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ABSTRACT

THE EFFECT OF LIILK CCOKSULPTION AND EXERCISE
ON THE SERULI CHOLESTEROL
OF RAT AND ITAN

by Jeanne Sherburne

A study was conducted to investigate the effects
of milk consumption and exercise on the serum cholesterol
concentrations of rat and man. Forty-eight male rats were
divided into three groups, one of which was sedentary. Two
groups were exercised daily by swimming. Powdered whole
milk was added to the diet of one of these groups in awmounts
to provide thirty per cent of the calories. At the end
of twelve experimental weeks blood was secured from the
animals by cardiac puncture and cholesterol determinations
were made on the sera by a modification of the Schoenheimer-
Sperry method. The sedentary rats had higher cholesterol
concentrations and greater weights than the exercised rats.

The higher cholesterol concentrations appeared
to be related to changes in weight and only indirectly to
the absence of exercise. The inclusion of powdered whole
milk had no effect upon serum cholesterol concentrations
or body weights in the exercised rats.

Nine athletes were divided into two groups, with



Jeanne Sherburne

and without milk, cheese and ice cream in the diet. They
exercised three times weekly on the motor-driven treadmill
for eight experimental weeks. Before the beginning of the
experiment and also during the first experimental week,
twenty-four hour recall diets were secured for seven days
by a graduate dietitian. Nutrient intekes were evaluated.
Before the beginning of the experiment and during the last
week of the experiment blood samples were taken by veni-
puncture and cholesterol determinations were made on the
sera by a modification of the Schoenheimer-Sperry method.
Body weilghts remained constant for the two groups. No sig-
nificant effects of exercise, with or without milk consunp-
tion, were noted on blocd cholesterol concentrations. There
was a decreased intake of calcium, riboflavin and fat and
an increased intake of carbohydrate in the restricted diet
group. Intakes of calcium and riboflavin were below the
amounts recommended by the Food and Nutrition Board of the
National Research Council.

According to the results of this study, it is
not advantagzeous to attempt to alter blood cholesterol con-
centrations of humans by chanzes in milk intake. There
appears to be an indirect advantage in the control of serum
cholesterol concentrations throuzgh the regulation of exer-

cise and diet for caloric equilibrium.
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ISTRODUCTICH

Atherosclerosis is a common redical problem today.
It is believed to be related to serum cholesterol concen-
trations. Because of the present interest in attenpts
to change blood ciholesterol concentrations, there has becen
much researcn on this subject in recent yecars. Ii.ost of
the work nas been concerned with altering the amounts of
fat or saturated fatty acids in the diet. Some research
nas involved changes in physical activity. The present
investigation into the effects of milk consumption and
exercise on seruw cholesterol concentrations combines both

dietary components and physicel activity.



KiVIBJ CF LITORATULE

It is generzlly sgreed thet dietary cholesterol
has little effect on serum cholesterol concentrations and
that the fat content of the diet avpears to be a deternmin-
ing factor. In an early experiuent, iessinger ('50) demon-
strated that the addition of powdered egz yolks to the
diet of man caused a greater elevation in the blood serum
cholesterol concentrations than did tae inclusion of the
same amount of pure cholesterol. The difference in response
was attributed to the fat content of the egz yolk. Authori-
ties are not in agreement on the exact causative factor.
Some support the contention that it is the fat per se, and
othners maintain it is related to the degree of saturetion

in the fatty acids of the fat.

Aninal Studies

Dietary Experiments

Portman and coworkers ('56) reported the effects
of dietary cholesterol on the serwa cholesterol concentra-
tion of three groups of Cebus monkeys placed on iso-caloric
diets. “hese diets contained fixed amounts of protein

and cholesterol with diffsrent amounts of corn oil and



sucrose. After eight weeks of the diet, with corn oil
comprising 10%, 32% and 425 of the calories, the serum
cholesterol concentrations of the monkeys were greater

in the medium and high fat groups than in the low fat group.
wnen corn oil was lowered to 10w of the calories, the serum
cholesterol concentration decreased; and when the corn

0oil was increased, the serum cholesterol concentration

also increased. After changing the diets to hydrogenated
cottonseed 0il, these associlates observed increases in serun
cholesterol concentrations. However, the hydrogenated cot-
tonseed 0il did not have any more elevating effect on the
serum cholesterol than did the plain corn oil, when dietary
cholesterol was not added. Diets contalning lard and added
cholesterol raised serwa lipids more than diets containing
corn oil and added cholesterol. Hydrogenated cottonseed
01l raised the serun cholesterol concentrations even higher
than nonhydrogenated cottonseed oil.

Later Portman and Sinisterra ('57) showed that
with Cebus monkeys dietary hypercholesterolemia resembled
essential hypercholesterolemia in men. No tissue liposis
occurred after severzsl montns of serum cholesterol concentra-
tions of 600 wgp or greater. There was a delayed rate of
esterification of injected rediocholesterol in dietary hyper-
cnolesteroleumia in monkeys which was siwilar to endogenous

radiocholesterol in xanthowa tuberosum in man. The



disappearance curves of labeled exogenous cholesterol were
similar bota guantitatively and qualitatively to those ob-
served in man. Portmaen and Sinisterra otserved that the
effects of different fats on cholesterol concentrations
were not due to the diftference in division of cholesterol
between the serum and the other tissues. lionkeys on diets
with lard and cholesterol developed serum cholesterol con-
centrations much hizsher than those on diets with corn oil
and cholesterol, though the analyses of other tissues were
similar. Differences in absorption and turnover of exogenous
radiocholesterol devended on the fatty acid or fat used for
administration. The tests showed that cholesterol esters
of linoleic and cleic acids were well absorbed but choles-
terol stearate was not, probtably because stearic acid is
poorly absorbed. The fats which caused lowered blood cho-
lesterol concentrations were high in linoleic acid, and
those which increased cholestercl concentrations were low
in linoleic and high in oleic acii. The highest concentra-
tions of serum cholesterol were obtained when 45% of the
calories were fed as triolein.

Alfin-Slater and coworkers ('54) examined the
effect of essential fatty acid deficiency on the plasma
and liver cholesterol in the rat. Contrary to their expec-
tations, the concentrations of the cholesterol esters did

not decrease when the fatty acids of the diet were reduced.



These authors postulated that since oleic acid and other
more saturated fatty acids formed cholesterol esters which
were not metabolized rapidly, it was prrobable that the con-
centration of plasma cholesterol in the rat did not reflect
the body stores.

