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This study aimed to evaluate the hypocholesterolaemic property of milk-kefir and soyamilk-kefir. Male hamsters were fed on a cholesterol-free or

cholesterol-enriched diet containing 10% skimmed milk, milk-kefir, soyamilk or soyamilk-kefir for a period of 8 weeks. The soyamilk, milk-kefir

and soyamilk-kefir diets all tended towards a lowering of serum triacylglycerol and total cholesterol concentrations, and a reduction of cholesterol

accumulation in the liver, the decrease in serum cholesterol concentration being mainly in the non-HDL fraction. The soyamilk-kefir diet led to

a significant increase in the faecal excretion of neutral sterols and bile acids compared with the other two diets. The soyamilk-kefir diet also elicited

a significant decrease in the serum ratio of non-HDL-cholesterol to HDL-cholesterol, compared with the control, than was the case for the other

diets. These findings demonstrate that soyamilk-kefir may be considered to be among the more promising food components in terms of preventing

CVD through its hypocholesterolaemic action.

Kefir: Soyamilk: Plasma lipid: Cholesterol: Hamster

CVD, defined as a range of diseases of the heart and circula-
tory system, is the most important cause of death in Wester-
nized countries. A high level of serum total cholesterol is
generally considered to be a risk factor for CVD. It would
therefore appear to be very important to decrease elevated
serum cholesterol levels in particular in order to prevent
CVD (Hasler, 2002). Much attention has thus been drawn to
elucidating different dietary means of reducing an individual’s
serum cholesterol level. Many nutritional and medical investi-
gations have revealed the great potential of soya protein for
lowering serum cholesterol level and the incidence of CVD,
particularly for hypercholesterolaemic subjects (Carroll &
Kurowska, 1995; Demonty et al. 2003; Ascencio et al.
2004). A number of different mechanisms of action may be
applied to explain the beneficial effects of soya protein as
regards cholesterolaemia. A decrease in the intestinal absorp-
tion of cholesterol and/or bile acids, an increase in plasma
cholesterol clearance through enhancing hepatic LDL-receptor
activity and changes in the hepatic biotransformation of
cholesterol can all be implicated in the range of possible
mechanisms (Potter, 1995).

Since the early studies of Mann & Spoerry (1974), there
appears to have been an increasing interest in the hypocholes-
terolaemic activity of fermented dairy products. A number of
studies have been performed with experimental animals, and
also human subjects, in order to elucidate the effect of

fermented dairy products on serum cholesterol (Anderson &
Gilliland, 1999; St-Onge et al. 2000; Xiao et al. 2003).
Although some contradictory results have been obtained
(Nakajima et al. 1992; de Roos et al. 1998), the majority of
results from these reports indicate that fermented dairy pro-
ducts, possibly including kefir, possess hypocholesterolaemic
properties.

Kefir is an acidic and mildly alcoholic fermented dairy
product that is believed to contain many functional sub-
stances, and it has been postulated that the longevity of
Bulgarian peasants is partially due to their frequent con-
sumption of this fermented milk (Gilliland, 1990). In
Soviet countries, kefir has, anecdotally, been recommended
for consumption by healthy people in order to lower the
risk of chronic diseases, and has also been provided to cer-
tain patients for the clinical treatment of a number of gastro-
intestinal and metabolic diseases, hypertension, IHD and
allergy (St-Onge et al. 2002; Farnworth & Mainville,
2003). Kefir differs from other fermented dairy products in
that it is the product of fermentation of milk in the presence
of a mixed group of microflora confined to a matrix of dis-
crete ‘kefir grains’, which are recovered subsequent to fer-
mentation (Marshall & Cole, 1985). Various lactic acid
bacteria and yeasts have been identified as being present
in kefir grains, including Lactobacillus breris, L. helveticus,
L. kefir, Leuconostoc mesenteroides, Kluyveromyces lactis,

*Corresponding author: Dr J.-R. Liu, fax þ886 5 6315502, email jrliu@sunws.nfu.edu.tw

British Journal of Nutrition (2006), 95, 939–946 DOI: 10.1079/BJN20061752
q The Authors 2006

https://doi.org/10.1079/BJN
20061752  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN20061752


