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ABSTRACT

Probiotic microorganisms were found to affect the host health beneficially when found in
an a certain count not less than 106 CFU/g (Colony-forming unit / gram), and they have
some benefits as protection from cancer, relief of lactose intolerance, reduce the risk from
diarrhea, normalize the bowel movement, and enhance the immune functions, reduce
cholesterol level and reduce the risk of eczema. This study was carried out to examine
some of fibers and polysaccharide for their assimilation by some lactic acid bacterial strain
specially known for their probiotic effect. It was concluded from the present study the
following: studying the capability of Esherichia coli (E. coli), bifidobacteria and 9 strains
related to lactic acid bacteria included in assimilating 7 different (polysaccharides, fibers
and other materials) included (Polydextrose, Maltodextrine, inulin, prolia, resistant starch,
wheat fiber and gumarabic) when substituted with dextrose inde Man, Rogosa and Sharpe
(MRS) broth and incubated at their optimal temperature. The results revealed that the
examined culture were varied in their assimilation of the 2% polysaccharides tested,
furthermore maltodextrin, showed a good assimilation by Bifidobacterium longum ATCC
15707 (B. longum) and Lactobacillus acidophilus NRRLB1910 (L. acidophilus). The effect
of certain concentrations (2, 3and 4%) of the selected (polysaccharides, fibers and other
materials) on the growth activity of the lactic acid bacterial cultures tested in addition to E.
coli (as a representative for coliform bacteria). The results revealed that upon increasing
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the concentration of the selected polysaccharides there was a remarkable decrease in pH
compared to E. coli which showed contrast outcomes on which its pH were significantly
higher than the tested bifidobacteria and lactic acid bacteria. Studying the effect of
incubation duration and it's relation on the selected (polysaccharides, fibers and other
materials) assimilation by the tested lactic acid bacterial cultures. Results revealed that
there is a direct proportion relation between long incubation timing and polysaccharide
assimilation (indicated by decrease in pH). This decrease was very clear at 24 hours of
incubation at the optimum temperature for each strain. Upon studying the antagonistic
effect between E. coli with B. longum ATCC 15707, L. acidophilus NRRLB 1910 and
Lactobacillus reuteri B 14171 (L. reuteri) grown on modified MRS with 3% of each
polysaccharide (polydextrose, maltodextrin and inulin). The change in the growth of these
cultures combinations were determined by counting on MRS and Violet red bile agar
(VRBA). It was shown that these (polysaccharides/fibers) challenged the growth of the
probiotic bacteria and the count of E. coli (wild) E.W was lowered significantly due to the
inhabitation effect of the used probiotic bacteria. It was concluded that good results was
shown from using the three polysaccharides/fibers (maltodextrin, inulin andpolydextrose)
that was elected to base the rest of work on.
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1. INTRODUCTION

The word probiotic comes from the Greek word "for life" and is defined as "a live microbial
food supplement that is beneficial to host health" [1]. The definition of probiotics has evolved
over the years but the consensus designates probiotics as "nonpathogenic, live microbial,
mono- or mixed-culture preparations, which, when applied to humans or animals in high
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enough doses, beneficially affect the host by improving the intestinal microbial balance and
its properties” [2].

The most widely used bacteria as probiotics are the lactobacilli and bifidobacteria that have
been applied in traditional fermented food products such as yoghurt, sauerkraut and kefir.
The recent explosion of probiotic-containing food stuffs incorporating a wide variety of
different strains [3].

On the other hand prebiotics are food additives whose favorable effect on the organism is
associated with the stimulation of growth and activity of some strains of the native micro-flora
or micro-flora introduced with the ingested food [4]. A prebiotic is defined as «a non-
digestible food ingredient that beneficially affects the host by selectively stimulating the
growth and/or activity of one or a limited number of bacteria in the colon» [14]. Prebiotics can
be fermented by certain micro-organisms e.g. Bifidobacterium and Lactobacillus belong to
the most common species used as probiotics in the human diet [5].

Oligosaccharids and polysaccharides are a group of short chain non-digestible
polysaccharides that occur naturally in some foods. They are typically defined as glycosides
that contain between 3 to 10 sugar moieties and are characterized by the type and sequence
of the monosaccharide moieties present. They may be linear or branched [6]. Initially,
oligosaccharides were developed as sucrose substitutes and for use as bulking agents in
foods [6]. Later, it was determined that certain oligosaccharides had the potential to increase
bifidobacteria in the colon without being utilized by other intestinal bacteria [7,8]. Because of
their prebiotic properties, oligosaccharides have received much recent attention as functional
food ingredients [9]. In addition, research has been promoted into the ability of
oligosaccharides to provide beneficial changes in the composition and metabolism of the
colonic micro-flora [10].

