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ABSTRACT

The hypocholesterolemic effect of goat milk with re-
spect to cow milk observed in a previous study led us
to examine the influence of goat and cow milk in the
diet on certain aspects of biliary physiology in normal
rats. The fat content in all diets was 10% but the lipid
quality was varied: the standard diet was based on
virgin olive oil, and the other 2 diets included fat ob-
tained from lyophilized cow milk and goat milk. We
characterized the bile secretion, including biliary phos-
pholipid, cholesterol, and bile acid outputs, the interre-
lation between bile acids and bile lipids, and the litho-
genic index. The consumption of goat milk in the diet,
compared with that of cow milk, caused an increase
in the biliary secretion of cholesterol together with a
decrease in plasma cholesterol concentration, whereas
values for bile phospholipids, biliary acid concentra-
tions, and the lithogenic index remained normal. More-
over, consumption of this type of milk decreased plasma
triglyceride concentration and therefore had a positive
effect, similar to that of olive oil (standard diet), on the
lipid metabolism; hence, it may be recommended for
consumption by the general population.
(Key words: goat and cow milk, dietary fat, biliary
lipids, rats)

Abbreviation key: AIN = American Institute of Nutri-
tion, MCT = medium-chain triglycerides, SFA = satu-
rated fatty acids.

INTRODUCTION

The consumption of fat milk, from all sources, has
been estimated to contribute 13.6 to 20.2% of total fat
intake per person per day in Spain (MAPA, 2004). Thus,
dairy products are an important source of fat in the
diet. However, the consumption of such products has
decreased during the last decade because of their nega-
tive image with respect to health. The association of
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dairy food intake with the risk of coronary heart disease
has been a long-standing topic of discussion (Berner,
1993). In general, this negative effect has been attrib-
uted to high blood cholesterol concentrations arising
from the saturated fatty acids (SFA) present in these
foods. However, the type of SFA should be taken into
account when considering atherogenic effects, as me-
dium-chain triglycerides (MCT) do not produce this ef-
fect (During et al., 2000). In corroboration of this, in
previous studies by our research groups, we have found
that the consumption of goat milk, which is rich in
MCT, leads to a decrease in cholesterol plasma concen-
trations in rats (Alférez et al., 2001).

Cholesterol from the diet is transported in chylomi-
crons and chylomicron remnants directly to the liver
(Redgrave, 1983), where it may be excreted via the bile
as unesterified cholesterol or (after conversion) as bile
acids; bile acid synthesis is a major pathway for the
elimination of cholesterol. Alternatively, it may be
stored in the tissue as cholesteryl ester or returned to
the circulation in new lipoprotein. Alterations in he-
patic cholesterol metabolism in response to different
types of dietary fat have been demonstrated in a num-
ber of studies. It is likely that the changes in hepatic
cholesterol metabolism, which occur when animals are
fed high-fat diets, alter the processing of the different
types of chylomicron by the liver, and consequently the
proportion of dietary cholesterol excreted in the bile
(Bravo et al., 1998).

Digestion and absorption of dietary fat require the
presence of an adequate concentration of bile acids in
the small intestine. In different physiological and ex-
perimental situations, bile lipid secretion (cholesterol
and phospholipids) seems to be determined by the secre-
tion of bile acid (Nakano et al., 1990). Additionally,
diet can induce changes in the cholesterol:phospholipid
ratio (Turley and Dietschy, 1988).

For the purpose of intestinal lipid absorption, a vari-
able flux of bile salt and cholesterol takes place from the
liver into the duodenum via the biliary tract. Although
most of these steroids are recovered by reabsorption in
the lower intestine, by temporarily leaving the “milieu
interne” of the organism, they challenge the animal’s
capability to maintain the homeostasis of its steroid



GOAT MILK AND BILIARY CHOLESTEROL SECRETION 1025

pool. Hence, to understand the metabolism of choles-
terol and bile salts, it is useful to perform an analysis
of bile flow and steroid concentration in the bile at short
intervals in vivo.

