Chapter five Conclusions and Recommendations

5.1 Conclusions

1. Among nine Lactobacillus isolates, Lactobacillus plantarum was
the most dominant in dairy samples as well as having best inhibitory
effect against all test bacteria.

2. Selected Lactobacillus plantarum isolate, have the ability to

produce B-galactosidase metabolizing lactose.

3. Inhibitory effect of probiotics bacteria was increased when various

prebiotic substances were added.

4. Fresn whey (40%) v/v and dried whey (3%)w/v enhanced the

inhibitory effect of probiotic bacteria.
5. Third fold concentrated filtrate of Lactobacillus plantarum that

propagated in media containing prebiotic substances give the best
inhibitoriest effect compared to that propagated in MRS alone.
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Chapter five Conclusions and Recommendations

5.2 Recommendations

1. Using other different synthetic prebiotic substances like dietary fiber to
detect its healthy enhancing properties.

2. Extended studies are needed to show the effect of prebiotic on another
species of lactic acid bacteria

3. In vivo studies needed to investigate the synergistic effect of probiotic
and prebiotic on gut microbia populations.
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Chapter four Results and Discussion

4.1 Isolation of Lactobacillus Species:

From a total of 17 dairy product samples add from Baghdad local
markets, nine isolates dfactobacillus were obtained. They were firstly
identified depending on their ability to form cleaones around the
colonies when cultured on MRS agar containing 1%0adue to the
acid produced by the isolates which dissolved tlEC@. Then the
isolates were further identified depending on tlkaitural, morphological

and biochemical characteristics.

4.2 Identification of Lactobacillus Species:

4.2.1 Cultural Characteristics:

When grown on MRS agar, suspededtobacillus isolates produced
colonies surrounded by clear zones. Colonies wéigevo pale in color,
round, soft, mucoid, convex and having smooth ed§esh cultural
characteristic are concerned with those Ixictobacillus species
(Kandler and Wess, 1986).

4.2.2 Morphological Characteristic:

Microscopical examination after gram stainingnunstrated that
suspected.actobacillus isolates were Gram +ve, short or long bacilli,
grouped in long and short chain containing (3-8sdeut sometimes are
single, non-spore former and non-motile. So they welated to the
Lactobacillus spp (Atlaset al., 1995).

4.2.3 Biochemical Tests:

Biochemical tests shown in table (4-1) indidateat suspected isolates

were able to produce clot when grown in litmus nni&dium
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leading to decrease the pH from 6.5- 4.5. Furtbeemall suspected
iIsolates gave negative results for the catalagemasn no bubbles were
observed after addition of hydrogen peroxide tocblenies. The isolates
also gave negative results for both oxidase andtigake tests. In
addition, they were unable to produce ammonia franginine-
supplemented medium when the color of medium stayechanged
(orange) after addition of Nessler reagent, urdesse species. Moreover
all isolates were unable to grow on nutrient aGame isolate were able
to grow at 45°C, while other able to grow at 15° C.

In order to differentiate the nine isolatesLafctobacillus species,
carbohydrates fermentation test was performed. Rwdates were
different in their ability to ferment the carbohgt® sources used..The
isolates which fermented all sugars but not xylasse identified as
Lactobacillus plantarum, while those fermented all sugars and failed
to ferment only manitol were identified dsictobacillus fermentum.
Isolates that fermented all sugars except maltositol and lactose
were classified asactobacillus breuvis. Finally isolates which were
unable to ferment both xylose and manitol but ferhegher sugars were
considered to be belonging kamctobacillus acidophilus (Hammes and
Vogel, 1995).

According to the above result, four isolates evatentified asLb.
plantarum, three isolates were identified &%. fermentum and one
isolate was identified asLb. acidophilus while the another one was
identified asLb. breuvis.
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4.3 Inhibitory Effect of Lactobacillus Isolates
against Test Bacteria

4.3.1 on Solid Medium:

Testing the inhibitory effect ofLactobacillus isolates was done
against some pathogenic test bacteria by propagaim MRS agar
medium at different incubation periods (24, 48 @&y hr.

Table (4-2), showes the inhibitory effect o&dtobacillus isolates
grown on MRS agar against all test bacteria. It f@asd that most
Isolates possess inhibitory effect at various kevelowever, isolates of
Lb.plantarum were more effective by exhibiting highest inhiljto
effect against all test bacteria. Liféh.plantarum 1 isolate exhibited
good inhibitory effect against test bacteria whée tnhibitory zone
reached 10 mm and 12 mm after (24hr) wstlaphylococcus aureus
and Bacillus cereus, and 8 mm for bothPseudomonas aeruginosa
and Escherichia .coli, respectively. While increasing incubation period
to 48 hr and 72 hr, was showed slight decreasgseinnhibition zone
observed when it was ranged between (7-10.5mmi) 48tdar incubation
period and ranged between 7.5-10.5mm after 72 ¢ubiation period
against test bacterid.b.plantarum 2 isolate was recorded the highest
inhibitory effect after 24hr incubation period whenhibitory zone
reached 10, 14.5, 10 and 13mm agaiSstureus, B.cereus, P.
aeruginosa andE.coli, respectively. Figure (4-1) shows that both Gram-
positive isolates S.aureus and B.cereus) and Gram-negative isolates
(P.aeruginosa and E.coli) were highly affected by isolate,
Lb.plantarum 2 after 24hr of incubation. Almost similar results reve
obtained by Jimenez-Diaa al.(1993) and Nitagu and Gash (1994) who
found that Lactobacillus plantarum excreted good inhibitory effect
against Gram-positive and Gram-negative bactemi@ehsing incubation

43



Chapter four

Results and Discussion

period to 48 hr showed no improvement in the irbityi effect when

inhibition zone diameter remain as it is.

Table (4-2). Inhibitory Effect of Lactobacillus | solates Against Test
Bacteria on Solid Medium (MRS agar) after Different Incubation

Periods.
Isolates Incubation Inhibition zone diameter
Periods
(hr) Tested Bacteria
S.aureus| E.coli | p.aeruginosa | B.cereus
Lb.plantarumi 24 10 8 8 12
48 9.5 8.5 7 10.5
72 9 8.5 7.5 10.5
Lb.plantarum=2 24 10 13 10 145
48 10 13 10.5 14
72 8 9.5 10 11
Lb.plantarum 3 24 11 9 8 10
48 12 12 12.5 10.5
72 11.5 12.5 11 9
Lb.plantarum.4 24 11 11 11.5 10.5
438 13 12 12 13
72 11 13 11 11
Lb.Fermentum.1 24 12 11.5 9.5 8
48 10 11 9 6
72 10 11 9 6
Lb.Fermentum.2 24 5 7 5 8
438 8 7.5 7 10
72 5 55 6 7
Lb.Fermentum.3 24 5 11 10 8
48 5 11.5 10.5 8
72 - 10 9 -
Lb.acidophilus. 24 10 9.5 9 11
438 12 11 11.5 12
72 12 11 11.5 12
Lb. brevis. 24 5 6.5 5 5.5
438 10 9 11 14
72 9 9 10 12

(-)= No Effect
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In contrast, after 72hr less inhibitory effect vadoserved, when inhibition
zone diameter decreased to 8, 11, 10 and 9.5 mmsaghaureus,
B.cereus, P.aeruginosa andE. coli, respectivelyLb.plantarum 3 and
Lb.plantarum 4 isolates also have inhibitory effect but less than
Lb.plantarumi and Lb.plantarum 2 isolates, when inhibition zone
diameter ranged between (8-11mm) after 24hr Withplantarums3
isolate and ranged 10.5-11mm with.plantarum 4 isolate, with same
incubation period. However extending incubationiquérto 48hr show
better inhibitory effect for both isolates whenilition zone reached to
12, 10.5, 12.5 and 12mm, agaisstiureus, B.cereus, P.auroginosa
andE. coli, respectively withL.b.plantarumg3, while reached to 13, 11
and 12mm againsS.aureus, B.cereus, P.auroginosa and E.coli with
Lb. plantarum4. This result almost agreed with those obtained\by
Dulemy (2000) who found that the inhibitory effeaft LAB increased
after 48hr of incubation. But Al-Jeboury (2005) mauthat LAB gave
good inhibitory effect after 24hr. On the other daafter 72hr incubation
no increases in inhibitory effect for both isol{gb.plantarum 3 and
Lb.plantarum 4) isolates was obtained, when range of inhibizone
diameter remain without changes (9-12.5mm) \libbplantarum 3 and
(11-13mm) with Lb.plantarum 4. Lb.fermentum 1 isolate showed
varied inhibitory effect with different incubatiogperiods. It has good
effect at 24hr against test bacteria when inhibittmne diameter were
12, 8, 9.5 and 11.5mm agairfstiureus, B.cereus, P.aeruginosa and
E.coli, respectively. With increasing incubation periodd8hr and 72hr,
inhibitory effect decreased and inhibition zonenakders were 10, 6, 9
and 11lmm for S.aureus, B.cereus, P.aeruginosa and E.coli,
respectively.Lb.fermentumz2isolate have less inhibitory effect against
all test bacteria at all incubation period, wherxmmam inhibitory effect

recorded for this isolate after 24hr was 8mm Botereus, maximum

45



Chapter four Results and Discussion

inhibitory effect of the same isolate after 48hrswaOmm against
B.cereus also. Increasing incubation period to 72hr, resuliecreasing
inhibitory effect to very low level when it reach&d7, 6 and 5.5mm for
S.aureus, B.cereus, P.aeruginosa andE.coli, respectively.
Lb.fermentum3 isolate, have no inhibitory effect against S.asrafter
24hr of incubation but it has good inhibitory etffen G- bacteria also on
B. cereus, this agreed with result obtained by Aldy (1997) how
found that LAB gave inhibitory effect after 24hr. i\ increasing
incubation period to 48hr have the same effect wimdibition zone
remain as it is. While after 72hr on incubationiped.b. fermentum 3
iIsolate have no effect on Gram-positiSeaureus and B.cereus, but
showed slight effect on Gram-negative bactétiazeruginosa and E.
coli when inhibition zone reached to 9 and 10 mm, rcoasy.
Lb.acidophilus, exhibited moderate inhibitory effect after 24hf o
incubation against the test bacteria when sligtreiases were recorded in
the inhibition zone, which diameters were estimated 0 and 11mm for
Gram-positive§.aureus and B.cereus) and 9-9.5mm for Gram-
negativeP.aeruginosa and E.coli). The same increases was also
recorded when incubation period increased to 48iar &2hr for such
isolate, when inhibition zone diameters reachettal2, 11.5 and 11mm
for S.aureus, B.cereus, P.aeruginosa and E.coli, respectively
The last isolatd.b. brevis differ from other above isolates, it has slight
inhibitory effect against all test bacteria iniatubation period especially
24hr, inhibitory zones were 5, 5.5, 6 and 5mm rgab.aureus,
B.cereus, P.aeruginosa andE.coli, respectively. But it increased when
incubation period become 48hr with diameter 10114nd 9mm with

S.aureus, B.cereus, P.aeruginosa and E.coli, respectively.
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A) S.aureus B) B.cereus

C) P.aeruginos B)coli

Figure (4-1). Inhibitory Effect of Lb.plantarum 2 | solate against Test
Bacteria after Propagating on Solid Medium for 24 hr.
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. Present results were nearly close to the reslitained by Al-Yas
(2006) who found that inhibitory effect of LAB ireased after 48hr of
incubation. Generally, incubation period 24hr re=ailin production of
more inhibitory effect by almost all Lb. isolatesspecially
Lb.plantarumz2. Aktypis et al.(1998) referred such differences in the
inhibitory effect at different incubation periodsaynbe needed to the
nature of LAB isolates used against test bact&iaile Vingholoet al.,
(1995) referred that to the test bacteria itsetit s highest inhibitory
effect, Lb.plantarum2 isolate was selected for further experimenting in

this study.