K. marxianus and Pichia fermentans (Angulo et al. 1993;
Lin et al. 1999). The micro-organisms contained within
the kefir grains typically produce lactic acid, antibiotics
and several kinds of bactericide, such products inhibiting
the proliferation of both degrading and pathogenic micro-
organisms in kefir milk (Angulo et al. 1993). Furthermore,
kefir cultures are reported to possess the ability to assimilate
cholesterol in milk (Vujicic et al. 1992).
In as much as kefir and soyabean are beneficial to health, we

attempted in previous studies to produce soyamilk-kefir and
were able to demonstrate that it possessed significant antimuta-
genic and antioxidant activity in vitro (Liu et al. 2002a, 2005).
We also demonstrated that orally administered soyamilk-kefir
not only inhibited tumour growth but also increased the total
IgA level within the small intestine of mice (Liu et al. 2002b).
To the best of our knowledge, however, it is not yet known
whether the consumption of soyamilk-kefir will produce a hypo-
cholesterolaemic effect in soyamilk-kefir consumers.
The aim of the present study was to investigate the effect of

soyamilk-kefir on plasma and liver lipids. The levels of
cholesterol and triacylglycerol in the plasma and liver, and
of faecal bile acids and neutral sterols, in hamsters fed on a
cholesterol-free or cholesterol-enriched diet with soyamilk-
kefir were analysed in order to evaluate the cholesterol-lower-
ing property of soyamilk-kefir.

Material and methods

Preparation of soyamilk

Dry, mature, whole soyabeans (1 kg) were soaked in 3 litres
distilled water at 258C for 24 h. The soak water was then
decanted, and the beans were washed and then ground in
6 litres boiling distilled water in a blender (Waring Division,
Dynamics Corporation, New Hartford, CT, USA). The result-
ing suspension was filtered through three layers of cheese-
cloth, autoclaved for 15min at 1218C, and then stored at
48C until required.

Kefir grains

Kefir grains were collected from households in northern
Taiwan. In the laboratory, these were inoculated (5% w/v)
and propagated in sterilized (1218C for 15min) reconstituted
skimmed milk (10% w/v) or soyamilk at 208C for 20 h with
twice- or thrice-weekly transfers, and kept at 48C or 2808C
for short- or long-term storage, respectively.

Milk-kefir and soyamilk-kefir manufacture

Milk-kefir and soyamilk-kefir were manufactured using steri-
lized (1218C for 15min) reconstituted skimmed milk (10% w/
v) and soyamilk inoculated with 5% (w/v) kefir grains respect-
ively, before being incubated at 208C for 20 h. At the end of fer-
mentation, milk-kefir and soyamilk-kefir were filtered through
three layers of cheesecloth in order to remove the kefir grains,
and then lyophilized and stored at 48C until required.

Animals

Male golden Syrian hamsters were obtained from the National
Laboratory Animal Breeding and Research Center, National

Science Council, Taipei, Taiwan, at 4 weeks of age. They
were housed in plastic cages (four per cage) featuring a con-
trolled temperature (22 ^ 18C) and relative humidity
(55 ^ 5%), and were maintained on a reverse 12 h dark
(20.00–08.00 hours) and light (08.00–20.00 hours) cycle.
They were fed laboratory rodent chow (No. 5001; Ralston
Purina, St. Louis, MO, USA) for a period of 8 weeks prior
to being assigned to one of eight dietary treatment groups
(eight animals per group) on a weight-randomized basis and
fed an experimental diet for 8 weeks. The hamsters were
given free access to their experimental diets and water. All
animal experimental procedures followed the Taiwanese
Guide for the Care and Use of Laboratory Animals (National
Science Council, 1994).

Diets and experimental protocol

The detailed compositions of the experimental diets are pre-
sented in Table 1, these compositions being based upon
AIN-93M (Reeves et al. 1993). The skimmed-milk powder,
lyophilized soyamilk powder, lyophilized milk-kefir powder
and lyophilized soyamilk-kefir powder were added to the
respective diets at the expense of sucrose and starch. Dietary
materials were mechanically mixed, subdivided and packaged
in sealed aluminium bags and stored at 48C until use. All
experimental diets contained similar amounts of protein, fat,
carbohydrate, minerals and vitamins.

All animals were fed the experimental diets for a period of
8 weeks. Feed intake was measured daily, and hamster body
weights were recorded weekly. In order to determine the
levels of faecal bile acids and steroids, faecal samples were
collected for the last 2 d of the experimental period, freeze-
dried and then stored at 2808C until required for analysis.

