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ABSTRACT

The effects of casein and soy protein on serum cholesterol levels and lipoprotein

composition were studied in 69 healthy volunteers (18 to 28 yr of age) under strict dietary control.
Subjects were fed for 6 wk on diets containing 13% of energy as protein, 38% as fat (P/S ratio =
0.6) and about 380 mg cholesterol per day. Of the protein in the diets 65% consisted of casein or
soy protein or a 2:1 mixture of casein and soy protein. After a control period of 10 days during
which all the subjects received the casein-soy diet, 20 subjects continued on this diet for the next 4
wk as a base-line control, 25 subjects switched to the casein diet, and the remaining 24 subjects
switched to the soy diet. Both food records and chemical analysis of double portions revealed that
the diets were completely identical except for the type of protein. Average serum cholesterol levels
at the end of the control period were 152 * 27 mg/dl (3.93 + 0.69 mmol/]) and 153 & 23 mg/dl
(3.95 = 0.60 mmol/l) (mean = SD) for the casein and soy group, respectively. At the end of the test
period the levels were 149 + 24 and 150 * 23 mg/d], respectively; thus there was no significant
change on either diet. On the casein diet there was no change in the low-density lipoprotein
cholesterol concentration, and only a slight, nonsignificant increase in the high-density lipoprotein
cholesterol concentration. On the soy diet, however, there was a significant decline in low-density

lipoprotein-cholesterol (—
lipoprotein-
terol in the soy group was signi
difference in increase in high-density
only weakly significant. This suggests

distribution of cholesterol over the various lipoprotein fractions, even at ¢
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Introduction

_ Diet is thought to play an important role
In provoking hypercholesterolemia and ath-
erosclerosis. The influence of nutritional fac-
tors such as type and amount of dietary fat,
carbohydrate, and dietary fiber on plasma
cholesterol concentrations has been widely
emphasized. Recently more attention has
been devoted to the role of the type of dietary
protein,

In rabbits proteins derived from animal
sources as part of semipurified diets are gen-
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serum cholesterol is observed with proteins
from plant sources (1-5). Similar effects have
been observed in rats (6) and pigs (7); the
data for chickens are conflicting (8, 9).

In man, epidemiological data show a strong
positive correlation between animal protein
consumption and mortality from coronary
beart disease (10). Furthermore, in several
countries the trend toward increasing mortal-
ity from coronary heart disease during this
century coincides with a doubling in the ratio
of animal to vegetable protein in the diet (11-
13). In nutritional studies of vegetarians,
Hardinge and Stare (14) found lower serum
cholesterol levels among those who were pure
vegetarians than among lacto-ovo-vegetar-
ians. Both groups had significantly lower
levels than non-vegetarians. Sacks et al. (15)
found similar effects in vegetarians.

In humans, only a few controlled trials
relating dietary protein to serum cholesterol
have been carried out. While differences in
the concentrations of serum cholesterol have
been consistently produced in rabbits (2-5,
16), the results of studies on humans are
conflicting (17-19). We have, therefore, in-
vestigated the effect of casein and soy protein
on the concentrations of serum cholesterol
and lipoproteins in healthy young volunteers
using highly purified proteins and with strict
control of nutrient intake.

Subjects and methods

Subjects

Forty-six male and 30 female university students,
aged 18 to 28 yr, volunteered and were selected for the
study. All subjects were healthy and had normal values
for serum cholesterol, serum triglycerides, blood pres-
sure, and percentage of body fat as described for previous
experiments (20). In addition the subjects were found to
have normal values for blood hemoglobin and erythro-
cyte sedimentation rate and to have no detectable glucose
or protein in the urine; none had received any medication
known to affect serum lipids for at least 2 months before
the study.

The experimental protocol was fully explained to the
participants and informed consent was obtained. The
subjects were not offered payment and were free to stop
participating at any moment. They were seen daily by
one of the investigators (J.M.A.v.R.) and by two research
dietitians. During the experiment two subjects became
ill, two decided to withdraw, and three did not fully

adhere to the dietary protocol; their data were elimi-
nated.

