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Sun-dried raisins are a source of dietary fibre and tartaric acid. The effects of tartaric acid on colon function have not been the focus of
extensive research. The purpose of the present study was to evaluate the effects of dietary fibre and tartaric acid from sun-dried raisins on
colon function and on faecal bile acid and short-chain fatty acid (SCFA) excretion in healthy adults. Thirteen healthy subjects were fed
120 g sun-dried raisins/d or 5 g cream of tartar (equivalent to the tartaric acid in 120 g sun-dried raisins)/d for 9 weeks, divided into 3-week
cycles. The experimental diets were fed in a crossover design after an initial control period. Faeces were collected for the last 4 d of each
cycle for analysis of SCFA and bile acids. Intestinal transit time decreased from 42h on the baseline diet to 31h on cream of tartar
(P<0:-1) and to 28 h on sun-dried raisins (P<<0-05). Faeces were softer on both sun-dried raisins and cream of tartar, but sun-dried raisins
increased faecal wet weight (P<<0-05), while cream of tartar did not. Sun-dried raisins caused significant reductions from baseline values in
total bile acid concentration (from 1-42 (sp 1-03) to 1-09 (sp 0-76) mg/g, P<0-05), whereas cream of tartar did not (1-40 (sD 1-06) mg/g).
Sun-dried raisins also significantly reduced the lithocholic (LC):deoxylithocholic acid (DC) ratio (from 1-63 (sp 0-85) to 1-09 (sp 0-50),
P<0-02), whereas cream of tartar reduced the ratio, but to a lesser extent (1-29 (sp 0-79), NS). Both faecal bile acids and the LC:DC ratio
are indicators of reduced risk for colon cancer. Sun-dried raisins increased total SCFA excretion (from 5-6 (Sp 3-4) to 7-6 (sp 3-0) g/4d,
P<0-05), which remained unchanged with cream of tartar (5-6 (SD 3-0) g/4 d). Both sun-dried raisins and cream of tartar appear to be good
stool softeners and to shorten intestinal transit time, although the fibre in sun-dried raisins has the added benefit of increasing faecal
weight. Both sun-dried raisins and cream of tartar modulate the composition of faecal bile acids and SCFA in a way that has potential

health benefits.

Sun-dried raisins: Tartaric acid: Gastrointestinal transit time: Faecal bile acids

Sun-dried raisins are a source of both soluble and insoluble
fibre (60—80 g/kg raisins) and of tartaric acid, a component
present in significant amounts in grapes and raisins in
temperate climates and in tamarinds in tropical ones
(Table 1). As tartaric acid has low solubility in water,
some of its content is lost in wine making and in grape
juice, leaving grapes and sun-dried raisins as the most
practical sources of tartaric acid.

Dietary fibre is known to improve colonic function by
modulating gastrointestinal transit time, faecal weight,
faecal acidity, faecal short-chain fatty acids (SCFA) and
faecal bile acids (Story & Furumoto, 1990; Cummings,
2001; Kobayashi & Fleming, 2001). While dietary fibre
has been studied extensively in the past 20 years, and its
beneficial effects on colonic function are well established,
tartaric acid has not been the focus of extensive research.
Unlike other fruit acids (such as malic and citric acids),
which are digested and converted to energy in the body,
tartaric acid bypasses the small intestine and is fermented

by colonic bacteria, which utilize it for the production of
SCFA, just as they use dietary fibre. The products of this
fermentation may increase the acidity of the faeces, a
characteristic observed in populations with low rates of
colon cancer (International Agency for Cancer Research,
1997).

A second result of microbial fermentation is an increase
in stool mass due to increases in microbial products and
gases (Cummings, 2001). Many studies have shown that
transit time decreases as faecal weight increases to about
200 g/d (Cummings, 2001; Spiller & Spiller, 2001a).
While the ideal transit time for human subjects has not
been established, it can be assumed that a shorter transit
time is preferable, in that this leads to wetter stools that
are easier to eliminate and hastens the elimination of carci-
nogens (Spiller & Spiller, 2001a).

