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The effect of alterations in dietary fat on the se-
rum cholesterol level has been extensively studied
during recent years. Numerous investigations
have shown reductions in the serum lipid level of
man after the dietary substitution of many vege-
table oils for common animal fats or certain tropi-
cal oils such as coconut oil (1-11). The relatively
high degree of saturation of coconut oil and fats
of animal origin has been associated with their cho-
lesterol-elevating effect (8-12) and has led to the
concept that saturated fatty acids per se are hyper-
cholesterolemic (13). In this regard, Keys, An-
derson, and Grande (12) reported that saturated
fatty acids were approximately twice as active in
raising serum cholesterol as polyunsaturated fatty
acids were in reducing it. A reduction in the total
unsaturation of the dietary fat, as measured by
iodine value, has been reported to elevate serum
cholesterol (9). Jolliffe (13) proposed that the
effect of dietary fats on the serum cholesterol con-
centration was a function of their ratio of polyun-
saturated to saturated fatty acids (P/S). Al-
though this concept that saturated fatty acids, or
dietary fats with low P/S ratios, are hypercholes-
terolemic is widely accepted, it has not been uni-
formly demonstrated. Hashim, Arteaga, and Van
Itallie ( 14), for instance, reported that a tri-
glyceride consisting of saturated fatty acids with
chain lengths ranging from 6 to 12 carbon atoms
was hypocholesterolemic relative to dietary butter-
fat. In an earlier study, Hashim, Clancy, Heg-
sted, and Stare (15) observed that formula diets
containing safflower oil or an equal mixture of
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safflower and coconut oil produced a marked and
approximately equal reduction in the serum cho-
lesterol level of hypercholesterolemic subjects.
The replacement of a low-fat diet or one containing
ethyl linoleate with one in which ethyl stearate was
the principal dietary fat was shown to have no
elevating effect on the serum cholesterol level by
Horlick and Craig (16). In a subsequent study.
Horlick (17) observed a decline in the serum cho-
lesterol of two subjects when ethyl stearate or a
sterol-free, partially hydrogenated soybean oil was
added to a low-fat diet. Further evidence that a
relatively saturated fat dQes not always result in
elevated serum cholesterol values is provided in
the findings of Malmros (18). A net reduction
was observed in the serum cholesterol level of two
subjects after substituting a low-fat diet supple-
mented with cocoa butter for a free-choice diet.
Thus, not all reports in the literature agree as to
the effect of relative saturation on the ability of a
dietary fat to maintain or lower the serum choles-
terol level.
The effect of hydrogenation on the hypocholes-

terolemic action of dietary fats has been a subject
of considerable interest and is of practical im-
portance, since hydrogenated fats normally con-
stitute about 7%o of the total dietary fat. Results
obtained in this laboratory (19), in addition to
those of other investigators (20-24), have indi-
cated that partial hydrogenation has little effect
on the hypocholesterolemic action of dietary fats.
There are,-however, numerous reports (8, 9, 13.
25, 26) in disagreement with this conclusion. The
effectiveness of partially hydrogenated fats in
maintaining or lowering the plasma cholesterol
level has been questioned not only because of the
reduction in polyunsaturated fatty acids, but also
because of their isomeric unsaturated fatty acids.
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TABLE I

Composition of the dietary fats

Dietary fats

Analysis A B C D E F Egg yolk G*

Iodine value 108.5 104.7 83.8 81.4 38.0 66.8 59.2
Saponification value 191.3 192.2 191.4 193.4 193.9 194.9 203.0
Total fatty acid, % 95.0 95.8 95.6 95.0 96.1 95.4 94.2
Unsaponifiable, % 0.7 0.8 0.8 0.8 0.8 0.7 0.5
Tocopherol, % 0.16 0.03 0.11 0.03 0.03 0.03 0.03
Fatty acid composition,
% of total weightt
Palmitic 10.6 11.9 15.9 15.8 24.6 26.0 25.9 23.2
Palmitoleic 0 0.9 0.2 0.4 0.6 0.7 4.1 2.6
Stearic 5.5 5.8 15.9 16.2 35.4 11.1 11.3 13.0
Oleic 45.7 45.1 43.1 42.9 34.9 47.2 45.5 43.5

