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Prebiotic and Synbiotic Effects of Lactobacillus rhamnosus
Isolated from Iraq on Intestinal Tract Microflora in Mice

Sarmad Ghazi Mohammed , Ali Ahmed Sahi , Nawfal Abdul Ameer  and Chen Fusheng1    1    1   2

Department of Food Science and Biotechnology, Agriculture College, Basrah University, Basrah, Iraq1

Food Science and Technology College, Huazhong Agricultural University,2

Wuhan 430070, HubeProvince, P.R. China

Abstract: In this study, Kunming mice were fed with galactooligosaccharide and Lactobacillus rhamnosus
which isolated in former study from breast fed healthy infants feces in Basrah province, Iraq and chose as
potential probiotic. The feed conversion efficiency and body weight of mice, contents of water and short chain
fatty acid of mice feces and intestinal tract microflora in mice, were systematically investigated. The results
revealed that the best treatment was when the mice (group f) were fed with infant formula plus
galactooligosaccharide and L. rhamnosus, that gave best feed conversion efficiency (36.49), an increasing
in Lactobacilli (9.45 cfu) and Bifidobacterium (7.35 cfu) counts and decreasing in Staphylococci (4.44 cfu)
and Coliform (5.46 cfu) counts in mice feces, decreasing fecal pH (5.92), increasing fecal water content
(69.71%) and best increasing in fecal SCFAs concentration of formic (1.066 µmol/g), acetic (24.766 µmol/g),
propionic (16.644 µmol/g) and butyric (4.842 µmol/g) after 6 weeks of assay comparing with other groups.

Key words: Kunming mice, galactooligosaccharide, Lactobacillus rhamnosus

INTRODUCTION
Consumption of foods containing live bacteria is the
oldest and still most widely used way to increase the
numbers of beneficial bacteria in the intestinal tract
(Kotikalapudi, 2009). Such bacteria now called
‘probiotics’ were defined as viable microbial food
supplements which beneficially influence the health of
the host (Schrezenmeir and De Vrese, 2001). Up to now,
probiotics have been predominantly selected from the
genera Lactobacillus and Bifidobacterium, both of which
have been extensively studied and established as
valuable native inhabitants of the (GIT) gastrointestinal
tract (Fuller, 1989; Salminen et al., 1998; Capela et al.,
2006). 
The term "prebiotics" was coined in 1995 and defined as
“non-digestible food ingredients that beneficially affect
the host by selectively stimulating the growth and/or
activity of one or a limited number of bacteria in the
colon” (Gibson and Roberfroid, 1995). Since then, a
range of prebiotic products have been developed and
many are now available on the supermarket. Although a
more recent development than probiotics, prebiotics
overcome many of the traditional limitations of
introducing food-borne bacteria into the gastrointestinal
tract.
Firstly, prebiotics are non-viable food components,
which mean that they do not encounter the problems
associated with the use of probiotic strains in foods, in
relation to microbial survival. Similarly, because the
majority of prebiotics are carbohydrates they can be
added to a much broader range of food products (e.g.
confectionary and baked foods as well as more

traditional fermented milk food products and fruit drinks).
Furthermore, prebiotics do not share the problem of
probiotic survival upon ingestion by the consumer. Acidic
conditions in the stomach coupled with digestive
secretions of the small intestine and a high degree of
microbial competition in the colon present a significant
hurdle to the colonization or even survival of introduced
probiotic strains in the gastrointestinal tract. Conversely,
prebiotics (by definition) evade the degradative
capabilities of the upper gut and reach the colon intact
(Gibson et al., 2000).
The concept of synbiotic, a combination of pre- and
probiotics components has been proposed to
characterize health enhancing foods and supplements
used as functional food ingredients in humans (Gibson
and Roberfroid, 1995). 
Health benefits associated with the ingestion of probiotic
bacteria includes: reduction in colon irritation,
constipation, traveler’s diarrhea, inhibition of the
adhesion of pathogenic genera in intestinal lumen,
synthesis of B vitamins, lowering of blood ammonia
levels, cholesterol absorption and inhibition of tumor
formation (Ziemer and Gibson, 1998). While prebiotic
ingestion has many benefits such as stimulating
carbohydrate metabolism in colonic bacteria, increasing
bacterial mass, SCFA production, source of low-calorific
sweeteners, bifidogenic effect, stool bulking/alleviation
of constipation and Improving calcium bioavailability
(Tanaka et al., 1983; Ito et al., 1990; Bouhnik et al.,
1997).
The impact of diet upon gut populations and their activity
has been illustrated effectively by an experiment where
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a collection of bacterial species which suppressed the
growth of E. coli in mice fed a refined diet, failed to exert
the same effect when an alternative diet was fed (Freter,
1988).
Xiao et al. (2009) have examined the effects of (FOS),
(GOS), (MOS) and (COS) on concentrations of cecal
SCFAs and fecal pH of mice. After 14-day treatment,
SCFA in mice cecum was significantly increased
(p<0.05) by intake of oligosaccharides, especially FOS
and GOS while fecal pH values were lower (p<0.05) in
the FOS and the GOS groups. Thus, providing these
oligosaccharides as ingredients in nutritional formulas
may benefit the gastrointestinal tract. Acetate, propionate
and butyrate concentrations ranged (30.09-47.59), (7.43-
9.04) and (2.59-6.40) µmol/g respectively.
Ramya et al. (2010) assessed the probiotic potential of
two Streptococcus thermophilus strains (RD102 and
RD104) isolated from Indian fermented milk products by
both in vitro and in vivo tests. During the in vivo feeding
trial in mice the strains showed a viable count of about
7 log cfu/g feces and 6 log cfu/g of large intestine,
respectively.
Since the effect of prebiotic and synbiotic on microbial
balance of GIT has not been fathomed nor studied in
Iraq well, this study comes to determine the effect of
prebiotic and synbiotic on gut health.

MATERIALS AND METHODS
Strain: L. rhamnosus was isolated in former study from
collecting 68 samples of feces from healthy infants aged
2-6 weeks (Basrah/Iraq), fed on their mothers' breast
milk, by using KB009-HiCarbohydrate™ Kit (Hi-media-
India) as standardized colorimetric identification system
and confirmative PCR identification.

