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The aim of this study was to compare the effects of the mixture of Lactobacillus delbrueckii subsp. rhamnosus
strain GG, Bifidobacterium lactis Bb12, and inulin on intestinal populations of lactobacilli, bifidobacteria, and
enterobacteria in adult and elderly rats fed the same (in quality and quantity) diet. The portal plasma levels
of two neuropeptides, neuropeptide Y (NPY) and peptide YY (PYY), were also evaluated to assess the
physiological consequences of the synbiotic treatment for the gastrointestinal (GI) tracts of rats of different
ages. Adult (n � 24) and elderly (n � 24) male rats were fed the AIN-93 M maintenance diet. After 2 weeks
of adaptation, the diet of 12 rats of each age group was supplemented with 8% inulin and with strains GG and
Bb12 to provide 2.2 � 109 CFU of each strain g�1 of the diet. Blood and different regions of the GI tract were
sampled from all rats after 21 days of the treatment. Treatment with the mixture of strain GG, strain BB12,
and inulin induced significantly different changes in the numbers of lactobacilli, bifidobacteria, and entero-
bacteria of the stomach, small intestine, cecum, and colon microflora. Moreover, the GG, BB12, and inulin
mixture increased the concentrations of NPY and PYY for adult rats. For the elderly animals, the PYY
concentration was not changed, while the NPY concentration was decreased by treatment with the GG, BB12,
and inulin mixture. The results of the present study indicate that the physiological status of the GI tract, and
not just diet, has a major role in the regulation of important groups of the GI bacteria community, since even
the outcome of the dietary modification with synbiotics depends on the ages of the animals.

The composition of the gastrointestinal (GI) microflora
changes with increasing age of the host (34). These changes
involve a decrease in the number and diversity of bifidobacte-
ria and bacteroides and an increase in the number of entero-
bacteria, clostridia, streptococci, and enterococci in elderly
humans (17, 20, 51) and in older animals (5).

The age-related changes in the GI bacterial community in
elderly humans are likely related to changes in nutritional
habits, since it is well recognized that diet/dietary components
codetermine the spectrum of intestinal microflora (2, 18, 28,
33, 37). In particular, aging is associated with the decrease in
daily fiber intake (27) related to the prolongation of mastica-
tion (42), the decline in olfactorial and gustatorial sensitivity
(24), and a decrease in cognition (36). However, aging is also
associated with alterations of GI physiology and function, such
as gastric hypochlorhydria, alterations in intestinal motility,
and decreased colonic transit time (23, 31, 44). Changes in GI
tract physiology during the aging process may allow specific
bacterial populations to take advantage of novel ecological
niches, thereby altering the composition of the GI microbiota,
in turn affecting intestinal homeostasis and function (22, 28).

Pro- and prebiotics and their combination (synbiotics) have
been shown to modify the bacterial community structure in the

elderly (4). However, apart from studies on constipation and
transit time, where some reports indicate beneficial effects of
pro- and prebiotics (30, 38, 41, 49), the usefulness of such
supplements has been investigated only with healthy younger
adults or with patients with specific pathological conditions (6,
7, 50). It is likely that the net effect of pro- and prebiotics on
the composition of the GI microflora and ensuing GI function
in the elderly differs from that observed with younger adults
due to the specific status of the aged GI tract.

Therefore, the aim of this study was first to compare the
initial bacterial composition of different sections of the GI
tract with respect to lactobacilli, bifidobacteria, enterobacteria,
and total anaerobes of healthy adult and elderly conventional
rats under identical nutritional conditions and second to com-
pare the effects of a pro- and prebiotic mixture (synbiotic) on
these bacterial populations. The portal plasma levels of two
neuropeptides, neuropeptide Y (NPY) and peptide YY (PYY),
were also evaluated to assess the physiological consequences of
the synbiotic treatment on the GI tract. Circulatory NPY and
PYY display a profound inhibitory effect on gastric emptying
and acid secretion, gut motility, and exocrine pancreatic secre-
tion (52). The probiotic strains used in this study, i.e., Lacto-
bacillus delbrueckii subsp. rhamnosus strain GG and Bifidobac-
terium lactis Bb12, have previously been shown to grow in each
other’s presence in a three-stage gut model in vitro (11). The
prebiotic used in this study, Synergy 1, is a 1/1 mixture of
long-chain and short-chain fractions of inulin and has been
shown in vitro to stimulate the survival and growth of both of
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these probiotic bacteria (11). It has also been shown that the
pro- and prebiotics used in this study, when applied together
using the rat model, interact in an additive manner and are
more effective in reducing the occurrence of colon carcino-
genesis than when applied as individual components (11).