Currently, there are several types of oligosaccharides commercially produced, all claimed to
be bifidogenic by the manufacturers [6]. Fructo-oligosaccharides (FOS), galacto-
oligosaccharides (GOS) and trans-galacto-oligosaccharides, TOS) and soybean
oligosaccharides (main functional components being raffinose and stachyose) have been
most extensively studied and may provide the best evidence of prebiotic effects in humans
[9,6]. Inulin is used primarily as a fat substitute [11]. Similar to other oligosaccharides, inulin
is not hydrolyzed or absorbed in the small intestine and has been shown to reach the colon
mostly intact and is thought to act as a prebiotic [12,13,14]. Inulin is heterogeneous with
respect to polymer chain length. Its degree of polymerization (DP) ranges from 3 to 60 but it
primarily consists of DP 20-25 [15].

Several food additives are used in preparation of certain kinds of dairy products as to
improve texture, fat feeling, lowering syneresis as polydextrose, arabic gum, resistant starch,
soy bean fiber, maltodextrin and inulin [16,17,18] beside their synbiotic effect. Aim of study
stimulation of some (polysaccharides, fibers and tested materials) by bifidobacteria and
some strains related to lactic acid bacteria including those that have a probiotic effect in
comparison with Echerichia coli as a preservative for coliform bacteria.

680



British Microbiology Research Journal, 4(6): 678-697, 2014

2. MATERIALS AND METHODS
2.1 Tested Cultures

Streptococcus thermophiles (TexI5842) (S. thermophiles), Lactobacillus plantarum (B813)
(L. plantarum ), Lactobacillus reuteri (B 14171) (L. reuteri), Lactococcus lactis subsp. Lactis
(ATCC 53214) (L. lactis subsp. lactis), Bifidobacteriumlongum (ATCC 15707) (B. longum),
Lactobacillus rhamnasus (NRRLB 1934) (L. rhamnosus), Lactobacillus casei (NRRLB 1922)
(L. casei), Lactobacillus acidophilus (NRRLB 2092) (L. acidophilus), Lactobacillus paracase
i(NRRLB 4562) (L. paracasei), Lactobacillus acidophilus (NRRLB 1910), Esherichia coli (wild
E.W). They were obtained from cultures store of Dairy Science and Technology department,
Faculty of Agriculture, Alexandria University.

2.2 Polysaccharides and Fibers

2.2.1 Polydextrose

Polydextrose is a randomly bonded condensation polymer of D-glucose with some bound
sorbitol and a suitable acid with a molecular weight of 2200 was obtained from MENGZHOU
TAILIJIE CO., LTD in town China. It has a white to cream white color, odorless and slightly
sweet, soluble in water pH range from 3.5-7.

2.2.2 Maltodextrine

Maltodextrine C*Dry MD 01915was obtained from Cargill company, town France. It is a
Spray-dried product obtained by enzymatic conversion of starch, with 6% moisture, DE 16,
soluble in water, bulk density 440 g/l, pH 3.5 and Granulometry< 63 ym 35% .

2.2.3 Inulin
Long chain inulin was obtained from Fenchem Biotek LTD town China. It's botanical source

Jerusalem Artichoke, used part is the root, having a white color, carbohydrate 99.6% min
density 500 g/I, ash 0.5%,water 5%, good solubility in water and pH range from 5-7.

2.2.4 Soy flour

Prolia 68237 (Soy flour) was obtained from Cargill company in town France. With a 52%
protein, fat 0.7%, moisture 5%, fiber 3.5%, having a white yellow color.

2.2.5 Wheat fibers

Wheat fibers (Sancel wheat 200) was obtained from CFF Company, town Germany. (Sancel
wheat 200) is a dietary fiber obtained from fiber-rich parts of the wheat plant. The vegetable
parts are cleaned, purified and milled in several steps. The final product appears as a white
powder and is neutral in taste and odor. It's Fiber content (AOAC) more than 96%, pH range
from 5-8,bulk density higher than 65 g/l, water binding capacity more than 7,slightly soluble
in water, oil absorption more than 5and screen analysis bigger than 32 ym is maximum 85%
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2.2.6 Gum arabic

Gum Arabic (Fiber gum P) was obtained from CNI Company, town Germany. Fiber gum is a
natural product obtained from selected acacia gum with no chemical or enzymatic
conversion, it has a 10% moisture, white colored, ash 4%, pH 4.1-5, viscosity 100 mPa.s,
mesh size through a 75 pm 15% it show a good solubility in water .

2.2.7 Resistantstarch

Resistant starch (C*Tex 06210) was obtained from Cargill Company, town France. It is a
resistant acetylated distarch adipate, with a 5% moisture, pH 5.5,ash 0.2%, bulk density 800
g/l , soluble upon heating at 40°C in water but when heating it forms a gel and a having a
white color.

2.3 Lactic Acid Bacteria Count

De Man Rogosa and Sharpe agar medium (MRS) [19] was used for enumeration of lactic
acid cultures, the plates were incubated at 37°C for 48 hours and then the cfu/ml (Colony-
forming unit / milliliter) were counted.

