announts of butterfat. F-rrthermore, it was shown by Grand_e et al. (rg6r)

and Hegsted. et al. (7965) that satr:rated. fatty acid.s eontaining 10

carbon atoms or less had- essentially no hy¡:erchol-esterolemie aetion.

Ïn fact, as early as L957 Horl-ick and Craig had- shown there was no dis-

cernable rise in blood- chol-esterol l-evels of hrunans when they r¡¡ere fed.

a lc'hr-fat d-iet to t¡ihi-ch srryplements of eorn oil, ethyl l-inol-eate or

ethyl stearate t¡ere ad-d.ed." In fact, with ethyl stearate there appeared-

to be a sustained- fal-l in serum cholesterol. Feca1 stuùies sho¡¡ed

t]nat 65 to 70 percent of the ethyl stearate was absorbed v¡hen it consti-

tuted, 2J percent of the total d.aily calories and- so the cholesterol-

lowering effect was not thought to be an effect of poor absozption.

These finôings by Horlick and. associates l/¡ere subsequently confirmed,

by l4al:nros et al. (t957), Keys et al. (tg61a) and, Hegsted et aI. (lg6]r).

rn fact, Keys et al. (rç6ia) posturated tha.t since stearic acid, is not

involved, palmitic acid (cl-6:o) must be the saturated acid, of primary

importance. Hol',"ever, there is no coqplete agreement on this point.

Hegs'r,ed. et al. (tg6¡) proposed. tha'c proportions of myristic (Cfh:O),

palmitic ancl polyunsatura-r,ed- fatty acids in dietary fats seem as

imporbant and perhaps more important than the percent of calories

contributed. by these acid-s. This concl-usion, however, is limited- to
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the range of fat intakes stud.ied-, 22 t,o l+O percent of the total- calories.

Nevertheless, thi-s range of fat intakes includ.e'l,he linits of practical

acceptable d-iets in the United. States.

Grande et al. 1Ç61 reported that saturated. fatty acids with

a2 to 1l+ carbon atoms in the chain have a slightÌy greater serurn

cholesterol-raising effect in man than equal i.reights of the satu¡ated-

fatty acids ¡.rith l-6 to l-B carbon atoms. Consid.ering the resu-l-ts of

the Minnesota group, it is possible to erplain r,rhy Ahrens et al" (tç>lr.)

reported- lower serum cholesterol val-ues with cocoa butter in the d.iet

than rvhen the fat r¡¡as isocalorically replaced- by butterfat. These t'wo

fats have almost identical iod-ine values and. corrposition in tez:ns of

fatty acid-s cl-assified- as saturated., monounsaturated and. polyunsaturated..

The most obrrious d-ifference between these two fats is that about one-third

of the saturated. fatty acid-s in butterfat have 1l+ or fewer earbon atoms

in the ehain, whereas in coeoa butter a.Imost al-l- of the saturated. fatty

acids are CL6 and Cl-B in rength. Most of the e4perinental findings

so far avail-abl-e on man are consistent with the theory that as far as

saturated- fatty acid.s are concerned, any increase in chain length

beyond- C16 and- any d.ecrease belol¡ C12 resu-l-t in marked. d-eereases in

serrm cholesterol 1evel.

Hegsted. et aI. (tg6il investigated the quantitative effects

of several d.ietary fats on serum cholesterol in man and. found. the

percent myristic acid. to correl-ate highly, R = O.Blf, with increases

in sen:m chol-esterol- l-evel. Palnitic acid- was correlated. to a much

lesser d.egree, R = 0.538. Nevertheless, the conbination of m¡rristie

and- palnitic acid.s prorrides nearly as good. a fit as the combination
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of myristic and. polyunsaturated fatty acid.s. It is sur¡rrising to find.

tbat m¡rristic aeid. appears to be such an irçortant d,ietary variable

in influencing seruln eholesterol- levels. It appears to be a constituent

of all anima.l- fats although the amount may vary from one Lo IZ pez"cent.

Most conrnon vegetable oils other than coeonut oil. contain very 1ittle

mJn|istic acid.. However, Hegsted cautions that the regression equations

are primarily d-escriptive of the infonnation fbom wh-ich the eqr:ations

are d.erived- and. it is therefore hazard.ous to attaeh as much f\r¡etional-

significance to the regression equations as has been done by Keys et

a:-. (rg6f¿).

ln I)JO, Grande et al. specifically tested_ the effeets of

stearic and- palmitic acids on serum cholesterol- concentration. They

conelud.ed. that stearie acid- had. no effect on senim cholesterol- in man

a¡rd. that palmitic acid. had. a d.efinite eholesterol-raising effect. On

the other hand, McGandy et aÌ. (fçZO) found that lauric acid and. stearic

acj.d. were h¡rpercholesterol-emic und.er the cond.itions of their e4periment,

although they r+ere less so than myristÍc and. palmitic acid.s. McGandy's

group fed- a senrisynthetic nixti:re of triglycerides wherein the fatty

acid.s of natural- fats were transesterified. a¡d. therefore, equally

distributed in aIL positions on the glycerid.e moiety. The hyperehol-

esterolemic effect of stearie acid- in the senisynthetic mixtures

contrasts its l-ack of effect in tal'tow and. eocoa butter. Thus, it
appears that in ad-ðition to the knovn effeets of chain length and.

saturation, the position of a fatty acid. on the glycerid.e molecule also

infl-uenees its metabolism.

Because the cholesterol-raising effect of saturated. fatty acid.s

v'ith 12 to 16 carbon atoms is twice as great as the cholesterol-
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depressing effect of polyunsaturated fatty acid"s (tçeys et ar. , rg6rd),

fats containing tlro parts of polyunsaturated. fatty acid. to one part

satr:rated. fatty acid. shoui-d. have no effeet on serum chol-esterol con-

centratíon. Grande et al. (ryrz) tested- this hypothesis using ti,¡o such

fat ¡rixbures-olive oil--safflower (OS) at T3 anð. ZT percent by weight,

respectively and saffl-or¿¡er oil-palm oil (se) at 6t and_ J! percent by,/
weíght, respectivety" These vere fed. at d.ifferent revels-os at, 23

and 68 grarns, os-23 and os-68, respectivel5and. sp at 63 grams, sp-63.

Ïn ad-dÍtion to the fat supplements, the effects of an isocaloric sub-

stitution of carbohydrate (Cffo) for fat were al-so stud.ied.. There was

no d.ifference in the serum chol-esterol level-s anong the fat sr4rplements

and CHO diets.

The conçarison betrveen d.iets sp-68 and. os-68 amounted to the

replacement of t.B percent of cal-ories prorrid.ed by monoene fatty acid.

glycerídes by a mirbure of saturated (c12 to Cl6 [sJ) and polyunsaturated

þ-J rutty acid glycerides. The s' and p fatty acids provid.ed 3.2 and

6.6 percent, respectively of the energy content of the diet. lhis study

d-emonstrated that at thís calorie level, any mixbure of saturated- and.

polyunsaturated- glycerid.es with the varue zs/ - p equar zero is equiva-

lent to monoene fatty acid. grycerid.es with regard. tc its effeet on

serÌrm cholesterol. The fact that the three diets sp-68, os-68 and

OS-23 produced. serltm cholesterol levels that were not signifieantly
d-ifferent flom that observed- on the carbohydrate d.iet d-emonstrated.

that the fat roixbures contained. in these d-iets cou-l-d. be isocal-orieal-ly

replaced. by carbohydrates as r,¡ell- as monoene fatty acid.s ¡^¡-ithout

affecting the serum cholesterol concentration. These resu-l-ts are in
agreement with prerrious work-Keys et al. (tg$a), Hegsted et al. (tg6>) ,
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Fetcher et al. (tg6T), l4cGand,y et aI. (tglO). Also in agreement r,¡ith

general experience, serum phospholipids ctosely parall-eI seru.'n cholesterol.

Grand-e et a1. (l-gtZ) have also reported saturated- fatty acids

from 12 Lo L6 carbon atoms seem to have litt1e effect on sen-Lrn tri-
glycerid-es. They shoi.red- that the plasma triglyceride l_evel, und-er

conditíons of their experiment, increased. when carbohydrate was sub-

stituted- for ùietary fat containing primarily C12 to cr6 fatty acid.s,

l¡hich agrees irith prerrious observations by Anderson (ry6r). The

significance of these observations to cHD, however, remains to be

ansr¡ered-. carlson and, Bottigeï ( rg7z) reported. ihat both serun tri-
glyceride and. chol-esterol have a direct causal relationship lrith CHD.

These latter findings suggest that one must consider dietary effects on

both serum lipid-s sjmu_l_taneously

In ad.dition, Grand,e et al-. (WfZ) included a butter supplement

in the preliminary and- finar period-s of their experiment to provid.e

an inÍtial- and. final reference poin',, that r.¡as id.entical for all men.

Serr:m cholesterol and phospholipid I evel s weïe higher r¡¡ith the butter

than with the other test diets. changing fyom the test fat diets to

the butter-supplemented. diet resutted. in an average increase in sezrrm

triglycerid.e levels of 2! mg. per loo ml. whereas changing from the

test-fat diets to the carboþdrate-supplemented. d.iet resu-l_ted. in a

75 l¡rg. per lOO nil. increase in serun triglycerid-e levels. The authors

postulated. that the relative hy¡reririglycerid.ernic effeet of their butter

ùiet may be, at least in part, related to its content of stearic acid-,

which in this parbicular experiment r.¡as about six percent of the total
calories. And-erson (ry6r) and- Grand,e et at-. (rgzo) had previously

reported. higher serum triglyceride level-s when d.iets containing beef
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talJ.ow were substítuted. for d.iets containing coconut oi1. There is a

higher proportion of long-ehain saturated fatty aeids ( namely,

palmitic and. stearic) in beef tall-ow as compared. to coconut oil. It

wouJ.d- appear that the long-chain saturated. fatty acids in the d.iet

resulted. in an increase of serum triglycerid-e levels" fn fact, the

Min¡esota group (Grand-e et al., L972) have conclud.ed. that saturated.

fatty acid.s with fewer than l-2 earbon atoms and. stearic acid, which

do not affect serum cholesterol, produce elevations of serum triglycer-

id-es. On the other hand., satr:rated- fatty acid.s from l-2 to 16 carbon

atoms, which el-evate serum cholesterol- concentration, seem to have

little effect on serum triglycerid-e levels.

However, the final lvord- has not been r+ritten on the role of

d.ietary fat and blood. lipid.s in rel-ation to atherogenesis.

Relationship of Dietary Cholesterol to Bfood Lipid-s

The d,ietary intake of chol-esterol in human ad-uì-ts varies

betv¡een 200 and. BOO mg. per d.ay and. is highest among ind.iyidualswith

high intakes of saturated. fat. The bod.y synthesizes approximately

2,000 mg. daily -BO percent of this is synthesized in the liver and

another ll- to 12 pereent is forrned in the intestine. In general,

increased cholesterol intake results in a suppression of cholesterol

s¡mthesis in the 1iver. 0n the other hand-, dietary cholesterol apparently

has no direct effect on intestinal synthesis. Keys et al. (tg6¡A)

reporLed. that a !O percent d-ecrease in d,ietary eholesterot r,rill- prod-uce

an average d.ecrease in serum cholesterol of only about T mg. per l-00 n1.

Thus, in spite of the effeet on chol-esterol s¡mthesis, level of d.ietary
6i vr{u-r{€,4,

cholesterol has a minor effect on serum cholesterol concentrations.