Diets and control of food intake

The amount (and type) of fat, cholesterol, protein,
and carbohydrates in the diets were planned to simulate
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an average Western diet (11). The diets were completely
identical except for the type of dietary protein. Of the
protein 65% was replaced by either casein (casein diet),
soy protein (soy diet), or a 2:1 mixture of casein and soy
protein (cassoy diet). To keep the diets acceptable 35%
of the protein came from other sources (mainly from
wheat, rice, potatoes, and other vegetables).

The 65% replacable protein was incorporated as cas-
einate or soy isolate (Table 1) into specially developed
psoducts. Milk like beverages were prepared from butter
concentrate, lactose, milk minerals and test protein (cas-
einate or soy isolate, 4.4% by weight); these beverages
were in part fermented to yoghurts; both were developed
by Unilever Research Laboratory, 3130 AC Vlaardingen,
and by DMV-Veghel, and manufactured by the Pepz}rt-
ment of Food Technology of the Agricultural University.
The Institute for Cereals, Flour and Bread (IGMB-
TNO), 6701 AN Wageningen, prepared brown breads
from flour, bran, and test protein (75, 10, and 15 parts-
respectively) and small amounts of minerals, yeast, etc;
gluten-free breads from gluten-free flour and test protein
(85 and 15 parts, respectively) and small amounts of
minerals, yeast, etc; cookies from gluten-free flour, test
protein, sugar, and fat (51, 10, 22, and 17 parts, respec-
tively). Sandwich spreads were manufactured by DMV-
Veghel and by Unilever Research, and consisted of test
protein (14% by weight), fat (16% by weight) and either
vegetables or fruits plus sugar. Cheese was used in the
casein and the cassoy diets because it contains casein as
practically the only protein. For the soy diet, a gelated
product was prepared by Unilever Research from soy
isolate (20% by weight) flavoring and spices (2.5% by
weight) and water; butterfat was also added to the soy
diet to balance the fat in cheese. Fresh egg yolk was u_sed
in all diets to adjust cholesterol intakes and each subject
consumed one multivitamin tablet per day. Each diet
met the nutritional requirements for adults (21). Special
margarines were prepared by VanDenBerg & Jurgens
B.V., 3000 AD Rotterdam. All supplies were purchased
in bulk except for fresh products which were pufchased
from the same distributors throughout the experiment.

TABLE 1
Composition of casein and soy protein isolate
used in the experimental diets

Casein* Soy isolatet
g/100 g
Protein (N X 6.25)% 90.5 92.8
Water 3.0 3l
Lactose <0.28 §
Fat <0.88 <0.1
Ash 42 35

* Calcium and sodium caseinate (spray dried, blandzi
DMV Milk Industries, 5460 BA Veghel. Data expresse
as mean value for calcium and sodium caseinate.

TUNISOL NH 70, UNIMILLS B.V., 3330 AA
Zwijndrecht. .

+ The true Kjeldahl nitrogen-to-protein conversxo(;l
factors for casein and soy protein are 6.38 and 5.70,
respectively (52). Using the figure of 5.70 the protein
content of soy isolate is 84.6 g/100 g, which by difference
gives an unavailable carbohydrate content of about 8.
g/100 g.

$ Data provided by manufacturer.
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The three diets consisted of the same regular food-
stuffs and of highly similar special products. Breakfast
and evening meal consisted of breads, margarine,
spreads, sweetenings, fruit and fruit juices. The hot meal
at noon consisted of soup, potatoes (or rice), other veg-
etables, sauces, egg yolk, cheese (or gelated soy product),
and dessert. The soups, sauces, and desserts were pre-
pared from the analogs of milk and yoghurt. None of
the following products was used: dairy products (except
forlc_:heese), meats, egg white, fish, legumes, onions, and
gailic.