MRS agar ingredients per liter final pH 6.2+/0.2 at 25°C

Components of MRS media Amount in gm/ml
Peptone 10 gm
Beef extract 10 gm
Yeast extract 5gm
Dextrose 20 gm
Tween 80 1ml

Di potassium hydrogen phosphate 2gm
Sodium acetate .3 H,O 5gm

Di ammonium citrate 2gm
Magnisimsulphate .7 H,O 0.1 gm
Manganese sulphate .4 H,O 0.05 gm
Agar 15 gm

2.4 Esherichia coli Count

Violet red bile agar (VRBA) was used for enumerating coliform bacteria as described by [20]
the plates were incubated at 37°C for 24 hours then the log'°cfu/ml were determined.

2.5 Examining the Tested Culture for their Assimilation of Polysaccharides in
Comparing with Dextrose

Modified MRS broth was prepared by substituting each type of polysaccharides instead of
dextrose, pH was adjusted to 6.2 and filled in test tubes then autoclaved at 121°C for 15 min.
Each kind of (polysaccharides, fiber and other tested material) were inoculated in duplicate
by each of the tested culture then incubated at the optimum temperature of each 32°C for
lactobacillus strains, 37°C for E. coli, B. longum and S. thermophilus. The changes in pH
was measured using pH meter 3310 Jenway, Germany, after 24 hours of incubation.
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2.6 Studying the Effect of Different Concentration of the Polydextrose, Inulin
and Maltodextrinon the Growth and Activity of the Tested Cultures

Lactic acid bacterial cultures were inoculated in modified MRS broth with 2,3 or 4%
concentrations of (polydextrose, inulin ormaltodextrin), instead of dextrose then incubated at
37°C for 24 hours. The changes in pH were determined as indicator for assimilation and
growth activity of the tested culture.

2.7 Studying the Effect of Several incubation Time on the Assimilation of the
Selected Polysaccharides by Bifido Bacteria and some Strains Related to
Lactic Acid Cultures

Lactic acid culture were inoculated in modified MRS broth with 3% of (polydextrose, inulin
and maltodextrin) and incubated at 37°C. The pH was determined at different intervals (zero,
2,4, 8,24 and 48) hours.

2.8 Studying the Antagonistic Effect between the Lactic Acid Cultures and
Esherichia coli in the Presence of 3% Concentration of Selected
Polysaccharide and Bifido Bacteria

Modified MRS broth was prepared by substituting the selected polysaccharide instead of
using dextrose, then distributed in test tubes and inoculated individually by lactic acid
cultures with or without E. coli the changes in the growth were determined by plate counting
on MRS and VRBA.

2.9 Statistical Analysis

The experimental design was a factorial experiment in a completely randomized design-test,
with two replications and analysis of variance of treatments difference was performed
according to [21]. Statistical analysis was done by, ANOVA, F-test and L.S.D procedures
available within the SAS software package (version 9.13, 2008).

3. RESULTS AND DISCUSSION

3.1 Testing the Lactic Acid Cultures for their Assimilation of Polysaccharides in
Comparing with Dextrose

The outcomes in Table 1 and Fig. 1 showed that no significant differences between the
assimilation of maltodextrin and dextrose by the tested strains except for L. lactis subsp.
Lactis ATCC 53214 and L. Rhmnosus NRRLB 1934 where the pH values of the MRS broth
for maltodextrin was ranged between 5.30-4.26, while the corresponding pH values of
dextrose ranged between 5.21-4.35.
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Table 1. Changes in pH in modified MRS media substituted with certain polysaccharides instead of dextrose inoculated with
lactobacillus strains and Bifido bacterium longum bacteria for 24 hours

Culture Dextrose Maltodextrin  Inulin Starch Soy flour Gum arabic Wheat Polydextrose = Mean
(proli) Fiber