Cis 38.0 45.1 37.1 42.9 34.9 47.2 45.5 38.3
Trans 7.7 0 6.0 0 0 0 0 5.2

Linoleic 33.6 34.7 21.9 24.6 3.1 12.8 12.1 10.1
Cis, cis 30.7 34.7 19.5 24.6 3.1 12.8 12.1 9.3
Cis, trans 2.9 0 2.4 0 0 0 0 0.8

Linolenic 3.1 0.9 2.3 0 0 0.7 0 1.3
Total trans fatty acids 10.6 0 8.4 0 0 0 6.0
Conjugated diene 0.4 0.2 0.3 0.2 0 0.2 .3

* In addition, Fat G contained the following short-chain fatty acids: caprylic, 0.1; capric, 0.5; lauric, 0.8; myristic,
3.9; myristoleic, 1.1.

t Determined by gas-liquid chromatography and infrared analysis after fractionation of the mercuric acetate deriva-
tives.

Since the process of hydrogenation, as customarily
used in the preparation of edible fats, causes little
or no increase in the content of saturated fatty
acids, any question would be limited to the effects
produced by the conversion of polyunsaturated
fatty acids to monounsaturated acids or by isomeri-
zation of the unsaturated fatty acids. In brief,
there is disagreement concerning the effect of hy-
drogenated fats on the serum cholesterol level.

In view of the contradictory reports concerning
the effects of various types of dietary fats on the
plasma cholesterol level, the following study was
conducted. The role of long-chain saturated and
polyunsaturated fatty acids and the ratio of these
were investigated by feeding vegetable fats of dif-
ferent fatty acid compositions. The effect of hy-
drogenation was studied by comparing the plasma
lipid response of subjects to a partially hydrogen-
ated fat and to a blend of unhydrogenated fats hav-
ing the same fatty acid content but containing no
isomeric fatty acids. The quantity of trans isomers
provided by the partially hydrogenated fat was
slightly greater than that found in the average
American diet.'

1 A laboratory blend of animal and vegetable fats
(Fat G) similar in composition to that of all fats found
in the average American diet (27) was analyzed for
trans fatty acids and served as a basis for estimating
the average intake of trans fatty acids.

For several years dietary cholesterol was held
to have little effect on the serum cholesterol level.
However, recent reports have demonstrated sig-
nificant elevations in the serum cholesterol and
phospholipid levels (28, 29) of subjects receiving
cholesterol in the form of egg yolk. In the present
study, the partially hydrogenated fat and the blend
of unhydrogenated fats were fed with and without
dried egg yolk powder in order to determine
whether there is a difference in the plasma lipid re-
sponse to these fats when fed in diets containing
none or a substantial quantity of dietary cholesterol.

Methods

Subjects. The subj ects were male inmates of the
Philadelphia County Prison at Holmesburg, Pennsylvania,
ranging in age from 29 to 45 years. The median age
was 35 years. All of the subjects were examined be-
fore the study and found to be in good health with no
known metabolic disorders.

Diet. The composition of the formula diets and the
method of their preparation have been described (19).
The fats and the P/S ratios of diets containing these
fats were as follows: Fat A (P/S = 1.6), a partially hy-
drogenated soybean oil; Fat B (P/S = 1.5), a vegetable
fat mixture composed of 52.5% olive oil, 39.5%o safflower
oil, and 8.0% cocoa butter (this fat was similar to Fat A
in saturated and mono- and polyunsaturated fatty acid
content but contained no hydrogenated fats) ; Fat C
(P/S = 0.7), a mixture composed of Fat A and cocoa
butter; Fat D (P/S = 0.7), a mixture composed of Fat
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TABLE II

Composition of the complete dry mixes

Dry Mix No. 1 Dry Mix No. 2

Carbo- Carbo-
Ingredient Amount Protein* hydrate* Fat* Amount Protein* hydrate* Fat*

g/100 g g/100 g

Dried egg white 18.4 15.2 21.0 17.3
Dextrose 57.5 52.1 57.5 52.1
Fat 16.8 16.8 16.8 16.8
Dried egg yolk powdert 6.4 2.1 3.8
Fat F§ 3.8 3.8
Sodium chloride 0.5 0.5
Imitation vanilla 0.4 0.4

Total 100.0 17.3 52.1 20.6 100.0 17.3 52.1 20.6
Calories supplied 69 208 194 69 208 194
% of total calories 15 44 41 15 44 41

* Expressed on a moisture-free basis.
t Biotin added at a level of 0.1 mg per 100 g of diet to inactivate avidin in the egg white.
t Provided 144 mg cholesterol per 100 g of dry mix.
Fat F in Dry Mix 2 simulated the fatty acid composition of egg yolk lipid present in Dry Mix 1.
Contained 0.01% potassium iodide.