All foodstuffs were weighed out for each person in
quantities appropriate to his or her energy needs, except
for 500 kT (120 kcal) per day, which the subjects were
free to choose from a list of foodstuffs not containing
protein. Individuals were allowed unlimited tea, coffee
and selected low-calorie beverages. Sugar was provided
and up to 6 g/day of coffee whitener was allowed. Hot
meals were served on weekdays at noon in the depart-
ment. All other foods were provided as packages daily;
food for the weekend including ingredients for midday
hqt meals, was provided each Friday afternoon. Food
Iejections or deviations of any kind were recorded in
diaries. Most of the special products were well accepted
and adherence to the diets was excellent.

Dur}ng the control and test period the actual intake
of nutrients was calculated for each individual on 2 and
4 separate days, respectively, by multiplying the weights
of foods on the questionaire by values on a computerized
food composition table (22). In addition, double portions
of each diet were analyzed as described earlier (20, 27).

Experimental design

Al subjects consumed the cassoy diet for a control
period of 10 days, after which they were divided into
three groups; the groups were matched for initial serum
cholesterol, energy intake, and sex. During the test period
of 28 days, the casein group (n = 25) received the casein
diet, the soy group (n = 24) received the soy diet, and
the Cassoy group (n = 20) continued on the cassoy diet,
as shown in Figure 1.

Body weight was recorded weekly. For each individ-
ua{, energy intake was adjusted to avoid changes in body
Weight of more than 2 kg/2 wk. During the control
period body weights decreased by 1.1, 0.8, and 1.1 kg in
th_e casein, cassoy, and soy group, respectively, These
slight weight losses continued during the test period, with
Mmean weight reductions of 1.3, 1.0, and 1.6 kg, respec-
tively. The largest declines were found in three subjects

Control

Time (Weeks) !

Period
1
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on the soy diet (3.1, 4.0, and 4.1 kg). There were no
differences in weight loss between the groups during the
test period.

The subjects were asked to note in diaries illness, drug
use and departures from the diets. Hemoglobin and
erythrocyte sedimentation rate were measured fort-
nightly and found to remain normal.

Blood sampling and analysis

Specimens of blood were obtained from an arm vein
after an overnight fast. Blood was collected weekly and
serum was obtained by low-speed centrifugation. All the
samples were assayed for total cholesterol and high-
density lipoprotein (HDL)-cholesterol. At the end of the
control and test period two samples were taken at 1-day
intervals (Fig. 1), and the results for total cholesterol and
HDL-cholesterol were averaged. Serum cholesterol was
measured with the reagent of Huang et al. (23) using
serum calibrators as described earlier (24). Reproduci-
bility for blind control sera provided by the Center for
Disease Control, Atlanta, GA, was = 1.4% (CV) and
accuracy was within 1.8% of the “true™ (target) values.
HDL-cholesterol was determined after Mn-~heparin pre-
cipitation of low-density lipoprotein (LDL) and very
low-density lipoprotein (VLDL) (24, 25) at an Mn-con-
centration of 92 mmol/l. At the end of both periods,
lipoproteins in sera of the subjects from the casein and
soy group were separated by density gradient ultracen-
trifugation (26-28). Before preparing the gradient prior
to the ultracentrifugation, Sudan Black was mixed with
the serum in order to stain the lipoproteins (28). After
centrifugation the lipoprotein bands were photographed
and then separated by use of a tube slicer into VLDL (d
< 1015 g/ml), LDL (1.015 < d < 1.060), and HDL (d
> 1.060 g/ml). For each individual the mean LDL
density (center of the colored LDL band) was calculated
from the photograph with the aid of the known density
gradient in the centrifuge tubes (A. H. M. Terpstra, C. J.
H. Woodward, and F. J. Sanchez-Muniz, unpublished
data). Lipoprotein fractions were assayed for cholesterol
by an enzymatic method (29) using a kit (No. 124087,
Boehringer-Mannheim GmbH, West Germany) and us-
ing serum calibrators as described earlier (24).