L. reuteri B14171 521%+013 525°%+0.08 5.66°+0.01 6.61°+0.02 6.10°+0.06 6.49%+0.09 6.20+0.09 5.73%+0.11 5.90°

L. plantarum B813  4.84°t0.03  4.85° 0.05 5.02°+0.14  6.10°%0.19  5.82°°+0.19 5.31°+0.18  6.27°+0.07  5.04°+0.10 5.40°

B. longumATCC 4.46°0.12 4594015  530°+0.13 548%+0.06 557%+0.06 5.25°+0.06 5.23°+0.06 5.16°+0.06 5.13°

15707

L. lactis subsp. 435°40.09 530°+0.09 526°+0.13 5.83%+0.04 571%*+0.04 5.83%™+0.04 6.217+0.07 5.14°+0.04 5.45"

lactis ATCC 53214

L. acidophilus 4.76°+0.04 4.85+0.04 5.04°°+0.09 6.55°+0.10 5.54°+0.15 5.32°+0.07 6.05°+0.10 5.26°*+0.07 5.42°

NRRLB 2092

L. acidophilus 4.64%+0.09 4.58°+0.09 527°+0.11  6.11°:0.09 556°°+0.16 5.23°+0.07 5.51%+0.16 5.25°+0.07 5.26°

NRRLB 1910

L. rhamnosus 4.96°+0.09  4.26° 0.09 5.00°+0.09  5.96°t0.11 6.13°+0.13 522°+0.04 6.065°+0.13 5.02°+0.09 5.32°

NRRLB 1934 c

L. paracasei 4.70%+0.09 4.42° 0.09 5.04°+0.09  6.21°£0.10  5.19°+0.05 5.70%+0.10 6.20°+0.09  5.10°t0.05 5.32°

NRRLB 4562 c

L. casei NRRLB 4.75%°+0.12 4.44°+0.12 5.32°°+0.16 6.04°+0.06 5.58°+0.15 6.38°+0.06 5.45°+0.15 5.25%+0.03 5.40°

1922

Mean 4.74° 4.72° 5.21° 6.09° 5.68° 5.63° 5.91° 5.22°

SMeans (+ standard deviation) followed by the same letter(s) are not significant, but different letters are significant according to LSD procedure, at0.01 level of probability.
Means followed by the same upper case letter(s) are not significant, but different letters are significant according to LSD procedure where a = 0.01, the LSD for culture *fiber
=0.7137, LSD for fiber = 0.17 and LSD for culture = 0.135 levels of producer.

§comparison between different fibers/media within the same bacterial culture
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Fig. 1. Changes in pH in modified MRS medium substituted with certain
polysaccharides instead of dextrose inoculated with the tested strains of lactic acid
and bifidobacteria for 24 hr
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On the other hand the results reveal an insignificant difference between inulin and
polydextrose, those polysaccharides are significantly lower than the maltodextrin and higher
than the rest of polysaccharides in being assimilated by lactic acid cultures where it's pH
values after 24 hours was ranging from (5.66- 5.02) and for polydextrose it was ranged from
(5.02-5.73).

Furthermore it was noticed that the assimilation of gum arabic and prolia (soy flour) whereas
they are significantly lower in their assimilation than the dextrose (measured in pH),
maltodextrin, inulin and polydextrose and significantly higher than the (resistant starch and
wheat fiber), on which a low assimilation activity was noticed for gum arabic by L. reuteri B
14171, L. lactis subsp. lactis ATCC53214, L. paracasei NRRLB4562 and L.
caseiNRRLB1922, for soy flour low assimilation was noticed in L. reutri B14171, L.
acidophilus B4495, B. longumATCC15707, L. lactis subsp. lactis ATCC53214 and L.
plantarum B813. The pH for both (gum arabic and prolia (soy flour)) was ranged between
(6.49-5.22) for the former and (6.13-5.19) for the latter ones. Concerning the wheat fiber and
resistant starch they were shown to be hardly assimilated by the lactic acid cultures with a
mean 5.91 and 6.09 respectively.

According to the previous results, it would be concluded that the maltodextrin was highly
assimilated by the lactic acid cultures same as dextrose on which no significant difference
between both following to it inulin and polydextrose that were having the same assimilation
rate as both were showing no significant difference between themselves.

On the other hand, the polysaccharides, fibers and other tested materials, were varied in
assimilation by lactic cultures specially maltodextrin, polydextrose and inulin while B. longum
was shown to assimilate these polysaccharides and that's why it was selected to continue
our work. Similar finding were reported by [22] who concluded that polydextrose lowered the
pH. More than the control samples in fermented milk. Also same results of inulin were
highlighted by [23] who mentioned that the rate of pH decrease of fermented milk products
was increased by addition of inulin. [24]as well reported that maltodextrinhad better
resistance when compared with inulin as examined in the oat gruel environment (simple
stomach based model system) with a 4% concentration, [25] reported that Soybean
oligosaccharides were fermented to a far greater degree by bifidobacteria than other
organisms tested. Also, [26] studied that gum Arabic establishes prebiotic functionality they
report significant increase in bifidobacteria and lactobacilli sp on which it bears a prebiotic
efficiency like the inulin as established via quantitative development of bacteria in stool
samples.

3.2 The Effect of Different Concentration of Polydextrose, Inulin and
Maltodextrinon the Growth Activity of the Tested Culture Cultivated in
MRS media

The purpose of this study was to investigate whether or not the tested polysaccharides have
positive effect on the growth of lactic acid cultures when substituted in MRS broth instead of
dextrose in comparison with E. coli as a representative for coliform bacteria. Taking in
account the data in Table 2 illustrated in Fig. 2, the results revealed that increasing the
concentration of the polysaccharide in the modified MRS broth resulted in a significant
decrease in the pH of the broth media of all the tested lactic acid cultures due to enhancing
the growth of the cultures.
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Table 2. Effect of different concentration of polysaccharides in modified MRS broth tested on the progress of pH values of
MRS after 24 hours of incubation at optimum temperature of each strain