4.3.2in Liquid Medium
Well diffusion method was used to determine thieibition effect of

selected LAB isolate Lb.plantarum 2). Filtrates of this bacteria was
applied in this experiment after propagation in MB®th at different
incubation periods (24, 48 and 72 hr) againstliesteria. By filling the
wells of nutrient agar plates that have been cadtly test bacteria with
the filtrate. Table (4-3) exhibits the inhibitor{fext of Lb.plantarumz2
filtrate. It was found that 24hr period of inculmati showed best
inhibitory effect against Gram-positive bacteria emhinhibition zone
diameter reached to 16 and 13.5 mm for b@tureus and B.cereus,
respectively and 15.5 and 13mm fd?f.aeruginosa and E.coli
respectively.lt was found thaLb.plantarumz2 isolate give highest
inhibitory effect when grown in liquid medium tham the solid medim
for all incubation periods used, when maximum iftfob zone diameters
reached 16mm, which is higher than that recordedhbysolid media.
This due to the ability of MRS broth to exhibit widpectrum inhibitory
effect against Gram-positive and Gram-negative dractGuptaet al.,
1998). Figure (4-2), shows inhibitory effect dfrfite of Lb.plantarum

2 isolate when propagated in MRS broth after 24rod of incubation.
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Increasing incubation period to 48hr showed lebshitory effect against
Gram-negative bacteria when inhibition zone diametached to 10 mm
for E.coli, and no change was observed agathgtruginosa. Also, in
Gram-positive bacteria such aB.cereus after such period, less
inhibitory Effect was obtained when inhibition zodemeter reached to
10 mm. While increasing period to 72hr resultedess inhibitory effect
effect for Lb.plantarum filtrate against all tested bacteria, when all
inhibition zone diameters decreased to 8.5, 9, 8 @&%bmm against
S.aureus, P.aeruginosa, B.cereus and E.coli, respectively. These
results agreed with those obtained by Al-Jebory0$2Gvho found that
increasing incubation period to 48hr and 72hr warable to increase the
inhibitory effect instead less Effect was recordéthile obtained results
was disagreement with those obtained by Al-Dule&§06) who found
that the inhibitory effect increased after 48 HmeTreason for such result
may be that the inhibitory materials (plantara@rg secreted outside the
cells after increasing the incubation time causohecrease in the
inhibitory effect.

Table (4-3): Inhibitory Effect of Unconcentrated Filtrate of Lb.
plantarum? | solate Against Test Bacteria after Propagating in
MRS Broth for 24 hr.

Diameter of inhibition zone (mm)
Test bacteria I ncubation Periods(hr)
24 48 72
S. aureus 16 16 8.5
P. aeruginosa 15.5 15.5 9
B. cereus 13.5 10 8
E. coli 13 10 7.5
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A) S.aureus B)cereus

C)P.aeruginosa 0y.coli

Figure (4-2). Inhibitory Effect of Unconcentrated Filtrate of
Lb.plantarum? | solate against Test Bacteria after Propagating in
MRS Broth for 24 hr.
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Pfeiffer and Radler (1982) found a relationshipnestn the diameter of
inhibition zone and concentration of the inhibit@ybstances, so filtrate
of Lb.plantarumz2 isolate that propagated in MRS broth after 24hr
incubation period was concentrated to three fdbgsfreezer-dryer, and
as shown in figure (4-3) the inhibitory effect inased against all tested
bacteria when the filtrate of it was concentrat®de fold concentrated
filtrate show slight increases in effect againsst tébacteria when
inhibitory zones ranged between 15-17mm. While tietd filtrate
showed noticeable inhibitory effects with zoneswkéer of 18, 18, 16.5
and 17mm againsS.aureus, B.cereus, P.aeruginosa and E.coli,
respectively. Three fold filtrates exhibited thgtest inhibitory effects,
when diameter of inhibition zone was increased @athed to 23 and
23.5mm for bothS.aureus and E.coli, respectively and recorded 21.5
and 22 mm forP.aeruginosa and E.coli (figure 4-4). So increasing

inhibitory effect was associated with increasesceoitration.

25
20
Inhibition 15 2 S.aureus
Zone
Diameter 10 B B.cereus
(mm) 5 @ P.aeruginosa
0] @ E.coli

One Two Three

Number of Folds

Figure(4-3). Effect of Concentrated Filtrate of Lb. plantarum2
| solate when Propagated in MRS Broth.
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A) S.aureus B)cereus

C) P.aeruginosa 0Oy.coli

Figure (4-4). Inhibitory Effect of Three Folded Concentrated
Filtrate(12.5%) of Lb.plantarum? | solate against Test Bacteria
after Propagatingin MRS Broth for 24 hr.
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4.4 Production of -galactosidase by Lb.plantarum:

Culture of Lactobacillus plantarum was grown in X-gal-MRS
medium to investigate its ability gfgalactosidase productian vitro.
Results in figure (4-5) showed that the isolate whke to producé-
galactosidase after hydrolyzing the chromogenicssate X-gal and
forming blue color. Turning to blue color took mdran two days due
to the need for oxygen when the bacterium was iam under

anaerobic conditions.

Figure(4-5) : Ability of Lactobacillus plantarum? | solate for
Production of B-galactosidase (in vitro) on Xgal-M RS Agar
Medium.
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4.5 Inhibitory Effect of Lb.plantarum Propagated in
Fortified MRS Medium.

a) in MRS Medium fortified with L actose:
Five lactose concentrations (1, 2, 3, 4 and Bfoand three incubation

periods (24, 48 and 72hr) were used for improvirgginhibitory effect of
Lb.plantarum? isolate on the test organism.

Results in table (4-4) shows that, 1% lactose haw¢ increase
Lb.plantarum Effect at all incubation periods when inhibitioone
diameter range between 8-11mm, against test omgaist it was clear
that increasing lactose concentration to 2% andca#se increase in
inhibitory Effect as with 2% of lactose at 24hr ubation period when
inhibition zone diameter increased to a range b&tmiS-16 mm against
test bacteria. This range of inhibition zone disane&tas increased at high
level and become 16-18.5 mm when incubation pewad 48hr and

72hr.

Table (4-4). Inhibition Zone Produced By Lb.plantarum 2 Isolate
Propagating in MRS Broth Fortified with Different Lactose

Concentration against Test Organism

Diameter of inhibition zone(mm) on
Lactos Test Bacteria
Conc.| Incubation| S.aureus | B.cereus | P.aeruginosa | E.coli
(Yow/v) period(hr)
1 24 9 9 10 9.5
48 9.5 8 11 9.5
72 9.5 8 10.5 9
2 24 13 15 16 14
48 18.5 17 18.5 16
72 18 17.5 18 16
3 24 18 17 16.5 17
48 17 16 155 16
72 17 16 15.5 16
4 24 12 14 9.5 10
48 10 12 8 11
72 10 11 12 10.5
5 24 8 6.5 8 10
48 6 7 9.5 10
72 5 7 9.5 8
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The same increases were recorded at 3% of lact@kaand 48hr when
inhibition zone ranged between 15.5 -18 mm agdesitbacteria, but at
72hr incubation period there was slight decreasdbfe inhibition zone
diameter when reached to 17, 16, 15.5 and l6mmmnsigSiaureus,
B.cereus, P.aeruginosa andE.coli, respectively. This result was higher
than that recorded whehb.plantarum propagated in MRS alone
(without prebiotic) while give inhibition zone diater between 13-
16mm, almost similar results were obtained by Ktanét al.(1999) who
found that LAB may utilize lactose, and the prolw@iction of the strains
could be enhanced. The effect bb.plantarum 2 isolate decreased
when increasing lactose concentration to 4% atnalibation periods
against all tested bacteria, especially Gram-negatibacteria
(P.aeruginosa and E.coli) at 24hr incubation period, when inhibition
zone diameter decreased to 9.5 and 10mm, reselctiVhe same
decreases was recorded for 5% of lactose, likélat xcubation period,
inhibition zone diameters decreased to a rangedmetv6.5-10mm, and
become 6-10 mm and 5-9.5 mm, with increasingbation period to
48hr and 72 hr. This may due to the effect of hagimcentration of
lactose onp-galactosidase enzyme which metabolizes lactoséheén
medium. It was concluded thab.plantarum 2 isolate can grow well
and exhibit good effect against Gram-positive andanGnegative
bacteria in a medium containing disaccharide (hatlded as a substrate
supporting probiotic growth and Effect) and thishanced by LAB
enzymes that help in breakdown lactose to glucase galactose
(Lonnerdal, 2003). From above results it was cldaat filtrate of
Lb.plantarum 2 isolate that propagating in MRS broth fortifiedh 2%
lactose at 48 hr incubation period gives higheltbitory effect against
test bacteria. (Figure 4-7). So this filtrate wasaentrated into three fold
by freezer-dryer. Results in Figure (4-6), showat the inhibitory effect
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were increased with increasing folds. One fold eotiated filtrate
exhibit inhibitory effect more slightly than filttee without concentration,
when inhibition zone diameter ranged between 1616+ (figure 4-6).
Two fold concentrated filtrate have noticeable @ases in inhibitory
effect when inhibition zone diameter increased@p1®.5, 21 and 18mm
with S.aureus, B.cereus, P.aeruginosa and E.coli, respectively. This
higher than that recorded by two-fold concentratélrate of
Lb.plantarum 2 isolate when propagated in MRS alone, when itibib
zone diameters reached to 18, 16.5, 18 and 16.%espectively. Third
fold exhibiting the highest inhibitory effects whdrameters of inhibition
zone reached to 29, 28.5, 29 and 27mm vfthureus, B.cereus,
P.aeruginosa and E.coli, respectively. So prebiotic (lactose) can
improve the effect of probiotic bacteria( Macfadaand Cummings,
1999).

30
25
Inr;bmon 15 S.aureus
one
Diameter 1q B B.cereus
(mm) 5 B P.aeruginosa
0 B E.coli

One Two Three

Number of Folds

Figure (4-6). Effect of Concentrated Filtrate of Lb. plantarum2 |solate when
Propagated in MRS Broth Containing, L actose 2%
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A) S.aureus B) B.cereus

C) P.aeruginosa D) E.coli

Figure (4-7). Inhibitory Effect of Unconcentrated and Concentrated
Filtrate of Lb.plantarum? | solate Propagated in MRS Fortified
with Lactose after 48 hr Incubation.

100 = Filtrate Only
50 = OneFold
25=Two Fold
12.5=Three Fold
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b) MRS Fortified with Fresh Whey:

From result in table (4-5) it was shown that diéfietr concentration of
whey effect on inhibitory effect of Lb.plantarum at different
incubation periods when inhibition zone was inceghdn some
concentration of whey. Concentration of whey at 188d 20% , with
incubation period 24 hr, have good inhibitory effgvith inhibition

zone diameter of-10 mm

Table(4-5). Inhibition Zone Produced by Lb.plantarum2 |solate Propagating
in MRS Broth Fortified with Different Fresh Whey Concentration against
Test Bacteria

Whey Diameter of inhibition zone(mm) on
Test Bacteria
Conc.| Incubation| S.aureus | B.cereus | P.aeruginosa | E.coli
(Yoviv) period(hr)
10 24 8.5 9 7.5 7
48 9 10.5 7.5 7
72 10 8.5 9 5
20 24 10 9 8 7.5
48 12.5 13 8 7
72 13 135 135 13.5
30 24 135 14 13 14
48 13.5 125 12 15
72 13 13.5 12.5 14
40 24 15.5 15 16.5 175
48 19 185 19 17
72 18.5 18 19 17.5
50 24 10.5 8 10 9.5
48 11.5 7.5 9.5 9
72 11 7.5 9.5 10

Increasing incubation period to 48 hr with the safmesh whey
concentrations (10% and 20%), show increases iibitohy effect

against Gram-positive bacterié. qureus andB.cereus) when range
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of inhibition zone diameter reached to 9-13mm. Buam-negative
bacteria not affected when inhibition zone diametenain as it is.
This result agreed with that obtained by Sharb@®§20how found
that lactose utilization was increased with incregsincubation
period to 48 hr, increasing incubation period to h2the effect
increased slightly against all tested bacteria whdmbition zone
diameter ranged between 8.5-13.5mm. At 30% conaeoitr of fresh
whey, filtrate ofLb.plantarum have better inhibitory effect at 24hr
and 48hr, against all tested bacteria, in 24hr baton period
inhibition zone diameter ranged 13-14mm, and irsmdaslightly
when incubation period 48hr and become 13.5-15mmurehsing
period to 72hr, have no increases in Effect whembition zone
diameter remain as it is. At 40% concentration sl whey,
Lb.plantarum have maximum inhibitory effect compare with other
concentrations, especially at incubation period 4& hr. when
inhibition zone reached to 19, 18.5, 19 and 17 rgairestS.aureus,
B.cereus, P.aeruginosa and E.coli, respectively. Such inhibitory
Effect was remaining as it, after increasing peraddncubation to
72hr, when diameter of inhibition zone not chandadreasing fresh
whey concentration to 50%, inhibitory effect wacmased, to low
level at all incubation period compared to thevabooncentrations of
fresh whey, and this may due to inoculums size ffitsent to
consume increases of lactose concentration, foanfdesh whey.
Like at 24hr incubation period, inhibitory effecagvdecreasing for all
test bacteria, when inhibition zone diameter desgdao a range 7-
9.5mm, such decreases in inhibition zone diameésr also recorded
for 48hr and 72 hr incubation period, when it wasged between
7.5- 11.5mm for both. From above result it was rctbat, the filtrate

of Lb.plantarum2 isolate propagated in MRS broth fortified with
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40% fresh whey, at 48hr incubation period, haveimar inhibitory
effect against all tested bacteria. So this fitratas concentrated to
three fold by freeze-dryer. From figure (4-8), itasvclear that
increasing the inhibitory effect was associatedhwitcreases number
of folds. It was shown that one fold of concentuiditrate have effect
against all tested bacteria in a range 17.5-19.5 buh this effect
increases with two fold concentrated filtrate amdhibition zone
diameter was at range 21.5- 23 mm. Third fold haw@ximum
inhibitory effect compare with one and two fold whehibition zone
diameter reached to 28.5, 30, 31 and 29mm agdinsireus,
B.cereus, P.aeruginosa and E.coli respectively and considered as
higher than that recorded for concentrated filtratehen

Lb.plantarum propagated on MRS alone. Result in figure (4-9).