The aim of this study, thus, was to investigate the
hypocholesterolemic effect of the dietary consumption
of goat milk and to determine whether the biliary out-
put of cholesterol contributed to this effect.

MATERIALS AND METHODS

Animals

We studied 28 rats (male rats, Rattus norvegicus,
Wistar albino breed), with a mean initial body weight
of 262.5 ± 5.7 g (10 to 11 wk old), purchased from the
University of Granada Laboratory Animal Service. All
experiments and surgical procedures were performed
according to international guidelines. The experimental
protocol was approved by the Ethics Committee of the
University of Granada.

Diets

The diets and mineral and vitamin supplements were
prepared according to the recommendations of the
American Institute of Nutrition (AIN; Reeves et al.,
1993), except that the level of fat in the diets was 10%
rather than 5%. The standard diet was prepared using
virgin olive oil as the source of fat (10%) and casein as
the protein source (20%). The milk-based diets were
created with lyophilized cow or goat milk. The analysis
of milk lyophylates is shown in the footnote to Table 1.
The necessary quantities of lyophilized goat or cow milk
were used to obtain a diet with a 10% fat content. To
obtain the 20% protein content (as recommended by
the AIN; Reeves et al., 1993), the diets were supple-
mented with casein (Musal & Chemical, Granada,
Spain), using 12.40 g of casein/100 g for the cow’s milk
diet and 14.50 g of casein/100 g for the goat’s milk diet,
as the protein provided by the lyophylate used for the
milk-based diets was insufficient.

The mineral corrector was prepared according to AIN
recommendations (Reeves et al., 1993) for the standard
diet and to our own specifications for the milk-based
diets. These specific correctors were formulated taking
into account the mineral content of the lyophilized
milks supplied to the rats to meet the mineral content
recommendations of the AIN (Reeves et al., 1993). The
lactose content of the milk diets was subtracted from
the total carbohydrate content of the standard diet, and
wheat starch and sucrose were added corresponding to
the difference (Table 1).

The following analyses were made of the diets and
lyophylates: Dry matter (AOAC, 1990), calcium, iron,
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Table 1. Composition of the experimental diets.

Experimental diet1

Component
[g/kg of diet (DM basis)] Diet S Diet C Diet G

Protein (casein)2 210 204 205
Fat (olive oil; MCT3 = 0 g) 100 0 0
Fat (cow’s milk; MCT = 20.9 g) 0 99 0
Fat (goat’s milk; MCT = 33.7 g) 0 0 94
Fiber (micronized cellulose) 51 52 49
Mineral specific supplement4 36 35 36
Vitamin specific supplement4 10 10 10
Choline chloride 2 2 2
L-Cysteine 1.8 1.8 1.8
Wheat starch 491 304 310
Sucrose 100 100 100
Lactose 0 195 190
kJ 17,940 18,844 18,771

1Diet S = Standard diet; Diet C = cow’s milk diet; Diet G = goat’s
milk diet. Cholesterol content of the diets (in mg/kg of diet): Diet S =
trace; Diet C = 23.74; Diet G = 28.53.

2Protein content for diets C and G comprises casein + protein from
cow’s or goat’s milk, respectively.

3MCT = Medium-chain triglycerides.
4Mineral and vitamin supplements were formulated taking into

account the mineral content of the lyophilized milks to meet the
mineral requirements recommended by the American Institute of
Nutrition (Reeves et al., 1993). Analysis of lyophylates used (mg/kg
of diet): Fat content (cow’s milk = 28.76%; goat’s milk = 30.69%),
protein content (cow’s milk = 24.84%; goat’s milk = 23.36%), lactose
content (cow’s milk = 40.75%; goat’s milk = 39.20%), and mineral
composition (in mg/100 g of lyophylate): cow’s milk = Ca, 1030.5; P,
781.9; Mg, 85.25; Fe, 0.87; Cu, 0.14; and Zn, 3.51; goat’s milk = Ca,
1319; P, 813.3; Mg, 89.5; Fe, 1.23; Cu, 0.25; and Zn, 4.9.

copper, magnesium, and zinc (atomic absorption spec-
trophotometry, Perkin-Elmer 1100B, Shelton, CT),
phosphorus (method of Fiske and Subbarow, 1925) and
cholesterol [enzymatic kit for food analysis, Boehringer
Mannheim (Grossmann et al., 1976)].