At the end of the 8-week feeding period, the food sources
were removed from the cages, 16 h prior to anaesthetizing
the animals with an intraperitoneal injection of sodium pento-
barbital (Nembutal; Abbott Laboratories, Chicago, IL, USA).
Blood samples were collected from the hamsters via the
abdominal aorta, placed in sterile tubes and centrifuged at
2000 g for 10min at 48C, following which the serum was col-
lected for the determination of triacylglycerols, total choles-
terol and HDL-cholesterol content. The liver was removed,
washed in sterile saline solution (0·9%), dried in filter
paper, weighed and stored at 2808C for to determine the tri-
acylglycerol and cholesterol content at a later time.

Determination of serum triacylglycerols, total cholesterol
and HDL-cholesterol

Serum total cholesterol and triacylglycerol levels were
measured enzymatically with commercial kits (Sigma Diag-
nostic Cholesterol Total 352–20 and Sigma Diagnostic Tri-
glycerides 336–20; Sigma Diagnostics, St Louis, MO,
USA). HDL-cholesterol was measured subsequent to the pre-
cipitation of the apo B-containing lipoproteins with sodium
phosphotungstate magnesium chloride, the supernatant frac-
tion being assayed for cholesterol with a commercial
kit (Sigma Diagnostic Cholesterol HDL 352–4; Sigma
Diagnostics). Non HDL-cholesterol was determined by sub-
tracting the HDL-cholesterol level from the total cholesterol
level.
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Determination of liver cholesterol

Liver lipids were extracted according to the method of Folch
et al. (1957). The liver total cholesterol and triacylglycerol
concentrations were measured as described earlier.

Quantification of faecal bile acids and neutral sterols

Faecal total bile acids were determined according to the method
of Xiao et al. (2003) with some modification. Milled freeze-
dried faeces (0·05 g) were extracted twice with 3·5ml ethanol
at 808C for a period of 1 h. Following two such extractions, the
combined liquid phase was evaporated under N gas. The result-
ing pellet was dissolved in 200ml 3 M-NaOH and heated to
1008C for 2 h, following which the mixture was cooled, the pH
adjusted to 9 using 3M-NaOH and the resultingmixture adjusted
to a volume of 1ml using 0·1 M-Tris buffer. A volume of sample
(10ml) was then used to determine the total bile acid concen-
tration enzymatically using a commercial kit (Sigma Diagnostic
Bile Acids 450A; Sigma Diagnostics).

Faecal neutral sterols were extracted and saponified accord-
ing to the method of Grundy et al. (1965), and analysed as tri-
methylsilyl ethers using GLC (model DE Educational; Dani,
Monza, Italy) fitted with a SPB-1 Fused Silica Capillary
column (30m, 0·32mm internal diameter; Supelco, Belfonte,
PA, USA) using 5a-cholestane as the internal standard. The
column temperature was set at 2208C, and the injector and
flame ionization detector temperatures at 2508C; the carrier
gas was N set at a flow rate of 1ml/min.

Statistical analysis

All results were analysed using the general linear model pro-
cedure available from the Statistical Analysis System software
package version 8.1 (Statistical Analysis System Institute,
1998). Duncan’s multiple range test (Montgomery, 1991)
was used to detect differences between treatment means. All
the serum and liver lipid, faecal bile acid and sterol analyses

were conducted in triplicate. The data were considered signifi-
cantly different when P,0·05.

Results

Food intake and body weight gain

There were no significant differences in mean final body
weight, mean body weight gain, mean food intake or food effi-
ciency ratio among the cholesterol-free diet groups during the
8 weeks of the experiment (P.0·05; Table 2). There was also
no significant difference in these parameters between the
cholesterol-enriched diet groups, but the final body weights
and body weight gains in the cholesterol-enriched diet
groups were significantly greater than the corresponding
values for the cholesterol-free diet groups (Table 2).

Serum lipid concentrations

For hamsters fed on the cholesterol-free diet, serum triacylgly-
cerol and total cholesterol levels in the milk-kefir, soyamilk
and soyamilk-kefir diet groups were significantly lower than
the corresponding values for the milk diet group (Table 3).
Serum HDL-cholesterol concentrations for the milk-kefir and
soyamilk-kefir diet groups were significantly greater than for
the milk diet group. Moreover, hamsters from the soyamilk-
kefir diet groups revealed lower concentrations of non-
HDL-cholesterol than was the case for the soyamilk diet
groups (Table 3).