Test animals: Thirty six Kunming male mice of 3 weeks
old, were purchased from The Center for Disease
Control of Hubei province, Wuhan, China.

Saccharide: The Galactooligosaccharide (GOS) "Tian
men Hylae inulin R&D company Ltd. (Shanghai, China),
was investigated in vivo for its effects on mice
gastrointestinal tract balance. 

Mice diet and infant formula: We bought the mice diet
from The Center for Disease Control of Hubei province
and infant formula from Chinese market and their
composition were showed in Table 1 and 2, respectively.

Feeding plan: Thirty six mice were divided into 6 groups
and fed for 6 weeks, each group has 6 mice as below:
A.  Mice diet as a control
B.  Mice diet + 5% GOS
C.  Mice diet + 5% GOS + L. rhamnosus
D.  Infant formula as a control 
E.  Infant formula + 5% GOS
F.  Infant formula + 5% GOS + L. rhamnosus

Table 1: Mice diet composition
Ingredients Content % (dry weight)
Soybean meal 50
Soy oil 6
Com. starch 36
Cellulose 1
Vitamin mixture 6
Mineral mixture 1

Table 2: Energy and nutritional ingredient content of infant
formula

Composition Per 100 g of prepared formula
Energy 497.00 kcal
Carbohydrate 56.30 g
Fat 24.00 g
Protein 13.70 g
Minerals (Ash) 3.00 g
Moisture 3.00 g
Vitamin A 1242.50 I.U
Vitamin E 6.00 I.U
Vitamin D3 300.00 I.U
Calcium 518.00 mg
Potassium 661.00 mg
Chloride 398.00 mg
Phosphorous 386.00 mg
Magnesium 53.00 mg
Sodium 186.00 mg
Iron 5.00 mg
Zink 2.49 mg
Vitamin B1 0.30 mg
Vitamin B2 0.79 mg
Vitamin B6 0.37 mg
Pantothenic acid 1.51 mg
Vitamin B12 1.10 µg
Biotin 17.00 µg
Folic acid 45.00 µg

Mice (3 weeks old) were used in this study, chosen with
weights (15-20) g, housed under controlled
circumstances (temperature 18-22EC, humidity 60-65%,
lights on from 6:00 to 18:00) with wood shaving as a
ground and gave for all mice 14 days as acclimatization
to environment before test beginning. After
acclimatization, all the mice were weighed and randomly
assigned to 6 groups of 6 mice and fed with 6 different
diets. The composition of mice diet and infant formula
are shown in Table 1 and 2, respectively. Feed and
water were available throughout this study. 

Treatment of bacteria prior to oral injection: L.
rhamnosus was propagated in MRS broth (Beijing land
bridge Technology Co., Ltd. China) overnight in
anaerobic jar at 37 C, then harvested by centrifugationo

(10,000 x g, for 10 min) at 4 C and washed twice witho

phosphate buffer saline (Oxiod, Australia). 
The optical density of the bacterial suspensions at 600
nm was adjusted with PBS to 0.5±0.02 giving a count
that varied between 10  and 10  cfu/ml. then6  8

administrated 1 ml/d for each mouse in group C and F
(Rowaida et al., 2007).



Feed int ake (g)
Food conversion efficiency

Weight gained (g)
=

Wwet Wdry
Fecal water content (%) x 100

Wwet
−

=

Pak. J. Nutr., 10 (5): 433-442, 2011

435

Body weight and food conversion efficiency: Body al. (1997a,b) with modification. One gram of
weight of each mouse was assessed every week by homogenized feces sample was dissolved in 4 ml
using a sensitive balance (Adventurer, OHAUS, USA) methanol (Sinopharm chemical reagent Co. Ltd., China).
during the study period. The mixture was centrifuged at 13,500 rpm, at 4 C for 15
Food weight of each treatment was assessed daily min. The supernatant was transferred and subjected to
(weekly average) using sensitive balance during study SCFA (formic, acetic, propionic and butyric) analysis.
period. Food conversion efficiency calculated according FFAP 35 m x 0.25 mm I.D. x 0.33 µm column was used
to the equation below (Makni et al., 2008). on a Gas Chromatography (9790, China).

for each treatment.

Bacterial enumeration of mice feces: Feces samples
from mice were collected to determine Lactobacilli,
Bifidobacterium, Staphylococci and Coliform counts
after 0, 2, 4 and 6 weeks. Feces samples were directly
transferred into sterile tubes and kept at 4 C. One gramo

of each sample was 10-fold serially diluted (10  to 10 )-2  -12

in 0.15% sterile peptone water diluents (Oxoid,
Australia). 
Enumeration was carried out using the pour plate
technique. Anaerobic jar was used for creating
anaerobic condition for Lactobacilli and Bifidobacterium.
Bacterial count was performed on MRS-agar for
lactobacilli, Beerens agar (Oxoid, Australia) for
bifidobacteria, mannitol salt agar (Beijing land bridge
technology co., ltd) for staphylococci and MacConkey
agar (Beijing land bridge technology co., ltd) for coliform.
Plates containing 30 to 300 colonies were enumerated
and recorded as log10 colony forming units (cfu) per
gram of mice feces.

Determination of water contents, pH and fecal short
chain fatty acid in mice feces
Fecal water content: The water content of feces
samples was measured using a drying oven (105 C, 24o

h). Fecal water content (%) was calculated according to
the equation: 

Where Wwet and Wdry are the weight of the fecal
sample before and after drying in the oven (Do Kyung et
al., 2009).

pH: Feces samples were diluted in distilled water (1:4,
w/v) and homogenized with pipette tips. Feces pH was
determined using pH meter (AOAC, 1990).