pH value of modified MRS with polysaccharides at different Mean
concentrations

2% 3% 4% Culture Fiber
E. coli (wild) E.W Maltodextrin 5.80+0.007 5.62+0.021 5.64+0.056 6.04° 5.68°
Inulin 6.57+0.007 5.90+0.028 5.86+0.035 6.11°
Polydextrose 6.50+0.007 6.22+0.007 6.25+0.042 6.32°
L. reuteri B 14171 Maltodextrin 5.66+0.042 4.91+0.007 4.97+0.014 5.17° 5.18°
Inulin 6.40+0.014 5.79+0.007 5.62+0.035 5.93°
Polydextrose 6.23+0.021 5.89+0.007 5.84+0.035 5.98°
L. plantarum B813 Maltodextrin 4.66+0.007 4.32+0.014 4.03+0.049 4.83° 4.33°
Inulin 5.23+0.021 4.86+0.070 4.74+0.028 4.94°
Polydextrose 5.37+0.007 5.15+0.070 5.05+0.070 5.19°
L.lactissubsp.lactisATCC 53214 Maltodextrin 5.20+0.028 4.73+0.042 4.47+0.021 5.00° 4.80°
Inulin 5.12+0.014 4.90+0.007 4.63+0.212 4.88°
Polydextrose 5.31+0.021 5.33+0.049 5.14+0.056 5.26°
L. rhamnosus NRRLB 1934 Maltodextrin 5.43+0.007 4.95+0.007 4.71+£0.014 5.04° 5.03°
Inulin 5.12+0.000 4.85+0.042 4.60+0.007 4.85°
Polydextrose 5.45+0.021 5.05+0.070 5.23+0.063 5.242
L. acidophilus NRRLB 2092 Maltodextrin 4.51+0.021 4.55+0.007 4.43+0.028 4.91¢ 4.49°
Inulin 5.16+0.056 4.82+0.035 4.61+0.007 4.86°
Polydextrose 5.45+0.021 5.33+0.049 5.16+0.028 5.312
L. paracasei NRRLB 4562 Maltodextrin 4.71+0.014 4.50+0.007 4.53+0.021 5.00° 4.58°
Inulin 5.05+0.070 4.85+0.007 4.65+0.028 4.85°
Polydextrose 5.31+0.021 5.72+0.035 5.58+0.021 5.53%
L. casei NRRLB 1922 Maltodextrin 4.56+0.120 4.30+0.007 4.32+0.028 4.21° 4.39°
Inulin 5.12+0.000 4.73+0.028 4.62+0.014 4.82°
Polydextrose 5.26+0.021 4.95+0.070 4.88+0.014 5.03%
L. acidophilus NRRLB 1910 Maltodextrin 4.67+0.028 4.22+0.014 4.10+0.007 4.90° 4.33°
Inulin 5.32+0.035 5.10+0.007 4.73+0.049 5.05°
Polydextrose 5.53+0.028 5.15+0.070 5.12+0.021 5.26°
B. longumATCC 15707 Maltodextrin 4.52+0.035 4.23+0.014 4.12+0.007 477" 4.29°
Inulin 5.13+0.007 4.73+0.042 4.55+0.042 4.80°
Polydextrose 5.41+0.014 5.11+0.007 5.21+0.014 5.242

Mean 5.37° 5.01° 4.95°

Means (+ standard deviation) followed by the same upper case letter(s) are not significant, but different letters are significant according to LSD procedure where a = 0.01, the
LSD for fiber = 0.016 and the LSD for culture = 0.045 levels of producer LSD interaction (fiber * concentration * culture )= 0.125, LSD for concentration = 0.016
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Fig. 2. Effect of different concentration of polysaccharides in modified MRS media
tested incubation on the progress of pH values after 24 hrs on the examined
bacterial strains

The results revealed that, the assimilation of the 3 polysaccharides tested by the lactic acid

cultures was significantly showing a higher assimilation rate than E. coli (wild) E. Wstrain,
which revealed that adding the polysaccharide has a priority on the growth of these culture if
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it is present in the colon, further more increasing the percent of the polysaccharide resulted
in an increase in growth as indicated by a significant decrease in the pH of the modified
MRS as illustrated in Fig. 3.

5.8

5.6

5.4+

5.2+

pH value

4.8 —

Polydextrose
Inulin

Maltodextrin

2% 3% 4%
Culture and Fiber at different concentration of polysaccharides

[l:l Maltodextrin ® Inulin @ Polydextrose ]

Fig. 3. Effect of different concentration of Inulin, Maltodextrin and Polydextrose on the
progress of pH values of modified MRS

On the other hand B. longum ATCC 15707, L. plantarumB813, L. acidophilus NRRLB 1910
strains showed a significant assimilation activity for the three polysaccharides tested in
comparison with the other tested bacterial strains.

The selected polysaccharides were such hardly in being fermented by E. coli (wild). That can
be concluded from being low assimilated by the tested polysaccharides in comparing it with
other lactic acid cultures examined and that is a criterion to select these polysaccharides as
a prebiotics.

On the other hand maltodextrin exhibited more effect on lowering the pH value followed by
inulin and polydextrose.