The mean recovery was 97.8% (CV = 4.6%). Day-to-
day reproducibility was #:1.0% (CV) and bias was less
than 1.0% compared with values obtained by the Abell
method (30). Apolipoprotein-B was measured in whole
sera by rocket immunoelectrophoresis as described pre-
viously (27). For one person the samples obtained at the

Test Period

1 T

Casein Group (n=25) F?qssoy Dietl

Casein Diet

Cassoy Group (n=20) thssoy Dlet]

Cassoy Diet

Soy Group

(n=24) fCassoy Dietl

IR R

Soy Diet

FIG. 1. Experimental design. Blood sampling is indicated by arrows.
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start and at the end of the test period were always
analyzed on one plate in order to minimise the effect of
interassay variability. Analytical error was monitored by
analysing a sample from a control pool on each plate.
The combined within-day and between-day coefficient
of variation for this control serum was 7%.

Statistical evaluation

The major hypothesis to be tested was that soy protein
would lower serum cholesterol concentration, if com-
pared with casein. A minor hypothesis was that a 2:1
mixture of casein and soy protein would also lower
serum cholesterol, when compared with casein. The ef-
fect of diet was examined by testing the difference be-
tween the mean responses of the groups by unpaired one
tailed 7 tests (31). The experiment was designed to protect
against an error of the second type, i.e., missing a sig-
nificant difference through chance fluctuations: it was
calculated that the casein and the soy group would each
need to contain at least 24 subjects in order to detect
differences between groups in total cholesterol response
of at least 0.25 mmol/1 (10 mg/dl) at a significance level
o of 5% and with a power § of 80%. The effect of sex
was examined by analysis of variance (31).

Results

Nutrient intake

The results of nutrient intake, as measured
by food records, are shown in Table 2. Food
records and the chemical analysis of double
portions indicated that there were essentially
no differences between the experimental diets

TABLE 2
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with respect to the amount of protein, fat,
carbohydrate, alcohol, cholesterol, and die-
tary fiber and to the composition of the fatty
acids, plant sterols and carbohydrates. The
calcium content of the casein diet was slightly
higher than that of the soy diet, but it is
unlikely that this influenced serum lipids.
The analysis did reveal a slightly higher total
protein content and a lower sugar content
than the calculations based on the records for
all diets. The amino acid composition of ca-
sein was, as expected considerably differgnt
from that of soy protein (Table 3). The amino
acid composition of the whole diet was di-
luted by those proteins that were already
present and similar for all diets. However, the
differences between the diets were still pro-
nounced (Table 3) and established beyond
doubt that the planned differences in protein
amino acid composition had been achieved.
Both from the food records and from the
amino acid analysis it could be calculated
that about 65% of the total dietary protein
consisted of soy protein or casein.

Serum total cholesterol

The time course of the mean serum total
cholesterol concentration is presented for
each group in Figure 2. The values of the

Mean daily intake of nutrients before and during the experiment
according to individual food records*

Habitual

Control period Test period
intake
before Cassoy Casein Cassoy Soy
experiment} diet} diet? diet® diet®
Energy! (kcal) 2710 2595 2515 2670 2565
(M) 113 10.8 10.5 11.2 10.7
Total fat (energy %) 331 385 382 38.6 38.4
Saturated 157 13.8 13.2 13.8 12.9
Mono-unsaturated 12.0 17.0 17.0 17.0 174
Poly-unsaturated 54 7.7 7.9 7.8 8.1
Carbohydrates (energy %) 49.3 414 472 415 474
Sugars 22.6 23.3 232 23.4 224
Polysaccharides 26.7 24.1 24.0 24.1 25.0
Protein (energy %) 13.7 12.6 12.9 12.3 12.6
Casein 5.6 8.8 54
Soy protein 2.6 2.5 8.4
Alcohol (energy %) 3.9 1.6 17 16 L7
Cholesterol (mg/day) 334 394 387 398 365
Dietary fiber (g/day) 382 28.8 28.7 29.4 282