Short Chain Fatty Acid (SCFA): Feces samples from
mice were collected after 0 and 6 weeks and stored at
freezer. They were thawed and then processed to
determine fecal SCFA by gas chromatography. The
SCFA analysis was carried out according to Campbell et

o

Nitrogen was used as the carrier gas with the flow rate
of 12 cm/sec. Oven temperature program was
isothermal at 60 C Hold 1 min and romped to 90 C ato        o

5 C/min and further to 200 C at 10 C/min and lastly holdo     o   o

on 200 C for 1 min to flush out all the impurities.o

Injection temperature was 240 C, FID temperature waso

240 C, Injection volume was 0.1 µL. Formic, acetic,o

propionic and butyric acid were analytical grade (>97%),
were obtained from Shanghai chemical pharmacy
company (Shanghai, China). The fecal short-chain fatty
acids concentrations were determinated at weeks 0 and
6 respectively.

Statistical analysis: Data obtained for given parameters
were statistically analyzed through General Linear Model
(GLM) technique using SPSS, (1998) statistical software
to compare the means.

RESULTS AND DISCUSSION
Mice weekly weight: All mice were generally healthy
throughout the feeding trial period. Mice body weights
were measured weekly starting from week 0 till week 6
as shown in Table 3. Although no significant differences
(p<0.05) among the 6 groups in final body weight, body
weight showed a tendency to increase especially in
groups D, E and F comparing with groups A, B and C.
This means that the weights of all mice are increasing
weekly, all of mice were healthy and there were no side
effect of any group that may affect on the use of prebiotic
or synbiotic. These results were in agreement with David
et al. (1998); Ichiro et al. (2004); Liong and Shah (2006)
and in contrary with Do Kyung et al. (2009).
The increasing of weight for groups D, E and F may be
attributed to the rich formula of infants with many
nutrients that may affected on increasing of the weight of
these groups comparing with groups A,B and C that fed
on mice diet supplemented with prebiotic or synbiotic. 

Weekly feed intake: Table 4 shows the weekly feed
intake of 6 groups for 6 weeks. The results illustrate that
the control groups A and D required too much diet during
6 weeks to gain their final weights comparing with
groups B, C, E and F which required lower diet to gain
nearly the same weight. 
It appears that GOS had a tendency to increase body
weight gain and initiate a decrease in food intake as
compared with the control groups (A and D). This
decrease of feed intake and nutritional efficiency was
observed by feeding indigestible polysaccharides to rats
(Ikegamsi et al., 1983).
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Table 3: Mice weekly weight (Values presented as summation for
6 mice for each group)

Groups and weights (g)
------------------------------------------------------------------------------

Weeks A B C D E F
0 170.75 170.3 175.24 167.85 176.3 177.30
1 182.95 176.3 179.00 176.30 186.2 182.69
2 189.20 180.7 185.70 187.94 198.3 188.96
3 194.65 189.1 190.84 197.36 207.8 196.88
4 201.61 193.6 197.48 209.31 213.0 208.57
5 208.02 205.3 203.73 217.22 221.6 215.93
6 216.90 209.4 209.79 222.95 226.3 221.00

Table 4: Consumed food (g) by mice
Treatments
-------------------------------------------------------------------------------

Weeks A B C D E F
1 398.57 240.00 155.19 280.96 304.06 210.21
2 252.58 169.14 249.57 373.10 380.34 213.80
3 260.50 296.39 166.84 333.27 328.68 254.86
4 299.22 163.74 225.52 430.31 185.34 388.62
5 278.92 388.78 216.12 337.04 289.16 229.70
6 365.29 152.55 204.04 233.15 164.94 158.79
Sum 1855.10 1410.60 1217.30 1987.80 1652.50 1456.00

Fig. 1: Feed Conversion Efficiency (FCE) of mice groups

Feed Conversion Efficiency (FCE): In animal husbandry,
Feed Conversion Ratio (FCR), feed conversion rate, or
Feed Conversion Efficiency (FCE) is a measure of
animal's efficiency in converting feed mass into
increased body mass. There are no measurement units
associated with FCE. Animals that have a low FCE are
considered efficient users of feed (Brown et al., 2001).
The results shown in Fig. 1 illustrate that the feed
conversion efficiency at week 1 was 32.66, 40, 41. 27,
33.24, 30.62 and 39 for groups A-F respectively. This
ratio increased for control groups A and D during 2, 3, 4,
5 week and reached at week 6 to 41.13 and 40.68
respectively. While this ratio decreased for groups B, C,
E and F during 2, 3, 4, 5 week and reached at week 6 to
37.2, 33.66, 35.01 and 31.31 respectively. This means,
synbiotic group (F) was the best feed conversion ratio
followed by synbiotic group (C), prebiotic group (E) and
prebiotic group (B) respectively. In general, study results

in agreement with Bruzzese et al. (2006) who reported
that synbiotic and prebiotic groups had a favorable
influence on the small bowel by improving sugar
digestion and absorption, glucose and lipid metabolism.
It means increasing the ability of absorbing the nutrients
inside the gut through increasing the digestibility and
absorbability. 

Lactobacilli, Bifidobacterium, Staphylococci and
Coliform counts of mice feces: Fig. 2 shows bacterial
counts of Lactobacilli, Bifidobacterium, Staphylococci
and Coliform.
Lactobacilli at week 0 ranged 7.53, 7.74, 7.94, 7.88, 7.51
and 8.02 log cfu/g of mice feces in groups (A-F)
respectively with significant differences (p<0.05) for C, D
and F groups comparing with A, B and E. the increasing
of Lactobacilli was significant (p<0.05) in B, C, E and F
groups after 2, 4 and 6 weeks of assay comparing with
control groups A and D. After 6 weeks Lactobacilli
ranged 8.95, 9.26, 9.20 and 9.45 log cfu/g for B, C, E and
F groups respectively while no significant increase
(p>0.05) was noticed in control groups A and D at the
end of assay and the counts of Lactobacilli were 7.57
and 7.92 log cfu/g respectively.
The best group in Lactobacilli counts was F followed by
C with significant differences (p<0.05) followed by B and
E respectively with no significant differences (p>0.05).
Bifidobacterium counts at week 0 were 5.97, 5.93, 5.74,
5.69, 5.90 and 5.87 log cfu/g for groups (A-F) respectively
with no significant differences (p>0.05) among A, B, E
and F groups comparing with C and D groups.
Bifidobacterium increased significantly (p<0.05) during
2, 4 and 6 weeks in B, C, E and F groups comparing with
control groups A and D. Bifidobacteria counts after 6
weeks were 6.49, 6.92, 6.83 and 7.35 log cfu/g for B, C,
E and F groups respectively while no significant (p>0.05)
and slow increase was noticed in control groups A and
D at the end of assay and Bifidobacterium counts were
6.00 and 5.74 log cfu/g respectively. The best group in
Bifidobacterium counts was F with significant
differences (p<0.05) followed by E, C and B respectively
with no significant differences. 
Staphylococci counts were 5.46, 5.59, 5.60, 5.51, 5.56
and 5.64 log cfu/g at week 0 for the groups (A-F)
respectively with no significant differences (p>0.05)
among (B-F) groups comparing with group A.
Staphylococci counts were decreased significantly
(p<0.05) in B, C, E and F groups after 2, 4 and 6 weeks
of assay comparing with control groups A and D. After 6
weeks Staphylococci ranged 4.90, 4.63, 4.61 and 4.44
log cfu/g for B, C, E and F groups respectively while a
slightly increase in control groups A and D at the end of
assay was noticed and counts of Staphylococci were
5.47 and 5.56 log cfu/g respectively.
The lowest group in Staphylococci counts was F and E
with significant differences (p<0.05) comparing with
groups C and B respectively.
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Fig. 2: Lactobacilli, Bifidobacterium, Staphylococci and Coliform counts of mice feces after 0, 2, 4 and 6 weeks