-After analysis of cholesterol esters in liver and
plasma of rats receiving verying amounts of linoleic acid,
Klein ('57) reported that linoleic acid was the major poly-
unsaturated constituent of the liver esters. In the plasma
other fatty acids increascd as the linoleic acid in the diet
increesed, and there were significant quantities oftetra-
enocic acid. The polyunsaturated fatty acid content of the
plasma esters exceeded that of the liver esters by a factor
as lerge as tean. The metabolism of plasma cholesterol dif-
fered froum thet of liver cholesterol, and the esters were
not in simple equilibriun.

Klein ('58) later resorted tnat rats fed corn
0il or nydrogenated cottonseed o0il showed increesing plasina
end liver cnolesterol concentrations as the linoleic acid
of the diet was raised. Hence, Klein concluded that rat
cholesterol concentrations were related directly to the
prolyunsaturated fetty acid content of the diet 2nd not to
the total fat.

By feeding thirteen different fats, with and with-
out 1% of added cholesterol, Okxey and essociates ('59)

studied the effects of unsaturated dietary fats upon the



liver and serum lipids. <TLhe rats consuming butterfat de-
veloped higher cholesterol concentrations than those on all
other rations except menhaden oil. kats fed butter alone
did not have any higher concentrations of liver and serum
cholesterol than those consuning fats with a lower natural
content of cholesterol. Hoviever, when cholesterol was added
to the butter diet, the liver cholesterol concentrations
were the lowest observed, except for the rats on coconut
0il diets. After butter was centrifuged to remove the phos-
pnolipid and thean was included in the diet, it produced
elevated liver cholesterol concentrations in the rats which
were fed cholesterol. “he liver cholesterol concentrations
tended to diminish when there was a decrease in iodine number
of the food fats, though the serum cholesterol concentra-
tions remained at a constant level. These results supported
the conclusion that the composition of the fatty acid frac-
tion of cholesterol esters was somewhat influenced by the
amount of linoleate in the diet.

Tillman and coworkers ('60) tested the effects
of diet upon clotting time and lysis of plasuma in three
groups of rats on diets containing propylthiouracil. These
diets had previously produced myocardial infarctions in
other animal experiments when butter was used. ERats con-
swaing a normal diet remained healthy, with normal serunm
cnolesterol concentrations. kats on a corn oil diet ate

only half as much as the normal rats and stopped growing.



The third group, with isocaloric amounts of butter, had
higher plasma cholesterol concentrations and greater plasma
turbidity than the rats in the corn oil group. Plaswma
cholesterol concentrations in the corn oil-fed rats were
only slightly higher than in the normal group. Twenty per
cent of the butter-fed rats developed myocardial infarc-
tions. None of the rats consuming corn o0il or the norumal

aiet developed myocardial infarctions.

Exercise experiments

\fong and associates ('56) tested the effects of
exercise on experiuental atherosclerosis in chicks treated
with androgens and found that exercising on the treadmill
did not affect the blood cholesterol concentrations but
did reduce the formation of atheromatous plagques in the ab-
dominal aorta. However, later work (Wong et al., '57) with
cockerels showed that exercise could overcoue the effects
of an atherogenic diet by lowering blood cholesterol con-
centrations as well as reducing the atheromatous plagues.

Brown and coworkers ('56) tested the effects of
exercise in preventing coronary atherosclerosis in rabbits
and showed that exercise caused a lowering of total serum
cholesterol concentrations but did not alter free unesteri-
fied cholesterol concentrations. No essential differences

in the atheromatous plaques in the blood vessels of these



animals were observed. Apparently once atheromata were
developed, exercise did not arfect the ravidity of the de-
posit or the resorption of cnolesterol from the vessels.

In 2 study of the effects of physical exercise
on atherosclerosis, iyasnikov ('58) used 10 rabbits as con-
trols and added cuolesterol to their diets for six months.
Twenty-five rabbits receiving cholesterol in the diet were
exercised on the electric treadmill daily, until fatigued.
£isnt rabbits received no cholesterol in the diet but were
exercised on the treadmill. The cholesterol concentrations
were analyzed twice each month, and after six months the
rabbits were sacrificed. The aorta, coronary arteries and
myocardium of each were studied for atherosclerotic plaques.
bExercise caused a definite decrease in vlood cholesterol
in those aniinals receiving cholesterol in the diet. The
physical exercise, because of intensifying metabolism in
the body, resulted in more intensive assimilation of ali-
mentary cholesterol, thereby lowering the blocd cholesterol
concentration., The exercised rabbits on diets without added
cholesterol showed no morpholo ical chanzes except for hy-

pertrophy of the nyocardiuwi.

Huwnan Studies

Dietary Studies

Populetion Surveys. IKinsell and coworkers ('52)




showed large amounts of vegetable fats in the diet caused a
lowering of the concentration of serum cholesterol. At the
same time Keys and associates ('52) reported serum choles-
terol concentrations of populations on high fat diets ad-
vanced with age; while the citizens of Naples, who subsisted
on low fat diets, did not have increases in serum cholesterol
after age thirty. This was important because Gertler and
coworkers ('50), in relating serwa cholesterol concentrations
to coronary artery disease, had found a steady significant
rise 1in seruan cholesterol concentrations with advancing age.
Bronte-Stewart and coworkers ('55) reported an
inter-racial survey from South Africa, with a highly signifi-
cant difference in the cholesterol concentrations when clas-
sified according to race. The greatest difference in the
environuwental factors was the diet. A later investigation
(Bronte-Stewart et al., '56) showed a correlation between
changes in cholesterol and chenges in fat intake. Olive oil
did not raise cholesterol concentrations, while butter, beef

drippings and beef muscle did have an elevating effect.

Group Studies. By 1954 it had becoie obvious

that increasinz cholesterol intakes did not always show

a correlating rise in serum cholesterol. Hardinge and Stare
('54) studied 86 vezetarians who included milk and eggs

in their diet, 26 pure vegetarians, and 88 non-vegetarians.