A 3% concentration were selected to continue the study with, although the 4 % concentration
showed a more declination in pH values, especially after handling the sensory experiment it
was noticed that the 4% concentration exhibited a noticeable after taste for 3 polysaccharide
used beside 3% can show a significant difference in lowering the pH than 2% concentration.
On contrary [27,28] reported that growth of L. acidophilus and L. rhamnosuswas enhanced
with 2% inulin and they consider it the best low fat yogurt.

Same findings to our results are reported by [29], they stated that the pH values of functional
white soft cheeses made with 3 probiotic Lactobacillus strains in the presence of 3% of
different prebiotics (dextrin and polydextrose) were significantly lower than the control white
soft cheese made with the traditional starter (S. thermophilus and L. delbrueckii subsp.
bulgaricus) without adding prebiotics.

Also, [30,31] supplemented fermented milk with 4% (w/w) maltodextrin and polydextrose,

they concluded that maltodextrin led to the highest amounts of conjugated linoleic acid and
polydextrose addition led to the highest post-acidification.
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On the other hand, [32] stated that increased bifidobacterial viability was observed in a dose
ranging from 1 to 5%. Also [33] found that the count of Lactobacillus was on the level 10
1080fu/g in yoghurts with the 2-5% inulin addition.

3.3 Effect of Supplementation of MRS Broth Media with 3% of Maltodextrin,
Inulin and Polydextrose Instead of Dextrose on the Growth of the Tested
Bacterial Strain during Several Incubation Time Intervals

The purpose of this part was to evaluate the B. longum ATCC 15707 and related lactic acid
culture beside E. coli (wild) E.W for their assimilation of maltodextrin, inulin and polydextrose
during several incubation time intervals at certain incubation temperatures. Results in Table
3 and Fig. 4 revealed that the pH was decreased as incubation time increased. At the
beginning of 8 hours of incubation the pH was declined slightly but after 24 hours of
incubation a clear decrease in the pH was noticed. The tested bacterial strains showed a
highly significant decrease in pH value compared to E. coli (wild) E.W. However increasing
the incubation time to 48 hours showed the same trend of the tested culture for their
assimilation of the examined polysaccharide. B. longum ATCC 15707 which recommended
as a probiotic culture showed a high assimilation activity for the polysaccharide tested.

According to the assimilation activity of the tested 3 polysaccharides by lactic acid bacteria,
maltodextrin showed a higher significant increase in their assimilations comparing to inulin
and polydextrose. While the pH value for B. longum ATCC 15707 cultured on MRS broth
with maltodextrin, inulin and polydextrose were 4.78, 5.28 and 5.42 after 24 hours of
incubation respectively.

As shown in Table 3, E. coli(wild) EW has been hardly assimilate the 3 sugars tested
where, the pH value for MRS broth containing maltodextrin, inulin and polydextrose were
5.6 , 6.15 and 5.89 after 24 hours respectively. Similar findings were reported by [34]. They
tested bifido bacteria or lactobacilli in the presence of enteropathogens such as E. colj,
Campylobacter jejuni and S. enteritidis. Their results showed inhibition of the growth of these
pathogens when inulin was added to the medium. The combination of B. longumor L.
plantarum with inulin was very effective, causing a 6-log decrease in the numbers of E. coli
and compromising the growth of C. jejuni and S. enteritidis to undetectable levels. Also [34],
who shows the inhibition of enteropathogens by L. plantarum in culture experiments in the
presence of starch [35] illustrated that a significant reduction (P, 0+05) in the E. coli numbers
associated with the intestinal piglet tissue v. the controls upon feeding the animal on inulin
Also it was reported that adding inulin (3%) in the diet significantly increased the level of
bifidobacteria and this increase was associated with a significant decrease (P, 0<05) in
pathogen numbers (E. coli, C. perfringens, C. difficile and C. ramosum) v. the control diet
containing lactose [36].
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Table 3. Changes in pH of modified MRS broth media with 3% concentration of maltodextrin, inulin and polydextrose instead of dextrose and inoculated with
the tested bacterial strains during several incubation time intervals at the recommended temperature of each strain

