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ABSTRACT

Widespread interest in probiotic bacteria that can be observed nowadays results from their
medicinal properties reported both for human and animal subjects. Probiotics are generally
recognized as preparation of or a product containing viable single or mixed cultures of safe,
defined microorganisms in sufficient numbers that are used as functional food components with
claimed health-promoting effects. Yogurt is one of the potential source of probiotic bacteria as
well as an ancient famous nutritious food which have variety of beneficial effect on human. With
this perspective, the aim of the present study was the isolation of probiotic bacteria from regional
yogurt, their physiological and biochemical identification, study of their probiotic properties
along with development of yogurt using the isolates and in vivo mice trial regarding body weight
gain, blood cholesterol level and antibiotic resistance of gut microflora. In the present study, a
total of nine isolates of which three isolates of each Lactobacillus acidophilus, Lactobacillus
delbrueckii ssp. bulgaricus and Bifidobacterium spp. were obtained from three different yoghurt
samples of Khulna City Corporation area, Khulna, Bangladesh. According to their
morphological, physiological and biochemical assay, it was observed that all the nine isolates of
three species were gram positive, endospore negative, catalase negative which are the
characteristic of typical probiotic bacteria. Carbohydrate/sugar fermentation profiles experiment
using eight important sugars ensured the presumptive identification of these three species. The
NaCl tolerance test results have shown that all the isolates had excellent tolerance against 1-5%
NaCl, moderate in 6-8% and in 9%-10% NaCl, low or no growth were observed after 24 hours of
incubation at 37° C. They showed very good tolerance against 0.1% and 0.3% phenol and
moderate or low tolerance against at 0.4% phenol after 24 hours of incubation at 37° C,
respectively. All the nine isolates were passed to bile salt tolerance test at 0.05%, 0.1%, 0.15%,
0.2% and 0.3% during 4, 8 and 24 hours of incubation. They showed resistance to artificial
gastric juice environment at pH 2.2 and 6.6. These nine isolates showed antimicrobial activity
against Shigella flexeri, Shigella dysenteriae, Vibrio cholerae and Salmonella typhi.
Lactobacillus delbrueckii ssp bulgaricus and Bifidobacterium spp. also showed antimicrobial
activity against Staphylococcus epidermis, Pseudomonas spp. and E. coli. After confirming
their probiotic properties, yogurt was developed using all the nine isolates as inoculums.
Developed yogurt was tested for pH and their probiotic dose and subjected to mouse trial for
conducting efficacy and safety study. After 28 days in vive mice trial, 2ll three treatment groups
showed significant body weight gain and decreased blood cholesterol level along with increased
antibiotic resistant gut microflora in comparison to control group. All these result showed that
these nine isolates had probiotic properties and the probiotic yogurt produced using the isolates
had a beneficial effects on mice. However, most of the results from the experiments have shown
that there were variations in probiotic properties of the nine isolates belonging to three species.
Molecular identification of isolated Probiotic bacteria is needed for technological interest and
probiotic product development both for human and poultry.
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CHAPTER 1 INTRODUCTION

INTRODUCTION

Increasing industrialization, urbanization and mechanization in the world have led to dramatic
changes in dietary pattern and lifestyle of the human being which in turn has caused an increase
in the occurrence of a variety of diseases and health. Therefore, in recent years, people seeking
a healthier life style prefer diets having low- or reduced-fat and fat free foods; this has led to the
development of functional foods. Functional foods can be defined as foods ‘that can
beneficially affect one or more target functions in the body, beyond adequate nutritional
effect, in a way relevant to an improved state of health and well being and reduction of risk of
disease’ (Stanton et al.,2005). Dairy products, particularly those containing probiotics,
prebiotics and synbiotics are most popular in this category of foods. Widespread interest in
probiotic bacteria that can be observed nowadays results from their medicinal properties
reported both for human and animal subjects. Probiotics have a long history of human use as
cultured dairy products and are traditionally consumed in several parts of the world. The
FAO/WHO defines probiotics as 'Live microorganisms which when administered in adequate
amounts confer a health benefit on the host'. The probiotic concept has been defined by Fuller
(1989) to mean “a live microbial feed supplement which beneficially affects the host animal by
improving its intestinal microbial balance”. Probiotics are commonly consumed as part of
fermented foods with specially added active live cultures; such as in yoghurt, soy yoghurt or as
dietary supplements.