The true signifieance of cholesterol in fab-control-led. d.iets
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appears when consid-ered- in rel-ationship to the amoi:nt and- proportion

of fatty acids and total fat in the d-iet. The triangle d.iagram of

Hegsted et a]-. (L965) illustrated ho¡.¡ a change in one fatty acid-

colçonent*saturates, monounsatr:rates or pol¡n:nsatr:rates*alters the

proporbion among all three. Frrthermore, Hegsted et al. (tg65) found.

the proportion of fatty acid.s to be of greater imporbance in pred-icting

changes in senim cholesterol level than was the percentage of calories

flom each of these as proposed by Keys et af. (rg6:¿). Ahrens (l-.g}l)

states that in order to obtain an ad.equate reduction in serum cholesterol.

the polyunsaturated fatty acid. requirement increases as the d.ietary

cholesterol rises. For a reduction of tB to 22 percent in serr¡n

cholesterol IeveI, a d.iet r¡ith 2OO rng. of eholesterol requÍres 1! per-

cent of calories as polyunsaturated. fatty aeid-s a:rd- one with 100 mg"

cholesterol requires 23 percent of total cal-ories as pol¡runsaturated.

fatty acids. The rel-ationship of pol¡n-rnsaturated- fatty acid.s to ùietary

cholesterol is not línear-because intakes above 75O mg. of d-ietary

cholesterol d-aily have been found, to have littl-e effect on serum

cholesterol ]-eve]-s

Iffect of Total Cal-ories on Blood. Lipid.s

In ad.ðition to d.ietary fat and. cholesterol, total calorie

intake has been assoeiated. with the level of blood. lipid.s in man"

And.erson et al. (l]¡il showed that there were signiflcant Cec::eases

Ln total cholesterol level-s in young voLurrteers on a Ior,¡-caloríe ùiet

even when the åietary glycerid.es and. cholesterol were constant.

In contrast to eal-orie restriction, Kartin et al. (fgU+) reported-

icrease in serum cholesterol, large ;; in phospholipid.sa significant increase in serun cholesterol, l.a

and. critical ehanges in triglycerid.es in man during total stan¡ation.
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These changes T¡rere reversed. by ingestion of carbohydrate. Although

these stud-ies are not directly corçarable, they d.emonstrate the critical
balance between calories and. blood. Iipid.s.

Like cal-orie d-eficit, the effeet of exeess calories on serum

lipíd levels has not been well defined.. However, And.erson et a1. (ry¡r)
reported- that each one pereent increase in the amount of calories con-

sumed. above the eucaloric intake will lead. to an inerease of about

2 mg. per 1oo mI. in the se*:m cholesterol concentration. A gain in
weight is most flequently associated. v-ith arl excessÍve intake of
calories" A¡d.erson et al. (f957) also reported that a eontinued_ exces_

sive intake of calories for 10 weeks resulted- i-n a eonstant increase

in senrm. cholesterol level until- both bod.y weight and. cholesterol

levels reached' plateaus " Both increases r,¡ere read-ily reversible by

a red-uction in the eonsunption of calories. Garbraith et al. (rç6h)

have reported- that when bod,y weight is rapidly reduced, the fall_ in
serw0 cholesterol concentrati-on exceed.s that which can be attributed.

solely to changes in the composition of the food-.

An additional- factor apparently contributing to the excessive

norba]-ity flom CHD seems to be overweight and_ obesÍty_both associated

with d.ietary calorie excess. The relationship between incid.ence of
cHD and changes in body weight, in the I2-year forloir-i4r to the

trTaminghan stud.y (Kannel, LgZla), have shol¡n that men whose weight

increased. more than 20 pereent over this time ran a much higher risk
of d.eveloping a coronary than men who maintained. their weight within
p0 to 120 percent of their original weÍght. These observations may not

be the result of increased. body weight per se beeause the eoncomitant

increase in serum cholesterol level may strongry eontribute to cHD
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risk.

. It is interesting to note that the rnethod. of weight red.uction,

be it through d-iet mod-ification or increased. energy expend-iture,

i.e., physieal exercise, does not play a significant role on the effect

of serum lipid- eoncentrations.

Trend.s in Fat Disan¡earance

Fat d.isappearance in canada, Ì960 - 1920. rn viev'of the facts

quoted. concerning d-ietary fat and- its relation to blood. lipid.s and.

atherosclerosis, it is of interest to stud.y the changes in avairable

food. sr4rpl-ies in this eountry over the rast d.ecad,e with parbicular

emphasis on fat su¡rplies " Data in Tabte 2 give the apparent per capita

d-omestic d-isappearance of food. in the .]-ast decad.e. There are l-initations

in applying food. d-isappearance d-ata to the calculation of food. consurc¡r-

tion patterns. No aIlol¡ance is mad.e for waste between retail and.

ingestion; no d.istinction is rnad.e between indívid-uals, househord.s,

restau¡ants or institutions and- some items may be onitted. because of

lack of d.ata. Ftrther d.etail-s on the method.ology involved- in coll-ecting

such d.ata and. limitations of the interpretation of inforration thus

gathered have been presented- by Cal't and- Slnchez (t96Ð.

Per capita consurbtion of fats and- oils has increased. )+.1+

pereent since L965 arrð, J.2 percent since Lg6O. The increase is primarily

d.ue to margarine, shortening and. shorbening oils. There was a slight

inerease in butter consur¡rtion. By contrast, 1ard. consmption has

d.ecreased- markedJ-y. In general then, the increased. consr.raption of fat

fÞon the "fats and oÍls" eategory is in the polyr:nsatr:¡ated. fatty acid.s.
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disappearance of food ín

Pounds per capita

L970 1965 1960

1970 1970

1965 L960

Oils and FaËs

Margarine
Lard
ShorËeníng
Other oíl-s
ButËer

shortening oils
fats

9"3 , 7.0
N.A" - 7 "2L5,2 9 .9
s.7 4.7

15 "7 15. 1

and
and

7"5
9"4
9.4
4.L

13"7

+2.3

+5. 3
+1. 0
+0. 6

+1. I
+5"8
+1. 6
+2.O

Total o1ls and fats 45.9 43 "9 t+4 "l +2,0 +1. B

Meat (carcass weíght)
Pork
Beef
Veal
Mutton and lamb
Of fal-
Canned meat.

55. 3
84. 0
4"s
3.5
3.4
4.7

49.2
7 8.7
8.0
2.8
3.4
4.2

55 "2 +6. 1 +0. 1

69.2 +5. 3 +14. B

7.6 -3.5 -3. i
3.2 +0.7 +0.3
4.9 0.0 -i.s
7.5 +0.5 -2.8

Total meat 155.4 146"3 L47.6 +9.1 +7.8

Poultry
Chicken
Fo¡¡1
Turkey
Duck
Goose

30. 5
3.8

10. 0
0.3
0.2

18.7

8.0

15.1 +25"6 +29"2

5.5 -7.5 -5.0

Total- poul-Ëry 44,8 26,7 20,6 +18.1 +24.2

Fish
ToÈal L2.9 15. 5 12.7 -2.6 +0.2

Mllk and Cheese 58. 0 60,6 6s.4 -2.6 -7.7

Eggs 32"7 32"1 36.7 +0.6 +4.0

Dominlon Bureau
Catalogue No.32

Not available aË

of StaËisËícs, (Statistics Canada) Ottawa, hÈ.,
- 226 Annual (1960, 1965, 1970).

rel-ease daËe.
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A¡.other sign:ificant souree of ôietary fat is meat " This is of

particular interesi because much of the fat i.s satu¡ated-" Total neai;

(carcass weight) ùisatr¡pearance has inereased !.! percent since 1965

and 5.1 percent since A960. Pork d-isappearance r¿as the same in 1970

as 1960 although there was an IL percent deerease frorn 1!60 to l-)65

a¡rd. a corresoond-ing increase fYom 1965 to I9fO" Beef disatrryeararce

has stead-ily increased-urp 6"3 ¡ercent sinee 1965 and. up f7.! percent

since 1960" Veal consurçtion has steadily d.eelined-.

Total poultry intake has almost doubled" since L965 UO.h p"t-

cent) and- has more than doubled- since 1960 (59,5 percent)" Egg dis-

allpearanee has changed l-itt1e since f965 Q.B percent) lut has decreased

consid-erably since Lg6O (L2.2 percent). l,litk and- cheese disappearance

has fall.en )+.5 percent since 1965 and 12"8 percent since A960.

It atr¿pears flom Canad,ian market disaptearance trend.s that

Canaùians are pr.rrehasing more oils and- fats, more red meats, considerably

more poultry, less cheese, milÌ and. eggs today than in 1!60 or 1965.

The Ca¡rad-ian d,iet tod.ay appears to contain more polyunsatr:¡ated- fatty

aeid.s and. less saturated- fatty aeid.s and. eholesterol"

Although not identical, food. d.isappearance data fYom the United

States has been available since 1909 and- may give more information on

Long term trend.s in fat ùisatr¡pearanceo In ad.d.ition, the American d.ata

provid.e infomation on the ehanges that have occurred. in the consrmption

of the fatty acids of food fat"

Fat ùisaupearaJrce trend.s in United States 1q61. Data

re¡lorted. by Antar et al.

narket sr4rplies flcnn 1909

on changes in the

shqv¡ interesting

(rs64)

- 196r

United

shangeS

States retail

in total
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retail sq)plies of d,aíry prod.ucts, lard.s and. fat pork" As a eonsequence

of these chânges, fat flo¡r these food.s reached. a peak of ar¡ailabiliiy
in the late twenties which r¿as maintained until lplO and- then began

to d-ecrease. Supolies of margarine, shortenings and. other vegetable

oils increased during the same period.. Egg supplies reached. a peak

around- I95O, then began to d.ecrease.

Total fat avaíIab1e per person in the u.s. has increased. onry

12 percent over the period l?09 - 1!6J_ and this increase is nainly in
the market srpply of oils r.¡trich provid.e an increased. percentage of
unsaturated. fatty acid.s " There r.ras a consid.erable d-ecrease Ín supplies

of the saturated. fatty acid.s flrrnished. flom d.airy prod.ucts, rard., fat
pork and- eggs fbom L9j\ to 196r" This was conrpensated for by the

increased. srrpply f"rom meats and. poultry" The Íncrease in the satr:rated.

fatty acids fYom 1909 to f!61 r,¡as relatively smalt (Z percent) in
eonrparison to the increase in the polyunsaturated- fatty acid.s r¡hich

a¡ounts to 37 percent. Consequently, the ratio of polyunsaturated- to
satnrated. fatty acids has increased- flom O.el+ to O.31 (abo.ut Zg percent)

over the 53-year period, 1909 to L961"

rn this period it seems that atr¡groxiroately one-third of the

saturated. fatty acid.s came flom d.airy prod.ucts, another third. was

fì::nrished. by the fat of meat, poultry, fish and eggs and the rest is
provided by a.l l other fats and oils. Another intriguing finùing is
that the chañge in sr4plies of ùietary cholesterol in the same ti-me

period has been relatively sma.ll (2"5 percent)" A pealc was reached

in 1950, after which cholesterol arrailable in narket sr4lplies bega.:e

to d.ecrease prinarily as a result of a d-ecrease in egg su¡plies"
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Present Dietary Recorunend.ations For Serur Lipid.-Red-ucing Diets

fn spite of the trend.s which have occurred. in fat consr.:rnption

(on basis of food- d-isappearance data) it tras been strongly suggested.

that fat intake continues to be too high and- that dietary fat contains

too much saturated- fatty acid.s. The American Hearb Association has

recently issued- a statement on "Diet and. Heart Disease"l r+hich strongly

sirpports the theory that d.iet is of value in red.ucing the flequency of

heart d.isease in general and- myoeard,ial infarcts in particular. It

recorunend.s a d-eerease in the intake of saturated- fats and. an increase

in the intake of polyunsaturated fats. An intake of less than hO per-

cent of total ealories from fat is consid-ered. desirable. Of this total,

poI¡n:nsaturated. fats should. probably equal twice the quantity of satur-

ated. fats" Alfin-Slater (L969) has suggested. one way to folloti these

reconmend.ations is to substitute ehicken or fÍsh for beef . f"¡ederiekson

et al. (fgZO) in The Dietary MjLILagernent of Hyperlipoproteínemia. A

ilandbook for Physicians also recommend- the substitution of fish or

poultry for beef and- in most cases restrict beef intafte to three

3-ounce lean porbions weekly" They flrrther suggest that hy¡rerlipidemics

avoid. prime grad-es of beef because these cuts are most hearrily marbled-.

