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j Abstract Background Previous
human studies on the effect of
dietary calcium supplementation
on faecal excretion of bile acids
(BA) and faecal water concentra-
tions of animal neutral sterols
(NSt, cholesterol and its metabo-
lites) lack detailed information
about single BA and NSt. Aim of
the study We investigated
whether single BA and NSt in
faeces and especially in faecal
water are affected by calcium
supplementation and whether this
affects genotoxicity of faecal water.
In addition, we differentiated
between men and women with
regard to the concentrations of BA
and NSt in faecal water. Methods
Thirty-one healthy volunteers
consumed a calcium supple-
mented bread (1.0 g/day) and a
placebo bread, respectively, for
4 weeks in a double-blind, ran-
domised cross-over trial. Faeces
were collected quantitatively for
5 days in the last week of each
period. NSt and BA were analysed
by GC–MS. Results Due to cal-
cium supplementation faecal con-
centrations of lithocholic acid
(LCA, 14%, P = 0.008), deoxy-

cholic acid (DCA, 19%, P < 0.001)
and 12keto-deoxycholic acid
(12keto DCA, 29%, P = 0.049)
significantly increased whereas BA
concentrations in faecal water
were only marginally affected. In
contrast, concentrations of cho-
lesterol (30%, P = 0.020) and its
metabolites coprostanol (43%,
P = 0.004), coprostanone (36%,
P = 0.003), cholestanol
(44%, P = 0.001) and cholesten-
one (32%, P = 0.038) in faecal
water significantly decreased. To-
tal NSt concentration in faecal
water was found to be significantly
higher in women compared to
men (P = 0.018). The genotoxicity
of faecal water was neither affected
by calcium supplementation nor
were there gender-specific differ-
ences. Conclusions Dietary cal-
cium supplementation diversely
affects BA and NSt in faeces and in
faecal water but does not influence
the genotoxicity of faecal water in
healthy adults.
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Introduction

The faecal steroid excretion is determined by entero-
hepatic cycling of steroids, microbial steroid metab-
olism and potential binding/inactivation of steroids
by dietary components. One-forth to one-half of
intestinal cholesterol [15] and about 95% of all se-
creted bile acids (BA) are reabsorbed [3, 24]. The
cholesterol that enters the large intestine is largely
metabolised by the intestinal microbiota. Thus, faecal
animal neutral sterols (NSt) are composed of
coprostanol, cholesterol, coprostanone and further
microbial degradation products of cholesterol. The
BA that escape enterohepatic circulation are also
metabolised by the colonic microbiota; up to 95% of
the excreted BA in faeces are secondary BA [24].

Regarding the excretion of steroids it has to be
differentiated between their total faecal concentra-
tions and the soluble quantities found in faecal water.
The soluble fraction and not the total faecal BA con-
centration determines the toxicity to colonic epithelial
cells [33]. While concentrations of BA in faecal water
have been measured in several studies [9, 12, 20, 30,
43–45], there are very few studies concerned with the
concentrations of total NSt [35] or cholesterol and
coprostanol in faecal water [12, 20]. To the best of our
knowledge, not one study provides data for choles-
terol metabolites other than coprostanol in faecal
water whereas data for the concentrations of these
metabolites in faeces have been reported [16, 17, 48].
There are also no studies that discriminate between
men and women in the determination of NSt and BA
in faecal water although there are sexual differences in
gut function and physiology [19, 22] and colon cancer
risk [8, 22]. Genotoxic activity/DNA damage has been
attributed to BA [10, 28] and precipitation of soluble
BA might result in decreased genotoxicity. BA have
been shown to be precipitated by calcium [12, 13] and
NSt are probably also precipitated by calcium [41].
The role of cholesterol metabolites (NSt) in the
development of colorectal cancer has not yet been
focused on. Since NSt possess the same steroidal
backbone like BA there might be similar effects;
bacterial metabolites generated in the gut are sup-
posed to augment the susceptibility to colon cancer
[25]. In addition, animal studies [14] and human
case-control studies [18, 34] reveal an impact of ani-
mal neutral sterols on carcinogenesis in the large
bowel.

The objective of the present study was to investi-
gate the effects of calcium supplementation on faecal
steroid excretion, thereby focusing on the BA profile
in faeces and in faecal water and the concentration of
cholesterol and its metabolites in faecal water. The
resulting effect on faecal water genotoxicity was as-

sessed. It was also differentiated between men and
women in respect to the concentrations of these faecal
steroids.

