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ABSTRACT

The effects of yogurt and acidophilus yogurt on the
weight gain, serum cholesterol, high density
lipoprotein cholesterol, low density lipoprotein
cholesterol, triglycerides, and the numbers of fecal
lactobacilli and coliforms were investigated in mice
assigned to three dietary treatments for 56 d: 1)
commercial rodent chow and water (control), 2) com-
mercial rodent chow and yogurt made from milk in-
oculated with a 3% (vol/vol) liquid culture of Strep-
tococcus thermophilus and Lactobacillus delbrueckii
ssp. bulgaricus (yogurt), and 3) commercial rodent
chow plus yogurt made from milk inoculated with a
0.01% (wt/vol) freeze-dried culture of Streptococcus
thermophilus plus Lactobacillus acidophilus. The
weight gains of mice receiving yogurt or acidophilus
yogurt were higher than those of the mice in the
control group. The mean values for serum cholesterol
concentrations and LDL cholesterol concentrations
were significantly decreased when acidophilus yogurt
was fed on d 28 and 56. High density lipoprotein
cholesterol and triglycerides were not affected by yo-
gurt or acidophilus yogurt. The highest number of
fecal lactobacilli was found in mice receiving acidophi-
lus yogurt, and the number of fecal coliforms of that
group was also lower than in the other two groups.
( Key words: mice, acidophilus yogurt, yogurt, serum
cholesterol)

Abbreviation key: HDL = high density lipoprotein,
LDL = low density lipoprotein.

INTRODUCTION

There is probably an increased incidence of
atherosclerotic heart disease in patients with hyper-
cholesterolemia (19), which indicates the importance
of determining methods to reduce serum cholesterol.

In 1974, Mann and Spoerry (26) discovered that the
consumption of large quantities of fermented milk by
the Masai tribesmen in Africa actually lowered their
serum cholesterol level. Later, unfermented milk was
also demonstrated to be hypocholesterolemic both in
humans (13, 25) and animals (1, 3, 22, 23, 29).
Mann (24) and Mann and Spoerry (25) claimed that
more hypocholesterolemic activity was greater for fer-
mented milk than for whole milk, and the general
thought was that the hypocholesterolemic factor
might be part of fermented milk products.

Recently, yogurt and other fermented milk
products have been reported to contain some sub-
stances that lower serum cholesterol. Consumption of
some cultured or culture-containing dairy products
supplemented with Lactobacillus acidophilus has the
potential to decrease serum cholesterol concentrations
in rats, pigs, boars, and humans (4, 8, 10, 18, 37, 40).
However, Grunewald and Mitchell (11) and Thomp-
son et al. (41) found no hypocholesterolemic activity
from acidophilus milk consumed by mice and hu-
mans, respectively. Examination of the literature
shows that yogurt consumption has had various ef-
fects on serum cholesterol; some investigators demon-
strated the hypocholesterolemic activity of yogurt in
humans (2, 12, 17, 18, 24), but others did not (31,
41). Sources of variation may be different in levels of
hypocholesterolemic compounds in yogurt and differ-
ent bacterial strains used in yogurt fermentation. The
superiority of acidophilus yogurt over yogurt has not
been substantiated. The objective of this investigation
was, therefore, to study the effects of dietary yogurt
and acidophilus yogurt on concentrations of serum
cholesterol, triglyceride, and lipoprotein levels in
mice.

MATERIALS AND METHODS

Sixty white male mice (mean initial weight of 22
g) were fed a commercial rodent chow for ad libitum
intake for 4 wk. Mice then were divided at random
into three groups of 20 each. The diet was analyzed
by the agricultural faculty in the Dairy Technology
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Department of the Aegean University. The diet con-
tained approximately 21.99% protein, 6.73% fat,
2.53% fiber, 4.73% ash, and 55.0% nitrogen-free ex-
tract (by difference). Group 1 received rodent chow
plus water, group 2 received rodent chow plus yogurt,
and group 3 received rodent chow plus acidophilus
yogurt. No water was provided to groups 2 or 3.