These restrictions may be very d-ifficul-t to follol¡ for mid.dl-e-age men

r,ùro enjoy prime quality roasts, steaks, ete. Perhaps, the restrictions

Í:r¡rosed. on beef intake may be too severe in vier,¡ of the fact that oleie

and. stearie acid" seem to have little effeet on blood. lipid-s, particu1arly

cholesterol. The fat in beef is primarily tall-ow which has a fatty

lPresented at the. )lst Annual Meeting of The American Dietetic
Association in San tr'rancisco on October 18, 1968.
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acid. content as presented, in Table 3" Oleic and. stearic acid. acco¿nt

for 63 percent wh-ile pa.lmitic acid- accounts for about 25 percent of

the totar fatty acid.s. Even though palmitic acid- accounts for one-

quarter of the total- fatty acid.s in beef tal l owr if a polyunsatr:rated-

oil is consurned- in the sa¡ne meal as the beef it could- negate the

hy¡lereholesterolemie effect of palnitic acid..

Another point to emFhasize Ís that many of the stud-ies quoted.

were carried- out on hy¡rerlipid.enic or mentalJ-y d.efective subjects or

prisoners. The various fatty acid.s.may exert d.ifferent effects on

noz:naI, heaÌthy, free-riving subjects having a mixed. d.iet containing

a typical d-istribution of calories fbon protein, carbohyd.rate and-

fats" In fact, there is a paucity of d.ata for what might be con-

sid.ered. normal, free-living ind.ivid-uals.
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Table 3" FatËy acid content of edíbIe beef tailor.'.

FaËËy Acid 7" of. Total Fatty Acids

Myristic

PalmiLíc

StearÍc

Oleic

Linol-eic

ClZzO

C16 :0

C18:0

C18: 1

Cl9z2

2"7

24.5

23.5

39"5

3"6



OB"TECTTVES OF STUDY

The object of the present research r"ras toj (1) investigate

the effect of beef tallor¡¡ on serrl-m lipid. patterns in healthy young men

when beef talJ-ow served. as the prime source of d-ietary fat and- provid.ed.

about )+o percent of the total ear-ori.es in a rnixed- diet ; (z) conpare

the serurn lipid. response on the beef tallow d.iet to that observed. on

the same d.iet having an isocalorie substitution of corn oiland.

(g) confirm that a high level- of stearic acid in the ùiet is not

hy¡rerchole st erolemi c .
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METHODS

The pu4lose of the present investigation r¡¡as to comtrnre tle effect

of beef tall-ow with that of corn oil on blood- Iipid. patterns in
healthy young males. Men were maintained. on a test d.iet having.. as the

sole source of dietary fat, an isocaloric substitution of beef tallow

for corn oil-.

E>qlerimental Design

The study includ-ed. two 28-d.ay metabolic triar-s, designated. as

Trial- A and- Trial B, cond.ucted. d.uring Septernber, October and. November,

L9zl. The trials Ì,rere separated- by a 1S¿ay non-erperimental period..

The first six d.ays of each trial served. as a stabitization period- d.uring

which a stand.ard.ized- d"iet typical- of that eaten by Canad-ians r+as fed..

The purpose of this period. was to d-etennine ind-ivid.ual caloric require-

ment, to all-ow the blood lipid- patterns to stabir ize and. to provid.e

time for the introd.uction of the men to the routine of the stud-y.

The following 22 days of each trial served as the experimental

period- when subjects received d-iets containing approximately I+O percent

of their total d.aily caloric intake as fat. rn Triat A, 95 percent of

the fat was prov-id.ed. by beef tallow whereas in Trial B, corn oil- provid.ed

!l percent of the fat.

Meal-s generally $¡ere served. at the customary hours although

attenpts r.¡ere mad.e to accomod-ate individ.uals' l-ecture time-tables. fn

ad.d-ition to three meal-s daily, the subjects received three snack items

.daily. Fixed recipes (Ravensdale, I)IZ) were fo1loi.¡ed. A1I food

seruings r,¡ere stand.ard-ized. and- r.¡ere i,ieighed_ or measuïed. for each

32
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ind-iuidual"

E4perimental fats were purchased- in single lots and- stored. in

sealed. containers. Beef tallorir, talIow margarine and corn oil margarine

r.¡ere stored. at 7oC in a home-style electric refYigerator while the corn

oil was kept at room temperature. Other staples were similarly bought

in single lots and. stored at appropriate terperatures for the form of

the prod.uct " Fresh dü, bread and. prod.uce T¡rere purchased. fbom a single

loca1 source. All entrees and. snaek items Ì{ere prepared- in ad.vanee and.

stored- at -lOoC until needed.

Subjects weighed--in d.aily before breahfast and. inùivid.ual caloric

intake was periodically ad-justed to maintain constant bod-y weight "

Fasting venous bl-ood. sarrpJ.es were obtained. before breakfast on

Days 1, 6, 2I and. 28 of eaeh trial. Sera were removed and. stored until-

used. for chemical- analysis.

Trrrc menus r,¡ere alternated. d-aily in both the stabilization

period-. and. the eqrerinental period.. During the stabilization period.,

the menus were d.esignated. SMl and. SM2 whereas during the e4perj-mental

period. the menus were designated. as tr'141 and. F142. SMl and- SM2 were

identical for both stabilizatÍon periods " Sirnilarly, FI!fl- and FI42

'were the same in each trial except for the fat source; beef tallor^¡ in

Trial A and- corn oil in Trial B.

She syrTmetrical block design of the study facilitated obtaining

representative san,¡lles of al-J. meal-s from eaeh menu for each ind.ividual-

during both trials. The procedure r+as to weigh out a duplicate meal

to the one consumed- by the subject whose meals were being collected.

for that d.ay. Daily coraposites rrere *"Uu of alJ. meals and. snacks and.

the composites were stored. at -1OoC until analyzed..
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Dr:ring the pre-ex¡lerimental period., composites r,¡ere mad.e on two

separate d.ays for three of the subjects in Trial A and- for the other

three in Trial B. Single daily composites also were collected. for eaeh

subject during two 5-day intervals-Days 9 - 13 and. Days ål+ - 28 inclu-

sive-in both Trial A and. Trial B. Thus composite menus r¡ere col]ected.

on two separate days for each of the subjects d.uring both Trial A and-

Tríal- B.

Subjects

Six healthy college males, aged 22 - 3\ (average 25.6 years)

were chosen from vol-rrnteers r.¡ho responded to notices adverbising the

stud.y. The subjects were selected on the basis of physieal exaninations,

blood. lipid- analysis, expressed cooperativeness and avail-ability. they

were of aveïage height and. weight (ta¡fe l+) with no diagnosed- metabolic

ðisord-ers or recent history of poor health. The men maintained. their

normal activities and resid.ed. in their own homes. Any unusual activ-ities

were record.ed-. All- were fed. in the Home Economics Building, University

of Manitoba. Particular emphasis was placed. on the fact that no other

food.s were to be consu¡oed.. General instructions given to the partici-

pants are found in Append.ix Tab1e 1.

Five of the six subjects served. successfirlly. One subject was

replaced, for Trial- B. It was bel-ieved. that the subject (ttt.f .). who r^ias

replaced., had- not adhered- to the regime and subsequent analysis confirmed.

this suspicion. The subjects l.iere friendly and cooperative and ate

r,¡elI at all times

Test Fats

The test fats used. in the experiment r+ere beef tallor,¡-bleached'
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Table 4" Physical data of subjecËs.

hleight (Kg)

Subj ect
Age

(yr. )
Heíght

(cn.) Initial
Trial A

(Beef Tallow Díet)
Tría1 B

(Corn 0iL Diet)

C "I^I.

L.R.

P. B.

c. B.

V.M.

M.T.2

R.H.3

22

23

34

27

22

25

32

L77

183

L75

r49

t7t

180

TB2

75 "6

8å. s

82. I

63.5

95.0

79.6

7 6.9

z6.o t 0.31

86.0 t 0.7

82.6 ! 0 .4

64.0 I 0.3

94.7 ! 0.4

80.3 + 0"8

76.4 ! 0"4

86.8 t 0.6

83.5 r 0.4

63.8 r 0.6

94.1 r 0.3

76.8 t 0.3

1 t""n t S.D. for 28 daily weíghings.

2 Participated in Trial A on1y.

3 ParticipaËed in Trial B on1y.
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clarified., d.eod.orized-rl a special]-y prepared- ta]low rnargariner2 
"orn

oi1r3 and. sofb corn oil margarine (Fleischmann,r).1* Fatty acid. comp-

osition of the various prod-uets was analyzed. by gas-liquid- ehromato-

graphy'.

Dietary Coqlosition

The fat-eontrolled. test d.iet was d.esigned. to closely resembl-e

a ty¡licaI Canadian d-iet but wåth the fat portion d.erived solely from

one source; beef tall-or,¡ or covn oi1. A two-day menu rotation, FTvLL

and- IM2 (Append.ix Table 2), whieh provided about )+O percent of the total-

ealories fbom fat, h/as forrnul-ated- using texbrred. soy protein (rvp)5

skím milk and. egg albumin as the primary protein souïces. Three d.iff-
erent physical fo:rns of TVP r¡râs llsêd, to prepare beef stew, meatba1¡s,

pork casserole and- meatl-oaf . Tr,¡o of these entrees per d.ay provided.

approximately 54 percent of the total fat intake. Addítion of tatt-ow

or corn oí1 to cooked. cereaÌs, scrarnbled- egg arburnin, cookies and.

nruffins prouid-ed. l) percent of the fat. The remaind.er of the fat r.¡as

st4rplied. by the eorn oil or tal]ow margarÍne. Varíety was provided. by

rand.om variation of the fYuit and- vegetables served-. Bread. was includ-ed.

at all meals to utilize the margarine and- also to pennit subjects to

wipe qp any uisible fat remaining on the seruing d.ishes. pickles, soy

lcanad.u. 
Packers

2canad.a Packers

Ltd-., !trinnipeg, Ivlan.

Ltd.. , Toronto, Ont .

fuest Foods Division of the canada starch co. ltd., I4ontreal, p.0,.

hstand.""d. Brand.s Ltd,., Winnipeg, Man.

5grcher Daniels Midl-and
rrt. 62526.

Co., \666 Farj-es Parkway, Deeatur,
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sauce and. ketchr4l were available.

Ad.d-j-tion or removal of such items as sucrose, bread, potato or

fir'uit pertitted- al-teration in the caloric intake if subjects demon-

strated. weight loss or gain. A correspondiag alteration in margarine

intake maintained. the percentage of fat calories at approximately

hO percent.

Each d.aiIy menu'r*as d.esigned- to includ.e a]'l food. grou¡rs and-

provid.e variety in terbure and. flavour. AJ-L recorm.end-ed- nutrient

allowances 'were met accord-i-ng to the Canad.ian Di-etary Stand.ard".