Subjects and methods

j Subjects, supplement and study design

The study design and characteristics of the subjects
have previously been published [6]. Briefly, 31 healthy
omnivore volunteers (16 women, 15 men; age
24.3 ± 0.4 years, body mass index 21.7 ± 0.4 kg/m2)
participated in this double-blind, placebo-controlled,
cross-over study which was approved by the Ethical
Committee of the Friedrich Schiller University of
Jena. The participants consumed a bread that was
either enriched with calcium (calcium supplement:
pentacalcium hydroxy-triphosphate [Ca5(PO4)3OH;
cfb Germany)] or it was not (placebo bread), each for
4 weeks without a washout period. In the last week of
each 4-week period, participants got an energy-ad-
justed defined diet containing the supplemented
bread or the placebo bread, respectively. Simulta-
neously, faeces were collected quantitatively for
5 days. Thus, all the participants consumed identical
food during sample collection.

j Sample preparation

Faecal specimens were immediately cooled and
transported to the study centre where each specimen
was weighed, frozen and stored at )20�C. At the end
of the study, faecal samples were thawed over night
and homogenised using a commercial blender. The
homogenised samples were portioned: One part was
used for the preparation of faecal water and the other
was freeze-dried. For preparing faecal water,
approximately 80 g of homogenised faeces were
weighed into centrifugation tubes and were centri-
fuged at 27,000·g for 3.5 h at 20�C. The combined
supernatant of each participant was portioned and
stored at )80�C until analysis. Lyophilised faeces were
ground after gravimetric determination of dry matter
and stored at )20�C until analysis.

j Analysis of neutral sterols and BA

The concentrations of NSt (cholesterol and its
metabolites coprostanol, coprostanone, cholestanol,
cholestanone and cholestenone) and BA (iso-litho-
cholic acid (iso-LCA), lithocholic acid (LCA), iso-de-
oxycholic acid (iso-DCA), deoxycholic acid (DCA),
cholic acid (CA), chenodeoxycholic acid (CDCA) and
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12keto-deoxycholic acid (12keto DCA)) were analysed
as reported previously [6, 17] with marginal modifi-
cation for the analysis in faecal water (duplicate
samples of 1,000 ll faecal water).

j Genotoxicity

Genotoxicity of the faecal water samples was deter-
mined in HT-29 cells using the comet assay (single-
cell gel electrophoresis) as described by Osswald et al.
[27], except that the slides were stained with SYBR-
Green (1:1,000, Sigma–Aldrich Chemie GmbH, Deis-
enhofen, Germany). Fifty images per slide were eval-
uated randomly. The percentage of DNA (intensity of
fluorescence) in the comet tail (tail intensity, TI), the
tail length (TL) and the tail moment (TM = TI · TL)
were determined.

j Statistics

Data analysis was performed using the statistical
software package SPSS for Windows V. 11.5 (SPSS
Inc., Chicago, Ill, USA). Values were reported as
means ± SEM. Differences were considered statisti-
cally significant at P £ 0.05, two-tailed. All data were
tested for normal distribution using the Kolmogorov
Smirnov test. When data were distributed normally,
the GLM (General Linear Model) procedure of re-
peated measurement (between-subject factor: gender,
covariate: supplementation sequence) was used to test
for significant differences between the study periods.
In case of non-normal distribution, data were ana-
lysed by a paired Wilcoxon signed rank test. Gender-
specific differences were examined using the inde-
pendent T test; in case of non-normal distribution
comparisons were made by the Mann–Whitney U test.
Correlations between parameters were calculated
independent of calcium supplementation. Thus,
analysis for correlations was based on the values of
both periods (calcium and placebo). The indicated
correlation coefficients were calculated with Pearson’s
linear correlation (normally distributed parameters).
Spearman’s correlation analysis was used to correlate
non-normally distributed parameters. Unless other-
wise stated, data were normally distributed and
parametric tests were used.

Results

j Nutrient intake

The nutrient intake of the participants was equal in
both periods except for calcium and phosphorus [6].

