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tain a variety of carbonyl and carboxyl compounds,
indicating a random oxygen attack of the ester
molecule. The ester was analyzed for carboxyl, ester,
carbonyl, and hydroxyl groups and for unsaturation.
Increased chain length showed inecreased susceptibil-
ity to oxidation. From the analytical values and the
decomposition products a possible mechanism of ther-
mal oxidation through a free radical system has been
proposed. Unsaturation; hydroperoxide formation;
instantaneous decomposition of the hydroperoxide to
form various hydroxy, carbonyl, and carboxyl com-
pounds; decomposition of these compounds to release
carbon dioxide, carbon monoxide, and water; and
polymerization through either carbon-carbon linkages
or ester linkages have been suggested as a possible
mechanism of thermal oxidation of fatty acid esters.
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and Anmal Fats to ‘Serum

Dietary Protein Levels »:
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HE NEED for a high fat, high cholesterol diet for

the development of hypercholesteremia in a

reasonable period of time has been recognized
in many previous studies (1). In fact, these studies
have been interpreted to indicate that a low fatf, low
cholesterol diet may serve as the best means of pre-
venting hypercholesteremia (2, 3). An over-emphasis
on dietary fat may have prevented consideration of
other dietary components such as protein (4, 5). It
would seem that a high fat diet would automatically
lower protein intake as total food consumption would
decrease. Furthermore, in experimental studies on the
dietary factors which influence serum cholesterol lev-
els, added fats and oils such as butter, margarine, and
corn oil rather than whole milk, eggs, and meat have
served as dietary sources of fat. The added fats upset
dietary fat to protein ratios more than food items
which contain both fat and protein. It would seem
therefore that comparisons in diet in which only the
fat is varied may yield misleading results or may be
difficult to interpret.

In previous studies (6) we have attempted to corre-
late the fat and protein and the total metabolizable
energy to the protein or E/P ratio of the diet with
changes in carcass and serum cholesterol levels, In
this presentation we have used previous studies as a
means of introducing new data on the relationship of
corn oil and animal fats to serum cholesterol levels.

* Presented at the 32nd Annual Fall Meeting, American Oil Chemists'
Society, October 21, 1958, Chicago, Ill. The work was supported by
research grant No. H-1819 from the National Institute of Health, U. S.
Public Health Service, Department of Health, Education and Welfare.

2 Portion of a thesis to be presented by M. G. Kokatnur as partial

fulfillment of the requirements for the degree of Doctor of Philosophy in
Food Technology.

Methods

In most of our studies, groups of chicks (New
Hampshire Columbian Cross) were kept in three rep-
licates of 10 birds each, on a nutritionally complete
basal diet (Table I). The various experimental diets
listed in Tables IT, IV, and VI were modifications of
the basal diet shown in Table I. The fat and protein

TABLE I
Composition of the Basal Diet

Ingredients Percentage
Cerelose. 57.11
Dracket assay protein 35.30
DI-Methionine.... 0.75
Glycing.......... 0.30
Glista salts2... 5.34
. 0.20
il . 1.00

+

TOEAL ittt et e e e e as e e e naanaien 100.00

2 (11) 0.88% NaCl, 0.002% ZnClz 0.002% CuS804-53H20, 0.00099,
HsBOs, 0.0001% CoS0s TH20, 0.004% KI, 0.14% Fe Citrate, 0.25%
MgS04 7TH20, 0.909;, K2HPOi 0.065% MnS80:-H20, 0.309% (aCOs,
2.80% Cas(PO1)2.

levels of these diets were adjusted at the expense of
Cerelose. The basal diet furnished all of the known
amino acid, vitamin, and mineral requirements of the
chick. The birds were weighed at weekly intervals,
and the experiments were terminated after three to
four weeks. Five ml. of blood from the two median
weight chicks in each replicate were obtained wvia
heart puncture, and in some treatments the weighed
individual carcasses were digestéd with concentrated
hydrochloric acid (1 ml./g. tissue) at 50°C. for 24
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hrs. The digest was cooled to room temperature, and
the fat was removed by three separate extractions
with Skellysolve F. The serum and carcass cholesterol
values were determined by the Schoenheimer and
Sperry method (7). All data were subjected to a
statistical analysis (8).

Results and Discussion

The results indicated that the serum cholesterol lev-
els were significantly lower at the higher protein levels
(Table II). At a low-protein level a methionine-defi-

TABLE 1I (9)

Comparison of Total Serum Cholesterol Values (mg. %)
on Various Diets

Prot. Low Low Low
level Cor;;;iete methionine choline methionine
(%) . diet diet low choline
15 261 =+ 382 706 =117 356 = 44 583 =121
20 21920 | .. . 477 > B4
30 222 £ 15 222 = 26 190 =13 212 £ 15
35 1173 9 | b . 195 = 9

* Mean * standard error of mean.

cient diet significantly elevated serum cholesterol lev-
els. A diet low in choline also significantly increased
serum cholesterol levels at the 15% protein level but
not in those fed higher levels of protein. A low
choline, low methionine diet significantly increased
serum cholesterol levels, but this elevating effect was
again not obtained at the higher protein levels (9).