The addition of cholesterol to the diet of study animals
increased serum lipid levels, although the ingestion of milk-
kefir, soyamilk or soyamilk-kefir appeared to decrease serum
total cholesterol and triacylglycerol. In particular, the reduction
of cholesterol in themilk-kefir, soyamilk and soyamilk-kefir diet
groups was reflected in lower non-HDL-cholesterol levels than
was the case for the milk diet group. Moreover, the serum
HDL-cholesterol levels for individuals from the cholesterol-
enriched milk-kefir, soyamilk and soyamilk-kefir diet groups

Table 1. Composition of the experimental diets (%)

Cholesterol-free diet Cholesterol-enriched diet

Milk Milk-kefir Soyamilk Soyamilk-kefir Milk Milk-kefir Soyamilk Soyamilk-kefir

Casein* 10·4 9 8·2 7·5 10·4 9 8·2 7·5
Maize starch 46·57 46·57 46·57 46·57 46·57 46·57 46·57 46·57
Dextrinized maizestarch* 9·1 10·5 15·5 15·5 8·75 10·15 15·15 15·15
Sucrose* 10·0 10·0 8·5 9·5 10·0 10·0 8·5 9·5
Soyabean oil* 4 4 2 2 4 4 2 2
Cellulose* 5·0 5·0 4·3 4·0 5·0 5·0 4·3 4·0
AIN-93M-MX† 3·5 3·5 3·5 3·5 3·5 3·5 3·5 3·5
AIN-93-VX† 1 1 1 1 1 1 1 1
L-Cystine 0·18 0·18 0·18 0·18 0·18 0·18 0·18 0·18
Choline bitartrate 0·25 0·25 0·25 0·25 0·25 0·25 0·25 0·25
t-Butylhydroquinone 0·0008 0·0008 0·0008 0·0008 0·0008 0·0008 0·0008 0·0008
Cholesterol 0 0 0 0 0·35 0·35 0·35 0·35
Skimmed milk powder 10 0 0 0 10 0 0 0
Lyophilized milk-kefir 0 10 0 0 0 10 0 0
Lyophilized soyamilk 0 0 10 0 0 0 10 0
Lyophilized soyamilk-kefir 0 0 0 10 0 0 0 10

*Casein, dextrinized maizestarch, sucrose, soyabean oil and cellulose were adjusted in terms of the contents of proteins, carbohydrates and fats in milk, milk-kefir, soyamilk
and soyamilk-kefir.

†Mineral mixture AIN-93M-MX and vitamin mixture AIN-93-VX were obtained from ICN Biomedicals (Aurora, OH, USA).
For details of diets and procedures, see p. 940
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were significantly greater than the corresponding value for the
milk-diet group (P,0·05; Table 3).

Liver weight, hepatic cholesterol and triacylglycerol

There were no significant differences in the dry liver weight
and hepatic triacylglycerol contents between the cholesterol-
free diet groups. There was also no significant difference in
these parameters among the cholesterol-enriched diet groups.
However, for both the cholesterol-free and cholesterol-
enriched diets, the hepatic total cholesterol concentrations
for the milk-kefir, soyamilk and soyamilk-kefir diet groups
were significantly lower than the corresponding value for the
milk diet groups (Table 4).

Faecal bile acid and neutral sterol excretion

For both the cholesterol-free diet and the cholesterol-enriched
diet, the concentrations of total faecal bile acids for the

milk-kefir, soyamilk and soyamilk-kefir diet groups were sig-
nificantly greater than was the case for the milk diet group
(Table 5). Similar to the result observed for total bile acids,
the total levels of faecal neutral sterols in the milk-kefir, soya-
milk and soyamilk-kefir diet groups were significantly greater
than the corresponding value for the milk diet group (Table 5).
‘Total faecal neutral sterols’ refers to the sum of coprostanol,
cholesterol, dihydrocholesterol, campesterol and sitosterol. In
general, hamsters from the soyamilk-kefir diet groups excreted
cholesterol and dihydrocholesterol the most, whereas hamsters
from the milk diet group excreted them the least (Table 5).

