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ABSTRACT

The effects of sunflower oí1 and lard (40 percent

of calorles) on serum 1lpld patterns and cholesterol turn-

over was. lnvestlgated j.n elght healthy young men. The 39-

day metabollc trlal conslsted of 1) a 10-day stablllzatlon

perlod when a fat mlx wlth a fatty acid composltlon repre-

sentatlve of the average canadlan consumptlon was fed;

2) a 21-day experlmental perlod when elther the lard or

sunflower o11 diet was fed; and. 3) a 7-day post-experlmental

period when thre mlxed fat dlet was refed. Fastlng venous

blood samples were taken on days 4, Ilr IB, 25r 32 and' 39'

Serum total cholesteroÌ decreased (P <0.001) Sø mgl100 mI

on the sunflower oil diet and increased- (P<0.00L).26 ne/

100 ml on the lard diet, Serum free ancl esterlfled choles-

terol followed the pattern of total cholesterol as 111us-

tratedbythefactthattheproporti-onoffreeand

esterlfied cholesterol remalned fairl-v constant wlthln each

group throughout the experlmelnt. Although there were

dlfferences among the groups, serum eholesterol, serum

Ilpld phosphorus and serum trlglycerldes followed slmllar

patterns. There was llttle change ln the fatty acld pat-

terns of the serum phospholipiCs ln response to dletary fat

source. Llttle 1s knorvn of the effects of dletary fat on

the turnover of plasma cholesterol ln normal, healthy men'

Thlrty-two days prlor to the start of the study, each sub-

Jeet was lnfused wlth 50 mlcnocurles of trltlum labelIed

ôholesterol and the decllne 1n radloactlvity ln the plasma



was monitored during the study. The decrease of 3II-"hoIes-

terol in the blood was trvice as great on the sunflower o11

dlet as on the lard dlet. However, there was no ehange

ln bhe slopes of the speclflc activlty-tlme eurve on the

two dlets whlch suggests that the rate of turnover of

cholesterol differed on the two dlets but synthesls and ab-

sorption of cholesterol remalned constant. Durlng the f1naI

seven days of the experlment when the rnlxed fat diet lvas

,nts of nroteln source on serum Ilplds ïIas ln-fed, the effects of proteln source on sr

vestlgated. Two subJects from -each of the lard and sunflower

o11 treatments consumed the same ldentleal rnlxed fat dlet

of days I to 10, whereas the remainlng four subJeets con-

sumed the same dlet except that the soy protein was replaeed

by lean beef. Proteln source was found to have no effect

on any of the Serum l1p1d parameters neasured. The appree-

lab}e effeets of sunflower o1Ì and lard on serum llpld

patterns ls conslstent wlth the hypolipldemlc effect of

polyunsaturated fatty aclds and hyperllpld.emlc effect of

saturated fatty aclds although the reeommendatlon of sub-

stltutlng anlmal fats with vegetable fats wlthout eonsld-

erlng the fat source 1s to be questloned

1v
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IÌJîRODUCTÏOI.i

The rela-r-ion of angina pectoris to eoronary athero-

SclerosiS t{as recognlzed over two centuries ago. l'4yocardlal

lnfarction was flrst recognized clinieally over a century ago. 
:t., , ..

Today, Syndromes eharacterlzed by eardiac pain are preclsely 
'':"""::

diagnosed and treated (nltsehule , irg|4),'. Generally, r^Ihen a

di-sease is easily and satlsfactorily treated, the pressure on 
.,. .,.,.,.
.:'..'::.!.:'.:

scientÍSts to elucldate the etlology and define preventlve : ::j:.r:::

measures 1s mlnlmal. But, rrihen a dlsease 1s increasing ln i,.,',;,,r,,,','
i. -: .'::_

a {e {-laa ^âaâ r.r{.Fh ^^F^nâ?¡rr 
qfilrov¡rr<a'lerrnsls 

-frequency as 1s the case wlth coronary atheroselerosls

andwhentreatmentofSomeofltSmanifestations1snotSatiS-

factory, the pressure for a solution 1s perslstent and heavy.
.

Atherosclerosls, the leading cause of death 1n North

America, j.s an entÍty characterized by the accu.mulation of 
i
)

eholesterol and other fatty substances ln the wa1ls of the 
i

large blood vessels (Gresharn, fgTZ). From adolescence on- .:
wards, the disease is almost unlversally present 1n our

=þopulatlon; persons trlth extenslve df sease become candldates i, :,..,,:,,-

for heart attaeks and angina pectoris when the eoronary arter- ,,,,.'-1,',

ies are involved, and for strokes when the cerebral arterles 
'.''1"';"'"

are j-nvolved. In North America, a male under 60 fras one

chanee in flve of developing atherosclerotic isehemlc heart . ,.

disease. Al-most one-third of the initial heart attacks Are " '""'

fatal wlthin a fer^¡ hcurs and more than 60 pereent before the

victim recelves medical attentÍon. For the stlrvi.vors the

outcome 1s often gloomy (Rrusls, 1971).
..-t,t ,,t, 

tt 
'



c11nIeaI and epldemlologlcal studles have indi-

cated that the causes of atherosclerosis and the ellnical

events leading up to a heart attack are mulbifactorial

(Epsteln , Ig72) . These causes include genetic, cultural

and environmental factors. Some of the cultural and en-

vironmental factors which are lcnorvn to increase the risk of

coronary heart disease (CHO) are under the control of the

ind.lvidual. These include dietary patterns (high intake of

cholesterol, saturated fats and calories), sedentary living

hablts (Paffenbarger and Fta}e, L975) and clgarette smoking.

Other factors, whlch have been impllcated but whlch are

less well documented, are large coffee intakes (Paul, 1968),

hardness of the drinking water, and emottonal stress and

tension (Schroeder, 1974). Some of the predlsposing factors

are not responslve to preventlve lnterventlon; men, for ex-

ample, are more prone t'o CHD than pre-menopausal women.

Dlabetes mellltus, obesity and a posltlve family hlstory of

vascular dlsease also increase the rlsk of CHD (Kannel et a,1t

"-1967; Epstein, 1-972) .

The d.egree to which each of these factors has con-

tributed to atheroselerosis has been confound'ed by many

problems. Some of the factors are interrelated; obesity can

be due to genetic factors or to an imbalance of caloric l-n-

take and energy expenditure (Katz et â1, f95B); both ean

cause hypercholesterolemj-a. The complexlty of the tissue and

haemodynarnlcal factors lnfluenclng the location and evolution

of the atherosclerotlc leslon (Altshule, I974a)-, the dlffi-

culty aE present to ASseSS the presenee and extent of



2:J.

'atherosclerosls in the livlng person and the lack of a sat-

isfactory experlmental anlmal model for atherosclerosls

(Gresham , T|TI), although work with prlmates appears prom-

ta:.s:.ng (.Jones et al, 1975), have added to the problem ln

elucidating and separating all the factors lm-olleated ln

atheros clerosfs

All serum liplds have been lmplf.cated in atheroi

Sclerosis. Elevated Serum cholesterol values appear to be a

factor present 1n all forms of CHD, hence lnterest has been

focused on serum cholesterol. Examlnation of aiheroscLero-

tlc fatEy streaks 1n human thoraclc aorta have shown average

cholesterol values five tlmes those of normal aorta, and

phosphollpld values 1.5 tlmes those ln adJacent normal lnt1-

mae (Insull and Bartsch, 1966). Hfgh fasting eoncentratlons

of plasma trlglycerldes have been shown to be a slgnlfÍcant

rlsk factor ln atherosclerotlc disease (Carlson and Boltlger,

l972)and1thasbeensuggestedthathypertr1g1yeer1dem1a

may have a rlsk :independent of assoclated. hypercholesterol-
--emia (A1brink, 1973).

There have been many studies on man in whlch the

diet has been closely regulated. These studles have shown

that changes 1n the fat compositlon of the diet can bni-ng

about a change 1n serum l1pld values. Dlets high in satura-

ted fats, containing high proportÍ-ons of CI2:0, C14:0 and

C16:0 fatty acids, have been shown to elevate serum choles-

terol values (Grande et a1, 1972). On the other hand,

saturated fatty aclds of fewer than 12 carbon atoms (Keyes

et aI, I965c; Grandeet al, I965c) and stearlc acld (Keyes



4. r:1.1:::r':i-:

-e! sl, I}TO; and Losler, I9T2) have been found to have little

effect on serum cholesterol values. Epldemlologlcal studles

have shown that populatlons v¡ho consume diets low 1n fatt

such as those rvhlch characterJ ze the Bantu, have litt1e

ahterosclerotlc heart d.lsease. But, these dlets tend to be

unpalatable and too extreme for North Amerlcan soclety. Sub-

stitutlon of vegetable o1ls, rich 1n polyunsaturated fatty

acids and low ln saturated fatty acids and. cholesterol, in

place of animal fats ean essentlally achieve the Same effect

on Serum 1lp1ds. Thls aoproach has offered a way to malntaln

a palatable hlgh fat dlet. Several controlled cllnlcal

trials have establlshed the quantltatlve effects of saturated

and polyunsaturated fat, as well as of dletêrV cholesterol on

serum cholesterol ln man (Hegsted et aI, 1965; Keyes et al,

L965a; Keyes et a1, Ig65b; and Keyes et aI, lrg65c).

It has been suggested that to counteract the pre-

sent incldence and mortallty from CHD 1n North Amerlca, the

dlet must be modlfied to mlnlmize elevatlons of serum 11pids.

However, many of the earller studies lmpllcating various fats

were conducted wlth subjeets who were fed. forumula d'lets and

who were not free-l1ving lndividuals consumlng rnlxed dlets.

Saturated fats are generally regarded as hypercholesterolemlc

although Losler (lg72) found beef taIlow, a fat hlgh in

stearlc acld, to have a hypocholesterolemic effect. Thus,

more precise informatlon on the effects of speciflc fats and

fatty aclds 1s needed. However, Íf it 1s accepted, 1n gen-

eral, that polyunsaturated fatty aclds decrease _serum

cholesterol and that saturated fatty aclds increase serum
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cholesterol-, the questlon arises as to how the;,' bring about'

these effects; whether it ls by lncreasing tu:'nover of

cholesterol or by a mechanism of redlstribution cí eholes-

terol between the varlous body tissues. The presenÈ s'uudy

was undertaken to lnvestigate the effects of 1arC, â satura-

ted fat hlgh 1n palmltlc acid, and sunflorver oJ1' a po;ìyun-

saturated fat hlgh ln llnolelc acld, or cholestercl iurnover

and on serum 1lpid levels in healthy, free-Ilv!-ng ind.ivi duals

consumlng a mlxed food diet.



REVTEI¡I OF LITERATURE

The main features of cholesterol metabollsm were

elucidated in 1933 by Schoenheimer & Breusch who concluded

that synthesls, absorptlon and destructlon of cholesterol- ln 
,,,,,,, ,

mammals were controlled by a complex system of'lnterrelated

mechanisms in which cholesterol ltself vras a prlnclpal medl-

ator. Ilowever, even today the means by which the regulatory 
,,.,,,,,..

mechanlsms are lntegrated ls poorly understood largely be- ,,,';'.""
:

cause adequate method'ology for aceurately quantiËatlng 
,,;.,;.,,t,.

sterol synthesls, absorptlon, excretlon and degradatlon in 
'

the lntact anlma] has been developed' only recently' In

addlt1on, the rnlsclblllty of cholesteroL among tlssues and

organs makes the dlsseetion of control mechanlsms ln the 
'l

various organs dlfflcult. Thls revlew wl11 attempt to sum-
,-

marlze the current concepts of the measurement and

regulatlon of cholesterol turnover'

Turnoverr, 1n the case of cholesterol, reflects the

balance between lnput of cholesterol from endogenous tissue ,:,'.,.'

synthesls and from dletary Sources, and the loss of choles- ,.,',,,',

terol whlch occurs 1n the feces ln the form of bl1e acid's "¡'::::::

and neutral sterols. There have been several studles of

chol-esterol turnover. In additlon to studies on cholesterol 
..:..::

t,urnover, other studles have provided estimates of the flow """¡"','

\ - - Â Àr^- ^4..1{ ^àof choLesterol among the body pools. Many of the studles

have focused otl assesslng Serum cholesterol leveIs because

of the assoclatj.on between atheroselerosls and hlgh serum
,' ,a.,, -

C¡OLeSterol ValUeS. f n general, the ChangeS ln plaSna 
,i,.,.,,,,,
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eholesterol are thought to reflect the changes in other no{V

tlssues.
studles ln cholesterol turnover requlre conslder-

able time because turnover ls s10w in some tlssues. The

measurement of cholesterol turnover demands steady state

condltlons in which there 1s a constant steroL lntake and

stable body welght. Cholesterol is lost almost exclusively

1n the feces. Fecal collectlons are problematlc; total

feces must be collected and correctlons must be made for

losses of neutral sterols due to bacterläI degradatlon'

Methods v¡hich measure the turnover of radloaetlve cholesterol

in the plasma are more simple than chemicaL methods but do

not yleld the amount of lnformation that dlrect quantltatlon

of fecal sterols or a comblnatlon of both methods can give'

A. METHODS OF MEASURING CHoLESTEROL TURNOVER

Nestel (1970) and Grundy & Ahrens (1969a) have re-

vlewed the four naJor technlques for meas:urlng cholesterol

trtrnover 1n man. These lnclude the chemlcal bal-ance tech-

nlque, lsotopic balance methods, estlmatlons based on analysls
1

of radloactlve cholesterol die-anay curves 1n serum* and a

comblnatlon of these methods -

Two types of lsotoplc balance methods have been

used to dlstlngulsh between fecal products of endogenous and

exogenous origln. The stmplest method lnvolves a single

A plot which takes lnto
blologlcal turnover of

account radloactlve decaY and
the labell-ed eompound

1.
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B.

'intravenous lnjectlon of labetled cholesterol and the subse-

quent measurement. of radioactlvity in the plasma and fecal

steroid fractlons. The labe11ed cholesterol 1s admini-stered

at least 30 days prlor to sampling to allow complete equill-

bration of the lsotope among the various body tlssues. The

second approach, the steady state lsotoplc balance method, '

has been suggested as a means for calculatlng the amount of

cholesterol absorbed. A constant amount of labelled choles-

terol is lngested daily until a steady state 1s reached.

Once a stead.y state has been reached, cholesterol turnover

can be calculated.

There have been several approaches for the measure-

ment of cholesterol turnover by analysls of speclfic actÍvity

dle-aivay time curves. One of the slmplest techniques ls the

single intravenous lnjectlon of labelled cholesterol followed

by monltoring of plasma radioactlvlty (Good.man and Noble,

t96B), The llmitatlon of thls method is that no direct measure-

ment of cholesterol synthesls and. absorptlon is made.

Chobanian et a} (L962) proposed a method for caleu-

latlng the rate of total turnover of cholesterol on the basls

of the die-away tlme curve of radioaetlve cholesterol' Hls

approach reflected the turnover of a single pool of readily-

miscible cholesterol excludlng that 1n nerve tissue. Thls

model did. not account for the fact that the change 1n specÍ-fic

activity in serum cholesterol ls not li-near until 30 days fol-

lowing the lnjectlon of labelled cholesterol (Figure I).

It is well documented that plasma cholesterol

specific activity deellnes more slorvly after ths first few
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FTGURE 1

FOR
A

SCHEMATIC LOG SPECIFIC ACTTVTTY-TTME CURVE

SERUM CHOLESTEROL AFTER ADMINISÎRATION OF

SINGLE DOSE OF RADIOACTIVE C}IOLESTEROL

Change of
Reglmen

Decreased sYnthesls
r oF lncreased Pool
JSpeclflc

Actlvlty

Increased sYnthesis
or decreased PoolTime

b=

c=

Period of Rapid Decay (non-l1near fal] off).

Period of Isotopic Equlllbrlum Between Readlly
Mlscible Pools (llnear falI-off).

After Change of Regimen.
(pool is cõncelved of as all the body cholesterol
except that ln nervous tlssue. Its slze can be
incrèased by decreased excretlon, lncreased syn-
thesls, oP lncreased absorptlon of endogenous
cholesterol. After a change 1n regimen, a
decreased slope of the speciflc activlty-time
curve is due to deereased endogenous synthesls
or lncreased pool size; increased slope 1s due
to lncreased äynthesls or decreased pool slze ' )

Grundy & Ahrens (L966).
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days wlth the rate of dlsappearance becoming essentially

llnear after the fourth v¡eek (Figure 1). In 1968, Goodman

and Nobel proposed that cholesterol exchanged v¡lthln a sys-

tem of two pools rather than wlthln a slngle pool. The

tlnear decrease of specj-flc activlty reflected the rate of

cholesterol turnover ln the slower of the two pools and not

the whole body. Under bhis scheme, PooI A reflects a pool

of rapldly mlsclble cholesterol comprlsed of the llver'

bl}e, plasma, erythrocytes and posslbly the lntestlne. In

Pool B, turnover ls much slower and ls cornprlsed of choles-

terol Ln the vlscera (other than 1n Pool A), skeletal

muscle and ad.lpose tlssue. It should be noted that these

two pools only represent mathematlcal models and have no

true physlcal boundarles.

Analysis by chenlcal balance was developed by

Grundy et a1 (1965) and Mletülnen et al (1965). Thls method

affords direct measurement of quantLtatlve and qualltatlve

excretlon patterns of fecal neutral and acldlc sterols. Ïn

addlt1on, the chemical balance method allows for the quantl-

tative analysls of plant sterols and their converslon

produets lndependenb of cholesterol. However, a maJor

limltation ls that 1t does not distinguish between metabo-

lltes of endogenous and exogenous orlgin

When lsotoplc balance technlques and chernlcal

anaiyses are comblned, a fairly accurate estlmatlon of

cholesterol absorptlon can be made. This method affords re-

sults which are not posslble by elther method aIone. Fecal

sterolds of endogenous ortgln can be estlmated by the

_l:"rlr.: !'1. .i



.isotope method whlle chemlcal analyses give an estimation ,'i,', ,',

of sterolds of endogenous and exogenous (aietary) or1g1n.

The difference between the two represents tlnaiu portion of

cholesterol whlch has not been absorbed during lts passage
:

through the lntestlne. 
r,,, ,,,.,.,,,
'- :': ì' :._.::

B. TURNOVER OF CHOLESTEROL

The development of adequate methodology for

accurately quantitatlng cholesterol and its metabolltes

has made lt posslble to measure cholesterol- turnover. . Plas-

ma ls one of the more accessible tissues and turnover of
plasma cholesterol has been extensively studied. in a number

of specles. The most conmon method involves admtnistratlon

of lsotopÍca11y labelled cholesterol or a blosynthetle pre-

cursor of cholesterol and determining bhe radioactlvity of
plasma cholesterol in the ensulng weeks. It has been con-

slstently shown (Nestel e! 4!, J:969; Nestel , 1970; and

Quardordt & Greenfield, 1973) that, during the first few

weeks after lsotople adminlstratlon, the sernilogarithmlc

plot of cholesterol radloactlvity versus tlme 1s curvlllnear
(Figure 1). The changlng slope of the curve durlng the flrst

few weeks ls due to the slow rates of equllj.bratlon between

the plasma and other body tissues. As the changes in plasma

cholesterol are believed to reflect l.¡hat 1s happenlng ln the

rest of the body, Goodman and Nobel (1968) suggested that

turnover conformed to a two-exchangeable pool model; Pool A

the rapidly equillbratlng pool and Pool B one which ex-

changed more sIowly. DÍetschy and l{llson (1970a) and



Goodman et al (1973) have presented evidence for a three-

pool model. In this mode1, cholesterol was vj-ewed as a

rapldJ-y-exchanglng pool (A), a more slow1y-exchanging pool

(B) and a pool wlth a negl1b1e exchange rate (C). Entry

and exlt from the system occurs prirnarily through Pool A.

However¡ tro matter hov¡ soIldly based these models arer 1t

must be remembered that the body aetually ls comprised of

multiple tissues, each wlth 1ts orun turnover and exchange

rate, and that some of these tlssue pools may be too srnall

or too s1ow1y exchanglng to contrlbute to the overall

dimenslons of cholesterol turnover" Nevertheless, they may

be eritical ln the localized accretlon of cholesterol in

pathologlcal states.

1) Synthesls of Cholesterol: Every mammallan tlssue

has the capaclty for de nova synthesls of cholesterol 
"

from acetate although there ls great varlatlon 1n syn- 
l

thetic actlvlty among organs (Dletsehy and ldllson,

(1968). The hlghest rates of sterol synthesls are ln

the liver and 1leum, wlth the synthetlc abll1ty of the 
""':'""", 

,

gastrolntestlnal tract varylng according to site. t,;'.,.,,i,',',,,ì,'',,...:'
Synthesls 1s relatively low 1n the proxlmal jejunum

and lncreases to a maxlmum at the ternlnal smal1 bowel.