Coliform counts were 6.91, 6.65, 6.55, 6.50, 6.84 and et al. (2004); Silvia et al. (2005); Liong and Shah (2006);
6.68 log cfu/g at week 0 for the groups (A-F) respectively
with significant differences (p<0.05) for A and E groups
comparing with F, B, C and D respectively.
Coliform counts were decreased significantly (p<0.05) in
C, E and F groups after 2, 4 and 6 weeks of assay
comparing with group B and control groups A and D
despite the decreasing in group B. After 6 weeks,
Coliform counts were 6.32, 5.75, 6.29 and 5.46 log cfu/g
for B, C, E and F groups respectively while slightly
increase was noticed in control groups A and D at the
end of assay and coliform numbers were 6.92 and 6.62
log cfu/g respectively. The best group in decreasing
Coliform counts was F followed by C with significant
differences comparing with groups E and B respectively.
In general, F was the best group followed by C, E and B
respectively. An increase in the concentration of lactic
acid bacteria in the feces of the mice was observed after
the consumption of mice diet and infants formula
supplemented with prebiotic (E and B groups), further
increase happened by consumption of mice diet and
infants formula supplemented with synbiotic (F and C
groups) comparing with control groups (A and D). In
return the decreasing in concentrations of pathogenic
bacteria was wide in groups (F and C) followed by
groups (E and B) comparing with control groups (A and
C). 
These results were agreed with Tanaka et al. (1983);
Mutai and Tanaka (1987); Ito et al. (1990); Rowland and
Tanaka (1993); Moro et al. (2002); Ichiro et al. (2004); Liu

Monique and Jan (2006); Delphine et al. (2008) and Xiao
et al. (2009) who reported same results.
In contrary with Alles et al. (1999) who found that
ingestion of GOS at either 7.5 g/day or 15 g/day for a 3
week period had a little effect upon numbers of fecal
bacteria or fecal microbial metabolites. Kullen et al.
(1998) who showed that the cecal population of
Bifidobacteria was not altered significantly by feeding
2% FOS to rats.
Prebiotic carbohydrates are, by definition, metabolized
only by selected members of the gastrointestinal tract.
Accordingly, these sugars have the ability to influence
the population of the gastrointestinal tract due to their
selective utilization. Organisms that rapidly ferment
prebiotic sugars are enriched, presumably at the
expense of those that do not. The effectiveness of a
prebiotic depends, therefore on its ability to be
selectively fermented by and to support growth of
specific targeted organisms.
It is well known that some LAB are able to produce
bacteriocins which have a broad spectrum of activity and
the inhibitory effect shown by L. rhamnosus may be due
to the presence of bacteriocins or metabolites similar to
bacteriocins. Anti-pathogenic effects of SCFA, as the
major end products of fermentation, decrease intestinal
pH, which prevents colonization of pathogenic bacteria
and stimulates health promoting bacteria (Swennen et
al., 2006). Because many intestinal pathogens and
putrefactive bacteria prefer a neutral pH (Wang and
Gibson, 1993; Marteau et al.,1990).
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Lactobacilli have been reported to inhibit the binding of
enteropathogenic E. coli to intestinal cells (Bernet et al.,
1994) and the survival of Lactobacilli in the intestinal
tract attributed to their adhesion ability (Jacobsen et al.,
1999). Although most inhibition of pathogenic bacteria
has been contributed by a decrease in intestinal pH
(Swanson et al., 2002).
The increased amounts of acetic and lactic acids
produced by the fermentation of prebiotics by lactic acid Fig. 3: Mice fecal pH after 0, 2, 4 and 6 weeks
bacteria will decrease the pH in the large intestine and
provide a better gut environment for Bifidobacteria and
Lactobacilli bacteria. The decreased pH may suppress
the growth of pathogenic bacteria like E. coli and thereby
the incidence of diarrhea may be reduced (Gabert and
Sauer, 1994).
In generally, GOS acts as a fuel for predominance of LAB
that utilize it. Because GOS works as growing factor for
LAB comparing with pathogenic bacteria that can't utilize
GOS. Adding activated L. rhamnosus makes the balance
goes towards increase of the beneficial bacteria upon
pathogenic bacteria, due to the decreasing of gut pH by
producing SCFA, lactic acid, bacteriocins and
bacteriocins like products. In addition to the adhesion
ability of LAB comparing to pathogenic bacteria, all of
that make prebiotic and synbiotic effective to use in
changing gut balance towards the beneficial bacteria. 