The stabilization d.iet was simila¡ to the ex¡reri:nental d-iet

except that ord-inary meat , whole mj-l-k and. eggs r as weIL as the usual

fats and. oils (butter, mayonnaise, lard. and. vegetable oiJ- shortening)

were used. (Append.ix Table 3). As in the ex¡perimental diets, fat

provid-ed approxlmately hO percent of the total daiJ-y cal-oric intake.

Meal Analysis

Daily meal composites for eaeh Ínûividual ¡¡ere thawed- at room

terrrperature, weighed. and- homogenized. vrith 200 - 300 m]-. of d.istilled.

uater in a one-gal. Waring commercial blenaer6 (Uoael 50119). A Zo-glo.

portion of the homogenate 'wa.s lyophilized. in a Model 1O-1)+OBA Virtis
7

tr*¡eeze Dryer.' Analysis of meal-s was con¡pleted- by Ravensdale, (tglZ) 
"

Bloôd- Investigation

Sera collection. Fasting blood. saÍçrles were draçn fYom the

Tlotor Electric Co.

Tvirtis co., rnc.,

, Toronto, Ont.

Gard.ner, N.T., 3,2525.
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antecubital vein (a tourniquet being applied briefly) prior to break-

fast on Days 1, 6, 2L and- 28. subjeets had- been stand.ing for at least

10 nlnutes prior to sarrpling. Approximately 35 nl. of i,¡hole blood. was

drawn flom each person into lo-nr. vaeutainer tubes (eo lro. t*zo).8 rhe

blood. was all-owed. to clot Ín a slanted. position at room terçerature for

one hor¡r. The elot r,¡as separated. from the valJ-s of the tube with the

tÍp of a Pasteur pipet. The Vacutainers were then centrifrlgedg at

1r)+oo x g for 1o minu'r,es. Five 2 - 3 ml. porbions of the sera lrere

pipetted. into 1o-m1. screr¡-top glass vials and. stored. at -looc for

later ana-lysis.

Prior to analysis, sera were thawed- at room ter,perature for a

half hour. Sera fYom each subjeet r¡¡ere rand.orn-ly analyzed. in duplicate

(two reaùings taken for each dutrrlicate) tor total cholesterol, free

fatty acids, Iipid. phosphorous and triglyceride. A standard (Moni-trol I,
lot No. Ltd. 112 A, n)lo roas run for all detenuinations. fn ad.åition,

lipoprotein patterns were d.etermined. by electrophoresis and. the fatty
acid. conrposition of the lipoprotein fractions, obrtained. by ultra-
centriflrgation, was d-eter^mined..

Chenical Analysis

Total cholesterol. Total cholesterol r,¡as d.etermined. by 'r,he

method d-escribed- by pearson et al. (tgSz). This procedure utilizes a

mod.ified. f,eibe:rnann-Burchard. reaction, which consists of treating the

BC"tl"O Laboratory Equipment, Winnipeg, Man.

lUoa"f ml-2368p-2, Centrifuge, ïnternational Equipment Co.,
Needhem Ilts., Mass.

l%"de Division, American lfospital- Sq>p1y Coï?., l,lia.ni, Fla.
33]-52.
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serum with aeetic acid-, p-toluenesu-l-fonic acid-, acetic anhydrid.e and

sulfi;ric acid..

Free fatty acid.s" The method of quantitation used- r,ras Mosinger's

(tg65) photometric adaptaiion of Dole and- lvleinertz's (f960) mÍcro-d-ete::¡ri-

nation of free fatty acid-s. The method requires onJ-y 0.1 ml-. of serum.

Lip_id phosphorous. Deternination of lipid- phosphorous l\ras

carried. out accorùing to the procedure of Fiske and- Subbarow (l-]25)

w'ith the following moùifications " The samples r¡¡ere evaporated. to

d:Xmess in 30-m1. riricro-Kjeld-ahl flasks on a steam bath. They l^iere

then charued. with 1.0 mJ.. sul-fì:ric acid, on the Kjeld_ahJ. d-igestion

apparatus. Peroxide r¿¡'as ad.d-ed. ùirectly to the hot acid. ¡rixture to

give quieker oxidation.

Sen¡n trigfyceride. Serum triglyeerid_es were d_ete:rnined. by

the method. of Van Hand.el and. Zilversmit (tg>l).

Serum lipoproteins. (i) Electrophoresis. Electrcphoresis of

the sera r¡¡as carried- out accorùing to the method- of Beckering and- Ell-ifson

(fçZO). The cellul-ose a,cetate strips were scanned. at a resolution of

five on a Mod-el 552 Densi"o"d-ll d.ensitometer fitted- with filter

No. 5265, The areas of the peaks wese d.etermined by means of a

planimeter and. the ratio of the beta- to pre-beta-lipoproteins was

cal-cr:-lated.

(ii) ll-tracentrifirgation. - The ùifferent lipoprotein flactions

were separated. by centrifugation with a Mod.el L350 preparative centri-

llPtotolrolt Ccryr.) N.Y., N.ï.
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f\rge equj-trryed with an F30.2 rotor according to a mod-ification of the

method- described. by Havel et al. (lgii). T\^¡o ml. of sera were pipetted

into eellulose nitrate tubes to which 7"0 nI. of saline solution (tina1
soli¡ent density-t 1: - r.063 t o.OO5 æ. per rú.) were add.ed. The4u

very lovi density lipoprotein fractions (ttrll) were separated. by

centrifirging at ZTTOOO rpm for 20 hours at ].5oC and the top J_.0 m1.

porbionl¡ras removed. using a pasteur pipet and- collected. in a 1.o rnl_.

voli¡¡oetric tube. This portion r¿as then transferred. to a serew-top

glass vial. The 1or,¡ d-ensity lipotrrrotein fbactions (r,nr,) were then

separated by ad-d.ing 1"0 nù" saline solution (rinar so}¡ent density--
200

" -Eo - 1"019 + 0"005 gn. per n,1.). The rÐl fyaction, concentrated

in the tcp 2.0 nl. portion, also r¡¡as transferred_ to screw-eap rrials as

d-eseribed for VIÐL" Al1 fYactions were stored at -lOoC until anaÌyzed.

Lipid extraction fbom l-ipoprotein fbacti.ons. The saline

portions eontaining the lipoprotein fTactions separated by centriflga-
tion were exbracted. using chlorofoi:n:methanol (zzt v/v) accoròing

to Folch et at. (tgrT).

Fatty aeid anal-yses" Methyl esters of the fatty acids were

pre¡rared- for chrornatographic analysis using the nethod. of Ba¡nes and_

Hollod'ay (lgfz). The chlorofo::m extract Ì¡as er¡aporated. to dryness under

nitrogen and. 1.0 ml. of o"5 tr nethanorie NaoH was added." The tightly
sto¡rpered. vials were heated. four ¡rinutes in a:r BOoC rnraterbath. The

vials were cooled.; 1.o ml" porbion of BF3 - cH3oH was add.ed direcbly

to each via-l and. the vials reheated. at Booc for two ¡rinutes. one u_1.

Ca]- .

l2nectna¡r rnstrumerrts rnc., standford rndustrial park, palo Arto,



Ll
of saturated- NaCl and. 1.0 ml-. of n-pentane were ad.d.ed to each vial- and.

the methyl esters erbracted. by shaking. The pentane layer was removed-,

concentrated. under nitrogen and. injected. d.irectly into the gas chromato-

graph

The fatty acid meth¡'I esters 
'{ere resorved. on z.T m- by 2 nm..

i.d-. stainless steel- coh¡nns packed. irith l-O percent EGSS-Y on IOO - 120

mesh Gas CIIROM q13 using a Varian Aerogre.ph Mode1 f7l+O-flh gas chromato-

graph fitted. l.¡ith d-ual columns, hyd.rogen frame d.etectors , a varian

Aerograph Mod-e1 eorh sÍngle pen record.er and. a varian Aerograph Mod-e1
rL

\77t* d.igital integrator. The f1or¡r rates r+ere lO nl./min. for hel-ir-rmrf'

25 nl"/t". for hydrogen and 2ro rl.r./r*n for ^ir.r5 The co}¡nns l,¡ere

o¡rerated. isothermally at 2OOoC with injector and. detector temperatures

maintained' at 2Jooc and z3ooc, respectivery. ïdentífication of the

fatty acid. methyl esters r.¡as mad.e by corçarison with known standard-s.16

Statistical Anal-ysis

Data flom various analyses was subjected to the analysis of

variance technique for a corçJ-ete rand-omized. block d-esign as described.

by Sned.ecor and. Cochran (1967). On]-y the values obtained for the subjects

who completed. the entire stud.y were used-. The Treatments sun of squares

l3Rpptiea Science Lab. fnc., p.O. Box 4l+0, State College, pa.
16801.

14-_*'Varian 
Aerograph , 6358 Viscount Rd.., MaJton, Ont.

ltVetder's Sir¡lpliers, ZJ Mcphilì-ips St., l,tinnipeg 3, Man.

I6Hornel fnstitute, Lipid.s preparation ï,ab., BOt - 16tn Ave. N.E.,
AustÍ.n, l4inn. 559L2.



was parbitioned" to make

whÍch of the treatments
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appropriatu oino*onal- comparisons to establish

were signifícantly d.ifferent fuom one another.



RESULTS AND DTSCUSSTON

Subjects

The subjects remained. in good health throughout both e>çerimental

periods ' There r,^Iere no d,igestive upsets or s¡nntomotogy of illness that
might be attributed to the diets. Body weight remained. essentially
constant during the entire ex¡leriment. As a consequence, the changes in
serum lipid patterns l.¡ere attributed to d.ietary modifications and. not

to changes in energ-y balance. One subject d.id not serve successfully
and' r'¡as replaeed by a seventh subject for Trial- B. Their d-ata are not

included in the terL, and. are fo'nd. in Appendix Tabre r_r-.

Dietary Fats

Data concerning the dietary fat sou-rces used. in this investiga-
tion are summarized Ín Tab1es 5: 6 and, T. Fatty acid composition of
the diets (taute !) represents the proportÍon of the total dairy fat
that r'¡as eontributed. by each of the fatty aeid.s. Several criteria have

been used- to ex¡r1ain the effect of the change in d.ietary fats on serum

lipid' patterns: €.8., total dietary fat and the ratio of polyunsaturated

to saturated fatty acids in the diet. on the other hand, Keys et a.1.

(tg6sa) have suggested a relationship betrn¡een the poJ-ymsatr¡rated and

saturated. d.ietary fatty acids in terms cf the cafories they prouide.

Key's group sho'¡¡ed that, in general, ì-ong-chain satu.rated fatty acids

are about twice as effective in increasing seïum choresteror a.s pory-

rrnsat'rated. fatty acid.s are in decreasing it. Hor¡ever, stearic aeid.,

like the monoenoic fatty acids, was found to have no effect on serum

cholesterot (i<eys et ar. t95B and Grande et at_. rgTo). Thus faùs like

43
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Table 5. Percent faËËy acíd compositíon of diets.

FatËy Acid Composition, %

Díet/ Stabil-ízation Beef Tallow Corn Oi1Fatty Acid

Laurie, CL2z0

MyrÍstic, C14:0

Palnitic, C16:0

Palmítoleic, C16:1

Stearic, ClB:0

O1eic, C18:1

Linoleíc, Cl8z2

Linolenicu CIB:3

3"2

6"7

24.9

3"7

13.3

33. 4

7.3

tr

tr
2.7

24,s

3.5

23.3

39.2

3.9

Ër

0.8

0.7

t2"2

tr

3.1

30. 6

50.5

0.6
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Table 6" PercenË total daily calories conËribuËed by glycerides of
saËuraËed, saËurated minus stearíc, monounsaturat,ed and
polyunsaËurated fatËy acids for each diet.