From health point of view, ingestion of live cells of certain species and strains like probiotic
bacteria in adequate amounts is believed to confer several beneficial physiological effects on
the host (reviewed by Tannock, 2004). Such as managing lactose intolerance, improving
immune system, prevention of colon cancer, reduction of cholesterol and triacylglycerol plasma
concentrations, lowering blood pressure, reducing inflammation, reduction of allergic
symptoms, beneficial effects on mineral metabolism, particularly bone density and stability,
suppression of pathogenic microorganisms (antimicrobial effect), reduction of helicobacter
pylori infection, prevention of osteoporosis, prevention of urogenital infections (Cakar 2003,
Scherezenmeir and De Vrese 2001, Dunne, et al. 2001, Dugas, et al. 1999).
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Lactic acid bacteria (I.AB) are a group of Gram-positive, non-spore forming, cocci or rod
shaped, catalase-negative and fastidious organisms, considered as 'Generally Recognized as
Safe’ (GRAS) organisms (Patil et al, 2010) and can be safely used for medical and veterinary
applications (Fuller, 1989). These type of bacteria usually found in decomposing plants and
lactic products. In humans they are present in the gastrointestinal tract and the vagina, where
they are symbiotic and make up a small portion of the gut flora. They produce lactic acid as the
major metabolic end-product of carbohydrate fermentation. This trait has, throughout history,
linked LAB with food fermentations, as acidification inhibits the growth of spoilage agents and
harmful bacteria. Proteinaceous bacteriocins are produced by several LAB strains and provide
an additional hurdle for spoilage and pathogenic microorganisms. Furthermore, lactic acid and
other metabolic products contribute to the organoleptic and textural profile of a food item.
Some lactic acid bacteria are used for the production of yoghurt, cheese, sauerkraut, pickels,
beer, wine, cider, kimchi, chocolate and other fermented foods, as well as animal feeds, such as
silage. The genera that comprise the LAB are at its core Lactobacillus, Bifidobacteria
,Leuconostoc, Pediococcus, Lactococcus, and Streptococcus as well as the more peripheral
Aerococeus, Carnobacterium, Enterococcus, Oenocaccus, Sporolactobacillus,

Tetragenococcus, Vagococcus, and Weisella.

Lactic acid bacteria are sometimes termed probiotic and are used as health adjuncts in food to
provide a wide variety of health benefits which meet the criteria of probiotic bacteria
(Metchnikoff, 1908). These bacteria, mainly Lactebacilli and Bifidobacteria, may have several
therapeutic functions, including antimicrobial activity, ant icholesterol activity, improved
lactose utilization, and anticarcinogenic activity which help to maintain a healthy and
equilibrated intestinal microbiota and reducing incidence of intestinal infection (Chou and
Weimer, 1999),( Mahrous, 2011).

The choosing criteria for the in vitro selection of lactic acid bacteria to be used as health
promoting probiotic ingredients in food and pharmaceuticals preparations should possess the
abilities of antibiotic tolerance due to their possible use to reconstitute the intestinal micro flora
of patients suffering from antibiotic associated colitis as well as the production of lactic acid
that inhibits the growth of other microorganism allow them to be established in the intestinal
tract (Hoque et al, 2010). They also resistant to the enzymes in the oral cavity (e.g., lysozyme)




CHAPTER 1 INTRODUCTION

and should also have the ability to resist the digestion process in the stomach and the intestinal
tract such as bile and gastric juice resistance (Chou and Weimer, 1999).

In Bangladesh yogurt is perhaps the oldest fermented milk product known and consumed by
large segments of our population as a part of their daily diet. In most of the areas of Bangladesh
different types’ traditional yogurts are found but their probiotic role is in limited extend.
Although yogurt is the potential source of beneficial lactic acid bacteria, a small number of
evidence has been found so far regarding extensive study of its probiotic properties.
Incorporation of probiotic live microorganism (isolated from indigenous yogurts) in market
yogurts can positively enhance health status of larger segment of communities of Bangladesh,
having with probiotic foods. Therefore, the present study was undertaken with the following
objectives:

e Isolation of LAB in pure culture.

e Identification by morphological characteristics and biochemical assay

¢ Study on the probiotic properties.

