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ABSTRACT: Natural bioactive supplements have been extensively studied as preventive agents. The aim of this
study was to investigate the efficacy of inulin enriched with oligofructose and Hyppocastani extractum siccum as
preventive agents of experimentally induced colon carcinogenesis in rats. Colon carcinogenesis was induced by N,N
dimethylhydrazine (DMH) in a dose of 21mg/kg body weight s.c., five times at weekly intervals. Sprague Dawley
rats (n = 45) were divided into a control group without DMH; control group with injected DMH; group receiving
inulin and injected DMH; group receiving Hyppocastani extractum siccum and injected DMH; group receiving
inulin and Hyppocastani extractum siccum and injected DMH. The beneficial effects of natural compounds were
determined by analysis of caecal parameters such as pH, composition of microflora, activity of bacterial glyco-
lytic enzymes and production of short-chain fatty acids (SCFA). The counts of coliforms were decreased in the
groups receiving inulin enriched with oligofructose (P < 0.01), Hyppocastani extractum siccum (P < 0.001) and
the combination of these supplements (P < 0.001). The counts of lactobacilli were significantly increased in all
experimental groups receiving natural compounds (P < 0.01; P < 0.001). Experimental groups receiving natural
compound alone and in combination resulted in a significant decrease in the activity of f-glucuronidase (P < 0.01;
P < 0.001). Administration of inulin and Hyppocastani extractum siccum separately significantly increased the
concentration of SCFA compared to the control group with DMH. The achieved results indicate the beneficial
effect of prebiotics and plant extracts on metabolic processes in the colon and suggest that they could exert a
preventive effect on colon carcinogenesis induced by DMH.
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Globally, colorectal cancer (CRC) is the fourth jed cancer, but the progress in the field of prevent-
most common cancer in men and the third most  ing or curing this disease has not been significant.
common cancer in women. CRC is a disease with ~ While there are chemotherapeutic drugs available
a high incidence and mortality rate and has in-  for the treatment of this disease the majority of pa-
creasing prevalence worldwide (Ferlay et al. 2007).  tients do not respond to these drugs and side effects
Therefore, it is very important to investigate various  remain problematic. Therefore, emphasis has been
prevention strategies. Colon cancer is a well-stud-  focused on a variety of clinical and basic studies of
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chemoprevention using naturally occurring dietary
substances, since they might provide useful strate-
gies to inhibit colon cancer with minimal toxicity.
Herbal-based dietary supplements contain a large
array of phytochemicals with polyphenolic con-
stituents (flavonoids) which might mediate physi-
ological functions related to cancer suppression.
Although evidence from epidemiological and ani-
mal studies suggests that increased consumption
of a plant-based diet can reduce the risk of colon
cancer, bioactive cancer preventives remain to be
identified (Steinmetz and Potter 1991; Caragay
1992). Horse chestnut (Aesculus hippocastanum)
extract is widely used in the pharmaceutical and
cosmetic industries. Aescin is the medical constitu-
ent of Aesculus hippocastanum seeds, a mixture
of triterpenoid saponin glycosides (Sirtori 2001).
A number of other products have been isolated
from chestnut seeds, i.e., coumarin derivates (aes-
culin, fraxin, scopolin), flavonoids, essential oils
(oleic acid, linoleic acid) and tanins (leucocya-
nidine, proanthocyanidin A2) (Bombardelli et al.
1996). The extract of horse chestnut shows ben-
eficial effects in the treatment of chronic venous
insufficiency, oedema and haemorrhoids and may
possess anti-inflammatory, anti-hyaluronidase, an-
ti-histamine, chemopreventive, anti-proliferative,
anti-angiogenic and apoptotic effects (Patlolla et
al. 2006; Niu et al. 2008; Mojzisova et al. 2012).
Prebiotics are food ingredients that selectively
stimulate the growth and activity of specific spe-
cies of bacteria in the gut, usually bifidobacteria
and lactobacilli, with benefits to health (Gibson
and Roberfroid 1995). For a dietary substrate to
be classified as a prebiotic, the substrate must
not be hydrolysed or absorbed in the stomach or
small intestine, but must be selectively fermented
by beneficial commensal bacteria in the colon such
as bifidobacteria. The fermentation of the substrate
should induce beneficial luminal/systemic effects
within the host (Manning and Gibson 2004). Well
established prebiotic compounds include inulin and
oligofructose or fructooligosaccharides, galactooli-
gosaccharides and lactulose. Prebiotics have been
postulated to be protective against the development
of colon cancer through a variety of mechanisms.
These include promoting a favourable colonic mi-
croflora by modifying its metabolic activities and
composition; increasing the production of short
chain fatty acids; dilution and adsorption of po-
tential faecal carcinogens; decreasing the exposure
period of colonic epithelial cells to carcinogens,
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co-carcinogens or promoters through reduction
of contact time between intraluminal contents and
the colonic mucosa; modification in bile acid me-
tabolism by binding potential carcinogens like bile
acids (Limburg and Kolars 2004; Grau et al. 2006;
Hersenyi et al. 2008; Pearson 2009).