The average calories from fat were approximately 33 per cent.
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The non-vegetarians had slightly hiher intakes of animal
fat and total fat calories than aid the other two groups.
The non-vegetarians had a greater intalke of dietary choles-
terol than the vegetarians who consumed mnilk snd eggs, while
the pure vegzetarians had practically cholesterol-free diets.
No significant difference waes found between the serum cho-
lesterol concentrations of the non-vegetarians and the vege-
tarians with added uilk and ezgs. 4Yhis indicated a direct
correlation between the blood cholesterol concentration

and the intake of animal fat. The pure vegetarians, with
liberal use of plant oils and no animal fat had the lowest
caolesterol concentrations of the three grcups. There was
no correlation between the weights of the subjects and their
cnolesterol concentrations, thouzh the mean weight of the
pure vegetarians was twenty pounds less than the mean weisht
of the non-vegetarians. Perhaps this indiceted that cal-
orie utilization was less effective when the food source

vas plants rather than a cowbination of plant and aniumal
foods.

Paterson and Lerrick ('57), in a lonz range ob-
servation of the relationship of serwi cholesterol concen-
trations to lipid deposits in coronary arteries, obtained
blood sawples frow a series of 800 patients in a veterans
hospital, twice in 1953 and yearly thereafter. The serum
from eachh collection was kept frozen, and after the death

of the patient the cholesterol concentrations of the serum
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and of the fresn corounary arterial tissue were coumpared.
At the time of the second interisn revort in 1957 there had
been 129 deatns, and the post mortem studies hiad been com-
pleted on 88 patients. o significant relationship was
establislied between tiie cholesterol concentrations of thae
serwa and tne lipid devosits ian arterial tissue. PYaterson
and Derrick proposed tihat a study should be carried over
a long period of ti.e, since it was possible taat lipid
Geposits wisht occur in waves aad niszht continue after the
cause for tiancuw no lonzer existved.

in a study of the causes of coronary heart discas-
es, vawber @nd covorkzrs ('57) found tnat tucere was an in-
creased risk of arteriosclerotic neart discase 1n pesrsons
it serwi cholesterol concentratioasabove 260 111 per cent.
Yhere was little relationship vetween obesity and clioles-

texrol councentretions.

Laboratory Stuuies

..2yer ond ossociates ('54) reported that there

<4

wes a cignificant increese in cholesterol concentration

as the proportion of dietary Iat, regardless of the source
of the fat, weos increcsed; and that alterations in the
amounts of dietary fat, whetier ani.uzl or ve;;ctable, pro-

duced parallel chan 'es in plas.ia ciolcsterol.

Keys znd coworkers ('55) found the avera e
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concentration of caolestercl in tas sera of men whose diets
were high in fat was 255 to 50% grezter than the averaze
vien the diets were low in fat, and alterations in dietary
fat produced si:nificant changes in serwa chclesterol con-
centrations wituin a few weeks.

Severidgse and associates ('55) reported chanczes
in proportion of vegetable fat and animal fat in diets of
five male subjects, aged 33 to 41. The first exverimental
diet, with 28.4,6 of the celorics as vegetable fat, caused
e seruu cholesterol decreaese of %3 ns per cent. Jien the
calories from vegetabls fat were incressed to 53.5,5, the
serw. cholestercl concentration decressed by 47 wg per cent.
wnen isoczloric guentities of butter were conswaed, the
serwn cholestercl concentration increased above the control
diet by the fourth and seventa day, and then dropped on
the eleventn day to the sawe initial level. Addition to
the vegetable fat diet of an amount of cholesterol egual
to thaet in the eniwal fat diet produced a decrease of 38
mg y in the serum cholesterol by the eleventh day. Con-
suuption of a diet high in animal fat resulted in increased
plasua lipids. <Yhese findings suggested that vegetable
fat alone had no tendency to increase the plasma lipids,
but, in conjunction with some unknown subtstance of animal
origin winich was present in a non-vegetable diet, it did
produce a nigher concentration of the lipids.

Later thcse associates (Leveridge et al., '56)
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revorted that the change from a diet with 58.5: of the cal-
ories from corn oil to a diet containing isocaloric guanti-
ties of butterfet, lard, beef drippings and cnicken fat
caused increascd plasma cholesterol. Butterfat exerted a
mwore marked effect than the other fats. Changing frou a
mixed free choice diet to a formula diet did not alter plasnma
cnolesterol concentration, even though the formula contained
605 of the calories as butterfat. +when increasing amounts
of butterfat were replaced by corn oil, however, there was

a significantly progressive decrease in cholesterol concen-
tration.

Beveridgze ('57) later tested the effects of the
various coumponents of corn 0il on the concentrations of
plasma cholesterol. Alpha-tocophnerol had no effect, but
beta-sitosterol caused nearly as nuch decrease in serum
cholesterol concentrations as did the original corn oil.

The intimate mixing of beta-sitosterol with the rest of

the diet probably permitted the formation of a mixed crystal
complex, and therefore decreased the absorption of choles-
terol. Beta-sitosterol was not effective when it was fed
before or after the meal. Beveridge proposed that corn

01l also forued the wixed crystal complex with cholesterol
winen fed as part of the diet.

Keys and coworkers ('57) reported that serum cho-
lesterol concentrations changed in response to the kind

of fat in the diet, wita the largest part of the change
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occurring during the first week. Four oils were tested:
corn oil (iodire number 120, linoleic acid content 45%);
sunflower seed oil (iodine number 131, linoleic acid con-
tent 61,5); serdine oil (iodine nuwaber 183, linoleic acid
content 0-2%%); end butterfat (iodine nwaber 32, linocleic
acid content %w5). 'The butterfat diet caused cholesterol
concentrations which were 52 mg’> hlicher than the corn oil
diet, 35.8 ngé higner than the sunflower seed oil diet,
end 39.8 wge nisher than the sardine oil diet. These find-
ings did not suwport tane thecory tuat the serwa cholesterol
concentration in wan is a simple inverse function of the
essential fatty ocid content or the degree of unsaturation,
since the sardine oil was the most highly unsatursted and
the sunflower secd o0il nhad the highest linoleic acid con-
tent. All scrwia cholesterol concentrations in this experi-
went were signiticaatly lower on corn oil than on the otner
oils. Keys and assoclates proposed that serum cholesterol
concentrations were related to total fat rather than in-
versely to tne essential fatty acids and that the observed
erfect of vegeteble oil in lowerins serw: cnolesterol con-
centrations wus not due to the essential fatty acids.
Kinsell and Sinclair ('57) objected to these con-
clusions (Keys et =21., '57) in that the actual cuality and
quantity of the fatty acids had not been determined and
that the linoleic acid values were not established by lab-

oratory analysis but were taken from the litersture.
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Sunflower seed (iodine nuumter 13%1) wes assuued to have a
linoleic acid content of 615, but varisztions of 19 to 727
nave been known. Corn oil wes assuwed to nave a linoleic
acid content of 45,5, but saples of U.S. corn oil have as-—
sayed at 16,0 to 68;o linoleic acid. Therefore, Kinsell and
Sinclair proposed that Keys' fizure of 45w for the linoleic
acid content of corn o0il was too low; that iodine numbers
are not adeguaste for deteruining unsaturation of oils in
relation to their effects on seruwn cholesterol concentra-
tions; end that the efficiency of absorption of the oils
must be deterumined. These associates observed from their
own deta tnat vegetable oils which are fresh, readily ab-
sorvable, and under controlled conditions caused a decrease
in serwa caolesterol concentration wiaich wes approximately
proportional to the iodine nuanber.