» Development of Bio-yogurt.

e In vivo mice trial for measurement of body weight, blood cholesterol and antibiotic

resistance of gut microflora.
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REVIEW OF LITERATURE

The word ‘probiotic’ comes from Greek language ‘pro bios” which means ‘for life’ opposed to
‘antibiotics’ which means ‘against life’. The history of probiotics began with the history of man
by consuming fermented foods that is well known Greek and Romans consume very much
(Gismondo, et al. 1999, Guarner, et al. 2005). In 1908 a Russian researcher Ellie Metchnikoff,
who has a nobel prize, firstly proposed the beneficial effects of probiotic microorganisms on
human health. Metchnikoff hypothesized that Bulgarians are healthy and long lived people
because of the consumption of fermented milk products which consists of rod shaped bacteria
(Lactobacillus spp.). Therefore, these bacteria affect the gut microflora positively and decrease
the microbial toxic activity (Hattingh and Viljoen B C, 2001; Gismondo, et al. 1999; Cakir 2003;
Chuayana et al. 2003).

The term ‘probiotic” firstly used in 1965 by Lilly and Stillwell to describe substances which
stimulate the growth of other microorganisms. After this year the word ‘probiotic’ was used in
different meaning according to its mechanism and the affects on human health. The meaning was
improved to the closest one we use today by Parker in 1974. Parker defined ‘probiotic’ as
‘substances and organisms which contribute to intestinal microbial balance’. In 1989, the
meaning use today was improved by Fuller. Thus, probiotic is a live microbial supplement which
affects host’s health positively by improving its intestinal microbial balance. Then this definition
was broadened by Havenaar and Huis in’t Veld in 1992 including mone or mixed culture of

live microorganisms which applied for animal and man (Cakir 2003, Guarner, et al. 2005,
Sanders 2003, Fuller 1989).

According to the currently adopted definition by FAO/WHO, probiotics are: "Live
microorganisms which when administered in adequate amounts confer a health benefit on the
host". Lactic acid bacteria (LAB) and bifidobacteria are the most common types of microbes
used as probiotics; but certain yeasts and bacilli may also be helpful. Probiotics are commonly
consumed as part of fermented foods with specially added active live cultures; such as in yogurt.

Probiotics are also challenging for the industrial applications. The probiotic concept is open to
lots of different applications in a large variety of fields relevant for human and animal health,
Probiotic products consist of different enzymes, vitamins, capsules or tablets and some
fermented foods contain microorganisms which have beneficial effects on the health of host.
They can contain one or several species of probiotic bacteria. Most of products which destine
human consumption are produced in fermented milk or given in powders or tablets. These
capsules and tablets do not used for medicial applications. They are just used as health
supporting products. The oral consumption of probiotic microorganisms produces a protective
effect on the gut flora. Lots of studies suggest that probiotics have beneficial effects on microbial
disorders of the gut, but it is really difficult to show the clinical effects of such products. The



probiotic preperations use for traveller’s diarrhoea, antibiotic associated diarrhoea and acute
diarrhoea which is showned that they have positive therapeutic effect (Gismondo,et al. 1999,
Cakar 2003).

More than 400 bacterial species exit in human intestinal tract. It is an enormously complex
ecosystem that includes both facultatively anaerobic and anaerobic microorganisms (Naidu, et al.
1999). The numbers of genera is nearly steady, because they each have their own growth niches
(Fooks, et al.1999). The compasition of the gut microflora is constant but can be affected by
some factors such as; age, diet, environment, stress and medication. To have a healthy intestine
the balance of the bacteria must be maintained but this is difficult as the lifestyles change. Lots
of factors may change the balance away from potenially beneficial or health promoting bacteria
like lactobacilli and bifidobacteria to potentially harmfull or pathogenic microorganisms like
clostridia, sulphate reducers and Bacteroides species. It makes the host more susceptible to the
illnesses. In this case the prevalence of the beneficial bacteria must be supported. Using of
probiotics help to protect the host from various intestinal diseases and disorders while increasing
the number of beneficial bacteria and make the balance steady again (Fooks, et al. 1999).
Probiotics are suggested as food to provide for the balance of intestinal flora. Probiotics are used
for long times in food ingredients for human and also to feed the animals without any side
effects. Also probiotics are acceptable because of being naturaly in intestinal tract of healthy
human and in foods (Cakir 2003).