Discussion

The present results showed that the final body weight and
body-weight gain of the cholesterol-enriched diet groups
were significantly greater than the corresponding values for
the cholesterol-free diet groups (Table 2). Such a result

Table 3. Serum lipid concentrations in hamsters fed on cholesterol-free or cholesterol-enriched diets containing milk,
milk-kefir, soyamilk or soyamilk-kefir

(Mean values and standard deviations)

Milk Milk-kefir Soyamilk Soyamilk-kefir

Mean SD Mean SD Mean SD Mean SD

Cholesterol-free diet
Triacylglycerol (mmol/l) 3·29 0·18a 2·62 0·34b 2·22 0·24c 2·29 0·21c

Total cholesterol (mmol/l) 5·39 0·85a 4·88 0·50b 3·96 0·24c 3·64 0·29c

HDL-cholesterol (mmol/l) 2·24 0·23c 2·82 0·30a 2·45 0·30bc 2·59 0·27ab

Non-HDL-cholesterol (mmol/l) 3·15 0·67a 2·06 0·27b 1·51 0·08c 1·06 0·10d

Atherogenic index* 1·40 0·22a 0·73 0·09b 0·63 0·12b 0·41 0·07c

Cholesterol-enriched diet
Triacylglycerol (mmol/l) 4·49 0·64a 3·88 0·85b 3·44 0·40bc 3·33 0·44c

Total cholesterol (mmol/l) 7·59 0·39a 6·81 0·64b 6·45 0·72b 6·13 0·54c

HDL-cholesterol (mmol/l) 3·20 0·35b 3·76 0·44a 3·85 0·38a 3·98 0·19a

Non-HDL-cholesterol (mmol/l) 4·38 0·09a 3·05 0·29b 2·60 0·35c 2·15 0·39d

Atherogenic index* 1·38 0·15a 0·82 0·09b 0·67 0·04c 0·54 0·09d

a,b,c,dMean values within a row with unlike superscript letters were significantly different (P,0·05).
* Calculated as the ration of non-HDL-cholesterol to HDL-cholesterol.
For details of diets and procedures, see p. 940.

Table 2. Body weight and feed intake of hamsters fed on cholesterol-free or cholesterol-enriched diets containing milk,
milk-kefir, soyamilk or soyamilk-kefir

(Mean values and standard deviations)

Milk Milk-kefir Soyamilk Soyamilk-kefir

Mean SD Mean SD Mean SD Mean SD

Cholesterol-free diet
Initial body weight (g) 126·96 10·95 126·17 11·54 126·88 10·44 126·50 9·61
Final body weight (g) 139·03 8·85 140·28 10·54 139·3 8·34 138·49 8·20
Body weight gain (g/d) 0·22 0·09 0·25 0·07 0·22 0·08 0·21 0·06
Feed intake (g/d) 8·51 1·17 8·68 1·23 8·50 1·08 8·99 1·15
Feed efficiency 0·03 0·01 0·03 0·01 0·03 0·01 0·02 0·01

Cholesterol-enriched diet
Initial body weight (g) 126·43 11·92 126·13 11·01 126·03 9·53 126·05 11·56
Final body weight (g) 158·21 14·18 158·14 8·84 160·14 13·50 159·29 11·89
Body weight gain (g/d) 0·57 0·13 0·57 0·06 0·61 0·11 0·59 0·15
Feed intake (g/d) 7·77 0·97 7·67 1·03 7·70 1·16 7·85 1·02
Feed efficiency 0·07 0·02 0·08 0·01 0·08 0·02 0·08 0·02

For details of diets and procedures, see p. 940.
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would appear to be consistent with the study of Iwai et al.
(2002), the results of which suggested that the addition of
cholesterol to the diet of hamsters increased their body
weight more than was the case for the cholesterol-free diet
groups.

The ratio of LDL-cholesterol : HDL-cholesterol is com-
monly calculated in order to assess the risk of CHD, on the
basis of evidence that an elevated LDL-cholesterol concen-
tration is atherogenic, whereas a greater level of HDL-choles-
terol is cardioprotective (Castelli et al. 1986). In the present
study, the non-HDL-cholesterol level was calculated instead,
because LDL-cholesterol accounts for most of the cholesterol
in the non-HDL-cholesterol figure for hamsters. The decrease
in the ratio of non-HDL-cholesterol : HDL-cholesterol indi-
cated that milk-kefir, soyamilk and soyamilk-kefir diets may
have a useful effect upon lipid metabolism and will probably
favourably modulate the serum lipid profile.