Because of the controversy initisted by Kinsell
and Sinclair ('57), Keys and associates ('57b) published
additional date on the iodine values and pcrcentese satura-
tion of the fatty acids in the oils which they hed used.
Although they did not deny tae role of the amouant of satur-
ation in tne fatty acids and its effect on the serum cho-
lesterol, they reasserted their thesis that saturated fats
had a great effect in elevating the serum cholesterol con-
centratioas, ¢nd that corn o0il hsd a lowering effect which
was additional to that which was due to its fatty acid con-

tent,
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In another report, Keys et al. ('57c¢c) stated that
the saturated fatty acids had twice as umuch effect on the
seruwu cholesterol concentrations as tihac polyethenoids which
acted in the opposite direction. Oleic acid, a wmonoethenoid,
had a small but uncertain effect on the raising of seruu
cnolesterol concentratioris. Keys and coworkers predicted,
on the basis of previous laboratory work, thaet the removal
of 1 oz of butter (57 saturated with 4,5 polyethenoid fatty
acids) would produce a tnree tiues greater decrease in cho-
lesterol concentration than the addition of 1 oz of suanflower
seed o0il (1lu,» saturated with 02,0 linoleic acid content).

Thus they expected tne suvbstitution of 1 oz of sunflower
seed 0il for 1 oz of butterfat to cause a decrease of 20 w7’
in tae serwi caclesterol concentration, witih three quarters

Fal

of the changse cauced by the reduction in butterfat content
or tne aiet. <These associates przdicted tnis cholesterol
concentration decrease for a wan in caloric eguilibriuwa
at 2600 calories, witan cuolestercl conceantratioans under
230 wg,» wihen subsisting on an ordinary hizn fet diet. Greater
reductions were expected in serwa cholestercl concentrations
for people who were hyperciiolesterolemic,

sJcCann and coworkers ('59) resorted studies on
the effects of vegetzble oils on szrua lipids iu subjects

witih serwn cholesterol concentrations scove tue mean for

thaeir ages. During the experimental period the subjects



17

consuwued approxiustely 230 ml of veenut oil formaula in three
doses daily, before cach i1ieal. The forwula suuvplied €60
celories, Yo - fat, 24 g carbonydrate =2nd 23 7 linoleic
acid. Two sanyles of blood wers tzlken for control neasure-
vents at intervals of one week, and additional sawmples were
collected weekly. In the sescond study safflower oil was
used in auaounts to provide 250 calories, 28 g fat and 20 g
linoleic acid. The dietary fet from animel sourcss wes
decreased frowu T6. to 3%., and cholesterol intake from 707wg
to 497 milliisrans. The wean retio of saturated to unsaturated
fats was reduced by 335, wiile the essentiasl fatty acid inteke
was increased 100 per ceat. ..cCann and coworkers observed

a sharp droy in sc¢rwa chiolesterol concentretions after the
first weck, followed by a rise duringz the second and third
week. During the fourtih weell the concentrations decreased

to a level equal to thet at the end of the first week.

Both peanut oil end safflower oil were effective in czusing

a slight loweringy of sceruwu cliolesterol concentrations, and

it was concluded that unsaturated fatty acids should be
incorporated into the diet pattern for best results.

Schendel and densen ('53) studied 48 infants with
kwashiorkor end ueasured serun cholesterol concentrations
during an eleven montih period in wanich skim milk formulas,
with no added fat, were given to the infants. As the kwash-

iorkor improved, serum cholesterol concentrations rose.
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At the beginning of the observation, mean totel cholesterol
was 93 wnge, compared with normzl controls of 17% ug per
cent. As tne infants resgonded to the trestuent, choles-
terol concentrations were doubled, but there was no signifi-
cant chenge iu cinolesterol concentrations in infents who
did not show a clinical response. Sitosterol nmight have
btecn responsible for the original low cholesterol levels,
since tne diet was almost totally vegetable. PThe synthesis
of cholesterol :.iay anave been reduced, and diarrhea may have
led to increased excretion of sterols. Scaendel and lensen
concluded tnat increases in cholesterol concentration which
correlated witin clinical improverient reflected the renewal
of esterification uechanisius in the liver.

Davis and associates ('60) gave formules contain-
ing 215 fat, 64, carbohydrate and 15. protein to ten patients
with coronary heart disease, while adjusting calories so
that boay weignht remained constant. Cholesterol concentra-
tions were measured during two weeks' intake of safflower
0il formnula and two weeks of equal quantities of safflower
0il and coconut o0il. Serum cholesterol concentrations were
reduced as well with 20 fat as with higher amounts of un-
saturated fat in formula feedings. These researchers con-
cluded that wide variagtions of fat levels in formula feed-
ings showed similar results, and thnat the optimal fat level

was pernaps in the 20% to 405 rance.
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Lxercise Studies

Jorris and associates ('53) reported a study of
the incidence of coronary heart discese in varicus occupa-
tions in Lngland. The incidence of heart disease in bus
drivers was greater than in bus conductors. These authors
related this to the increased physical activity in the work
of the conductors. A study of the heart disease incidence
in postal workers snowed tnat there was less disease in
those with active jobs than in more sedentery work. Iurther
observations showed thet diffcrences in incidence of death
rate and history of coronary heart disease were due to dif-
ferences in phnysical activity. These associates ccncluded
that physical activity might act upon the coronery circula-
tion in addition to creating the demends made upon it.

wann and associates ('55) revorted that differences
in cholesterol comncentrations of Nigerian subjects in three
separate areas of the country could not be attributed to
total caloric or total fat content of the diet, since these
were similar. ‘hese authors believed ti:at a difference in
muscular exercise wight nave nad an effect in reducing or
controlling serwu cholesterol concentrations in a manner
similar to the effect of exercise on carbohydrate tolerance
in diabetics. 4according to this theory, tie lower concen-—
trations of cholesterol were caused by wmuscular activity end

energy exXpuenditure, =zud a large muscle mass or lerze muscular
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expenditure wes important in the preventiosn cof hyperlivenia
znd perheps in the prevantioun of ataesrosclerosis.