Table 2.1: The probiotic micro-organisms which are use to feed both man and animals

Micro-organisms | Strain | Company(products

Acidophilus Species

L. acidophilus LA-1/LA-5NCFM, DDS- | Chr. Hansen, Rhodia,

1,SBT-2062 Nebraska Cultures

Snow Brand Milk Products

L. rhamnosus GG,GR-1,1.B21,271 Valio,Urex Biotech,Essum AB,
Probi AB

L. gasseri

L. casei Shirota Yakult (Yakult)

L. reuteri - SD2112/MM2 Biogaia

L. delbrueckii subsp. Lbi2

Bulgaricus

L. crispatus

L. plantarum 299v,Lp01 Probi AB

L. salivarus

L. johnsoni

L. gallinarum
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Chapter 4 Result and Discussion
Sampie [ Name of the | Rib | Sor | Manni | Suer | Fruct | Cello | Sal | Lact Gas
no. | bacteria .
Production
L. acidophilus | + - + + + + + no
2 L. delb. ssp. + - - - - - no
Bulgaricus
Bifidocterium | + | + + + + + + + no
spp
3 L. acidophilus | + - + + + + no
L. delb. ssp. - + no
Bulgaricus
Bifidocterium | + + + + + + + + no
spp
N.B. Rib=Ribose, Sor=Sorbitol, Manni=Mannitol, Sucr=Sucrose¢, Fruct=Fructose,

Cello=Cellobiose, Sal=Salicin, Lact=Lactose, (+) means good fermentation, (-} means no
fermentation

NaCl Tolerance Test

The isolated lactic acid forming bacteria (LAB) (Lactobacillus acidophilus, Lactobacillus

delbrueckii ssp. Bulgaricus and Bifidocterium spp) from yogurt are able to tolerate 1-10%

NaCl. In the present experiment, Lactobacillus acidophilus was able to tolerate 1-9%

NaCl concentration. Lactobacillus delbrueckii ssp. Bulgaricus and Bifidocterium sppwere

able to tolerate 1-7% and 1-9% NaCl concentration respectively. Maximum growth were

indicated as triple positive sign (+++), moderate growth as double positive sign (++), low

growth as single positive sign (+) and no growth were indicated as negative sign (-). This
results indicate that identified LAB were able to tolerate high concentration of NaCl like
inhibitory substance. The results have been shown in Table-4.4, Table 4.5 and Table 4.6.
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Table 4.4: NaCl tolerance tests of Lactobacillus acidophilus isolated from sample-1,
and sample-2 and sample-3

Concentration of NaCl (%) Sample-1 Sample-2 Sample-3
1 +++ +++ +++
2 +++ +++ +4+4
3 +++ +++ +++
4 +++ +++ +++
5 ++ +++ + +
6 ++ ++ ++
7 ++ ++
8 ++ 4+ +
9 + + +
10 - - -

N.B. (+ + +) indicates maximum growth, (+ +) indicates good growth, (+) indicates
normal growth, (-) indicates no growth.,

Table 4.5: NaCl tolerance tests of Lactobacillus delbrueckii ssp. bulgaricus isolated
from sample-1 and sample-2 and sample-3

Concentration of NaCl (%) Sample-1 Sample-2 Sample-3
1 +++ +++ + 4+
2 ++ ++ ++
3 ++ ++ ++
4 ++ ++ ++
5 ¥+ o s
6 + + +
7 + + +
3 - - -