35
30
N 25 —
Inhibition 20 L (@S aureus
Zone 15 i
Diameter 10 i B.cereus
(mm) 5 @ P.aeruginosa
0 @ E.coli

One Two Three

Number of Folds

Figure (4-8). Effect of Concentrated Filtrate of Lb. plantarumz2 | solate
when Propagated in MRS Broth Containing Fresh Whey 40% v/v
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A) S.aureus B) B.cereus

C) P.aeruginosa D) E.coli

Figure (4-9). Inhibitory Effect of the Three Folded Concentrated
Filtrate (12.5%) of Lb.plantarum2 Isolate Propagated in MRS
Fortified with Fresh Whey after Incubation for 48 hr.
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c) MRS Fortified with Dried Whey:

Inhibitory effect of filtrate oflLb.plantarum2 grown in MRS fortified
with different concentration of dried whey at thieeubation period was
tested, against test bacteria. Table (4-6) shoatsthie inhibitory effect of
Lb.plantarum varied with different concentrations of dried whéyo
concentration of dried whey, have no improving effen Lb.plantarum
Effect against all test bacteria at 24hr, whenbiion zone diameter
remain in the same range when it propagated in ll@&e (13- 16 mm).
Increasing incubation period to 48hr, resulted hghs decreases in
inhibitory effect against Gram-positive bacteriaS.aureus and
B.cereus), with inhibition zone reached 11.5 and 9 mm, whmb effect
was observed against Gram-negative bacteria. V@hil&2hr incubation
period, no increase in the Effect was obtained whimbition zone
diameter ranged 9 -13 mm. Increasing dried whegewoination to 2% at
24hr, have good inhibitory effect when inhibitioone diameter increased
against all test bacteria, to 13 and 12.5 mmSftaureus andB.cereus
and to 13.5 and 12 mm for bothaeruginosa and E.coli. After 48hr
incubation period there was continuous increasemlbitory effect
against all test bacteria when inhibition zone ditanreached to 14 mm
for P.aeruginosa. The best inhibitory effect was obtained at 3%
concentration of dried whey at 24hr incubation @&si when inhibition
zone diameter ranged to 10-13 mm, but inhibitofeatfwas increased
and inhibition zone diameter reached to 19, 18bazd 18mm, against
S.aureus, B.cereus, P.aeruginosa and E.coli this at 48hr incubation
period. Diameters of inhibition zone were remaitha&t same range when

incubation period become 72hr.
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Table(4-6). Inhibition Zone Produced by Lb.plantarum 2 grown in
MRS Broth Fortified with Different Dried Whey Concentration

against Test Bacteria

Dried Diameter of inhibition zone(mm)on Test Bacteria

Whey

Conc.| Incubation| S.aureus | B.cereus | P.aeruginosa | E.coli

(Yow/v) period(hr)

1 24 13 10.5 15.5 16
48 11.5 9 12.5 155
72 12.5 9 12 13

2 24 13 12.5 135 12
48 13.5 13 14 135
72 13.5 12.5 14 13

3 24 12.5 13 10 11.5
48 19 18.5 20 18
72 18 18.5 17 19.5

4 24 11 13 14 11.5
438 11 125 12 12
72 9 9.5 6 10

5 24 9 8 7.5 10.5
48 9 8 7.5 10.5
72 7.5 8 7.5 8

At concentrations 4% and 5%, inhibitory effect fb.plantarum

filtrate was decreased, at all incubation peri@dswith 4% dried whey,
inhibition zone diameter was at range 11.0 — 14 a4 hr, and to 11-
12.5 mm, at 48hr. This range decreases largely-10 ém, at 72hr
incubation period. The same decreases was obsevitad5% dried
whey, when inhibition zone diameter ranged 7.5-1@r8, at 24hr and
48hr incubation period, and to 7.5-8 mm when ingegacubation period
to 72hr. From all above result, it was concludect tiiltrate of
Lb.plantarumz2 isolate that propagated in MRS broth fortified w&%

dried whey at 48hr incubation period give highestibitory effect
against all tested bacteria, so it was concentraiedreezer-dryer to
three-fold. Increasing number of fold leading ircreases inhibitory

effect, results in figure (4-10), show that the ibitory Effect was
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increased at each fold of concentration againstealied bacteria. One-
fold of the concentrated filtrate exhibit good ibiory effect when it
ranged to 17.5- 20.5 mm, with all tested bact&Mhile, fold increased to
two, inhibition zone diameter reached to highieslue with S.aureus
when it reached to 23 mm and 21, 22.5 and 22mm Witlereus,
P.aeruginosa and E.coli, respectively. Three fold concentrated filtrate
have the highest inhibitory effect when inhibitipone diameter reached
to 30mm with both B.cereus and P.aeruginosa and 29 mm, 29.5 mm

for bothS.aureus andE.coli. Figure (4-11)

30
25
Inhibition 20 S S alreUs
one 15
Diameter 10 B B.cereus
mm) 5 B P.aeruginosa
0 8 E.coli

One Two Three

Number of Folds

Figure (4-10). Effect of Concentrated Filtrate of Lb.
plantarum2 | solate when Propagated in MRS Broth
Containing Dried Whey 3%.
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C) P.aeruginosa D) E.coli

Figure (4-11). Inhibitory Effect of Three Folded Concentrated
Filtrate (12.5%) of Lb.plantarum? | solate against Test Bacteria
after Propagating in MRS Broth Fortified with Dried Whey for 24

hr.
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4.6 Minimum Inhibitory Concentration (MIC,s) of
Concentrated Filtrates of LAB When Propagated
1n:

A- MRS Medium:

To determine MICs of théb.plantarum filtrates required to inhibit
microbial growth, serial dilutions were preparednfr the three-fold
filtrates of Lb.plantarumz2 isolate, as previously mentioned (3.2.10).
Table (4-7) contains MIC of the concentrated ftkraf Lb.plantarum
propagated in MRS broth. Results of the table dedl#hat the first two
concentrations (1:9 and 2:8) had no observed effgainst all bacteria
when heavy growth of these bacteria was noticest aftubation. While
growth ofS.aureus andB.cereus decreased to the moderate level at the
following two concentrations (3:7 and 4:6) and & #br the other two

test bacteria P.aeruginosa andE.coli.
Table (4-7). Minimum Inhibitory Concentrations (MIC,s) of Concentrated
Filtrates of Lb.plantaruma? | solate Propagating in MRS Broth against Test

Bacteria.
| solate 19| 28| 3.7 4:6 55| 64| 7:3 82| 91

S. aureus +++ | ++ | ++ ++ +

P.aeruginosa | +++ | +++ | +++ | ++ | ++ | +

B. cereus +++ | +++ | | ++ +

E. coli +++ |+ | A | |+

Heavy Growth = +++ Medium Growth = ++ Light Growth =+ No Growth = -

Sharp decreases in growth to the light level wex@mded bysS.
aureus andB. cereus after treatment with a concentration of (5:5)

of the filtrate and with (6:4) foE.coli andP.aeruginosa.
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The last three concentrations bb.plantarum isolate (7:3, 8:2, 9:1)
were quite enough to retard any growth of all #st bacteria.
From the above results it may be concluded thiaafd concentrations of
(6:4) is the MIC,s forP.aeruginosa and E.coli, and 5:5 forB.cereus
and S.aureus. Such results agreed with those obtained by Al-Jsbou
(2005) who found that the MIC dfb.plantarum concentrated filtrates
were (50%) and (60%) that completely inhibited theowth of
Lb.plantarum.
B) MRS Fortified with Different Substances:
To determine the differences in MIC values afi@entrated filtrates of
Lb.plantarumz isolate after propagating in MRS broth containing
prebiotic substances, steps in (4.6.A) were regeat
Results in table (4-8 a), shows the MIC of the emtated filtrate of
Lb.plantarum propagating in MRS fortified with 2% lactose. Vesuof
MIC were decreased to 5:5 (concentrated filtratdrient broth) forP.
aeruginosa andE.coli, and 3:7 forS.aureus and B.cereus, this differ
from that when propagating in MRS alone. (Table)4Similar results
were obtained whelh.b.plantarum propagated in MRS fortified with
dried whey. (Table 4-8 c). While sharp decreaseMli@s values were
noticed for the filtrate ofLb.plantarum 2 isolate propagated in MRS
fortified with fresh whey when MICs value were 3f@r S.aureus,
B.cereus and E.coli and be 4:6 for P.aeruginosa. (Table 4-8 b).
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Table (4-8). Minimum Inhibitory Concentrations(MIC,s) of Concentrated

Filtrates of Lb.plantarum? | solate Propagating in MRS Broth Fortified

with a) Lactose b) Fresh Whey c) Dried Whey against Test Bacteria.

a)

| solate 1.9 |28 |3:7|46 |55 |64|73 82 |91
S.aureus +++ | ++ + _ _ _ _ _ _
P.aeruginosa | +++ | +++ | ++ | ++ + _ _ _ _
B.cereus ++ ++ + _ _ _ _ _ _
E.coli ++ | ++ | ++ + + _ _ _ _

‘.—
N—r

I solate 1.9 (28|37 |46 |55 |64 |73 |82 |91
S.aureus ++ + + _ _ _ _ _ _
P.aeruginosa | +++ | ++ | ++ | + _ | _ _
B.cereus ++ + + _ _ _ _ _ _
E.coli +++ | ++ |+ _ _ _ | _ _ _

‘

| solate 1:9| 28| 3.7, 46| 55|6:4| 7:3| 82| 91
S.aureus +++ | ++ + _ _ _ _ _ _
P.aeruginosa | +++ | +++ | ++ | ++ + _ _ _ _
B.cereus +++ | ++ + _ _ _ _ _ _
E.coli +++ | +++ | ++ | ++ +

Heavy Growth = +++ Medium Growth = ++ Light Growth =+

No Growth = -
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4.7 Growth Curve Measurement of
Lp.plantarum2 Grown in:

47.1 MRS Broth:
Growth characterization of the selecfatctobacillus isolates

was done to determine the extent of their growthsehwhen propagated
iIn MRS broth alone, and comparing it with that @oated in MRS broth
containing prebiotic substances.

When a bacterium inoculated into a new MRS booflture medium, it
exhibits a characteristic of growth curve whicleassisted, in the normal
growth, from four phases: lag, log (exponentiatgtisnary and death

phases( Atlast al., 1995)

Figure (4-12) shows that lag phase took abolt. During this phase
no increase in cell number was detected which mayrddated to
preparation of cells for synthesis of DNA, indueil@dnzymes needed for
cell division and reproduction. This phase wasolekd by the log phase
when the number of cells was increased. A logaithgrowth was
noticed during the first 8 hr, then growth rate dree at a slower speed
for 24 hr. Mostly, the isolate entered the statigreiage (Emanulet al.,
2005).

4.7.2 MRS Broth Fortified with Prebiotic Substances:

Testing the improving effect of prebiotic substaoa probiotic growth
was done. The growth curve bb.plantarum?2 isolate grown in MRS
broth containing 2% lactose were examined as iaré@-13). The lag
phase also take about 2 hr and same result wamedtigure (4-14) and
(4-15) whenLb.plantarum was propagated in MRS broth containing
40% fresh whey and 3%dried whey. This may due te smilar
conditions in the media (temperature and nutriemtih@ound), from
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which the organism taken and the one to which #reytransferred. The
logarithmic growth stage ofb.plantarum took about 10 hr when it
propagated in MRS with 2% lactose and it took abb@ithr when it
propagated in a medium with 40% fresh whey and 8&gddvhey. These
periods of log phase @fb.plantarum growth when propagated in MRS
broth fortified with these substances considerdoettonger as compared
with that propagated in MRS alone. Such differenceke period of each
phase may be due to the addition of new carboncesutactose), while
makes the bacteria take more time to ferment itulbteet al.(2004)
found that the addition of prebiotic substancesmadia changing in

growth behavior and this result was likely in agneat with our result.