Tbe abdominal and thoracic viscera and the skin have 
i.., ,,1.. ,.:.,,.,r...:...::.-:. .1

lower rates of synthesis than the llver and gastroin- 
l

testinal tract, whlle the rate of synthesis 1n mu.scle

and mature nerve tlssue 1s very low.

The dlfference in potential for sterol synthesf
_,t,,",.",'t,,..,.

between the l1ver and gastrointestinal tract and other ::':'::::'r::::'
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tissues 1s strlking v¡hen organ welght ls taken lnto

aceount. Approxirnately 98 percent of all detectable

sterol synbhesls takes pl-ace in the 1lverr gastroÍn-

testlnal bract and skin; all other tlssues account for

only two percent. Muscle, whlch accounts for nearly

half of the body weight, contributes only 0.5 percent

of cholesterol synthesls ln the squlrrel monkey; 98

percent occurs in the llver and gastrolntestlnal tract
(Dletschy and l,rl1lson, 1970a).

2) Absorptlon of Cholesterol: A naJor source of

cholesterol enterlng the body 1s exogenous or dietary

choLesterol. The dletary cholesterol can be free or

esterlfled wlth fatty aclds. It becomes mlxed wlth

endogenous cholesterol from the blle and desquamated

mucosal cel]s (Dletschy and W1lson, 1970b), and the two

become lndlstlnguishable, Only free cholesterol 1s ab-

sorbed

Pancreatic cholesteroI esterase hydrolyses the

cholesterol esters. If sufficlent bller monoglycerldes

and fatty aclds are present, free cholesterol ls solu-

blzed in mlxed micelles and brought lnto eontaet wlth

the brush boarder where 1t ls moved across the membrane

lnto the 1ntracellular pool of cholesterol. Here

esterlflcatlon wlth long chaln fatty aclds takes plaee.

These esters are incorporated lnto chylomlcrons whlch

are then released lnto the lYmPh.

There are several potentlal sltes where the rate

of absorption can be controlled. These lnclude the
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permeablllty characterlstics of the mucosal- membrane'

the relative activity of chol-esterol esterase and the

?a;e of chylomicron formation. Exogenous cholesterol

1s more readlly absorbed v¡hen 1t is given in coniunc-

tlon with a hlgh fat d.1et (llil-son , 1962) , although the

exact mechanlsm by whlch fa-v enhances absorptlon has

not been elucldated.

The blIe acid pool also affects the rate of ab-

sorption. If bíl-e 1s prevented from enterlng the

gastrointestlnal tract, chol-esterol is not absorbed

(Siperstej-n et aI ,lg52) r'rhereas, if the amount of b1le

acld iS lncreased, there is an increased rate of absorp-

tion (Dletschy and t'Ii1son, 19/0b). Sylven and Borgstrom

(1968) have suggested that the rate-limlting step 1s the

release of cholesterol to the }ymph, although no mechan-

ism has been proposed. Other factors affectlng absorptlon

lnclude the amount of eholesterol and. fat 1n the dlet.

The understandlng of cholesterol absorptlon has

been confounded by many factors. Cholesterol absorptlon

can only be re11ably assessed r¡hen dletary intake re-

malns constant. This is because chol-esterol can be

taken up into the lntestinal ceII and, subsequently'

diseharged lnto the lumen of ihe lntestine again without

even reachlng the circulatory system. In additlon,

there 1s enterohepatlc recycling of cholesterol. Three

d.ifferent approaches have been proposed to overcome

these confoundlng factors, nainely, the lsotopic balance

technique (Wllson and LindsâY r Lg6Ð , the chemlcal
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balance technlque (Mlettinen et al , 1965) and comblna-'

tlons of these two. Only net absorption is measured by

these methods; there ls no means for assessing entero-

hepatic clrculatlon of cholesterol. By these methods

lt is estlmated that, of the 0.5 to 2.0 gm of cholesterol

lngested dally by persons eatlng a typleal North Amerlcan

dlet, only 20 percent 1s absorbed (Vüilson and LindsêVr

L965).

3) E¡gfetlon of Cholesterol: Elimlnatlon of cholesterol

and lts metabolltes occurs v1a the gastrolntestlnal tract.

The excretory products of cholesterol. appear ln the

neutral sterol and blIe acid fractlon of the feees.

Mclntyre and Isselbacher (1973) have reviewed the role of

the lntestine in cholesterol turnover" They estlmate

that the pool of b1Ie salts amounts to between 2.5 and

5.0 Brn. Approxlmately 200 to 600 mg of bile acids are

lost ln the feces each day. Factors determlnlng the mag-

nltude of losses of blle aclds and neutral sterols 1s not

clear (Dowllng, 1972) " The conjugated b1Ie acids

taurocholic ac1d, glycocholic acld, taurochenodeoxycholic

acld and glycochenodeoxycholle acld - are the prltnary end

products of hepatlc catabolism of cholesterol. DeconJu-

gatlon may occur, resultlng in the formation of chollc

and chenod.eoxychollc acld whlch, in turn, may be dehydrox-

ylated to form deoxychollc acld and llthochollc acld

respectlvely. BLle acids can be absorbed from the lntes-

tine. The deconjugated b1le aclds are agaln conjugated



r¡rlth glycine or taurlne and re-secreted lnto the b1Ie.

The exeretlon of cholesterol has been extenslvely

studled. Inlhen there is a high rate of absorptlon of

cholesterol ln the rat or dog, lnereased converslon of

cholesterol lnto b1le aclds appears to be an lmportant

excretory mechanism (Dletschy & 1¡l1Ison, 1970c).

These authors have su6çgested that lncreased hepatic

excretion of fecal b1le acids may account for the

cholesterol lowerlng effect when polyunsaturated fats

are fed.

Other studies, uslng radlolsotopes, have shown

that blle aeld losses can be lncreased by cholestyra-

mlne. This resin binds bile acids in the lumen,

thereby lncreaslng fecal losses. Thls, 1n tunnr causes

plasma cholesterol levels to fa1I (Moore et al, 1968).

However, this fa}l 1n plasma cholesterol may not slmply

be the result of an lncreased excretlon of blle aclds,

but eorrld also be due to ¿t decreased absorptlon of

cholesterol because bl}e aclds are required for the ab-

sonption of eholesterol

The fecal neutral sterol fraction ln man lncludes

plant and anlmat sterols of dietary and endogenous

or1gln (Danlelssonl 1963). Endogenous sterols conslst

of êhotesterol and.its precursors - lanosterol and

7-dehydrocholesterol (McIntyre & Isselbacher ' l-973).

Many of the bacterj-a present in the large lntestlne are

capable of degrading eholesterol, thus accountlng for

16.
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the many other sterols present in the feces. Copro-

stanol ls one. of the maJor bacterial degradatlon

products.

Endogenous cholesterol can enter the smaIl lntes-

tine via the b1Ie and shed eplthellal cells.

Cholesterol whlch reaches the dlsta1 lntestine is

unavaj-lable for resorption and may eontrlbute slgnlfi-

cantly to fecal neutral sterols (Nestel, 1970). The

loss of end.ogenous sterols in man can be determined by

the loss of radloactivåty 1n the fecal neutral sterols

foltowlng lnfuslon of labelled cholesterol. Labelled

chol-esterol has to be equlllbrated wlth the cholesterol

of the. bile and the lntestlnal mucosal ceIls for the

loss of endogenous sterols to be accurately assessed

(Grundy and Ahrens, t969a), In addltlon, neutral

sterols are extensi.vely degraded. These losses are

postulated to be the result of bacterlal degradatlon

and can only be determlned if an lnternaL standard,

such asf -sltosterol, is fed..7€-sltosterol 1s poorly

absorbed but can be degraded by the lntestinal flora.

Substitutlon of polyunsaturated fats for satura-

ted fats in the diet cause serum cholesterol values to

falI. Ahrens et al (1957) proposed that this decrease

ln serum cholesterol values may be because of lncreased

excretlon of fecal neutral sterols of endogenous origi.n.

Work by Conner et a1 (:1969) supports thls hypothesis, namely,

that the excretlon of neutral sterols and. b1Ie acids 1s
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' increased on a dlet rfch ln polyunsaturated fatty aclds,

but Sprit z (196Ð falIed to demonstrate lncreased excre-

tlon of fecal acldlc and neutral- sterols in response to

polyunsaturated fats.

C. REGULATTON OF CHOLESTEROL IVIETABOLÏSM

Total body cholesterol 1s regulated by the lnter-
action of absorptlon, synthesis and excretlon.

Three physlologlc varlables lnfluence cholesterol

blosynthesls, namely, the amount of cholesterol ln the dlet,
the calorlc lntake of the anlmal and the enterohepatlc cir-
culatlon of bile ac1ds.

Grundy et a! (1969b) demonstrated that the total
synthesls of cholesterol was related to the amount of

cholesterol absorbed from the 1umen. Interruption of entero-

hepatic reeycllng of btle aclds lnhiblted cholesterol

absorptlon, thereby causing redueed plasma eholesterol

values. However, the reductlon 1n plasma cholesterol lr'as

limited by a compensatory lncrease 1n cholesterol synthesls

(Dletschy & ì¡l11son, 1970c). Thls rvork clearly demonstrated

that cholesterol synthesis ln man is under feedbaek rep¡u1a-

tlon by cholesterol 1tself. Further work by Qulntão et a1

(1971) on the lnteraction of cholesterol absorptlon, synthe-

sj.s and excretlon, using the sterol balance technlque,

lndicated that absorptlon of cholesterol lncreased wlth an

increase 1n dietary eholesterol. As much as 1 gm of

cholesterol was absorbed by patients who were fed 3 gm of



1 O :::..:,.':..
¿f .

cholesterol per day. The compensatory mechanlsms evoked ' :'

were lncreased excretlon of cholesterol (¡ut not blle aclds)

and decreased total synthesls of cholesterol'

Although total body synthesls of cholesterol 1s

reduced by choLesterol feedlng, only hepaülc cholesterogen- 
' :,:, ,

esls 1s promptly suppressed by dletary cholesterol (Gould,

1951). Hence, the gastrolntestlnal Etaet (especlally the

lleum) becomes the major slte of endogenous sterol synthesls ::..:1.-

,tt,,t,.,','

when 1lver synthesls 1s suppressed.

It has been demonstrated that fastlngr âs well as 
,:,':,tr,

the feedlng of cholesterol, causes a reductlon in hepatlc

cholesterogenesis. Thls was demonstrated 1n 1952 by

Tomkins and chalkoff and, subsequently, confirmed by

Ðletschy and !,lilson (f97Oc). Dietschy and lirllson (1968)

found. that there was I1ttle reduction in the synthetlc rate

of other tissues 1n the monkey when cholesterol was fed'

A model for the control of hepatic cholesterogen-

esls was proposed by lrlelss and Dietschy ln 1969' In this

model, lt was assumed that cholesterol absorbed from the "i':'r
,,:

lumen controlled hepatic synthesls of cholesterol. The 
't:.,:.,

size of the bile acld pool was assumed to have an lndlrect

effect on hepatlc chol-esterol synthesis (at one time 1t was

thought to have a dlrect effect) because b1Ie aclds are re- ..i,,,,-:' '

quired for the absorptlOn and tranSport of lntestlnal ''ì"'"'''

cholesteroL to the lymph. Thus¡ âû lncrease in the slze of

the bile acld pool al-lows for lncreased absorption of 
l

cholesterol vrhlch, in turn, reduces cholesterol synthesis'
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D. DIETARY FACTORS AFFECTT¡IG CHOLESTERqL TURNOVER

There a?e many factors affecting cholesterol turn-

over 1n man, and a great oeal of attention has focused on

the elucidatl0n of the conirol mechanisms lnvolved'. Elevated

serum chotesterol levels are associated wlth atherosclerosis 
,;,,1', ,

Since diet has been lmplicated rvlth elevated serum cholesterol

leve1s, âñ enormous volume of llteratu""l h"" been devoted to

the effects of various dietary constituents on serum choles-

terol
In brief, all aspects of dÍet have been lncrlmina- 

:

ted. For many years the focal point was concentrated on

dletary îat. However, several other dietary factors recently

have been lmplicated. A lack of dletary ascorbate has been

cited as a predlsposing faetor ln elevatlng serum cholesterol

values (Krumdieck and Butterivorth, :-gTlt), a lack or excess of

various macro and trace mineral-s has been clted as elevating

serum cholesterol Ievels (Schroeder, ]-974), and a lack of

.d.letary fiber has been incriminated (Krltchevsky et â1, 1975)'

That the level of dletary proteln may have an effect on serum

Ilpld levels has been lndicated by Elson et al (1971).

Recently Carroll and Hami-Iton (L975) reported that protein

source, âs v¡ell as amount of protein, 1s lmportant in pro-

moting hypercholesterolemia in the rabbit '
For many years dietary fa', both the source and the

amount, was the primary polnt of focus, and many experiments

were undertaken to determine its effects on serum Ilpids '

The effects of dletary fats on serum liplds have been reviewed
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by

1n

Losler (:-gT2), and the topic ivi_ll be reviewed only briefly

this thesis.

That polyunsaturated fats lower serum cholesterol

values has been accepted for some years (Keyes et aI; t9T4;

and Pikaar & Fernand.es, 19 66) , but stud.ies on plasma choles-

terol levels teII lltt1e of the overall turnover of

cholesterol. Gordon and Ðanielsson (cltêd by l,rlood et a},

ry66) found lncreased excretion of cholesterol and its

metabolites followlng a change to a polyunsaturated fat dlett

and concluded that this accounted for the decrease in plasma

cholesterol. However, Nestel (LgTO) nas suggested that the

analytical method.s used by Gordon and Danlelsson to measure

the excretlon rates may have been unsatlsfactory. Ìrleverthe-

less, Connor et al.. (1969), Grundy & Ahrens (1966), Moore et 31

(1968) and Sodhi et al (1967) have shown lncreased excretlon

of bl1e aclds and neutral sterols on dlets rlch in polyunsat-

urated fatty ac1ds. As yet there is llttle agreement on

luhlch fecal sterol fracti-on was increased. Grundy & Ahrens

(W66) found that there was an increase in the neutral frac*

tlon but not the acidic fraction. On the other hand, Sodhi et

aI (L967) and Moore et al (1968) found an increase 1n both the

acÍdic and. neutral fractlons. Other researchers have given

different explanatlons for the serum cholesterol lowering

effects of polyunsaturated fats. Sprit z et aI (l-965) and.

Grundy & Ahrens (1970) found no conslstent change in excre-

tlon rates when polyunsaturated fats were substituted for

saturated fats. Grundy & Ahrens (1970) proposed that

..-.r-.,.:,.
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'redlstributlon of cholesterol- among the varlous body pools'

was a possible mechanism to account for the hypocholestero-

lemic effect of polyunsaturated fatty aclds

The admlnlstratlon of phytosterols has been found

to lncrease the excretlon of cholesterol ln the stoo1.

Sterols have been shown to reduce the reabsorptlon of en-

dogenous neutral sterols derlved from the liver and. intestlne

as well as dletary cholesterol (Grundy et aI' L969a. The

effect of plant sterols on serum cholesterol has been re-

viewed by Keyes et al (1974) who state tlrat ingestlon of

6 to 10 gm da1ly of phytosterols 1s necessary in order to

produce a dlscernable decrease 1n serum cholesterol. This

amount is far ln excess of that contained. l-n most dlets

Corn o1I, whlch has a relatlvely hlgh phytosterol eontent,

contains only 0.58 to 1.00 gm per 100 gm of o11 (Lange,

1950).

There l-s controversy ln the llterature concernlng

the effects of saturated fats on serum cholesterol leve1s

(Relser, 1974; Keyes et al, :-g74; and Altsehule, 1974b)

It is generally accepted that saturated fats lncrease serum

cholesterol leve1s, but only C12:0, C14:0 and C16:0 fatty

aclds have a hypercholesterolemic effect (Grande et al,

Lg72). Stearic acld (c18:0) and saturated fatty acids with

fewer than 12 carbon atoms have been reported to have llttle

effect on serum cholesterol levels (Keyes 9t aL, L965c; and

Grande et aI, 1970). A recent sbudy by Losler (1972) at the

Unlverslty of Manltoba d.emonstrated a modest decrease j-n



'Serum cholesterol values when 4O percent of total calories"

ln a mlxed food dlet were derived frorn beef tallov¡. In the

Same study, corn o11 was found to cause a marked decrease

1n serum cholesterol Ievels. However, these studies gave

no lndlcation of turnover of cholesterol.

There 1s still much to be learned about lhe

effects of dietary constituents, lncludlng dletary fat

sourcesr oD Serum Ilpld 1eve1s ln man. Furbhermore, there

is very llttle known about the effects of varlous dietary

constltuents on cholesterol turnover and serum lipld pat-

terns of healthy lndlvid.uals as much of the work on the

effects that varlous dletary constituents have on cholester-

01 turnover and Serum lipid patterns !^tas undertaken on

hospitallzed peop1e.
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OBJECTIVES OF STUDY

The prlmary obJectlve of the study was to investi-

gate the effects of lard and sunflower oil as the maJor

sources of dletary fat on the serum llpld patterns and

cholesterol turnover ln healthy young men when these fats

provided \07" of total calories in a mlxed diet.

In addition, the response 1n serum I1p1d patterns

of subJects fed a dlet contalnlng soy protein was compared

wlth that observed ln subJects fed the same dlet but havlng

an equlvalent protein substltution of meat for soy proteln.
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EXPERIMENTAL METHODS

A. EXPERTMENTAL DESIGN

The study, a 39-day metabolic tr1a1' was dlvlded

into three periods, The first 10 days of the study served as

a stabillzatlon perlod during rvhlch time a mixed fat dlet was

fed. The fat was formulated to simulate the amount and com-

posltlon of fat 1n the average Canadlan dlet. The purpose of

thls period was to provlde tlme for introducing the subJects

to the routlne of the study, to establish lndlv1dua1 requlre-

ments for calorles and to allow serum 1lp1d patterns to

stabllize. The next 21 days constltuted the experlmental

perlod durlng whlch time elther lard or sunflower o11 supplled

nearly all of the tat 1n the dlet. The Ëest dlets were fol-
lowed by a furüher seven d.ays on the mlxed fat dlet. Durlng

the finaL seven-day perlod, two subJects from each of the

experlmental fat groups were fed dlets 1n whlch the soy proteln

1n the dlet was substltuted, on a proteÍn eq,ulvalent basls, by

lean ground beef.

Fastlng venous blood samples were obtalned from

each subject before breakfast on days 4, ]1, 18, 25r 32 and 39.

Sera was removed and stored.at -10oC untll used for chemical

analysls.

The experlmental plan is dlagramed 1n Flgure 2.

B. SUBJECTS

The lnitial group

young men age 20-31 years (1'=

of subjects were nine healthy

25 years), selected from a group
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who responded to posted notices advertlsi-ng the study. The

subJects were chosen on the basls of an lnterviel wlth the

proJect dlrectorsr â physical examlnatlon and expressed co-

operativeness. They were of average height and welght

(faUle 1) with no dlagnosed metabollc dlsorders or recent

history of poor health. All but one subJect, (R.R.), were

fuIl-time students aþ the Unlversity of l{anltoba; R.R. was

employed by the Universlty and worked on campus" Elght of

the nlne subjects successfully served for the entlre study.

One person who had been recrulted reslgned at breakfast on

Day f and so h1s physlcal data were not lncluded 1n Table 1.

The elght subJects were friendly and co-operatlve at all

t1mes. They remalned ln good health although R.L. was

dlagnosed as havlng abnormal whlte blood cel1s due to mono-

nucleosls on the basls of blood taken on Day 4. This

complaint contlnued for the duratlon of the study, but he

was able to pursue hts normal routlne wlthout feellng any

111 effects. H.P. also was dlagnosed wlth an abnormal

teucocyte count in blood taken on Day 3. He v¡as thought to

have been affected by polson oak. On Days 5 through 13 he

took two antlhlstamlne tablets three tlmes a day (4 mg

Chlor-Trlpolon tablets). H1s blood haematology was normal

agaln on Day 10.