The colonic microflora has been suggested to
have a critical role in setting the tone for a healthy
bowel including the risk of developing colorectal
cancer (O’Keefe 2008). Key physiological functions
that might be related to cancer risk include control
of epithelial cell proliferation and differentiation,
production of essential nutrients and/or bioactive
food components, prevention of overgrowth of
pathogenic organisms, and stimulation of intes-
tinal immunity (Tappenden and Deutsch 2007).
Specific strains of bacteria have been implicated in
the pathogenesis of cancer, including Bacteroides,
Clostridia and Helicobacter pylori (Nakamura
et al. 2002; Peek and Blaser 2002). Conversely,
some strains of bacteria, including Lactobacillus
acidophilus and Bifidobacterium longum, have
been shown to inhibit experimentally induced
colon tumour development (Rowland et al. 1996;
McCintosh et al. 1999). Therefore it is important
to maintain the balance between harmful and ben-
eficial bacteria and thus to influence carcinogen
bioactivation and reduce cancer risk.

MATERIAL AND METHODS

Animals and diets. Male and female four month
old Sprague Dawley rats (n = 45), (Central vi-
varium, Medical Faculty, P.J. Safarik University,
Kosice, Slovak Republic), with a mean body weight
of 335.80 + 15.20 g were housed in plastic cages
with wire tops and maintained at 22 °C + 1-2 °C,
on a 12:12 h light-dark schedule according to the
principles stipulated by Law No. 23/2009 of the
Slovak Republic for the Care and Use of Laboratory
Animals. The experiment was carried out from
May to October over six months. The rats were
randomly divided into experimental groups. Nine
rats were included in each experimental group, five
males and four females.

Group 1 (G1) = control group without applica-
tion of DMH; Group 2 (G2) = control group with
application of DMH; Group 3 (G3) = experimental
group receiving prebiotics, application of DMH;
Group 4 (G4) = experimental group receiving plant
extract, application of DMH; Group 5 (G5) = ex-
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Table 1. Composition of conventional diet

Ingredients Amount of ingredients
Dry matter 880 g/kg
Crude fat 3.5%
Nitrogenous-compounds 180 g/kg
Lysine 6 g/kg
Calcium 15 g/kg
Phosphorus 8 g/kg
Sodium 2 g/kg
Vitamin A 8000 IU/kg
Vitamin B1 4 mg/kg
Vitamin B2 4 mg/kg
Vitamin E 65 mg/kg

perimental group receiving prebiotics and plant
extract, application of DMH.

All animals were fed a conventional labora-
tory MP diet (Table 1) (Biofer, Slovak Republic).
Experimental diets and water were available ad [i-
bitum. Food intake and body weight was monitored
weekly. BeneoSynergy 1 was used as a prebiotic
in a dose 80 g/kg of feed. BeneoSynergy 1 is an
oligofructose-enriched inulin preparation. It is a
commercialized food ingredient composed of a
mixture of long-chain inulin and short-chain oligo-
fructose. The product contains 95% fructan chains
and 5% monosaccharide and disaccharide (fructose,
glucose and sucrose). Besides carbohydrates, the
product consists of 5% humidity. Hyppocastani ex-
tractum siccum (Calendula, Slovak republic) was
used as a nutritional plant supplement in a dose
40 g/kg of feed. Most of the beneficial effects of
Aesculus hippocastanum L., (Hippocastanaceae)
commonly known as horse chestnut are attributed
to its main component aescin.

Two weeks after we had started feeding animals
the experimental diet, experimental groups of rats
(G2, G3, G4, G5) were treated with N,N dimeth-
ylhydrazine (DMH, Merck Germany) in a dose of
21mg/kg b.w. s.c., five times at weekly intervals
and always at the same time of 3 p.m. Six months
after the beginning of the experiment rats were
anaesthetized i.p. using ketamine 100 mg/kg and
xylazine 15 mg/kg b.w.