MRS Broth
S
[
§ ——0O.D
a
© 0 Y Y ]
0 10 20 30
Time (h)

Figure(4-12). Growth Curve of Lb.plantarum2 | solatein MRS
Medium
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Lactose

——0.D
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0 T T J
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Figure(4-13). Growth Curve of Lb.plantarum2 |solatein MRS Medium
Fortified with 2% L actose

Fresh Whey

——0.D
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o = N w

30
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Figure(4-14). Growth Curve of Lb.plantarum2 | solatein MRS Medium
Fortified with 40% Fresh Whey
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Dried Whey

——0.D
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0 10 20 30
Time (h)

Figure(4-15). Growth Curve of Lb.plantarum2 | solatein MRS Medium
Fortified with 3% Dried Whey

4.8 Lb.plantarum 2 Cells Number before and after

Prebiotic Treatment:

The effect of three prebiotic substance#h wefined concentrations
on bacterial numbers of selected probiotic sti@plantarum2 were
studied, by using plate count method (Bryant andk8y 1953). Table
(4-9), shows the number dfb.plantarum before and after prebiotic
treatment at different incubation periods and fraault it was shown
that lactose, fresh whey and dried whey enhdricplantarum growth
and resulted in increasing bacterial numbers aferdit incubation
periods (24, 48 and 72 hr), but in general the ésghncreasing in
Lb.plantarum numbers were recorded after 48 hr incubation perio
Like after 24 hr incubation period with lactose 284 there is slight
increases in number of cells when it reached to<4L@ while it was 2.2
x 10° with those without lactose enrichment. Increasimybation period
to 48 hr shows better enhancing in growth whehraghber reached to
3.3x 10 . While with those without lactose enrichment thember of
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cells reached to 2.9 x 0 Increasing incubation period to 72 hr shows
lower effect on growth. Largest increasindlb.plantarum number was
recorded after treatment with fresh whey 40% ahdgcubation period
when the number of cells reached to 5.1 % 1& this period good effect
was obtained orlb.plantarum growth as compared with number of
cells after 24 hr and 72 hr when it becomes 2.40%ahd 2.1 x 10
respectively. The same increasing in numberLbfplantarum was
recorded when it was propagated in MRS broth fedifvith dried whey
3% wlv, but less than that recorded for whey .

It was found that after 24 hr incubation penath 3% w/v dried whey,
the number of cells reached to 1.2 » 4@d reached to 1.1 x A@hen
incubation period become 48 hr. While increasinggaeof incubation to
72 hrresult in less cell numbers. From above tesiNvas concluded that
prebiotic treatment enhance the growthLéfplantarum especially at
48 hr. incubation period but opposite effect wasesbed after 72 hr
incubation period for all three treatment, andalhen propagated in
MRS without prebiotic treatment, and which may dadighly decrease
in pH (less than 3) and this may cause inhibitibve growth of
Lb.plantarum cells and hydrolysis of its cells.
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Table (4-9). Number of Lb.plantarum before and after Prebiotic

Treatment
Lb. plantarum Cell Numbers
Prebiotics
24 hr 48 hr 72 hr
MRS alone 2.2x10 2.9x10 1.8x10
L actose 4.1x10 3.3x10 2.1x10
2% w/v
Fresh 2.4x10 5.1x10 2.1x10d
Whey 40%
viv
Dried 1.2x10 1.1x10 6.2x10
Whey
30% w/v
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Chapter One Introduction

1- Introduction:

A great attention was paid to use microorgasismtheir metabolites
in the industry, food safety and treatment of saiiseases. Bacteria are
the first type of microorganisms used in this ajpgio Among
bacterial group is theactobacillus spp. which have a great role in
probiotics, due to it's presence in mucous memboan#estine and
digestive tract of human as normal microfloragsaded in food industry
and it's ability to produce inhibitor materials Buas organic acids, 8. ,
CO, , amino acid, di-acetyl, acetaldehyde and bactesq&unar, 1998).

Beneficial effects of feeding an exogenous fid may be enhanced
and extended by simultaneous administration ofebiptic , that is non-
digestible food ingredient beneficially affects thest by improving
human health (Meuleet al., 2004).

Many types of prebiotic were found naturallykeli prebiotic
carbohydrate found naturally in fruits, vegetaldesl grains as well as
other classes like dietary fiber and oligosacclesidAll those enhance
growth in a number of ways.

These synergistic effect of probiotic and prebigbatributes to health,
ones example of prebiotic is disaccharides (lagtdabat is primary
carbohydrate of mammalian milk, and it is hydrolyzento two
monosaccharides (glucose and galactose) by thstimdé brush border
enzyme lactase (Lint al., 1991). Lactose that is not digested by small
intestine becomes a substrate for fermentationagoyelia in the colon by
B- galactosidase enzyme. Resulting in productiorstadrt chain fatty
acids that restrict the growth and activity of lbsseficial species (Vaux
et al., 2000).

Dairy by-products are exclusive sources of thedoke disaccharide,

which is a by-product of dairy industry mainly frazheese processing. It
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contains divers biologically components like laetas a carbohydrate
and other components of health benefits (Lois ac@8d&4n, 2003).
Despite that, several healthy important comptare found in whey,
but it was rarely used due to many causes. Condefiseed) whey is
easier to use due to its potential in various fislecch as prebiotic.
However not much attention was conveyed to use so@erials as

prebiotics in Iraq. For such reason, this study ava®ed to:-

1. Isolation and identification of lactic acid b&ga from local

sources as probiotic.

2. Evaluation the ability of the selected isolaiadtobacillus

plantarum) for B-galactosidase production.

3. Using prebiotic available substances to tesir tffect in
enhancing properties of the probiotic bacterialwgho and/or

activity.

4. Determining the minimum inhibitory concentrasoof
concentrated filtrate dfactobacillus bacteria before and after
addition of prebiotic substances.



Chapter Three Materials and Methods
3.1 Materials
3.1.1 Apparatus and Equipments:

Apparatus or Equipment Company (Origin)

Autoclave

Gallenkamp (England)

Anaerobic jar

Rodwell (England)

Centrifuge (Portable)

Hermlex labortech Nik (Germany)

Cooling centrifuge

Harrier (England)

Compound light microscope

Olympus (Japan)

Distillater

GFL (Germany)

Electrical incubator

Gallenkamp( England)

Electrical oven

Gallenkamp(England)

Freeze-Dryer

Christ (Germany)

Glass Pasteur pipettes

John poutten Ltd (England)

Millipore filter unit(0.4 um)

Millipore and Whatman( England)

Millipore filter unit(0.22um)

Millipore and Whatman(England)

Micropipette

Oxford (U.S.A)

pH meter Metter GmbH-Teledo(England)
Shaking incubator Gallenkamp

Spectophotometer Aurora Instruments Ltd (England)
Sensitive balance Delta Range ( Switzerland)
Vortex Stuart Scientific Co.Ltd (England)
Waterbath Gallenkamp(England)
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3.1.2 Chemicals

Chemicals used in this study were classified acngrdo the
manufacture companies, as follow:

= BDH (England)

Calcium carbonate, Glycerol, Sodium hydroxide, Hydhloric acid,

Peptone, Glucose, lodine, Argenine, Agar-agarugmilk, Mannitol,

Lactose, Maltose, Sucrose, Xylose, Sodium chloride

= Biolife (Italy)

Meat extract, Yeast extract and Skim milk.

» Fluka (Switzerland)
Manganese sulphate (hydrate), Magnesium sulpliayerate),
Crystal violet, Hydrogen peroxide.

» Merck (Germany)

Sodium acetate trihydrate and Triammonium t@tra

» Oxoid (England)
Gelatine.

» Difco (USA)
Fructose, Raffinose, Arabinose, Galactasad N, N, N, N-
tetramethyl-p-phenylenediamine dihydrochloride, LG

= Sigma (USA)

Tween - 80.
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3.1.3 Culture Media:
3.1.3.1 Ready to Use (Powdered) Media:

Media Company(Country)
Nutrient Agar Biolife (Italy)

Nutrient Broth Oxoid (England)
MRS-Agar Hi-media laboratory limited.
Brain Heart Infusion Broth(BHI) | Oxoid

3.1.3.2 Laboratory- Prepared Media:

The following media were prepared in the labory from their
contents:

» Man-Rogoza-Sharp (MRS) Broth.

= Gelatin Medium

» Arginine -MRS Medium

» Litmus Milk Medium

» Fermentation Medium

» MRS Broth Media Fortified with Lactose, Fresh

Whey and Dried Whey.
» X-Gal MRS Agar

3.1.4 Solutions and Reagents:

3.1.4.1 Normal Saline Solution:
It was prepared by dissolving 0.85g of NaCl in 18Dof distilled
water the pH to 7.0 ( Atlagt al., 1995).

3.1.4.2 Nessler's Reagentt was supplied ready by (BDH) company.
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3.1.4.3 Phenol Red Reagent:
It was supplied by (Fluka) company.

3.1.4.4 Catalase Reagent (@,) (Atlas et al., 1995):-
A concentration of (3%) #, was prepared for catalase production

enzyme.

3.1.4.5 Oxidase Reagent (Baroet al., 1994):-
A solution of (1%) N, N, N, N-tetramethyl-p-phengke dihydrochloride
was prepared in sterile distilled water was neddedxidase production.

3.1.5 Bacterial Isolates:
The following bacterial isolates were obtained fritma Department of

Biotechnology / College of Science, Al-Nahrain Ustisity, Baghdad.

Isolates

Escherichia coli MS1 isolated from urinary tract

infection

Staphylococcus aureus B1 isolated from burns

Pseudomonas aeruginosa H3 isolated from burns

Bacillus cereus HI2 isolated from canned food
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3.1.6 Prebiotic Raw Materials

The following two prebiotic materials (in additida the lactose) were

used:
Prebiotic Supplied by
Fresh Whey Agricultural
College/Baghdad
University.
Dried whey Zhashkov Dairy Plant
Company/Ukraine
3.2 Methods:

3.2.1 Sterilization(Baily et al., 1990):

Three methods of sterilization were used:-

3.2.1.1 Autoclaving
All media and solutions were sterilized by aldwing at 121 °C
(151b/in’ ) for 15 min.

3.2.1.2 Heat Sterilization

Electric oven was used to sterilize glasgsdry heating at 160-180
°C for 2-3 hr.

3.2.1.3 Membrane Sterilization

Millipore filters (0.22mm), was used for stexdtion of bacterial
filtrates and some sugar solutions that were neéaolethe fermentation

media.
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3.2.2 Media Preparation:

3.2.2.1 Ready-to Use Medium:

The media listed in (3.1.3.1) were preparedoeting to the
instructions of the manufacturer. They were broughboil in water to
dissolve all constituents completely, and thenpHewvas adjusted before
sterilized by autoclaving. They were incubated at°8 for 24 hr to

ensure sterilization.

3.2.2.2 Laboratory Prepared Media:-
3.2.2.2.1 Rogoza-Broth Medium (MRS
This medium was prepared as described by Demhal.(1960) by

dissolving the following ingredients:

Peptone 109
Beef extract 10g
Yeast extract 59
Glucose 209
Tween-80 1ml

Sodium acetate hydratesg

Triammonium citrate | 29
MgSQ,.7H,O 200mg
MnSQ,.4H,0 50 mg

In 950 milliliter of distilled water. Then pH wadljasted to 6.0,
before autoclaving. This medium was used for grgwlactic acid

bacteria.
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3.2.2.2.2 Fermentation Media:

It was prepared according to Forbesal. (1998) by using sterilized
MRS broth after substituting glucose and meat extog 1% of each of
the autoclaved sugars (lactose, fructose, raffin@saltose, manitol,
sucrose) or filterated sugars (arabinose, xyloakctose). After adding
0.004% of chlorophenol red reagent, the pH wassaeljuto (6.2-6.5).
This medium was used for the identificationlafctobacillus spp.

3.2.2.2.3 Litmus Milk Medium: (Baily et al., 1990;

Baron et al., 1994).

A quantity of (5)g of litmus milk medium and (1)@0of skim milk
powdered was dissolved in 100 ml D. W. then sidiby autoclaving at
121°C for 10 min. This medium was used for idecdifion of

Lactobacillus spp.