C. TNFUSTON OF THE TSOTOPE

On

menclng the

Monday, August

feedlng tr1al,
26, 1974, 35 days prlor to com-

the subJects were lnfused wlth
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TABLE 1

PHYSTCAL DATA OF SUBJECTS

Age Helght
t¡teight (kgm)

Average
subject (Years) (cms) rnltlal Durlng study

25 t75.3 75.0 74.3 I o.:1

20 175.3 94 . B g3,2 + 1. 3

31 185.4 89. t 87 .2 + t.2

J. B.

H. P.

R. R.

B. M.

R. L. 2T 168.9 59 .l 57 .7 I 0.7

J.c. 22 tT6.5 68.4 67.2 + o.B

R.M. 29 167.6 60.9 63.0 + 0.6

r.B. 26 180.3 B3"Z 8r.6 + 0.7

22 t77"8 83"2 82.4 + 0.3

1. Mean + S.D. for 39 daily wei.ghlngs.
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50 microeuries of cholesterol-1r2-3H(N)I (0.36 ug cholesterol-

in 0,5 mI sterile ethanol) . The infuslons vÍere carried out

under the supervislon of l4s. Helen Bowan ln consultation wlth

Dr. John Moorhouse at the Health Scfences Centre, lllnnlpeg,

l4anltoba. A Harvard ParalleL,/Reclprocal Pump, Model Serles
)

94oz was used for the lnfuslons. The 3H-"ho1usterol 1n 0"5

ml of sterlle ethanol was taken lnto a 3 ce plastlc dlspos-
2

abl-e syrlnge'. The v1aI whlch had contained the isotope was

rinsed wlth 1.5 cc of sterile ethanol whlch also was taken

into the syringe. Air was carefully removed from the

syrlnge, and the syrlnge was fltted to the Harvard Pump. A

slmllar 3 cc dîsposable syri.nge (auxlIIary syrlnge) con-

taining 3 cc of saline also was fitted to the pump.

Disposable plastlc tublng, callbrated. to contain exactly 2 cc

of saline, was used to dellver the lnfusate from the pump to

the subjectsr arm veins. The arrangement of the syrlnges on

the pump ls diagramed 1n Flgure 3.

The delivery tube was filled wlth 2 ec of physlo-

logical saline4. The 3H-"holusterol was delivered into the

tublng at a rate of 0.786 mL,/min (setting 3). The saline,

l-. Lot No. T87-1611 , obtained July I9T4 frorn New England
I'luclear, 575 Albany Street, Boston, l4assachusetts 02118.

2. Purchased June 1970 from Harvard Apparatus Co., ïne,,
150 Dover Road, Millis, l'lassachusetts 02054.

3. Plastipak Disposable Syringe, Beckor Dickinson & Co.
Canada Ltd, , 2464 South Sherrldan Way, l,lississauga,
0ntario.

4. 0.9iÁ Sodium Chlorlde InJectlon, USP (Normal Saline),
Baxter Laboratories of Canada Ltd., Malton, Ontarlo.



!.: j : :l / j: ;r a.:ù :i,3:r,- I r a:.

Auxillary syringe
containing Scc
of saline

Flgure 3:
The arrangement on the
syringes used to deliver

Pressure from
Harvard Pump

Syringe containing
3H-cholesterel in
2cc of ethanol

3 way stopcock

tube initially
filled with 2cc
of saline

To subjects'
arm vein

J'o-:

Harvard PumP of the
the inf usate.



in turn, was lnfused lnto !h* subject. When the eontents Of

the first syringe had been dellvered, the auxlllary syri.nge

vlas moved into posltlon and lts contents del-lvered into the

tublng at a rate of 0.079 mI,/mln (setting 6), thus lnfuslng

the 3H-.ho1"stero1 lnto the subj ect. After the 2 cc of
3H-"ho1"stero1 and 0.4 cc of sallne had been lnfused at thls

setting, another 0.60 cc of sallne was lirfused at a rate of

0.786 m\lmln (settlng 3).

D, DIET COMPOSITTON

Two menus (Table ?) vüere alternated dal1y on both

the mlxed fat and experlmental fat regimens. Each daily

menu, whlch was deslgned to provÍ-de approxlmately I+Of" of the

total calories from fat and to contaln complementary textures

and flavours, included all food groups. The experimental

dlets were similar to the mixed fat diet except that lard and

lard margarlne or sunflower o11 and corn o11 nrargarlne were

substltuted for t;he fats 1n the mlxed f aE dlet.

All food servings were standardlzed and were

welghed or measured for each lndlvldual. In addltlon to the

three regular meals, beüween-meal and post-dlnner snacks were

provided for each subJect. Standardlzed reclpes (Appendlx

Tables 1-9) were followed in the preparatioh of all food

ltems

Breakfast was essentlally the same for both menus;

variety was provi-ded through dlfferent cereals and juices.

Lunch menus included scalloped potatoes wlth co-oked peas or

spaghettl wlth tomato sauce and a lettuce and tomato salad.

3r.
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TABLE 2

COMPOSITION OF DIETS

Itlenu I
BreakfastÌ'2
120 gm AppLe Julce
30 gm Rolled Oats3 +
25 gn lat

e
100 g¡n albunln mlx' t
5.16 gm fat
1 81lce Bread

Jam or JeUy (1 servtng)
16.3 en Sugar (brown or
uhlte)

tunchrt2
2

Scalloped PotatoesJ +
10 gn fat
50 gn Peas

l. sllce Bread

1 fresh Pear

100 gm Rlce + 6.5 g¡¡ fat
!0 gm Cabbage

15 Bm Green Pepper

2 sllces Bread

I20 gm canned Peaches

l¡
Spread: 25 Em'

O11: 13.3 Stn5

Mltk: tt5g grnlday (150 grnlmeal)

snacksl'2
1 x 10 oz can 7-Up of 6ubst.
2 cookies
I carrot and plneaPPle square

üenu fI

120 gm Orange Julce
30 gr¡ Cream of wheat3 +
16 gm fat
100 gm albu¡n1n3 +
5.16 g¡n fat
I sl1ce Bread

Jan or Jelly (1 servlng)
16.3 cn Sugar (brown or
rrhlte )

Spaehettl3
50 gm LeÈtuce

!0 gn lonato
I sllce Bread

I fresh Apple

Beef Stev3
Mashed Potatoes + 15 gm fat
75 g¡n Creamed Corn

50 gn Peas

!0 gn Carrots
2 sl1ces Bread

f20 En Frult Cocktall
l¡

Spread: 25 8m'
O11: 13.3 en5
Mllk: 450 En/day (150 gm,/nreal)

I x Ì0 oz can |-UP or subst.
2 cookles
I carrot and plneaPPle square

t.

2.

Coffee and tea allowed ad 11b. AlcohoL and other
beverages prohibited.

For quantltles of each ltem, see dlet calculatlons'
Appendlx Tables

See recfpes, Appendlx TabLes 1-9.

2! gm butter as spread per day durlng mlxed fat dlet' 2!-gn'
córñ olf margarlnä or hãrd narglne durlng experlnental dlets'

Provlded on mlxed fat and sunflower ot1 d1ets.

Substltute for one /-Up: 5à oz apple Julce + 20 gm hard
candy.

3.

!.

5.

6.
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A cholce of a fresh apple or pear provlded variety. Ch1li

wlth riee and coleslai^¡ salad or stew and mashed potatoes

were the entrees at dlnner. Either canned. fruit cocktail

or canned peaches were provided as dessert. On the mixed

fat diet and sunflower o11 diet 13.3 gm of o11 was served

with the sa1ad. Vlnegar was allowed so that an oj-l and

vinegar dresslng could be made by the subJect 1f desired.

On the lard diet, where no o11 was served, the ad.d.ltional

13.3 gm of lard was incorporated lnto the entrees (Appendlx

Tables 10 and. 11). Bread was lncluded. at each meal to

utilize the spread and to permlt the subJects to wlpe up

any vislble fat remalnlng on the serving dlshes. Worehes-

tershire sauce, tabasco sauce, vlnegar and ketehup were

avallabte at all meals. The subjects were asked to use the

same amounts of these cond.lments daily throughout the study.

Three entrees - stew, ch1li and spaghetti wlth

tomato sauce - were'prepared in advance 1n lndivldual foil
Ã^

contalneps), frozen and stored at -10oc for up to four

months. No detectable changes i^tere observed. as a result of

free zLng and storlng. Entrees for the varlous meals l{ere

taken dlrectly from the freezer, heated and served in the

foil container. The fourth entree the scalloped potatoes

was not prepared 1n advance but ingredlents were welghed

out in advance for preparation on the day of serving.

5. Sizes 685i,l, and 705-35, EKCO Foll- Contalners r,¡1th Llds,
Prlce Wllson Ltd., B3O King Edward Street, trlÍ-nnlpeg,
l'lanitoba.



, The mixed fat dlet, formulated to simulate the :

amount and composltlon of fat ln the average Canadian dle',,

vras simllar to that used prevlously Ín the Department of

Foods & Nutrltlon (King l-g7l4¡ Lake, 1975). Slnee a consld-

erabledecrease1nserumcho1estero1hadbeenobservedon

thls d.let 1n prevlous studles (l,e B1ane, L973¡ K1nS, I974t

Lake, ]g75) , the formulatlon of the f at mix (Table 3) }'ias

changed to colnclde wlth fat disappearance flgures for

Canad.a. The figures used were provlded by Dr. PauI Slms of

the Food Research Instltute, Ottav¡a (personal communlcatLon).

The relatlve proportlons of the varlous fat sources used in

the mlxed lat dlet are glven 1n Table 4. Composttion of the

fat mlx lncorporated lnto the snacks and entrees ls sholvn in :

.i

TabIe 5. During the stabllizatlon perlod, butter was used

as the spread and the other fats were lncorporated into ihe
:

l

-1

I

menu Ítems ' 
,,-i -- -r ! r-Textured soybean proteln, fluld sklrn mlIk and

r Drc-
'7B:

teln SOUTCeS. The Soy prOdUCtS Used. wet'e TVPI and BOntrAe. l,'.,'.,'- :
,t,,-.,,t,¡r 

-'

Both are essentlally fat free. The ef fects of dietary :.,,..,-r¡. :-:::.,:.:.::.:.:

protein source on serum 11p1ds vfere studled by substitutlng

6. Chan. Foods Ltd., Jarvls Street, I^linnipeg, I'ianltoba. 
,,, ,,.

T. Trade Name for Textured Vegetable Protein, Areher Danlels ::'i':':

Midland Co., 733 t'{arquette Avenue, I'llnneapoIis,
t4lnnesota 55440.

B.Reg1stered1radeNameofGenera}I.{111s,I39.,
5Oõ0 Plymouth Avenue North, l4inneapolls, Minnesota 55427 ,
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TABLE 3
RELATÏVE PERCENTAGE OF FATTY ACiDS

TN }'IIXED FAT DIET

Monoun- Polyun-
Saturated saturated saturated

Llterature valuesl 37.6

Calculated values2 37.6

Analysed values 38. 6

1. Paul Slms, Food Research Institute, Ottar¡a

2. Fat Acid Content of Food Fats. Complled by Department "of Foods & Nutrltion, Unlverslty of Manlto6a, LgTO-TL

49.5

49.5

4o'.6

13.4

13.1

L9.9
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TABLE 4

COMPOSITION OF THE FAT T4TXTURE1

ïngredlent

I{ydrogenated Soy

Lard

Tal1ow

Butter Oil

Corn 0i1

Per cent

30

20

25

15

10

1. See Section F) , Test Fats, for detalls.
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TABLE 5

FATTY ACTD COMPOSITION OF THE FAT MIXTUREI

Fatty Acld

Myrlstic, CLIzO2

Ivlyristolelc, C14:1

Palmitic, C16:0

Palmitoleic, C16:1

Heptadecanolc, C17: O

Heptadecenolg Cl7:1

Stearlc, ClB:0

OLeic, C1B:1

Llnolelc, ClB:2

Llno1enlc, CIB:3

/, of Total
Fatty Aclds

3.0

L.7

20. 1

2.4

0.8

o.7

14.5

38. 3

13. 4

0.9

1. Composltlon deterrnined by gas-ltquid chromatography.

2. Carbon Number: number of double bonds
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lean ground slrloln tipg'19 for the TVPT and Bont"."B when

the nlxed fat dlet was resumed on Day 32. The beef talIow

in the fat mix was decreased proportlonal to the amount of

fat supplled by the slrloi.n so that the fatty acld composl-

tion of the fat mlx ln the dlet remalned relatlvely

unchanged.

Slnce lard contalns cholesterol, the lard was

analysed for cholesterol contentll and an amount of puret

crystalllne cholesterol, equlvalent to that supplled by

133 gm of lard, vras added to the 25 gm of corn o11 margarlne

spread for each subJect. Ðetalls of the analysls are ex-

plalned 1n Sectlon H under Ingredlent Analysls.

Each menu was deslgned for young men and was cal-

culated to provide 3r000 calorles dally. Calorles and

nutrient composltlon of the menus are shown 1n Table 6, and

the calculated nutrient composition of the menus 1s presented

in Appendlx Tables l-.2-]rg. Although Menu f d1d not meet the

recommended dally lntake for Vltamln A speclfied 1n the 19711

Canadian Dletary Standard, nor did Menu I or Menu II meet

the lg74 reeommencled allowances for nlacln, these menus were

adequate ln meetlng the reconmended dally lntakes speelfled

1n the 1968 Dletary Standard for Canada.

9.

10.

Analysed by Kje1dah1 Method.

Analysed for total llpld by the Bllgh and Dyer Method
(1959).

11. Cholesterol content of the lard was analysed
of cholesterol per 100 gm lard by the rnethod
(L967) .

at
of

65.t me
Tu et al
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TABLE 6

cALoRrE & NUTRïENT coMposrrïoN oF ntnrsl

Cgmpositlon

Calories

Proteln (e*)

Fat (em)

Dlet
irienu I Menu If Recommended-

carbohydrate (s*) 384.6 375-7

3o5o. o 2977 .o 3ooo. o

73.5 73.0 56.0

L37 ,6 136.0

Calcium (me) 1538.0 836.0 Boo. o

Boo. o

10.0Iron (me)

vlramln A (ug RE) 623.6 1010.0 1000'0

Phosphorus (mg) 1209.0 973-O

Thiamine (me)

Riboflavln

Niacln (rg)

16.2 24.3

1.5 1.5

l_.9 2.2

r.5
1.8

r5.9 14.0 20.0

vitamin C (*e) L76.2 t66.2 30.0

2, tsased on Revised Dletary Standard for Canada (f974).
Values gÍ-ven for maIes, 75 kgm, Activlty Level A.

1. Calculated values uslng USD4 Fandbook #8, Composltlon : : . ::.:.of Foods (Watt & Merci1, 1963) . ,;,",, '-,',,'-'



40.

E. STUDY ROUTINE

The subjects malntalned thelr normal actlvlties

and reslded in their ov¡n homes throughout the study. Mea1s

were served 1n the Home Management Apartments 1n the Home

Economics Bullding on the Unlversity of Manltoba campus.

All meals r.¡ere served at customary hours, although attempts

were made to accommodate lndivldual lecture time-tables.

Particular emphasls was placed on the fact that no other

foods were to be eaten. The general lnstructlons glven to

subjects are presented ln Appendlx Table 20.

Each subJect weighed hlmself da1ly before break-

fast. Indlvldual calorle intake was adJusted when necessary

by alterlng the carbohydrate and fat lntakes ln an effort to

malntain body welght constant

F. TEST FATS

The fat sources used for the mlxed fat dlet ln-
12 . - 1" 014, 1ard.15 andcluded butter", corn oil*J, beef talIow'-, lard*' and 

:,'.,,i.,.
hydrogenated soybean ott.16 Lardl5, spec1ally prepared lard , ''.

12. Modern Dairies Brand, l,rlinnlpeg, Manltoba

13. \[azoira, Best Foods Divislon, Canada Starch Co. Ltd.,
MontreaL, Quebec 

.,,,,,;,,

14. Bleached, clarlfled, deodourized, Canada Packers Ltd.
hllnnipeg, Manltoba.

15. Kindly supplied by Mr. B.F. Teasdale, Canada Packers
Ltd. ,- Torõnto, Ontario

16.Cr1sco,Proctor&Gamb1e,Toronto,0ntari-o.
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ru"gu"1r,"15 (from the sa.me batch), sunflower oll17 and corn

oÍ1 margarlnelB """u the fats used for the experlmental

diets,

G. STORAGE AND HAI'¡ÐLING OF DTBTARY
FATS AND OTHER FOOD STAPLES

Fats for the mi-xed faL diet and experlmental dlets
were purchased âs a slngle lot and refrigerated at ToC 1n a

home-type refrlgerator untll requlred. All fats and olls ,,,,

' '.'
were stored ln sealed containers. 

,,:,,,

Other staples were bought as single lots and

stored under conditions consldered approprtate for each food

ltem.

Lean s1r1oln t1p was purchased as a slngle Iot,
trlmmed of all v1slb1e fat, ground and stored frozen at -IOoC

unt11 requi.red

Fresh sklm ¡nllk and bread were purchased blweekly

from a single local source. The bread was frozen untll re-
gulred.

All entrees and snack ltems prepared. 1n advance

were stored at -lOoC until needed.

H. INGRBDIENT ANALYSTS

Samples of TVP, Bontrae protein crumbles and ground ,.',,,,,.

17, Co-op Vegetable 011s, Altona, Manltoba,

18. Fleishmans 100l Soft Corn O11 Margarlne, Standard Brands
Ltd., Winnipeg, Manltoba.
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sirloln t1p were analysed for total llpid and nltrogen con-.

tent. Total lipld was extracted by the method of B1lgh &

Dyer (1959). Percent nltrogen was deterrnined by the boric

acid modiflcatlon (AACC, 1962) of the AOAC (1960) fJetAafit

procedure for total nltrogen except that the mercurlc oxlde

and.potassium sulphate vrere replaced by 2 gm of a pre-mlxed
10catalyst*'. The analysed values for lipld and proteln ln

the three samples are glven 1n Table 7. On the basis of
Kjeldahl nitrogen , 59.3 gm of meat was requlred. to replace

the TVP 1n the stew and 45.6 gm to reptace the Bontrae ln
the ch1Il. Slnce slrloln tlp contalns 5.2% and, the soy

products L% tat,, the amount of beef tallow in the stew and

ch1l1 was reduced by 2.g gm and 2.2 gm respectlvely when

made wlth slrloln tlp.
Total cholesterol of lard was determlned by the

Tu et aI (]-967) modlflcatlon of the nethod by Mann (1961).

The mlcrograms of eholesterol were obtalned by comparlng

the sample to a reference analysed ln the same manner. The

optlcal denslty of all readÍ-ngs was taken in a Coleman

Junlor Spectrophotometer2o standardized with a reagent bIank.

The lard was found to contaln 65,! mg of cholesterol per

100 gm and thus 133 gm of 1ard, the daily amount 1n the lard

diet, provlded 86.B mg of cholesterol dal1y. This amount of

cholesterol was added to the da1Iy allotment of 25 gm of

19. No. 4 i<el-pak, Canlab Supplies Limited

20. i{ode} No. 6n-367J-5, Coleman Instrument Inc., Itlaywood,
I1linois.
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TABLE 7

ANALYSIS OF T

TVP Bontrae Slrloin Tlp

% Nitrogen anarysedr q8.4 49.8 20.4

'Á Fat anal-ysed2 1. o 1. o 5.2

Proteln (em) per servlng 12.1 9.3

1. KJeldahJ- Method, AOAC (rgøO).

2. ,Bllgh & Dyer (1959).
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corn o11 margarlne in the sunflower o11 dlet
Total phytosterol content of the sunflower o11 v¡as

estlmated by the method of Tu et aI (1967). Although this
method. was developed for the analysls of choresterol ln meat

products, all sterols wlth a hydroxyl group at carbon 3 ln
the equatorlal positlon and the cyclohexane rlngs ln the

chalr conflguratlon w111 undergo preelpitatlon wlth dlglton-
in and colour reactlons wlth ferric lons ln H,SO4 (Lange,

1950). Tota1 sterols !ì¡ere calculated as 374 mgl100 gm of
sunflower o1r (Table 8). Thls ls 1n crose agreement with

the values reported by ltoh qt_eI (1973) who l1st the rnaJor

phytosterols in sunflower o11 as campesterol (Bil), stlgmas-

terol (B%) , p-sitosterol (60'Á), A5-u*renasterol (4%) ,

d-stlemasterol (I5F) and ¿l-".r"nasterol (4f¿) .

I MEAL ANALYSTS

Composites were made of each dafly menu of the

m1xecl îat and experÍ-mental fat diets. The lndlvidual food

ltems r¡rere weighed to the nearest gram uslng a satorlus top- .

,loadlng balance (Model 2254)2I. Individual food ltems were

thawed and composites of the meals $rere homogenlzed with

approxlmately 200 mI of dlstllled water ln a one-gallon

V,Iaring commerciaL bl-ender (Model cB-5)22. The homogenate 
,

was weighed and a 145 to 190 grams aliquot was lyophlllzed

21. Satorius-l^Ierke AG, Gottingen, Germany.

22. tJaring Products Co., l¡Ilnsted, Connectlcut.
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TABLE B

STEROL ANALYSIS OF SUNFLOWER OIL

Analysed Values

Llterature Valuesl

mgl100 gm OlL

37\
20)
))L

1. Itoh et al (1973).
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in a l4odel 10-140 MR-BA vlrtis Freeze Dry""23. The drled "'
sample was requced to a fÍne particle slze by poundlng 1n

Whirl-Pak plastic bags (#Bggz, 510-30 g*)24 and stored at

-looc for later analysls.