Keys ('56) concluded from lils observations with
tihe Bantu that difrfereznces in puysical zactivity do not ex-
plain larse variations in ssrwa cholesterol concentratious.
..en on heavy wmanuzl lavor =21lso conswied diets which were
lower in fat tnan tuose of the other Zantu; hence, Keys
gttributed tlie lower cuolesterol concentrations to the fat
content of thae diet ratier tihan to the physical activity.

In an investization of the serum lipids and athero-
sclerosis awony Yemenite imamisrents in Israel, Toor and
coworkers ('57) revorted tazt the recent immizrants had
lower serwd cholesterol concentrations and lower mortality
due to atherosclerosis than those who had livcd in Israel
lonser. The only differences in the populations were in-
coime and totzl food intake. EBecause the recent immi rants
viorked harder, with less food, they were in a state of cal-
oric imbalence and therefore developed lower cholesterol
concentrations. Four years later, Toor and associates ('60)
investizated tais saue group of iwmwi~rants who had then
been in Isrzel for five years. These lmmigsrants were now
living under better conditions, with a hicher caloric intake
and a higher percentage of calories from fat than in their
previous diet. Their serus cnolesterol concentrations were
2lso higher then previously, =nd were caused by tiie incressed

calorie and fat intake, as well as the change in ratio of
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saturated and unsaturated fetty acids.

wxercise Exoveriments

Taylor and associates ('57) tested the effects
of pnysical activity on seruwa cholesterol, by increasing
piysical activity by 12700 calories on the motor driven tread-
uill end adjusting focd intake so that there was no loss
in weight and no cnange in proportion of calories from fat.
L0 cnanges viere observed in seruw ciholesterol. Therefore
it was concluded tnat seruwa cholesterol concentrations are
related to tae provortion of the total calories derived
from fat, and tast they are determined by the fat transport
load from the intestine to the liver end frow the liver
to the fat depots. Lhis fat transport load is influenced
by the circulation rate, waich is influenced by exercise.
Thouzh the rat intake was increased by 46 gz daily, the in-
crease in circulestion prevented 2n increase in serwa choles-—
terol concentrations.

In 2n ecarlier report froa tie sauwe laboratories
(Anderson et asl., '55), physical activity was keuvt constant
at 2 1/2 wiles of walkin;: daily, =nd enesr;y balznces were
chanzed. Afver a period of seul-stervation, tae serum total
ciclesterol vies ©3,0 of tuat of tune controls, end at the
end of a refeedinz period of 5300 calories it was 1%25 of

tae contrcls waelntained on a constent diet of 3200 calories.



This experi.ient was revcated. The cholassterol concentra-
tions were T78,s of tue controls durins sculi-starvation and
112 of the contrels efter refeedin~ with 4000 czlories.
Another report (Auderson ot ol., '56) chowed thet
in obese subjects naintained on 1200 celorie reducing ciets,
come with Y35 of the calories gs fet ond soze with 135 of
the colorics as fat, tlhere vas a decressce in scerum caholes-—
terol concentreations in all subjects, vien exsrcise was
rept constant. The reduction of cinolesterol concentrations
was grecter in tae low fat then in tho hish fat group wihen
tane wel_ut loss vwes identical for bvotlh grouns. These auwtaors

A

concluded thzt in celoric uncernutrition and in low fat
consuuption, serum cnolsstercl ccncentrztions are lowered

by both factors workinz inde.cndently and simultaneously.

. 2 -~

This experiaent was reveaited excent tuat the sub-

jects were overfed, (Anderson et zl., '57). Durins o 20-

p

5

week period with an intale of 3400 calories, the wen o

49

salned tne wcost wel ht hed incressed serwa cholesterols

by 40 wos during the first 10 weeks, with no chanse in cho-
lesterol during tae last 10 weeks, though the welglv gain
continued. Anderson and coworkers concluded taat a gain

in body welight wi.-ht be used to predict aa incresse in cho-
lesterol during the beginning phase of period of weight
increecse. ‘Jhen fat intake was increased, there was an sc-

coupanyins rise in the serwil ciuolesterol concentrations,
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even tiaoush the percentage of calories froa fat was decreased.
Pnis probably occurred because cholesterol weas vert of tie
lipovrotein-fat transport systei.

llann and coworkers ('55) further investigated
this subject to deteruine whether the awount of total cal-
oric turnover controlled the serw: lipoprotein concentra-
tions and wnetner the disposition of celories from the diet
controlled the seruwu cholesterol concentration. According
to this hypothesis, an excess of food that was converted
to body fat would cause nizh cencentrations of serua cho-
lesterol, and caloric balance or deficit would result in
low concentratioas. Uy varying the total caloric turnover
and tne disposition of the excessive calories, these asso-
ciates concluded that young umen on nigh fat diets were able
to double their caloric supply without incieasing the con-
centrations of the serua lipids, as long as the excess cal-
ories were used up in exercise. However, when exercise was
restricted so tnat fat deposition occurred, there was an
approximate doubling of serwa cholesterol concentrations
when the caloric intake was doubled. During a period of
velzht reduction serwa cnolesterol concentrations promptly
returned to tihe original levels.

Chailley-bert and coworkers ('55) found that cho-
lesterol concentrations of active subjects were lower than
those of sedentary subjects. Daily exercise in three seden-
tary hypercholesterenic subjects caused lowered totel cho-

lesterol concentrstions.
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llontoye and associates ('59) observed 16 mzle
subjects in a supervised exercise progran of swimming and
calisthenics and 15 sedentary controls. Mo appreciable
difference was found in the seruw cnolesterol concentrations
within either group waen initial and final values were cou-
cared. Jhen the subjects of botn groups were coiubined,
cilanges in serwa cholesterol concentrations usuzlly accom-
panied cnanges in body weight, regardless of exercise.

Tnese authors concluded thaat the effects of exercise in
decreasing serwia cholesterol ccncentrations were indirect
and were related to loss of weigzgnt.