MATERIALS AND METHODS

Diets, supplements, and bacterial strains. The control diet, the AIN-93 M
synthetic meal rodent maintenance diet, was purchased from Lillico (Betch-
worth, United Kingdom). The prebiotic used was an oligofructose-enriched in-
ulin (Raftilose Synergy 1), provided by ORAFTI (Tienen, Belgium). Raftilose
Synergy 1 is a 1/1 mixture of long-chain and short-chain fractions of inulin, a
�(2-1)-fructan extracted from chicory roots (Cichorium intybus) as described
elsewhere (11). Lactobacillus delbrueckii subsp. rhamnosus strain GG and
Bifidobacterium lactis Bb12 were provided by Valio (Helsinki, Finland) and
purchased from Chr. Hansen (Horsholm, Denmark), respectively. These strains
were supplied as a freeze-dried powder that contained 1 � 1013 to 2 � 1013 CFU
g�1 in the case of GG and �5 � 1011 CFU g�1 in the case of Bb12. For the
purpose of the experiment, the concentrations of GG and Bb12 of different
batches were evaluated by dissolving 0.1 g of the powder in 10 ml of maximum
recovery diluent (MRD) (Oxoid, Basingstoke, Hampshire, United Kingdom).
Serial dilutions were prepared using the same diluent and plating them on
Rogosa agar (Oxoid) containing glacial acetic acid (1.32 ml liter�1) for lacto-
bacilli and a selective medium for bifidobacteria (BSM) (Rogosa agar containing
0.05% [wt/vol] cysteine hydrochloride [Sigma, Gillingham, United Kingdom] and
50 mg liter�1 of Mupirocin [Oxoid]) as described by Leuschner et al. (29). Plates
were incubated in the anaerobic cabinet at 37°C: Rogosa agar plates for 48 h and
BSM plates for 72 h. When the two strains were plated together (Wilkins
Chalgren agar; Oxoid), they were easily recognizable, since GG forms large
colonies, whereas those of Bb12 are pinpoints in size.

Animals and experimental protocol. All management and experimental pro-
cedures conducted during this study were performed in accordance to the United
Kingdom regulations concerning the welfare of experimental animals, i.e., Ani-
mals (Scientific Procedures) Act 1986.

Adult (6 months old; n � 24) and elderly (16 months old; n � 24) conventional
Sprague-Dawley, male rats (Harlan, United Kingdom), weighing 451 g (� 8.5) or
554 g (� 9.6), respectively, were housed individually and kept in a temperature-
controlled environment (22 � 2°C) with a 12-h light-dark cycle. All rats were fed
with AIN-93 M rodent maintenance (control) diet (4 g 100 g�1 of live body
weight 24 h�1). The daily amount of the diet (g rat�1) was estimated based on
the body weight of the rats, taken every week. After 2 weeks of adaptation, the
diet of 12 randomly chosen rats of each age was supplemented with 8% Raftilose
Synergy 1 and with GG and Bb12 to provide 2.2 � 109 CFU of each strain g�1

of the diet. The required amount of Raftilose Synergy 1, GG, and Bb12 was
mixed with the daily diet allowance for each animal. The remaining rats were fed
AIN-93 M without supplements. All rats had free access to distilled water at all
times. Food consumption was monitored daily, and body weight was monitored
weekly.

Sampling. After 21 days of the experimental treatment, food but not water was
removed for 12 h. Rats were then anesthetized with 2% (vol/vol) isoflurane
(Baxter A/S, Allerød, Denmark) in a gas mixture of O2 and NO2 (at the ratio of
2:3), and an abdominal incision was made through the linea alba into the
abdominal cavity. Blood was collected from the portal vein into chilled hepa-
rinized tubes. Blood samples were centrifuged (800 � g, 10 min, 4°C) and the
plasma frozen at �80°C for the subsequent immunoassay. The animals were then
killed by isoflurane overdose and exsanguination. At death, the stomach, two
specimens of the small intestine, i.e., a jejunal sample (10 to 20 cm from the
pylorus) and an ileal sample (10-cm segment ending 2 cm proximal to the
cecum), the cecum, and the colon were removed for isolation and enumeration
of bacteria.