Time Mean
Zero 2h 4h 8h 24 h 48 h Fiber Culture
L. plantarum B813 6.88+0.007 6.76+0.042 6.67+0.014 6.23+0.021 4.78+0.028 4.53 +0.007 5.97°
L. acidophilus NRRLB 2092 6.76+0.120 6.76+0.042 6.64+0.007 6.42+0.028 4.82+0.035 4.51 +0.007 5.98°
L. paracasei NRRLB 4562 6.71+0.014 6.66+0.070 6.57+0.056 6.45+0.014 4.83+0.000 4.53 +0.007 5.95°
£ L. casei NRRLB 1922 6.53+0.000 6.79+0.021 6.61+0.035 6.67+0.007 4.7310.000 4.45 +0.021 59°
£ L. acidophilus NRRLB 1910 6.88+0.0070 6.78+0.007 6.36+0.028 5.48+0.014 4.59+0.021 4.39 +0.021 5.95% 5.74%
) B. longum ATCC 15707 6.73+0.007 6.60+0.007 6.74+0.007 5.58+0.042 4.78+0.007 4.40 +0.021 5.80°
k] L. reuteri B 14171 6.83+0.007 6.78+0.007 6.67+0.007 6.07+0.007 5.17+0.007 4.51 +0.021 6.00°
© L.lactissubsp.lactiSATCC53214 6.78+0.014 6.47+0.0141 6.37+0.049 5.27+0.028 4.45+0.007 4.50 +0.021 5.64°
= E. coli (wild) EW 6.88+0.0353 6.81+0.007 6.75+0.042 6.55+0.028 5.60+0.007 5.54 +0.007 6.35°
L. plantarum B813 6.87+0.007 6.73+0.141 6.72+0.042 6.28+0.007 5.11+.0353 5.10 £0.049 6.13"
L. acidophilus NRRLB 2092 6.87+0.070 6.73+0.212 6.52+0.007 6.11+0.056 5.30+0.014 5.30 £0.021 6.13"
L. paracasei NRRLB 4562 6.87+0.049 6.75+0.212 6.77+0.212 6.53+0.049 5.16+0.021 5.07 £0.014 6.19°
L. casei NRRLB 1922 6.87+0.028 6.79+0.021 6.76+0.049 6.25+0.007 5.18+0.021 5.15 +0.028 6.16™
L. acidophilus NRRLB 1910 6.87+0.028 6.74+0.042 6.52+0.035 5.24+0.212 5.33+0.007 4.54 +0.007 5.87%
B. longum ATCC 15707 6.87+0.028 6.74+0.042 6.25+0.014 5.82+0.007 5.28+0.028 4.77 +0.007 5.95°
£ L. reuteri B 14171 6.87+0.028 6.75+0.042 6.72+0.042 6.31+0.014 5.15+0.028 5.05 £0.049 6.14™
3 L. lactis subsp. lactis ATCC 53214 6.87+0.028 6.66+0.042 6.63+0.042 5.30+0.014 5.30+0.014 5.05 +0.014 5.96°
= E. coli (wild) EW 6.87+0.028 6.79+0.042 6.7+0.042 5.16+0.021 5.16+0.021 6.05 +0.014 6.40°
L. plantarum B813 6.86+0.028 6.64+0.028 6.73+0.035 6.26+0.063 5.83+0.007 5.43 +0.021 6.29%°
L. acidophilus NRRLB 2092 6.85+0.028 6.58+0.042 6.64+0.028 6.44+0.028 5.61+0.007 5.31 +0.028 6.23°
L. paracasei NRRLB 4562 6.88+0.028 6.73+0.042 6.66+0.028 6.54+0.028 5.59+0.007 5.42 +0.028 6.30%°
L. casei NRRLB 1922 6.84+0.028 6.67+0.042 6.65+0.028 6.41+0.028 5.54+0.007 5.32 +0.028 6.23°
§ L. acidophilus NRRLB 1910 6.86+0.028 6.53+0.063 6.26+ 5.57+0.021 5.54+0.007 5.25 +0.028 6.00°
o 0.063 6.23°
E B. longum ATCC 15707 6.83+0.028 6.52+0.063 6.60+0.028 5.64+0.007 5.42+0.021 5.22 0.028 6.20°
1= L. reuteri B 14171 6.87+0.028 6.67+0.056 6.52+0.063 6.52+0.028 5.54+0.007 5.75 +0.021 6.31%°
° L. lactis subsp. lactis ATCC 53214 6.87+0.028 6.63+0.042 6.12+0.042 5.62+0.007 5.62+0.007 5.71 £0.007 6.09°
o E. coli (wild) EW 6.85+0.028 6.73+0.063 6.62+0.028 6.23+0.042 5.89+0.007 5.81 +0.007 6.35°
Mean 6.842 6.70%° 6.59° 6.12° 5.31° 5.07°

Means (+ standard deviation) followed by the same upper case letter(s) are not significant, but different letters are significant according to LSD procedure where a = 0.01 , the LSD for fiber = 0.086 , the LSD for
the culture= 0.105, the LSD for time duration = 0.149 , the LSD for duration *fiber * culture = 0.258 levels of producer

692



British Microbiology Research Journal, 4(6): 678-697, 2014

3.4 Effect of Using Selected Polysaccharides on the Growth of Probiotic
Cultures in Combination with Escherichia coli

This study was carried out to investigate the antagonistic effect of some probiotic cultures (B.
longum ATCC 15707, L. reuteri B 14171, L. acidophilus NRRLB 1910) in combination with
E. coli(wild) E.W. as shown in Table 4 .The log cfu/ml of E. coli (wild) E.W. cultured on MRS
both modified with inulin, polydextrose, maltodextrin was 8.08, 8.25 and 8.98 and was
7.9,8.1 and 8.3 when cultured on VRBA respectively. The tested culture (B. longum ATCC
15707, L. reuteri B 14171, L. acidophilus NRRLB1910) didn’t exhibit any growth when
cultured on VRBA.