Total lipid vras extracted from the lyophllized ,.,',",,,,i

food samples by the method of Bllgh & Dyer (1959). An

allquot of the 1ip1d rvas dissoLved in petroleum ether and 
:

transferred to a 20 mI screw top vlaI. The vlals were ,:'::'::
ì.::.._::..:.: l

' .]::,.1;;:.:,'::

flushed wlth nltrogen and stored at -10oC untll required :''

for gas-liquld chromatography (GLC). At the tlme of ,',''',,'.,t,,,;

analysis, the petroleum ether was evaporated under a stream

of nitrogen and rnethyl esters of the fatty acids were pre-
---Ll---ì ^ô ir^¿-^rô^ -! ^a l¡aÊX\pared according to the method of Metcalfe et al (1966). 

:

Analyses were carrled out wlth a Varlan Aerograph gas

chromatograph (Model 1740-1)25 equlpped wlth dual columns,

flame ionization detectors, a Varian Aerograph slngle pen

recorder (l¡lodel 20)25 and a Varian Aerograph d1g1tal lnte-

grator (Mode1 Ulf)25.
-;:.;;:.; ;,:

_::.-.;r:..;:', 
r:, 

,Sarnples were resolved on 2.7m x 3.2mm steel

columns packed with lli, EGSS-Y on IOO/-]2O mesh GAS CHROM 826 . .'.'.',,. ,',,1.
t.:. : :-::

The f lov¡ rates were 30 ml,/min for heli u^27 , 25 mI,/min for

23. Virtis Co. Inc,, Gardiner, New York 12525 ,;,,,,:,:

ztt. Canlab Laboratory Equipment, tllnnipeg, Manitoba. ', 
tl

25. Va.rian Aerograph, 6SS8 Viscount Road, Ivlalton, Ontario.

26 . Appliecl Science Laboratorj.es Inc. , P. O. Box 4liO,
State College, Pennsylvanla 16801

27. Welderis Supplles, 25 t'{cPhllllps Street, Winnipeg, :::,;,,::r,

l{anltoba. :::'":: 'r:
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hyd.rogen27 and 250 mL/mLn for ai r27 . The coluinns -;,i.ere oper-

ated isothermlcally aE 195oC wlth the lnJec-,,or ano oetector
ternperatures at 230oc and 25ooc respeetively. Tire r-ndlvidu-

a1 fatt-y acids were ldentifled by eomparing them with llnear-
1og plots of retentlon time versus carbon nunåer of fa¡ty 1't,'""'

acld reference standard"2B.

Nltrogen content of the meals was oe-r,ermined by the

Kjeldahl method as descrlbed previously. The factor of 6.25 :,1,:'l,r',,,
';':-.i:.:i:.'.:

was used to calculate the percent proiein present

Energy content of the diets was measured uslng a

Parr Adlabatie Calorlmeter (Mode1 U3Oi{) equipped with a

Parr #f,24]- oxygen bomb calorlmeter and a parr #154L water

heater29. Calculated and. analysed dal1y intakes of fat,
energy and proteln are given ln Table g.

Tota1 sterol content of i¡ienu I and I'lenu It- for each

experimental diet was determlned by the method of ì'lann (1961)

as modifled by Tu et al (1967). The micrograms of sterols
rvere obtalned by comparlng the samples to a reference analy-

sed in the same manner 1n a co.lorimeter standardized wlth a

reagent blank. Losses ( = 5.3%) were corrected ior on the

recovery of a known amount of cholesterol run with eaeh

determlnatlon. Table 10 glves the analysed. val-ues for total
sterol content of the sunflower o11 and lard diets.

28. Hormel Institute, Llp1ds Preparation Laborator¡r,801 16th Avenue N.8., Austln, Piinnesota lr]:gJ'?:

29. Parr Instrument C9. , 211 Fifty-third Street,
Itloline, I11lnols 6L625. 

,,,,,-1,,.



TABLE 9

TOTAL DAILY FAT. ENERGY & PROTETN INTAKES

Mlxed Fat Lard SunfLower
Menu I Menu II Menu I Menu II Menu f Menu II

5. Results obtalned by the KJeldahÌ Method.

¡'at ( gm)

calculared 138 '136 138 136 138 136
Anarysedr L26 121 L29 128 L25 130

Eners¡ (þaI)
ãlñ.r*ut 3051 zgTT 3051 .zgTT 3o5r zgTT
Anal.ysedr 3223 3]80 3130 3163 3329 3229

Proteln (gm)

ã"îñ'rrua Tu 73 Tq 73 7\ 73
Analysed2 78 81 TU 78 78 82

1. Analysed uslng the procedure of Bllgh & Ðyer (1959).

2. Calculated values uslng USDA Handbook #8" Composltlon of
Foods (watt & !íerrll, 1963).

3. Results obtalned by bomb calorlmetry"

4. Calculated values uslng USDA Handbook #8, Compositlon of
I¡oods (Watt .& t4err11, f963).

it:.:a,i1t.t:,: I .", | :-'..,:: -.-ì aJ) i'::1:.::-l
IR r :'j' j'



TABLE 10

STEROL ANALYSIS OF THE DIET (ne/I00 sm)

Lard Dlet Sunflov¡er O11 Ðlet

lvlenu ï

Þlenu ïï

256

2u2

657

6jt
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J. BLOOD ANALYSTS

Blood samples trere taken between 7:30 a.m. and

B:00 a.m., following a lO-hour overnlght fast, oñ Days 4,

If, 18, 25r 32 and 39. Blood from each person was drawn

lnto three L5 mI BD vacutalner tubes (#4796)30" A 15 ml

sample (eo vacutalner tube #tl75g contalnlng EDTA)30 also

was drawn for whole blood ana1ysls. The blood was allowed

to clot at room temperature for one hour. The 15 ml

clotted samples were centrlfuged3l at 1400 x g for flve

mlnutes to remove any contaminating red ce}ls. The. clear

sera was plpetted lnto clear vlals, and the v1a1s v¡ere

flushed wlth nltrogen and stored at -10oC untll used fon

analysls.

Sera from each subJect was analysed 1n dupllcate

for radloactlvlty, toial and free cholesterol, trlglycerlde

content and Ilpld phosphorus. Serum phospholiplds were

preclpltated from acetone and the fatty ar:1d compositlon

determined by GLC. Haemoglobln, haematocrlt, leucocyte

counts and platelet counts were determlned on the whole

'olood at the Haematological LaboratorÍes, Health Sclences

Centre , Wlnni-pe g, Manitoba .

30. Canlab Laboratory Equlpment, Winnlpeg, Manltoba.

31. Model HN-2368P-2, Centrifuge, Internatlonal Equipment
Co., Needham Helghts, I'lassachusetts.
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K. CHEI./IICAL ATIALYSIS OF SERUM

f ) RadloactlvÍty: Ttn¡o ml of serum 'hlere extracted for

totat lipld by the method of Folch et aI (Ig57). Part

of the solvent (ehloroform) was evaporated under a stream

of nitrogen. The cllssolved }1pi-d was transferred to a

25 ml screw top selnt1llatlon vial and the solvent re-

moved under a stream of nltrogen. Ten rnl of sclntl11a-

tlon fluld (Appendlx Table 21) was added. Samples were

counted for 20 mlnutes or 4rO0O counts 1n a }lquld

sclnt1Ilatlon spectrom"t""32 using the followlng settlngs:

Data H.V. and Gate H.V. - 9.0; d1a1 A, Ievel 3 - 0.5 and

level 5 9.9; and dlaI B, levels 3 and 4 - 0.5 and 2.3

respectively. The data attenuator was set aþ zero.

2) Cholesterol: Total and free cholesterol r,Iere deter-

mined by the method of Zak et aI (1954). Esterlfied

cholesterol rvas determined as the dlfference between

total and free cholesterol. Samples were compared to

standards of knov¡n cholesterol content ln a Coleman Junlor

Spe ct rophot ome ter20

3) Lipid Phosphorus: Phosphollpids were deternined by

the method of Chen et aI (1956), except that ashing was

carried out at 25ooc in a heating block (iviodel #120c)33

for one hour. Samples were compared to standard.s of

32. l4odel 725, Nuclear-Chlcago Corporation, 333 East
Howard Avenue, Des Pl-aines, Illinois.

33. llallikaj-nen Instrument, Slaco Divislon, Rlchmond,
, Californla.



known phosphorus content in a Unicam SP600 Series 2

Spectrophotometer34.

4 ) Serum Trigl-ycerld.es: Serum triglycerldes were ex-

tracted by the method of Ryan & Rasho (L967), except that
0.2 mI of serum was used for each determlnation. The ,,,',':

saponification and colour reaction tvere by the method of 
:

Van Hande1 & Zilversmlt (]1967), except that sod.lum bi-
sulphite was used rather than sodi-um arsenite as 

,,,,:,1,.1,,

suggested, by Jagannathan (1964). Samples were compared
' l'. :: -: --:l:

to standards of knov¡n triglyceride content. The optlcal ';:;':;::'1;

denslty was measured at 5TO mu in a Coleman Junlor

Spectrophotomete *20.
'

5) Phosphollpld Fatty Acid Pattern's: Total llpid was 
l

extracted from 2 ml of serum by the procedure of Folch
iet aI (J-g5n, and. the phosphollpids precipitated from

acetone accordlng to the method of Beane - Rogers (1969).

Methy1estersofthefattyacidsTferepreparedforana1y-

. sis by the method of Barnes & Halloday Q972) wlth the 
,,,..,.,:,:.,''":;':

follov¡ing modlflcatlons. Saponlfícatlon $¡as earrled out 1,,,i,,,1,

ln screw top vials uslng O.5O ml of 0.5N rnethanollc '''::'';: '

NaOH. The vla1s were heated in a water bath ab BOoC for
flve minutes. The vials vJere cooled. and 0.25 ml of 

.:j.::::
BF2/CH)OH solution was ad.ded direetly to the saponifled. :,,.',,,:,,JJ
mixture and the contents reheated at SOoC for three

34. Mode1 #465tt, Pye Unlcam Ltd., York Street, Cambrldge,
CB12 PX, England.
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minutes. Once the vlals had cooled, 1.5 mI of saturated

I'laCl solution was added and the melhyl esters extracted

by shaking wlth 2 ml of petroleum ether. The petroletrm

ether layer was removed, coneentrated under nltrogen and

injected di-rectly into the gas-I1quld chromatograph

The fatty acid methyl esters u¡ere resolved as prevlously

descrlbed under Section I for Pleal- Analysls.

t. STATISTÏCAL ANALYSÏS

The data was subjected to analysls of varlance

(Larmond, 1970) to determlne whether the dletary treatments

had any effect on serum 1lpíd patterns. The Students T-test

was used to determlne whether the pattern of response to a

partieular d.ietary reglmen varled v¡1th tlme (Mendenhall,

1971). The activlty of labelled cholesterol 1n the serlrm on

da.ys 18, 25 , 32 and 39 was expressed as a ratlo of the actl-
vity on day 11 prlor to subjectlon to analysls of varlance.
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RESULTS AND DISCUSSION

A. SUBJECTS

All the subjects successfully served for the dur-

atlon of the study. They remalned 1n good health with the

exception of R.L. who was dlagnosed as havlng mononucleosls

when he was found to have an abnormal leucocyte count on

the basls of blood taken on Day 4. Thls complalnt dld not

affect hls partlclpatlon 1n the tr1a}. The welght of

three subJbcts remalned essentlally constant throughout the

study. SubJect R.M. galned 2.1 kgm, wh1le subJects R.L.,

J.G., R.R. and H.P. lost 2.1 kgm, 2.5 kgm, 3.5 kgm and

J.6 kgm, respectlvely. These losses were moderate buü may

have had some bearlng on the changes seen 1n serum llp1d

values. Nestel et aI (]-969) have reported decreases ln

serum cholesterol ln response to a decrease in body welght.

EFFECT OF DTET ON SERUM CHOLESTERgL

1) Serum Total Cholesterol: The pattern of response

of total serum cholesterol to dletary fat dlffered

appreclably dependlng upon the fat source (Ftgure 4).

Serum cholesterol decreased durlng the stablllzatlon
perlod when the subJects were fed a dlet 1n whlch the

fat vras supplled by a mlxture forrnulated to slmulate

the average dlsappearance of fat ln Canada. When the

dlet was chanpçed from mixed fat to the experlmental

fat, the pattern of response for the two test fats

dlffered appreciably. Serum cholesterol contlnued to

B.
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- decrease for subJects fed the sunflower oir dlel but

increased for those on the lard dlet. The patterns of
response on the test fats were reversed when the mlxed

fat dlet was agaln fed during the flnal week of the

experlment. serum total chol-esterol decreased for the

group who had been fed the lard. dlet and. lncreased for
those fed the sunflower oi1 Aiet. i

The overall decrease 1n serum total cholesterol
durlng the flrst seven days of the stabÍli zatron perlod
was approxlmately L5 mg for both groups (tables 11 and

12). Although there were no dlfferences between the
groups on Day 4 and Day 11, there was a slgnlfleant
decrease 1n serum eholesterol wlth tlme (pc0.001,
Appendlx Table 22): This decrease 1n serum total
cholesterol ln response to a mlxed fat d.iet has been ob-

served prevlously with dlets slmllar to tnat used ln the
present study (ftng, I9T4; Lake, l9TÐ. The deerease

durlng the stablllzatlon perlod, when the mlxed fat d.1et

was fed, may be attrlbuted to a number of factors. One

posslblllty may be that the composltlon of the fat in-
gested by the subJeets prlor to the start of the

experlment was very dlfferent from the mlxed fat dfet.
The deerease may also be attrlbuted to the fact that
the mixed fat dlet was a 1ow choresterol diet. Matt.son

qt_ aI (L972) found that serum cholesterol was aooroxl-
mately 25 percent lower 1n men fed a eholesterol free
dlet than when they were fed a typlcal North Amerrean

dlet. Another factor whleh mlght have played. a rore ls



:il-].:ll"l

57.

TARI,]ì 11

TOTAL SERUI4 C}IOLE.STEROI, OF
SURJECTS TN RESPO}ISE TO DIETABY FATl

Day of Experlnent
Subj ect r12 1B 25 322 39

ng Cholesterol,/I00 ml Se:'um

J.B.]
H.P.J
R.R.:
R.L. J

Group lvlean

,r
J.C"l;
R.ì4. !
T.B.d
B. l'1. '

Group l,Ieán

]-9tt.2
204.9
200.1
224.3

173.2 . 158.1 144. 2 L37 .7
186.5 ß5.6 148.0 120.6
185. 4 r5r.9 139.1 rzz .9
2L3.9 t76.5 159.8 153.4

I77.6
211.4
173"2
181 ,lt

r72.9
150. I
11r2.5
tT6.o

205.9 r89 "7 163.0 147.8 133. 7 r60. 6

LTo.6
2L6 "9
t7|4 "2181.0

15q .0
20I.2
r64.3
168"1

180,8 r97 .6
2L2.0 206.5
180.3 r87 .9
200.0 20r.7

156. B

187.4
165. 3
188.6

185.7 T7I.9 186.0 193"3 198.4 TT4.5

i.

2.

3.

4.

Mean of Dupl-icate Analyses

Days on which Dietary Regimen was changed.
a) mlxed fat dlet, Days 1-10 lncluslve
b) tard or sunflov¡er o11 diet, Days 11-31
c) mlxed fat dlet, Days 3Z-39 inefuslve.

Diets ineluded:

inclusive, a.nci

SubJ ect

Subj e ct

on Sunflov¡er Oll Dlet.
on Lard Diet.
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TABLE 12

C}IANGES IN SERUI4 TOT¡.L C}IOIESTEF.OL
IN RESPOI.]SE TO DTETARY F'AT

Experlmenl;a.l Perlod
Larcì. or Sunflol..'er Ol"1 DletMlxed tr'at

Day 4
vs IL

Day 11 Day 18 Day 25

l.Ilxed Fat
Day 32
vs 39Sub

J;8. 1

H. P.1
R.R.1
R.L.1

Group l{ean

J.G.2
R. t{. 2

T.8.2
B.Ì4.2

Group I'fean

-15"r
-20 "9
-33.5
-37.4

_ 6.5
-27 .4

-16.2
- 6.4

vs 18 vs2
mg Cholesterol,/l-00 ml .Serum

-21 .0

-18.4
-14. 7

-10.4

-13.9
_L7 "6
-12 .8

-]-6.7

+35.2
+30.2
+r9.6
+22.6

-16. 1 -26.7 -r5.2 -1q .l. +26.9

-t6.6
-r5.7
- 9.9
-r2.9

+23,6
+10. 2

+ 8.9
+13. I

+ 3"2
+ 0.6
+ 7.r
+1.8.1

+16. I
- 5.5
+ 7.6
+ L.7

-40.8
-19. I
-22.6
-13.1

-13.8 +14.1 + 7.-2 + 5.2 -2? O

L.

2.

SubJ ect

SubJ ect

cn

on

SunfLorver Oil- Diet.

Lard Diet.
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the fact that the dally caloric intake was rain:ained

constant and. the dlstrlbutlon of calorles ancng the

meals was stablllzed as Fáury et aI (1964) c'cse=ved

hlgher serum cholesterol levels in men eaiing less than

three meals a day.

Serum total cholesterol decreased on the sunflower

o11 dlet (p <0.005) . The decrease d'urlng the f-: rs-r, week

on the dlet averaged 26.7 mgl100 mI of serun (Taoles Ì1

and ]-2). Thls downward trend contlnued rlr th decreases

of L5,2 and 14.1 mg during the second and third weeks.

By contrast, serum total eholesterol lncreased

(p <0.005) for subJects eonsumlng the lard diet. Aver-

age lncreases of 14.1 mg/100 m1 of serum -Ì,¡ere observed.

durlng the flrst week on thls reglmen, with íurther 1n-

creases of 7,2 and 5.2 mg respecttvely i¡ the follor.¡lng

two weekly periods.

Keyes and assoclates (fg57) found. that i.he rnaJor

change 1n serum eholester,f,I r foltoning a ctra.i:ge of dlet,

occurred. durlng the first week. The present study

appears to support thls observatlon. On the iard regl-

men, the changes were of a lower magnitude d":rln3 the

second v¡eek than durlng the flrst week and liitl-e

change occurred ln the thlrd iveek, except fo= B.l{.

whose serum ch'olesterol lncreased 18.I Lrrg during the

second week and J.G. whose serurn total cholesterof in-

creased 16. B mg during the third v¡eek. A-lihough serum

total cholesterol contlnued to decrease or,,er the second

and. thlrd weeks on the sunflower oiÌ d.ief , ihe d.ecrease
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- observed durlng the thlrd week 1s largely attributable, : :: : ;

:

to H.P. and R.R. vrhose values decreased 27.4 and

:.6.2 mg, respectlvely. H.P. and R.R. lost welght, durlng

the course of the study; Nestel et aI (f969 ) have re-
ported decreases 1n serum cholesterol in response to a 

, ,,1,

decrease 1n body welght. However, the decrease cannot

be attrlbuted solely to welght loss as the serum total
cholesterol of H'P" and R'R' was found to lncrease 

',,',",1"30.2 and 19 .6 mg respectively durlng the post-experi- ,, ,,, ,

rnental mlxed fat perlod whlle these subJects were stltl ,:..r.i:,:
,..: '..:- -. t 

.
:.í: -.::.:.i -

loslng weight

ft 1s generally accepted that the fatty aeld

composltlon of the dletary fat, plays an lmportant role
1n serum cholesterol levels. Saturated fatty aclds

are regarded as belng hypercholesterolemle and. polyun-

saturated fatty acids as hypocholesterolemle. Keyes
.

et al (t96Sc) have suggested that the response in
serum cholesterol to a ehanpçe in dletary fat can be

predlcted v¡hen the change 1n fatty acld eomposltlon of ,, ,,,,,,,
::::::;;::

the dlet ls expressed ln terms of total calorles 
:,,,,,.,,,

These authors have derlved a slmpre equatlon, by mult- ""'1""""

lpre regresslon analys1s, to express this relatlonshlp.
In thelr prediction equatlon, .. ,

Á serum cholesterol = I.z(24 Sl-Àp) ",,', .,

where: Â serum eholesterol ls the change ln serum

cholesterol 1n mgl100 ml_ of serum,

A 51 1s the change in the percent of ealorj-es
- .;-:....contrlbuted by cl2:0, c14:0 and c16 :0 fatty aclds, and ,,...., ''
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A p 1s the change ln the percent of calorles con-

trlbuted by polyunsaturated fatty aclds.

Accordlng to thls equatlon, C12:0, C14:0 and

C16:0 fatty aclds Ïrere twlee as effectlve ln elevatlng

serum cholesterol as polyunsaturated fatty aclds were 1n

decreaslng lt. Also worthy of note 1s the fact that

stearlc acld, short chaln saturated fatty aclds and the

monoeneic fatty aclds are not lncluded ln thls equatlon

because changes ln the levels of these fatty aelds 1n

the dlet were not found to brlng about a ehange ln

blood eholesterol (Keyes et al, 1958; Gnande et al,

1970 ) .