B and cocoa butter; and Fat E (P/S = 0.1), cocoa butter.
Fats A and B were fed both with and without dietary
cholesterol, added in the form of dried egg yolk powder.
To compensate for the fatty acids provided by the dried
egg yolk powder, a fat mixture (Fat F) having a fatty
acid composition similar to that of all the lipids of egg
yolk was included in all of the diets not containing dried
egg yolk powder. Fat F consisted of 36.0% olive oil,
31.0% palm oil, 25.0% cocoa butter, and 8.0% cottonseed
oil. The fatty acids provided by the egg yolk or Fat
F were included in calculating the P/S ratios of the
dietary fats. In all cases the experimental fats con-
tributed 81.6% of the total dietary fat and thus ac-
counted for the main bulk of fatty acids. Fat G was a
mixture of animal and vegetable fats and was fed to all
groups during the transition from a mixed diet to a
formula diet. Analytical data obtained on the experi-
mental fats and the fat isolated from the dried egg yolk
powder are given in Table I. Fatty acid composition was
determined by gas-liquid chromatography (30). The
level of geometric isomers in the experimental fats was
determined by infrared spectroscopy (31) of the frac-
tions obtained after column chromatography of the mer-
curic acetate addition complexes (32). The remaining
analytical values were obtained by the usual methods
(31).
The compositions of the dry mixes, which were used

for preparation of the formula diets, are shown in Ta-
ble II. Dried egg white was used as a source of protein.2
Since two of the diets contained egg yolk powder, it was
necessary to use two different dry mixes so that the level
of carbohydrate, fat, and protein would be the same in
all diets. The complete Dry Mix No. 1 represents the
composition of diets containing 6.4%o of dried egg yolk

2 At the suggestion of Dr. E. H. Ahrens of the Rocke-
feller Institute.

powder. Subjects ingesting the diets containing egg yolk
received an average of 742 mg of cholesterol per day.
The composition of diets from which dried egg yolk
powder was omitted is represented by the complete Dry
Mix No. 2. Fat F was included in this mix to com-
pensate for the egg yolk lipid fatty acids present in Dry
Mix No. 1. The total fat in the diets supplied 41% of
the total calories.
The preparation of dry mixes and their ultimate use

in emulsion diets were similar to those described by
McOsker, Mattson, Sweringen, and Kligman (19).

Dietary supplement and feeding procedure. The sub-
jects were fed four times daily. At each feeding each
subject received one-fourth of his daily allotment of
emulsion. Initially, the emulsion diets were fed at a
level of 35 calories per kg of body weight. However,
some individual adjustment in caloric intake was neces-
sary to maintain constant body weight. Subjects regis-
tered slight gains and losses in body weight; the average
weight change was an increase of 2.6 pounds per subject.
As described previously (19), the subjects also re-

ceived vitamin-mineral capsules, salt tablets, methylcel-
lulose wafers, and one small serving of a low-fat, low-
calorie food item per day.
Blood samples and plasma lipid analyses. Blood sam-

ples were drawn twice weekly before the morning meal.
The blood was collected in oxalated Vacutainer 3 tubes
and the plasma obtained after centrifugation. Dupli-
cate portions of each plasma sample were analyzed for
total cholesterol (33) and triglyceride (34) content.
The triglyceride values are expressed in terms of mg
of tripalmitin per 100 ml of plasma. In addition, a single
phospholipid determination (35) was made on each
plasma sample. To establish the reliability of the ana-
lytical procedures, replicate samples of a desiccated serum

8 Becton, Dickinson and Company, Rutherford, N. J.



ERICKSON, COOTS, MATTSON, AND KLIGMAN

sample were analyzed in conj unction with the experi-
mental plasma samples during the entire study. The
standard deviations for the analytical methods, in mg per

100 ml of plasma, were: 7.3 for cholesterol, 3.4 for
phospholipid, and 7.9 for triglyceride.
Experimental design. A standard seven-treatment,

four-replication, incomplete Latin square design was

used. This design made it possible to feed all of the
diets in each of the four periods. Any period or time
effects were thus self-compensating. The experimental
design did not, however, permit the feeding of all diets
to all groups, and since all groups do not respond identi-
cally to a given dietary fat, statistical adjustments in
the calculated treatment means were necessary (36).
The design of the experiment is shown in Table III.
During an initial 25-day pre-experimental period, all