Calcium intake significantly increased due to the
supplementation from 1,193 ± 295 mg/day to
2,204 ± 290 mg/day (P < 0.001). The intake of
phosphorus also significantly increased (1,528 ±
288 mg/day in the placebo period and 1,998 ±
291 mg/day in the calcium period, P < 0.001). Men
had significantly higher intakes of energy (placebo
period: men 10.49 ± 0.32 MJ/day, women 7.66 ±
0.20 MJ/day, P < 0.001; calcium period: men
10.41 ± 0.36 MJ/day, women 7.61 ± 0.18 MJ/day,
P < 0.001), fat (placebo period: men 35.7 ± 1.24
energy%, women 31.8 ± 0.70 energy%, P = 0.011;
calcium period: men 35.9 ± 0.85 energy%, women
31.9 ± 0.63 energy%, P = 0.001) and cholesterol
(placebo period: men 367 ± 14.3 mg/day, women
255 ± 8.26 mg/day, P < 0.001; calcium period: men
366 ± 15.6 mg/day, women 262 ± 8.78 mg/day,
P < 0.001) whereas the intake of carbohydrates
(placebo period: men 48.3 ± 1.53 energy%, women
51.9 ± 0.84 energy%, P = 0.053; calcium period: men
48.1 ± 0.87 energy%, women 51.7 ± 0.62 energy%,
P = 0.002) and fibre (placebo period: men 3.80 ±
0.07 g/MJ, women 4.08 ± 0.07 g/MJ, P = 0.009;
calcium period: men 3.80 ± 0.09 g/MJ, women
3.99 ± 0.05 g/MJ, P = 0.068) was lower compared to
women. Additionally, compared to women men in-
gested significantly more calcium (placebo period:
men 1,409 ± 65.0 mg/day, women 991 ± 39.7 mg/
day, P < 0.001) and phosphorus (placebo period:
men 1,764 ± 47.8 mg/day, women 1,308 ± 40.3 mg/
day, P < 0.001). Due to the calcium supplementation
calcium (men 2,411 ± 61.7 mg/day, women
2,009 ± 44.5 mg/day, P < 0.001) and phosphorus
intake (men 2,224 ± 55.6 mg/day, women 1,787 ±
40.9 mg/day, P < 0.001) rose significantly in both
genders (P < 0.001).

j General excretion parameters

The molar ratio of excreted calcium to phosphate in
faeces which was 20.6:17.9 in the placebo period
changed to 44.6:31.3 in the calcium period. The faecal
pH value significantly increased from 6.48 ± 0.05 in
the placebo period to 6.76 ± 0.06 (P < 0.001) in the
calcium period; there was no difference between
men and women (placebo period: men 6.44 ± 0.09,
women 6.52 ± 0.06, P = 0.487; calcium period: men
6.71 ± 0.10, women 6.80 ± 0.08, P = 0.521).

j Neutral sterols

Of the 31 healthy participants six participants were
excluded because of an inverse NSt conversion profile
(low converters) [6]. The sum of NSt in faecal water
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drastically decreased during calcium supplementa-
tion; this decrease was due to decreased concentra-
tions of all measured sterols except for cholestanone
(Table 1). There was a significant inverse correlation
between the sum of NSt in faecal water and the faecal
pH (r = )0.387, P < 0.01, n = 49). Similar significant
inverse correlations were also found between all single
NSt and faecal pH. Under defined dietary conditions
(defined diet) women had significantly higher con-
centrations of NSt in faecal water compared to men
(Table 1). This was not due to single outliers; indeed,
the NSt concentration in faecal water was below
250 lmol/l in ten out of 13 men but in only two out of
12 women. Soluble NSt concentrations above
400 lmol/l were found in two out of 13 men but in
eight out of 12 women. On the contrary, in faecal dry
matter (soluble plus insoluble NSt), the concentra-
tions of coprostanol (P = 0.991), cholesterol
(P = 0.349), coprostanone (P = 0.245) and cholesta-
nol (P = 0.670) did not differ between men and wo-
men. Significantly higher concentrations of the minor
compounds cholestanone (P = 0.010) and cholesten-

one (P = 0.006) were observed in women but these
account for only about 3% of faecal NSt and, thus, can
hardly explain the gender-specific differences in sol-
uble NSt.

j BA

Due to calcium supplementation there were signifi-
cant increases in the concentrations of LCA, DCA and
12keto DCA in faeces (Table 2). In contrast, the
concentration of soluble BA (BA in faecal water) was
not affected by calcium supplementation with
119 ± 13.7 lmol/l in the placebo period and
121 ± 13.5 lmol/l in the calcium period (P = 0.712).
iso-LCA concentration significantly decreased in the
calcium period (P = 0.015, Table 3). The concentra-
tion of BA in faecal water showed no correlation with
faecal pH (r = 0.115, P = 0.376, n = 61). The com-
parison between men and women revealed no differ-
ences except for a significantly higher LCA
concentration in the faecal water of women (Table 3).