The fact that the low-protein, methionine-deficient diet -

approximately doubled the serum cholesterol levels in
our chicks, when compared with those on the low-
protein choline deficient diet, agreed with the obser-
vation of Mann et al. (10). They found that, in cebus
monkeys, hypercholesterolemia and consequent ather-
osclerosis were dependent upon a deficiency of sulfur
amino acids but not of labile methyl groups. However
the beneficial effect of high protein diets in preventing
a cholesterol type of fatty liver cannot be explained
wholly by the presence of methionine or by the lipo-
tropic action of protein as a precursor of choline. The
presence of adequate amounts of amino acids may
therefore be necessary to provide for normal lipide
and cholesterol metabolism.

An adequate level of dietary protein prevented an
abnormal Increase in serum cholesterol when carbo-
hydrate was replaced by fat (Table III). The incor-
poration of increasing amounts of beef tallow to the
point where more than 509% of the ealoric intake was
supplied by fat did not increase the serum cholesterol
level significantly, when compared with the serum cho-
lesterol level of birds which had received no dietary
fat. In fact, a statistical analysis of the data seemed
to indicate that some dietary fat was desirable.

TABLE III*

Serum Cholesterol Levels in Chicks ¥ed Varying Amounts of
Protein and Beef Tallow

Serum cholesterol as mg. %

Protein Tallow.......... 0.29% 10% 209, 25%
%?% 144 168 141 160
3 200 206 193 186
2 219 168 190 201
20.. 233 2156 187 200
15 237 224 216 208

Average body weight at 0.29 tallow, 331 %64 g.; at 25% tallow,
272 + 45 g.

* Linear regression analysis. Average linear regression coefficient for
serum cholestercl at all protein levels = —1.1 mg. % when 19% carhohy-
drate was replaced by 19 tallow,
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The addition of (0.1 or 0.3%) dietary cholesterol
did not influence significantly the effect of dietary
protein on either a low or a high level of dietary fat
(Table IV). There were no differences in the aver-
age weight gains between the group receiving 1% or
209% corn oil. The presence of dietary cholesterol did
not seem to influence the feed consumption and weight
gain at each dietary protein level. In spite of a lower
protein intake the serum cholesterol values were lower
in chicks which had received 20% corn oil as com-
pared with those on 19 corn oil. Dietary corn oil did
seem to help lower serum cholesterol, especially at a
high dietary protein level. At a 409 level of protein
and 20% ecorn oil, four-week-old chicks had numeri-
cally lower serum cholesterol levels than those on only
1% corn oil.

An inverse linear relationship seemed to exist be-
tween the serum cholesterol level and the absolute
intake of protein. The largest increase in serum cho-
lesterol was noted in birds which had consumed the
least amount of protein (5). No apparent relationship
existed between serum cholesterol and differences in
caloriec (calenlated metabolizable energy) intake or
differences in the percentage of calories supplied by
dietary fat when the protein intake was high or
adequate.

These results did not indicate however whether die-
tary protein caused a mere ghift of cholesterol from
.-

TABLE 1V

Relationship of Dietary Protein, Fat, and Cholesterol to
Serum Cholesterol Levels '

1% Dietary corn oil 20% Dietary corn oil

Protein Ag. ieed Dietary cholesterol | Av. feed | Dietary cholesterol

ons. ———— cons. —_—

0.0 01 0.3% 0.0 01 03%

Yo oo mg.Ye mg.Y% mg.% g. mg.% mg.% mg.%
20 364 170 173 190 294 179 175 182
30 246 167 166 165 283 147 139 160
40 318 140 162 150 272 1 117 118 109

the serum to the carcass or actually aided in the
catabolism of cholesterol. We therefore kept various
groups of day-old chicks on diets of varying fat and
protein levels and after four weeks determiried the
amount of carcass fat and cholesterol as well as the
serum cholesterol level (Table V). The fat and pro-
tein were so adjusted as to result in an energy-to-
protein ratio of 22.6 and 11.5; the latter diets thus
contained approximately twice as much protein as
the former at each level of fat. The E/P ratio of a
a food item or diet can be calculated by dividing the
total available calories in 100 g. of the food item or
diet by its protein content.

These results indicated that the E/P ratio had a
significant effect on serum cholesterol levels. At low
or moderate levels of corn oil, statistically significant
lower serum and carcass cholesterol levels were noted
at an K/P ratio of 11.5 as compared to a ratio of 22.6.
At a high level of corn oil, lower carcass but not lower
serum cholesterol values were noted at an B /P ratio of
11.5. When (6) the energy supplied by dietary corn
0il was increased from 1.3 to 57.1%, the serum cho-
lesterol value decreased from 200 to 136 mg. % at an
E/P ratio of 22.6 and from 166 to 129 mg. % at an
E/P ratio of 11.5.