L. reuteri B 14171, L. acidophilus NRRLB 1910 and B. longum ATCC 15707 were slightly
varied on their growth on MRS in the presence of the selected tested polysaccharides, L.
reuteri B 14171 when grown on a MRS both containing inulin show a slight higher log cfu/g
when compared to its growth on polydextrose and maltodextrin, there were no significant
difference between the three polysaccharides. Also, L. acidophilus NRRLB 1910 was highly
grown on MRS containing maltodextrin following to it, polydextrose then inulin their log cfu/g
were 8.72, 8.36 and 8.28 respectively although no significant difference was shown in the
growth of the three of them. Finally for the B. longum ATCC 15707 was highly grown on
MRS containing polydextrose, it's log cfu/g was 8.855 following the inulin 8.04 log cfu/g
finally maltodextrin 7.96 cfu/g.

On other hand [34] explained that lactic acid-producing bacteria have antibacterial activity
against pathogens. The production of organic acids (acetic acid and lactic acid) and
antimicrobial substances that are active against virulent micro-organisms might be two of the
underlying inhibitory mechanisms. The presence of increasing concentrations of organic
acids acidifies the medium. The lower pH is of benefit for their growth, since lactic acid-
producing bacteria are very acid-tolerant and, hence, their growth is less affected. This
characteristic provides bifidobacteria and lactobacilli with the advantage to survive acidic
environments that inhibit the growth of certain noxious bacteria. The fermentation of inulin by
bifidobacteria led to an increase in the concentration of acetate and lactate in the medium,
which lowered the pH of the culture. At a pH of 4.5-5.0, the numbers of E. coli (wild) E.W.
andClostridium fell to zero whereas the growth of bifidobacteria was unaffected [37].
Subsequent culture subsequent tests carried out by the same researchers [12] showed that
in the presence of oligofructose, several species of bifidobacteria are able to excrete
antimicrobial substances with a broad spectrum of activity. This antagonistic activity of
bifidobacteria against the growth of E. coli (wild) EW was confirmed recently by [38],
according to these authors, the antagonistic activity of bifidobacteria against pathogenic
Gram-negative bacteria appears to be widespread.

Upon combining L. reuteri B 14171 with E. coli (wild) E.W. it was shown that the log cfu/g
was increased on MRS media containing polydextrose, maltodextrin and inulin which were
8.90, 8.73 and 8.34 respectively. While the log 10 cfu/g of E. coli (wild) EW. on VRBA
decreased to 6.19, 6.30 and 6.47 in the presence of the polysaccharides mentioned
previously which may be due to the antagonistic effect of L. reuteri B 14171 on inhibiting the
growth of E. coli (wild) E.W. Also combining E. coli (wild) E.W. with B. longum ATCC 15707
where the log10 cfu/g of E. coli (wild) E.W. on VRBA decreased to 6.13, 6.10 and 6.88 in the
presence of polydextrose, maltodextrin and inulin .Similar resultswere shown by [37] who
reported that the growth of B. longum ATCC 15707 had an inhibitory effect towards
Esherichia coli .While the corresponding results of E. coli (wild) EW. with L. acidophilus
NRRLB 1910 showed the same trend were 6.45,6.28 and 7.31 on VRBA respectively.
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Table 4. Effect of using selected polysaccharides on the growth of probiotic Itures in combination with Esherichia coli
after 24 hours of incubation at 37°C

Culture Log 4o cfu/gon selected culture media
MRS VRBA

Inulin polydextrose Maltodextrin  inulin polydextrose = maltodextrin
E. coli (wild) E.W. 8.08%° 8.25%° 8.98° 7.90°% 8.10%° 8.30°°
E. coli (wild) E.W. + L. reuteri B 8.90° 8.73%° 8.34%° 6.47° 6.19' 6.30'
14171
E. coli (wild) E.W.+B. longumATCC  8.51*° 7.92° 7.86% 6.88°' 6.13' 6.10'
15707
E. coli (wild) E.W. + L. acidophilus ~ 8.37%° 8.28°° 8.60°"° 7.31% 6.45% 6.28'
NRRLB 1910
L. reuteriB 14171 8.58%° 7.90° 7.90° - - -
L. acidophilus NRRLB 1910 8.28%° 8.36°° 8.72%° - - -
B. longumATCC 15707 8.04° 8.855%° 7.96™° - - -

Means followed by the same upper case letter(s) are not significant, but different letters are significant according to LSD procedure where a = 0.01, the
LSD for culture and fiber/media = 0.965 levels of producer
§comparison between different fibers/media within the same bacterial culture
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4. CONCLUSION

Maltodextrin was found to have good results in stimulation the probiotic bacterial count and
enhancing the sensory properties of fermented milk compared with inulin, and that is
recommended by our work to use it in industry.
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