Table 1 Concentrations of neutral
sterols in faecal water of healthy
adults under defined dietary
conditions without (placebo) and
with calcium supplementation
(calcium)

lmol/l Defined diet
(placebo)

Defined diet + intervention
(calcium)

P for intervention

Mean ± SEM P for gender Mean ± SEM P for gender

Coprostanol
Men 213 ± 82.4 156 ± 56.1 NS
Women 546 ± 103 0.018 271 ± 49.8 NS 0.021
All 373 ± 72.5 211 ± 38.7 0.004

Cholesterol
Men 36.2 ± 13.6 24.9 ± 8.4 NS
Women 92.5 ± 40.1 NS 65.3 ± 22.9 NS NS
Alla 63.2 ± 20.9 44.3 ± 12.3 0.020

Coprostanone
Men 8.05 ± 2.14 5.24 ± 1.40 0.096
Women 23.4 ± 4.65 0.009 14.9 ± 3.21 0.014 0.012
All 15.4 ± 2.9 9.90 ± 1.94 0.003

Cholestanol
Men 6.67 ± 2.37 3.96 ± 0.94 NS
Women 13.4 ± 2.58 0.067 7.30 ± 1.49 0.066 0.007
All 9.89 ± 1.84 5.57 ± 0.91 0.001

Cholestanone
Men 0.47 ± 0.08 0.46 ± 0.07 NS
Women 0.83 ± 0.15 0.040 0.69 ± 0.08 0.034 NS
All 0.65 ± 0.09 0.57 ± 0.06 NS

Cholestenone
Men 2.12 ± 0.75 1.36 ± 0.24 NS
Women 2.61 ± 0.49 NS 1.87 ± 0.28 NS 0.030
All 2.35 ± 0.45 1.61 ± 0.19 0.038

Total NSt
Men 267 ± 101 192 ± 65.5 NS
Women 679 ± 128 0.018 361 ± 69.8 0.091 0.018
All 465 ± 89.3 273 ± 49.9 0.003

Men n = 13, women n = 12, all n = 25
NSt neutral sterols
aWilcoxon rank-sum test
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j Genotoxicity

The amount of faecal water from one female partici-
pant was too small and could be used for NSt and BA
analysis only. Therefore, genotoxicity was determined
in 30 instead of 31 samples. There was no significant
effect of calcium supplementation on measurements
of genotoxicity (Table 4). However, the tail intensity
correlated inversely with the intake of calcium
(r = )0.313, P = 0.015, n = 60, Spearman). Genotox-
icity of faecal water did not differ between men and
women (Table 4).

Discussion

In the present study we could show that—under de-
fined dietary conditions—faecal steroid excretion was
significantly affected by the supplementation of cal-
cium and there were gender-specific differences in
NSt concentrations of faecal water.

The molar ratio of excreted calcium to phosphate
in faeces changed from about 1:1 in the placebo
period to 3:2 due to calcium supplementation. This
is the precondition for the formation of amorphous
calcium phosphate (ACP) [39], which binds and
inactivates BA [13, 40]. The present study demon-
strates that the increased BA excretion in faeces in
consequence of calcium supplementation was due to
increased contents of LCA, DCA and 12keto DCA
which are all secondary BA. Significant increases in
total faecal BA concentration due to calcium sup-
plementation have previously been reported [12, 42].
However, these studies did not provide data for the
effect of calcium supplementation on the faecal
excretion of single BA. Van der Meer et al. [42]

showed that the increased faecal BA and phosphate
excretion due to calcium supplementation was
completely associated with faecal calcium. Similarly,
in the present study, faecal BA and calcium excretion
were significantly associated (r = 0.554, P < 0.001,
n = 62).

Despite the increased BA content in faeces, there
were only marginal changes in BA concentration in
faecal water; there was a significant 34% decrease in
iso-LCA concentration. Similar results were also
shown by Lapré et al. [20]. In contrast, another study
found a significant 49% decrease in total BA con-
centration in faecal water despite a significant in-
crease in total faecal BA excretion [12].