Mice fecal pH: Figure 3 shows that fecal pH values at
week 0 was 7.81, 7.63, 7.51, 7.76, 7.48 and 7.49 for
groups A-F respectively. After 2 and 4 weeks fecal pH
values increased slightly and reached 7.83 and 7.81
after 6 weeks in control groups A and D respectively. 
In group B, C, E and F fecal pH values were decreased
dramatically after 2, 4 and 6 weeks and reached 6.22,
6.05, 6.12 and 5.92 respectively.
More decreasing group in their fecal pH values was F
with significant differences (p<0.05) followed by C, E and
B respectively. These results in agreement with
Rowland and Tanaka (1993); Chonan and Watanuki,
(1995, 1996); Moro et al. (2002); Astrid et al. (2005);
Liong and Shah (2006); Dar´io et al. (2007) and Xiao et
al. (2009) who reported decreasing in fecal pH through
the feeding of prebiotic and synbiotic.
The actual production of SCFA in the colon may be
reflected by fecal pH (Cummings and Englyst, 1987).
Since short chain fatty acids are not only absorbed in the
large intestine and subsequently utilized as an energy
source, but also lower pH in the intestine lumen. The
lower pH prevents enteric colonization of potentially
pathogenic bacteria and growth of putrefactive bacteria
(Gibson and Roberfroid, 1995).
The reduction of fecal pH in groups F, C, E and B was
due to increase of SCFA produced from GOS utilization
by LAB and the increase of LAB counts, might increase
productions of lactic acid and other substances that be a consequence of the higher SCFAs concentrations
decrease the pH.

Fig. 4: Moisture content of mice feces after 0, 2, 4 and 6
weeks

The present results indicated that the fecal pH was
reduced by feeding the GOS diets. The fecal pH tended
to be reduced more by feeding synbiotic comparing with
prebiotic and the control diet.

Mice fecal moisture: Figure 4 illustrates mice fecal
moisture content after 0, 2, 4 and 6 weeks. At week 0 the
mice fecal moisture content was 66.42, 66.54, 65.98, 67,
67.36 and 66.9% for groups A-F respectively. It
decreased significantly (p<0.05) in control groups A and
D after 2, 4 and 6 weeks and reached to 66.1 and
66.52% respectively while in groups B, C, E and F it
increased significantly (p<0.05) after 2, 4 and 6 weeks
and reached to 68.2, 68.66, 69.13 and 69.71%
respectively. These results were in agreement with
Gibson et al. (1995); David et al. (1998) and Liong and
Shah (2006) who reported increasing in fecal moisture
content through the feeding of prebiotic and synbiotic.
Mul and Perry (1994) showed that high levels of dietary
FOS fed to weaned pigs will stimulate fermentation in
the large intestine. This may increase the passage rate
of digesta, which, in turn, might lead to soft feces.
Study results showed that the prebiotic and synbiotic
diets contributed to higher fecal moisture compared with
the control diet.
Tsuchihashi et al. (1988); Djouzi and Andrieux (1997)
reported, that GOS diet has a bulking up effect on
intestinal lumen due to its low absorbability, because
GOS are not hydrolyzed by digestive enzymes. 
The fact that, in this study, the parameter related to the
water content of the feces volume, obtained significantly
better values in the prebiotic and synbiotic groups may

in the participants belonging to these groups.
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Fig. 5: SCFA (µmol/g) of mice feces after 0 and 6 weeks

Short chain fatty acid of mice feces: Figure 5 shows
that formic acid concentrations at week 0 were 0.605,
0.901, 0.783, 1.185, 0.536 and 0.166 (µmol/g of mice
feces) in groups A-F respectively.
Acetic acid concentrations at week 0 were 18.656,
15.347, 10.765, 19.426, 16.273 and 18.275 (µmol/g of
mice feces) in groups A-F respectively.
Propionic acid concentrations at week 0 were 8.346,
8.444, 9.217, 9.642, 10.732 and 7.633 (µmol/g of mice
feces) in groups A-F respectively.
Butyric acid concentrations at week 0 were 3.678, 4.218,
4.266, 3.783, 4.038 and 3.32 (µmol/g of mice feces) in
groups A-F respectively.
At week 6 formic acid increased significantly (p<0.05) in
groups B, C, E and F to reach 1.181, 1.091, 1.141 and
1.066 (µmol/g of mice feces) respectively while
decreased significantly in control groups A to 0.452
(µmol/g of mice feces) and decreased non significantly
(p>0.05) in control group D to 1.163 (µmol/g of mice
feces).
Acetic acid concentrations increased significantly
(p<0.05) at week 6 for groups B, C, E and F to 17.737,
19.899, 18.048, 24.766 (µmol/g of mice feces) while it
decreased significantly (p<0.05) in control groups A and
D to 18.338 and 13.930 (µmol/g of mice feces)
respectively.
Propionic acid concentrations increased significantly
(p<0.05) at week 6 for groups B, C, E and F to 11.025,
16.174, 13.079, 16.644 (µmol/g of mice feces) while it
decreased significantly (p<0.05) in control groups A to
7.035 (µmol/g of mice feces) and decreased non
significantly (p>0.05) in control group D to 9.685 (µmol/g
of mice feces).
Butyric acid concentrations increased significantly at
week 6 for groups B, C, E and F to 4.847, 4.884, 4.408,
4.842 (µmol/g of mice feces), while it decreased
significantly (p<0.05) in control groups A to 2.942
(µmol/g of mice feces) and non significantly (p>0.05) in
control group D to 3.836 (µmol/g of mice feces).