The metabolism of bile acids plays a key role in
the aetiology of colon cancer. Epidemiological and experi-
mental animal studies have shown that the risk for

Abbreviations: DC, deoxycholic acid; LC, lithocholic acid; SCFA, short-chain fatty acid.
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Table 1. Tartaric acid content of common foods*

Food Tartaric acid
Sun-dried raisins (g/kg) 20-35
Grapes (fresh; g/kg) 6-9
Wine (g/1) 5-7

* Spiller & Spiller (2001b).

colon cancer increases with increased concentrations of
faecal bile acids (Hill, 1991). Dietary fibre has been
shown to decrease the concentration of bile acids in the
faecces (Hosig et al. 1996). Individual bile acids have
long been implicated as promoters of carcinogenesis
(Aries et al. 1969) and observational studies have observed
a relationship between specific ratios of bile acids, i.e.
lithocholic acid (LC):deoxycholic acid (DC), and colo-
rectal cancer risk (Owen et al. 1987). More recent work
has reported a more direct in vitro effect of bile acids on
cell proliferation as well as apoptosis, suggesting a
mechanism for their observed promotional effects in
carcinogenesis (Qiao et al. 2000, 2001).

In the present study, the effects of both sun-dried raisins
and pure tartaric acid (in the form of cream of tartar) on
indicators of colonic function and on SCFA and faecal
bile acid excretion have been tested against a control diet
free from grape products and low in fibre.

Methods
Subjects

Thirteen healthy adults (seven male and six female), 27-65
years of age (47 (SD 13) years) from the San Francisco Bay
area (CA, USA) volunteered to participate in the study. The
study protocol had been approved by an independent review
committee and was explained to each subject, who then
signed an informed consent. Participants also signed the
subject’s Bill of Rights and were told that they were free
to withdraw from the study at any time.

Study design

A randomized, controlled, crossover design was used to
compare the effects of sun-dried raisins and cream of
tartar over a 9-week period, divided into 3-week cycles.
In cycle 1 (baseline period), subjects consumed their
normal diet, with no grape products and a limited
amount of fibre. In cycle 2, seven subjects added 120 g
sun-dried raisins (three packets of approximately 42g
raisins each) and six subjects added 5g cream of tartar,
to be taken with meals (approximately equivalent to the
tartaric acid in 120 g sun-dried raisins). In cycle 3, the
sun-dried-raisin group switched to cream of tartar and
vice versa. Subjects kept a record of frequency of faecal
eliminations and ease or difficulty of expulsion. Subjects
were also asked to keep 4 d food records at the beginning
of each cycle: these were reviewed by a nutritionist to
ensure that fibre intakes were kept constant, with the
exception of the fibre added by the sun-dried raisins
in cycles 2 and 3.

Measurements

Stools were collected for the last 4d of each cycle (third
week) in containers: they were immediately frozen and
later X-rayed, weighed and homogenized for future analy-
sis. Faeces were analysed for moisture (%) and dry weight.

Intestinal transit time was measured according to the
method of Hinton er al. (1969). Transit markers, in the
form of forty radio-opaque pellets, were administered to
the subjects at 09.00 hours of the first day of faecal collec-
tions and 80 % appearance of the markers in the faeces was
taken as the transit time.

Faecal bile acids analysis was carried out by extraction of
lyophilized faeces with methanol—-chloroform (1:1, v/v) at
65°C for 4h and deconjugation of any remaining bile salts
enzymatically using 6 mg choloylglycine hydrolase with
shaking. Bile acids were then extracted with diethyl ether
and ethyl acetate after lowering pH to 1 with HCl and
further purified by elution from a Sep-Pak C;g column
(Waters Corp., Milford, MA, USA) with methanol after
pre-treating the column with water. Methanol was removed
under N, and bile acids re-dissolved in dry methanol and
methylated with concentrated HCI and dimethoxypropane.