The fatty acid composltion of the dlets used in

the present study ls given 1n Tab1e 13. Laurlc, myrls-

tic and pa1mltle aelds, the maJor fatty aclds regarded

as havlng a hypereholesterolemle effect (Keyes et al,
I965c) , together contrlbuted 211.2 percent of the total
fatty aclds ln the mixed fat d1etr 27.4 percent ln the

lard diet and 8.5 percent ln the sunfl-o¡rer o11 dlet ,

The l1no1e1e acld content of the mlxed fat cllet (18.3

percent) was hlgher than that of the lard diet (11.9

percent), vrhile linolele acld aecounted for 65.4 per-

cent of the total fatty aclds ln the sunflower o11 dtet.
Fat contrlbuted 34 to 37 percent of the total

ealorles 1n these diets. In terrns of the percentage of

total calorles contrlbuted by the varlous classes of

fatty aclds, saturated fatty aelds other than stearlc

acld contrlbuted 1,7 percent more ealorles in the lard
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I
I

I

Fattv Acid

TABI,E 13

PERCENT FATTY ACID CO}4POSÏTÏON OF DIETS

Fatty Acld Conpositlon
Dlet /

Mixed Fat Lard
Snnflower

oi1

Laurle, Cl2:01
l4yrlstic, C14:0

Palmltic, Cl6:0
Palmitole1c, C16: t
StearÍe, ClB:0
O1eic, ClB :1

Linoleic, C1B:2

Llno1enS.c, ClB:3

0.6
2.9

20.7
2.0

13.4
38. 0

18. 3
1.8

0"8
1.8

24. B

2.5
L5.g
40. 4

11.9
0.8

tr
tr
8.5
tr
4.8

20 .4
65 .4
0"8

I :: r:..-¡.. ..
l.: : ::
t..-t.
I

1...
Ii:.1:::-:-
f.:i.::_.r.

l-. Carbon number: number of double bonds
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diet than ln the mlxed fat diet whlle the polyunsatur-.

ated fatty acids contributed 2.3 percent ress calories
(Table 14). on the other hand, the sunflower o1r dlet
contalned !.4 percent less calorles from laurlc, myrls-'
tlc and palmitlc acids than the mlxéd fat dlet.and L6.z
percenf more calorles from polyunsaturated fatty actds
(Table 14 ) .

The observed changes in serum total cholesterol
levels 1n the present study were greater on the experl-
mental fats than those predicted by the Keyes et al
equatl-on. There was a decrease of 56 mg on the sun-

flower o11 dlet (fables 11 and 15), whereas the predlc-
ted change on the basls of Keyes equatlon was 32.4 ng/
100 mI of serum (Tab1e 15). Simllarly, when the lard
dlet was fed, total serum choresteror was found to ln-
crease 26.5 ng/100 m1 of serum, whereas the predlcted

change was 6.8 ne/tl} mI of serum. Le Blanc (LgT3)

also observerl sllghtly lower varues than those predle-
ted by the Keyes equatlon when a diet rleh 1n l_cw

erucle acid rapeseed o11 was fed, and Losler (]-9TZ)

found the decrease 1n serum ehoresterol was conslder-
ably greater than that predlcted by the Keyes equatlon

rvhen a dlet rlch ln corn oil was fecl. Keyes et aI
(1965d) arso found that the observed. decrease exceeded

the predlcted decrease when a diet rich in corn oil
was fed and have supçgested that thls apparent dlscre-
pancy vrlth corn o11 ls assoclated wlth the relatlvely
hlgh plant sterol content whlch ls estlmated at
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TABLB 14

PERCENT TOTAL DAÏLY CALORIES CONTRÏBIITED BY
GLYCERTDES OF SATURATED }4INUS STBARTC AND
POLYUNSATURATED FATTY ACIDS FOR EACH DÏET

/" Total Da1ly Calorles
From Fatty Aclds

Diet sl P2
/" Total Calorles

From Fat

Mixed Fat
Sunflower Oil
Lard

8.4 T .o
3.0 23.2

10.1 Il ,7

34. 4

34.9
36.7

1. Total saturated fatty aclds mlnus stearlc.

2, TotaL polyunsaturated fatty aclds.



TABLE 15

OBSERVED AT.ID PREDTCTED CHA}]GES TN SERUM
CHOLESTEROL LEVELS (mg per 100 rn1) CIF

SUBJECTS FED SUNFLOWER OTL AND LARD DIETS

Diet Comparison Observed. Change Predieted. Chan-gel

6'cv).

-32.4

+ 6.8

Sunflower vs
StablLi-zation
Lard vs
Stabllization

-56.c

+26.5

1. Accordlng to Keyes et a1, L965e. Ac = I.z (2ÁS1-Ap)



580-1000 mg/:.00 gm of oil (Lange , I95O). Flanr srerols
have been found to inhibit the absorption cf eholesterol,
but approximately 6 to 10 gm daily is the i:i nirnum anount

needed to produce a dlscernible reduction in serum chol-
esterol (Keyes et al, 1974). This does not ex-olaJn the

present results or those of Le Blanc. The sunflower oil
used ln thls present study was analysed and. found üo con-

taln 374 mg of phytosterols,/lOO gm of oi1.
It may not be Justlfled to attach too nueh func-

tlonal slgnlficance to a regresslon equaËicn sueh as

that derlved by Keyes et 4! (1965c), Hegsted et aI
(1965) has cauttoned that regresslon equations are pri-
marily descrlptlve of the lnformatlon from whj-ch they are

derlved

ïthen the subjects were returned to the rnixed fat
dlet on Day 32, the patterns which had been observed on

the experlmental fats were reversed (nigure 4). Serum

total cholesterol lncrease<l 26.9 mg,/100 ml of serum

(p 0.001) for those who had. consumed. the sunflower oiI
dlet and decreased 23.g mg for those v¡ho had consumed

the lard dlet. In splte of this reversa] in pattern of
response on the mixed fat dlet, the value for the group

that had been fed the sunfloiver oi1 was signlfì cantly

lower (P 0.005) on Day 39 than on Day 11. There r.ras

no difference (p 0.05), however, 1n mean serum chol--

esterol values on Day 39 and Day 11 for ihe group that
had been fed the lard diet. There also was no dlffer-
ence (f 0.05) between the two groups on Day 39.
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The data from the present study eonflrms the

hypothesls that sunflower o11, a rlch source of l-1no-

lelc acld, ls hypocholesterolemlc whereas Iard, a fat
wlth a hlgher proportlon of palmltic acld, 1s hyper-

cholesterolemlc

2) Serum Free and Esterlfled Cholesterol: Free and

esterlfled cholesterol followed the same overall
pattern of response to dlet as total serum cholesterol,
although the relatlonshlp appeared more conslstent wlth

free cholesterol than wlth esterlfled eholesterol.

Serum free and estèrlf1ed cholesterol decneased on the

sunflower o11 dlet and lncneased on the lard d1et.

As ln the case of serum total cholesterol, there

was a signlflcant decrease (pcO.0O1, Appendix Tables

23 and 24) in both free and esterifled cholesterol be-

tween Days 4 and 11 when the mlxed fat dlet was fed.

However, there was no dlfference between the groups on

Day 4 or Day 11. The pattern of response dlfferecl for
the two test fats. Thene was a 2\.7 mg decrease Ln

serum free cholesterol on the sunflower o11 dlet
(Tables 16 and l-T) and an lncrease of 15.9 mg on the

lard dlet. This upward trend on the land dlet was ob-

served ln all subjects wlth the exeeption of B.M. whose

serum free cholesterol decreased 4.0 mg durlng the

thlrd week. In splte of the marked dlfferenee ln pat-

tern of response to the test fats, the leve1s of free

cholesterol dld not dlffer slgnlfleantly between the



TABLE ]-6

SERUM FREE CHOLESTEROT OF SUBJECTS
rN RESPON*SE TO ÐTETARY FATT

Day òf Experfment

r.:,

mg Free Cholestero1,/100 ml Serum
J.B.:
H.P.J
R.R. J
R.L. J

Group Mean

f,:ff:i
T.B.,:
B.M. "
Group l4ean

75.2
72.r
76.\

r07.2

66.6 59.8 53.0 46.4 :7o.6
59.0 5l'.0 4r.5 35.1 44.6
68. 6 68. 3 60 .9 55.4 61. 5103.2 82.3 72.6 6z.o 83.7

82.7 74.4 65.4 57.o 49.7 65.1

62.z
78.6
64 .0
68.0

5r.5
66.6
53.6
55.5

57.9
75.9
59.5
61.5

60.z
80. r.
69.2
69 .8

66.7
79.6
78.5
65.8

54.7
66.4
66.L
58.9

68.2 56. B 63.7 6g.a 72.7 6L.5

1.

2.

3.

4.

Mean of

Days on

SubJect

SubJect

Dupllcate Analyses.

which Ðletary Reglmen was changed..

on SunfLower O11 Diet.
on Lard Dleü.



TABLE 17

CHANGES IN SERUM FREE CHOLESTEROL
IN RESPONSE TO DIETARY FAT

Experlmental Perlod
Iïtxed Fat Lard or Sunflower 9iI Dleb Mlxed Fat

Day 4 Day 11 Day 18 Ðay 25 Day 32
SubJect vs 11 vs 18 vs 25 vs 32 vs 39

mg Free Cholesterol/lO0 mI Serurn

- 8.6 - 6.8 - 6.8 - 6.6 +24.2

-13.1 - 8.0 - 9.5 -10.4 + g.5

-?.8 -0.6 -7.4 -5.4 +6.1
-I.o -2o..9 -g.T -10.6 +2!.7

Group Mean - 8.4 - 9.1 - 8.4 - 8.2 +t5.4

J.8.1.
H.P.1
R. R.1
R.L.1

J. G.2

R. M.2

T.8.2
B. tr{. 2

-ro.Z + 6.4 + 2.3 + 6.5 -12.0
-12.0 + 9.3 + 4.2 + 0.5 +13.2

-10.4 + 5.9 + 9.7 + 9.3 -12.4
-L2.5 +6.0 +8.3 -4.0 -6.9

Group Mean -1I.4 + 6.9 + 6-1 + 3.1 -11.1

1. SubJect on Sunflower O11 Dlet.

2. SubJect on Lard Dlet.

' t.'.:. :
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subJects fed lard and those fed sunflower ol1. However,

there were slgniflcant changes ln free cholesterol wlth

time (P<0.001). Failure to flnd a dlfferenee between

the groups may be attributed to the fact that the mean

serum free chotesterol values for the group fed the

lard dlet urere lower on Day 11 and hlgher on Day 39

than for those fed the sunflou¡er o11 diet.

Serum esterlfled eholesterol levels decreased 31.3

mg,/100 m1 of serum (Tables 18 and 19) for subJeets fed

the sunflower otl diet. Converselyr serum esterlfled

cholesterol lncreased 10.7 mgl100 mI of serum for sub-

Jects fed. the lard diet, However, as mentloneci

prevlouslyr the pattern of change in esterlfled choles-

terol was less conslstent than for free chol-esterol.

For example, values for R.M. and T.B. deereased 8.2 and

4.3 ng respectlvely durlng the last trvo weeks on the

lard d1et, whereas there was no change ln serum esterl-

fled cholesterol for J.B. ln the flnal week on the

sunflower o11 dlet

The response ln serì¡m free and esterifled choles-

terol to the mixed fat dlet durlng the final seven days

of the study was opposlte to that observed on the ex-

perimental fats. Serum free cholesterol increased

15.4 mg/L00 mI for those who had consumed the sunflower

o11 diet, whereas serum free eholesterol levels feIl

11.1 mgl100 ml for those who had consumed the lard dlet.,

Esterifled cholesterol leve1s followed a sirnllar pat-

tern to free cholesterol. There v¡as an lnerease of
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TABI,E 1B

.1. s. I
H.P.;
R.R. J
R.L.,

Group Mean

J.G. In.M.r
T.B.r
B. 14. '

Group Mean

119.0
r32. I
t23.6
113.r

106.6 98. 3 9t.z 91. 3 102.3
r27 .5 114 .6 707 .5 85. 5 l-06 "2116.8 83.6 78.2 67.5 Br.0110.7 9tt.2 8l ,z 91.4 92.3

102 .5
134.6
110.7
112.6

I22.7 115.4 9T .7 91. 0 83.9 95.5

118. 4
168. 3
r10.2
113. 0

IL9 "7r35.5
113. g
120. 4

r20.6
13r"9
111.1
130.2

r.30. 9
126.9
1og. 4
L35.9

102 .1
121.0
99.2

L29.7

120. 0 r.15.1 r22.3 L23.5 rz:).8 113.0

ESTERIFTED CHOI,]ISTEROL OF SLII]JECTS
1I.] RE.SPONSE TO DTETARY F.AT'

mg Esterlfled Cholesterol_,/l_00 nt Serum

Day of Experiment
r12 18 25

1. l{ean of
2. Days on

3. Subject

4 " SubJect

Dupllcate AnaLyses.

vrhleh Dietary Reglmen vras changed.

on Sunfl-oler 0i1 Dlet.

on Lard Diet.
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TABLE 19

CHANGES IN SERUM ESTERTFIED
CHOLESTEROL IN RESPONSE TO DIETARY FAT

Mlxed Fat
Experlmental Perlod

Lard or Sunflower OlL Dlet Mixed Fat

Day 11 Day 18 Day 25 32Da¡r
vs

Day 4
vs 1I

-12.4
- 5.3
- 6.8
- iZ.¡l

_ 9.3
-],2.9
-33.2
-16.5

- 7.t
- 8.1
- 5.4
- 7.0

+ 0.1
-12 .0

-10,7
- 4.2

+11.0
+20.7
+13.5
+ 0.9

vs18 vs2 vs 32

rne Cholesterol/l00 mI Serum

J.8.1
H.P.1
R.R.1
R.L.I

Group Mean

J. G.2
R.M.2
T.8.2
8.M.2

Group Mean

_ 6.7. -L7.7 _ 6.9 _ 6.7 +11.5

-15.9
- 3.7
- 0.5
- 0.4

+t7.2
+ 0.9
+ 3.0
+ 7.8

+ 0.9

- 3.2
- 2.6
+ 9.8

+10.3

- 5.0
_ t.T
+ 5.7

-28. I
- 5.9
-10.2
- 6.2

- 5.r. + 7.2 + L.2 + 2.3 -12.8

1.

2.

SubJecü on Sunflower O11 Dlet.

SubJect on Lard Dlet.
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" 11.5 mg/I00 mI for those v¡ho had consurned the sunflower

oi1 dtet and a 12. B ng/LOO mI decrease for those v¡ho

had consumed the lard diet. Although there eras a trenrL

for the values to return to the levels that prevafled

on Day 11, the lncrease ln serum esterlffed eholesterol
from Day 3Z to Day 39 was not sufficient to offset the

decrease whlch had oceurred on the sunflov¡er oil dlet.
However, the mean serum esterffled cholesterol value on

Day 39 of the subJects who had been fed the lard dlet
dld not dlffer statistlcatly from that on Day 11, Slml-

. larly, the mean serum free eholesterol levels on

Day 39 approached those of Day 11 for both groups, but

the values on Day 39 for those who had. been fed lard
or sunflower o11 were statlstlcally dlfferent from

Day 11 (P< 0.005). However, there was no signlficant
difference between the two groups on Day 39 in elther
free or esterlfled cholesterol.

Serum free and. esterifi-ed cholesterol closely
followed the pattern of total serum cholesterol as

illustrated by the fact that the proportion of free and

esterlfled cholesteroL remalned fairly eonstant wÍthln
each group throughout the experlment (Tabl-es ZO and 21)

although the.re was conslderable variatlon among lndi-
viduals. Free and esterified eholesterol- (Tables ZO

and 21-) comprised. 40 and 6O oercent of the total
cholesterol, respectively, for the sunflorçer ol1 group,

and 35 and 6! percent respectively for the lard. group.
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TABLE 2O

PERCEI..IT F'REE CTIOLIISTENOI,
OF TOTAL SENìJI.1 CHOi,ESTÏIROL

Day of Experlrnônt
sub.l ecr 4 11 1 8 25 32 39

H. P.

J.B.
R.R "

R.L.

J. G.

R.M.
T.B.
8"t4.

35.2 31.6 30.8 29 .9 30. o 30. o

38.7 38.5 37. I 36 .7 33.7 40. I
38.1 37.0 44.9 4¡.4 4S.r 43.2
4Z.e q8.2 \6.6 tt5"7 40.4 ,t7.5

Group Mean1 40.0 38.8 4o.o 3g.o 3?,3 qo.4

34.4 33.4 32.6 33.2 35.7 34.9
36"2 33.1 35.9 37 "B 38.6 35.4
36.7 32.6 34.3 38.4 \1.7 39 .9
37.6 33.0 33.8 34"9 32.6 3l-.2

¡
Group l"lean' 36 .2 33. 0 3tt .2 36 . I 37 .?- 35. 4

1. Group on Sunfloler Oil Diet.

2. Group on Lard Diet"



T.4BLE 2].

PERCiII'iT ESTERIF'IED C}iOLiSTERCI,
OF TOTAL SERUI4 CI{OI,E.S'IJJROI

Da.J' of' n*n".t"ot'tt
SubJ ect 1r . 18 25 3?. 39

6tr.8 69 ,tt 69 .2 ?0.1 70.0 ?0. o

62.3 62.5 62.2 63-3 66.1 59.2
6r.9 63.0 ii .t i6.z 5tt .9 56 . j
52.2 51.8 n.4 54.3 59.6 52"5

't
Group titean* 60 . 3 6I.T 60.0 61 . 0 62 .T 59 .6

H. P.

J. B.

R. R.

R. L.

J. G.

R. t'!.

T. B.

8"t4"

65 "6 65.6 6T .4 66.8 6tr.3 6j.t
63.8 66.9 64"1 6z.z 6r.4 6tt.6
63. 3 67 .4 65.7 61.6 58.3 60.1
6z.tt 6l "o 66.2 6j.i 67 .4 68. B

2
Group rnrean' 63. B 6l .o 65 .9 63.9 6z .9 6U .T

1. Group on Sunflovre:' Oil- Diet.

2. Group on Lard Diet.



Examlnatlon of the proportions whieh free and

esterified choLesterol comprised of the total serum

cholesterol for each of the subjects lndlcates that

esterified cholesterol comprlsed between 6O and 70

percent of the total eholesterol except for R-L-

where esterified cholesterol made up 54 pereenü of the

total. Goodman (1g65) has reported tnat cholesterol

esters account for between 6O and B0 percent of the

total serum cholesterol.

The data of the present study support the re-

ports (Goodnan and Nobe1, 1968; Nestel, 1970) tfrat

there ls a rapid equlllbratÍon between free and esterl-

fied cholesterol. Nestel et aI (1969) found that equl-

llbration between plasma free and esterlfied cholesterol

was complete wlthln four days fol1ow1ng a single lntra-

venous inJectlon of cholesterot-4-l4c complexed lvith

plasma 1lpoproteln. Nestel (1970) has estimated. that

the turnover of esterified cholesterol in the plasma

1s about 100 mg per hour with the plasma belng the

major slte of cholesterol ester formatlon.

3) Turnover of Plasma Choleqt€ro1: The turnover of

plasma cholesterol in response to changes i-n dlet was

monitored by measuring the rate of dlsappearance of

tritium-Iabe1led cholesterol from the plasma. The

mean decrease 1n 3H-"holustero1 on the mixed fat dlet

(Days 4-10) was simllar for the four subJects who

:

]::



eventually eonsumed the sunflower oi1 dlet and for
those who eventually consumed the lard dlet (tr'igure j,
Table 2e). Hov¡ever, there was an appreclable dlffer-
ence 1n the rate of decrease of 3H-"ho1"sterol-

(f (O.OO1 , Appendix Tabte zil for the two groups when

fed the lard and sunflower o11 diets.. The dlfferent
responses for the two dlets was evident withln a week

(Flgure 5, Table 22). Loss of labe1led cholesterol
was twlce as great on the sunflower o11 dlet as on the

lard d.let. The marked decrease 1n labelred cholesterol
observed on the sunflower o11 diet colnclded wlth the

appreciabiÈe decrease 1n serum eholesterol on thls d1et.
slmilarry, the much lower d^ecrease in cholesterol turn-.
over on the lard d.let relative to that on the sunflower

o11 diet colnclded wlth the lncrease l_n serum choles-

terol on thls dlet. The leve1 of labelIed eholesterol
(dpm/mI serum) was slgnlflcantly lower on Day 32 for
the group fed the sunflower o11 dlet than the group fed

the l-ard diet. However, there was no differenee be-

tween the two groups on Day 39 after they had been fed

the mixed. fat diet for seven days.