3.2.2.2.4 Gelatin Medium (Stolp and Gadkaril984).
Gelatin 12% (w/v) was dissolved in MRS bratredium, then
sterilized by autoclaving. It was used for idewafion of Lactobacillus
spp.
3.2.2.2.5 MRS Arginine Broth Medium (Harrigan and
MacCane, 1976):
This medium was prepared by dissolving 0.3%)wf L-Arganine
monohydrochloride in 100ml MRS broth, sterilized by autoclave. It

was used for identification dfactobacillus ssp.
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3.2.2.2.6 Fortified MRS Broth Media:
a) MRS Fortified With Lactose:

This medium was prepared by adding lactose déferent
concentrations (1 %, 2 %, 3 %, 4 %, 5 %) w/v to MBR®Sth (Item
3.2.2.2.1), then the medium was sterilized by dataeg for 7 min at
121°C.

b) MRS Fortified With Fresh Whey:

This medium was prepared by dissolving the conpétdboratory
prepared MRS (3.2.2.2.1) into different concentragi (10, 20, 30, 40, 50
%) v/v of fresh whey. The medium was sterilized gutoclaving for 7
min at 121 °C.

c) MRS Fortified With Dried Whey:
The medium was prepared by adding differemiceatration of dried
whey (1, 2, 3, 4, and 5 %) w/v into MRS broth (I1t8@.2.2.1), and then
the medium was sterilized by autoclaving for 7 nain121° C.

3.2.2.2.7 X-Gal MRS Agar:

A quantity of 0.4g/ml of X —gal solution was sterdd by Millipore
filter (0.2um), after cooling down it was a sepligadded to previously
autoclaved MRS agar before let for solidificatidmr@him and Sullivan,
2000). It was used for detection the bacterialighibr production off3-

galactosidasén vitro.
3.2.3 Samples Collection:

Seventeen samples of dairy products (yoghurtscaude milk) were

obtained from Baghdad local markets. Samples wese transferred as
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quickly as possible to laboratory in sterile conéms under aseptic

conditions.
3.2.4 Isolation ofLactobacillus spp:-

Lactic acid bacteria were isolated from the samgbeording to
Harrigen and MacCane (1976) as following:

A portion of 0.1 ml of sample was added to a mesly sterilized test
tube containing 9.9ml MRS broth, then incubatedat°C for 24 hr.
under anaerobic conditions (in anaerobic jar). Affecubation, serial
dilutions were made, and 0.1 ml from last dilutias streaked on the
surface of MRS agar containing 1% CaCi@ Petridishes, and then
incubated for 24 hr. at 37 °C. After incubation,eonolony that
surrounded by a clear zone was transferred andkstteon surface of a
plate containing MRS agar for purification , platas then incubated at
37 °C for 24 hr. After that, part of the growth wiaansferred to MRS

broth in a test tube and incubated under anaeoamndition.

3.2.5 ldentification of Lactobacillus Species.

The suspected LAB isolates were identifiedths following tests:

3.2.5.1 Microscopic ExaminationHarely and Prescott, 1996)
A loopfull of lactic acid bacteria culture wised on a microscopic
slide, and then stained by Gram stain to examinkls chape, Gram

reaction, grouping and non-spore forming phenomena.
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3.2.5.2 Biochemical Test
3.2.5.2.1 Catalase Test (Atleat al., 1995):

A loopfull from each of the suspected isolatess transferred to a
sterile glass slide and a drop of® (3%) was added to it. Positive result
was observed through formation of gas bubbles atohig the ability of

bacteria to produce catalase enzyme.

3.2.5.2.2 Oxidase Teghitlas et al., 1995).

A clump of suspected colonies from bactagrawth was picked up
with a sterile wooden stick and smeared on filt@pgy that moistened

with a few drops of a freshly prepared oxidase eeag

3.2.5.2.3 Gelatinase Test (Baroet al., 1994).

Gelatin medium agar was used to detected gel@pilification in
tubes, by inoculcating 1% of LAB isolates, and ibating at 37 °C for 48
hr. After that it was put into the refrigerator4a®C for 30 min. This test

was performed to demonstrate the ability of isaabehydrolyze gelatine.

3.2.5.2.4 Acid Production and Clot Formation Test:
Tubes containing 10 ml of litmus milk meaiwere inoculated by
1% of the suspected bacterial culture and thenbiawaad at 37 °C for 48
hr. to detect color change, crude production anddpktease as positive

result.

3.2.5.2.5 Production of Ammonia from Arginine (Brigs,
1953):
Tubes containing 10 ml MRS- arginine mediuvere inoculated by

1% of each lactic acid bacteria then incubate87a8C for 24 hr. After
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that, 1ml of bacterial culture was added to a saolame of Nessler
reagent. Inability of the isolate to change theocaf medium indicates

that the bacteria are not producing ammonia.

3.2.5.2.6 Carbohydrate Fermentation Test:

Tubes containing fermentation media were itated with 1% of
lactic acid bacterial isolates and incubated whih positive control tube
(only fermentation medium) and the negative contulle (contained
MRS broth) at 37 °C for 5 days. Changing the ctdored indicates (pH
alkaline) while to yellow indicates (pH acids) al€, production

considered as positive result.

3.2.5.2.7 Growth on Nutrient Agar (Atlaset al., 1995):

Lactic acid bacteria was cultured on nutreger then incubated at 37

°C for 24 hr, after that growth was observed.

3.2.5.2.8 Growth at 4%C and 15°C:

Tubes containing 10 ml MRS broth were inocdatvith 1% of lactic
acid bacterial culture then incubated at 15 °C 45 dC for 24 hr. After
incubation, growth was observed in the tubes amapeoed with control
tube (growth at 37 °C).

3.2.6 Maintaining of Lactobacillus Isolates

Maintenance of bacterial isolates was perforammbrding to Conteras
et al. (1997) as follow:
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3.2.6.1 Daily Working Culture

MRS broth was inoculated with th&actobacillus isolates and
incubated at 37 °C for 24 hr. After incubation, 84CQ was added to
the tubes and stored at 4 °C.

3.2.6.2 Stock Culture

Lactobacillus isolate was cultured in MRS broth medium for 24hrs
at 37C. Then, 1ml of freshly preparation of baetegrowth was added to
Bejo bottles containing 20% glycerol, and storeeRatC.

3.2.7 Determining Inhibitory Effect of Lactobacillus
Isolate against Test Bacteria:

3.2.7.1 on Solid Medium
A culture ofLactobacillus was inoculated in MRS broth then
incubated at 37 °C for 24 hr. After that, thiture was streaked on
surface of MRS agar then incubated at 37 °C for484and 72) hr. (Silva
et al., 1987).

After incubation, discs was made by the aidakdorer (5mm). The
disc was fixed on the surface of nutrient agarepldiat is previously
spreaded with test bacteria, and then incubat&¥ &C for 48 hr. After
incubation, inhibition zone around the discs wassoeed.

After measuring inhibition zone diameter, selectidnsolate giving best

inhibitory effect was done.

3.2.7.2 in Liquid Media:
After inoculating MRS broth alone with 1% f @actobacillus

isolate that selected in (3.2.7.1) culture in a test tubehe tube was
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incubated at 37 °C for different incubation periqdd4, 48 and 72) hr.
(Lewus et al., 1991). After incubation, the culture was cengiéd at
6000 rpm for 10 min to get the supernatant whiahta@ioed the filtrate of
grown cell. Then it was filtered through Milliporfdter 0.22um unit.
Wells diffusion method that mentioned by Ryaml. (1996) was used to
detect the inhibitory effect olLactobacillus against test bacteria by
making wells on nutrient agar surface, and fillthgm with the filtrates
of Lb.plantarum. After incubation the diameter of inhibition zones
around wells were measured and compared with thataming MRS
broth as control (Choi and Beuchat, 1995).

3.2.8 Production off- galactosidaself vitro):
Loopfull of bacterial culture was inoculated in Jal MRS medium
and incubated at 37° C for 2-3 days. Changingue bblor considered to

be-galactosidase producers.

3.2.9 Determining Inhibitory Effect of Lb.plantarum

Propagating in MRS Fortified with Different Substances:
Bacterial culture were prepared by inoculatibg of previously
activated bacteriéLb.plantarum isolate), into the MRS broth enriched
with lactose, fresh whey, and dried whey at différeoncentrations
(Kontula et al., 1999). After adjusting pH to 6, they are incohit
37°C for (24, 48 and 72) hr. then centrifuged ad@®0pm for 10 min.
Free cells supernatant was taken and filtered ugitvout Millipore filter
(0.22pum).
Well diffusion method was applied to detect theilitory effect of
Lb.plantarum (Ryanet al., 1996), by streaking each pathogenic test
bacterial isolates on surface of nutrient agareplath a sterile spreader,
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then wells (5 mm) in diameter were made by theodid cork borer on
surface of nutrient agar. Each well was filled withe filtrate of

Lb.plantarum and incubated at 3C for 24 hr. then inhibition zone
diameter was measured.

The filtrate of Lb.plantarum that propagated in MRS broth was
concentrated to-three fold and also the filtrateLbfplantarum that
propagated in MRS broth medium containing the loesicentration of
prebiotic substances that have best effect onigctw Lb.plantarum
was concentrated into three fold and the well difu method was

repeated also.

3.2.10Minimum Inhibitory Concentrations (MIC,s) of

Lb.plantarum Filtrate against Test Bacteria:

Serial ratios (10 ml each) of the three- fold coricsted filtrate of
Lb.plantarum previously propagated in MRS broth medium were
prepared by using nutrient broth for dilution. Afthe following ratios
(0:10; 1:9; 2:8; 3:7; 4:6; 5:5; 6:4; 7:3; 8:2; 9:1) as concentrated filtrate:
nutrient broth were prepared in test tubes. Theyewsoculated with 0.1
ml of each pathogenic test bacteria culture thenbated for overnight at
37°C. Growth intensity of each tube was observatirasorded as; light
(+), medium (++), heavy (+++), and no growth (-yo@th was estimated
by measuring optical density (Qf) nm was read for each dilution.
Results were matched with the growth intensitieatroaed in Midoloet
al., 1995.

Same procedure was repeated for three-fold coratedt filtrate of
Lb.plantarum previously propagated on MRS broth fortified with

lactose, fresh whey and dried whey, separately.
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3.2.11 Measurment ot b.plantarum Growth Curve.

Two hundred ml of MRS broth without preligosubstances was
inoculated with 1 % exponentionaly growing cultafeLb.plantarum,
then incubated on shaker incubator in anaerobiditon of 180 rpm at
37 °C, and optical density ( 600 nm) at the timeénotulation and then
each 2 hrs. for 24 hr.

These producers were repeated by using MRfh becontaining
prebiotic substances (in three concentrations givest activity on

Lb.plantarum).

3.2.12 Enumerating Lb.plantarum Cells Number Before

and After Addition of Prebiotic Substances:

Counting Lb.plantarum numbers before and after addition of
prebiotic substances were estimated by plate conethod. After
preparing serial dilutions from the isolateldf.plantarum, 0.1 ml from
each dilutions were transferred into MRS agar plaafter incubation for
24, 48 and 72 hr at 37° C, numbers of colonieevealculated. The
same procedure repeated fdr.plantarum that have been propagated in
MRS broth fortified with prebiotic substances (Bnyand Burkey, 1953).
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2-1 Microbial Ecology of the Human Gut:-

The human intestinal tract is inhabitatathwnore than 400 bacterial
species, among these, only 30 to 40 species aaes®9% of the mass
culturable intestinal flora (Tannockt al., 2004). The effect of these
microorganisms can profoundly influence nutrientthgsis and absorption ,
as well as the host’s local gastrointestinal t(&T) and peripheral immune
system (Macfarland and Elmer, 1995).

Mital and Garg (1995) stated that environtakfactors, physiological
interactions and others govern the distributiorthef microflora in different
regions of the gut. Of other factors, diet is a andpctor that regulates
frequency and concentration of individual speciesd agroups of

microorganisms colonize the human gut.

2-2 Human Gastrointestinal Microflora:-

Bacterial cells that inhabitant human gastestinal tract constituted an
enormously complex ecosystem that includes bothlt@tve anaerobic and

anaerobic microorganisms. For example, microflofathe stomach are

predominantly Gram-positive anaerobes with a comagan of<10’
colony forming units (CFU)/ml. The highest concatibns of these
microorganisms are in the large intestines (Baketi., 1994).

Number of bacterial cells in the human col@n approximately,
10*which is 10 times more than the total number ofscil the human
body (10 (Saxelinet al., 1991).
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At birth the gastrointestinal tract is pracligaterile, however, it is very
soon colonized by microbes, at first from the motrad then by all ingested
food materials ( Bezirtzoglou, 1997).