7" ToÊaL Dail-y Calories from
DleË Fatty Acids

Pls t ";::*';1:"'"

SËabilizatíon L8"7 L3.4 f4.8 2"9 O.z

Beef Tallow 2O"3 10.9 15.8 1.5 0.1

Corn Oi1 6. I 5.1 L2.2 20,7 3.4

36.4

37.6

39. 0

1 , - ToÈal saturated fatËy acids"

2 St - Total- saturaËed fatËy acids mínus stearic acid.

3 
" 

- MonounsaËurated f.at1y acids, ê.g. C18:1.

4 , - ToËal- polyunsaturaËed fatËy acids.
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Tabl-e 7. Comparison of Ëhe differences among diets in the daily calories
derived from glycerides of saturated, saturated minus stearic,
mooourisaËurated and polyunsaËuraËed faËÈy acíds.

Dífferences Arnong DieËs ín Calories From Fat
_ (% of total daily calories)

1tDiet Compaåison S' S M P Total Far

Beef Tallo\¡r vs +1.6 -2.5 +1.0 -1.4 +I"z
Stabí1izaËion

Corn Oí1 vs -12.6. -8. 3 -2.6 +I7.8 +2,6
SËabil-ization

Corn Oi1 vs -14"2 -5.8 -3.6 +19.2 +1.4
Beef Tallow

1 S"" fooËnotes bottom Table 6.
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beef tall-ow are not h¡rpercholesterolemic, whereas corn oi1, because of
its high proportion of rinoreic aeid_ (a polyuasaturated fatty acid)

relative to its saturated fatty acid. content, is h¡rpocholesterol-eraic.

Caleulation of the percentages of the total cal-ories contributed,

by the glycerid-es of saturated (S), saturated. rninus stearie acia (S'),
monounsaturated (U) ana polyunsaturated (p) fatty acids are presented

for the stabilization and. e>çerimental diets in Table 6. The major

d.ifferences in percentages of totar d.aily calories contributed- by

various classes of fatty acid.s in the three ùiets are shown in Table Z,

This inforrnation wii-I be eonsid-ered. flrrbher in the ùiscussions of the

observed- changes in serum cholesterol l-evel-s in response to the experi-

mental d.iets.

The fatty acÍd- composition of the d-Íets d.iffered- considerably.

There rüas about a !O percent d.ecrease in the leve1s of myristic and j-in-

oleic acid.s and. a 55 percent ,4.crease in stearic acid. associated. with

the ehange fbom the stabilization ùiet to the one containing beef tal1ow.

The ehange from the stabilization to the eorn oil- d-iet resulted. in Ç0,

76 and. !o percent d-ecreases in nr¡rristic, stearic and. palmitic acid_s,

respectively, and. an 85 percent increase in linoreic acid.. Thus the

talIow d-iet contained. about twice as much pabnitic acid., eÍght times as

much stearic acid., but only one-thirteenth as much linoleic acid. as the

corn oil diet. Since stearic and- oleic acid- have been reporte¿ to have

little effect on serum cholesterol levels, the main effect on serum

lipid- levels of the beef tallon ùiet as compared- to the corn oil d.iet, would

appeæto be d.ue to nyristic, palnritic and. l-inoleic acid.s which comprise

31.1 and 63,l+ percent of the totar fatty acids and provid.e 12.3 and.

2J "\ percent of the a.verage total daily ealories for beef tal-low and
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corn oil d.iets, respectively.

Total- Serrrm Cholesterol

Mean senÏn cholesterol level-s at specifie times throughout the

tlro d.ietary trials are presented- in Table B. Statistical analysis of

the data (Appenùix Tables )+ and- !) showed significant (P Lo.ooj) decreases

in serun cholesterol on both elçerj-mental d-iets, \^r-ith the decreases

being greater for the corn oil d.iet. Ind.iuid.ua1 serr;rn cholesterol-

levels d.iffered as ind.ieated- by the significant F-vaÌue for people in
the analysis of variance tabte (Append,ix Table 4) " rn generar, the

relative differences among subjects remained. throughout the ex¡reriment.

These data agree w'ith the observations of Keys et'al-. (]tg6Se) tnat tne

average inter-ind-ividual stand-ard- d-eviation in se:r.m ehol-esterol level

is at least 20 mg. percent for fYee-livíng men fed- a rigidly controll-e¿

ùiet" consequentl-y, Keys et ar. (tg6¡a) suggested- it is ad.vantageous

to consid-er grotq) mean values in any coqparison of the effect of d-iet on

serlm cholesterol for a particular group of ind.ividuals, as grossly

ùiscrepant responses anong ind.ivid-uals wou-l-d. be co¡mnon for a1l treat-

ments

There was litt1e ehange in serr:m chol-esterol level in response

to the stabilization diet (oay 1 vs Day 6) auring either trial-. Mean

serum eholesterol l-evel-s rose slightly d.uring the stabilization period.

in Trial A and" fell slightly dirring Trial B, resulting in si¡ni-l-ar mean

values after onJ-y six d.ays on the stabilization d.iets. During the first

two weeks of each e>qperimental- d.iet (nay 6 to Day 21 for Trial A and

Tria-l B) mean serum cholesterol concentration d.ecreased. from about

190 mg. per 100 rn-l. of serum to 171 and to 1\Z me. on the beef tallow
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and corn oil- d.iets, respectivel-y (nigure e). There was a much greater

decrease on the corn oil d-iet, )+B mg. percent than on the beef tallow

diet, 20 mg. percent. The difference in the d-ecrease of serum

cholesterol on the tr¡ro diets nas significant (p¿O.OO5) as indicated.

by the Diet x Day interaction in the analysis of variance table

(Append.ix Table l+). The data presented in Figure 2 illustrate how

rapidJ-y serum cholesterol l-evels respond,ed to a change in ùiet. A

shift from the stabilization diet to the e4perimental diets (lay 6

vs Day 21) lrras aceompanied. by a marked. ehange in serum cholesterol

levels " Similarly, when the subjects returned. to a free-choice d-iet

for the 15 days betr,¡een trials, cholesterol- level- rose from a value of

170 mg. percent at the end- of Trial- A (tattow diet) to I)2 mg. percent

at the start of Trial B.

Hor^¡ever, serum cholesterol values appeared. to reach a stable

plateau by the fourteenth d"ay (Day 21) irrespective of the e>q>erimental

d-iets, as there r¡r¿rs little change from Day 2L t,o Day 28" These results

eoincide with those of Keys et al-. (ry¡f) rvho concluded- that the major

changes in serum ehol-esterol level-, follolring a change in d-ietary fat,

taftes place within the first week. By the end of the second. week, a

plateau is reached- and. no further significant changes are observed

within the nert one to two months. Unfortirnately, serum cholesterol

r¡alues ¡.¡ere not measr-ued- at the end of the first r,¡eek on the erq>eri-

mental diets in the present study so the pattern of response during the

first 1l+ days on the tr,¡o d.iets is not available.

It Ís interesting to note that subjects who had- higher initial

serur cholesterol levels shov¡ed- a greater magnitud.e of ehange in serum

cholesterol response to the d.iets than those who had- lower initial
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tevel-s (ra¡re B) .

The change frorn the stabil-ization diet to the ex¡rerimental diets

involved an alteration in d.ietary fat source as r*rel-l- as a change from

an animal protein to a primarily vegetable protein d.iet. The transfer

from the stabilization diet to the tal-l-ow diet also involved a shif't

from a d.iet eontaining norrnal- cholesterol- levels to one low in cholesterol.

The change from the stabil-ization to the corn oil- d-iet involved- a simil-ar

marked d,ecrease in d-ietary cholesterol but the corn oil- diet contained-

a relatively high l-evel of plant sterol-s compared to the beef tallow d.iet"

Anderson et al. (tgll-) found- that the source (animal vs vegetable)

of dietary protein did not significantly alter serum cholesterol- levels.

On the other hand, Olson et al. (fg6l+, 1970) have for:nd that glutamate,

the major componeni of most vegetable proteins, can cause lower seïum

cholesterol levels aÌthough Bazzano and. Ol-son (tç69) have disputed- the

effect of glutamate on senìm cholesterol levels.

Keys et at. (tg6i,a) suggested the primary response of serum

cholesterol to changes in dieta.ry fat is related to the percent of

dietary calories contributed. by the different groups of fatty aeids.

They have pro¡rosed. a simplified- forrn of a more elaborate rnuJ-tiple

regression equation for predicting the change in serum cholesterol in

response to a speeific change in d-ietary fatty acíds. This simplified.

equation

(r) a serum chol-esterol, mg. percent = L.2 (z¿ s' - ÁP)

suggests that the change in serum chol-esierol leve1 is d-epend.ent on the

changes in the dietary levels of Cl2 to C16 saturated, fatty acids,

relative to the changes in the polyunsaturated- fatty aeid-s, both

expressed as percent of the total cal-orie intake. It shouJ.d, be noted-

that stearic acid., a major component of beef tallow is not incl-ud.ed.
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arnong the saturated. fatty acids in this ec¡uation (¡q.. f ) .

The observed- changes in serum chol-esterol J.evel-s in response to

the two ex¡rerimental diets are compared lrith the pred,icted ehanges on

the basis of Keys et al. (lg6fa) forrnu-l-a in Table Ç. The observed change

in serum cholesterol in response to the beef talì-ov¡ d.iet l¡as 20 mg. per-

eent whereas on the basis of equation (f) the predicted. val-ue r,ras onJ-y

h *g. percent. I^lith the eorn oil diet, the observed. change was l+B mg.

percent whereas the pred.icted- change was l+t mg. percent. In fact, the

slightly higher observed value as compared. to the pred-ieted. value for

corn oil has been observed. by Grande et aI" (fgf8). However, the pre-

dicted. values do not coincide with the observed. values for beef tallow.

Thus other dietary modifications such as level of cholesterol, source

of protein, etc. might be of importance in accounting for discrepancies

between the observed. and. predicted. responses of serum cholesterol for

beef tallow.

Mattson et al. (tglZ) have recently suggested that dietary

cholesterol is an important d.etermínant of serum cholesterol l-evel.

The analyzed. cholesterol content of the stabilization beef talloi.¡ and-

corn oil d-iets were 320, 98 and, O mg. per 1OOO Kcal, respectivel-y. The

e4pected change in serum chol-esterol l-evel-s as a result of changes in

d.ietary eholesterol- levels also was cal-cul-ated using equations proposed.

by both Keys et aI. (l)6SA) and Mattson et al. (tglZ) (ra¡re 9). On the

basis of Keys' et al. (tg6>A) equation, one r.¡ou-l-d. erçect a change in

serum cholesterol- level of 12 mg. percent accompanying the change fbom

the stabilization to the beef tallow d.iet and. a change of 27 mg" per-

cent in the change to the corn oil d-iet. Calcul-ations based on the equa-

tion derived- by Mattson et a1. (tglZ) resultea in considerably hÍgher
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pred.ícted. d.ecreases for both er<¡lerimental d-iets than those obtained. b:¿

using the equation of Keys et al. (J-!6þ), However, the e:çected.

d.ifference between the two d-iets was the same r¡ith both equations.

Perhaps trorthy of note at this point is the fact that Mattson

et al. (tglZ), in forrnulating their equation^(nq. ¡) (talte 9), ods-

interpreted. Keys' et al . çt96*) equation in that they presented-

equation 2, as being

l\ serum cholesterol = 1 .5(zc - z")o'5

instead- of

Á serum chol-esterol = r .jezo "' - ,ro '' )

r,¡here Z is the level of d-ietary cholesterol in mg. per 1000 Kcal.