The influence of the B/P ratio on serum and carcass
cholesterol levels was independent of the type of die-
tary fat. A ‘‘hard’ fat such as beef tallow gave
results similar to a “‘soft’” fat, such as corn oil. How-
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TABLE V (6)

Effect of Variations in Dietary Protein and ¥Fat on Growth and Fat
Content and Carcass and Serum Cholesterol Levels of Chicks

Dietary Energy Average a Cholesterol level
Corn Pro- from fat | weight of atx:cf.ss
0il  tein (calories) birds & Carcass Serum
% % Fo g. %o mg. % mg. %
E/P ratio 22.6
0.6 15.1 1.3 358 9.6 112 200
8.3 16.8 19.9 382 9.1 98 180
18.1 18.8 38.5 399 8.3 95 176
30.9 21.2 57.1 371 9.7 99 136
E/P ratio 11.5
0.6 30.0 1.3 405 4.1 87 166
84 334 19.6 449 4.7 80 140
182 37.7 37.9 440 5.7 76 136
31.1 42.3 56.3 434 5. 75 129
Least significant difference of serum cholesterol = 26.3 mg. % at 5%
level. .

Least significant difference of carcass cholesterol = 13.3 mg. % at 5%
level.
The basal’diet for this experiment has been given in Table I in (9).

ever dietary fat did have an effect over and above the
E /P ratio at a particular fat level as seen from results
of an experiment in which either corn oil or lard was
used at the same E/P ratio. This effect was most pro-
nounced at the high B/P ratios (Table VI). At low
E/P ratios only a numerical but not a statistical dif-
ference in serum cholesterol was noted between lard
and corn oil. However as the E/P ratio increased,
these differences became significant and lower serum
cholesterol levels were noted in birds which had been
fed corn oil. The data were subjected to regression
analysis to study the trend of the cholesterol levels
between lard and ecorn oil treatments (Figure 1).

‘We have previously shown that abnormal amounts
of lipide are not found in the serum unless the protein
level of the diet is inadequate (9). Lipoproteins there-
fore seem to be needed to mobilize fat and to help
increase the lipide storage capacity of the tissue. As
amino acids are dynamically involved in protein me-
tabolism, the sporadic intake of protein may not
insure an adequate and continual supply of lipide-
carrying proteins. A good E/P ratio in breakfast,
lunch, and dinner from day to day may be favorable
for a high lipide-carrying capacity. Caloric intake
and protein seem to have a complementary effect on
general lipide metabolism. A beefsteak twice a week
may add substantially to the average total protein
intake but may not make up for a coffee and donghnut
type of lunch the other days of the week.

TABLE VI*

The Effect of the E/P Ratio and the Type of Dietary Fat on
Weight Gain and Serum Cholesterol Level in Chickens

10% Dietary fat
Dietary E/P Lard Corn oil
protein ratio Average Serum Average Serum
weight choles- weight choles-
gain terol gain terol
% g. mg. % 9. myg.%
50.0 8 415 119 430 95
25.0 16% 450 178 474 117
12.5 322 256 268 281 194
9.0 452 170 271 172 194
6.0P 672 47 222 63 i 206

2 Difference in serum cholesterol levels between lard and corn oil
treatments significant at 5% level.

b Chicks fed a diet containing 6% protein showed extremely poor
growth. Four out of 16 birds were lost during the experiment because
of protein deficiency.

* Linear regression analysis Fig. 1

Linear regression coefficient for serum cholesterol
Lard = -+1.74, mg. % when E/P ratio increased by one.
Corn oil = 41.94, mg. % when E/P ratio increased by one.
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F1g. 1. Serum cholesterol vs. E/P ratio at 10% level of fat
(* footnote Table IV).

It is conceivable that an excessive intake of protein
is not desirable as the excess would be deaminated,
and some of these resulting de-aminated amino acids
could also be converted to acetyl coenzyme A and fat
or to cholesterol. However, if one assumes that cho-
lesterol and other serum lipides are connected with
atherogenesis, then the relationship of the E/P ratio
to the lipide-carrying capacity of the serum may be
important to atherosclerosis.

Summary

A high level of dietary protein lowered serum cho-
lesterol. Incorporation of increasing amounts of beef
tallow did not inecrease the serum cholesterol levels sig-
nificantly, and some dietary fat was found to be desir-
able. Addition of up to 0.3% of dietary cholesterol
did not significantly increase the serum cholesterol
levels on either low or high levels of dietary fat or
protein. The energy protein (E/P) ratio of a diet
had a significant effect on serum and carcass choles-
terol levels. The type of fat had an effect on serum
cholesterol levels, but with lowering of the E /P ratio
this effect became negligible.
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