Yaeshima (1996) found th&%fidobacteria are dominant flora in the
intestine, of infant, and breast feeding may imppostitively on the
development of bifidobacterial flora because oidoifenic substances in
milk, and by the age of two, the gastrointestinarobiota is similar to that
of an adult. Subsequently, only major changes atectked in microbiota in
adults.

The amount of bacteria in the mouth is abunda@@treases in stomach,
then increases again in the intestine and finalbydly increases in the colon,
where saccharolytic, facultative anaerobic strarns dominant. The most
dominating species belong to the gendfaterobacter, Bactericides,
enterococci and Bifidiobacteria, while Lactobacilli comprise <10 % of
the microbiota (Tannocét al., 2004).

Lactobacilli are perhaps the most well known of these favorable
microorganisms. A number of speciesl@ictobacilli resides in the human
intestine in a symbiotic relationship with each esthand with other
microorganisms (Fuller, 1991). Gibson and Robaf(@995) declared that
only the most acid-tolerant species bifictobacilli can survive in the
stomach, while in the small intestifiaterococci are also encountered.

The intestinal microbiota can further be ded into beneficial, neutral
or harmful microbes having several functions in twon. Harmful or
pathogenic effect which include diarrhea or coradign, infection, liver
damage, cancer, encephalopathy and intestinalfactien, can be attributed

to Pseudomonas aeruginosa, Proteus, Staphylococci , Clostridia and
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Veillonae. Neutral species can induce a disease when theyndtenin high
numbers .These species inclulieterococci spp, E.coli, Streptococci
and Bacteroides spp. In addition to lactic acid bacteria and
Bifidiobacteria, Eubacteria may have health beneficial effects (Moore
and Moore, 1995).

2-3 Probiotics:-

The word probiotic derived from Greek and medos life" ( Lilley and
Stillwell, 1965), and this name is now mostly usedefer to concentrated
supplements of beneficial or good bacteria takloypans and animals.

Probiotics can be defined as organisms andtaabes which contribute
to intestinal microbial balanceF{ller and Gibson, 1997; Guarner and
Schaafsma, 1998).

Lilley and Stillwell (1965) were first usetthe term (probiotic) to
describe substance secreted by one microorganistimalate the growth of
another, and thus was contrasted with the ternbiatit. On the other hand,
Fuller (1989) attempted to improve the definitioh probiotic with the
following distinction (a live microbial feed supphent which beneficially
affects the host health by improving it’s intestibalance).

Havenaaet al., (1992), defined probiotics as a viable monomixed
culture of microorganisms which applied to animalman, beneficially
affects the host by improving the properties of émelogenous microflora.
Further more, Salminen (1996) defined it as a Iwierobial culture or
cultured dairy product which beneficially influerscihe health and nutrition
of the host.
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Probiotic also termed as biotheraputic adgpeatiuse it's therapeutically
use to modulate immunity, lower cholesterol, treaumatoid arthritis,
prevent cancer, improve lactose intolerance agdamt or reduce the effect
of atopic dermatitis, crhon’s disease, diarrhea eonstipation as well as

candidiasis and urinary tract infection (Mercerieal., 2003).

2-3.1 Probiotic Microorganisms:

Many strains are used as probiotic microogyan ldeally all of them
should have a beneficial effect and do not cause ha the host. Also all
they should be studied comprehensively prior toindaumans and animals
to be Generally Regarding As Safe (GRAS). As tal@€l) shows the
probiotic microorganisms and their infection potaint

The effects of these strains are based onifgpempabilities and
enzymatic activities even within one species (Owwelet al., 1999; Bernet
et al., 1993).

The most probiotic microorganisms used aréidaacid bacteria (LAB)
including the genusactobacillus, especially Lb.acidophuils,
Lb.plantarum, Lb.rhamnosus, Lb.fermentum (Havenaaset al., 1992;
Greene and Klaenhammer, 1994).

In general, a group of requirements have hdentified as important
properties forLactobacilli to be effective probiotic microorganisms (Ried,
1999; Salminen et al., 1994). These includes; adherence to cells (Oanth
et al., 1999), exclude or reduce pathogenic adherencelts, persist and
multiply, produce acids, hydrogen peroxide, bade® antagonistic to
pathogen growth (Reid and Burton, 2002) and rasginal microbicides

including spermicides and be safe, and therefone no



Chapter Two Literature Review

invasive, non carcinogenic and non- pathogenic,ggamated from a
normal balanced flora (Spanhaakal., 1998).

Table (2-1), Probiotic Microorganisms and Therr Safety Status.
(Donohueand Salminen, 1996).

Organism I nfection Potential

(genus)

Lactobacillus Mainly non pathogenic

Lactococcus Mainly non pathogenic

Streptococcus Opportunistic; onlyS. thermophilus is used in dairy
product.

Enterococcus Opportunistic, some strains exhibit antibiotic stesnce.

Bacillus Only B. subtilis GRAS status is report in probiotic usg.

Bifidobacterium | Mainly no pathogenic, some strains are isolatedanfro

human infections.

Propionibacterium | Dairy Propionibacterium group is a potentig

candidate for probiotic.

Saccharomyces Mainly nonpathogenic, some strains are isolatethfro

human infection.

2.3.2theHistory of Lactic Acid Bacteria:-

There is a long history of health claims a@ming living
microorganisms in food, particularly lactic acidctexia. In 76 before
century, the Roman Historian Plinius recommendes abministration of
fermented milk products for treating gastroenier{iSchrezenmeir and

Vrese, 2001). Since the advance of some investgatothe microbiology
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era have been attributed such health effects tléissin the intestinal
microbial balance (Tissier, 1984).

Well before, it was believed that intake obghurt containing
Lactobacilli results in reduction of toxin producing bacteriahe gut and
that result in increasing the longevity of the hdistvas found that the long
and healthy life style of Bulgarian could be atitdd to the consumption of
fermented milks (Abeet al., 1995).

Over the last 30 years, intensified effodsidentify and characterize
lactic acid bacteria have revealed their many aaitroles in dairy foods.
(Salmine, 1994). Tissier (1984) recommended thamimaidtration of
Bifidobacteria to infants suffering from diarrhea could supresgked
putrefactive bacteria causing the disease, he atiétBifidobacteria were
predominant in the gut flora of breast- fed infants

In 1926 it was found théactobacillus acidophilus may survive in the
human gut (Apellaet al., 1992; Ried, 1999), while the significant role of
the intestinal microflora to resist to disease sla@wed in 1954 (Agerholm-
Larsenet al., 2000; D'Souzat al., 2002).

2.3.2.1 Characteristics and Requirements of Lactic Acid
Bacteria:

Lactic acid bacteria have common propergéssram positive have
cocci or bacillary shape, single, pair or arrangedhain shape, non spore
former, non-motile, anaerobic or microaerophilicd acatalase negative.
Beside producing lactic acid as the main produdeohentation processes
( Holzapfelet al., 1998).
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Lactic acid bacteria need complex nutrition@uieements; they are those
groups of microorganisms that have lost their gbib synthesize their own
growth factors (Narayanatt al., 2004).

LAB can be propagated on complex culture mexintaining adequate
growth factors usually with yeast extract (as seuwt vitamins) as well as
peptone , manages , acetate and stimulatory tweera8 well as a low pH
ranging between 4.5-6.2. (De metnal., 1960).

2.3.2.2 Inhibitory Materials Produced by LAB:-

Various species of lactic acid bacteria exatagonistic action against
intestinal and food born pathogens (Oyetayal., 2003). They are capable
of preventing the adherence, establishment ,ramitaand pathogenic
action of specific enteropathogens (Donnet-Hughas al., 1999).
These antagonistic properties are manifested by :-

a) Decreasing the luminal pH through the producbbwolatile short
chain fatty acids such as acetic acids, lactic acigropionic acids.

b) Rendering specific nutrients unavailable to patinsge

c) Decreasing the redux potential of the luminal emrvinent.

d) Producing hydrogen peroxide under anaerobic camditi

e) Producing specific inhibitory materials.

Sanders (1993) reported that the following inlityitmaterials are
usually produced by LAB by several investigators:

A)Organic Acids:-
Through fermentation, LAB produces organic acigginly lactic and

acetic acids that have inhibitory action (Weeal., 2006).
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There actions are due to three reason thatdaclow pH , dissociation
constant pK value , and mole concentration ( Pédedal., 1996).

Lactic and acetic acid are lipophilic acidsassociated forms that can
prevent the microbial cell membrane synthesis, andigher intracellular
pH dissociate to produce'Hons that interfere with essential metabolic
functions (Cintagt al., 1998).

While both organic acids have good inhibitoryi@ttagainst pathogenic
bacteria, acetic acid has more antimicrobial agtigigainst undesirable

microorganisms (Richards and Xing, 1995).

B) Hydrogen Peroxide (H,0,)

Lactic acid bacteria produce hydrogen pet®xn the presence of
oxygen that accumulates in the medium resulted ftheninability to
produce HO, degrading enzyme such as catalase. It has beentaép
that production of kKD, by Lactobacillus and Lactococcus strains
inhibited Staphylococcus aureus, Pseudomonas spp and Vrious

psychrotrophic microorganisms in foo@®nne, 1993; Baeet al., 2005).

C) Bacteriocins:-

Lactic acid bacteria produce a variety of antaganfactors that
include metabolic end-products, antibiotics like bstances and
bacterial proteins termed bacteriocines (Ba# al., 2005).
These antimicrobial agents are species specificeapd lethal activity

through adsorption to specific receptors locatetherexternal surface

10
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of sensitive bacteria, followed by metabolic, bgtal and
morphological changes resulting in the killing otk bacteria.

LAB produces a wide range of bacteriocin® liksin, diplococcin,
lactocin and lactostrepsin (Eijsinkt al., 1998). The most important
species that produce bacteriociite Lactococcus, Streptococcus,
Lactobacillus, Leuconostoc and Pediococcus. The in vitro studies
have demonstrated that some bacterocins have ad brdabitory
spectrum against many Gram- negative bacteria éCang Ackermann,
2006).

D) Carbon Dioxide (CO.,):-

It's mainly produced by heterofermentative B.AThe precise
mechanism of its antimicrobial action is still umkm. However, CQ
may play a role in creating anaerobic conditiongctvimhibits enzymatic
decarboxylations, and the accumulation of,G®the membrane lipid
bilayer may cause failure in permeability (Gibsowl &v/ang, 1994). CO
can effectively inhibit the growth of many food dpge microorganisms,
especially Gram- negative psychrotrophic bacterkarber, 1991;
Hotchkisset al., 1999).

E) Diacetyl and Acetyldehyde

Diacetyl is produced by strains within all genera of LAB byraie

fermentation. The antimicrobial effect of diacelys been known since

11
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the 1903 (Hugenholtz, 1993). It inhibits the grovah Gram-negative
bacteria by reacting with arginine binding prot@uarteauet al., 2001).

Jay (1982) showed that Gram- negative bacteeiee more sensitive
to diacetyl than Gram-positive bacteria; the forms inhibited by
diacetyl at 200 mg/ml and the latter at 300mg/ml.

Diacetylactis and the acceptable sensory segtdiacetyl are at 2-7
mg/ml (Motlaghet al., 1992). It's practical use as a food preservaiwes
limited, diacetyl may act synergistically with othentimicrobial factors
and contributes to combined preservation systertiseifiermented foods,
Acetaldehyde formed during carbohydrate = metabolisrof
heterofermentative LAB also could be reduced tambh by reoxidation
of pyridine nuclotides, catalyzed by an NAD-deperidalcohol
dehydrogenase, acetaldehyde imparts the typicalaaad yoghurt .

Piard and Desmazeaud, (1991), found thatathienicrobial activity
of acetaldehyde was (10-100) ppm against food pathogensK.coli,

Salmonella typhimurum andS.aureus) .

2.3.3 Importance of Lactic Acid Bacteriain Food Industry:-
Lactic acid bacteria have been used to fetrosltural foods for at
least 4000 years (Hudlt al., 1992). It's found in a number of fermented
food products and used for their proposed healtmpting properties
(Fernandset al., 1992). These lactic acid bacteria contributethieir
preservation, nutrition availability and flavorehare used in particular
in fermented milk (Chenobt al., 2006).
A number of these dairy products are producedingu

Lactobacillus either alone or in combination with other lactiadac

12
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bacteria. Dairy foods fermented by lactic acid baathas long been held
in special favor as safe and nutritious foods thay also elicit positive
effects on health and well being (Hogeal., 1999). Soured milk bore
the first pure bacterial culture, bacterium lacisd later the probiotic
concept. Acidophuilus milk is an example of ferngehtlairy product and
Lactobacillus acidophilus is the organism used to produce it.
Vegetables are fermented wiftuctobacilli to produce products
including pickles and olives. Members dtictobacillus genus are
natural contaminants of vegetables and take thd@icep in the
fermentation process along with a number of othieraoorganisms.
Lactobacillus species also play an essential role in bread mgakind a
number of unique strains have been identified odpcts, most notably
sourdough bread , typical specied.attobacilli identified in sourdough
bread include L.acidophilus, L.faciminis, L.delbruecki,
L.plantarum, L.rhamnosus, L.brevis and L. fermentum(Walker

and Duffy, 1998).