Bacterial enumeration. Fresh samples of digesta
from cecum were collected; pH was measured and
then placed into sterile polyethylene Stomacher
Lab Blender bags with sterile diluents of Ringer’s
solution (9 ml) and homogenised in a Stomacher

400 Bag Mixer (France). Each digesta homogen-
ate in Ringer’s solution was serially diluted from
1072 to 1078, Dilutions were subsequently plated
on selective agar media for enumeration of tar-
get bacterial groups. Coliforms were enumer-
ated using McConkey agar (Merck, Germany)
and Lactobacillus spp. using Rogosa agar (Biocar
Diagnostics, France). Plates for lactobacilli were
then incubated at 37 °C for 48 h anaerobically.
Anaerobic incubation was achieved using a Gas
pack system (Gas Pack, USA). Plates for coliforms
were incubated aerobically at 37 °C for 24 h.
Colonies were counted and results were expressed
as the log 10 of colony-forming units per gram of
caecal digesta (CFU/g).

Microbial glycolytic activity. Microbial glycolitic
activities of a-galactosidase (a-GAL), f-galactosidase
(B-GAL), p-glucuronidase (p-GLUCUR), a-gluco-
sidase (a-GLU) and B-glucosidase (B-GLU) were
determined in the caecal digesta homogenate su-
pernatants (10 000 x g for 15 min at 4 °C), through
the rate of release of p-nitrophenol from the re-
spective p-nitrophenylglucoside substrates (5mM),
namely a-galactoside, p-galactoside, f-glucuronide,
a-glucoside and B-glucoside, via absorbance meas-
urement at 400 nm as described by Juskiewicz et al.
(2002). Enzymatic activity was expressed as pumol
product formed per min (IU) per g digesta in the
sample.

Short chain fatty acid concentration. The
levels of acetic, propionic and butyric acids were
determined from caecal digesta using capillary
isotachophoresis (ITP) as described by Kastel
et al. (2007). 1072 mol/l HCI + 2.2 x 1072 mol/l
e-aminocapronic acid + 0.1 methylhydroxyethyl-
cellulose acid (MHEC) was used as the leading
electrolyte and 5 x 107 mol/l capronic acid as the
terminating electrolyte.

Statistical analysis. The experimental data were
analysed using a two-tailed independent sample ¢-
test and multifactor analysis of variance (ANOVA).
The data are expressed as means + SD.

RESULTS

The mean body weight of the rats at the beginning
of the experiment was 335.80 + 15.20 g and at the
end of the experiment this increased to 395.30 +
26.61 g. The tendency of changes in the body weight
of the rats was similar in all experimental groups
and did not depend on the administered diet.
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Figure 1. Differences in the counts (mean + SD) of lacto-
bacilli and coliforms between control and experimental
groups expressed as the log 10 of CFU/g of faeces

G1 = control group without application of DMH

G2 = control group with application of DMH

G3 = experimental group receiving prebiotics, application
of DMH

G4 = experimental group receiving plant extract, applica-
tion of DMH

G5 = experimental group receiving prebiotics and plant
extract, application of DMH

Statistical significance: G1 and G2: not significant; G2 and
@G3, G4, G5: *P < 0.05; **P < 0.01; ***P < 0.001

Conventional microbiological techniques using
selective agar media were used to analyse counts
of coliforms and lactobacilli in caecal digesta
samples. Counts of individual bacterial popula-
tions found in experimental and control animals
are presented in Figure 1. No significant differ-
ences were observed in counts of coliforms in G1
(6.17 + 0.56 log,, CFU/g) and G2 (6.34 + 0.25 log,,
CFU/g). In the caecal digesta of animals receiving
oligofructose-enriched inulin (5.96 + 0.22 log,
CFU/g, P < 0.01), the plant extract of Aesculus
hippocastanum L. (5.45 £ 0.38 log,  CFU/g, P <
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Figure 2. Differences in pH value (mean + SD) of cecal

digesta of rats between control and experimental groups

For explanation see Figure 1
Statistical significance: G1 and G2: *P < 0.05; G2 and G3, G4,
G5: *P < 0.05; **P < 0.01; ***P < 0.001
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0.001) and in the group receiving a combination
of these compounds (5.72 + 0.37 log,, CFU/g, P <
0.001), counts of coliforms were significantly de-
creased compared to the control. In contrast to the
counts of coliforms, the counts of lactobacilli in
experimental groups significantly increased relative
to the control groups. Control groups G1 and G2
did not differ significantly in counts of lactobacilli.
On the other hand, significantly higher counts of
lactobacilli were determined in groups receiving
prebiotics (9.38 £ 0.29 log,  CFU/g, P < 0.01), plant
extract (9.53 + 0.43 log,, CFU/g, P < 0.01) and a
combination of these compounds (9.52 + 0.07 log, |
CFU/g, P < 0.001) compared to the G2.