42 subjects received the normal prison diet. On this
regimen, the average plasma lipid levels, in mg per 100
ml, were as follows: cholesterol, 218.5; phospholipid,
216.3; and triglyceride, 101.8. At the end of this pe-

riod the 42 subjects were divided into seven groups of
six subjects each. The subjects were distributed so that
the average body weight of each group was similar. In
addition, the average cholesterol level of each group

was essentially equal, and the range of plasma choles-
terol levels was similar within each group. During the
next 10 days the diet was gradually changed from solid
food to the liquid formula. This changeover period was

necessary to prevent gastrointestinal discomfort. Dur-
ing this changeover, all of the subjects received a for-
mula diet containing a blend (Fat G) of animal and
vegetable fats similar in composition to that of all fats,
both visible and invisible, that are present in the average
American diet (27).
The 20-week experiment was divided into four pe-

riods of 5 weeks each. The first 2 weeks of each pe-

riod served as an equilibration period during which the
subjects attained their new plasma lipid levels. Data ob-
tained previously (19), and confirmed here, indicate that
2 weeks is sufficient time for the serum cholesterol to
reach a steady state after a change in the dietary fat.
The data collected during the final 3 weeks of each pe-

riod were used to determine the effect of each diet on the
plasma lipid levels.

Of the original 42 subjects, 36 completed the study.
The six who failed to complete the experiment dropped
out for reasons unrelated to the study. The number of
subjects completing the study in each group is shown in
Table III.

The data obtained during the final 3 weeks of each
experimental period were analyzed for statistically sig-
nificant differences by an analysis of variance technique
described by Cochran and Cox (36). Only the values
obtained on the subjects who completed the entire study
were used. The analysis of variance indicated that sig-
nificant differences did exist. Therefore, the Newman-
Keuls technique for multiple comparisons (37) was used
to establish which of the adjusted treatment means were

significantly different from one another.
One restriction inherent in the incomplete Latin square

design is that a valid comparison of treatment effects
cannot be made before the completion of the experiment.
Thus, the only cholesterol values that are comparable
are the adjusted cholesterol levels that are calculated
from the values obtained for each fat over the entire
study.

Results

The combined, adjusted, average plasma cho-
lesterol, phospholipid, and triglyceride values for
the final 3 weeks of each experimental period are

shown in Table IV. Those values not significantly
different from each other at the 95% probability
level are mutually underlined.
The addition of egg yolk cholesterol to diets

containing the partially hydrogenated soybean oil
(Fat A) and the blend of unhydrogenated fats
(Fat B) significantly increased the plasma cho-
lesterol level, 23.8 and 26.6 mg per 100 ml, re-

spectively. The plasma cholesterol levels obtained
when Fat A or Fat B was fed together with dietary
cholesterol were also significantly higher than those
produced by the cholesterol-free diets containing
fats with lower P/S ratios (Fats C, D, and E).

TABLE III

Feeding sequence of the various dietary fats

Dietary fat received by each group*
Length of

Experimental period period 1 2 3 4 5 6 7

Pre-experimental 25 days Mixedt Mixed Mixed Mixed Mixed Mixed Mixed
Changeover 10 days G G G G G G G

1 5weeks A A+ B D E C B+
2 5 weeks B+ A A+ C D B E
3 5 weeks D E B+ A+ B A C
4 5 weeks E B D A C B+ A+

No. of subjects 4 6 5 6 5 5 5

* A plus symbol indicates that the diet contained cholesterol.
t Normal prison diet.
I Initially, each group contained six subjects.
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TABLE IV

Adjusted average plasma lipid levels produced by the dietary fats and egg yolk cholesterol

Dietary fat* A+ B+ E A C B DP/S 1.6 1.5 0.1 1.6 0.7 1.5 0.7Adjusted average plasma 217 215 195 193 190 188 188cholesterol, mg/100 mlt I i -
Dietary fat B+ A+ E D C A BP/S 1.5 1.6 0.1 0.7 0.7 1.6 1.5Adjusted average plasma 211 210 201 194 192 192 189phospholipid, mg/100 mlt
Dietary fat B+ A+ E A C D BP/S 1.5 1.6 0.1 1.6 0.7 0.7 1.5Adjusted average plasma 110 110 107 106 101 99 96triglyceride, mg/100 mIt Y

* A plus symbol indicates that egg yolk cholesterol was fed in conjunction with the dietary fat. The boldfaced fatscontained a partially hydrogenated soybean oil.
t Those values not mutually underlined are significantly different from each other at the 95% confidence level (p =0.05 or less); no proof of difference exists for those values mutually underlined.