The literature which was reviewed was primerily
councerned with the hyperciholestercleuwic effect of butterfat
end the hypocholesterolemic effects of exercise. In order
to investigate tnese further, two studies were designed
to test botn the dietary and the exercise factors. These
experiuents, one with rats and one with huuans, were planned
to test thie effects of nilk conswiption upon serwn choles-
terol concentrations while maintaining exercise at a high

level.



Animalsl

Sixteen weanling litter-mate trios of mzale rats
of the Sprague-Dawley sitirain were housed individually in
cages in a roo: with no direct sunlight. The cages (5" x
5" x 12") were rotated dzily to coumpensate for possible
lisht and temperature devietions. This study was carried
out over a six wonta period. For two months the rets con-
sumed a stock diet (Appendix A). The animels were then
divided into three experiumental groups by alternating the
ranxed weights within each litter, and tne aninals were
numbered. During a period of twelve weeks the following
rezimes were continued: Group A (animals 1-16) receivzd
a stock diet and were exercised; grouv B (animals 17-32)
rcceived a stock diet with 500 of the daily caloric intake
supplied by powdered whole milk and were exercised; group
C (animals 33-48) received a stock diet and were sedentary.
Fach animal in the two exercise groups received

equal amounts of conditioning. They swaw in their respective

lThis study was carried out under the direction
of Dr. Henry J. Liontoye, Departument of idealth, Paysical
rducation and Lecreation, wichigan State University, as
part of .i8U Research Froject MNwuber 941, 1857. Details
are reported by Ackerman ('59).

25
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groups twice delly, l.ondey through *ridasy, aond once on Sat-

rday tor twelve weells. Durinz the first weell the periods
0of swiuming were short. Durins: the second and third weelks
tae swiowing veriods were ten minutes in len:;:th, end netal
welsnts evual to four per cent of tiite body weluht were at-
tached to the rats. Ze:inning with week four, no weights
were attaciied to thne aniuols and swiniing tilies were incres=sed
to tairty iilnutes, twice dsily. Lhereafter the swimming
tines were increased by five uinuates weekly, uatil a ore
aour veriod was attained. ‘“Wne water teuperzture was stand-
ardized at 26-37° Ceutisrade.

At tae end of tne twellfth experiuental weel the
cniaals were znesthetized with sodiwa pentoberbital and
blood was obtainced vy caordiaec puncture. 1he blood sauvles
viere alloved to ¢lot znd tacn were centrifured. 'Whe clezar

supernatant serus was pilyetted ofilf and was frozen.

Seven wnilversity fresuhuen viio were caundidates
for tae Traci tea. and two grzduate students vho tad been

outstaznding endurance runusrs wzre selected as subjects,

lTJiS study nise risd out unair

2, arr T
of Dr, Gsle L. .iclrles erd br. JPJ” Ven duss, D
of .1ecltsa, I slcel Zdaucotvion ~ud liecrcation, i«
Universitv,. “ais was »nort o a study of the efre
211l upon endurance oexforaciace wailcih vas SuLCA30:l
Netional Doz ry Council.

;igan ctote



All of tunese subjects were iun zood wvhysicecl condition for

erticipetion ia i endurznce stuly. Yhey ransed in erce

from 19 Yo 24 years eicept for sunject nuber 9 vio wos 32,

Trainiu »neriod

e

For taree weelils prior to the bezinnins of the

. )l

experiuent, all subjects trained to exniaustion on the motor-
driven treadmill, runniny twice eacnh wvezk at 10 upn up an
rade. Ynree tlies ezch weell the subjects ran at vary-
inz speeds oa tue level trendinill, in order to determine

the festest rate at wihica all subjects could sttain a stezdy
state and continue Lor fifteen winutcs. The steady stete
was assuwued nen tie pulse rate leveled off znd did not
increase azgain during the fifteen-uinute period. "The mexi-

zal speed which could be attained by the most poorly con-

ditioned subject was 6 wph.

Blood saanles

a4

Puring; the week vrior to tie experinent, 10-ul
sauaples of blood were talken from eachh subject taree times
by venipuncture. UYhe blood scuples were a2llowed to clot
and were centrifuged. The cleer supernctant serun was
pipetted off and was frozen. Durinz the last week of the

experiment three sawovles of bLlood, taken frouwm each subject

by venipuncture, were treated 1n tihe same manner,
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Groupin~ of subjects

Four subjects were assiypned et random to esch

of two croups. wroup 1 (subjects 1, 2z, 3, and 4) wos in-

1
structed to consuwie a self-seleccted diet, including at lecst
taree pints ol wilk deily eand two pints of ice creeaa weekly.
Group II (subjects 5, 6, 7 2nd 8) was instructed to elini-
nate willz, cheesc =znd ice creaw from the diet. Ko attenpt
was mede to eliminate wmilk and cheese in cooked dishes.

Yhe ninth subject waes arbitresrily assi:ned to group II.
Subjects 1, 6 end 9 ate in their respective homes. The
otaer six subjects ate in a university dining hall. It

was decided that when uillk, ciasese or ice creaud were served
in the dining hall all subjects vould accept the food, and
those in group II would give thsir restricted foods to those
in groupy I. This resulted in a higher inteke of these foods
for group I than would heve been possible without special

arrangemients.

Dietary records

For one weeix before the start of the experiment,
a graduate dietitian secured twenty-four hour recall ciets
(Appendix B) frow each subject by daily interview. Iining
hall menus were used to verify the specific foods served.
Durinz the first experimental weck recall diets were again

secured froa each subject deily. wdutritional intakes of
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each subject were calculated, using the method of Leichsen-
ring and wsilson ('51). Sizes of portions were estinated
frow observations of the dining hsll procedures and serving
uteisils.

The nutritional intalies were coupared with the
recommendations of the Food and hutrition Eoard of the :ia-
tional kKesearch Council ('53) for boys 16-19. The food
conswiption of subject 9 was not included in the compari-
sons because no pre-experimental diet was available. The
intakes for week one were cowpared with week two for each
group by the Student "t" test for paired variates (Goulden,

'52).

Experiuental period

For eizght exuverinental wecks each subject ran
once weekly for titftecn wminutes at 6 mph on the flat. Twice
weekly, each ran to exaaustion 2t 10 mph up the 8.6, grade.
During this tiwe respiratory jases were collected and an-
alyzed. Details of thls study werc reported in 1961 (Van Iuss

et al., '61l).