The results of the present study appear to conflict with
those of St-Onge et al. (2002), which indicated that kefir

consumption did not result in lowered plasma lipid concen-
trations in a clinical trial. It is well known that different strains
of lactic acid bacteria may have different effects on serum
cholesterol concentration (Anderson & Gilliland, 1999). The
microbial composition of kefir grains has been reported to
show population variations depending on the origin of the
grains, the cultivation method and the manufacturing method
(Pintado et al. 1996). Therefore, these conflicting results
with kefirs may be due to the difference in kefir grains used
in the experimental study. In addition, kefir was given to
hypercholesterolaemic hamsters for 8 weeks in the present
study. However, hypocholesterolaemic men were given kefir
supplementation for only 4 weeks in St-Onge et al.’s (2002)
study. It is possible that a hypocholesterolaemic effect in
human subjects might have been observed had kefir been
given for a long period, as was done in the present study.

The mechanisms underlying the hypocholesterolaemic
activity of lactic acid bacteria have been proposed to involve
an inhibition of exogenous cholesterol absorption from the

Table 4. Liver lipid concentrations in hamsters fed on cholesterol-free or cholesterol-enriched diets containing
milk, milk-kefir, soyamilk, or soyamilk-kefir

(Mean values and standard deviations)

Milk Milk-kefir Soyamilk Soyamilk-kefir

Mean SD Mean SD Mean SD Mean SD

Cholesterol-free diet
Dry liver wt (g) 4·74 0·33a 4·82 0·54a 4·83 0·54a 4·73 0·35a

Total cholesterol (mg/g) 11·28 0·66a 10·05 0·86b 10·22 0·65b 9·76 0·86b

Triacylglycerol (mg/g) 28·46 1·60a 28·23 1·33a 28·87 1·27a 28·31 1·73a

Cholesterol-enriched diet
Dry liver wt (g) 7·13 0·59a 6·45 0·46a 6·66 0·88a 6·83 0·75a

Total cholesterol (mg/g) 32·95 3·68a 29·64 2·72b 26·62 1·67c 24·58 3·86c

Triacylglycerol (mg/g) 36·91 3·20a 36·84 2·56a 36·99 2·95a 36·96 2·48a

a,b,cMean values within a row with unlike superscript letters were significantly different (P,0·05).
For details of diets and procedures, see p. 940.

Table 5. Faecal bile acid and neutral sterols excretion in hamsters fed on cholesterol-free or cholesterol-
enriched diets containing milk, milk-kefir, soyamilk or soyamilk-kefir

(Mean values and standard deviations (mg/d per hamster))

Milk Milk-Kefir Soyamilk Soyamilk-kefir

Mean SD Mean SD Mean SD Mean SD

Cholesterol-free diet
Total bile acid 1·07 0·15d 1·29 0·28c 2·46 0·25b 2·94 0·25a

Total neutral sterols 1·16 0·13d 1·30 0·11c 2·20 0·14b 2·35 0·07a

Coprostanol 0·35 0·05a 0·34 0·05a 0·36 0·03a 0·33 0·04a

Cholesterol 0·20 0·03d 0·26 0·05c 0·56 0·06b 0·63 0·05a

Dihydrocholesterol 0·20 0·03d 0·25 0·03c 0·30 0·07b 0·38 0·06a

Campesterol 0·28 0·04b 0·31 0·04b 0·54 0·06a 0·56 0·04a

Sitosterol 0·14 0·02b 0·14 0·03b 0·45 0·03a 0·46 0·02a

Cholesterol-enriched diet
Total bile acid 1·27 0·16d 1·54 0·17c 2·58 0·18b 3·16 0·23a

Total neutral sterols 1·66 0·11d 1·86 0·10c 2·95 0·11b 3·08 0·08a

Coprostanol 0·63 0·03b 0·64 0·04ab 0·68 0·05a 0·65 0·05ab

Cholesterol 0·35 0·07d 0·43 0·08c 0·86 0·06b 0·94 0·08a

Dihydrocholesterol 0·21 0·03c 0·26 0·05b 0·35 0·03a 0·36 0·05a

Campesterol 0·38 0·04c 0·38 0·05c 0·60 0·05b 0·64 0·05a

Sitosterol 0·13 0·03c 0·15 0·03c 0·46 0·05b 0·49 0·03a

a,b,c,dMean values within a row with unlike superscript letters were significantly different (P,0·05).
For details of diets and procedures, see p. 940.
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small intestine, by binding of the cholesterol and bile acids to
the bacterial cells and by the assimilation of cholesterol, as
well as by suppressing bile acid resorption by deconjugation
as a function of bacterial bile salt hydrolase activity (Xiao
et al. 2003). Vujicic et al. (1992) reported that kefir culture
possessed the ability to assimilate cholesterol in milk. In
the present study, we demonstrated that milk-kefir feeding
brought about a significant lowering of the serum concen-
trations of total cholesterol, non-HDL-cholesterol and triacyl-
glycerol, in comparison with the milk diet, suggesting that
this might be attributable, in part, to the ability of the
micro-organisms contained within the kefir grains to assimi-
late cholesterol.
The major metabolites of cholesterol in the body are bile