Since Mattson's et al-. (ryfZ) equati-on was derived by recording

the increase in serum cholesterol J-eveJ-s vrhen subjects were changed. from

an essentially cholesterol-free d-iet to one containing grad-ed- l-evels of

cholesterol, the question arises as to r.¡hether sir¡rilar decreases 'ç.¡oul-d-

occur if cholesterol r{as removed- from the d.iets of subjects receiving

normal d"ietary cholesterol levels. As d.iscussed. in the rerrier+ of

l-iterature, a regression ecluation is really d.eseriptive of onJ.y a

particular set of d.ata and may not be applicable to alJ- circumstances.

The experimental d.esign employed by Keys and assoiiates (tg6Sa)

in d-eriving their eo¡ation (Aq. e ) l¡as sjmilar to that of the present

study r.¡hich may e4plain i+hy the pred.icted. changes in serum cholesterol

level on the basis of Eq. 2 seen more applicable to the d-ata und.er

consid.eration.

If the change in serum ehol-esterol- in response to al-terations

in d-ietary fat-uy acÍd.s and. cholesterol are directly ad-d.itive, and if

there is no interaction) one l¡ouJ.d. expect a change of 16 and. 68 mg.
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percent for beef tallow and corn oí1 dieËs, respecËívely, on Ëhe basis of

a combinaËíon of equations (Eq.1 and Eq.2). AlËhough Êhe predicted

values for the change from stabj-lization to the beef tallow diet agree

well wíth the observed value, iË will be recalled that the observed value

and predicted value on the basis of only equation (1), agreed reasonably

well for the corn oil diet. The predícted value for Èhe change in serum

cholesterol on the beef Ëa1low diet, agrees with HegsÈedrs eË al. (i965)

suggestion thaË changes in serum cholesterol as a consequence of changes

in dÍetary cholesterol are independent of Ëhe faËty acid. composition of the

diets. The question arises as to whether the predícËion equaËíons, such

as Ëhose used in the above calculat,f ons, are valid or r¡hether there l-s

somet,hing peculiar associated r,fiith the change in serum cholesÉeroI

leveL in response Ëo the corn oil diet

NeverËheless, Ëhe resulËs of the presenL investÍ.gaËíon agree wiËh

Grande et a1. (L972), McGandy et al. (1970) and Hegsted et al. (i965)

that, there is no hypercholesËerolemic effect of beef Èallow when fed

at 40 percent of Ëhe toËal calorie intake. In fact, beef tallow appears

to have a hypercholesterolemíc effect. I¡IheËher this effecË is due to

the spatial configuration of stearic acíd on the Èríglyceride molecule

as suggesËed by McGandy et al. (1970) or due to stearíc acid per se as

suggested by Grande eË al. (1970) remains to be resolved.

Moreover, Èhe resulËs of the present experiment casË considerable

question on Ëhe popular recommendation that hypercholesterolemics restricË

their beef ínEake to three 3-oz. servings weekly.

Serum TriåLvc.erides

. Serum tríglycerÍde levels (Tab1e 10), which rsere observed at the

same Ë1me as serum chol-esterol, were unaffecËed by the dieËary regimen
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except for the significant (elO"OO5) decrease d.uring the stabilization

period. in both trials (Append.ix Tabl-es 6 and 7) . As for serum choJ.esterol

leveJ-s, considerabl-e variation in serum triglycerid.e levels lras found-

arnong subjects. Tn fac'v, the variation in seruro triglycerid,e levels

arïrong subjects was significant (eZO.OO5) and in general, this variability

was greater than that observed- for serum cholesterol. Hegsted- et al.

(¡76>) and Turpeinen et al. (19óB) also no-bed that serun triglycerid-e

leve1s r¡¡ere characterized. by a greaier coefficient of variation, about

4f percent, than the 21 percent coefficient of variation observed- for

seru¡t cholesterol levels.

A consid-erable portion of the variation a:nong subjeets i'ras

attributable to one subject, P.8., r+ho had- elevated- serum triglyceride

levels at the beginning of the first trial. Serum triglycerid-e levels

for this ind-ivid.ual- deereased- markedf-y d.uring the stabilization period-

of Trial A and. then increased- during the feeùing of the beef tall-ow d.iet,

whereas aIL other subjeets showed no ehange or a slight decrease d.uring

Trial A. Pari of the varíation associated- with subject P.B. may be d-ue

to age, in that P.B. was l[ years oJ-d- as compared to a mean age of

2J,6 years for the other subjects (falre l+). Shilling et al. (tg6g)

reporbed. that serum triglycerid-e levels reach a maxj-mr¡n level- at about

Jh years of age. The pattern of response for subject P.B. in Trial A,

a decrease in serum triglycerid-e from f63 to 91 mg. percent d-uring the

stabilization period- follor+ed. by a gradual increase fron !1 to 114 mg.

percent on the beef tallow d.iet, suggests that there may have been an

"overshoot" in the response of the serum triglycerid.e level to the

stabilization d-iet. This possibility of an "overshoot" is sustained

by the fact that his sen¡n triglycerid.e response in Trial B followed.



.59
similar trend.s to those of the other subjects.

The apparent age-d.iet intereaction for serr:m triglyeeride levels

nay elçlain why many investÍgators find serum triglyceride response so

r¡ariabl-e and ùifficult to interpret. fn spite of the variation arnong

individ.uals, there 'h¡as a very appreciable d.ecrease in serum triglycerid.e

l-evels dr:ring the stabilization period, (nay 1 to Day 6) for both Trials A

and B (laUte l-O and Fieue 3)" In fact, the only sígnificant change in
serum triglycerid.e levels in response to the dietary treatments was the

d.ecrease during the stabil-ization period as evidenced. by the significant

F-va1ue for orthogonal comparisons of Day 1 vs other days (Append,ix Tabl-es

6 and. 7). As in the case of serum eholesterol, serum triglyceride levels

tend.ed, to stabilize at this d.ecreased- l-eveI on. the beef tallow diet.

However, there was a trend. for the serum triglycerid.e values to d-ecrease

on the corn oil aiet (nigure 3). Also of interest, is the fact that mean

seruIr eholesterol and triglyeeride levels reached almost identical values

at the end of the stabilization period in both trials. The trend- toward,

d.ecreased serum triglyceride levels on the corn oil- ùiet suggests that

saturated fatty acid.s, whieh do not affect serum cholesterol ]eve1s,

affect serum triglycerid-e l-evels. The results of the corn oil- diet agree

with the suggestion of Grande et al. (ryfZ), that sa't,urated fatty acids

with fewer than 12 carbon atoms and stearic acid., which d.o not affect

serum chol-esterol concentrations, prod,uce elevations of serum trigtycerides.

The primary difference betr'reen the stabilization and. the corn oil
d.iet was that the corn oil containecl J-O per.cent units less stearic acid-,

as well as six and 12 percent units less of myristic and paln:-itic acid.s,

respectively. fn fact, these differences are greater than those tha-r, can

be calcu-l-ated. fYom the analyzed. data herein repoited. because l+6 percent
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of the fat calories of the stabilization d-iet were supplied by butter

fat and. the analysis proeed-ure used. d-id. not resolve the short- and-

med-ium-chain triglycerid.es. The failure to observe a respoltse on the

beef tal-lor.¡ d.iet is probably d.ue to the slight ùifference in the change

fYo¡l the stabilization to the beef tal].or¡r díeÌ; in the ]-evel of short-

and. med.ium-chain triglycerid-es and- stearic acid..

Hor,rever, no linear relationship has been established betr¿¡een

levels of dietary stearic acid. anl serwû trigl-ycerid-e concentration.

If there is a relationship, it is not unJ.Íkely that it may be confound-ed

by other variabfes such as age, r,ieight and- other constituents in the

d-iet. fn fact, .qn¿erson et al. (fçZf) found. greater serum triglycerid-e

leve1s in men having ani¡raI protein as compared- to vegetable protein

in their d-iets, though this d-ifference was not significant. There is no

evj-d.ence however, of a relationship between serLur. triglycerid-e levels

and- d.ietary sterols.

Although an increase in serum triglycerid-e levels appears to

be associated- l¡ith coronary hearL disease, Carlson et al-. (ryfZ) founa

that ttris association is ind-epend.ent of and. ad-d-itive to ihe risk asso-

ciated- r¿¡ith elevated. serum cholesterol levels. tr\rrthermore, Kannel et aI.

(fgff) suggest that an el-evation of end.ogenous triglyceríde in the serum

is associated- with an increased. risk of coronary d.isease onJ-y if accompan-

ied. by an increased- cholesterol value. Moreover, d-ietary fat has not

been found. to be of great irçortance in treating hytrleririglycerid-enio

of the ùisease ty¡res described. by Fred.erickson et al. (fgZO) except for

the rare Tytrre 1, rrrhere there i-s very poor clearanee of exogenous tri-

'glycerid-e resulting in an enormous j-ncrease in the taÁting concentration

of chylornicrons.
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On the basis of the resul-us of the present investigation, there

is no suggestion that beef tall-olr, when fed- at 40 percent of the total

d.aily calories, is associated. r^¡-ith inereased. serum triglycerid-e levels.

Lipid Phosphor-ous

Table 11 presents the responses in serrm lipid. phosphorous to

the beef tal-Low and. corn oil úiets. There was a sÍgnificant variati-on

(p ¿O.005) arnong inùlvid-uals r'¡hich is analagous to that observed for

serum cholesterol. These obserr¡ations agree r¡¡ith Tuzpeinen et aI. (fg68)

'who reported. coefficients of variation for lipid- phosphorous and

cholesterol of 22 and 21 percent, respectively. tr\rrLhezrnore, statistical

analysis of the data (Appenùix Tables B and. 9) shov¡ed- lipid phosphorous

response to be similar to that of serum cholesterol"

Figure l+ il-lustrates graphieally the serrmr lipid- phosphorous

response to the ùiets" Both initial mean serum lipid phosphorous

leveIs, B.t3 anð,7"62 mg. percent for Trial A and Trial B, respeciively

d-eereased- 
"Oo.* 

O.l+f me. percent d.uring the 6-day stabilization periods.

Thís contrasts to both serun cholesterol and- triglycerid-e, in that,

initial Day J. values, d-espite d.ifferences in nagnitud-e r,¡ouJ.d each come

to id.entical values for Ðay 6.

During the first 1\ d.ays on the e>çerimental ùiets, there r,ras

a significant decrease (P LO.OO}) of O.Bf mg. percent in both the beef

tal].or¡¡ and- corn oil- d-iets. This ïesponse seemed. to paralIel to that of

seru¡n cholesterol exeept that the magnitud-e was much less. Sjmilar find-ings

T,rere reported. by Hegsted, et al. (tg6>) and. Grand-e et al. (ryfZ). How-

ever, d.uring the third- r,¡eek on the ex¡perimental ùiets, the serwn lipid-

phosphorous reached- a plateau at about 6"98 to 6.99 ^e. percent on the
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beef taIlor.¡ d.iet, r,rhereas the 1evel continued. to d-ecrease fbom 639 to

6.03 mg. percent on the corn oil diet, tr1rom examination of the ortho-

gonal comparisons (append.ix Ta.b1e 9), it appears that the primary

d.ifference betr^¡een the beef tallor'¡ and. corn oil d.iets is the d.ecrease

fYom Day 2I to Day 28 on the corn oiJ. dÍet.