Experimental Design

Three experimental groups were established, each
provided with 1 of the 3 types of diet: the standard diet
(n = 8), the cow’s milk diet (n = 10), and the diet based
on goat’s milk (n = 10) (Table 1).

During the treatments with the different types of
diet, the animals were weighed and housed in individ-
ual ventilated and thermoregulated cages (22 ± 2°C)
with a 12-h light:dark period. For 2 wk, diets and min-
eral-free water were available ad libitum to all rats.
At the end of the experimental period, the rats were
weighed after an overnight fast and anesthetized by
intraperitoneal injection of 5 mg/100 g of BW of sodium
pentobarbital (Sigma Chemical Co., St. Louis, MO). The
animals were tested by tail pinch reflex until complete
loss of the reflex, and body temperature was maintained
at 37°C with a thermisor-controlled heated pad. To
avoid the effect of fasting motor activity on biliary emp-
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tying, bile collection for all rats in the 3 experimental
groups was carried out on the same day and under
the same experimental conditions, by selecting one rat
consecutively from each experimental group until all
bile extractions were complete. After median laparot-
omy, the common bile duct was isolated and cannulated
with PE-10 polyethylene tubing. A bile sample was col-
lected into previously weighed vials for the first 30 min
after cannulation. After the experiments, the rats were
totally bled by cannulation of the abdominal aorta and
the liver was removed and chilled in ice-cold NaCl (9
g/L).

Bile Sampling and Analysis

The volume of bile was determined gravimetrically,
assuming a density of 1.0 g/mL, and bile flow was ex-
pressed as microliters per minute per gram of liver. The
following bile parameters were evaluated: total biliary
acids (measured enzymatically using 3α-hydroxyste-
roid dehydrogenase; Talalay, 1960), total cholesterol
(CHOD-PAD method, Spinreact, Girona, Spain; Deeg
and Ziegenhorn, 1983), and phospholipids (Trinder-
CHO method, Spinreact; Takeyama et al., 1977). 3α-
Hydroxysteroid dehydrogenase was purchased from
Sigma.

Blood Sampling and Analysis

Blood samples from the abdominal aorta were col-
lected in EDTA tubes (Venoject, Terumo Europe, Leu-
ven, Belgium). Plasma was obtained by centrifugation
at 3000 rpm for 15 min at 4°C and stored at −40°C
until analysis. The following plasma parameters were
evaluated: total cholesterol (CHOD-PAD method, Boeh-
ringer Mannheim GmbH Diagnostica; Deeg and Zie-
genhorn, 1983), triglycerides (GPO-PAP method, Boeh-
ringer Mannheim; Bergmeyer, 1974), and alanine and
aspartate aminotransferases (method of Bergmeyer et
al., 1978).

Lithogenic Index

The lithogenic index (cholesterol saturation index)
of bile is determined by the molar relation between
concentrations of cholesterol, phospholipids, and bile
acids, and by the concentration of total lipids. The litho-
genic index was calculated from the quotient of the
percentage of molar cholesterol in the sample divided
by the percentage of molar cholesterol at saturation;
the latter value was found with the following third-
degree polynomial function (Thomas and Hofmann,
1973):

Percentage of molar cholesterol at saturation = 3.082
− 0.804x + 117.05x2 − 204.94x3, where x is the concentra-
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tion of phospholipids divided by the sum of the concen-
trations of bile acids + phospholipids, expressed in
moles per liter.

Quality Control

Given the importance of obtaining an accurate deter-
mination of the different parameters studied, a quality
control test of these determinations was carried out.
This test included the analysis of a set of primary stan-
dards and problem samples. Two types of primary stan-
dards were examined: those related to each determina-
tion and the lyophilized control serum or bile. The re-
sults of this test showed that neither the standard
deviation of the means between the primary standards
nor that corresponding to the problem samples were
significant in any case, throughout the experimental
period.