* The food records were elaborated using Netherlands food composition tables supplemented with analyses of
special products. -

t Three-day records.
+ Two-day records.
% Four-day records.
11000 keal = 4.2 MJ.
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TABLE 3
Amino acid composition of casein, soy protein isolate, and the
duplicate portions of the diets*

Pure protein Complete diets
Amino acid . Soy
Casein® Isolate Casein Cassoy Soy
8/100 g amino acid

L-alapix}e 2.8 4.1 32 35 4.0
L-arginine 33 7.6 38 4.8 6.8
L-aspartic acid! 6.5 11.3 75 8.5 10.8
L-glutamic acid' T 214 19.6 23.2 22.9 22.1
Glycine 1.7 4.0 2.3 2.9 3.9
L-histidine 2.8 2.5 2.7 2.7 2.5
L-isoleucine 5.1 5.0 4.7 4.6 4.7
L-leu_cine 8.8 7.8 83 8.0 7.6
L-lysine 7.6 6.2 6.4 6.1 5.5
L-methionine 2.5 1.2 2.0 1.6 1.2
L-phenylalanine 417 5.2 4.6 4.7 4.9
L-prqline 9.5 4.9 9.0 8.1 5.8
L-serine 5.5 5.3 5.5 5.6 5.1
L-threonine 39 37 3.7 37 3.6
L-tyrosine 52 3.6 4.1 3.7 3.3
L-vahpe 6.4 5.0 6.0 5.5 5.0
L-cystine} plus L-tryptophang 3 3 3 3 3

100 100 100 100 100

*l Amino acid analysis of a hydrochloric acid digest of the lyophilized material using a Jeol JLC-5AH amino acid
analyzer,

) Expressed as g amino acid per 100 g amino acid.
¥ Cystine and tryptophan were not analyzed; their total contribution was estimated (52) as 3 g/100 g.

§Ave;rage value for sodium and calcium caseinate.
Including amide. :

mmol/i mgldl TABLE 4
_ 30 1 Effects of casein and soy protein diets on serum
£ [control Perioa Test Period 180 total cholesterol concentrations
743 (Mean % SD)*
'g 4.0 @\% 160 Casein group  Cassoy group Soy group
£ W (n = 25) (n = 20) (n = 24)
&3 140 mg/dlt
Control period 152+£27 153+24 15323
6(1): I ! 1 1 LT Test period 149 +24 15025 150 =23
Time onzexperime?\tal diets4(weeks) Change -3£14 —3x13 -3%10

FIG. 2. Effects of casein and soy protein diets on * Each value represents the average of two separate
mean total serum cholesterol concentrations in humans determinations at the end of the respective period.
throughout the experiment. Vertical bars indicate 1 SEM. 1 100 mg/dl = 2.59 mmol/L.

, casein group (25 subjects); O—0, cassoy ]
group (20 subjects); A——2A, soy group (24 subjects). period of 10 days. The soy and the casein
diets also induced hardly any change in av-

erage cholesterol concentrations, except for
minor oscillations of about 4 mg/dl (0.1
mmol/1). No sex effects were found.

mean concentrations at the end of both pe-
riods are shown in Table 4. During the cassoy
gontlrol period of 10 days serum total cholesi
erol concentrati ed slightly in al o ) .
groups comt;:;leoc;1 i?iifleasthe uicorztrolled Distribution of cholesterol over the lipoprotein
Preexperimental situation. The control group fractions .
that continued on the cassoy diet did not The mean cholesterol concentrations in the
show any change in serum total cholesterol lipoprotein fractions are given in Table 5.
Comparison of HDL-levels determined by

during the test period, proving that levels had ) .
stabilized already at the end of the base-line ultracentrifugation and by the Mn-heparine
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TABLE 5

Effects of casein and soy protein diets on cholesterol
concentrations in lipoprotein fractions and

on serum apolipoprotein-B

levels (mean + SD)

VAN RAAIJ ET AL.