The best group in increasing formic acid concentration
was F followed by E, C and B respectively. Best group in
increasing acetic acid concentration was C followed by
F, B and E respectively. The best group in increasing
propionic acid concentration was F followed by C, B and
E respectively. Best group in increasing butyric acid
concentration was F followed by B, C and E respectively.
In totally Group F was the best in increasing SCFA
followed by C, E and B. This means synbiotic groups F
and C were the best at all followed by prebiotic groups
B and E. 
The increase in SCFA is in agreement with many
authors who found increasing in SCFA concentrations in
cecal and fecal samples after the feeding on GOS or
synbiotic such as Ichiro et al. (2004); Tzortzis et al.
(2004); Michelle et al. (2007) and Xiao et al. (2009).
In contrary with the finding of Alles et al. (1999), Yap et al.
(2005) and Liong and Shah (2006) who reported
decreasing in SCFA concentrations after feeding on
GOS or synbiotic.
SCFA such as acetic, propionic and butyric acids are the
principal products of fermentation, through their
absorption and metabolism, the host is able to salvage
energy from food that is indigestible in the upper
intestine (Topping and Clifton, 2001).
The fecal concentration of SCFA, a parameter related to
the fermentation of some carbohydrates by lactic acid
bacteria and other gut bacteria, was higher in the
synbiotic groups (F and C) followed by prebiotic (E and
B) groups when compared to the control groups (D and
A). SCFA are the main energy source for colonocytes
and contribute to several gut functions including
carbohydrate and lipid metabolism, control of the colonic
pH, maintenance of the integrity of the colonic mucosa,
intestinal motility or absorption (Yajima, 1985;
Robertfroid et al., 1995; Mortensen and Clausen, 1996).
This study demonstrated that the oral administration of
local strain of probiotic L. rhamnosus and GOS, was well
tolerated and exerts a beneficial effect on the bowel
function. The addition of L. rhamnosus affected the
production of SCFA comparing with GOS alone. This
suggests that the bacterial addition was present in the
fermentation.
The present study has shown that oligosaccharide
demonstrated potentially prebiotic properties (i.e.
increase SCFA concentrations), the prebiotic effect was
further magnified by the addition of L. rhamnosus. 
In vitro pure culture studies have shown that GOS are
readily utilized by Bifidobacteria and Lactobacilli (Tanaka
et al., 1983). So when L. rhamnosus accompanied to
GOS could create a good environment inside the gut that
would encouraged fermentation to shift from proteolytic
(putrefaction) to a more saccharolytic colon physiology
which enhanced pH decreasing. 
pH decreasing with increasing SCFA production that
produced by utilization of GOS will provide a suitable
environment to make beneficial bacteria predominant
upon pathogenic bacteria. 
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SCFA, as the major end products of fermentation, may Capela, P., T.K.C. Hay and N.P. Shah, 2006. Effect of
decrease intestinal pH, which may prevent colonization
of pathogenic bacteria and may stimulate health
promoting bacteria (Swennen et al., 2006).

Conclusion: The consumption of infants formula +
synbiotic (group F) by mice gave the best results dealing
with increasing Lactobacilli and Bifidobacterium counts
and decreasing Staphylococci and Coliform counts,
decreasing fecal pH, increasing fecal moisture and
increasing in SCFA concentration.

REFERENCES
Alles, M.S., R. Hartemink, S. Meyboom, J.L. Harryvan,

K.M. van Laere, F.M. Nagengast and J.G. Hautvast,
1999. Effect of transgalactooligosaccharides on the
composition of the human intestinal microflora and
on putative risk marker for colon cancer. Am. J. Clin.
Nutr., 69: 980-991.

AOAC, 1990. Official Methods of Analysis. 15th Edn.,
Association of Official Analytical Chemists,
Washington, DC., USA., pp: 200-210.

Astrid Bakker-Zierikzee, M., S. Martine Alles, Jan Knol, J.
Frans Kok, J.M. Jules Tolboom and G. Jacques
Bindels, 2005. Effects of infant formula containing a
mixture of galacto- and fructooligosaccharides or
viable Bifidobacterium animalis on the intestinal
microflora during the first 4 months of life. Br. J.
Nutr., 94: 783-790.

Bernet, M.F., D. Brassart, J.R. Neesar and A.L. Servin,
1994. Lactobacillus acidophilus LA 1 binds to
cultured human intestinal cell lines and inhibits cell
attachment and cell invasion by enterovirulent
bacteria. Gut, 35: 483-489.

Bouhnik, Y., B. Flourie, L. D’Agay-Abensour, P. Pochart,
G. Gramet and M. Durand, 1997. Administration of
transgalacto-oligosaccharides increases fecal
bifidobacteria and modifies colonic fermentation
metabolism in healthy humans. J. Nutr., 127: 444-
448.

Brown, L., R. Hindmarsh and R. Mcgregor, 2001.
Dynamic Agriculture Book Three (2nd Edn.).
McGraw-Hill Book Company, Sydney.

Bruzzese, E., M. Volpicelli, M. Squaglia, A. Tartaglione
and A. Guarino, 2006. Impact of prebiotics on
human health. Digest. Liver Dis., 38: S283-S287.

Campbell, J.M., L.L. Bauer, G.C. Fahey Jr., A.J.C.L.
Hogarth, B.W. Wolf and D.E. Hunter, 1997a.
‘Selected fructooligosaccharide (1-ketose, nystose
and 1F-$-fructofuranosylnystose) composition of
foods and feed. J. Agric. Food Chem., 45: 3076-
3082.

Campbell, J.M., G.C. Fahey and B.W. Wolf, 1997b.
Selected indigestible oligosaccharides affect large
bowel mass and fecal short-chain fatty acids, pH
and microflora in rats. J. Nutr., 127: 130-136.

cryoprotectants, prebiotics and microencapsulation
on survival of probiotic organisms in yoghurt and
freezedried yoghurt. Food Res. Int., 39: 203-211.

Chonan, O. and M. Watanuki, 1995. Effect of galacto-
oligosaccharides on calcium absorption in rats. J.
Nutr. Sci. Vitaminol., 41: 95-104.

Chonan, O. and M. Watanuki, 1996. The effect of 6’-
galacto-oligosaccharides on bone mineralization of
rats adapted to different levels of dietary calcium. Int.
J. Vitamin Nutr. Res., 66: 244-249.

Cummings, J.H. and H.N. Englyst, 1987. Fermentation
in the human large intestine and the available
substrates. Am. J. Clin. Nutr., 45: 1243-1255.

Dar´io Pe´rez-Conesa, Gine´s Lo´pez and Gaspar Ros,
2007. Effects of probiotic, prebiotic and synbiotic
follow-up infant formulas on large intestine
morphology and bone mineralisation in rats. J. Sci.
Food Agric., 87: 1059-1068.