Table 2 Concentrations of bile acids in faeces of healthy adults under defined
dietary conditions without (placebo) and with calcium supplementation (cal-
cium)

lmol/g
dry matter

Defined diet
(placebo)

Defined diet +
intervention
(calcium)

P for
intervention

Mean ± SEM Mean ± SEM

iLCA 3.97 ± 0.34 4.18 ± 0.40 NS
LCA 4.72 ± 0.25 5.36 ± 0.31 0.008
iDCA 3.66 ± 0.45 3.69 ± 0.51 NS
DCA 8.25 ± 0.39 9.79 ± 0.50 0.000
CAa 0.87 ± 0.22 0.81 ± 0.12 NS
CDCAa 0.49 ± 0.06 0.54 ± 0.08 NS
12keto DCA 0.61 ± 0.07 0.79 ± 0.10 0.049

n = 31
iLCA iso-lithocholic acid, LCA lithocholic acid, iDCA iso-deoxycholic acid, DCA
deoxycholic acid, CA cholic acid, CDCA chenodeoxycholic acid, 12keto DCA 12-
keto deoxycholic acid
aWilcoxon rank-sum test

Table 3 Concentrations of bile acids in faecal water of healthy adults under
defined dietary conditions without (placebo) and with calcium supplementation
(calcium)

lmol/l Defined diet
(placebo)

Defined diet +
intervention (calcium)

P for
intervention

Mean ± SEM P for
gender

Mean ± SEM P for
gender

iLCA
Men 4.52 ± 1.51 2.94 ± 0.79 0.086
Women 8.25 ± 2.09 NS 4.84 ± 0.93 NS NS
All 6.45 ± 1.32 3.92 ± 0.63 0.015

LCA
Men 8.00 ± 1.65 6.23 ± 0.86 NS
Women 14.6 ± 2.56 0.041 12.8 ± 2.61 0.029 NS
Alla 11.4 ± 1.63 9.60 ± 1.51 NS

iDCA
Men 19.3 ± 2.12 22.0 ± 3.38 NS
Women 23.1 ± 5.37 NS 21.1 ± 4.38 NS NS
All 21.3 ± 2.93 21.5 ± 2.75 NS

DCA
Men 37.7 ± 8.10 42.8 ± 8.16 0.019
Women 53.7 ± 11.0 NS 53.6 ± 9.72 NS NS
Alla 46.0 ± 6.95 48.4 ± 6.35 NS

CA
Men 6.73 ± 1.28 5.82 ± 0.79 NS
Women 10.3 ± 1.72 NSb 11.7 ± 4.47 NSb NSa

Alla 8.57 ± 1.12 8.87 ± 2.36 NS
CDCA
Men 4.31 ± 0.68 4.08 ± 1.10 NSa

Women 5.70 ± 1.59 NSb 5.71 ± 1.90 NSb NSa

Alla 5.03 ± 0.88 4.92 ± 1.11 NS
12keto DCA
Men 20.4 ± 3.99 29.1 ± 5.53 0.010
Women 19.3 ± 4.94 NS 18.6 ± 3.42 NS NS
All 19.8 ± 3.15 23.7 ± 3.30 NS

Total BA
Men 101 ± 14.1 113 ± 15.0 0.085
Women 135 ± 22.8 NS 128 ± 22.5 NS NS
All 119 ± 13.7 121 ± 13.5 NS

Men n = 15, women n = 16, all n = 31
iLCA iso-lithocholic acid, LCA lithocholic acid, iDCA iso-deoxycholic acid, DCA
deoxycholic acid, CA cholic acid, CDCA chenodeoxycholic acid, 12keto DCA 12-
keto deoxycholic acid, BA bile acids
aWilcoxon rank-sum test
bMann–Whitney U test

26 European Journal of Nutrition (2009) Vol. 48, Number 1
� Steinkopff Verlag 2008



Although there was no effect of calcium supple-
mentation on total NSt concentration in faeces in the
present study as reported previously [6], the analysis
of NSt in faecal water revealed a drastic 41% decrease
in the concentration of soluble NSt. This result points
to an interaction between NSt and ACP in vivo in
humans. For the interaction between ACP and BA,
Govers et al. [13] supposed the hydrophobic aggre-
gation of BA monomers on the ACP surface. Possible
mechanisms of interaction between ACP and NSt may
be the inclusion of NSt into hydrophobic aggregates
of BA at the surface of ACP (direct co-precipitation)
or a direct interaction between NSt and ACP. An
indirect co-precipitation due to decreased solubility
of BA as previously hypothesised [41] can be excluded
because soluble NSt drastically decreased despite a
constant BA concentration in faecal water. Thus, in
vitro models are warranted to clarify the mechanisms
of interaction between NSt and ACP.