Specific actlvlty of cholesterol ln the serum

(taUte 23, FÍ-gure 6 and Appendlx Tab1e 26) was slmllar
for both groups. The faet that there was no obvious

change ln the slope of the speclflc actlvity-t1me res-
ponse curve to changes 1n dletary fat source 1n the

present stud.y, rvhereas plasma eholesterol levels and

.j.r::':-'j:ijj:" j:':.:.-:'i:"]r:.].:.:.:';',,:.:-;.:*-tf:.îi.:;y,;.:iì:r;

77.
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Sub.j ect

TABT,E 22

DPII IN l. ml OI¡ SFIRUI'í OF StitsJEçTS
TN NESPOì.]S]Î TO ÐIET¡.NY FA.T'

Dal¡ o1 Experlnent
112 1B 25 322 39

J.8. 3

H.P.3
R.R.3
R. L.3

Group l4ean

I
J.G.'

I
B. I.i. '

trT.B.'
T

B.Ì,1"'

Group l'lean

r2T6
488

1059

r296

r084
U62

799
102 B

7\9
299

567
653

599
269

440

ßtI

5l{o
23tt

393
430

5TB

25t
4r3
440

1030 8tr 3 567 46r 399 4zt

847

102 B

59r
t397

662

817

440

1170

6o7

776
415

102 0

520
6to
374
849

508

589

339

776

q15

503
270

634

966 772 705 6oz 553 Itsø

1.

2.

3.

4.

I'fean of

Days on

Subj e ct

Subj ect

Ðupllcabe Analyses.

l.¡hich dlet r,¡as changed.

on Sunfloi..'e:" O11 Dlet.

on Lard Diet.



TABI,E 2 3

SERUM SPECÏF'IC ACTIVITY OT'
SUBJECTS ÏN RESPO¡ISE TO DIET¡.RY FA.T

Day of Experlrnent
111

J.B.2
H.P.2
R.R.2
R.L.2

Group l'lean

J.G.3
R.1,1. 3

T.8.3
B. i,i. 3

Group I'lean

657

48
530

578

62tt

2\8
4¡r
u7B

tt7t
1BL

373
370

415

18r
316

334

390
194

320
277

6lr o

166

30ll
250

501 q45 349 312 295 3q0

tt69

4Tz

339

772

430

406

268

696

341

367
2t+0

56r

29C

316
206

4go

257

285
181

385

270
268
t67
337

513 450 377 311 277 267

t.
2.

3.

Days on

Subj ec t
SubJ ec t

r.¡h j-ch cllet r'¡as changed.

on Sunfl-ower 01.1 Dlet.

on Lard Diet.
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the leveI of labe1led cholesterol dlffered appreclably

betv¡een the dletary treatments v¡hen the lard and sun-

flower o11 dlets were fed, lndj-cates that there was a

dlfference ln the rate of turnover of plasma cholester-
o1 on the two test dlets. Thus, lard and sunflower o11

appear to dlffer appreclably 1n thelr effects on the

rate of excretlon of cholesterol or on the dlstrlbutlon
of cholesterol between the plasma and other tlssue
pools. Furthermore, the results of the present study

suggest that dletary fat source had no effeet on the

rate of synthesls of cholesterol because the slopes of
the specific activlty-tlrne curves were essent,lally the

same (Flgune 6). A downwand deflection in the slope

of the speeific actlvlty-tlme eurve (Ffgure 1) in res-
ponse to dlet would reflect an lncrease in total body

eholesterol as a result of lncreased exogenous choles-

terol synthesls or lnereased absorption of exogenous

eholesterol. An upward deflectlon in the slope of the

speciflc actlvlty-tirne eurve v¡ould suggest a decrease

1n the rate of endogenouÈ synthesls or a decrease in
the absorptlon of exogenous cholesterol. The lltera-
ture is lnconaluslve on the effect of dtetary fat on

cholesterol synthesis. Grundy and Ahrens (1966)

found a translent upward deflectlon 1n the slope of
the speclflc aetlvlty-ti-me curve for plasma cholesterol
when a butter o11 dlet was folloured by a diet rlch ln
corn o11. However, the same authors (Grundy and Ahrens,



QavJ.

1970) also have reported no change Ín the slope of the

curve urhen a diet rlch 1n butter ofl was followed by a
diet rleh in eorn oil.

Body cholesterol 1s generally regarded as eon-

forming to a model lnvolvlng two pools ; a pool of ,,.,..,,,:,

rapldly equlllbratlng cholesterol (pooI A) and one whlch

exchanges more slowly (Pool B). Entry into and exlt
from the system occurs pr1marl1y through pool A. on ühe 

;,,,,;,,;,.,,,
:. : 

-:,'basls of the tvro pool system, it 1s possible to postu- '. 1'

:).- . - .late various mechanlsms by vlhieh sunflower o1r and. lard :':',,::.,

could lnduce the effects observed 1n the present stud.y.

Pool A was found to decrease on the sunfloler oll
dlet as lndlcated by the decrease 1n the eoncentratlon

of serum cholesterol. There are several means by whlch

sunf1owero11mayeffectth1s'change.Thesizeof

Pool A may be decreased because of lncreased excretion
ofeho1estero1(FÍgure7.L).S1ncetheexchangebe.

tween Pool A and Pool B ls relatively slorn¡, equilibrlum
.. t . ,tt.

between the two may take up to three to four weeks

Alternatlvely, sunflov¡er o11 may brlng about a d.eerease ,.,',,,,,,,,,:-','
.l

in the slze of Poor A through an lncreased transfer of
cholesterol from Pool A lnto Pool B (Figure 7.Za) t or a

decrease ln the rate of transfer of cholesteror from ,,,',,,,.'

Pool B into Pool A (Figure 7.2b). Pool A also rnay be

decreased in size due to a decrease in the rate of
cholesterol synthesls or a decrease in the rate of ab-

sorptl0n of cholesterol. However, these latter tv¡o 
.,,,.-,,,,,
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CHOI,ESTEROL
SYTITT{ESIS

CHOLESTEROI, CHOLESTEROT,

Ê-_-

-)

-----)

Posslble nechanisms by which sun-
flo',*er oi1 may effect changes in
the amount of cholesterol Ín pool

EXCRETION

2a

2b

Fi gur"e 7 :

A.

B

D
ll
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. possiblllties vrould bring about a change ln the speclflc'
actlvlty-time curve. As there was no change 1n the slope

of the speclfle activlty-tlme curve ln the present study,

it can be concluded that the rate of synthesis and ab-

sorptlon were not affected appreclably by dletary fat
source.

Lard was found to brlng about an lncrease 1n the

slze of Pool A ln the present studyr âs evldenced by the

increase 1n plasma eholesterol concentratlon. Thls

hypercholesterolemle effect may be brought about because

the excretlon of cholesterol from poor A was reduced

(Figure 8.1). Alternatlvely, lard may dlsrupt the equll-
lbrlum between Pool A and pool B (Flgure B.2a) in a

manner s1mlIar but opposite to that produced by sunflowen

oiI. A thlrd posslblllty, âs in the case of sunflower

oi1, 1s that absorptlon of, and synthesls of, cholesterol
may be changed. However, as mentloned prevlously, thls
posslblllty 1s ruled out by the faet that there was no

change in the slope of the speclfle aetlvlty-tlme curves

ln response to changes ln dletary fat souree.

At the present tlme, 1t ls only posslble to speeu-

late on whlch of these mechanlsms was operating. Analysls
of the fecal I1pidsl should help to resolve the meehanlsms.

However, if the changes ln serum cholesterol levers in
response to dlets 1n the present study are found to be due

1. Quantitatlon of the fecaÌ llplds ls the responslbility ofMr. Gary sloan, Masterst candj-date 1n the Department of
Foods & Nutrltlon, Universlty of ManLtoba, hrlnnlpeg,
Manltoba.
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CHOLESTEROL CHOLESTEROL
SYNTI{ESTS BSORPTTON
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Figure B:
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2b

Possible mechanÍsms by
may effect changes in
of cholesterol in pool

r,¡hlch lard
the amount
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to redistributlon between Pool A and Pool B, lt w111 not

be posslble from the data gathered 1n thls siudy to de-

termlne the mechanism by whlch the new equlllbrlum

between Pool A and Pool B 1s establlshed. Even lf the

rate of exeretlon of eholesterol and lis metabolltes is

found to change ln response to a change 1n dietary fat

source, there 1s also the posslbllity that a change ln

the rate of exchange of cholesterol between Pool A and

Pool B also had oceurred.

C" EFFECT OF DTET ON SERUM TRIGLYCERÏDES

Serum triglycerldes decreased slgniflcantly
(p (0.001, Appendlx Tabte 27) durlng the stab1llzatlon perlod

(Days 4-10) when the mlxed fat dlet was fed. A decrease of
j-11.2 mg,/100 ml was observed for the group subseo-uently fed

the lard diet and a deerease of 8.2 mg for those who v¡ent onto

the sunflower o11 diet (tr'igure g, Table 24)" Although the

decrease 1n serum trlglycer1d.r¡s was statlstlcalll¡ signlfleant,

there was no dlfference among the two groups on either Day ll

or Day 11. Serum trlglyeerldes contlnued to decrease for the

subJects fed the sunflower o11 dlet. A decline of t9.4 mg

percent r.ras observed durlng the first week (Ta¡le 25) wlth

decreases of 7.9 and 9.0 mg respectlvely 1n the next two

weeks. A substantial portion of the decrease between Days 11

and Ì8 rvas due to the 53.8 mg decrease of serum trlglyeerldes

for H.P. l,rlhen the study was commeneed, this subject had

hlgher serum trlglycerides (151.3 mg percent) than the other

FubJects. He aLso was over"welght on the basis of weight for
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Sub.l ect

TABI,E 2II

SERUIq TNIGLYCERIDES OF
SUBJECTS T}I RF;SPOI'JSE TO DTETARY FATI

Dal¡ of .Fxgerlment
1r2 tB 25 izz 39

ng Trlglycerlde,/l00 m1 Serum

J.B.J
H.P.I
R.R. :
R.L.J

Group liean

IJ.c.¡
R. Ì4. ¡
T.B.d
B. t{. '

Group I'{ean

r27 .7
151.3
118.2
101.4

r2o .2 108. 3 93.9 84.2
1q5. 4 9r.6 89 .5 87. 3
106 . 8 98. 4 92.2 8o. o
93.1 89.q 80.5 68.2

r22.0
113. 3
101.0

8T .6

r24.7 116. ll 96.9 86.5 77.tl

9q"1
14r.2
115. 4
115.9

90. 0
L25.7
t02.7

90 .0

97 .o
L35 "6
106. 4
10r.7

98.5
r36.8
110.9
100 .0

99.7
r35.3
116 .2

97 .8

97 .0
131.6
rr.2 .8
e6.6

116"6 102. 1 110.2 111.6 112 .3 r09 .5

1. Mean of

2" Days on

3. SubJ ect

4. SubJect

Dúp11caLe .4na1yses.

r.¡hlch Dletary Reginen rvas changed.

on Sunflov¡er Oil Dlet.

on Lard Diet.



I"l1xed Fat

TABLE 25

CI{A}iGiiS TN SERI]}1 TRTGLYCERIDE.S
Ï}] ]ìEíJPO}JSN TO DIIìTAIìY FAT

Experimental Perl_od
Sunflov¡er OiL or Lard Diet

Day 4 Day 1.I Day IB Day 25

IvlJ. xed lrat
Day 32
vs 39Subject vs tL vs- tB vs 25 vs 32

90.

- 7.5
- 5.9
-11.4
- 8.¡

-11.9
-53.8
- 8.4
- 3.7

-14.4
-21
- 6.2
_ 8.9

- 9rT
- 2"2

-12.0
-1.2. 3

+37.8
+26.0
+21.0
+19.11

mg Trlglycerlcie/l00 mt Serum

J.8. 1

H.P.1
R.R.1
R. L.1

Group i4ean

J. G.2
R" t{. 2

T.8.2
8.H.2

Group l,'lean

- 8.2 _19. 4 - 7.9 - 9.0 +26.0

- 4.1

-r5 "5
-t2 "7
-25.9

+ 7.0
+ 9.9
+ 3.7
+11.7

+ 1.5
+ 1.2
+ 4.5
- 0.3

+ 1.2
'+ 1"5
+ 5.3
- 2.2

- 2.7
" 3"7
- 3.4
-- I.2

-14"5 + 8.I + 1.7 + 1.5 - 2.7

1.

2.

Subject on Sunflowe:: 0i1 Djlet.

SubJect on Lard Diet.
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.height (Gutf¡rle, 1971). Although H.p. lost 3.6 kgm, and

Albrink (1973) has stated that welght loss ean result in a re-
ductlon in elevated serum trlglyceride revels due to obesity,
the observed decrease cannot be attrlbuted only to rvelght

loss. Weight loss oecurred throughout the experlment whereas

the major loss ln serum tnlglycerldes occurred during the

first week on the sunfrower o11 dlet. Furthermore, H.p. re-
acted fn the same manner as the other subJects during the
post-experlmental perlod when the mlxed fat diet was fed

' (Days 32 to 39). The mean lncrease 1n serum trlglycerldes for
the sunflower'o11 group was 26 mg/l-O0 ml, and the lnerease ln
serum trÍglycerldes for H.p. also was 26 mg.

By contrast, serum trlglycerides lnereased 8.4 mg/

100 m1 of serum duringç the first week on the rard dlet, end

had a tendency to plateau at thÍs level (rabres zu and zil.
when the mixed fat diet üras refed serum triglycerides de-
creased sllghtly (2.T mgl100 mI). Thls d.lfference 1n the
pattern of responsie, the srlght increase ln serum triglycer-
ldes on the lard cLlet and the decrease on the sunflowen oil
diet, was real as indicated by the slgnlfleant diet x day

lnteractÍon (Appendlx Table ZT).

Grande et aI ,]:grz) have suggested that saturated
fats of fewer than 12 carbon atoms and stearÍc acid, whlch

Keyes et a1 (rç6¡c) found had I1ttle effect on serum choles-
tero1, elevate serum trlglycerides. The sunflov¡er o11 dlet
contained B.B percent ress stearic acld than the mlxed. fat
diet. Tn addltion, the mixed fat dlet incruded zo gm of
.butter oil which would contribute a smal-1 proportlon of short



' ot

-and medÍum chaln fatty aclds but these v¡ere not resolved by

the analysis procedure useC 1n thls study. Henee a decrease

,l of serum triglycerldes would be exoected on the sunflower oi1
dlet - However, the lard dlet contained only 2. ! percent more

stearic acid than the mixed fat diet and, hence, the change

in fatty acld composltlon does not explain the rl.3 mg in-
crease observed on the 1ard dlet.

on the basis of the present lnvestigatlon, sunfrower
o11 brought about a signiflcant (P<0.00I) deerease 1n serum

triglyeerides, whereas lard was assoclated wlth a slight but
slgnlflcant (P< 0.001) lncrease ln serum trÍglycerldes when

these fats are fed at 40 percent of total calorles.

D. EFFECT OF DTET ON SERUM LTPID PHOSPHORUS

The response of serum lipid phosphorus to dlet
(Figure 10) tended to para11e1 changes Ín serum totar eholes-
terol- _(Ftgure 4). Serum 1lpid phosphorus decreased. 0.5 mg

from Day 4 to Day 10 of the stabillzation perlod r¡hen the
nlxed. fat dlet was fed (p< o .025, Appendlx Table 28). Thls
downward trend contlnued for the subJects fed the sunflower
o11 diet (table 26), wlth decreases of 0.Tt 0.6 and 0.3 ne/
100 ml of serum. For those on the lard dlet, serum 11pld
phosphorus values lncreased durlng the flrst week and then
tended to plateau (Flgure 10, Tabl_e 26). Durlng the flnal
week of the study v¡hen the rnixed fat dlet was again fed,
serum 1ipld phosphorus values lncreased O.9 ne/]r00 ryrI of
serum for the subJeets who had been fed the sunflovrer oi1

,dlet and decreased 1.0 mg,/100 nI of serum for the subJects



M
IX

E
D

F
A

T

S
E

R
U

M
LI

P
ID

P
}jO

S
P

H
O

R
U

S
(m

g/
lO

O
m

l 
)

E
X

P
E

R
IM

E
N

T
A

L 
H

A
T

\._
..

\''
-'

S
U

N
F

LO
W

E
R

 A
LJ

F
lg

ur
e 

1.
0:

 Iv
le

an
 s

er
um

 ll
pt

d
to

 d
le

ba
ry

 fa
t.

M
IX

E
D

F
A

T
/-

-.
^-

ì

3 0
4

ll 
18

 
25

 
32

 
39

D
A

Y
S

 O
N

 E
X

P
E

R
IM

E
N

T
ph

os
ph

or
us

 le
ve

1s
 o

f 
su

bJ
ec

ts
 1

n 
re

sp
on

se



" -__. r:!',1,_1--_;: -,.i : _:¡; i,
o lr :r'-:r.: .:

TABLE 26

SERUM LIPTD PIIOSPHORUS OF
SUBJECTS IN RESPO}ISE TO DIETARY FATI

^ Day of Experlment
subJeet 4 IL¿ 18 2í 322 ?g

mg Lipld Phosphorus/100 El Serum
J.8.1
H.P. J
R.R.;
R.L. J

Group Mean
A'L1pld Ê
Phosphorus /

I
J.G.d
R.M.d
T.B.d
B.M.'

Group Mean
Atlpfd tr
Phosphorus/

6 .\ 6.3 5.4 4.6
5.5 4.7 4.6 4.4
6.r j.3 4.6 4.9
6.1 5.r \.5 u.j

6.7
5.6
6.2
6.2

5.2
6.5
5.0
5.3

6.2 6.0
:-0.2

5.3

-o.T

4.8

-0. 5

,t.6

-0. 2

5.1

+0. I

5.7
7.2
6.3
7.4

5.5
6.1
5.9
6.4

5.5
6.0
5.8
7.1

5.9
7.8
6.L
7.6

6.2
7.6
6.4
7.7

6.2
7.4
7.2
7.6

6.7 , 6.0

-0.7

6.8

+0. I
T.O

+0.I
7.1

+0. t

6.I

-1.0

1. Mean of Dupllcate Analyses.

2, Days on which cllet was changed.

3. SubJect on Sunflower 011 Dlet.
4. SubJect on Lard Dlet.

5. Expressed as dlfference of precedlng day.
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y¡ho had been fed the lard diet. Although the values obtatnefl

on Day 39 approached those of Day 11 with both groups, serum

lipid phosphorus level-s were dlfferent on Day lt and Day 39

(P<0.005). However, there was no statistlcal dlfference be-

tween the two groups on Day 39.

The results of the present study agree rvlth those

of Connor et a1 (1969) and McGandy et al (fgZO) who found

that changes 1n llpid phosphorus in response to dietary fat,

were sinllar to ihose of serum cholesterol. Losler (1972)

observed the same pabtern, although she found that the res-
ponse ln serum llpld phosphorus lagged behlnd that of
cholesterol.

E. EFFECT OF DIET ON PHOSPHOLIPTD FATTY ACTD PATTERNS

The fatty acld patterns for the serum phosphollpld

fractlon precipitated from acetone are given 1n Table 27 .for

the group fed the lard diet and ln Table 28 for those on the

sunfÌower oil dle't;. There was very Ilttle ehange 1n the

fatty acid patterns of the phosphollpld ln response to the

lard dlet. Even the changes in the phosphollpld fatty acid

patterns observed on the sunflower o11 dlet were small con-

sldering that thls diet provided 4f pereent more 11no1elc

acid than the mixed fat dlet (Table f3). The llnolelc acld

of the phosphollplds lncreasecl slightly on the sunflower oil
d1et. The change was rapld as 1t oceurred durlng the first
week on this dlet with l1ttle change 1n the ensulng two weeks.

Durlng the post-experlmental mlxed fat perlod (Oays 3Z to 39),

.there was a tendeney for llnolelc acid to return to the values : :':''1.i



PERCENT FATTY ACTD
OF GROUP

TABLE 27

COMPOSITTON OF SERUI'I
OF SUBJECTS FED I,ARD

l
PHOSPHOLIPTDS*
DÏET

Day of ETperlrnent
t8 2s 322Fatty Acld

Myristlc, CI4:03
Pentadecanolc, C15:0
Palmltlc, C16:0
Pa1mltolelc, C16:1

Heptadeconolc, C17:0
Stearlc, C18:0
Olelc, CÌ8:1
LlnoLeÍc, C18:2
Elcosatrienol.c, CZO :3

4rachldonlc, C20:4

112

2.0 2.t
t.2 1.1

30.1 28.5
r.7 2.0
L.L r.2

L7 .2 ].6.6
t-3.4 13.9
24.5 25.2
1.6 1.9
6.6 6.3

3.0
0.9

31.6
2.7
o.7

tT.2
14.6
22.5
1.0
5.1

0.9
0.3

29.6
t.2
0.5

18.8
12.8
26.7

2.O

6.7

1.3 L.2
0.9 . 1.0

3r.7 26.8
1.0 1.5
0.5 0.9

t7.6 t6.7
13.5 13.1
23.r 25.8
1.9 2.L
6.2 7.6

2.