Serum lipid. phos'phorous response to dietary fat alteration

seems to follor¿¡ that observed- for serum cholesterol but is of a l-esser

magnitud.e and- somer^rhat slower. This is ei¡id.enced. by the fact that the

lipid- phosphorous value for Day i- - of Trial E had. not returned- to the

origÍnal level of Trial A d-uring the l- 5 days betr¿¡een trials and- thai

1Ípid. phosphorous continued- to d-ecrease d.uring the entire corn oil d.iet.

Neverthel-ess, there was a d.ecrease in lipid. phosphorous as with

serr:ir cholesterol but r,¡hether th-is is of any imporbance in lipid-emic

d.isord"ers or d-i.seases associated- with blood. 1ipid. patterns is questionable 
"

feW (f96!) states that his grou¡r ha s never fel-t that measurement of

serum phospholipid.s has contributed. any ad-d-itional information on the

effect of d.ietary change on blood lipid-s. Connor (tg6g) agrees with

feW (f969) lut feels measuïement of phospholipid- is useful beeause it

reinforces the analysis of the d-ata for serum eholesterol since lipi-d.

phosphorous respond"s in a similar nanner.

Results of the present er¡reriment agree rrith Coruror (Jg6g),

Erickson et aI. (rg64), McGand,y et aI. (rgZo) that the lipid. phosphorous

response to changes in d-ietary conrponents is sinrilar to that of serum

cholesterol. Resu-Its of this stud.y suggest the pattern of response

may not be identical to serì.nn cholesterol as it seems sl-ower and- lesser

in roagnitud-e.
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Free FatËy Acids

Neíther the stabíLízatLon nor Ëhe experimental dieËs had any

effect on serun free fatËy acid concentrations (Table 12 and. Appendix

Table 10.) Dole (L956) sinilarly found no change in fasting plasma

free faËty acids when corn oi1 r.ras fed in amounts sufficfent Ëo cause

gross lipernia. In fact, Gordon and Cherkes (1956) have indicated thaË

liperaia per se cannoË be correlaËed with free faËty acid levels. The

concentraËion of free faÈËy acid rises only in relatlon to the need for

faË as an energy-yielding substraËe for oxidative catabolism.

As hrith oËher bl-ood lipid parameterse there was considerable

variation anong subjects (F-value for People signífícant' P<0.005;

Appendíx Table 10). Furthermore, there was also r¡¡as consíderable

variability among duplicate analyses uslng thís method. However, there

lras no suggesËion from the presenË study that diet ary f.at source has any

apparenÈ effecË on serum free fatËy acÍds when subjects are fed iso-

caloric diets r,¡here faÈ provides approximately 40 percenË of the calories.

W
If we assume that Ëhe prímary defect in coronary heart disease is

the lipoproËein Lransport vehícle rather than the lipids it carries' the

risk factor shoul-d be more closely relaËed Ëo the lipoprotein fractions

than Ëo the lipíd contefiË of the serum. It has been shown (Frederickson

et al. , Lg67) that lipoproËeln PaËterns in certain geneËic hyperlipidemic

disorders respond to dietary treatmenË. However, littte is known about

the response of lipoproteins to dietary manipulation ín the nor¡oal

lndlvldual. since the change in lípoproËein patLerns should be sinilar Èo

the change in serum cholesËerol and triglyceridl levels, iÈ was thoughË
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of interest to stud"y the response of the lipid. transport vehicl-es in the

present investigation.

(i) El-ectrophoresis of serum lipoproteins. Serum lipoproteins

were separated- on cellu-l-ose acetate strips and- the relative a-mounts of

each f}action d.etennined- frorn densitometer scans of the electrophoretie

strips rather than by visual Ínspection (r+hich is the usual method. in

d-iagnosing fanr-ilial hy¡rerlipidemie d-isord,ers). Only the beta-f pre-beta-

lipoprotein ratios have been reporLed because i;hese moieties are associated-

with cholesterol and triglycerid.e transport in the bl-ood.. The results

obtained- by this proced.ure, however, must be interpreted. r,rith some

reservation because satisfactory methods have not been developed- for the

quantitation of serum lipoproteins. Problems in quantitation stem from

the lack of irniformity in the uptake of stain by the lipoproteins and- the

lack of satisfactory lipoprotein standards against r,¡hich electrophore-

gra,tns of unlmown san4lles can be compared.. In ad-d-ition, sera used in the

present stud-y had. been frozen and. stored-. Freezing causes considerabl-e

tailing of the electrophoretic band.s, which in turn alters the resolution

among the various fractions, partieul-arIy the beta-/pre-beta-Iipoprotein

moieties. A representative cel-Iulose acetate strip and- the d.ensitometer

scan of this electrophoregram showing tailing of the beta-band- is

presented. in Figure !.

As observed- for serum cholesterol, the beta-/pre-beta-lipoprotein

ratio varies appreciably among subjects (talfe f3). Changes in the

ratios for the ind-ivid-ual subjects were highì-y variable d.urÍng the s tabi-

lization period- of Trial A whereas a consistent d.ecrease llas observed

during the stabilization period- in Trial B. Dr:ring the first two weeks

on both experimental d-iets, the ratio decreased v'ith the decrease on the
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corn oil- diet (Z.Z) being more than trrice that observed for the beef

tallow a:.et (0.9) . These obserr¡atÍons tend to parai-leJ- the response

in serum cholesterol; serum cholesteroì- d-roppe¿ IIB ng. percent on the

corn oil compared to a d.ecrease of 20 mg. percent on the beef tal-low

d.iet. trtrthermore, there was little change in the serum triglycerid-e

leve].s on the beef tallor¿¡ d-iet, whereas triglycerid-e levels decreased

on the corn oil diet (12 mg. percent). The beta-/pre-beta-lipoprotein

ratios appeared. to reaeh a fairly stable plateau d.uring the third. l.¡eek

on eaeh test d-iet. Again, as with serum cholesterol, the ratios seemed.

to respond- quiekJ-y to ehanges in d.ietary fat and- then stabil-ize at the

new level-

Since the beta-/pre-beta-lipoprotein ratios varied. for subjects

v-ithin trials as r¡eIl as betr^¡een trials, the question arises as to

whether there r.ras a ehange in the fatty acid- composition of the tri-

glycerides of the serum. Changes in the ratios are a consequence of

an elevation in the very low density lipoprotein fraction (pre-beta-

.\lipoprotein) or a decrease in the l-ow d-ensity lipoprotein (teta-ti.po-

protein) or both. Thus, the percent changes in saturated. and. r.:nsaturated,

fatty acids in response to the díetary treatments-were investigated..

(ii) llltracentrifugati-on of serum lipoproteins. Table 1l+

represents a summary of the roain changes observed. in the l-evels of satur-

ated. and- unsaturated. fatty acid-s in both the very 1or¡ d.ensity (Wli,)

and- loi,¡ d.ensity lípoprotei.n (i¡l) fYactions. No d-ata are available for

subject V.M. and- there were missing obserr¡ations for several other

subjects. Lack of sufficient flaction, i.e., \|LDL and" LDL made it

inpossible to earry out satisfactory fatty acid- analysis on these

samples. Because of the lirnítations associated. with samtrrle size and.
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method.ology, caution must be exercised. in discussing the observations

in relation to alterations in dietary fatty aeid.s

The fatty acid composition of both the VIDL and the IÐL appeared

to be responsive to changes in d.ietary fatty acid_s. fn general, the

pereent saturated. fatty acid.s for both the \lf,Dl and. the LDL tended. to

increase, lrhile the unsatr.rated- fatty acids tended" to d-ecrease on the

beef tallow d-iet. Hor¿ever, the reverse pattern prevail-ed. on the corn

oil d.iet. The trend. seemed. to be more consistent and. more pronoirnced.

for the LDL. This may be due to a sl-ower turnover rate of the fatty

acid.s of the IÐL fraction.

Thus, the results of this study suggest that a saturated. fat,

such as beef tal}ow, when fed. at approximately 4O percent of the total

cal-ories, prod.uces an increase in the percent saturated- fatty acid.s of

both the VI,DL and. LDL fractions.

General Discussion

The present stud.y ind-icates that substi-r,ution of a standardized

Ca¡rad-ian d.iet by a mixed. d.iet in l¡hich beef tallow and- corn oil served.

as the ¡.imesouïces of d-ietary fat resu-l-ted in a significant (ez-o.oO5)

d.ecrease in seru¡n eholesterol levels of healthy young men. The d-ecrease

in serum cholesterol- level on the beef tal-l-ow d,iet lras onJ-y one-half that

observed. on the corn oil diet; approxirnately 190 ng. percent on the

stabilization d,iet to 170 and. 1l+O mg. percent after three weeks on the

beef tallow and- corn oil d-iets, respectively. The d.ecreas" o"cu"r"d"

w'Íthin the first trqo r+eeks on both test d.iets rvith no further d.ecrease

in the third week. Similarly, there was a significant (fa0.005)

decrease in lipid. phosphorous levels, wÍth the pattern of response being

the sanne as serum cholesterol Ievels on the beef tallow d-iet but r¡¡ith a
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continued- d.ecrease into the third. week on the corn oil ùiet. For both

extrrerimental d-íets, the lipid- phosphorous response was slor¡er and of a

lesser roagnitude than that of senm cholesterol. Keys et a1. (f965¿) an¿

Hegsted et a1. (tg65) have reported- similar find-ings Ín serum. cholesterol

and. lipid- phosþhorous levels in response to d.iets contaÍning beef tallol¡.

Holever, the observed- d.ecrease in serurn chol-esterol J-eve1s vas greater

for the beef taIIor.¡ d.iet than that r,¡hich wou.ld- have been e>qlected. on the

basis of Keys' et al. (tg6Sf, d) eqr:a-uÍons for pred.ictíng changes in

serum cholesterol. On the other hand-, the d.ecrease on the corn oiI d-iet,

although slightly greater than pred-ictea (nq. t), coincided. r,¡ith the observa-

tion reported" by ihe Minnesota gror4r (lçeys et al., L96jð,) who suggested-

d.iserepancies between observed- and, predicted- changes i-n serum cholesterol

levels lrith corn oil are associated. with the relatively high plant sterol-

content of corn oil.

Seri¡n triglycerid-e levels, on -r,he other hand, shorn¡ed- no change on

the beef tal-lor.¡ d.iet r¿¡hereas a significant (pço.10) d.ecrease r/¡as observed-

on the ôorn oil- diet; flom atrproxÍmately 75 Lo 55 ne. percent afber three

weeks. Grande et aI. (lgtZ) found. significant increases in serun tri-

glycerid.e levels using diets high in stearÍc acid " They also found. short-

and. meùiurn-chai-n fatty acid.s rr'ere hy¡lerbriglycerid.emic. Parb of the

reason for the failure to observe a h¡rpertriglycerid-emic effect in the

present study may be due to the fact that the main d.ifference betr+een

the stabilization and. the beef ta]_lor,¡ diet r¿as the replacement of the

short- and. med.iun-ehain fatty acid.s by stearÍc acid.. However, the resu-l-ts

of the present stud.y agreed uith the suggestion by Grand-e et al. (ryfZ)

that short- and. med.iun-chain fatty acid-s as wel-l- as stearic acid- are

hy¡rert,ri glyceri d emi c .

fhere was substantially more variation aJnong individuals in the
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response of senxn triglycerid.es to d.iet than observed. for either serum

cholesterol or serum lipid. phosphorous, whích coineid.es w"ith Keys et al.

(fg6fa) and Tu:peinen et aI. (fg68), Factors such as a€e, body weight,

smoking and. physical activity nh-ich are knom to affect blood_ lipid

patterns, were not stand-ard-ized. for the d-ifferent subjects in this

present ex¡reriment. This may parbial-ly e4plaín the substantial variatÍon

in seru¡l triglycerid.es among subjects.