Colonic pH (Figure 2) in control group G2 was
higher (6.53 £ 0.13, P < 0.05) than in control group
G1 (6.36 £ 0.16). The lowest pH value in caecal
digesta was observed in group G3 (6.27 + 0.29,
P < 0.05). Compared to the control group G2, the
pH value was significantly increased in group G4
(6.80+0.19, P<0.01) and G5 (6.74 + 0.9, P < 0.001).

The modulatory effect of dietary supplements on
the gut microflora may be revealed by the analysis of
bacterial glycolytic enzyme activities in the colon.
Changes in microbial glycolytic enzyme activity are
summarised in Table 2. Administration of DMH in
G2 resulted in a significant decrease in activity of
enzymes a-GAL (P < 0.01) and B-GLU (P < 0.01).
On the other hand, enzyme activity of B-GLUCUR
(non-significantly) and a-GLU (P < 0.01) increased
in G2 compared to G1. In group G3 significantly
increased a-GAL activity (P < 0.01) and decreased
B-GLUCUR (P < 0.01), B-GAL, a- and B-GLU activ-
ity (non-significant) were observed. Administration
of plant extract significantly decreased the activity
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Figure 3. Differences in concentration (mean + SD) of
short chain fatty acids (mmol/l) in cecal digesta of rats
between control and experimental groups

For explanation see Figure 1

Statistical significance: G1 and G2: **P < 0.001; G2 and G3,
G4, G5: *P < 0.05; **P < 0.01; ***P < 0.001
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Table 2. Activity of bacterial glycolytic enzymes (a-, p-galactosidase, B-glucuronidase, a-, B-glucosidase) in cecal

digesta of rats

a-GAL B-GAL B-GLUCUR a-GLU B-GLU
G1 0.21 + 0.07 0.07 + 0.02 0.28 0.1 0.08 + 0.04 0.08 + 0.02
G2 0.12 + 0.07* 0.07 + 0.04 0.38 +0.16 0.15 + 0.06" 0.04 + 0.02*
G3 0.31 + 0.13" 0.08 + 0.03 0.18 + 0.09** 0.11 + 0.06 0.03 + 0.02
G4 0.03 + 0.02"* 0.04 + 0.01 0.02 + 0.01%* 0.03 + 0.02%* 0.05 + 0.03
G5 0.05 + 0.03" 0.03 + 0.01** 0.03 + 0.01%** 0.03 + 0.01%* 0.02 + 0.01%*

G1 = control group without application of DMH; G2 = control group with application of DMH; G3 = experimental group
receiving prebiotics, application of DMH; G4 = experimental group receiving plant extract, application of DMH; G5 =
experimental group receiving prebiotics and plant extract, application of DMH

a-, B-GAL = a-, B-galactosidase; -GLUCUR = B-glucuronidase; a-, B-GLU = a-, B-glucosidase

Statistical significance: G1 and G2: # P <0.01; G2 and G3, G4, G5: *P < 0.05, **P < 0.01, ***P < 0.001

of a-GAL (P < 0.01), p-GLUCUR (P < 0.001) and
a-GLU (P < 0.001). No significant differences were
observed in the activities of p-GAL and B-GLU.
Also, the activity of bacterial glycolytic enzymes
in the group receiving the mixture of prebiotic and
plant extract was lower than in control groups.

The concentration of SCFA (Figure 3) was lower
in G2 compared to G1. Administration of prebiotics
and plant extract separately significantly increased
the concentration of SCFA but the combination
of substances resulted in a significant decrease in
SCFA compared to the G2. The highest concentra-
tion of acetic acid was measured in the group G4
(P < 0.05) and the lowest in G5 (P < 0.01). The con-
centration of propionic acid was highest in group
G3 (P < 0.001) and lowest in G5 (P < 0.05); the
concentration of butyric acid was highest in G3
(P < 0.001) and lowest in G5 (P < 0.001).