Statistical Analysis

Statistical evaluation was performed by the one-way
ANOVA method using SPSS 2002, PC software package
(Version 11.5, SPSS Inc., Chicago, IL) to find significant
differences among treatments. Differences were consid-
ered statistically significant at P < 0.05.

RESULTS

Food Intake, Rat Weight, and Liver Weight

Food intake was similar among the rats given the
cow and the goat milk based diets but significantly
lower than that for the animals given the standard
diet (P < 0.01 and 0.001, respectively). There were no
significant differences in final body and liver weights,
or in the ratio of liver weight to BW, in relation to the
type of diet consumed (Table 2).

Effect of Diet Supply on Bile Secretion

Bile flow and bile acid secretion under basal condi-
tions are shown in Table 3. Bile flow and bile acid con-
centration did not differ significantly between the 3
diets assayed. The content of cholesterol in bile was
significantly higher for the rats fed the goat’s milk diet
with respect to those consuming the cow’s milk and the
standard diets (P < 0.001). The phospholipid concentra-
tion was similar for the 2 milk-based diets and signifi-
cantly higher for cow’s milk in comparison with the
standard diet (P < 0.001). The biliary secretion of bile
acids and of phospholipids did not significantly differ
between the groups. However, there was a significant
difference in cholesterol output, this being greater
among the animals given the goat’s milk diet than
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Table 2. Food intake, BW, and liver weight of rats fed on standard nonmilk or milk diets (cow or goat).

Standard Cow milk Goat milk
diet diet diet Level of

Item (n = 8) (n = 10) (n = 10) RSD1 significance

Food intake (g) 17.23 14.67a 13.39a 2.01 ***
Body weight (g) 296.1a 304.9a 286.0a 27.80 NS
Liver weight (g) 7.63a 7.33a 7.22a 0.80 NS
Liver weight:BW × 1000 25.77a 24.03a 25.28a 1.55 NS

aMeans within the same row without a common superscript differ.
NS = Nonsignificant, P > 0.05.
***P < 0.001.
1RSD = Residual standard deviation.

among those consuming the cow’s milk diet (P < 0.001)
and the standard diet (P < 0.01). Lithogenic index of bile
did not differ significantly between the 3 diets assayed
(Table 3). The ratio of biliary phospholipid output to
bile acids output did not differ significantly among the
3 diets studied. The ratio of biliary cholesterol output
to bile acid output plus biliary phospholipids output
was significantly lower in the cow’s milk group than in
the goat’s milk group (P < 0.001) and in the standard
diet group (P < 0.05) (Table 3).

Effect of Diet Supply on Plasma Parameters

Table 4 shows the results obtained from the analyses
of the plasma of the 3 groups of rats. Among the animals
fed the goat’s milk-based diet, cholesterol values were
significantly lower with regard to the standard (P <
0.05) and the cow’s milk diets (P < 0.001). Triglyceride
concentrations were lower with the goat milk-based diet

Table 3. Bile composition and parameters in bile of rats fed on standard nonmilk or milk diets (cow or
goat).

Standard Cow milk Goat milk
diet diet diet Level of

Item (n = 8) (n = 10) (n = 10) RSD1 significance

Bile flow (µL/min per g of liver) 1.680a 1.542a 1.590a 0.35 NS
Total bile acid concentration (mmol/L) 33.31a 32.62a 36.59a 5.85 NS
Bile acid output (mmol/min per g of liver) 56.16a 61.83a 57.19a 16.38 NS
Cholesterol concentration (mmol/L) 0.677 0.558 0.840 0.07 ***
Cholesterol output (mmol/min per g of liver) 0.987a 0.863a 1.340 0.17 ***
Phospholipids concentration (mmol/L) 6.010a 7.744b 6.977ab 1.07 *
Phospholipids output (mmol/min per g of liver) 11.27a 11.91a 11.26a 2.62 NS
Lithogenic index 0.303a 0.271a 0.301a 0.03 NS
PLO/BAO2 0.210a 0.204a 0.207a 0.04 NS
CO/BAO+PLO3 0.0175a 0.0122 0.0203a 0.00 ***