acids; therefore, a greater excretion of bile acids should, in
principle, lead to a lower serum cholesterol level (Ho et al.
2003). It has previously been hypothesized that a deconjuga-
tion of bile acids may contribute to a lower plasma cholesterol
level. Deconjugated bile acids are excreted in the faeces,
whereas conjugated bile acids are recycled to the liver via
the enterohepatic circulation (Gilliland, 1990). In vitro experi-
ments have demonstrated that some strains of Lactobacillus
produce the enzyme bile salt hydrolase and have the capacity
to deconjugate bile acids (Gilliland et al. 1985). In the present
study, we found that the excretion of total bile acids in the
faeces was significantly greater for the milk-kefir diet group
than for the milk diet group. Such a result may be attributable
to bile salt hydrolase activity and the bile acid-binding ability
of the micro-organisms present in the kefir grains.
Iwami et al. (1986) reported a correlation between the

hydrophobicity of a protein hydrolysate and its ability to
bind to bile acids, and Choi et al. (2002) reported that a
129–134-residue region in soya glycinin (11S globulin)
played an important role by binding to bile acids. Sugano
et al. (1990) demonstrated that an undigested high-molecu-
lar-weight fraction of soya protein, obtained following a
microbial protease treatment, bound bile salts in vitro and
revealed a significant hypocholesterolaemic effect in vivo.
These results support the hypothesis that a peptide featuring
high bile acid-binding capacity could inhibit the reabsorption
of bile acids in the ileum and thus decrease the blood choles-
terol level. In a previous study, we found that L. helveticus
isolated from kefir grains possessed high proteolytic activity
(Lin et al. 1999). It may thus be that the higher faecal bile
acid excretion of the soyamilk-kefir diet group than of the
other dietary groups was attributable in part to the peptides
deriving from soya proteins.
The present results showed that the total levels of faecal

neutral sterols in the milk-kefir, soyamilk and soyamilk-kefir
diet groups were significantly greater than the corresponding
value for the milk diet group (Table 5). In general, hamsters
from the soyamilk-kefir diet groups excreted cholesterol and
dihydrocholesterol the most, whereas hamsters from the milk
diet group excreted them the least. It has been postulated by
Nagata et al. (1982) that the degree of serum cholesterol-low-
ering activity elicited by soya protein depends upon the result-
ing degree of faecal sterol excretion. In this study, we
demonstrated a higher faecal neutral sterol excretion for ham-
sters fed on a soyamilk-kefir diet than for hamsters fed alterna-
tive diets, indicating that such an effect is, at least in part, due
to an enhancement of faecal sterol excretion.

Many nutritional and medical investigations have revealed
the great potential of soya protein in lowering serum choles-
terol level (Carroll & Kurowska, 1995; Demonty et al.
2003; Ascencio et al. 2004). Several mechanisms have been
suggested to underlie the cholesterol-lowering effect of soya
products, including the enhancement of bile acid excretion,
increased tissue LDL-receptor activity and a reduced absorp-
tion of dietary cholesterol (Potter, 1995). To the best of our
knowledge, however, the exact mechanism by which the diet-
ary intake of soya product decreases plasma cholesterol level
is still not fully understood. Two hypotheses for such a mech-
anism have been the subject of quite some debate: cholesterol-
lowering as a direct effect of the major isoflavones present in
soyabeans (particularly daidzein and genistein) or, alterna-
tively, a direct effect of the protein components (mainly
b-conglycinin from soyabeans or their fragments; Lovati
et al. 2000).