Casein group Soy group
(n = 23) (n=23)
mg/dl*
Cholesterol
Ultracentrifugation:
VLDL control period 8§x3 103
test period 10£5 105
change +15+538 +0.8 + 5.0
LDL control period 80 + 17 88+19
test period 79+ 16 81 =19
change -04 =124 —6.6 = 9314
HDL control period 59 +16 57=10
test period 62 + 15 62+ 12
chapge +23 £85 +5.8 £ 5.0
Mn-heparin precipitation:
HDL control period 5812 59
test period 60 = 12 5838
change +19+54 +3.1 = 3.5}
Serum apoprotein-B mg/l
control period 488 = 119 462 = 107
test period 441 =99 447 = 107
change —47 £ 524% —15 = 51%

* 100 mg/dl = 2.59 mmol/1.
1 Significantly different from O (paired ¢ test; p < 0.05).

# Significantly different from casein group (unpaired ¢ test; p < 0.05).

procedure yielded a correlation coefficient of
r = 0.91, which is similar to published values
(32, 33). Values obtained by the ultracentrif-
ugational method were in general a few per-
cent higher than those obtained by the pre-
cipitation procedure (cf. Table 5). This is a
common finding (32, 33) and is probably
explained by the presence of small amounts
of sinking pre-g lipoprotein (lipoprotein (a))
in the ultracentrifugal HDL fraction when
isolated within the classical density limits of
1.063 and 1210 g/ml. In the casein group
there were no significant changes in concen-
trations in any of the lipoprotein fractions. In
the soy group, however, there was a signifi-
cant decline in LDL-cholesterol and a sig-
nificant increase in HDL-cholesterol.

There were no changes in VLDL-choles-
terol concentration. The decline in LDL-cho-
lesterol in the soy group is significantly dif-
ferent from the small change of LDL-choles-
terol in the casein group, but the difference
in increase in HDL-cholesterol in the soy and

the casein group is only weakly significant
according to the ultracentrifugal data and not
significant according to the precipitation
method. Analysis of variance failed to show
significant sex effects on the changes during
the test period. The individual changes 1
serum total cholesterol, HDL- and LDL-cho-
lesterol were not correlated with the initial
values (at the end of the control period).

Serum apolipoprotein-B concentration

In both the casein and the soy group the
apoprotein-B concentration declined during
the test period (Table 5), but the decline 10
the casein group was significantly greater
than that in the soy group. In the casein
group the LDL-cholesterol/apoprotein-B ra-
tio increased significantly from 1.64 to 1.79
g/g (p <0.01), and in the soy group this ratio
declined from 1.90 to 1.81 g/g (p < 0.05).

It should be noted that at the end of the
control period the soy group happened t0
have a lower mean concentration of apo-B
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and a higher concentration of LDL-choles-
terol than the casein group. This resulted in
a significantly higher initial LDL-choles-
terol/apo-B ratio in the soy group than in the
casein group. Such a difference is not sur-
prising, because we did not explicitly match
the groups for this ratio.

During the test period the mean densities
of the LDL particles of the subjects in the
casein group declined significantly from
1.039 + 0.005 to 1.036 + 0.003 g/ml (mean
+ SD; paired ¢ test; p < 0.05). In the soy
group, the slight increase in mean densities
from 1.036 + 0.002 to 1.037 = 0.002 g/ml
was not significant.