3.

Mean of four subJects.

Days on whLch Dietary Reglnen was changed.

Carbon number: number of double bonds.



TABLE 28

PERCENT FATTY ACID COMPOSTTTON OF SERUI'I PHOSPHOLIPTDS1
OF GROUP OF SUBJECTS FED SUNFLOhIAR OIL DIET

Day of Experlnent
ratry ncta 4 tt2 r8 z5 322 3?

.?Myrlstlc, CI4:0J 1.9 2.1 2.t 1.5 0.8 t.O
Pentadeconolc, C15:O l.L I.2 0.8 0.8 0.5 0.7
Palnlrlc, c16:0 29.2 28.8 27.0 27.3 26.3 29.8
Pa1mlüolelc, C16:I I.4 1.4 0.8 1.1 O.T L.z
Heptadeconole, CI7:O 0.9 1.5 0.6 0.3 O.7 O.5
Stearlc, C18:0 LT.z L6.z LT.g 18.3 I8.2 16.1
olelc, c18.:1 L4.7 13.9 10.3 9.8 9.7 13.6
tLnoleic, C18:2 23.6 zj.j 33.1 3z.t 33.6 28.5
Elcosatrlenofe, C20:3 1.7 L.7 0.4 1.3 1.1 1.3
Arachf.donlc, C20 :4 T .3 6.4 6.4 ?. o T .9 . 6.8

1. lilean of four subJects.

2. Days on whLeh Dletary Reglnen was ehanged.

3. Carbon number: number of double bonds.

;: f, :' 1| :' :.; : /: )..1 - :.=':|i..| )ii:."i : :.1 :.', > - L| i.r+ 1' :': :..o.7 i....:....:.:.
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observed on Day 11

The small chanpçes exhlblted ln the phosphollpid

fatty acld patterns appear to parallel the chanqes ln fatty

acid composltlon of the dlet. The data also suggest that
the turnover of fatty acj-ds ln the phosphollpld fraetlon of

the serum ls rapld. Ahrens et al (]-957) found only small

changes ln the fatty acld patterns of the phospholiplds v¡hen

the eustomary dlet of men was replaced by corn o11 or menha-

den o11. These authors eoncluded that serum phospholipids

had the most stable fatty acld patterns of any of the serum

lipld components.

F. EFFECT OF DTETARY PROTEÏN SOURCE ON SERUM LTPIDS

The effeets of dletary protein souree on serum l1pld
levels ln man 1s poorly understood. In the present study, the ,

effects of substltutlng beef protein on a nltrogen equivalence

basis for soy proteln v¡as studled during the post-experimental

perlod (Days 32 to 39) when the mixed fat dlet was agaln fed.

Four subJects, two of whom had been fed each of the experl-

mental fats, were asslgned to the beef dlet whlle the other

four recelved the regular mixed fat-soy proteln dlet fecl

durlng the stabillzalLon perlod.

There was no evidence in the present sindy that pro- 
'..,,;:,'

teln source had any appreciable effect on the bl-ood parameters

measured (Appendix Tables 22r 23r 24r 27 and 28). l4ean serum

cholesterol levels u¡ere sllght1y hlgher on the soy dlet than

on the beef dlet (Table 29), but the dtfferenee between the
,t, '- 

t, t,t 
' '

-two groups was not statlstically signiflcant (P>0.05). A .' :
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TA3LT 29

I,{EAN RESPONSE IN SERUM CHOLES?¡F.CL TO DTETARY PROTETN SOLTRCE

Serum Cholesterol (lngllO0 mI)
Lard Sunflower x¿l

Beef

soy

41
20

23
13

+29
+23
+35
+30

tr

+T

x4 24 +ZT
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slmilar trend was. observed 1n serum triglycerides. Serum tri-
glycerldes r.rere somewhat hlgher on the soy dleb than on the

beef oroteln diet (Table 30) but, aga1n, the difference r¡ras

not signlflcant. Serum Ilpid phosphorus levels, on the other

hand, $¡ere slightly higher on the beef proteln dlet than on

the soy diet (Tab1e 31) but, as with serum ehol-esterol and

serum triglycerides, the groups d.id not dfffer stat1stlcally
(p >0.05) .

The results of the present study suggest that proteln
source had. no effect on serum cholesterol levels. However,

the amount of beef. and soy eonsumed was smalL. Of the total
protein supplled by the dfet, beef and soy comprlsed 14.1 per-

cent (9.3 gm of proteln dally) on Menu I and 16.9 percent

(fZ,f gm of proteln da1ly) on Menu II, The d.let also con-

talned proteln from egg albumln (15.8 percent) ana skim milk
(18.8 percent). Thus¡ ot the beef diet, anlma1 protein pro-

vlded nearly 50 percent of the total proteln lntake, whereas,

on the soy dlet, anlmal proteln supplled 34.6 percent of the

total. It is posslble that the 15.4 pencent extra animal

proteLn may have been lnsufflclent to effeet changes 1n serum

11pids. Furthermore, the effect of proteln source was

studied over Just a seven-day perlod in the present experlment.

This time may have been too short for any effects of proteln
souree on serum Iiplds to be observed. Rabblts have to be fed

a partieul-ar protein for three weeks before any effect on

serum cholesterol ls observed (Uuff , 1975); serum cholesterol-

r¡ras found to be lower ln the rabblt when the proteln souree

-was of plant origln (Carroll and Hamllton, l-97Ð. However,
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MEAN RESP.NSE ;åt:;.;i r*r.rrcEF.rDES
TO DTBTARY PROTEIN .SOI-1RCE

Lard Ír
Beef

soy

x4

3
4

4
1

+zí
+r9
+39
+26

+9

+15

3 +26
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TABLE 31

I'TEAN RESPONSE IN SERUI/I LIPID PHOSPHORUS
TO DIETARY PROTETJ.I SL)U$CE

Serum Llpid Phosphorus (n8,/100 ml)
Lard Sunflov¡er x4

Beef

soy

-0. 7
-l ¿r

-1. 4

-0 .5

-1 .0

+0. 1
+0. B

+0.6
+2.I

+0.9

-0. 3

-O'B "';' 'ì,_t:-_.{.

x4
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Anderson et aI (1971) conducted a 28-day study on the effects

of dletary protein source on serum lÍpid leve1s ln man and

found no sJ-gnlflcant dlfferences in serum cholesterol when

vegetable protelns vrere substltuted for anlmal protelns.

Anderson et al (1971) also lnvestlgated the effeets of dletary
protefn on serum triglyeerlde and phosphollpld patterns. They

found that serum triglycerldes were somewhat hlgher 1n men fed

an1mal protein than those fed vegetable proteln although the

dlfferences were not statlstieally slgnlflcant. These authors

also found a small but signlflcant lncrease 1n serum 1lpld
phosphorus leveLs when men vlere fed a vegetable proteln diet
rather than anlmal proteln.

The evldence on hand ln the present study lndlcates

that the level of beef or soy provlded 1n the dlet has no

effect on serum llpld Ievels.

G. GENERAL DISCUSSION

The present study has shown that source of dfetany

fat has an appreeiable effect on serum lipld levels. Substl-

tution of a mlxture of dletary fats, representatlve of the

average Canadlan consurnptlon, by sunflower o11 resulted 1n a

sipçnlficant decrease (P<0.001) in serum cholesterol, whereas

replacement of the mlxed fat by lard resulted in an lncrease

(pc0.001) tn serum eholesterol- values.

Serum cholesterol decreased 15 ng/100 ml durlng the

stabllization period when the mLxed fat diet was fed (Days 4

to 10). Slmilar observatlons have been reported by Lake

.(1975), King (l-gTU) and Le Blanc (1973), when analagous fat



mixtures vlere fed, However, the magnltude of change varled.,

King (1974) reported a decrease of 13 mel100 ml d.urtng a ten-
day þerlod v,'hll-e Le Blanc (1973) and Lake (1975) reported

decreases of 29 and 32 ng/I00 mI, respectlvely. The deerease

1n serun cholesterol observed on the rnlxed fat dlet contfnued

when sunflower o11 was the sole source of added dietary fat.
There was a decrease of 56 mg/100 mI of serum v¡hen sunflower

o11 was fed during the 2l-day experimental period. Converse-

1y, serum cholesterol lncreased 26 mg/l}} m1 for the subJects

fed the lard d1et. The patterns observed on the sunflower

o11 and lard dlets were reversed when the mixed fat dl-et was

again fed (Days 32 to 39).

Ahrens et al (L95Ta), Keyes et aI (I957a) anO

Koranyi et aI (1961) also reported lncreases in serum choles-

terol when d.iets rich in lard were fed. Simllarly, Suzuki et
al (1963) found that serum cholesterol 1eveIs were trr""""ruJ
by 18 percent when 60 gm of lard was fed to glrls for seven

days, whleh was slightly higher than the lncrease of 13 per-

cent observed in the present study. The fatty aelds resÞon-

slble for the hypereholesterolemlc effect of d.letary fat are

thought to be lauri-c, myrlstie and palmltle acld.s (Keyes e!

al 1965e) , and, hence, the higher amount .of palmitlc acÍd

ln the lard dlet, when compared to the mlxed fat dlet, may be

regarded as the hypercholesterolemlc factor. Stearlc acid
(Keyes et al, t965c), monoenoic fatty aclds (Keyes et aI,
1958) and medlum chaln saturated fatty aeids (GJone et aI, L?TZ)

are not thought to affect serum eholesterol levels.
There is abundant evidence in the literature that



polyunsaturated fatt¡¡ acids lower serum cholesterol. Loslen
(r972) , for example, found that serum cholesterol decreased

2l percent when corn oil provlded 40 percent of the dietary
cal-ories for 2L days. Thls was srlghtry less than tne 29

percent decrease observed on the sunflower oil diet 1n the
present study. Suzuki et aI (f9Zf) also reported a decrease

of 26 percent when sunflower o11 provided 4o percent of eal-
ories 1n the dlets of young girls, and Móore et ar (1968)

found that safflower oil redueed serum cholesterol by 28 per_

cent

rn generar, saturated. fats have been found to in-
crease serum cholesterol and. polyunsaturated fats to deerease

serum eholesterol, although the magnitude of response does

not appear to be dlrectly related to the fatty acld composi-
tlon of the fat. Keges et al (tgSïa) found that there was a
more marked decrease in serum cholesterol when corn oir was

fed than when elther sunflower oil or safflower oil were fed,
even though the latter provlded much hlgher levers of polyun-
saturated fatty actds than eorn oil. Hegsted et al (1965)

found that the decrease 1n serum choleste*ot *il"ater when

safflower o11 was fed than when corn o11 was fed. cottonseed
o11, whieh contalns more llnolele acld than corn oiI but less
than sunflower o11, was found to decrease serum eholesterol
more than elther corn o11 or sunflower o11 (Keyes et al,
r957a), King (1974) and Lake (rgTD) found that serum choles-
teror was not signiflcantly decreased by elther htgh or low

eruelc acid rapeseed olr or by soybean o1r, although GJone et al
(1972) found that serum cholesterol decreased when soybean o11 ,:;.i.:i:; ,.

::.:: . :: .,..:..::..1 :. t:.
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pro'/lded 40 percent of the dal1y calorles. On the other hand,

saturated fats are regarded as belng hynercholesterolemi c, aI-
though Losler (úf ¿) found that beef taIIow, a fat hlgh ln
stearlc acld, caused a modest reductlon 1n serun choresterol

levels. Hence, 1t v¡ould appear that more attention should be

focused on the souree of fat ln the dlet because fatty acld

compositi-on alone does not appear to account for all the

changes observed under experlmental condltfons.

The rnaJor ehanges ln serum cholesterol oecurred

durlng the fÍrst week on each of the experimentar fat diets,
wlth changes of a lesser magnitude ln the second. and thlrd
weeks. Slrnllar observatlons also have been noted by Keyes

et aI (l-957a) and Le Blanc (1973). Serum free and esterffled
cholesterol were found to folrow a simllar oattern to serum

total cholesterol.

There ls a pauelty of lnformatlon on the effeets of
dletary fat souree on the turnover of prasrna cholesterol in
the nr¡rmal free-11vlng fndlvldual. Turnover of olasma choles-
terol was monltored in the present study by measurlng the

decllne ln radloactlvlty in the plasma of subJeets who had

been infused wlth 50 mlcrocurles of 3H-.holusteror 3z days'

prlor to eommencing the study. The decline ln radj-oactf.vity
per milLllitre of serurn was approxlmately tllee as great on

the snnflower o11 diet as on the lard dlet. t¡lood c-!, at
(1966) also have reported a more rapld deellne in l-abel-Ied-

choresterol 1n the plasma v¡hen a diet hlgh ln poryunsaturated

fats repraced a diet hlgh 1n saturated fats. Ilovrever, there

was no dlfference among the fat sources in the rate of clecllne



öf speelflc aetlvlty in the present study. The fact that 
:

the slope of labelIed plasma cholesterol deel-lned more

rapidly on the sunflower o11 dlet than on the lard d1et,

whereas the slopes of the speclflc actlvlty-time curves

among the fats dld not differ, suggests that there was no 
,,,,;,,,,

dilutlon of the label on the experlmental diets. Thls 1m- 
j ::

plies that synthesis and absorptlon of iholesterol remalned

constant and that the turnover of plasma cholesterol dlf- 
.,:,,: .,:
':t : :,

fered on the two diets. Avlgan & Sûelnberg (l-965) and Moore et i'

aI (1968) also observed no dlfferences 1n the speclfic
aetlvlty-tlme curve when dlets rlch ln polyunsaturated fatty
acids were eompared to those rich ln paturated fatty aclds.

However, Wood et aI (1966) found a greater 1nttlal fall 1n

the slope of the speelfie actlvlty-time curve when a dlet
rlch 1n corn o11 replaced one high 1n saturated fats. The

data of the present experiment and that of Avlgan et aI
i(1965) and $loore et aI (1968) lndleates a dlfference 1n the 
f

rate of turnover of cholesterol ln response to saturat;ed .

,

and polyunsaturated fats ln the d1et, although the observa- r,,'.,.,,;

tlons of Î¿losd et ar (1966) suggests that polyunsaturated 
:,,.1,:,,,,:

fatty acids may have effects on plasma cholestenol other

than slmply alterlng the rate of turnover.

Serum lipld phosphorus and serum trlglycerides 
.:,':::

followed sirnilar patterns to serum total cholesterol. Serum ;: :; :':"

trlglyeerÍdes deereased considerably on the sunflorver o11

dlet, âñ observatlon also noted by Kfshyakovskaya et al
(1973). A sllght, but slgnÍfleant, lncrease ln serum tri-
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pçlycerldes was observed on the lard diet. Ahrens et aI
(1959) also found that serum trlglyeerides lncreased when

lard supplied 4o percent of the carories. rn faet o Ahrens

et al (1959) found that lncreases in serum triglycerldes
were greater when lard was fed than when beef talIow was

fed. Losler (t972), on the other hand, found no ehange 1n

serum trlglycerldes on a dlet rlch tn beef ta]low.
Determinatlon of the fatty acld content of the

serunn phospholipids indlcated that the fatty acid patterns

were not markedly lnfluenced by dietary fat source. Thls

is in eontrast to the observatlons by King (1974) and Le

Blanc (1973) who found that the fatty aeld patterns of the

serum phosphollplds reflected changes 1n fatty acld composl-

tlon when high and low erucic acld rapeseed o1Is were

substltuted for mlxed fat in diets sÍm1lar to those used. in
the present study.

Fldanza (tgl¿) fias stated that epidemlologlcal

studies have shown that the type and amounts of fat are im-
portant factors ln the present epldemic of coronary heart

disease. Although epldemlologlcal studles have eonfirmed

the relationshlp between the development of coronary heart

dlsease and the antecedent level of serum choresterol, there
has been little success in rerating Ievel of serum cholester:
o1 to patterns of dletary practlse for lndlvÍduars (t4cGandy

et aI, 1967). As Altsehule (1974b) nas polnted out, poly-
unsaturated fats have lncreased three-fold in the average

American dlet rfwlthout the sllghtest decrease in heart
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illsease. ' The present study has shown that serum lipids ean

be modifled by dietary fat source; lard i_ncreased serum rlpid
values whereas sunflower oiI decreased serum rlpid values.
The present study, as well as previous studles condueted ln
bhe Department of Foods & Nutrltlon, university of Manitoba,
together wlth many other studles (Keyes et at, ]rg51, 19 5Ta;
Moore et al, 1968; and Hegsted et al, Lg65), have shor.¡n that
vegetable oils generally bring about a decrease ln serum

1lpld levels but the magnitude of response 1s not neeessarl-
1y related to the polyunsaturated fatty aeid eontent of the
fat. on the other hand, saturated fats of anlmar orlgln may

result 1n elther lncrease or decrease 1n serum llp1d revels
depending on the source of dletary fat. Beef tallow, âl-
though eontalnlng a hlgher proportlon of saturated fatty
aclds than lard, actually brought about a decrease ln serum

cholesterol levels (Losier , ] ITZ), whereas serum cholesterol
levels increased on the lard dlet 1n the present study.
These discrepancies highright the fact that more attentlon
should be given to the source of dletary fat rather than to
its degree of saturatÍon and that the reeommendation for the
general publlc to decrease thelr saturated fat lntake and

increase thelr polyunsatunated fat lntake wlthout specifylng
the source ls to be questloned.

,í?.t
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SUMÏqARY AND CONCLUSTO}IS

The present study investlgated the effects of rard
or sunflower o11 on serum l1pid patterns and choresterol
turnover 1n elght healthy young men when lard or sunflov¡er

o11 were fed at approxlmately 40 percent. of calories. Also

lncluded 1n the study was a prefactory look at the effeet of
dietary proteln source on serum liplds. The stud.y, a 39-day

metabollc trial, lncluded an initlal stabillzatlon perlod
when a mixed fat diet was fed., a 21-day experlmental perlod
ln whlch elther lard or sunflower oi1 was fed, and a seven-

day follow-up perlod when the mlxed fat dlet agaln was fed.
There was a mean decrease of 15 ng/L00 ml in serum

total cholesterol durlng the mixed fat stabilizatlon perlod
(Days 4 to 10), and a further signlfleant decrease of 56 ng/
100 ml over the 21-day experlmental perlod when the sunflow-
er o1r dlet was fed. The decrease ln serum cholesterol in
response to sunflower oil was slmi-Iar to that observed by

Keyes et a1 (I957a) and Suzukl et al (fgZf) who observed

considerable deereases 1n serum cholesterol when sunflower
o1] was the sore source of dletary fat. conversely, on the

lard dlet, serum cholesterol incneased 26 mg/100 ml of serum,

a response also found. by Keyes et al (L957a), Koranyl et aI
(1961) and suzukl et at (1963) to di.ets rlch in lard. The

observed change 1n serum total cholesterol on the lard and

sunflov¡er o11 dlets was greater than that predicted by the

equation of Keyes et a1 (1965c) whlch relates changes ln
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-serum cholesterol to changes 1n dletary fatty acÍd composl-
tion. Slmltar discrepaneies between observed and predi-cted
changes ln serum cholesterol have been noted by Losien
(1972), Le Blanc (1g7Ð and Klng (1974). These dlscrepan-
cles suggest tlnat 1t may not be Justlfiable to attach too
much functlonal slgnlflcance to regnesslon equatlons such

as those derlved by Keyes et aI (fg65c). These flndings
also suggest that attentlon should be focused on the souree
of dletary fat rather than lts fatty acld content.

Reverslon to the mlxed fat dlet (Days 32 to 39)
was accompanled by a stgnlficant lncrease 1n serum total
cholesterol for the subJects who had been on the sunflowen
oil dlet and a decrease in serum cholesterol for those who

had been on the lard di_et.

The rather marked changes ln serum toüal eholes-
terol were aceornpanled by slmllar changes in serum free and.

esterlfied ehoresterol. Hence, the proportions of free and

esterlfled cholesterol remained relativel¡r constant for each

subject. Free cholesterol comprlsed approxlmately 40 per-
cent of the total for subJects on the sunflorver oll diet
and approxlmately J6 percent for those on the lard diet.

Although there were sllght differences, the over-
all pattern of response of serum ehoresterol, 1ip1<i phosphon-

us and triglyceride levels to d.letary fat source was slmilar.
serum Ievels of all three parameters decreased on the sun-
flower o11 dlet and increased on the lard d.1et. l¡Ihen the
mixed fat diet was refed (Days 3Z to 39), the patterns of
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response observed on the experlmental fats were reversed

The response of serum llp1d phosphorus during the study co-

incides with bhe reports of McGandy et al (1970), Le Blanc

(1973) and King og74) tf¡at lipid phosphorus follows a

slmj-lar pattern to serum cholesterol. , , ,.