9 - - -
10 - - -

N.B. (+ + +) indicates maximum growth, (+ +) indicates good growth, {(+) indicates
normal growth, (-) indicates no growth.
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Figure 4.13: Survival and multiplication of isolated Lactobacillus acidophilus,
Lactobacillus delbrueckii ssp. Bulgaricus and Bifidocterium spp. at 0.05
concentrations of bile salt in MRS broth (measured at optical density 620 nm)
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Figure 4.14: Survival and multiplication of isolated Lacfobacillus acidophilus,
Lactobacillus delbrueckii ssp. Bulgaricus and Bifidocterium spp at 0.1 concentrations
of bile salt in MRS broth (measured at optical density 620 nm)
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Figure 4.15: Survival and multiplication of isolated Lactobacillus acidophilus,
Lactobacillus delbrueckii ssp. Bulgaricus and Bifidocterium spp. at 0.15
concentrations of bile salt in MRS broth (measured at optical density 620 nm)
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Figure 4.16: Survival and multiplication of isolated Lactobacillus acidophilus,
Lactobacillus delbrueckii ssp. Bulgaricus and Bifidocterium spp. at 0.2 concentrations
of bile salt in MRS broth (measured at optical density 620 nm)
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Figure 4.17: Survival and multiplication of isolated Lactobacillus acidophilus,
Lactobacillus delbrueckii ssp. Bulgaricus and Bifidocterium spp. at 0.3 concentrations
of bile salt in MRS broth (measured at optical density 620 nm)
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Antimicrobial Activity of Metabolites Produced by Lactic Acid Forming Bacteria
(LAB)

Isolated LAB did show antimicrobial activity against various disease causing bacteria
(Table 4.19 to 4.27 and Fig. 4.28 to 4.42). Lactobacillus acidophilus showed
antimicrobial activity against Shigella flaxeri, Shigella dysenteriae, Vibrio cholerae and
Salmonella typhi. Lactobacillus delbrueckii ssp. bulgaricus also showed antimicrobial
activity against Staphylococcus epidermis, Shigella flexeri, Shigella dysenteriae, Vibrio
cholerae, Salmonella typhi, Pseudomonas spp. On the other hand, Bifidocterium sppdid
show antimicrobial activity against Staphylococcus epidermis, E. coli, Shigella flexeri,
Shigella dysenteriae, Vibrio cholerae, Salmonella typhi and Pseudomonas spp. Diameter
of zones of inhibition ranged from 10 mm to 20 mm, 8 mm to 23 mm and 10 mm to 19
mm for Lactobacillus acidophilus, lactobacillus delbrueckii ssp. Bulgaricus and

Bifidocterium spprespectively.

Table 4.10: vitro antibacterial activity of Lactobacillus acidophilus from sample 1

Bacterial strains Diameter of zone of inhibition in mm
2)’1. 15ul / well 20ul / well 25ul / well

\.Staphylococcus aureus Nil Nil Nil
2. Staphylococcus epidermis Nil Nil Nil
3. E. coli Nil Nil Nil
4. Shigella flexeri 13 15 18
5.Shigella dysenteriae 10 16 17
6. Vibrio cholerae 13 18 19
7.Enterococcus faecalis Nil Nil Nil
8.Salmonella typhi 13 17 20
9.Pseudomonas spp. Nil Nil Nil
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Table 4.11: In vitro antibacterial activity of Lactobacilfus acidophilus from sample 2

Bacterial strains Diameter of zone of inhibition in mm
Vol. 15ul / well 20pul / well 25pl / well

ol 1. Staphylococcus aureus = Nil Nil Nil
2. Staphylococcus epidermis Nil Nil Nil

3. E coli Nil Nil Nil

4. Shigella flexeri 12 15 19

5.Shigella dysenteriae 10 17 18

6. Vibrio cholerae 13 18 19

7. Enterococcus faecalis Nit Nil Nil

8. Salmonella typhi 11 18 20

i 9. Pseudomonas spp. Nil Nil Nil

Table 4.12: In vitro antibacterial activity of Lactobacillus acidophilus from sample3
Bacterial strains Diameter of zone of inhibition in mm
\ﬁ)& 15pl / well 20ul / well 25ul / well

1. Staphylococcus aureus Nii Nil Nil

2. Staphylococcus epidermis Nil Nil Nil

- 3. E. coli Nil Nil Nil
4. Shigella flexeri 12 16 19

5.Shigella dysenteriae 10 15 17

6. Vibrio cholerae 12 18 20
8.Salmonella typhi 14 18 20
9. Pseudomonas spp. Nil Nil Nil
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Figure 4.18: Antimicrobial activity of

Figure 4.24: Antimicrobial activity of ;
Lactobacillus acidophilus against Lactobacillus