David Jenkins, J.A., Vladimir Vuksan, W.C. Cyril Kendall,
Pierre Wu¨rsch, Roger Jeffcoat, Susan Waring, C.
Christine Mehling, R.D. Edward Vidgen, S.A. Livia
Augustin and Evelyn Wong, 1998. Physiological
effects of resistant starches on fecal bulk, short
chain fatty acids, blood lipids and glycemic index. J.
Am. Coll. Nutr., 17: 609-616.

Delphine Saulnier, M.A., R. Glenn Gibson and Sofia
Kolida, 2008. In vitro effects of selected synbiotics
on the human faecal microbiota composition.
Federation Eur. Microbiol. Soc., 66: 516-527.

Djouzi, Z. and C. Andrieux, 1997. Compared effects of
three oligosaccharides on metabolism of intestinal
microflora in rats inoculated with a human fecal
flora. Br. J. Nutr., 78: 313-324.

Do Kyung Lee, Seok Jang, Eun Hye Baek, Mi Jin Kim,
Kyung Soon Lee, Hea Soon Shin, Myung Jun
Chung, Jin Eung Kim, Kang Oh Lee and Nam Joo
Ha, 2009. Lactic acid bacteria affect serum
cholesterol levels, harmful fecal enzyme activity and
fecal water content. Lipids Health Dis., 8: 21.

Freter, R., 1988. Mechanisms of bacterial colonization of
the mucosal surfaces of the gut. Virulence
mechanisms of bacterial pathogens, (ed. J.A. Roth),
American Society for Microbiology, Washington DC.,
pp: 45-60.

Fuller, R., 1989. Probiotics in man and animals. J. Appl.
Bacteriol., 66: 365-378.

Gabert, V.M. and W.C. Sauer, 1994. The effects of
supplementing diets for weanling pigs with organic
acids. A review. J. Anim. Feed. Sci., 3: 73-83.

Gibson, G.R., E.R. Beatty, X. Wang and J.H. Cummings,
1995. Selective stimulation of bifidobacteria in the
human colon by oligofructose and inulin.
Gastroenterology, 108: 975-982.

Gibson, G.R. and M.B. Roberfroid, 1995. Dietary
modulation of the human colonic microbiota:
Introducing the concept of prebiotics. J. Nutr., 125:
1401-1412.



Pak. J. Nutr., 10 (5): 433-442, 2011

441

Gibson, G.R., P. Berry Ottaway and R.A. Rastall, 2000. Michelle Finney, Joanne Smullen, A. Howard Foster,
Prebiotics: New Developments in Functional Foods,
Chandos Publishing, Oxford.

Ichiro, A., I. Yuko, F. Shigeyoshi and I. Hisakazu, 2004.
Effects of mannooligosaccharides from coffee on
microbiota and short chain fatty acids in rat cecum.
Food Sci. Technol. Res., 10: 273-277.

Ikegamsi, Tsucmhashni, Nagayamas, Haradah, E.
Nishide and S. Innami, 1983. Effect of indigestible
polysaccharides on function of digestion and
absorption in rats. Jpn. Soc. Nutr. Food Sci., 36:
163-168.

Ito, M., Y. Deguchi, A. Miyamori, K. Matsumoto, H.
Kikuchi, K. Matsumoto, Y. Kobayashi, T. Yajima and
T. Kan, 1990. Effects of administration of
galactooligosaccharides on the human fecal
microflora, stool weight and abdominal sensation.
Microbiol. Ecol. Health Dis., 3: 285-292.

Jacobsen, C.N., V.R. Nielsen, A.E. Hayford, P.L. Moller,
K.F. Michaelsen, A. Paerregaard, B. Sandstrom, M.
Tvede and M. Jakobsen, 1999. Screening of
probiotic activities of forty-seven strains of
Lactobacillus spp. By In vitro techniques and
evaluation of the colonization ability of five selected
strains in humans. Appl. Environ. Microbiol., 65:
4949-4956.

Kotikalapudi Bhagya Lakshmi, 2009. Characterization
and encapsulation of probiotic bacteria using a pea-
protein alginate matrix. University of Saskatchewan.
Department of Food and Bioproduct Sciences.
Saskatoon, Saskatchewan, Canada. M.Sc. Thesis.

Kullen, M., J. Khil, F. Busta, D. Gallaher and L. Brady,
1998. Carbohydrate source and bifidobacteria
influence the growth of Clostridium perfringens in
vivo and in vitro. Nutr. Res., 18: 1889-1897. 

Liong, M.T. and N.P. Shah, 2006. Effects of a
Lactobacillus casei synbiotic on serum lipoprotein,
intestinal microflora and organic acids in rats. J.
Dairy Sci., 89: 1390-1399.

Liu, Q., Z.P. Duan, K. Ha da, S. Bengmark, J. Kurtovic
and S.M. Riordan, 2004. Synbiotic modulation of gut
flora: Effect on minimal hepatic encephalopathy in
patients with cirrhosis. Hepatol., 39: 1441-1449.

Makni, M., H. Fetoui, N.K. Gargouri, M. El Garoui, H.
Jaber, J. Makni, T. Boudawara and N. Zeghal, 2008.
Hypolipidemic and hepatoprotective effects of flax
and pumpkin seed mixture rich in x-3 and x-6 fatty
acids in hypercholesterolemic rats. Food Chem.
Toxicol., 46: 3714-3720.

Marteau, P., P. Pochart, B. Flourie, P. Pellier, L. Santos,
J.F. Desjeux and J.C. Rambaud, 1990. Effect of
chronic ingestion of a fermented dairy product
containing Lactobacillus acidophilus and
Bifidobacterium bifidum on metabolic activities of
the colonic flora of humans. Am. J. Clin. Nutr., 52:
685-888.

Saskia Brokx and M. David Storey, 2007. Effects of
low doses of lactitol on faecal microflora, pH, short
chain fatty acids and gastrointestinal
symptomology. Eur. J. Nutr., 46: 307-314.

Monique  Haarman  and  Jan  Knol,  2006.  Quantitative
real-time  PCR  analysis  of  fecal  lactobacillus
species  in  infants  receiving  a  prebiotic  infant
formula.   Appl.   Environ.   Microbiol.,   72:   2359-
2365.