a,bMeans within the same row without a common superscript differ.
NS = Nonsignificant, P > 0.05.
*P < 0.05.
***P < 0.001.
1RSD = Residual standard deviation.
2PLO/BAO = Phospholipids output/bile acid output.
3CO/BAO + PLO = Cholesterol output/bile acid output + phospholipids output.
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than with the cow milk diet (P < 0.05) and similar to
those found with the standard diet. Alanine amino-
transferase and aspartate aminotransferase did not
vary among the 3 diets, except for aspartate amino-
transferase between the cow’s milk and standard diets
(P < 0.01).

DISCUSSION

This study shows that the dietary intake of goat’s
milk, compared with that of cow’s milk, induces a num-
ber of changes in plasma lipids and bile output in rats.
The decrease in plasma cholesterol and triglyceride con-
centrations observed with the diet based on goat’s milk
had the most pronounced effect on plasma lipids. With
regard to biliary secretion, the most important result
was the increase in cholesterol output.

The lower food intake of the rats fed the milk-based
diets, compared with that of those on the standard diet,
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Table 4. Cholesterol, triglycerides, ALT,1 and AST2 in serum of rats fed on standard nonmilk or milk diets
(cow or goat).

Standard Cow milk Goat milk
diet diet diet Level of
(n = 8) (n = 10) (n = 10) RSD3 significance

Cholesterol (mg/dL) 63.9 70.1 58.4 6.46 **
Triglycerides (mg/dL) 56.6ab 60.8a 49.6b 7.69 *
ALT (IU/L) 38.6a 35.3a 38.1a 9.38 NS
AST (IU/L) 129.0a 102.3b 109.1ab 27.31 *

a,bMeans within the same row without a common superscript differ.
NS = Nonsignificant, P > 0.05.
*P < 0.05.
**P < 0.01.
1ALT = Alanine aminotransferase.
2AST = Aspartate aminotransferase.
3RSD = Residual standard deviation.

has been reported previously for the goat’s milk-based
diet (Alférez et al., 2001; López-Aliaga et al., 2003).
Taking into account that the 3 diets have the same
protein (20%) and fat (10%) levels, the lower food intake
in the rats fed the milk-based diets would seem to be
due to the different organoleptic characteristics con-
ferred by the lyophylate used in their preparation, espe-
cially concerning the goat’s milk-based diet.

Despite the lower food intake for the milk-based diets,
no statistically significant differences were recorded
concerning the final BW or the liver weight for the 3
experimental groups. Thus, the liver weight:BW ratio
was similar for all animals.

Our results, in accordance with those obtained in a
previous study (Alférez et al., 2001), show that con-
sumption of goat’s milk, compared with cow’s milk, de-
creases plasma cholesterol concentrations in rats. This
effect is partly due to the higher levels of MCT in goat’s
milk (34%) compared with cow’s milk (21%), as the
presence of MCT in the diet reduces the synthesis of
endogenous cholesterol and its intestinal absorption
(Garcı́a Unciti, 1996). Moreover, goat’s milk fat has
higher monounsaturated fatty acid content than does
cow’s milk (Haenlein, 2001) and these fatty acids are
known to have a hypocholesterolemic effect (Kris-
Etherton and Yu, 1997). However, in our previous
study, we were unable to elucidate whether the reduc-
tion in plasma cholesterol concentrations after goat
milk consumption was due to a higher elimination rate
of cholesterol or to its redistribution in the animal’s
body.

Under our experimental conditions, the hypocholest-
erolemic effect is due to the higher cholesterol output
in bile, which was significantly greater among the rats
fed the goat’s milk-based diet, a consequence particu-
larly due to the type of fat in this milk. We believe,
therefore, that this effect was not the result of a redistri-
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bution of the cholesterol in the animal’s body, but to a
higher biliary output of such cholesterol, as shown in
this study. Moreover, dietary fat is known to influence
lipid metabolism (Feoli et al., 2003).