For the production of yogurt and acidophilus yo-
gurt, low fat milk (1% fat and 9% SNF) was heated
at 85°C for 20 min prior to fermentation and divided
into two parts. The portions were then cooled to 40 to
45°C, and milk was inoculated with a 3% (vol/vol)
liquid culture of Streptococcus thermophilus and Lac-
tobacillus delbrueckii ssp. bulgaricus from the Depart-
ment of Dairy Technology and 0.01% freeze-dried
culture of S. thermophilus plus L. acidophilus from
Chr. Hansen Laboratorium (Copenhagen, Denmark)
for dietary treatments identified as yogurt and
acidophilus yogurt, respectively. Each of the inocu-
lated mixes was poured into containers and incubated
at 42 and 37°C for yogurt and acidophilus yogurt,
respectively, until pH 4.6. The products were cooled to
4°C and stored at that temperature no longer than 3 d
before feeding. The number of lactobacilli in freshly
fermented milk products was determined by estab-
lished procedures (15, 16) to be approximately 107/
ml.

The mice received their assigned diets for ad libi-
tum intake for 56 d. Weight gains were calculated for
respective groups at 28 and 56 d. Fecal samples were
collected into sterile test tubes at 0, 14, 28, 42, and 56
d. Immediately following collection procedures, sam-
ples were homogenized in sterile phosphate buffer on
a Vortex mixer (Griffin and George Ltd., Britain) for
4 min. To determine total lactobacilli, a sample of the
feces was plated on acidified MRS agar. The plates
were incubated for 48 h in a 99% CO2 environment at
37°C. After the incubation period, colonies were
selected for Gram stain. Regular, nonspore-forming,
Gram-positive rods were the only bacteria that were
retained for the enumeration. These were transferred
to Lactobacilli MRS broth (Difco Laboratories,
Detroit, MI), grown for 24 h, and tested for the
enzyme catalase. All strains that were negative for
catalase and Gram-positive rods were assumed to be
lactobacilli. The number of fecal coliforms was deter-
mined on violet red bile agar (Oxoid Laboratories,
Hampshire, England). The plates were incubated for
24 h at 37°C. The results were reported as log10
counts per gram wet weight of feces.

At the end of the 28- and 56-d feeding period, the
mice were deprived of food for a minimum of 12 h and
then anesthetized by ether. Blood samples were col-

lected from abdominal aorta, placed in sterile tubes,
and centrifuged at 4000 × g. The obtained serum
samples were analyzed for cholesterol, high density
lipoprotein ( HDL) cholesterol, and triglycerides. Kits
were used for the analysis (Boehringer Mannheim
GmbH, Mannheim, Germany). Low density
lipoprotein ( LDL) cholesterol was calculated using
the equations of Friedewald et al. (6) .

Statistical Analysis

Two-way analysis of variance was used to deter-
mine variation within and between dietary periods for
body weight, serum cholesterol, HDL cholesterol, LDL
cholesterol, triglycerides, lactobacilli, and coliforms.
The least significant difference test for mean separa-
tion was used to determine the statistical significance
within and between dietary periods of the same varia-
bles if analysis of variance was significant as outlined
by SAS (36). All data are reported as means and
standard deviations of the means.

RESULTS AND DISCUSSION

The effect of diet supplementation with yogurt or
acidophilus yogurt on the weight gain of mice is illus-
trated in Figure 1. The mice that were fed yogurt and
acidophilus yogurt had higher average weight gains
than did the control group but were not different from
each other. Grunewald (10) and Suzuki et al. (40)
found no difference in weight gain among rats con-
suming skim milk and those consuming milk that
contained L. acidophilus, but, in mice, weight gain
was considerably greater for the group given fer-
mented acidophilus milk, which is similar to other
published findings (11).

The effect of yogurt and acidophilus yogurt on se-
rum lipids is shown in Table 1. On d 28, the mean
serum cholesterol concentrations for the group fed
acidophilus yogurt was significantly lower ( P < 0.01)
than for the control group. The mean concentration
for the group fed acidophilus yogurt on d 56 also was
significantly lower than for the control group and the
group fed yogurt. The hypocholesterolemic effect of
yogurt occurred only at the end of 56 d and was lower
than that of acidophilus yogurt.