DISCUSSION

An important focus in the field of nutritional
sciences is dietary modulation of the human gut.
The human gut is intensively populated by an ar-
ray of bacterial species, which develop important
metabolic and immune functions. The presence
and metabolic activities of this specific bacterial
community play an important role in maintain-
ing the host’s overall health and well-being and
have a critical role in setting the tone for a healthy
bowel and in determining the risk of developing
colorectal cancer. Prebiotics have been postulated
to be protective against the development of colon
cancer through the production of protective me-
tabolites and enhancing the saccharolytic activity in

the colon, while reducing proteolysis. The prebiotic
concept is based on the selective stimulation of the
host’s own beneficial microflora by providing spe-
cific substrates for their growth and metabolism.
The effect is measured by using bifidobacteria or
lactobacilli as markers. Lactobacilli are believed to
maintain and restore normal intestinal balance and
play an important role in retarding colon carcino-
genesis by increasing the acidity of the gastroin-
testinal environment, destroying toxic substances
and producing antimicrobial compounds (Brady et
al. 2000; Pietro Femia et al. 2002). Several dietary
components, other than complex carbohydrates,
may also modulate the microflora of the gastro-
intestinal tract. Phytochemicals and their derived
products can also affect the intestinal ecology as a
significant part of them are not fully absorbed and
are metabolised in the liver, excreted through the
bile as glucuronides and then accumulate in the
ileal and colorectal lumen (Bazzocco et al. 2008).
It was shown that several polyphenols, such as
caffeic acid, catechin, epicatechin, coumaric acid,
phloridzin, rutin, naringenin, daidzein, genistein
and quercetin, inhibit the growth and adhesion
of bacterial pathogens to human Caco-2 cells and
enhance the proliferation and adhesion of probi-
otic bacteria L. rhamnosus (Parkar et al. 2008). The
consumption of flavonol-rich foods has been shown
to modify the composition of the gut microbiota,
exerting prebiotic-like effects (Tzonuis et al. 2008).
Tea phenolics have shown to inhibit the growth of
Bacteroides spp., Clostridium spp. (C. perfringens
and C. difficile), E. coli and Salmonella typhimu-
rium (Lee et al. 2006). Our results confirm the
above-mentioned findings in that oligofructose-
enriched inulin and horse chestnut extract were
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able to enhance the growth of lactobacilli and in-
hibit the growth of coliforms.

The activity of a-glucosidase contributes to starch
fermentation in the gut (Bielecka et al. 2002). The
activity of B-glucosidase contributes to the fermen-
tation of NSP-glucose of cellulose and B-glucan
origin. An increase in B-glucosidase activity could
potentially be regarded as beneficial to health due
to the hydrolysis products of plant glycosides, some
of which have more antimutagenic, antioxidative,
anticarcinogenic and immune stimulatory proper-
ties than the respective glycosides (Pool-Zobel et al.
2002). However, it is also possible for 3-glucosidase
to be involved in the formation of toxic aglycons
from plant glycosides. Therefore, its relevance for
animal and human health will also depend upon the
nature of dietary plant glycosides (Mountzouris et
al. 2006). a-Galactosidase contributes to the hy-
drolysis of dietary a-galactosides such as rafinose,
stachyose and other oligosaccharide components
of feedstuffs. f-Galactosidase contributes to the
hydrolysis of 3-galactosides as in the case of some
prebiotics and lactose (Djouzi and Andrieux 1997).
Bacterial a- and B-galactosidase are mainly pro-
duced by bifidobacteria and lactobacilli (Lay et al.
2004). B-Glucuronidase is an inducible enzyme
produced by anaerobic E. coli, Peptostreptococcus,
Bacteroides and Clostridia. Increased activity of this
enzyme has been implicated in increased enterohe-
patic recirculation of toxins, drugs and carcinogens,
and also B-glucuronidase hydrolyses glucuronic acid
conjugates of heterocyclic amines and forms reactive
metabolites, which can damage the colonic mucosal
cells (Humbolt et al. 2004). In our results, experi-
mentally induced carcinogenesis decreased the
activity of galactosidases and glucosidases, and in-
creased the activity of f-glucuronidase, which led to
higher amounts of toxic compounds. Supplementary
ingestion of prebiotic inulin increased the activity
of a- and B-galactosidase, which could be attrib-
uted to the increased levels of Lactobacillus spp.
and decreased levels of coliforms. Also, prebiotic
supplementation significantly decreased the faecal
activity of B-glucuronidase, a carcinogen metabolis-
ing enzyme, compared to control animals. The same
results were described by (Nalini et al. 2004; Manju
and Nalini 2006; De Preter et al. 2008). It has been
shown that some polyphenols may also influence
bacterial metabolising enzymes and thus influence
overall cancer risk. For example, administration of
resveratrol at a dose of 8 mg/kg body weight/day
intragastrically significantly reduced the activities
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of faecal and host colonic mucosal enzymes, such
as B-glucuronidase, B-glucosidase, p-galactosidase,
mucinase and nitroreductase compared to control
animals (Sengottuvelan and Nalini 2006). In this
work administration of plant extract significantly de-
creased the activity of the enzymes a-galactosidase,
B-glucuronidase and B-glucosidase. The same re-
sults were obtained in a study, in which rats were fed
with grapefruit polyphenols: the activities of bacte-
rial B-glucosidase and - and a-galactosidases were
observed to be lowest among all dietary treatments
(Zdunczyk et al. 2006). The mechanisms underly-
ing plant extract-dependent alterations in bacterial
enzymes are not currently known.