\J Vibrio ckolerae Salmonella typhae.
v

S

Kgﬁ

A

_Ace No- 30500

acidophilus  against

Figure 4.20: Antimicrobial activity of Figure 4.19: Antimicrobial activity of

Lactobacillus  acidophilus  against Lactobacillus acidophilus against

ShigellaFlaxeri Shigella dysenteri
7
> Table 4.13: In vitro antibacterial activity of Lactobacillus delbrueckii ssp. Bulgaricus,
sample 1.
Bacterial strains Diameter of zone of inhibition in mm
Vol. | 15ul/well 20pul / well 25l / well
g
1. Staphylococcus aureus Nil Nil Nil
2. Staphylococcus epidermis 9 16 s
3. E. coli Nil Nil Nil
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Bacterial strains Diameter of zone of inhibition in mm
Vol. 15pul/ weil 20ul / well 2511 / well
—>

4. Shigella flexeri 15 17 19

5. Shigella dysenteriae 14 17 22

6. Vibrio cholerae 13 17 20

7.Enterococcus faecalis Nil Nil Nil

8. Salmonella typhi 7 13 15

9, Pseudomonas spp. 15 ‘ 16 9

Table 4.14: In vitro antibacterial activity of Lactobacillus delbrueckii ssp. Bulgaricus,
sample 2

Bacterial strains Diameter of zone of inhibition in mm
Vol. 15pl/ well 20pl /well | 25ul/ well
—
1.Staphylococcus aureus Nil Nil Nil
2. Staphylococcus epidermis 10 15 18
3. E. coli Nil Nil Nil
4. Shigella flexeri 15 17 20
5.Shigella dysenteriae 14 18 23
6. Vibrio cholerae 12 18 20
7.Enterococcus faecalis Nil Nil Nil
8.Salmonella typhi 8 14 16
9.Pseudomonas spp. 16 16 20
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Table 4.15: In vitro antibacterial activity of Lactobacillus delbrueckii ssp. Bulgaricus,
from sample 3

Bacterial strains Diameter of zone of inhibition in mm
Vol. 15ul / well 20ul / well 25pl / well

1. Staphylococcus aureus r~ Nil Nil Nil
2. Staphylococcus epidermis 9 15 17
3. E. coli Nil Nil Nil
4. Shigella flexeri 15 16 19
5.8higella dysenteriae 13 19 22
6. Vibrio cholerae 13 19 22
7.Enterococcus faecalis Nil Nil Nil
8.Salmonella typhi {3 12 15
9.Pseudomonas spp. 14 16 20

Figure 4.22: Antimicrobial activity of Figure 4.21: Antimicrobial activity of
Lactobacillus delbrueckii ssp. bulgaricus Lactobacillus delbrueckii Ssp.
against Shigella flaxeri bulgaricus against Vibrio colerae
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Figure 4.24: Antimicrobial activity of Figure 4.23: Antimicrobial activity of
Lactobacillus delbrueckii ssp. bulgaricus Lactobacillus delbrueckii ssp. bulgaricus
-against Shigella dysenteri against S. epidermis.

Table 4.16: In vitro antibacterial activity of Bifidocterium spp. from sample 1

Bacterial strains Diameter of zone of inhibition in mm
Vol. 15u1 / well 20 / well 25ul / well
—p
1. Staphylococcus aureus Nil Nil Nil
2. Staphylococcus epidermis 12 16 16
3. E. coli 10 12 14
4. Shigella flexeri 15 17 18
5. Shigella dysenteriae 11 12 15
6. Vibrio cholerae 13 14 16
7. Enterococcus faecalis Nil Nil Nil
8. Salmonella typhi 10 12 15
9. Pseudomonas spp. 12 15 15
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Table 4.17: In vitro antibacterial activity of Bifidocterium spp. from sample 2

Bacterial strains Diameter of zone of inhibition in mm
_\_f_c;l. 151 / well 20ul / well | 25ul / well

1. Staphylococcus aureus Nil Nil Nil
2. Staphyl o‘coccus epidermis 10 16 16
3.E. coli 10 12 14
4. Shigella flexeri 15 i8 19
5. Shigella dysenteriae 10 14 17
6. Vibrio cholerae 12 12 15
7. Enterococcus faecalis Nil Nil Nil
8. Salmonella typhi 10 15 16
9. Pseudomonas spp. 13 15 15