Isolation and enumeration of bacteria. GI tract samples were weighed and
homogenized in diluent on ice with a Janke-Kunkel Ultra-Turrax T25 homoge-
nizer (Ascher, The Netherlands) at 20,000 rpm in MRD (Oxoid) to provide a
100-g liter�1 suspension and serially diluted to 10�8 with the same diluent.
Dilutions of the samples were then inoculated in duplicate onto selective and
nonselective agars: Columbia agar (Oxoid) containing 5% (vol/vol) defibrinated
horse blood (for total anaerobic bacteria); Rogosa agar (Oxoid) containing
glacial acetic acid (1.32 ml liter�1) (for lactobacilli); and MacConkey agar no. 3
(for enterobacteria). Plates for anaerobic incubation had been stored in an
anaerobic environment for 48 h. Two selective media were used for bifidobac-
terium enumeration: Wilkins Chalgren agar (Oxoid) containing acetic acid (1 ml

liter�1) and mupirocin (100 mg liter�1; Oxoid), as described by Rada et al. (43),
and BSM (29). Inoculated agar plates were incubated in an anaerobic cabinet
(Don Whitley Scientific, Shipley, United Kingdom) at 37°C (Columbia agar and
Rogosa agar plates for 48 h, both bifidobacterium selective medium plates for
72 h), except for MacConkey agar plates, which were incubated aerobically (at
37°C for 18 h).

The numbers of total anaerobic bacteria, lactobacilli, enterobacteria, and
bifidobacteria in the random samples of the control and experimental diets,
taken on a weekly basis, were evaluated by dissolving 1 g of the diet in 100 ml of
MRD (Oxoid). Serial dilutions were prepared by using the same diluent and
plating them in duplicate on selective and nonselective agars as described above.

Extraction of peptides from plasma and immunoassay. Plasma was acidified
with an equal amount of 1% trifluoroacetic acid (TFA) (high-performance liquid
chromatography grade; Phoenix Pharmaceuticals, Belmont, CA), mixed, and
centrifuged at 10,000 � g for 20 min at 4°C. A Sep column containing 200 mg of
C18 was equilibrated by washing with 60% acetonitrile in a 1%-TFA solution
(Phoenix Pharmaceuticals, Belmont, CA), followed by three washes with a 1%-
TFA solution. Acidified plasma was loaded onto the C18 Sep column, washed
with 1% TFA, and eluted with 60% acetonitrile in a 1%-TFA solution. The
eluent was evaporated to dryness in a centrifugal concentrator. The residue was
dissolved in enzyme immunoassay (EIA) buffer, and concentrations NPY and
PYY were measured according to the EIA protocol provided by the manufac-
turer (NPY and PYY EIA kit; Phoenix Pharmaceuticals, Belmont, CA).

Statistics. Statistical analyses were performed using the SPSS statistics pack-
age (version 11.0.1 for Windows; Woking, United Kingdom). The effects of age
and diet on bacterial counts and on the plasma concentration of PYY and NPY
were analyzed using the following model:

Yijk � � � 	i � �j � 	�ij � Uk � εijk

where Yijkl is the dependent variable, � is the overall mean, 	i is the effect of diet
(nonsupplemented versus supplemented), �j is the effect of age (6 versus 16
months), 	�ij is the interaction between diet and age, Uk is the random effect of
the animal, k � 1, . . . 12, and εijk represents the unexplained random error.

Where appropriate, the Tukey posthoc test was used to compare the dietary
effects for each of the two ages studied. The level of statistical significance was
assigned as a P value of 
0.05 in all performed analyses. Data are expressed as
mean values with standard errors.

RESULTS

Animals. All rats appeared clinically healthy throughout the
experiment. The mean food intake was 4.0 g (� 0.1 g) 100 g�1

of live body weight, and there were no differences in food
consumption between or within dietary/age groups.

Microbiological studies. Table 1 shows the counts of total
anaerobes, lactobacilli, bifidobacteria, and enterobacteria in
the stomach, jejunum, ileum, cecum, and colon in 6- and 16-
month-old rats fed a control or synbiotic-supplemented diet.

Stomach. There were no differences in the numbers of total
anaerobe, lactobacilli, and bifidobacteria in the stomach sam-
ples from 6- and 16-month-old rats.