Chemical .etnod

Cholesterol deterwinations of the sera were nade
in triplicate by the Schoenneimer-3Sperry metinod ('34), modi-

fied by 3perry ('57) and Foldes and +ilson ('50). Serum
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was added to s alcohol-scetone wixture, toe vrotein was

precipitated and filtered, and tlie ciholesterol was nrecipi-
ated as the digitonide. Yhe saouvle was wasned once with

an acetone-etier mixture and twice witn e.anydrous ether.

After dryin.:, the digitoride was dissolved in glecisl escetic

acid and treatced wita Lieber..enn-Zurchzrd reasent (acetic

aanydride and sulfuric acid). A color reaction was produced

wiaich followed bpeer's lew. “he cholesterol concentretion

wes deterained by a compsrison witn tiae cclor produced by

2 standard canolesterol solution with a Zeckmaon Spectropnoto-

u}.&tel‘, Luodel .ngo



RISCLLS

Andials

4 totzal or thirteen rat cuolesterol anel;szs were
wnevailable due to drownin: of rets durinz swimninzg, dif-

Ticulty in securinz blood by cardiac punciture, ord lebore-

”

tory losses curing cholesterol determinetions. Mie wmean
cnolesterol concensratio:s and mean body weizhts of the
two groups of rats on the stock diet are listed in Table 1.

)

Yne mean cnolesterol concentrations and mezn body weizhis

<

rets ere listed in Taeble 2. Individual

Coy

of tne exercise
data are recorded in Appendix C. Significant differences
in total z2ud free cnolesterol concentrations and in body
velzhts were observed vhen the exercise groun on tne stock
diet and the sedentary ;roup were coupsred by the nasired
"t" test (Goulden, '52). o significant differences were

observed bpetween tne two exercise Zroupys.

Cholesterol

The average serws cunolesterol concentretions for
the two groups of tae atinlstes are showa in Teble 3., Indi-

viaual data are recorded in Avpendix D. Some of the

51
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Table 1. niean serua ciolesterol concentrations and nean
body wei. hts of rats on stock diet coupared by
paired "t" test

Exercise Sedentary Humber t
group group of
litters

Total seruw
cholesterol 74.7 wz/100 m1 93.1 mz/100 m1 8 2.59%

Free serun
cholesterol 20.9 mg/100 ml1 25.1 ng/100 ml 8  2.83*%

Finel body
weight 414.1 g 453.4 g 10 4,22%%

* Siznificant at 0.05 level
*¥*¥5iinificant at 0.01 level



T T e ———————————
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Takle 2. wuean serws cholesterol concentrations and wean
body weigats of exercised rats compered by vaired

"t test
Added Stock ifo. of t
nilk diet litters
Zroup

Total serua
cholesterol 34.9 mz/100 w1l 74.8 1n3/100 ml

O
[
L]
(o)}
W

Free serun
cholesterol 2344 /100 w1 20.9 wz/100 ml S 1.21

Finsl body
wel, ht £17.7 & 415.1 g 10 0.26




Table 3.

Coumperison of effects of eiercise, with and with-
out milk ccnsuuption, on we2n seru.a cholesterol
concentrations of atialete

Serua .11k Diet t Hestricited Diet t
cnoles-
terol lnitial Pinal Initial Final

mg/100 il /100wl A0/100 wl o o7 /100 wl
Total 1830.1 29, o 47 190.3% 202.9 o712
Pree 51.0 H3 .3 1.21 5967 6C.06 1.90







pre—exceri.ental sauoles were lost during laboratory »ro-
cetures. Wve swoulc:s of sera rere oviilable for zll sub-
jects excet nuater one. UYhrce s2.ples of sere
“tle for 2ll suvjscts for wvae exvrlo.ntsl poricd. 0
sionificent diilerences wers: sunovwi in cither the totcl
or ire=e cnolestzrol Ty tiie "L test Tetsesn Initicl cad

£iusl values ia cach sroun (Teble 3).

Lie wlegin vel_avs o tue Two roups of atalctes

1A
v

as weellly Latervals sre siown 1a ¥iurs 1. Iadividual weil

[0}

gre recoraced in A, .endis m., Thce 2aelycis of variance for

hivs is saoovwin in Teble 4.

Dict

“he nutritionszl uzizlysis of thae recell diets is
listed in Wable Y, with i1auividusl deta in Acvpendaix &,
The cuan_.es 1n dictary; intaxe of thz atuletes were tested
for eignificance by tas "t" test, couprring the vre-exiyeri-
menrrtal end the experizentel wecks for eacn of f1e two ~roupns.
The changes in dnvake of Iut, carbohylirate and riboflevin
were ci.-nificent at the 5. level., The chancge in intake
of czlciuwu was simificant =t thae 1,5 level. Intsles of

C:

\\

lories, protvein suc vifteuln A werz nol sicuilficantly dif-

rercnt.
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Teble 4., Analysis of veriziice Zor Lody welsh
J W)

sources of Degrees of Suul of l.ean F-Value
variance Ireedoul squeres square

Total 69% 907

Groups 1 10 10.00 25.00%*
neeks 7 3 0.43 1.07
Indiviauals 7 g70 124.29 310.,75%*
G x « inter-

action 7 5 0.71 1.73
Lrror 47 19 0.40

* Two degrees of freedoi were lost because two missine
values vere estiumcted.
*¥* Significant 2t tihie 0.01 level,
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A coaparison wes made of nutrients in the experi-
mental diets and those recommended by the Food and Nutrition
Board of the Nztional anesearch Council ('53). Standards
for boys 1lo-19 years were used becouss all subjects with
dietary analyses ware under 25 years of age. After milk
restriction the calciun and riboflavin intakes fell below

the recommended allowances (Table 5).



DISCUSSICI

Aninals

The nean totzl cholesterol concentration of the
exercised rats on tie stock diet was significently differ-
ent frow thaet of the sedentary group. Yhe rats in the sed-
entary group had tliie hi_her seruwa total snd free cholesterol
weans and tne greater uwsen weignt. This would be expected
with lesser awounts of exercise and uurestricted food.

“he above results are in accordance with tne findings of
wWontoye znd associates ('59) who revorted that in middle-
agzed men changes in cholesterol concentrations were reflec-
tions of changes in weight. Altnough experiwental results
cannot be transferrcd froua one sovecies to another, 1t is not
unreasonabvle to exvect that hi _lher cliolesterol ccncentra-
tions would be observed in Tthe hesvier rets as an indirect
result of th=z lack of exercise. This relationsnip hetween
clhienzes 1n body wei ht and in seruw cnolestercl concentra-

tions is also in arrecuent with the findinrs of Taslor and

W

coworksars ('57) ia studies with huwans. If chanzes in ssrua
cnolesterol arc related to sile fat transport per uait of
circulation, tihen lzck of exercise witin subseouent weisut

sain would cause hi_ner auounts of fatv per unit of circu-

lation, as evidenced by raised serun cholesterol corncentrations.