Discussion

Recent experiments, both in various ani-
mal species (2, 3, 6, 7) and in humans (17,
18) have shown profound effects on serum
cholesterol levels of soy versus meat and/or
milk proteins. This has led to the expectation
that replacement of animal by vegetable pro-
tein in the human diet might aid in lowering
serum total cholesterol levels, thereby provid-
ing an extra tool in the prevention of ather-
osclerotic vessel disease. Our results do not
provide support for these expectations: in a
carefully controlled short-term trial using
nearly 70 healthy young subjects we found
no effect on serum total cholesterol of either
casein or soy protein compared with a 2:1
mixture of these proteins. However, when
duplicate portions of the same diets were fed
to 12 New Zealand White rabbits the casein
diet caused much higher serum cholesterol
concentrations than the soy diet; the differ-
ence was already significant after 2% wk (Fig.
3; Reference 34).

There are several ways to explain the dif-
ferences in response between humans and
animals. It is known that animal species differ
greatly in resistance to diet-induced hyper-
cholesterolemia. Apparently, healthy humans
are less sensitive to changes of dietary protein
than rabbits, rats, or pigs. Furthermore, most
animal experiments have used young animals
which have spent a considerable part of their
lifespan on the test diets. Our results do not
rule out the possibility that a long-term intake
of animal protein, starting at an early age,
will reveal similar cholesterol-raising effects
in normocholesterolemic humans. All the
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FIG. 3. Effects of casein and soy protein diets on
mean total serum cholesterol concentrations of rabbits.
Vertical bars indicate 1 SEM. Throughout the experi-
ment on humans, duplicate portions of the casein and
soy diets were collected and stored at —40°C. These were
homogenized, freeze-dried, and pelletted afterward, and
fed to 12 New Zealand White rabbits (3 months of age).
Before and after the test period of 2% wk the rabbits
were fed a commercial rabbit pellet diet. The increase in
serum total cholesterol on the casein diet was signifi-
cantly greater than that on the soy diet (p < 0.05). As the
groups had unequal variances ¢ was tested at 5 instead of
10 degrees of freedom, as suggested by Cochran (Refer-
ence 31, p. 115). After switching back to the commercial
diet serum cholesterol concentrations returned to base-
line values. B—M, casein group (n = 6); A——=74, soy
group (n = 6).

same, our results do stress the risk of extrap-
olating too readily animal data concerning
the effect of protein on serum cholesterol
directly to man. However, these species dif-
ferences may provide clues to the mechanism
of cholesterol homeostasis.

Epidemiological studies have suggested,
when comparing nations or whole popula-
tions, a relation between intake of animal
protein, serum cholesterol level, and cardio-
vascular disease (10).

Epidemiological data, however, should be
interpreted with caution as differences in
other nutritional factors may be present. As
an example, the main sources of animal pro-
tein (meat and dairy products) also contain
much saturated fat and cholesterol.

Very few strictly controlled experiments in
man relating the source of dietary protein to
the concentration of cholesterol in serum
have been carried out, and the sparse results
are contradictory (Table 6). No clear effects
of the type of dietary protein were found by
Walker et al. (35), Campbell et al. (36), An-
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derson et al. (37), and Shorey and Davis (19).
On the other hand, small but significant ef-
fects have been observed by Carroll et al.
(18), while striking cholesterol-lowering
properties of soybean protein have been re-
ported by Sirtori et al. (17, 38). How can one
explain these different results?

Many soy products contain appreciable
amounts of nonprotein material and it has
been suggested that this is partly responsible
for the observed effects in some experiments
(39-45). Even the soy protein isolate used in
our experiment, which is representative of the
purest commercially available material, still
contains about 10% of nonprotein material,
mainly carbohydrates. The customary Kjel-
dahl nitrogen-to-protein conversion factor of
N X 6.25 obscures this fact (Table 1). It has
also been suggested that the form in which
the soy protein is incorporated in the diets is
important (46). The test diets in some studies
differed not only in the source of protein but
also in cholesterol content and the amount
and composition of fat because of the strong
coupling of protein with other nutrients in
ordinary foodstuffs (17). The lipid status of
the subjects could be an important factor: our
subjects had low to very low serum choles-
terol levels, while Sirtori et al. (17, 38) studied
hypercholesterolemic patients. Normocholes-
terolemic subjects are possibly less sensitive
to changes in dietary protein than hypercho-
lesterolemic individuals (38), which remains
to be established. All these factors may have
played a role in producing conflicting results
in the different studies with humans.