Since the change in serr.nn lipoprotein patterns shoul-d- reflect

changes ín serum chol-esterol and. triglycerid.e levels, serum ì-ipoprotein

patterns ¡uere d-ete:rnined." The decrease in the beta-/pre-beta-lipcprotein

ratio observed. on both d-iets was si¡ri].ar to that of serum cholesterol"

Determination of percent fatty acid. com¡rosition of the very low

d.ensity (VI¡l) a:rd 1ow density (fOl) lipoprotein fYactions suggested that

there was an increase in percent sati:rated. fatty acid.s in these fraetions

on the beef tallow d-iet, whereas on the corn oiJ. d.iet there inras an increase

in the percent rmsaturated. fatty acid.s " These results refl-ect the change

in d:ietary fatty acid.s but the resu-lts rvere not quantitatively related-

to the fatty acid composition of the i¡arious d-iets. The changes in the

IÐl fYaction seem more closely related to diet than those of the \ILDL

flaction.

Beef taIIow, und.er the present experimenial d.esign, seens to have

a hypolipid.enic effect si¡nr-iJ.a¡ to that of corrr oil but of a lesser magni-

tud.e. The results question ihe particuJ-ar recomrend.ation of the restric-

tion of the level of beef in ùiets of hyperlipid.emics to three J-oz. por-

tions weekly. Also the recormnend.ation for the general popuJ-ation to

decrease their intake of saturated. fats r,rithout specifling the fat source

is to be questioned..



SUI'MARY AND CONCLUSTONS

The present erçeriment reports the response of serun 1ipid.

patterns in healthy young men when d.iets, in which beef tallow or corn

oiI provid.e the sole source of fat at approximately )+O percent of the

total d.aily calories, are fed. The e4periment consisted. of two 28-d.ay

trials. The first six d-ays of each trial served as a stabilization

period (a t¡rpical Canad.ian diet was fed.) while the following 21 d.ays

served. as the e4perimental period. when d.iets, using rrTT'Prr and. the test

fats, were fed to the subjects. There l¡as about a !O pereent increase

in the levels of myristic and- oleic acid.s and. a !l percent d.ecrease in

stearic acid associated with the change from the stabilization d-iet to

the one containing beef taIIow. The change from the stabilization to

the eorn oil diet resul-ted in !0, f6 and !O percent d.ecreases in rnyristi-c,

stearic and palmitic acid.s, respectively and. an B! pereent increase in

linoleic aeíd-. Thus, the tallow d-iet contained. about trrrice as much

palmitic acid., eíght tírnes as much stearic acid., but only one-thirteenth

as much linoleic acid as the corn oil diet. The main d.ifference between

d.iets was the d.ietary fatty acids but the level of dietary cholesteroÌ

was also inelud.ed. in interpretation of the d-ata.

Serum chol-esterol, Iipid. phosphorous, triglycerid-e and. the

lipoprotein fYactions r¡iere measu¡ed in fasting senrm samples drar,¡n on

Days 1, 6, 2I and- 28 of each trial. The results obtained. with the beef

talIow d.iet r¡ere compared. to those with the corn oil diet. Resu-lts of

the present stud.y agree with previous observations that there is con-

T6
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tosid.erable variation in lipid. pa-uterns among subjects in the response

a given dietary change.

Serrun cholesterol- and, phospholipid. levels r^rere loirered- signi-

ficantly (p/- O.OO5) by both test diets; the response on the corn oil-

d.iet was nearly tl¡j-ce as great as that on the beef tallow d.iei. There

was a marked. d.ecrease during the first tv¡o weeks on the test d-iets and-

no f\:rther change occumed during the trials. The response was greater

on both diets than that predieted- by the change in fatty acid-s along.

trtrhen both the changes in dietary fatty acid-s ancl cholesterol !.rere con-

sid.ered., the pred-icted, change in serrlrn cholesterol agreed well with 'r"hat

observed on the beef talforu d.iet, lrhereas the decrease on the corn oil-

d.iet was lower than ex¡rected. Changes in serum phospholipid. in response

to the test diets tencled. to follol¡ a simifar pattern to that of serum

cholesterol , although the d,ecreases appeared- to be slor¡'er and- of a lower

magnitude. There were no changes in serum triglycerid.e leve1s on the beef

tall-ow diet as it contained. more palndtic acid. that has been shor,¡n to

be less hypertriglyceriderrric than the short- and- meùium-chain fatty aeid.s

of the stabiÌization d-Íet. A marked. d,ecrease in serum triglycerides r¿¡as

observed- on the corn oil di-et.

Since the l-ipoproteins are the transport vehicle for serum

cholesterol and- triglycerid-e, the beta-fpre-beta-lipoprotein ratio as

wel-l as the fatty acid- content of the VI,DL and. the LDL fractions r¡¡ere

stud.ied.. Similar to serurn cholesterol, the ratio d,ecreased. on both test

d.iets during the first tr+o weeks and then seemed. to plateau. The per-

cent saturated fatty acid. content of the lipoprotein fractions increased.

on the beef tallolr d,iet and. the reverse was observed. on the corn oil-

d.iet. These resul-ts seern to parallei rthe changes in d.ietary saturated.
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and- uxsaiüTâri,€rL fatty acids

The results of this study emphasize the important influence of

ùietary fat and cholesterol upon seïum lipid. patterns. On the basis of

the d.ata presented., it is conclud,ed that the high level of stearic acid

in beef talIol¡ is not hypercholesterolemic. rn fact, beef talrow

appea?s to be hypocholesterol emic when fed as the prime sour.ce of dietary

fat at approxinately l¡g percent of the toi;al calories. Beef tallorv per

se appears to have no effect on seruln triglycerid.es. The response of
.'serum lipid pati,erns to beef tal-low is si¡:-ilar to that of corn oil- but

of a lesser rnagnitud,e. These resui-ts suggest that the general recommenda-

tion for the population to red.uce their saturated- fat intake should.

consid.er the kind- of fat. Also, the severe restriction ofbeef in serum

IÍpid-reducing diets ís questionable.
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Appendfx Table 1. General lrstructfoBs - huuan netabollc atudy'

1. Èleals w111 be served Ín Roon 402, Hone Economlcs Bulldlngo 7 daya

a week at the followlng Èlmes:

Breakfast 8:00 - 8:30 Á'.H'

Lunch 12:00 - 12:30 P.ÙÍ.

Dfnner 5:00 - '5:30 
P.H.

Pleasä be pronpt for all ¡neals. Renerober to lnfo:m the Persons

preparing ¡oeals lf you exPect to be early or late for lunch or

dl¡ner.
2. All of the food Eust be eaten slnce 1t w1ll have been carefulJ-y

uefghed or measured.

3. Only food or drink served or speclfled by the director of thej

project will be pernltted. Nothfng else 1s to be eaten during

the perlod You are oD the studY.

4. ttrelgh yourself ctally before breakfast. A scale a¡d forn for

recordlng welght r¡ll1 be avaflable In Roon 402, Houre Ec. Bulldlng.

An effort r¡111 be made to nÊlntaln a constant weight for you by

adJusÈfng the lntake of certaln food ltens'

5. The Hone Ec. Bullding ls locked on weekends. Please obtaln an

eo-trance key, to be signed out at Ëhe secreEary's office' It
should be reÈurned at the concl-uslon of the study'

gl.ooÐ SAHPLES

l.Threefastlngbloodsanplesv¡lllbetakendurlngeachdlettrial.
Dates and tfuoes u111 be announced beforehand'

2. Do not consune any food for I hours before blood sanple 1s to be

taken (clear coffee, Èea or waËer are pernlrted)' DO NoT drfnk

. coffee or smoke a cfgaretÈe for I hour before the tfne blood sanple

fs to be taken.

COLLECTION OF FECES

l. Two 5-day feces collectlor Perfods w111 be conducted durlng each

dtet trfal.
2. _ Collect all feces 1o the contaioers provfded. The contalners ñay

be obtatned (tn Roon 402) and should be slgned out ln the record

book @. loo'l!Ð
3. Label alt contaLners carefully and cIearly. Coroplete the 1abe1 wtth

your Damer the day and the tlne the collectlon was made'

4. tse a separate contalner for each fecal collectlon' Tn other words'

thle ls not to be a conposite sample for a 24 hour perlod'

5" Place contafners la Èhe freezer ln Room 400' If not wlthln reach of

the Bone Econonics DeparlmenÈr keep In as cool a place as posslble'

The success of this netabollc study depends largely on you ' ' ' otl

your cooPeratlon 1II eatlng all Èhe food that you are glven AI'ID

NoTHINGELSEandlnnaklngcarefulcollectlonsoffeces.l{ew111
greatly aPpreclaËe such cooperatfon otr your Part Ln carrylng ouÈ

thfs otudy. If you have any questlons' contact sone of the

låboratorY Personnel'
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Appendix Table 2. ExPerlnenÈal diet nenue.

Breakfast ¡}tl Et12

Jufce Julce

' Rolleil oatsl Cre¿rn of t'¡heatl

Scranbled Egg Albunfn2 Scratbled Egg AJ.buolnz

Toast Toast

Je1ly JellY

Skfn M1lk Skt¡o H1lk

Sugar Sugar

Margarlne I'largarine

Lunch
Tossed Sal-ad Tossedl Salad

Súteet ând Sour Pork Meatballs/tonato 6auce

' Rl.ce SPaghettf

Frult3 F*1t3
Skln Hllk Skfn lfflk

Bread

Margarlne

Dlnner

Bread

Margarlne

Meat loaf/gravy
Mashed Potato

vegetable4

Frult3
Skfro llllk
Breäd

l{argarlne

Beef Ster¿

Tossed Salad

Fruft3
Skfn Ml1k

Bread

Margarfae

Saacks
Glnger Mufffa
Frult Square

Oat¡neal Cookles

Glnger Mufffn
Fruft Square

Oatmeal Cookies

I Srrb5".a, could choose rolled oats or cream of l¡heat.

2 Or"l.aa. or Freuch toast qould be selected.

3 Rotatloo of canned aPrlcots' frul-t cocktaii, peaches, pears and
pineapple.

4 Botatfo., of frozen carrotsr green beans and peas.
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þpendlx Table 3. Stablllzatlos dfeÈ E¡eûus.

BreakfasÈ SHI sM2

Julcel Jufce2

Scranbl.ed Eggs/butter Dry Cereal3

Bacon Bolled Egg

Toaet Toast

Jelly Jel1Y

lJhote ìf1lk Whole Mllk

Lunch
Tossed Sal-ad/ Cream of ToEato SouP

French Dresslng

Ëanburger Pattle/ Har¡ & Cheese Sand¡¿'lch

, cheese slfce
Hanburger Bun/rellshes Carrot & Cel-ery Sticke

Fruit4 Frult4

Whole Mil-k l'ttrole lfflk

Dlnner
Pork Chops Roast TurkeY

Hashed Potato Mashed Potato

vegetables vegetables

Frult4 rrult4
tlhole Mllk Whole Hllk
Bread Bread

Butter Butter

Snacks
GingersnaPs GfngersnaPs

Oatroeal cookfes Oatneal cookÍes

Oreos Oreos

I sub5""r" had cholce of apple or plneapple Julce'
2 Srrbj""r" had choice of orange or grapefrult Jufce'
e'J Subjects could choose elther corn flakes or bran flakes'

4 Rotation of canned aprfcots, fruLt cocktall, pears, peaches and

plneappLe.

5 Roaraloo of frozen' carrois, green beans and peas'
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