Methylated bile acids were silylated and quantified by
GLC using a 30m DB1701 capillary column (J & W Scien-
tific, Folson, CA, USA), using 53-cholanic acid as an internal
standard (Chezem & Story, 1997). The LC:DC and cheno-
deoxycholic acid:cholic acid ratios were computed, and the
concentration of bile acids/g faecal weight was calculated.

Faecal SCFA assays were performed by GLC (Agway
Inc., Analytical Laboratory, Ithaca, NY, USA). Column
temperature was programmed from 80 to 150°C at
20°C/min. To 1g faecal homogenate, 0-1ml H3PO,
(850¢g/l) and a known amount of caprylic acid (internal
standard) were added and then extracted three times with
anhydrous diethyl ether, centrifuged, and the diethyl
ether layer transferred to a 10ml volumetric flask and
diluted to the mark with diethyl ether. A sample of
the diethyl ether extract (3 wl) was injected directly onto
the column. Calibration and calculation were made by
the internal standard method. Calibration curves were
obtained for acetic, propionic, isobutyric, butyric, isovale-
ric and valeric acids by chromatography of standard sol-
utions at five different concentrations. The calibration
curves were prepared by plotting the area ratios (weight
of active compound per weight of internal standard).

Statistical analysis

Student’s paired ¢ tests (two-tailed) were used to compare
changes in transit time, daily faecal weight, faecal moisture
(%), dry weight and SCFA. Since only a decrease in faecal
bile acid concentrations was of interest, a one-sided ¢ test
of statistical significance was used to evaluate changes
in total and individual bile acid concentrations and in the
LC:DC ratios. In order to reduce the between-subject vari-
ation, the baseline values for total bile acids, DC, LC, and
the LC:DC ratios for each subject were subtracted from
the values at the end of each dietary treatment. Results,
presented as mean values and standard deviations, were
considered significant at the P<<0-05 level.
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Results
Colonic function

Intestinal transit time decreased from 42 (sp 18) h for the
baseline period to 31 (sp 10) h for the cream-of-tartar
period (P<<0-1) and to 28 (sp 11) h for the sun-dried
raisin period (P<<0-05) (Fig. 1). The number of radio-
opaque transit pellets passed by all subjects in the first
24 h also increased for both the cream-of-tartar and the
sun-dried-raisin periods (P<<0-05) (Fig. 2). The changes in
daily faecal weight are shown in Fig. 3. Daily faecal
weight increased slightly for the cream-of-tartar period,
from 132 (sD 68) g during baseline to 142 (sp 81) g (NS).
During the sun-dried-raisin period, daily faecal weight
showed a statistically significant increase to 177 (SD 78) g
(P<0-05). The moisture in the stools (Fig. 4) increased
somewhat during the sun-dried-raisin period (79 (sp 5) %,
P<0-2) compared with baseline (76 (SD 5) %), but not
during the cream-of-tartar period (76 (SD 6) %). Similarly,
DM decreased non-significantly (P<<0-2) in the sun-dried-
raisin period (21 (sD 5) %) compared with baseline (24
(SD 5)%), but not in the cream-of-tartar period (24 (SD
6) %). The subjects’ records of bowel function showed
that stools were softer and easier to eliminate in both sun-
dried-raisin and cream-of-tartar periods.

Bile acids and short-chain fatty acids

The results of bile acids analyses are shown in Table 2.
Daily excretion of faecal bile acids was not significantly
altered by either dietary treatment. However, consumption
of sun-dried raisins did reduce the concentration of total
bile acids in the faeces (P<<0-05), whereas treatment with
cream of tartar did not. The concentration of LC was
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Fig. 1. Effect of sun-dried raisins (120g/d for 3 weeks) or tartaric
acid (5g cream of tartar/d for 3 weeks) on gastrointestinal transit
time (time (h) to excrete 80 % of radio-opaque pellets). Values are
means with standard deviations shown by vertical bars (thirteen per
group). For details of subjects and procedures, see p. 804.

significantly reduced by sun-dried raisins (P<<0-005), as
was the LC:DC ratio (P<0-02), while the concentration
of DC was reduced (NS). No change was observed in the
individual bile acids in response to cream-of-tartar feeding,
but the LC:DC ratio was reduced (P<<0-08).