The cholesterol-lowering properties of isoflavones have
been supported by experimental and, in part, by clinical find-
ings. It has previously been reported that isoflavones elicit an
inhibitory action upon tyrosine kinase, which is a major regu-
lator of LDL receptor activity in liver cells, and also that tyro-
sine kinase might exert a reducing effect on LDL levels
(Lovati et al. 2000). Recent reports, however, have not
demonstrated any effect of dietary supplementation with iso-
flavone-rich soya extract upon plasma lipids and lipoproteins
(Demonty et al. 2003). Nestel et al. (1997) reported that
when isoflavones from soya were consumed without its pro-
tein component, the anticipated lipid-lowering effect was gen-
erally not observed. In a previous study, we found that the
kefir fermentation process did not normally affect the concen-
tration of genistein in soyamilk significantly (Liu et al.
2002b). Therefore, the increase in the cholesterol-lowering
effect of soyamilk-kefir compared with soyamilk might be
attributable to hypocholesterolaemic compounds other than
genistein present in the kefir and absent from soyamilk.

In addition to soya isoflavones, a number of other soya pro-
tein components have been shown to be able to elicit a choles-
terol-lowering effect. For example, Nagaoka et al. (1999)
reported that a peptic hydrolysate of soya protein featured a
cholesterol-lowering effect similar to that of intact soya pro-
tein. Not all soya peptides may be fully degraded by digestive
enzymes such as trypsin and peptidase in the intestinal lumen,
such enzyme-resistant soya peptides possibly demonstrating
properties similar to those of dietary fibre with regard to the
ability to bind to bile acids and cholesterol, and thus increase
their faecal excretion.

Lovati et al. (1992) reported that soya b-conglycinin (7S
globulin) stimulated the expression of LDL receptors and
the degradation of LDL by hepatocytes in vitro. These
researchers also found that some small peptides produced
by the enzymatic digestion of soya protein have the same
effects (Lovati et al. 2000). In the present study, we found
that soyamilk-kefir appeared to have a greater non-HDL
cholesterol lowering effect than soyamilk, but only a similar
effect on triacylglycerol level (Table 3), suggesting that this
may be attributable, in part, to the soya protein-derived
peptides, which increased LDL receptor activity but had no
effect on the activities of enzymes involved in fatty acid
synthesis. The actual situation remains the subject of future
research.
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Not only have soya protein-derived peptides been reported
to lower serum cholesterol, but this is also the case for
milk-protein-derived peptides. Yoshikawa et al. (2000)
reported that a low-molecular-weight peptide, a-lactotensin
(His-Ile-Arg-Leu), derived from b-lactoglobulin, reduced
serum cholesterol in mice subsequent to oral administration.
Nagaoka et al. (2001) reported that a new peptide (Ile-Ile-
Ala-Glu-Lys) derived from b-lactoglobulin was able
to significantly influence serum cholesterol levels in rats,
and exhibited a more-pronounced hypocholesterolaemic
effect than was the case for b-sitosterol, a proprietary medi-
cine specifically manufactured to lower serum cholesterol
level. As indicated earlier, we found in a previous study that
L. helveticus isolated from kefir grains demonstrated
substantial proteolytic activity (Lin et al. 1999). It would
thus appear to be appropriate for future studies to focus
upon the hypocholesterolaemic or other bioactive peptides
produced in milk or soyamilk during fermentation by kefir
grains.

Nakajima et al. (1992) found that the consumption of milk
fermented with a certain exopolysaccharide-producing lactic
acid bacterium significantly decreased serum cholesterol
levels in rats, whereas the consumption of milk fermented
with a non-exopolysaccharide-producing strain did not elicit
such an effect. These authors suggested that this was because
the bacterial exopolysaccharide acted in a manner similar to
that of dietary fibre and reduced the absorption of cholesterol
and bile acids in the intestine. Pigeon et al. (2002) demon-
strated that two exopolysaccharide-producing strains of L.
delbrueckii ssp. bulgaricus bound significantly greater
amounts of bile acids than was the case for the non-exopoly-
saccharide-producing strains. Maeda et al. (2004) reported that
an exopolysaccharide produced by L. kefiranofaciens reduced
serum cholesterol level in rats when they consumed excessive
dietary cholesterol.

The polysaccharide kefiran is found uniquely in kefir, and
some researchers believe that kefiran is its active ingredient
(Shiomi et al. 1982; Maeda et al. 2004). The composition
of the kefiran from soyamilk-kefir grains differs from that
of the kefiran from milk-kefir grains (Liu et al. 2002a),
but, to the best of our knowledge, comprehensive information
specific to the hypocholesterolaemic properties of kefiran
still appears to be lacking. Thus, further investigation is
required in order to verify the hypocholesterolaemic proper-
ties of kefiran and the effect of polysaccharide composition
on these.
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