Supplementation of the diet with synbiotics increased the
number of total anaerobes in rats of both age groups, but this
increase was significant only for 6-month-old rats (P 
 0.05).
Dietary supplementation significantly increased (P 
 0.01) the
number of bifidobacteria in 16-month-old rats but not in
6-month-old rats (P � 0.05). Neither age nor dietary supple-
mentation had any significant effect on the number of lacto-
bacilli in the stomach.

The numbers of enterobacteria in the stomachs of 16-
month-old rats were significantly lower (P 
 0.01) than those
observed for 6-month-old rats. Dietary supplementation did
not have any significant effect on the numbers of enterobacte-
ria in the stomachs of either 6- or 16-month-old rats.
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Small intestine. There were no differences in the numbers of
total anaerobes, lactobacilli, and bifidobacteria in the jejuna
and ilea of 6- or 16-month-old rats.

Supplementation of the diet with synbiotics increased the
numbers of total anaerobes in jejuna and ilea of rats of both
age groups. However, this increase was significant (P 
 0.01 for
jejunum and ileum) only in 6-month-old rats. Similarly, dietary
supplementation led to a significant increase in the numbers of
lactobacilli in jejuna (P 
 0.01) and ilea (P 
 0.05) of 6-month-
old rats, but the increase for 16-month-old rats was not signif-
icant.

Treatment with synbiotics increased the numbers of bifido-
bacteria in jejuna and ilea of rats of both ages. However, the
increase in bifidobacteria numbers in the jejuna and ilea was
significant (P 
 0.001 for both jejunum and ileum) only for
16-month-old rats.

In both jejuna and ilea, the number of enterobacteria for
16-month-old rats was significantly lower (P 
 0.01 and P 

0.001 for jejunum and ileum, respectively) than that observed
in 6-month-old rats. Furthermore, for both parts of the small
intestine, the effects of age and diet were codependent (P 

0.001 for both jejunum and ileum), and the number of entero-
bacteria was increased for 6-month-old rats, while it was de-
creased (P 
 0.05 for both jejunum and ileum) for 16-months-
old rats by the synbiotic treatment.

Large intestine. In the cecum and colon, the numbers of
total anaerobes, lactobacilli, and bifidobacteria were signifi-
cantly lower for the 16-month-old rats than for 6-month-old
rats. In the cecum and colon, supplementation of the diet with
synbiotics significantly increased the numbers of total anaer-
obes, lactobacilli, and bifidobacteria for rats of both ages (Ta-
ble 1).

In both the cecum and the colon, the numbers of enterobac-
teria for 16-month-old rats were significantly lower (P 
 0.001
and P 
 0.01 for the cecum and the colon, respectively) than
those observed for 6-months-old rats. Furthermore, for both
the cecum and the colon, the effects of age and diet were
codependent (P 
 0.01 for both cecum and colon), and the
number of enterobacteria was increased for 6-month-old rats,
while it was significantly decreased (P 
 0.001 and P 
 0.01 for
cecum and colon, respectively) for 16-month-old rats by the
synbiotic treatment.

NPY and PYY. Figure 1 shows the plasma concentrations of
NPY and PYY. NPY was significantly higher for older control
rats than for their younger counterparts. The effects of age and
dietary treatment on the plasma concentration of NPY were
codependent (P 
 0.05), and the NPY concentration for
6-month-old rats was increased (P 
 0.05), while in 16-month-
old rats it was decreased (P 
 0.05) by the synbiotic treatment
(Fig. 1a).

TABLE 1. Bacterial counts of different regions of GI tract tissue and content from 6- and 16-month-old rats fed a control or experimental diet

Organ and bacterial
group

Bacterial count (log10 CFU g�1 wet weight) by patient age and dieta

Significance (P value)
6 mo old 16 mo old

C E C E Age Diet Age � dietc

Stomach
Total anaerobes 4.9 � 0.2 5.6 � 0.2* 5.0 � 0.3 5.4 � 0.6 NSb 
0.05 NS
Lactobacilli 3.9 � 0.5 4.7 � 0.7 3.7 � 0.2 4.0 � 0.3 NS NS NS
Bifidobacteria 2.5 � 0.1 2.7 � 0.6 2.5 � 0.4 4.5 � 0.5* NS 
0.01 NS
Enterobacteria 3.9 � 0.4 4.6 � 0.5 2.2 � 0.2 2.1 � 0.3 
0.01 NS 
0.05