In line with our results, similar decreases were
observed in other studies with calcium supplemen-
tation [12, 20]. However, in these studies, total NSt
were reported as sum of cholesterol and coprostanol;
other cholesterol metabolites were not analysed. Go-
vers et al. [12] hypothesised the precipitation of these
hydrophobic surfactants by milk calcium in the
intestinal lumen; the role of phosphate in this process
was not quite clear. The precipitation of coprostanol
and cholesterol was accompanied by a significant
increase in faecal pH in the previous studies [12, 20]
and in the present study as well. This might be ex-
plained by the phosphate moiety of the calcium
phosphate complexes which increased the faecal
buffer capacity [12]. The relation between faecal pH
and colon cancer is still disputed. While some authors
postulated that an acidic faecal pH is protective
(summarised by Lupton et al. [21] and van Faassen

et al. [43]) other authors provided contrary argu-
ments [4, 38].

In the present study, the concentrations of cho-
lesterol, coprostanol and further microbial choles-
terol metabolites in faecal water significantly
decreased. Weisburger et al. [47] claimed that - in
contrast to BA - NSt do not promote colon cancer in
man and rodents. These conclusions were based on
cholesterol metabolites like cholesterol-a-epoxide
and cholestane-3,5,6-triol. In human faeces, the
major microbial cholesterol metabolite is copros-
tanol [23]. Through microbial conversion of
cholesterol into coprostanol intermediates like cop-
rostanone and 4-cholesten-3-one are formed [31].
Results of studies by Suzuki et al. [37] reveal
4-cholesten-3-one as a component of human faeces
with potential (co-) carcinogenic activity. Against
this background, the observed drastic decrease in the
concentration of NSt in faecal water including
4-cholesten-3-one due to calcium supplementation
can be assessed as beneficial.

The importance of calcium in the diet with re-
spect to potential risk factors for colon cancer was
shown by Glinghammar et al. [11]. After shifting
from a dairy product-rich (high calcium) to a dairy
product-free (low calcium) diet, significantly in-
creased cytotoxicity but no effect on genotoxicity of
faecal water was observed in 18 healthy adults. In the
present study, the supplementation of calcium did
also not affect genotoxicity of faecal water. This
seems to be very likely due to the absence of an
effect on BA concentration in faecal water. Reducing
BA concentrations in faecal water would subse-
quently affect genotoxicity. Increased genotoxicity of
the secondary BA LCA and DCA were shown in the
comet assay at concentrations above 300 lM [46].
Such concentrations were not found in healthy

Table 4 Genotoxicity of faecal water of healthy adults under defined dietary conditions without (placebo) and with calcium supplementation (calcium)

Defined diet (placebo) Defined diet + intervention (calcium) P for intervention

Mean ± SEM P for gender Mean ± SEM P for gender

Tail intensity
Men 5.43 ± 0.62 4.97 ± 0.86 NS
Women 6.00 ± 0.80 NS 4.95 ± 0.32 NS NS
All 5.71 ± 0.51 4.96 ± 0.45 NS

Tail moment
Men 1.14 ± 0.15 1.09 ± 0.25 NS
Women 1.26 ± 0.18 NS 0.96 ± 0.08 NS NS
All 1.20 ± 0.12 1.02 ± 0.13 NS

Tail length
Men 29.7 ± 0.67 29.8 ± 1.08 NS
Women 28.6 ± 0.88 NS 27.5 ± 0.61 0.069 NS
All 29.2 ± 0.55 28.6 ± 0.65 NS