The results of the SCFA analyses are shown in Table 3.
Sun-dried raisins resulted in a significant increase in total
faecal SCFA and in some individual SCFA (acetic, propio-
nic, butyric and isovaleric; P<<0-05).
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Fig. 2. Number of radio-opaque pellets excreted in the first 24 h of
each 3-week treatment period (sun-dried raisins (120 g/d) or tartaric
acid (5g cream of tartar/d)). Values are means with standard
deviations shown by vertical bars (thirteen per group). For details of
subjects and procedures, see p. 804.
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Fig. 3. Effect of sun-dried raisins (120g/d for 3 weeks) or tartaric
acid (5g cream of tartar/d for 3 weeks) on faecal weight. Values are
means with standard deviations shown by vertical bars (thirteen per
group). For details of subjects and procedures, see p. 804.

ssaud Aus1aniun abpuquied Aq auluo payslignd 996£00ZNfa/6£01°01/610"10p//:sd1y


https://doi.org/10.1079/BJN2003966

806 G. A. Spiller et al.

100 ¢ . ..
sun-dried raisins and cream of tartar are good stool
o OF softeners, but the fibre of sun-dried raisins has the added
5 8of T benefit of increasing faecal weight. It is known that an
-%’ 70E o inverse correlation exists between transit time and faecal
E ok 7 weight up to 200 g/d (Cummings, 2001; Spiller & Spiller,
8 2001a) and our current results confirm this. During the
& BOF sun-dried-raisin cycle, faecal weight increased significantly
g 40F (445 g/d) to about 180 g/d; subjects experienced a signifi-
£ 30k cant reduction in transit time (— 14 h) compared with the
8 cycle in which subjects were on their normal low-fibre
2 20 diet. Although during the cream-of-tartar cycle the changes
10F were not statistically significant, stool weight increased
0 somewhat (410g/d) and transit time showed a 9h
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Fig. 4. Effect of sun-dried raisins (120 g/d for 3 weeks) or tartaric
acid (5g cream of tartar/d for 3 weeks) on faecal moisture (%).
Values are means with standard deviations shown by vertical bars
(thirteen per group). For details of subjects and procedures, see
p. 804.

Discussion

In the present study, we tested the effects of feeding 120 g
sun-dried raisins or tartaric acid (as cream of tartar) in an
amount equivalent to that present in the sun-dried raisins,
on indicators of colonic function, as well as on the
excretion of faecal bile acids and SCFA, in healthy
adults. The results of the present study suggest that both

reduction compared with the baseline diet period,
suggesting an additive effect of the tartaric acid and the
fibre. Mechanisms by which these changes in transit time
occur are suggested by some of the remaining results.
The increase in % moisture in response to sun-dried raisins
(+3%) would soften stools and increase the rate of
passage through the intestine. However, this change was
not statistically significant and no change in moisture
was observed in response to cream of tartar, but the
reduction in transit time was similar to that observed
in response to sun-dried raisins. Faecal SCFA have
been suggested to soften stools by acting as an osmotic
agent, retaining water in faeces. Not surprisingly, since
% moisture was not increased by either treatment,

Table 2. Faecal bile acids for the baseline, cream-of-tartar and sun-dried-raisin periodst
(Mean values and standard deviations for thirteen subjects)

Baseline Cream of tartar Sun-dried raisins
Mean Mean SD Mean SD
Bile acid excretion (mg/d) 187 200 151 194 134
Bile acid concentrations (mg/g)
Total 1.42 1.03 1.40 1-06 1.09* 0-76
Deoxycholic acid 0-55 0-67 0-58 0-62 0-45 0-43
Lithocholic acid 0-70 0-36 0-61 0-33 0-45*** 0-27
Cholic acid 0-08 0-18 0-11 0-26 0-10 0-19
Chenodeoxycholic acid 0-05 0-09 0-07 0-11 0-08 0-09
Ursodeoxycholic acid 0-04 0-09 0.02 0-05 0-05 0-10
Lithocholic : deoxycholic acid ratiot 1.63 0-85 1.29 0-79 1.09** 0-50

Mean values were significantly different from those at baseline: *P<0-05, **P<0-02, ***P<0-005.