2.3.4 Importance of Lactic Acid Bacteriato Human Health:-

Many have advanced the theory that certain LkBge normally reside
in the human intestine) may exert a positive infltee on human health
(Oyetayo and Osho, 2004)Lactobacillus is considered as a especially
beneficial bacteria due to it's ability to aid Iretbreaking down into proteins,
carbohydrates, and fat in food then helping absormif necessary elements
and nutrients such as minerals, amino acids aadinis required for human
and animal to survive (Bartrarat al., 1994). They are used to treat

disturbed intestinal microflora and increased geatnpeability which are

13
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characteristic of many intestinal disorders sucla@sgte rotaviral diarrhea,
food allergy, colon disorders and changes assatiatéh colon cancer
development (Dunne and Shanahan, 2002).

LAB have many other physiological effectsbenefit the host, such as
absorption of nutrients that is primary functionintestine by salvaging
energy from carbohydrate not digested in the upgjer Also LAB have a
role in the synthesis of B vitamines and metabolidrthe bile acids, other
sterols and exenobiotics (Cummings and Macfarla887).

Also LAB have a role in allvation of lactosatalerance symptoms
(Priebeet al., 2006), this symptom is present in a wide ranigéhe world
wide population (Montest al., 1995).

Further more, some species of LAB have anticaggne and
hypocholesterolemic properties as for examplelin acidophilus due to
inhibition of 3- hydroxyl 3- methylglutary redus&which is a rate limiting
enzyme in endogenous cholesterol biosynthesisarbtdy . So the use of
probiotics to reduce this risk seems very attragtespecially if consumed as
a part of a normal dairy nutrition( Peredttaal., 2003;Tarantoet al., 1998).

LAB also have many immunomodulatory effectstlse potential health
benefits of it include protection against entenéections , use as an oral
adjuvant, the immunepotentation in malnutrition ath@ prevention of

chemically induced tumor(Perdigenal., 2001).

14
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2.4 Prebiotics:-

Prebiotic is defined as a non-digestible food edignt that beneficially
affects the host by improving human health due tt® mature that is
undigested or partially digested in the small itwes (Grizard and
Barthomeuf, 1999).

The term prebiotic was first introduced by Gibsand Rberfroid
(1995) to the substance that promotes the grondh@mactivity of a limited
number of bacterial species in the gut. Also priebidnave selective
stimulation effects on certain groups of colonictieaa in the large intestine
(Quigleyet al., 1999).

Meulenet al., (2004) stated that in addition to their selexteffect on
Bifidiobacteria and Lactobacilli, they influence many aspects of bowel
function through fermentation.

Beneficial effects of feeding an exogenousbjmiic may be enhanced
and extended by simultaneous administration ofaiptic that the probiotic
can utilize it in the intestinal tract (Macfarlaaed Cummings, 1999).

In order for prebiotics to be effective, theyist escape digestion in the
upper gastrointestinal tract and be released iraver tract to be used by
beneficial microorganisms found in the colon; (ReIf2002). So
the mechanisms by which prebiotics works are vibg@net al., 1995):-

a) Stimulation of microbial growth.

b) Increase in bacterial cell mass.

c) Stimulation of peristalsis by the increased boseatent.

15



Chapter Two Literature Review

2.4.1 Prebiotic Action:

Prebiotics are vital to probiotic organismsstovive and thrive in the
human gut, so prebiotics have been shown to entHasadth in a number
of ways through support growth of the probiotic teai@ in the gut. For
example, short chain fatty acids (SCFAs) are prtxdwd prebiotic
fermentation by these gut microflora and are ctdoiahuman health, so
the probiotic bacteria and SCFAs restrict the ghoad activity of less
beneficial species (Vauxet al., 2000). This considered as the
gastrointestinal effect of prebiotic. Potentiallye most important effects
of prebiotic carbohydrates are to strengthen thdylsoresistance to
invading pathogens, thereby prevent episodes afhdia (Cummings and
Macfarlane, 2002). Beside, prebiotics may haveicardinogenic
activities by maintaining healthy bowel functiondanence may play an
important role in preventing colon cancer (Dugganal., 2002). Also
prebiotic may have antimicrobial, hypolipidemic andlucose-
modulatory activities; they may have activity in graving mineral
absorption balance.

Prebiotics have mild laxative effects and martlyer actions which
include lower triglycerides levels in some, the heeusm of this possible
effect is unclear, decreased hepatocyte syntloégisglycerides is one
hypothetical possibility (Flickingest al., 2000).

Oligosaccharide, a type of prebiotic may lower Itoteolesterol and Low
Density Lipoprotein (LDL) cholesterol levels in septhe mechanisms of
this possible effect is unclear but it may due toppnate (a product of

16
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oligosaccharide fermentation) may inhibit HMG-Cealuctase, the rate
limiting step in cholesterol synthesis (Chirgail., 2005).
2.4.2 Synergistic Effect of Probiotic and Prebiotics:-

Prebiotic are the food of fuel for the healthgcteria. Studies show
that the consumption of a wide range of prebiatans improve gut health.
However, when a food formulation can combined botb one food the
result is called symbiotic (Schrezenmeiret al., 2004).
Symbiotic is a combination of probiotic and a podioi in which the
prebiotic is used to increase the intestinal saiviof the health
promoting bacteria with the ultimate goal of modify the gut flora and
it’'s metabolism.

The symbiotic relationship of probiotic andelpiotics significally
contributes to health together their by (Foekal., 1999):-

a) anticarcinogenic activity.

b) Antimicrobial activity.

c) Lowering triglycerides level.

d) Stabilizing blood glucose levels.

e) Boost the immune system.

f) Ridding the gut of harmful microorganisms.

g) Helping to prevent constipation and diarrhea.

2.4.3 Prebiotic Digestion and Fer mentation:-

Prebiotics are all carbohydrates of re&yivshort -chain length that to
be effective must reach the ceacum in some forrfragtion of substances
due to their chemical structure must escape dmyedity pancreatic and
small bowel enzymes in the human gut, and theredorees in the large

17
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bowel (Ellegarcet al., 1997; Bach-Knudsenet al., 1995). Any carbohydrate
reaches the cecum is a potential substrate forefetation by the microbiota.
In vitro, many different materials support bacterial growtid produce
various fermentation derived products (Modis al., 1996; Rossiet al.,
2005). The major products of prebiotic metaboliare short chain fatty
acids (SCFAs), the gasses (hydrogen, carbon dipxadd bacterial cell
mass (Cumminget al., 1995).

2.4.4 Prebiotic Foods:-

Prebiotic carbohydrates are found naturallgpnany fruits, vegetables and
grains such as (bananas, asparagus, garlic, wb&atmeal, barely and
other whole grains, flax seed, tomato, oniong @hnicory, greens and
legumes) like lentils, kidney beans, white beabi&ck beans.(Rastall and
Maitin, 2002).

From the definition of prebiotic’non digesiblfood ingredient “,
prebiotics could also include several classes like:

a) Dietary fiber: that is a mixture of many complex substances It
considered as a fraction of the edible part of fglaor their extracts or
synthetic analogues (Muret al., 2004). The characteristic property of
dietary fiber has been defined as the ability tchethe large intestine in an
essentially unchanged state so it resist to digestind absorption in the
small intestine (Joyt al., 1999; Chindat al., 2004). Examples of these are;
cellulose, hemicelluloses, lignin, various gums,gall or synthetic
polysaccharides and peptic substances (Stark anddé/14994).

b) Oligosaccharides: they found in many natural products such as plant

cells and milk (O'Sullivan, 1996). Disaccharidesdalso been introduced
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to be like prebiotic oligosaccharides in case wiiegy enter the colon
(Playne and Crittenden, 1996). Oligosaccharide  unhe]

fructooligosacchariedes that are widely found ie tiature (onion, oats,
wheat); they composed of sucrose and from one ‘e folecules of
fructose. Also there are glucooligosacchriedes,tonlgjosaccharides and
Xylo-oligosaccharides (Voragen, 1998). Various a$igccharides are
classified as prebiotics and added to the proce$seds as additives
(Vander Meuleret al., 2006).

24.4.1 L actose:-

Several hundreds of LAB resides in the hun@agd intestine and these
LAB metabolized non-digested dietary carbohydrditesistant starch, non
starch polysaccharide, and other sugars like sacto raffinose and
stachyose ) to variety of products such as SCFAg.:{eacetic acid,
propionic acid, and butyric acid), other organicdaqlactic acid , succinic
acid and pyruvic acid ) and gasses,(H.S , CQ, CH,)(Macfarlane and
Macfarlane, 1997).

Dairy products, foods prepared with the usedairy ingredients, are
exclusive source of the disaccharide lactose in dmndiets. Before
absorption, lactose is hydrolyzed by the intestitelsh border -
galactosidase(lactase) into glucose and galadivsse monosaccharides are
absorbed and used as energy sources.

Rosad@t al., (1992) found that before fermentation, lactosetent of
the foods mix generally is ~6%. One example of ificant bacteria —
induced change that occurs during the fermentationess is the hydrolysis
of 20-30% of the disaccharide lactose to its aksad monosaccharide
components glucose and galactose. In addition #opoof the glucose is
converted to lactic acid. Undigested lactose remainthe intestinal lumen
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and as it reaches the colon, it is fermented byrtol bacteria.Lactose
content varies with the duration of the storagerdfrmentation, In addition,
the bacterial lactose activity corresponds withghevival time

of Lactobacilli after ingestion, then enhanced digestion of tluto&e is
explained partly by the improved lactase activitiemafood ingestion and
partly by other enzymatic functions such as thaviigtof the lactose
transport system (permease), that allows lactosenter probiotic cell.
Animal studies have suggested that LAB may indacgake activity of the
gut intestinal endothelial cells(Marteatial., 1990). Lactose (milk sugar),
bacteria use it and consider it as carbon sourcgrmwnth (Salminen and
Salminen, 1997).

A carbohydrate source like lactose is poorhilized by many
pathogenitically significant species of the fanslnetrobacteriaceae and
Vibronaceae and the gener®seudomonas. About 20% to 30% of the
lactose in the yoghurt base are broken down toogkiand galactose and
that glucose be converted to lactic acid during hyomg fermentation.
Bacterial enzymes can help break down the remaitaugose in the
intestinal tract (Lonnerdal, 2003).

2.4.4.2 Whey:-

Whey is a by-product of cheese industry, also knags/a residue of milk
after removal of casein and most of the fat asheese making, also known
as lacto- serum (Kulozik and Wilde, 1999). It isagnized as a value-added
ingredient in many food products including dairyeats, bakery and

beverages ( Brassart, 1999).
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When cheese is made, most of protein, fat @ntkrals go into the
cheese. After the cheese curd is removed, the nemgaliquid whey is
consisted mostly of water and lactose along witsmall amount of high
guality whey protein. Whey is also formed in theking of yoghurt being
the thin liquid that forms on the top of the settyeghurt.

Whey is a reliable source for a number of higiality and biologically
active components like proteins, vitamins, traogk fat, minerals (calcium,
phosphorus, magnesium, zinc, sodium and potassiam), lactose as
carbohydrates, (Howarth, 1996).This component dapall improving

health and prevent disease (Horton, 1995).

2.4.4.2.1 Prebiotic Properities of Whey Components:-

Whey derived carbohydrate components withiptebactivity have been
found (Naiduet al., 1999). Lactose in whey has been shown to supgdst
such as Bifidobacteria and Lactobacilli. Sialic acids (types of
oligosaccharides) which are typically attached rimtgdns commonly found
in whey have also been shown to have prebioticceffé Harper, 2002).
Lactose from whey is an important precursor forbmtc products. For
example galactooligosaccharides can be producedoughr a

transgalactosylation reaction when lactose is eatigally hydrolyzed.