Men n = 15, women n = 15, all n = 30
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individuals [6, 9, 12, 20, 43, 44] but in single indi-
viduals with adenomatous polyps of the colon [36].
However, de Kok et al. [4] did not found differences
in BA concentration in faecal water between indi-
viduals at high, medium and low risk (control sub-
jects) of developing colorectal cancer. In consistence
with previous findings [26] genotoxicity of faecal
water did not correlate with BA concentration of
faecal water (for tail intensity: r = )0.110, P = 0.404,
n = 60). In addition, there was also no correlation
between the concentrations of NSt in faecal water
and the genotoxicity of faecal water (for total NSt in
faecal water and tail intensity: r = 0.204, P = 0.165,
n = 48; no correlations for single NSt, too). Diets
high in fat and cholesterol have been shown to in-
crease the genotoxicity of faecal water [32]. There
were significantly higher intakes in energy, fat, pro-
tein and cholesterol in the dairy product-rich diet in
the study by Glinghammar et al. [11]. However, in
the present study, genotoxicity of faecal water did
not differ between men and women despite different
dietary intakes of energy, fat and cholesterol.

The present study indicates that the influence of
NSt on genotoxicity seems to be negligible: neither the
drastic decrease in soluble NSt due to calcium sup-
plementation nor the obvious differences in NSt
concentrations in faecal water between men and wo-
men (see below) are reflected in the genotoxicity of
faecal water. Thus, there must be other compounds
that contribute to faecal water genotoxicity. It has
been shown that the addition of an enzyme (Esche-
richia coli endonuclease III) that specifically detects
oxidised pyrimidines significantly increased DNA
damage, which points - at least in part - to an oxi-
dative mechanism that is responsible for the geno-
toxicity of faecal water [46]. The solubility of
fecapentaene-12, a potent mutagen in human faeces,
is facilitated by CA and DCA as well as mixtures of BA
[5] and calcium has been shown to counteract this
effect [1, 5].

The analysis of NSt concentrations in faecal water
revealed distinct gender-specific differences. In con-
trast, NSt concentrations in faeces (insoluble plus
soluble) did not differ between men and women.
Since an increase in calcium intake resulted in a
drastic decrease in soluble NSt, the significantly
lower NSt concentrations in faecal water of men
might be due to the higher calcium intake. A weak
but significant correlation was found between cal-
cium intake and total NSt in faecal water
(r = )0.337, P = 0.017, n = 50, Spearman). Men in-

gested more fat and, thus, more fatty acids were
precipitated by calcium in the intestine. This
hydrophobic precipitate may trap more NSt resulting
in lower concentrations of NSt in faecal water of
men. But the gender-specific differences might also
be caused by factors influencing the solubility of
NSt. Correlation analysis showed a relation between
faecal pH and the concentration of soluble NSt.
However, the faecal pH did not differ between men
and women in the present study. BA are known to
facilitate the solubility of NSt [41]. The results of the
present study show that there were neither signifi-
cant differences in faecal (insoluble plus soluble) BA
concentration nor in (soluble) BA concentration in
faecal water between men and women despite for the
monohydroxy BA LCA. Another reason might be the
concentration of other steroids, e.g. sex hormones, in
faeces and faecal water. Based on their chemical
structure, sex hormones like testosterone and estra-
diol are better soluble in water than cholesterol and
its metabolites. Serum concentrations of testosterone
in men are by approximately ten times higher
compared to serum concentrations of sex hormones
in women [2, 7, 29]. Thus, it is conceivable, that the
faecal water is more enriched with these sex steroids
in men compared to women leaving the female faecal
water to contain more cholesterol and cholesterol
metabolites.

In conclusion, the present study showed distinct
effects of calcium supplementation on faecal steroid
excretion resulting in significantly higher faecal con-
centrations of the secondary BA LCA, DCA and
12keto DCA and in a significant decrease in the faecal
water concentrations of cholesterol and nearly all its
metabolites. It has to be remarked that the calcium
intake in the placebo period was relatively high and
the observed effects might be more conclusive or
different if the calcium intake during placebo was
below 1,000 mg. To the best of our knowledge, this is
the first study that provided data for the concentra-
tions of the cholesterol metabolites coprostanone,
cholestanol, cholestanone and cholestenone in faecal
water. Our study further revealed significantly higher
concentrations of cholesterol and its metabolites in
the faecal water of women. The results indicate that
the concentrations of soluble cholesterol and choles-
terol metabolites do not affect the genotoxicity of
faecal water in healthy men and women. Nevertheless,
based on the present knowledge, the observed de-
creases in soluble NSt due to calcium supplementa-
tion may rather be advantageous.
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