40
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Therefore, the ni-her cholestarol concentrations in the
sedentary rats usy te related to tiie exercise aund colorie
livalance.

The excrcised rats receiving stock dict plus wilk

- e

did not have sirnificantly dil

H,

creat scruy totsl and free
cholesterol concentrations froim those on the stoclt diet

<

vitnout millk., ince exercise vas similar in rtoth groups,

it can be concluded tust the revlacement of %0-2 of cazlories
with powdered -aole wilk 224 no effect.

Hwuans

Cholesterol concentrstions

The initiel end firal serwa cholesterol concen-
trations were not significantly different, whether or not
milk was included in the diet. Tnis would be expected in
accordance with the findin_ s of llran and associztes ('55)
wil0 revorted tuet seruwa cholesterol concentrations in young
men did not chainge 2s loung as excess calories were used
up in exercise. Yne fat inteke was ceonstant in the uare-
stricted diet group. <“he percentase of calories frowm fat
was decrezsed from 36, to %05 in tue restricted diet zroup.
The stability of tne serum caolesterol concentrations is

in agreemcnt witin the provosal of Lavis and coworkers ('60)

taat changes in aietary fat levels in the ranse of 20,0-405



of the total calories do not affect serun cnolesterol con-

centrations.

Body weight

The significant ¥ value for individuals indicates
that the subjects differed in body weizht. The si-nificent
I value for groups shows that tae two groups differed sig-
nificantly in weigzgnt. <“his difference is due to the groups
not being wmztched 1n body weisht a2t the beginning of the
exyeriment end is not due vo tie eflect of milk. The in-
significant ¥ value for weeks indicates that there was no
significant chanze as the experiuient prozgressed dvue to fac-
tors otier than milk restriction. “Yhe insignificant value
for group-weeks interaction indicates that the change in
wel: nits for tane two croups was not diiferent as the experi-
went progressed, and tazt therefore wilk restriction did
not have sny efiect on btody weizat. OSince body weight was

constant, cianges in scruil cnolestercl concentrations would

not be expected (..ontoye et 2l., '59, Paylor et al., '57).

Dietary ISvelustion

Yhe nutritional evaluation shows tnet when milk,
cheese, and ice creaun vere eliminated froin the diets, the
calciun and rivoflavin intekes were below the recoruended

allowvances of tae rood end utrition Board of the National



Research Council ('58) eucept Ior one sutject. The intele
for tiils subject was sulilcient tecouse he consumed an aver-
age ol twelve scrvings of eanricied cereszl procucts deily,
vhich was avproxinately one and one-heolf tiwes tne cereal

the otlicr subjects on the restricted diet.

Une celorie intake was walntained by the incrensed
conswuotion of rruits, cereals, sravies, desserts, soft
drinks end cendies. Uhe ralsed intake of cerbvouydrate foodls,
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nutritionally desirsble, since +“ae calories are accoapanizd
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creau frowm the diet causcd tine dletary levels of coleiu
and riboflavin to f211 below those reccriiended by the Ta-
ionel kessarca Council ('53), atte.nts to lower hlood cho-

t
le
t

esterol conceatrations by tais tyone of ciet woula a2 car
o0 be undesirable. Siace @iy ccllee fresliwen nove rnot

attainzd ccuplete fsrovta, it 1s iuperetive thaet tioelr food
supply adegvete 1usa.es of the cssentisl nuitrients. L.ore-
over, tixe uze o1 o nou-ailin diet at the collzze level ould
71 sciool trazinin: of otiiletes,
at aa a_je viaen ca2lceiwa is csocclnll iluportant for Bone
rowtz. Wuac low inteiies ol coleiu s 2nd ritoflavin could
cffzets Lecnuse otlhier youns people have

nove feor-reszching

e lenceucy to cony the athlstes' dict.
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vere moelutocining o i i lovel of erercise. It is prerstle
taet tiie recosaendavicns For crloric inteliz ure UoO

for prescnt coundition

o

Phe Vitouin A conzwestion was ¢li-Ltly below tihe
recoscienuasd 21lorcices 1 Yie regtricted clet zroup during

Lot weeks., YWno suell Ceflicit i3 not clur.ins., However,

if & siailer stud, were carried out in which butter end
t



COLCLUSICH

An experident was devised to test tne effects
of milk consunption and exercise on concentrations of blood
cholesterol (free and total) in rat and men. The sedentary
rats had higher cholesterol concentrations and greater weights
tnan the exercise rats. The nigher cholesterol concentra-
tions appear to be related to the increase in weight and
only indirectly to absence of exercise. o changes in the
cholesterol concentrations or body weights of the exercised
animals were observed when 30;> of the calories were replaced
by whole milk solids.

In two groups of trackuen, who were in good phys-
ical condition, exercise was maintained at a nigh level and
milk consuwuption was varied. No changes in weight or in
cnolesterol concentrations were observed in either group.
Exercise was a factor in maintaining constant weight and
cholesterol concentrations. IEliuwination of milk, cheese
and ice creaun from the diet resulted in decreased dietary
intakes of calciwa, riboflavin and fat; and increased con-
swauption of carbohydrate. On the restricted diet, intakes
of calcium and riboflavin were below the amounts recommended
by the Food and Hutrition Board of National Research Council.

According to the results of this study, it is not
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advantageous to atteumpt to alter blood cholesterol concen-
trations by changes in wmilk inteke. There appears to be

an indirect advantage in the control of seruwa cholesterol
concentrations through the regulation of exercise and diet

for caloric equilibriwa.
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Appendix A. Cowosition oi stecx Jdiet for rats

46.1 ,0 wround Corn
20.0 Soybean 01l .22l (445 Protein)
1C.0 FPish enl
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10.0 Driczd sizin 2ilk
2.0 sucrose

T"ruce usilnerals salt
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20 g/100 i# Tocopierol Acetate
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Appendix 3. Twenty-Four .iour Diet
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Pruit
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Wiilk
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Appendix C.

Lxercise
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Total Free
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100 ml

73.8
59.4

/

iGO w1l

13.8

o
N
L]

N
C
Q O

1o/

Ll
100 nl
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89.7
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