Examinatlon of the fatty acid patterns of the

serum phosphollplds lndieated that dletary faL source had

little effect on the fatty acld patterns of the phospho- ,.,,,:,

llplds. A slmllar observatlon has been reported by Ahren ¡-' : '

,., ..i : -

et aI (Ig57), although Klng (1974) and Le Blanc (1973) found . 
'

that the fatty acld. patterns of the serum phosphollpids re-
flected the fatby acld patterns of the dlet wlren hlgh or low 

;

ieruclc acld rapeseed oll was fed. 

iLittle Ís known of the turnover of plasma choles- 
,,

terol 1n response to changes in dietary fat source. Thlrty- 
.

two days prior to the start of the study, each subJect was 
i

infused wlth 50 mlcrocurles of tritlum-Iabel}ed. cholesterol 
:

and the decllne of Iabelled cholesterol 1n the serum was

monitored throughout the study. The deellne of labelled ,i.:t't
..,. -, .,1'cholesterol per rni1lil1tre of blood was twice as great on . ,.::

the sunflower o11 dlet as on the lard. d1et. However, there

was no change 1n the slopes of the speclfic activlty-time

curves for the two test fats. These findlngs suggest that 
'..,1..1...

there was no dilutlon of the labe1 on the two dlets and that 
.

synthesls and absorptlon of cholesterol remalned essentlally

constant throughout the study. Avlgan and Stelnberg (1965)

and }loore et al (1968) also found no dlfference ln the rate



of decllne

saturated

ever, llood

ln the speclfic activlty-time eurve v¡hen dletary
fats viere replaced by polyunsaturated fats. How-

et a1 (1966) observed a more rapld. 1nitlal de-

crease 1n the rate of fa11 ln plasma choresterol speclfle
actlvity when a dlet hlgh 1n polyunsaturated fatty acld.s

replaced a dlet hlgh ln saturated fatty ¿clds

There have been variable reports in the literatune
on the effect of proteln source on serum eholesterol. rn
the present study, the effeet of repracement of soy proteln
by an equlvalent amount of beef proteln was studfed during
the final seven d.ays of the study when the mlxed fat dlet
was agaln fed. Proteln source uras found to have no effect
on any of the serum lipld parameters measured. Anderson et
a1 (1971) al-so reported no changes ln serum cholesterol or
serum triglyeerides when a dlet high ln anlmal protein was

replaced by one hlgh 1n vegetable protein, although they re-
ported a small but signlfieant lnerease in serum llpld
phosphorus.

The results of the present study emphaslze the 1m-

portance of dietary fat on serum lip1d parameters. This

study has highllghted the fact that the source of fat fs an

lmportant factor to be consldered when 1t is desirable to
effect changes in serum llpids. The data presented herein
suggest that diets rlch 1n lard wlll increase serum lipid
Ieve1s, whereas dlets rlch in sunflower o11 w1lr resurt 1n a
decli-ne fn serum 11pid leveIs. The present study and obser-
vations of others (Irosi.er, I|TZ; Le Blanc , :.g73t Klng , IgTIt;
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Keyes et aI , 1957 and 1957 a; and Hegsted et aI , 1965) have

shown that fats rlch 1n polyunsaturated fats w111 lower

serum 1tpld levels but the magnitudes of change appear to

be depend.ent on the source of fat rather than the amount of

linolelc acld per se. In contrast to the present study, : r'::.: r:':'

Losier (1-972) found that a dlet rleh 1n beef talIow, a fat

contalning a greater proportlon of saturated fatty acids

than lard., actually resulted. 1n a decrease 1n serum eholes- .:.,¡ ,r,,'...,,1¡

terol. Hence, 1t v¡ouId appear that more attentlon should 
tt" 

.

be focused on the actual sources of fat 1n the diet because :':"':':'=':'

dietary fats do not appear to effect ehanges in serum l1plds
:

on the basis of fatty acid. composltlon alone
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APPENDÏX TABLE 1

CREAIVI OF WI{EAT

175 ml water
30 gm cream of wheat
VB tsp salt

1. l'îeasure salt and water lnto a large cereal bowl. stlr.
2. Place 1n mieror¡¡ave oven for 90 seconds.

3. Remove and stlr lmmediately.

4. Place ln mlcrowave oven agaln for 90 seconds.

5. Stir.

6. Place ln microwave oven again for 15 seconds.

7. Stlr. Serve immedlately.

Yielo: 1 serving
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APPEI.IDIX TABLE 2

ROLLED OATS

150 mI þ¡ater

3O gm ro1Ied oats (Robln Hood)

30 gm oiI or fat mlx
l/B tsp salt

1. Measure salt and water lnto large cereal bowls.

2. Sprinkle in cereal-.

3. Stir.
4. PLace ln microwave oven for 30 seconds

5. Remove and stlr.
6. P1ace tn oven for another 60-70 seconds.

7. Serve

Yield: 1 servlng
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APPENDIX TABLE 3

SCRAMBLED EGG

100 gm egg albumln (reconstituted 6:1)
1 drop yellow food colorlng
fat

1. Reconstltute egg albumin and water by mixlng in blender
for a shont time.

2. !,Ielgh reconstltuted albumin into indlvidual contalners.

3. Put a-portion of the fat allowance ln frying pan.

4. Stlr oeeaslonally wh1le cooklng.

Yleld: I serving
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APPENDIX TABLE 4

SPAGHETTT I,JITH TOMATO SAUCE

Utensll: 1 fo11 contal¡rer Sttx4tttx2tt for eaeh servlng
Method:
1. Prace the followlng ingredlents in a small saueepan:

10.0 gm Ilquld fat
2.0 gm STALEY CO¡¡SISTA STARCH

120.0 gm dralned AyLt4ER canned whole tomatoes
50.0 gm tomato Julce (from can of whole tomatoes)
25.0 gm tomato paste
20.A gm sllced mushrooms (canned)
0.2 gm dehydrated onlon flakes
2.Q gm salt
0.2 gm ground oregano
0.2 gm dried sweet basil leaves
0.5 gm black pepper
0.2 gm gar1le powder

25.0 gm BONTRAE vegetable proteln crumbtres v¡lth aflavour llke beef - frozen
2. comblne ingredlents, chopping rarge tomatoes 1f necessary.
3. Plaee over medlum hlgh heat. Brlng to a bol-l sIowlyvrhile stirring.
4. Reduee heat and slmmer, stlrclng constantly for 10

mlnutes
Pour contents of saucepan lnto foll- contalner.
l^ihile tomato sauee 1s cooIlng, cook the pasta.
To prepare CATELLI pasta:

Brlng 500 ml v¡ater and 2 gm salt to a rolling bollin ? smal1 saucepan. Add 5O gm (Ory weight)-
CATELLI. spaghettl pasta. Cook for l0 miñutes (un_
covered). Empty contents of saucepan lnto asieve, Rlnse pasta wlth cold water.

B. Add cooked spaghettl to cooled tomato sauce, separatlng
strancls and mlxing with the sauce.

9. cool, cover (wlth cardboard and foil lid), label andfreeze.

To reheat:

5.
6.

T.

Preheat oven
Loosen edges
Place frozen,
minutes.
Remove cover

to 325or.
of foil contalner.
eovered spaghettl 1n oven for 30

and serve.
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APPENDÏX TABLE 5

SCALLOPED POTATOES

1 6'a oz package Idahoan sealloped potatoes ls sufflclent
for J servlngs.
(preparation tirne : 3-5 mtnutes )

Utenslt: 1 foil container 5"x4"xl-Lzn for each servlng

Method:
1. Preheat oven to 325oF (lvelI ahead of actual preparatlon).
2. Empty contents of paper package eor¡tâlnlng dry sauce mlx

lnto a sleve and slft out dehydrated onlons and set
aslde. Keep the rest of the dry sauce mlx separate.

3. Measure 10 gm llquld fat lnto a small fol1 container.
4. Add 20 gm dry sauce mlx and stir lnto a paste.
5. Add I cup bolllng water.
6. Add 2 gm dehydrated onion (sifted earller), Stlr to

dlsperse fat-stareh mlxture and dlssolve large lumps.

7. Add 40 gm drled potatoes. St1r.
B. Place uncovered ln oven for 40 mlnutes. Serve at once.



APPENDTX TABLE 6

CHÏLI

Utensll: 1 smaIl fo11 container 5"x4tt*lurtt for eaeh servlng

Method:
1. Place in a small saucepan and heat 30 gm L1quid fat.
2. Saute B g* ehopped onlon untll soft
3. Remove saucepan from heat and stj-r 1n 4 gr STALEY

COI'ISISTA STARCII

4. Add the followlng lngredients and replace on heat:
150.0 gm drained AYLMER canned tomatoes
25.0 gm tomato paste
25,0 gm tomato julce
25.0 gm water
50.0 gm dralned eanned 1lght red kldney beans
1.0 gm salt
0.2 gm coarsely ground pepper
2.0 gm chill polder

gm BONTRAE proteln crumbles with a flavour
1lke beef - drled

5. Brlng to a boif slor.rly, stlrring constantly, reduce heaü
and slmmer (stlrclng constantly) for 5 mÍnutes or unt1l
fat has reabsorbed.

6. Place in contalner. Allow to cool-, cover, labeI and.
freeze.

To reheat:

130.

Thaw chlll thoroughly.
Preheat oven to 325"F.
Loosen cover s1ight1y.
Heat thawed ch1l1 for 30 minutes.



APPENDÏX TABLE 7

BEEF STEW

Utensil: 1 small folI contalne? 5t'x4rrxlfut' for each servlng

i'lethod:
1. P1ace the fol-lowlng lngredlents 1n a small saucepan:

25 gm TVP beef chunks
I00 ml tornato Juice
t?3 

Ëå ä31;ä,"red onlon rlakes
1 oxo beef cube

l/4 tsp kltchen bouquet
L/4 tsp Worcestershlre sauce

2 " trilx together:
30 gn l1quld fat
6 gm cornstarch untll smooth

3. Add starch mlxture to hot hydrated TVP mlxture.
4. Brlàg to a boll slowly, slmmer for an addltlonal 10

mlnutes, stlrri.ng constantly
5. Ernpöy contents of the saucepan lnto fol1 contalner.
6" VJalt unt1l stew 1s coLd, then eover rulth folllÈ, 1abe1

and îreeze.

To reheat:
Preheat oven to 325oF.
!üelght out 50 pçm frozen peas** and 50 gm dlced
carrots**.
Heat frozen stev¡ (contalner covered wlth foll)
for 30 mlnutes.
Add peas and carrots. Stir to combj.ne.
Cook (covered) ln oven for an addltlonal 20
mlnutes.

;iFoil only, not cardboard Ild
;ÊlÊRlnse peas and carots with lukelvarm ¡^¡ater to get rld of

excess Íce and then rvelgh

131 .
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APPBNDIX TABLE B

OATMEAL COOKIES

r32.

215.0 gm slfted pastry flour
3,0 gm salt

190.0 gm qulck cooklng rolled oats

150.0 gm liquld fat
150.0 gm broln sugar

\.5 gn baking soda
4.0 ml vani]}a

50.0 mI bolIlng vrater

1. Preheat oven to 350oFo

2. Place sifted flour and salt 1n a large bowr and comblne
wel1.

3" UIlx 1n rolled oats. '

4. Combine llquld fat, brown sugar and, vanll1a ln a srnall
bolyl

5, Dlssolve baklng soda in boillng ryater and stlr lnto o1l
nlxture. Mlx well

6. Add wet lngredlents to dry lngredlents and, comblne wel1.
,

7. Weigh out lndlvldual cookLes 25 gm eaeh

B. Place on ungreased eookie sheet and fratten rclth a fork .; ,..,
.:.:t:_:::_'_ . " -:.---:.lnto a round cookle" 
.,.. ::::.:

9. Bake at 35Oo¡' for 15 mlnutes or unt1l golden brou¡n. ,,.,,,,,.,,,,,,.

Yield: 30 cookies
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APPEIJDIX TABLE 9

PINEAPPLE-CARROT DELIGHT

Utensil-: I Pyrex cake pan SttxBttxztt (square)

l'lethod:
1" Preheat oven to 3Z5op, Lightly oll and lfuie the bottom

of the B-inch cake pan vrlth waxed paper and set aside.
2" Place the follolqlng ingredlents ln a large mlxing borvl:

140 gm slfted all purpose fLour (sift before

B * ä:iåîå"ålrr"* baklng powder (i.e. cALUr4Br
or BLUE RIBBON)

3 gm salt
3 gn clnnamon

t'Tix together well wlth a spoon.
3. Reconstltute egg albumln by placlng 12 gm egg albumln

Ln a smalt bor.¡l and addlng 80 m1 water. Blend v¡ell rclth
an electrlc mixer.

4. l.lhen smooth add L00 gm granulated whlte sugar and.
1l-0 gm llquld fat. Itlix at medlum speed lor 2 mlnutes or
unt11 11ght.

5. Add L1qu1d lngredlents to dry and bLend" $Ihen batter Ls
smooth add 100 gm grated ra',.r carrots and 8O grn dlced
plneapple* (canned, dralned well). Blend unt11 smooth,
and carrots and plneapple are evenly distrlbuted.

6. Pour lnto prepared cake pan. Sprinkle topplng evenly
over cake. P1ace ln centre of oven and bake at 325"Ffor Il5-50 minutes. Cake ls done when toothpiek lnserted
ln the centre of eake comes out clean. Remove cake from
oven and place cake pan on a eake rack. Let cool for
5 minutes only. Run a knlfe around the edges of the
cake, Place a cake rack on top of the eake pan and 1n-
vert. Immedlately remove waxed paper, Pl_ace cake rack
on the bottom side of cake and invert so that the cake
is nor,r right side up. Cook cake thoroughly before
cutting.

Topping:
1, i,'iix together rvlth a fork l+5 gm brovrn sugar (golden

yello'rr) and 1.5 gnn elnnamon.
2. Add 10 gûr ltquiå fat and eomblne v¡eII.
#Pineapple - Use only pineapple r.¡hlch ls paeked ln lts ov¡njuice. Do not use sr.¡eetened plneapple. Draln

r.¡ell . Pat with paper toweÌs 1f necessary.
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APPENDIX TABTE IO

ALLOCATION OF FAT ON EXPERIMENTAL DTETS. MENU I

Lard Dlet Sunflower o11 Ptet

Breakfast
120 gn ApPle Juice

+ 2! gn Lard Rolled Oats + 2! gm sunflower O11

+ 10 ga Lard 100 gn Egg Albunln + 5.16 gm sunflower OlL

I sllce Bread

Jam or JelLy
Sugar

Lunch
+ 14 grn Lard Scalloped Potatoes + 10 ggr Sunflov¡er O11

50 g¡n Peas

f sllce Bread
I fresh Pear

Dlnner
+ 10.5 g¡n Lard Rlce + 6"5 gm Sunflower O11

50 gm Cabbage

15 Sn Green Pepper + 1l grn Sunflower O11

2 sllces Bnead

120 gn canned Peaches

Plus
150 gn Sktln Mllk,/neal

25 cß tard spread 25 gm Corn O11 Margarlne

I Carrot-PlneaPPle Square

2 Oatmeal Cogkles

I 7-Up
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APPENDIX TABLE 11
ALLOCAÎION OF FAl ON EXPERIITÍENTAL DIEqS, MENU TI

Lard Dlet Sunflower O11 Dlet
Breakfast
120 gn Orange Julce

+ 16 gm Lard Cneam of llheat + 16 gm Sunflower. Oll
+ l0 gm Lard 100 grn Egg Albumln + 5.16 gm Sunflower O1l

I Ellce Bread
Jam or Jelly
Sugar

Lunch
Spaghettl wlth Tomato
Sauce

50 gm Lettuce
50 gn To¡¡atoes
I sllce Bread
l" fresh ¡nn1l

Dlnner
Beef Stew

. 50 g¡n Peas

50 gm Carrots
+ 23 gn Lard Mashed Potatoes

+ 13 gm Sunftower O11

+ 15 gm Sunflower O1l

25 gn Lard Spread

75 Cn Creamed Corn
2 sllces Bread
120 gm canned frult
cocktall

Plus
150 gm Skln Mllk/rnegt

1 Carrot-Plneapple Square
2 Oatmeal Cookles
I 7-Up

25 An Corn O11 Margarlne
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APPENDIX TABI,E 20

GENERAL II'ISTRUCTIO}JS FOR SUBJECTS O}{
CHOLESTEROL TURNOVER STIJDY

l4eals w1ll- be served in Room 313, Hone Economles
tsulIding, seven days a rveek, at the follolvlirg tines(whlch may be adjusted to the tlmetables of lndivldual
subjeets):

7:30 a,m" 8:30 a.m.
11 :00 a. m. 1:30 p. m,
5: 30 p. m" 6: 30 p. m.

Remember to lnforrn the persons prepàrlng meals ff you
expect to be early or late for Luneh or dlnner. 

,,,,:

Alt of the food must be eaten, slnce lt wlrl have been '''
careful,ly welghed or measured. Bread ls convenlent for :use 1n 'mopping uptt food v¡hlch may adhere to dlshes. 

...::.

only food or drlnk served or specified by the dlrectorof the proJect w111 be permitted. Condlments w1l_1 be :

provlded wlth meals " smoklng 1s allowed. trrater may be
drunk ad llbitum, âs may coffee or tea¡ so long asnothinþ-lffigar,mrit'cream'1emoñJu1ee,etc.)1s
added other than what 1s provided by the invest,igators.
Nothinge1seÍstobeeonsumeddurf.ngtheper1odyouare
on the study.

Vlelgh yourself dally before breakfast. A scale and formfor reeording welght wilL be avallabl-e. An effort rvlll
be made to maintaln a constant ruefght for you by ad-
Justlng the lntake of certaln food ltems,

Breakfast
Lunch
Dlnner

2.

3.

4.

Blood Samples

1. Fasting blood samples v¡iLl be taken before breakfast sLx
tlmes durlng the study (October 3rd, lOth, l7th, Zltth
and 31st, and I'lovember Tthl) ln Room H504, Duff Roblln
BuiIding.

2. Do not consurne any food for eight hours before blood
sample ls to be taken. (clear eoffee, tea or water arepermltted. ) Do No! drink coffee or smoke a cigarette
for one hour 6ãfore ttre time bloocl sample is tõ ue taken,

Col-lecülon of Feces

Four three-day feces collection periods rvl11
dtrrlng the study (October |tln-gthr, 14th-16th
and November 4tfr-6tfr).

be eonducted
and 2Bth-3oth,

1.
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Coll.ection of Feces ( cont 'd)
2. collect all feces in the contalners proviried. The con-tainers may be obtained 1n Room 400, Home Eeonomlcs

Buflding.

3. All contalners are color coded, each subject being
assigned a color. rn addltlon, there wirl be a squarer¡hite label to be used for the collectlon code:

frBrC - October 7th, Bth and 9th respectlvely
p,ErF - october r4tñ, 15th and l6th respectlîely
PrQrR - October 2ptn, Zgth and 30th resþectlvely
XrYrZ - November 4th, 5th and 6tn respe-ctlvely.

The subJects should f111 1n the col:rectlon code as re-qulred. A marklng pencll wirr be provlded for thlspurpose.

4. rt 1s not necessary to use a ner,r container each tlmebut subJects may do so 1f they prefer. However, sub-
Jects should begln each dayts coLlectlon wlth a new
contalner.

5. Place contalners (rvlth samples) in the freezer in
Room 400. rf not within réach of the Home Economf.cs
Department, keep ln as cool a plaee as posslble.

6. Durlng the stucly, sub,leets wf1l be glven capsules con-taining PEG (polyethylene gIycol), wtrtcn serves as a
reference polnt for chemieal determlnatlons 

"

The suecess of thls metabolic study depends largely on you
on youT co-operatlon ln eatlng all the food that you areglven (nmo ltorHrNc ELSE) and 1n maklng eareful collectlonsof feces. !üe r.¡111 greatry appreciate sueh co-operatlon onyour part 1n carcylng out thls study. If you have anyquestions, please dontt hesltate to ask,

Thank you.
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APPENDIX TABLE 2T

COMPOSTTIOI.T OF SCIì'trTTLI,ATTO}I FLUID

5.0 gm PPol

0.3 gm POPOP2

1.0 lltre scintillatlon grade toluene3

1. Dlphenyloxazole, Amersham/Searle Corp., 26365 Clearbrook
Drive, Arlington Helghts, Il-Iinols 60005.

2. 1r4-bis- 2-(5-phenyl azdyl) benzene, Packard ïnstruments ,',,",',',,",

Corp., Inq. , 2200 WarrenvlLle Road, Dorvners Grove, ';:',:r:,::,:
rllinols 605t5 

':':"'"'"'''3. Fisher Scientlfic Company, !'finni.peg, I{anitoba
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