Jejunum
Total anaerobes 5.0 � 0.2 6.6 � 0.4* 4.3 � 0.2 5.0 � 0.4 NS 
0.001 NS
Lactobacilli 4.2 � 0.3 5.7 � 0.4* 4.0 � 0.2 4.6 � 0.4 NS 
0.01 NS
Bifidobacteria 2.9 � 0.3 3.8 � 0.4 2.0 � 0.3 4.2 � 0.6** NS 
0.001 NS
Enterobacteria 4.3 � 0.4 5.7 � 0.4 2.6 � 0.2 1.4 � 0.2* 
0.01 
0.05 
0.001

Ileum
Total anaerobes 5.1 � 0.4 6.4 � 0.4* 4.7 � 0.4 5.7 � 0.4 NS 
0.01 NS
Lactobacilli 4.5 � 0.3 5.6 � 0.3* 4.3 � 0.3 5.0 � 0.2 NS 
0.05 NS
Bifidobacteria 3.6 � 0.4 4.2 � 0.6 2.4 � 0.4 5.8 � 0.3** NS 
0.001 NS
Enterobacteria 4.8 � 0.5 5.9 � 0.7 3.3 � 0.2 1.7 � 0.2* 
0.001 
0.05 
0.001

Cecum
Total anaerobes 8.4 � 0.1 8.5 � 0.4 6.1 � 0.1 7.2 � 0.1* 
0.001 
0.05 NS
Lactobacilli 7.1 � 0.2 7.5 � 0.6 5.1 � 0.2 6.2 � 0.1* 
0.05 
0.05 NS
Bifidobacteria 5.4 � 0.3 6.6 � 0.5** 4.3 � 0.3 6.7 � 0.2** 
0.01 
0.001 NS
Enterobacteria 8.0 � 0.1 8.2 � 0.2 5.2 � 0.2 4.3 � 0.3*** 
0.001 
0.001 
0.01

Colon
Total anaerobes 8.6 � 0.2 9.1 � 0.1* 6.8 � 0.3 7.6 � 0.2** 
0.001 
0.01 NS
Lactobacilli 7.2 � 0.3 8.3 � 0.2* 4.0 � 0.2 5.4 � 0.2* 
0.001 
0.05 NS
Bifidobacteria 5.1 � 0.4 6.9 � 0.7** 4.0 � 0.4 6.5 � 0.3*** 
0.01 
0.001 NS
Enterobacteria 8.2 � 0.1 8.7 � 0.1** 4.9 � 0.1 4.3 � 0.1** 
0.01 
0.01 
0.01

a Data are presented as means with standard errors. Values marked with an asterisk are significantly different from those for the control (C) diet (AIN-93M) within
an age group at the respective gastrointestinal region (�, P 
 0.05; ��, P 
 0.01; ���, P 
 0.001). E, experimental (AIN-93M supplemented with synbiotics) diet.

b NS, not significant.
c Interaction between diet and age.
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The concentration of PYY in plasma was significantly lower
(P 
 0.05) for 16-month-old rats than with 6-month-old ani-
mals. For 6-month-old rats, but not for older animals, the
synbiotic treatment significantly increased (P 
 0.05) the plasma
concentration of PYY (Fig. 1B).

DISCUSSION

This study shows that dietary treatment with the pro- and
prebiotic mixture (synbiotic) produced age-dependent changes
in the numbers of total anaerobes, bifidobacteria, lactobacilli,
and enterobacteria in the GI tracts of rats.

The composition of these groups in the large intestine from
the elderly control rats from the present study was different
from that observed for adult animals, which has been reported
in earlier studies with both animals and humans (5, 17, 51).
Since control adult and elderly animals in the present study
consumed the same diet in quality and quantity, the results
suggest that the observed differences in microflora in the large
intestine of control rats of different ages were related to the

differences in the physiological status of animals rather than
age-related dietary changes. Furthermore, the NPY plasma
level for elderly animals from the present study was higher
than that observed for adult rats. It has been previously shown
that the frequency of NPY-containing cells increases with age
in the rat colon (47) and that the number of NPY-containing
cells is also significantly increased in constipated patients (45).
A higher level of portal plasma NPY may suggest alterations in
GI motility and transit time of digesta, since NPY has been
shown to alter the contraction of the gastrointestinal smooth
muscles (1, 48) and the GI motility pattern (12). A high NPY
level can also affect digestion due to the possible inhibition of
pancreatic enzyme secretion (21). Thus, this may suggest that
the differences in the initial composition of the GI microflora
in adult and elderly rats from the present study were related to
physiological status of the GI tract, including differences in the
GI motility and transit time of digesta.