This elevating effect was caused by an average
daily intake of 742 mg of cholesterol per subject.
The difference between the plasma cholesterol

levels obtained with the partially hydrogenated fat
(Fat A) and the blend of unhydrogenated vege-
table fats (Fat B) was not significant whether or
not cholesterol was present in the diet. Further-
more, a reduction in the P/S ratio of the partially
hydrogenated fat and blend of unhydrogenated
vegetable fats (Fats C and D), by the addition of
cocoa butter, had no significant effect on the
plasma cholesterol response in comparison to that
obtained with Fat A or Fat B alone; the fats in-
volved in these latter comparisons were fed only in
the cholesterol-free diets.
A comparison of the results obtained with all of

the cholesterol-free diets shows that variations in
the P/S ratio of the dietary fats had no effect on
the plasma cholesterol response. The diet con-
taining Fat E (cocoa butter) with a P/S ratio of
0.1, for instance, produced a plasma cholesterol
level of 195.0 mg per 100 ml. This value is not
significantly different from those produced by the
fats with higher P/S ratios such as the diet con-
taining Fat A, which had a P/S ratio of 1.6, and
resulted in a plasma cholesterol level of 192.8 mg
per 100 ml.
The plasma phospholipid response was similar

to that of the cholesterol. The adjusted plasma
phospholipid levels were increased, 18.4 and 22.1
mg per 100 ml, respectively, by the addition of
cholesterol to diets containing Fats A and B. As
in the case of the plasma cholesterol, this eleva-

tion was statistically significant. The differences
in the plasma phospholipid values obtained with
the partially hydrogenated soybean oil (Fat A)
and unhydrogenated blend (Fat B) were not sig-
nificant whether or not cholesterol was present
in the diet. Relative to the cholesterol-free diets,
however, the plasma phospholipid level produced
by Fat E (cocoa butter) was significantly greater
than that resulting from the four fats with higher
P/S ratios. There were no significant differences
among the plasma phospholipid values produced
by the diets containing Fats A, B, C, and D even
though the P/S ratios ranged from 1.6 to 0.7.
The plasma triglyceride response to the various

dietary treatments did not follow a definite pattern
as did the response of plasma cholesterol and phos-
pholipid. This is shown by the underlying brack-
ets indicating statistical significance in Table IV.
The inconsistencies can be seen in a comparison of
the effects of the hydrogenated and unhydrogen-
ated fats. When the partially hydrogenated fat
(Fat A) and the blend of unhydrogenated vege-
table fats (Fat B) were fed in the presence of
dietary cholesterol or in conjunction with cocoa
butter (Fats C and D), there was no significant
difference between the effects of the hydrogenated
fat and unhydrogenated blend on the plasma tri-
glyceride level. In the cholesterol-free diets, how-
ever, the plasma triglyceride response was slightly
but significantly higher with the partially hydro-
genated fat (Fat A) than with the blend of un-
treated vegetable fat (Fat B).
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Discussion

The change from the normal prison diet to the
cholesterol-free liquid diets resulted in a decrease
in the plasma cholesterol level. This type of
change has been observed previously (9, 14, 19)
and might be regarded as evidence that formula
diets per se are hypocholesterolemic. However,
the plasma cholesterol levels produced by the cho-
lesterol-containing formula diets were not greatly
different from those produced by the normal prison
diet. Thus, the reduced plasma cholesterol level
is probably due to the removal of cholesterol from
the diet rather than the change from a solid to
a liquid diet.
The reports in the literature do not agree as to