2.4.4.2.2 Health Enhancing Properties of Whey Components: -

There are five beneficial areas of intestihahlth modification with
whey components, they are:-
a) Prebiotic Effect: this is because of carbohydrate componentso@act
sialic acids) derived from it (Naidet al., 1999).
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b) Antiviral and Antimicrobial Properties of Whey Components:- Abd
El-Salamet al.(1996), found that whey contains several uniquammnents
with broad antimicrobial properties that protecaiagt toxins, bacteria and
viruses including immunoglobulins (lgs), lactoferrilactoperoxidase(Lp),
sphinogolipids and peptide derivative( Brody, 2000

Significant levels of these components havenbskown to survive
passage through the stomach and small intestinarasive as intact proteins
in the large intestine, where they exert their dmidal effects (Warnyt al.,
1999).
c) Anticancer Properties of Whey Components. - Whey is a source of
specific components that animal and cell culturedists suggest have
anticancer properties (Bounous, 1991). The firstthe sulphur amino acids
(cysteine and methionine) which are found in highels in whey protein.
Cystein and methionine are utilized in glutathiesgathesis.

Glutathione is the widly distributed and iswbstrate for two classes of
enzymes that catalyse detoxification compounds la@ind mutagens and

carcinogens facilitating their elimination from thedy (Parodi, 1998).

d) Cardiovascular Health: - Whey components may have positive effect on
cardiovascular health (Schrezenmeiral., 2000). Whey derived peptides
may protect against hypertension, inhibit plateleggregation and lower

blood cholesterol levels.
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e) Immune Enhancing Properties of Whey Components:-

The human Gl tract houses the largest portfammune system. The gut
associated lymphoid tissue and mucosal associagetphloid tissue,
together these tissues help to preserve and prahwietegrity and function
of Gl tract, thus contributing to the maintenan€everall health.
2.4.4.3 Dried Whey:-

Fresh pasteurized liquid whey is rarely udad to high transportation
costs and susceptibility to deterioration duringratje, so one of ways of
utilizing cheese whey is to condensed itewaporation, reverse
osmosis or ultrafiltration to condensed praducor maximally
concentrated by drying( Walzeshal., 2002).

From whey, whey powder, whey proteimaantrates , whey protein
isolates, reduce-lactose whey and demineralindtey are produced.
These dried whey produced or concentrated rogthods above , are
either undergo evaporation or ultrafiltration canadbso used in this method.

The whey must clarified ( the fat is marad) before concentrations
by centrifugation, pasteurized then dried ptovide a fine light cream
to slightly yellow color. Dried whey has tekame healthy benefits of
whey.

The final product of whey powder is mostlyttzse (about 68%), with
some protein about 12% and ash about 8%. Thealypontent of dried

whey is shown in the table (2-2):-
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Table (2-2). Typical Nutrients Composition of Dried Whey :-( Ensminger
et al., 1978):

substances %
Dry matter 93
68
Lactose 12
Protein
Minerals 0.86
e Calcium
« Phosphorus 076
e Sodium 1.30
Amino acids
e Lysine 0.94
e Threonine 0.89
e Tryptophan 0.3
Metabolizable energy, kcallibz 1,500
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Summary

A total of 17 samples of dairy products were collected from Baghdad
markets. Nine isolates of Lactobacillus spp. were obtained, and
identified as (4) Lactobacillus plantarum, (3) Lactobacillus
fermentum, and one of each of Lactobacillus acidophilus and
Lactobacillus brevis (1 isolate). Inhibition activity of Lactobacillus
Isolates against some pathogenic bacteria was tested on solid medium for
different incubation periods. After that one isolate of Lb.plantarum
was selected due to its highest inhibitory activity. The inhibitory effect of
this isolate was aso tested but in MRS broth at different incubation
period. Results showed that 24 hr were the most efficient period of
incubation for such purpose.

Ability of the selected Lb.plantarum isolate to produce -
gaactosidase enzyme was detected in vitro by using X-ga as
chromogenic substrate for f-galactosidase which turn the color of colony
from white to blue.

To improve ability of the isolate in exhibiting inhibitory activity, various
prebiotic substances (lactose, fresh whey and dried whey) with different
concentrations (1, 2, 3, 4 and 5%) w/v (for lactose and dried whey) and
(10, 20, 30, 40 and 50%)v/v (for fresh whey) were used, and three
incubation periods (24, 48 and 72) hr were applied with defined
inoculums size.

Results testing inhibitory activity of Lb.plantarum with the above
substances showed that Lb.plantarum propagated in MRS fortified with
2% lactose, 40% fresh whey and 3% dried whey with incubation period
48 hr (for each) had the best inhibitory activity compared to propagating,
of Lb.plantarum in MRS alone.



Minimum inhibitory concentrations ( MIC,s) of Lb.plantarum diluted
concentrated filtrate were determined after propagated in MRS broth, and
the same steps were repeated but when propagated in MRS broth
containing the best three concentrations of prebiotics on Lb.plantarum
activity. It was found that MIC,s value became lower after prebiotic
treatment, with improving the activity against pathogenic bacteria.

The ability of prebiotic substances for improving growth of probiotic,
growth curve of the Lb.plantarum isolate propagated in MRS broth was
determined then the growth curve was evaluated but when propagated in
MRS broth fortified with the three prebiotics at concentration giving best
effect on Lb.plantarum activity. It was found that growth of the
probiotic bacteria was changed.

Total viable count was performed for Lb.plantarum propagated in
MRS broth with and without prebiotic after each incubation period (24,
48 and 72) hr. Results show that growth of probiotic bacteria was
enhanced after the addition of prebiotic substances, this with
concentrations of 2% lactose, 40% fresh whey and 3%dried whey.



da Nl

adla LS Je sl dlui diaal daall 3l s (e gl die (V) Cnen
At Y je (§) raamia i m e o il 8 Al xw Lactobacillus

e dSeaalsddie o Lb.fermentume) 2525 &Y ye (Y)<Lb.plantarum
.Lb.brevis s Lb.acidophilus

vy (o Letat aay Ay yall O Jall e dae b e Lgi paddn) o e
DLEA) 3 G sua Aadadii 4gllad Y el maea & jelal Adlide uaa &l ik lall MRS
Leillad jLiial) o5 AN (Lb.plantarum) <iS s ki Allad Jef cuac | 4 e Juadl
(Aol VY 5 £A Y §)gumall cila jd Calidey Sl MRS Joss s (8 Lgfinaii aay Lkl
fex Mia cw\@j\w&u\bﬁgﬁwiéﬂﬂ\ o3¢ dndaniil) Allaall o) i g
Aclu Y Guaalls 5 ax bia guad 5 JLIEAY) 28 4y jall Ly iS40 Y e

s B-galactosidase Ji m sl zlisy 4l oda AL e (5 yaill o5 llaS
chromogenic )i ske bl 33a e s slall MRS X-gal Ji b s (e Leinaiy
oY) (sl e Gl yesisdll J a8 B-galactosidase a3 dxis dass Al (substrate
B3ooY ol

s Aasde 2 s gaill Tans g e 5 % A gl lallaall Adagil) Alladll ppuan]
O JS1 (% 0 5EeV YY) adline 5S) i (Cadaall (5 -8l 5 (5 -8l ¢ iSOl cala
Oman Ol y a5y Sl (00 5 £ FaeY o)) g adadl (5,8l 5 5 5mSOU)
Ll A llad @lliad Comyal @ pial il A 3l o ai g (Aol VY 5 €A (Y £)dlin
Gh-S 5 00 H58Y) A8V 58 il die 5 la Ll o5 i) A el Y Gall e aa e
cAclu A Gpan sy DA (9Yiaa S pS 5 Ot

a3 38 al) AU Giaala b S 8l )1 (MITC) S Iadiall 38 5l Gl o35 LS
Lllad el cadaef il dacaall o gl 380 55 dila) 2z g Jod Jilall MRS s 53 a sl
LSl Ja s A () (ag Lae Al 2ay JAI Cinpal MICT A o) (i 5 Al
ALY day caala 3l dpca yall

i) d3aly )y ded cudae] i) Yiac dal) ol gall 380 555 508 Hldl akig LS
saill iaie Ll A e s s Lh.plantarum J1 G sSs s ) e (Aalail)



sie Lb.plantarumd i) Jae¥) (s 21 g LSzl 5 5l dacaall o) gall ) o
Gl ot (Aela VY 5 €A (Y E) Ailise a5 aey Jiludl MRS Jans s 4 Leaais
e il el cudael )l dac dall o sall 380 55 dilia) axy (S5 s ) @l ae alacY)

Al LA sae Ghaal s ella o) a5 A adl Apkanill dladl)



MAAAAAAAAAAAAAAAAAAAAAMAAAAMAAMAMAAMAAMAMAAMAAMAAAMAAMAAAA4

MAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAMAGA

Acknowledgment

Praise to God the first of all cause the glorious creator of the
Universe for his mercy and kindness, and blessing upon
Mohammed prophet of God and upon his familyl wish to
express my deepest thanks to my supervisor Dr. Abdul W.
Bagqir for the great help and useful advises during the work.I
would also to express deep thanks to Dr. Hameed for his
continuous support. My deep gratitude and appreciation to
Dr. Mayssaa Ghasib and Hamid Gehadlt is a pleasure to
thanks all staff and employers of Biotechnology department at
Al-Nahrain University. Grateful thanks to my brother
Ibrahim for his help and support all the time. Special thanks

are also due to my family and every one gave me a hand to

complete this work.

Marwa

AAAAAAAAAAALAAAAAAALAAAAAALAALAAALAAAAAALD

AAAAAAAAAAAAALAALALALAALAAALAALALAALALALALALALALALALAALALALALALALAALAALAALAAALALAL



SOSUSOSOSUSUSUSUSUSUSUSUSOSUSUSOSOSUSOSOSUSOSOSUSUSUSUSUSOSOSUSUSUSOSUSOSUSOSOSOSOSOSOSOSOSOSOSUSOSUSOSOSUSOSUSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSG

Republicof Iraq

Ministry of Higher Education
And Scientific Research
Al-Nahrain University
College of Science
Department of Biotechnology

Improvement of Inhibitory Effect of
Probiotic against Some Bacterial Isolate
Using Prebiotics

A Thesis
Submitted to the College of Science of Al-Nahrain University
AsPartial Fulfillment of the Requirementsfor the Degree of Master of Sciencein
Biotechnology

By
Marwa Abbas Abdul Razzak Kubba

B.Sc. 2004
Al- Nahrain University

December 2006

SOSUSOSOSUSUSUSUSUSUSUSUSOSUSUSUSOSUSOSOSOSOSOSUSUSUSUSUSOSOSUSUSOSOSUSOSUSOSOSOSOSOSOSOSOSOSOSUSOSUSOSOSOSOSUSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSG



(alad) Giagll g dal) aslail 5 3 g
O gl) daala

polal) A4l

Alay) L aud

it Ll pamg e @peldl pymall Beboggdill ayllegll (pguns
gaill aa s sl glangaly Lyl

LI
b asle ale Ao Ja clthiie (a8 (R 9 gl Arala — o glal) 418 ) dadia
) ailaY) Asta

J8 e
48 31500 ae ule 39y
Vor g Cnoedl) dadlas dbal A0S (s ) 5ISH




Table (4-1). Biochemical test oEactobacillus spp. Isolated from Dairy Product.

| G e e | comme |

Arginine | Milk Agar |arabinose |Xylose [alactose Manitol |Maltose Raffinose | Lactose | Fructose |Sucrose
Lb.plantarumi _ + _ _ _ + - - @O+ - | O+ | O+ | D+ | @A+ | @+ | O+ | D+
Lb.plantarums _ + _ _ _ + - - @O+ - | O+ | O+ | D+ | @+ | M+ | O+ | D+
Lb.plantarums _ + _ _ _ + - - @+ - | O+ | @O+ | DO+ | O+ | M+ | O+ | D+
Lb.plantarumg _ + _ _ _ + - _ 2+ _ O+ O+ | O+ | O+ O+ ] O+ | D+
Lbfermentums |+ + _ _ _ N - @+ | O+ | @O+ | @O+ | D+ | O+ | @+ | D+ | D+
Lbfermentumz |+ + _ _ _ N - M+ | O+ | @O+ | O+ | D+ | O+ | @+ | O+ | D+
Lb fermentums + + _ _ - _ * - O+ | O+ | O+ O+ | O+ | D+ | @+ | D+ | O+
Lb.acidophilus ~ + _ _ _ _ ¥ _ O+ | O+ | O+ | O+ | O+ | O+ | @+ | O+ | O+
Lb.brevis + + - - - N - - O+ | O+ | O+ O+ | O+ | @+ | O+ | D+ | D+

+: Positive fermentation.

—: Negative fermentation.

(' ): Number of days.
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