Another important factor is the use in the
studies of widely different “animal” and
“vegetable” proteins. It has been shown that
animal or vegetable proteins cannot be
grouped in that way regarding their choles-
terolemic action in rabbits (1, 3, 41, 43).
Animal experiments suggest that effects of
dietary protein on serum cholesterol can be
explained, at least partly, by the amino acid
composition of the proteins (2, 3, 34, 43, 45,
47-49). The role of the individual amino
acids or of specific combinations of amino
acids, however, still remains unclear. Atten-
tion has been particularly focused upon the
lysine/arginine ratio (3, 49, 50), glycine (43,
49), glutamic acid (51), and methionine (39)
but the results are not conclusive (49). The
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amino acid composition of soy protein is
intermediate in many regards between casein
and meat protein (52). As a result, our soy
protein diet contained more alanine, arginine
and glycine and less glutamic acid, tyrosine,
and valine than the casein diet, but the re-
verse was true for the plant protein diet (con-
taining soy protein) in Carrol’s experiment
(18); there was less alanine, arginine, and
glycine and more glutamic acid, tyrosine, and
valine in their plant protein diet than in their
meat/milk protein diet. Therefore, it is con-
ceivable that had we chosen other plant and
animal proteins, we might have beer able to
demonstrate an effect on the concentration of
cholesterol in serum. T
Our data suggest a small decline in LDL-
cholesterol and a small increase in HDL-cho-
lesterol concentration on soy protein but not
on casein. In view of the inverse relation
between HDL-cholesterol concentration and
obesity, the lipoprotein data were reanalyzed
after exclusion of possible interference by
weight loss. Deletion of the results of the
subjects who lost more than 2 kg of body
weight during the test period (six subjects
from the casein and nine from the soy group)
left the conclusions essentially unchanged.
The effect on HDL- and total cholesterol
remained the same after exclusion of those
people who lost more than 2 kg. Only the
difference in the effect on LDL-cholesterol
became less pronounced (3 instead of 6 mg/
dl). Sirtori et al. (38) found that soybean
protein exerted its hypocholesterolemic effect
mainly by lowering LDL-cholesterol, while
only a minor decline of HDL-cholesterol was
observed. Our results for the LDL-choles-
terol/apoprotein-B ratio suggest that ingest-
ing the casein diet caused a shift to LDL-~
particles richer in cholesterol, while consum-
ing the soy diet caused a shift to LDL-parti-
cles containing less cholesterol. The interpre-
tation of these changes is complicated, how-
ever, because persons randomized into the
soy group happened to have higher LDL-
cholesterol/apoprotein-B ratios than the sub-
jects in the casein group; thus the starting
Jevels were not comparable, although the di-
rection of the individual diet effects was un-
mistakeable. These findings are confirmed by
the changes in the density of the LDL. The
data on the LDL composition and density are
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preliminary only and this finding should be
investigated further. However, it seems clear
that the absence of an effect on total choles-
terol levels by dietary casein and soy protein
does not rule out the possibility that changes
in composition and/or concentration of in-
dividual cholesterol-transporting lipoproteins
do occur. Although it has not definitely been
“proven” that an increase of the HDL/LDL
cholesterol ratio by dietary manipulation will
decrease the incidence of coronary artery dis-
eases, it is a fact that high HDL/LDL choles-
terol ratios are predictive for lower risk for
these diseases (53, 54). If our results can be
confirmed, this would suggest that soy protein
could have qualitatively a beneficial effect,
even at constant total cholesterol concentra-
tions.
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