T For details of subjects and procedures, see p. 804.
$n 11: results from two subjects were excluded (outliers).

Table 3. Faecal short-chain fatty acids (SCFA) for the baseline, cream-of-tartar and sun-dried-raisin periodst
(Mean values and standard deviations for thirteen subjects)

Cream of Sun-dried
Baseline tartar raisins

Mean SD Mean SD Mean sD
Total SCFA (g/4d) 5.6 34 5.6 3.0 7-6* 3.0
Acetic acid (g/4 d) 2.8 1.8 2.9 1-6 4.0* 1.7
Propionic acid (g/4 d) 11 0-6 11 0-6 1-4* 0-6
Isobutyric acid (g/4 d) 0-13 0-05 0-13 0-04 0-15 0-04
Butyric acid (g/4 d) 2.3 2.7 2.2 2.6 2.7 36
Isovaleric acid (g/4 d) 0-12 0-04 0-12 0-07 0-16* 0-05
Valeric acid (g/4 d) 0-21 0-16 0-15 0-07 0-19 0-08

Mean values were significantly different from those at baseline: *P<0-05, **P<0-02.

1 For details of subjects and procedures, see p. 804.
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concentrations of SCFA were not changed (control
10-6 mg/g, tartaric acid 9-8mg/g, sun-dried raisins
10-7mg/g) in spite of an increase in daily output of
SCFA in the sun-dried-raisin group. The softening of
stools and improved ease of elimination reported by sub-
jects in response to both sun-dried-raisin and cream-of-
tartar treatments does not seem to be a result of any of
these common mechanisms. Changes in the microbial
population of the intestine in response to tartaric acid
and/or the dietary fibre components of sun-dried raisins
could cause the increase in faecal weight and reduction
in transit time (Stephen & Cummings, 1980).

Faecal bile acid concentration has been directly
associated with colo-rectal cancer risk for some time
(Hill, 1991). Early observations that DC and LC acted as
co-mutagenic compounds in a variety of in vitro mutageni-
city assays supported this concept (Wilpart et al. 1983;
Wilpart & Roberfroid, 1986). A more specific role of
these bile acids in the carcinogenesis process has been elu-
cidated in recent years. Studies in human colon cancer cell
lines have indicated that bile acids act as promoters of car-
cinogenesis by their action on a number of signalling path-
ways that alter both cell proliferation and apoptosis
(Martinez et al. 1998; Schlottmann et al. 2000; Qiao
et al. 2000, 2001). These results reporting a reduction in
both the concentrations of DC (although not statistically
significant) and LC indicate a positive response in terms
of reduction of a potential promoter of carcinogenesis.
Mechanistic studies in human subjects are needed to
examine and substantiate these relationships.

Epidemiological observations have suggested that the
LC:DC ratio is more predictive of colo-rectal cancer risk
than total bile acid concentration or individual bile acids
alone (Owen et al. 1987). This hypothesis has been further
supported by mutagenicity testing (Qiao et al. 2000),
although it has not been examined in the more specific sys-
tems discussed earlier. In the present study, the LC:DC
ratio was reduced to about 1-00 in response to consumption
of sun-dried raisins, and reduced somewhat by cream-of-
tartar consumption, indicating a reduced risk for develop-
ment of colo-rectal cancer. Again, further mechanistic
examination of this relationship is needed to understand
the specific nature of bile acid promotion of carcinogenesis
and the role diet can play in reducing this risk.

In conclusion, the results of the present investigation
suggest that sun-dried raisins have beneficial effects on
intestinal function that appear to be mediated by both its diet-
ary fibre and tartaric acid contents. In addition, sun-dried
raisins and tartaric acid appear to have potential benefits in
decreasing the risk for colo-rectal cancer. These beneficial
effects may be one of the reasons why grapes and raisins
have been considered healthy foods for millennia.
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