whether hydrogenation of a vegetable oil alters its
hypocholesterolemic action (8, 9, 17, 20, 26, 38,
39). Since the process of hydrogenation, as nor-
mally used in the preparation of edible fats, re-
sults in the conversion of polyunsaturated to
monounsaturated fatty acids and in the formation
of some isomeric unsaturated fatty acids, either one
or both types of change might possibly modify the
plasma cholesterol response. In many of the ex-
periments, already reported, it is impossible to de-
termine which of these changes in composition is
responsible for the observed alterations in the
serum cholesterol level. To measure the effects of
the isomeric acids, it is necessary to feed pairs of
hydrogenated and unhydrogenated fats, each simi-
lar with regard to content of saturated and mono-
and polyunsaturated fatty acids, but differing in
level of isomeric acids. Any difference between
the cholesterol levels caused by the two fats would
then be a function of the isomeric unsaturated
fatty acids present in the partially hydrogenated
fat. This was done in the present study.
The results obtained with the cholesterol-con-

taining diets revealed that no interaction occurred
between dietary cholesterol and the isomeric un-
saturated fatty acids present in the partially hy-
drogenated fat. The quantity of trans fatty acids
provided by the partially hydrogenated fat was
slightly greater than that calculated to be present
in the average American diet. These data sug-
gest, therefore, that the present level of trans fatty
acids in the average American diet does not alter
the plasma cholesterol level relative to that ob-
tained by a corresponding intake of the cis isomers.

A lightly hydrogenated soybean oil and a blend
of unhydrogenated vegetable oils were also com-
pared with regard to their effect on the plasma lipid
response in human subjects by Grasso and co-
workers (24). The fats were approximately
equal in saturated and mono- and polyunsaturated
fatty acid content but differed in that the hydro-
genated fat contained 20% of trans fatty acids.
In comparison to an equal intake of coconut oil,
both fats produced a marked depression in the
plasma cholesterol and phospholipid levels. Al-
though the data are qualitatively similar to those
presented here, direct comparisons are not pos-
sible, since the two subjects studied by Grasso and
associates differed quantitatively in their response
to the pair of hydrogenated and unhydrogenated
fats.

Anderson, Grande, and Keys (26) have also
studied the effect of hydrogenation on the hypo-
cholesterolemic action of dietary fats. The se-
rum cholesterol levels obtained in two experiments,
when examined by their prediction equation, led
to the conclusion that trans fatty acids in the par-
tially hydrogenated fats caused either a decrease
or no change in the serum cholesterol level. The
plasma cholesterol response to a pair of hydro-
genated and unhydrogenated fats, each similar in
fatty acid content, was studied in a third experi-
ment. In this case the isomeric unsaturated fatty
acids of the partially hydrogenated fat were re-
ported to have a hypercholesterolemic effect. Al-
though in two instances the effect of trans fatty
acids was determined indirectly, the conflicting
observations suggest that the trans fatty acids had
no consistent effect on the serum cholesterol level.

In an earlier study conducted in this labora-
tory, McOsker and co-workers (19) showed that
the hypocholesterolemic action of several partially
hydrogenated vegetable fats was equal to that of
unhydrogenated cottonseed oil. It might be asked
if the same would be true of other hydrogenated
and unhydrogenated fats, if the system were
stressed by the presence of a relatively large
amount of saturated fatty acids. In the present
experiment this aspect of the problem was studied
by reducing the P/S ratios of diets containing the
partially hydrogenated soybean oil or blend of un-
hydrogenated vegetable fats by the addition of
cocoa butter. We observed that even in the pres-
ence of the relatively large amount of saturated
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fatty acids there was no significant difference be-
tween the effects of the partially hydrogenated and
unhydrogenated fats on the plasma cholesterol
response.
The diets used in this study afford a rigorous

test of the concept that blood cholesterol is a func-
tion of the P/S ratio of the dietary fat, since com-
parisons were made among P/S ratios of 0.1, 0.7,
1.5, and 1.6. We found that a high ratio, 1.6, or
an extremely low ratio, 0.1, resulted in essentially
identical plasma cholesterol levels. These results
are thus incompatible with such a concept. Jol-
liffe's recommendation (13) of a P/S ratio in ex-
cess of 1.25 was based on experiments in which not
only the dietary fats were varied but other dietary
components as well. The effectiveness of a P/S
ratio of 1.25 thus may be fortuitous or the result
of an interaction of this factor with the other die-
tary components not controlled in his experi-
ments.