A further consideration is that the hepatic synthesis
of cholesterol destined for bile is selectively affected by
the diet, as shown by Villalon et al. (1987). The higher
cholesterol concentrations found in the bile of animals
fed the goat’s milk or standard diets, with respect to
the cow’s milk diet, and the higher cholesterol output
in the bile of rats fed the goat’s milk diet compared to
the other 2 diets, are due to the different quality of the
fats used in these experimental diets. Bravo et al. (1998)
demonstrated the influence of dietary fat on the biliary
excretion of cholesterol in the rat, indicating that feed-
ing monounsaturated fatty acids compared with SFA
results in the more rapid excretion of cholesterol origi-
nating from the diet via the bile.

Probably, as has been described for dietary fish oil
(Smit et al., 1991), the fat from goat’s milk induces
changes in the transport and metabolic pathways of
cholesterol in the rat liver, which results in a more
rapid disposition of plasma-derived cholesterol into the
bile. To gain further insight into the metabolic changes
induced by dietary goat’s milk, we must investigate its
effects on the metabolism of hepatic cholesterol.

The increased concentration of cholesterol in bile,
coupled with reduced secretion of bile acids, causes an
increase in the extent to which bile is saturated in
cholesterol (Kesaniemi, 1996), and this can be mea-
sured using the lithogenic index (Metzger et al., 1972).
In our experiments, the consumption of the goat’s milk
and the standard diets produced only a slight increase
in the lithogenic index with respect to the cow’s milk
diet. On the other hand, Lafont et al. (1985) reported
no significant variation in the biliary secretion of phos-
pholipids and an increase in the lithogenic index of
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bile, as occurred under our experimental conditions, in
which there were no significant differences concerning
the output of phospholipids. Thus, the lithogenic index
was slightly higher for the goat’s milk diet than for the
cow’s milk diet, but this finding lies within the range
of normal values reported in the references consulted
(Garcı́a-Diez et al., 1996; Bravo et al., 1998). Moreover,
it is similar to the results obtained with the standard
diet based on an olive oil fat source, and it is well known
that this oil does not alter the lithogenic index (Bravo
et al., 1998).

The slight increase observed in the lithogenic index
after providing dietary fats with a proven antiathero-
genic effect, as occurred under our experimental condi-
tions with the animals given the goat’s milk diet, has
been described by other authors. Smit et al. (1991) re-
ported that the lithogenic index of bile was slightly
higher for a group of rats fed a diet based on fish oil
compared with those fed a diet based on corn oil.

Consumption of the goat’s milk-based diet led to
lower plasma triglycerides concentrations compared
with the cow’s milk diet, similar to those of the standard
diet (in which the fat source is olive oil). This could be
due to the favorable fatty acids profile derived from the
goat’s milk fat vs. cow’s milk fat, with slightly higher
mono- and polyunsaturated fatty acids content (Haenl-
ein, 2001), the effect of which (in decreasing plasma
triglycerides concentrations) has been widely described.
On the other hand, the higher content of antioxidant
elements (Alférez et al., 2003) and enzymes in goat’s
milk (Debski et al., 1987) could contribute to modifica-
tion of plasma lipids. Gorinstein et al. (2002) found that
the positive influence on plasma lipids was significantly
higher in the group of rats fed the oil that had the
greatest antioxidant potential.

In summary, the results reported in this study show
that supplying goat’s milk in the diet rather than cow’s
milk leads to an increase in the biliary secretion of
cholesterol and a decrease in plasma cholesterol concen-
tration. The outputs of phospholipids and bile acids, and
the lithogenic index remained within normal values.
Moreover, consumption of this type of milk lowers
plasma concentration of triglycerides and therefore has
a positive effect similar to that of virgin olive oil (stan-
dard diet) on the lipid metabolism.
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