In the present study, the 21-day supplementation of the diet
with synbiotics induced quantitative changes in specific bacte-
rial numbers in the GI tracts of both adult and elderly animals.
Since the pro- and prebiotics were fed together and a suitable
(molecular) marker was not available, it was not possible to
deduce whether the increase in intestinal lactobacilli and
bifidobacteria was due to the given probiotics or the presence
of the prebiotic inducing a stimulation of the normal popula-
tion of these groups. Changes in the composition of the GI
tract bacterial community after consumption of pro- and pre-
biotics have been well documented in both rat (8, 28, 35) and
human studies (14, 15, 26). However, results of this study show
that consumption of the equal quality and quantity of synbiot-
ics by animals of different ages produced divergent changes in
the microflora along the GI tract. In the upper part of the GI
tract, i.e., the stomach and small intestine, of the rats from the
present study, the most profound differences were observed
with regard to bifidobacteria versus lactobacilli. For the adult
rats, the number of lactobacilli was increased by synbiotic
treatment, whereas for the elderly rats, the same treatment
increased the number of bifidobacteria. In the large intestine,
the differences in the synbiotic effect were less profound. Syn-
biotics increased all anaerobic bacterium groups, regardless of
age. However, the observed increase was more evident for
adult than for elderly rats. There are numerous factors, includ-
ing local immune mechanisms, interactions between different
microbial species, the substrates supplied by the mucosa, initial
digesta transit time, pH, and the local supply of oxygen (25,
46), that could have an influence on the GI microbial compo-
sition and thus regulate the outcome of the synbiotic supple-
mentation on the GI microflora in the present study. Since
most of the changes in GI tract characteristics appear to be age
dependent, it suggests that the age of the subject may have a
significant impact on the effect of synbiotics on the GI micro-
flora composition.

There were differences between adult and elderly rats in the
responses of NPY and PYY to synbiotic treatment. Synbiotic
treatment elevated plasma PYY in adult rats, but the same
treatment did not affect portal plasma PYY in the elderly rats
from the present study. Furthermore, the portal plasma con-
centration of NPY was decreased by synbiotics for the elderly,
while it was elevated for adult animals from the present study.
For the adult rats, our results are consistent with those of

FIG. 1. Interdigestive plasma concentrations of NPY and PYY of
6- or 16-month-old rats fed a control (AIN-93 M) or experimental
(AIN-93 M supplemented with synbiotics) diet. a, d, and axd are P
values for the effect of age, diet, or the interaction between age and
diet, respectively. Values marked with an asterisk are significantly
different from those for the control diet within an age group (*, P 

0.05; **, P 
 0.01).
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previous studies (10, 13), but we are not aware of any corre-
sponding data for older animals. The results may suggest that
the outcome of dietary treatment with synbiotics depends on
the age of animals, although this would not appear to be a
consequence of age-related differences in the microflora re-
sponse to synbiotics, since there were increases in lactobacilli
and bifidobacteria for both age groups.

NPY and PYY have diverse and profound physiological
functions, including regulation of GI motility, gastric emptying,
gastric acid secretion, pancreatic secretion, and free water ab-
sorption in the jejunum and colon (3, 9, 16, 19, 30, 39, 40).
Morphological studies using a rat model have demonstrated
that the numbers of colonic cells containing NPY and PYY
increase with age (47). It has also been shown with human
subjects that the number of colonic cells containing NPY and
PYY is increased in constipated patients (45). Inhibition of GI
motility, together with an increase in the absorption of free
water due to an elevated level of both NPY and PYY, may
cause slow-transit constipation, which is especially frequent in
the elderly (32). Results from the present study suggest that
the same synbiotic supplement may exacerbate or alleviate
certain GI conditions, e.g., slow-transit constipation, due to the
initial status of the GI tract.

In conclusion, the results of the present study indicate that
the physiological status of the GI tract and not just diet has a
major role in the regulation of important groups of the GI
bacterial community, since even the outcome of the dietary
modification with synbiotics depends on the age of the animals.
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