The finding that acidophilus yogurt lowers serum
cholesterol concentrations is in agreement with data
from other studies involving various milk products
containing L. acidophilus. Sinha (37) demonstrated
that unfermented milk containing viable L. acidophi-
lus cells significantly reduced the serum cholesterol
concentrations in rats, and acidophilus yogurt had an
anticholesterolemic effect in piglets (4, 18). Similar
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Figure 1. Effect of dietary yogurt and acidophilus yogurt on
weight gain (top), fecal lactobacilli (middle), and fecal coliforms
(bottom). Mice were assigned to one of three dietary treatments for
56 d: 1) commercial rodent chow and water (control; horizontally
striped bar), 2) commercial rodent chow and yogurt made from
milk inoculated with a 3% (vol/vol) liquid culture of Streptococcus
thermophilus and Lactobacillus delbrueckii ssp. bulgaricus (yo-
gurt; vertically striped bar), and 3) commercial rodent chow plus
yogurt made from milk inoculated with a 0.01% (wt/vol) freeze-
dried culture of S. thermophilus plus Lactobacillus acidophilus
(acidophilus yogurt; diagonally striped bar).

results were obtained in studies of rats fed milk fer-
mented by L. acidophilus or by L. acidophilus, S.
thermophilus, Streptococcus faecium, and Bifidobac-
terium sp. (10, 14, 40). Khedkar et al. (20) found
that the effect of acidophilus milk in lowering the
serum cholesterol of human volunteers who were 50
to 60 yr of age varied depending on the strain of L.
acidophilus that was used in fermentation. In addi-
tion, this effect was found to act directly on
cholesterol in the gastrointestinal tract, making it
unavailable for absorption into the blood (21). Con-
versely, Grunewald and Mitchell (11) reported that
acidophilus milk had no effect on serum cholesterol in
mice.

Both HDL cholesterol and triglycerides in mice
were unaffected by dietary yogurt or acidophilus yo-
gurt, but serum LDL cholesterol was reduced espe-
cially by the diet containing acidophilus yogurt. Be-
cause the LDL cholesterol was calculated from values
for serum cholesterol, triglycerides, and HDL
cholesterol, the reduction in serum LDL cholesterol
concentrations would be expected (27). The concen-
tration of HDL cholesterol decreased slightly in the
group fed acidophilus yogurt during the experimental
period, but the changes were not significant ( P >
0.01) (Table 1). The results related to HDL
cholesterol generally agree with the findings of
Danielson et al. (4) , Moussa et al. (27), Rao et al.
(32), and Thompson et al. (41). However, Hruby et
al. (14) reported that, for human volunteers, a fer-
mented milk product containing S. thermophilus, S.
faecium, L. acidophilus, and various Bifidobacterium
spp. decreased total cholesterol and the LDL fraction
with a simultaneous, moderate increase in the HDL
fraction.

Supplementation of diets with either yogurt or
acidophilus yogurt resulted in small but nonsignifi-
cant decreases in serum triglycerides over the
56-d period. In addition, none of the groups exhibited
significant changes from d 28 to 56 ( P > 0.01). A
small but nonsignificant decline in triglyceride was
also observed by Danielson et al. ( 4 ) in the mature
boars fed acidophilus yogurt and by Hepner et al.
(12) in humans fed yogurt. However, Jones et al.
(18) found that yogurt had lowered triglyceride con-
centrations of piglets, and Moussa et al. (27) found
that both yogurt and acidophilus yogurt had the same
effect on triglyceride concentrations of rats.