The protective effects of inulin-type fructans may
stem from higher levels of other faecal components
that are more related to cancer prevention, such
as SCFA. Short-chain fatty acids are organic ac-
ids produced within the intestinal lumen by bac-
terial fermentation of mainly undigested dietary
carbohydrates, but also in a minor part by dietary
and endogenous proteins, such as mucous, and
sloughed epithelial cells. Three main short chain
fatty acids have been determined to present in the
caecal digesta — acetic, propionic and butyric acid.
The molar ratios of acetate to propionate to bu-
tyrate varied between 48 : 29 : 23 and 70 : 15 : 15,
respectively, with mean values of approximately
60 : 20 : 20 (Topping and Clifton 2001). One of
the proposed beneficial effects of butyrate on hu-
man intestinal health is the prevention and inhibi-
tion of colon carcinogenesis. The exact underlying
mechanisms of action have not yet been clarified,
but it is considered to be because of its regulation
of gene expression, which is often attributed to its
inhibition of histone deacetylases (Gibson et al.
1999; Daly and Shirazi-Beechey 2006). However,
butyrate has other intracellular activities, including
hyper-acetylation of non-histone proteins, altera-
tion of DNA methylation, selective inhibition of
histone phosphorylation and modulation of intra-
cellular kinase signalling (Daly and Shirazi-Beechey
2006). These effects may underlie the ability of bu-
tyrate to modulate gene expression and have an
impact on key regulators of apoptosis and cell cycle
(Hinnebusch et al. 2002). Propionic acid is mainly
investigated in the context of ruminant physiology
in general, and for its role in liver physiology and
metabolism in particular. In contrast to butyrate,
the majority of the propionic acid produced in the
colon is absorbed, passes through the colonocytes
and the viscera, and drains into the portal vein.
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Around 90% of the propionic acid is metabolised
by the liver and the rest is transported into the
peripheral blood (Wong et al. 2006). Among the
specific effects of SCFAs is the lowering of cae-
cal/colonic pH, a change that is thought to protect
against undesirable changes through reducing the
bioavailability of toxic amines (Topping and Clifton
2001). In our study, increased concentrations of
SCFA were observed in the group fed with prebiot-
ics and plant extract alone. The diet with prebiotics
decreased caecal pH which is the result of increased
production of SCFA from carbohydrate fermen-
tation. The treatment with prebiotics caused the
highest increase in butyrate, a compound which
has been demonstrated to have anti-tumour ef-
fects (Bhatnagar et al. 2009). The diet with plant
extract alone and in combination with prebiotics
increased the caecal pH compared to the control
group. This was also shown in an experiment, in
which supplementation with grapefruit polyphe-
nols significantly increased the pH of caecal digesta
(Zdunczyk et al. 2006). Increased levels of SCFA
were observed in the group with plant extract alone,
but the combination of prebiotics with plant extract
had the opposite effect. The experiments reported
by Zdunczyk et al. (2006) suggested a negligible
influence of grapefruit polyphenols on the caecal
SCFA in the case of simultaneous dietary inulin
addition. However, addition of grapefruit extract to
a diet containing 5% inulin significantly decreased
the butyrate concentration.

This study demonstrates that beneficial aspects of
the consumption of prebiotics and plant extract lie
in improving colonic ecology by decreasing faecal
pH, increasing the relative proportions of lacto-
bacilli, and reducing the proportion of coliforms
in caecal digesta. However, confirmatory studies
in humans should be carried out. Furthermore,
it needs to be established whether these changes
confer a health benefit on the host.
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