Moro, G., I. Minoli, M. Mosca, S. Fanaro, J. Jelinek and B.
Stahl, 2002. Dosage-related bifidogenic effects of
galacto- and fructooligosaccharides in formula-fed
term infants. J. Pediatr. Gastroenterol Nutr., 34: 291-
295.

Mortensen, P.B. and M.R. Clausen, 1996. Short-chain
fatty acids in the human colon: Relation to
gastrointestinal health and disease. Scandinavian
J. Gastroenterol., 31 (Suppl 216): 132-148.

Mul, A.J. and F.G. Perry, 1994. The role of fructo-
oligosaccharide in animal nutrition. In Recent
Advances in Animal Nutrition - 1994, (Ed. P.C.
Garnsworthy and D.J.A. Cole), Nottingham
University Press, Nottingham, pp: 57-79.

Mutai, M. and R. Tanaka, 1987. Ecology of
Bifidobacterium the human intestinal flora.
Bifidobacterium Microflora, 6: 33-41.

Ramya Iyer, S.K. Tomar, Suman Kapila, Jiju Mani and
Rameshwar Singh, 2010. Probiotic properties of
folate producing Streptococcus thermophilus
strains. Food Res. Int., 43: 103-110.

Robertfroid, M.B., F. Bornet, C. Bouley and J.H.
Cummings, 1995. Colonic microflora: Nutrition and
health. Summary and conclusions of an
International Life Sciences Institute (ILSI Europe)
workshop held in Barcelona, Spain. Nutr. Rev., 53:
127-130.

Rowaida Khalil, Hoda Mahrous, Khalil El-Halafawy,
Kamal Kamaly, Josef Frank and Morsi El Soda,
2007. Evaluation of the probiotic potential of lactic
acid bacteria isolated from faeces of breast-fed
infants in Egypt. Afr. J. Biotechnol., 6: 935-945.

Rowland, I. and R. Tanaka, 1993. The effects of
transgalactosylated oligosaccharides on gut flora
metabolism in rats associated with a human fecal
microflora. J. Appl. Bacteriol., 74: 667-674.

Salminen, S., M.C. Bouley, M.C. Boutron-Rualt, J.
Cummings, A. Franck, G. Gibson, E. Isolauri, M.C.
Moreau, M. Roberfroid and I. Rowland, 1998.
Functional food science and gastrointestinal
physiology and function. Br. J. Nutr., (Suppl. 1): 147-
171.

Schrezenmeir, J. and M. De Vrese, 2001. Probiotics,
prebiotics and synbiotics: Approaching a definition.
Am. J. Clin. Nutr., 73: 361S-364S.



Pak. J. Nutr., 10 (5): 433-442, 2011

442

Silvia Fanaro, Gunther Boehm, Johan Garssen, Janknol, Tzortzis, G., A.K. Goulas, M.L.A. Baillon, G.R. Gibson and
Fabiomosca, Bernd Stahl and Vittorio Vigi, 2005.
Galacto-oligosaccharides and long-chain fructo-
oligosaccharides as prebiotics in infant formulas: A
review. Acta Pædiatrica, 94 (Suppl 449): 22-26.

SPSS, 1998. Statistical packages of social sci. version,
9. USA.

Swanson, K.S., C.M. Grieshop, E.A. Flickinger, L.L.
Bauer, B.W. Wolf, J.M. Chow, K.A. Garleb, J.A.
Williams and G.C. Fahey Jr., 2002. Fructo-
oligosaccharides and Lactobacillus acidophilus
modify gut microbial populations, total tract nutrient
digestibilities and fecal protein catabolite
concentrations in healthy adult dogs. J. Nutr., 132:
3721-3731.

Swennen, K., C.M. Courtin and J.A. Delcourt, 2006. Non-
digestible oligosaccharides with prebiotic
properties. Crit. Rev. Food Sci. Nutr., 46: 459-471.

Tanaka, R., H. Takayama, M. Morotomi, T. Kuroshima, S.
Ueyama, K. Matsumoto, A. Kuroda and M. Mutai,
1983. Effects of administration of TOS and
Bifidobacterium breve 4006 on the human fecal
flora. Bifidobacteria and Microflora, 2: 17-24.

Topping, D.L. and P.M. Clifton, 2001. Short chain fatty
acids and human colonic function: Roles of
resistant starch and nonstarch polysaccharides.
Physiol. Rev., 81: 1031-1064.

Tsuchihashi, N., T. Watanabe, H. Nishihashi, M.
Tokusanai, E. Kitagawa and Y. Takai, 1988. Effects
of galacto-oligosaccharide on growth and enteric
bacterial flora in rat. Bull. Chiba Prefecture Health
Coll., 7: 9-17.

R.A. Rastall, 2004. In vitro evaluation of the
fermentation properties of galactooligosaccharides
synthesised by "-galactosidase from Lactobacillus
reuteri. Appl. Microbiol. Biotechnol., 64: 106-111.

Wang, X. and G.R. Gibson, 1993. Effects of the in vitro
fermentation of oligofructose and insulin by bacteria
growing in the human large intestine. J. Appl.
Bacteriol., 75: 373-380.

Xiao-dong Pan, Fen-qin Chen, Tian-xing Wu, Hong-gang
Tang and Zhan-yu Zhao, 2009. Prebiotic
oligosaccharides change the concentrations of
short-chain fatty acids and the microbial population
of mouse bowel. J. Zhejiang Univ. Sci. B, 10: 258-
263.

Yajima, T., 1985. Contractile effects of short-chain fatty
acids on the isolated colon of the rat. J. Physiol.,
368: 667-678.

Yap, K.W., S. Mohamed, A.M. Yazid, I. Maznah and D.M.
Meyer, 2005. Dose-response effects of inulin on the
faecal short-chain fatty acids content and mineral
absorption of formula-fed infants. Nutr. Food Sci.,
35: 208-219.

Ziemer, C.J. and G.R. Gibson, 1998. An overview of
probiotics, prebiotics and synbiotics in the
functional food concept: Perspectives and future
strategies. Int. Dairy J., 8: 473-479.

View publication statsView publication stats

https://www.researchgate.net/publication/264875868