The effect of dietary treatments on fecal lactobacilli
and coliforms are shown in Figure 1. The groups of
mice varied considerably in the numbers of lac-
tobacilli and coliforms in the feces. The mice in the
groups fed yogurt or acidophilus yogurt exhibited
highly significant increases in the numbers of lac-
tobacilli in their feces. The greatest increase in mean
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TABLE 1. Effect of yogurt and acidophilus yogurt on serum lipids in mice.1

a,b,cMeans within a column with no common superscript letters differ ( P < 0.01).
x,yMeans within a row within a cholesterol group with no common superscript letters differ (P < 0.01).
1Each value is a mean ( ±SD) of nine observations.
2HDL = High density lipoprotein; LDL = low density lipoprotein. The LDL cholesterol was calculated by the equation of Friedewald et

al. (6) : LDL cholesterol = serum cholesterol – HDL cholesterol – serum triglycerides.
3Mice were assigned to one of three dietary treatments for 56 d: 1) commercial rodent chow and water (control); 2) commercial rodent

chow and yogurt made from milk inoculated with a 3% (vol/vol) liquid culture of Streptococcus thermophilus and Lactobacillus delbrueckii
ssp. bulgaricus (yogurt), and 3) commercial rodent chow plus yogurt made from milk inoculated with a 0.01% (wt/vol) freeze-dried
culture of S. thermophilus plus Lactobacillus acidophilus (acidophilus yogurt).

Dietary treatment
group3

Cholesterol HDL2 Cholesterol LDL Cholesterol Triglycerides

d 28 d 56 d 28 d 56 d 28 d 56 d 28 d 56

(mg/d)
Control
X 171.2a,x 168.1a,x 54.6 54.2 97.8a,x 96.6a,x 94.3 90.9
SD 3.0 3.9 3.1 3.1 3.6 2.4 5.8 5.9

Yogurt
X 169.6a,y 157.7b,x 52.7 52.0 98.8a,y 88.3b,x 90.7 86.9
SD 5.0 6.8 3.0 3.8 5.4 4.3 6.7 5.3

Acidophilus yogurt
X 139.9b,x 116.0c,y 51.0 51.3 70.4b,x 46.9c,y 92.6 88.7
SD 3.1 4.2 3.7 4.2 3.8 5.0 5.2 4.3

number of lactobacilli was for the group receiving
acidophilus yogurt. Numbers of coliform bacteria in
feces decreased for mice in both yogurt and acidophi-
lus yogurt groups during the 56-d feeding period. The
decrease in the mean number of coliforms for the
group of mice fed acidophilus yogurt appeared to be
greater than that in the group fed yogurt. There was
a trend toward more lactobacilli and fewer coliforms
in mice that received acidophilus yogurt than in the
other groups.

Mice that received acidophilus yogurt exhibited sig-
nificantly more lactobacilli in their feces than did
mice that received yogurt, indicating that L. acidophi-
lus established itself more effectively in the murine
intestinal tract than did the L. bulgaricus in the
yogurt diet.

Lactobacillus bulgaricus, one of the two most im-
portant organisms used in yogurt manufacture, has
been reported (5, 33, 38) to have poor survival in the
gastrointestinal tract because of its low tolerance for
bile salts, low resistance to acid pH, and rather selec-
tive requirements for sugars (5, 33, 38). Neverthe-
less, some researchers (34, 35) demonstrated that
this organism survives passage through the intestinal
tract of humans.

There is less controversy about the capability of L.
acidophilus to survive passage through the gut. In-
creases in numbers of lactobacilli in the intestinal
flora accompanied by concurrent reductions in num-
bers of coliform bacteria is apparently a normal de-

velopment within the intestinal flora of mice. This
result suggests that the lactobacilli in the developing
intestinal flora exert a controlling effect on coliform
bacteria. In our experiment, on average, numbers of
coliform decreased more in feces of mice that received
acidophilus yogurt.

Several investigators (4, 7, 9, 28, 30, 39) have
observed increases in numbers of lactobacilli accom-
panying a decrease in coliforms after oral administra-
tion of L. acidophilus. Hruby et al. (14) found a
positive effect on the composition of the intestinal
flora of human volunteers fed by a fermented milk
product containing S. thermophilus, S. faecium, L.
acidophilus, and various Bifidobacterium strains.

In summary, our results strongly suggest that the
acidophilus yogurt supplementation of the diet of
mice significantly reduced serum cholesterol and LDL
cholesterol, without effecting serum triglycerides or
HDL cholesterol. Furthermore, the greatest number
of lactobacilli occurred in the feces from mice that had
received acidophilus yogurt.
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