In many experiments the dietary fats producing
elevations in serum cholesterol have been com-
posed principally of coconut oil or animal fats such
as butter, beef tallow, and lard. Although these
fats are relatively saturated, their hypercholes-
terolemic effects are complicated by the presence
of variable amounts of cholesterol or saturated
fatty acids of short and intermediate chain length.
Verification in this regard is provided in the obser-
vations of Ahrens and co-workers (9), who found
that dietary butterfat in comparison to cocoa butter
had a significant elevating effect on the serum cho-
lesterol level. In the present study fats with vari-
ous P/S ratios were fed in the absence of dietary
cholesterol, and since none of the fats contained
cholesterol or any appreciable quantity of short or
intermediate chain length fatty acids, the final re-
sults were not complicated by either of these fac-
tors. These findings thus indicate that long-chain
saturated fatty acids per se are not hypercholes-
terolemic. However, the effect of ingesting cho-
lesterol in conjunction with variations in the P/S
ratio of dietary fats on the plasma cholesterol re-
sponse is unknown.
The plasma phospholipid response to variations

in the diet followed a pattern similar to that of
the cholesterol. Hence, the plasma phospholipid
level was responsive to the presence or absence of
cholesterol in the diet but was not significantly af-
fected by partial hydrogenation of the dietary fat.

The plasma phospholipid level was apparently
more sensitive than the plasma cholesterol to vari-
ations in the P/S ratio, because the dietary fat
with the lowest P/S ratio, 0.1, caused a signifi-
cantly higher level of plasma phospholipid than
those produced by the fats with higher P/S ratios.
The complexity of the plasma triglyceride re-

sponse to the various dietary treatments makes it
impossible to ascertain accurately the relative im-
portance of dietary cholesterol, partial hydrogena-
tion of the dietary fat, or variations in the P/S
ratio on the plasma triglyceride level.
On the basis of studies previously reported in

the literature and the one described above, it ap-
pears that with cholesterol-free formula diets the
plasma cholesterol is not affected by variations in
the P/S ratio of the dietary fat. The results pro-
duced by partial hydrogenation indicate that fats
prepared by this process have an effect on the
plasma cholesterol level similar to that of unhy-
drogenated fats containing equal quantities of satu-
rated and mono- and polyunsaturated fatty acids.
Furthermore, in the present study the efficacy of
a partially hydrogenated vegetable fat to maintain
or lower the plasma cholesterol level was not af-
fected by either dietary cholesterol or the simul-
taneous consumption of a relatively saturated fat.

Summary
Forty-two healthy men were divided into seven

groups and maintained for 20 weeks on formula
diets. During this time the effects of the follow-
ing dietary fats on plasma lipid levels were deter-
mined: Fat A, a partially hydrogenated soybean
oil; Fat B, a blend of vegetable fats similar to Fat
A in saturated and mono- and polyunsaturated
fatty acid content but containing no hydrogenated
fat; Fat C, a mixture composed of Fat A and
cocoa butter; Fat D, a mixture composed of Fat B
and cocoa butter; and Fat E, cocoa butter. The
diets containing these fats had P/S ratios of 1.6,
1.5, 0.7, 0.7, and 0.1, respectively. Fats A and B
were fed both with and without dietary cholesterol
in the form of dried egg yolk powder. All of the
other fats were fed only in cholesterol-free diets.

Addition of cholesterol (average of 742 mg
daily per subject) to diets containing Fat A or
Fat B significantly increased the plasma choles-
terol levels, 23.8 and 26.6 mg per 100 ml, re-
spectively.
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The plasma cholesterol response to the partially
hydrogenated fat (Fat A) was identical to that of
the unhydrogenated fat (Fat B), whether or not
cholesterol was included in the diet. A reduction
in the P/S ratios of cholesterol-free diets contain-
ing Fats A and B from 1.6 and 1.5, respectively,
to 0.7 by the addition of cocoa butter had no effect
on the plasma cholesterol response.

In the cholesterol-free diets, cocoa butter pro-
duced an average plasma cholesterol level not sig-
nificantly different from that obtained with the fat
having the highest P/S ratio. We conclude that
with a cholesterol-free formula diet the plasma cho-
lesterol level is unaffected by variation in the P/S
ratio of the diet from 1.6 to 0.1.
The plasma phospholipid values, like the values

for cholesterol, were highest when the diet con-
tained cholesterol. With the cholesterol-free diets
the plasma phospholipid values produced by the
ingestion of cocoa butter were somewhat higher
than those obtained with the other fats. There
were no significant differences among the other
fats in their effect on the plasma phospholipid
level.
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