Table 4.18: In vitro antibacterial activity of Bifidocterium spp. from sample 3

Bacterial strains Diameter of zone of inhibition in mm
\ﬁ)l. 15ul/ well | 20ul/well | 25ul/ well

1. Staphylococcus aureus Nil Nil Nil
2. Staphylococcus epidermis 12 16 16
3.E coli 10 12 14
4. Shigella flexeri 15 17 18
5.8higella dysenteriae i1 12 15
6. Vibrio cholerae 13 14 16
7.Enterococcus faecalis Nil Nil Nil
8. Salmonella typhi 9 13 15
9. Pseudomonas spp. 12 15 16
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Figure 4. 25: Antimicrobial activity Figure 4. 26: Antimicrobial activity of

of Bifidocterium spp. against Bifidocterium spp. against Shigella
Staphylococcus epidermis Sflaxeri

Figure 4. 27: Antimicrobial activity of Figure 4. 28: Antimicrobial activity of

Bifidocterium spp. against Shigella Bifidocterium spp. against Vibrio colerae
dysenteri

Figure 4.30: Antimicrobial activity of Figure 4.29: Antimicrobial activity of

Bifidocterium spp. against Salmonella Bifidocterium spp against Pseudomonas
typhae SpD.

45



Chapter 4 Result and Discussion

Figure 4.31: Antimicrobial activity of
Bifidocterium spp. against E. coli

Gastric Juice Tolerance

Isolated Lactobacillus acidophilus, Lactobacillus delbrueckii ssp bulgaricus and
Bifidocterium spp. were subjected to gastric juice tolerance at pH 2.2 and also at pH 6.6
as control. Optical density was measured at 620 nm after 0, 1, 2, 3, 4 and 24 hours. The
results indicate that all the isolates survived in artificial gastric juice at pH 2.2. But they
didn’t show rapid multiplication as there was no growth media for their growth and
multiplication. On the other hand, isolates showed an optimum variation which indicates
that cells were able to survive and could have little multiplication abilities in artificial
gastric juice at pH 6.6. Survivability was ensured streaking on MRS agar plate after 1, 2,
3, 4 and 24 hours of incubation. From this experiment the results indicate that in GIT
environment, the gastric juice will have minor or possibly no adverse effects on our

isolated probiotic bacteria.
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Figure 4.32 Survival and multiplication of isolated Lactobacillus acidophilus,
Lactobacillus delbrueckii ssp. Bulgaricus and Bifidocterium spp. in artificial gastric
juice at pH 2.2 (measured at optical density 620 nm)
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Figure 4.40: Survival and multiplication of isolated Lactobacillus acidophilus,
Lactobacillus delbrueckii ssp. Bulgaricus and Bifidocterium spp. in artificial gastric
juice at pH 6.6 (measured at optical density 620 nm)
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pH of Produced Yogurt:

Four sample of yogurt was produced on day 0, day 7, day 14 and day 21 and their pH and
total bacterial count was measured. Test result of total bacterial count ensured yogurt’s
probiotic doses.

Table 4.19: pH and total bacterial count of produced yogurt

Day pH Total bacterial count
Day 0 4.78 2.6x 10°

Day 7 4.58 1.5x10°

Day 14 4.49 2.3x10°

Day 21 4.81 2x10°

In Vivo Mice Trial:

Mice feeding trial by laboratory based manufactured Probiotic yogurt was designed for
28 days. Forty mice were divided in to four groups, Group 1 was denoted as control;
Group 2, group 3 and group 4 was denoted as treatment group 1, treatment group 2 and
treatment group 3 respectively. Each group was comprised of 10 mice. The control group
(Group 1) was fed 5 grams rat pellet as basal diet plus additional 2 grams rat
pellet/mouse/day (to equalize with at least one control group). The other three treatment
groups (2, 3 and 4) received 5 grams rat pellet as basal diet plus additional 2, 4 and 6
grams of yoghurt/mouse/day as additional supplement, respectively. It could be
mentioned that one gram set yoghurt contains 1.67 Kcal ME, whereas, one gram rat pellet
contains 3.10 Kcal ME. During 28 day visual observation, it was observed that mice of
all Treatment Groups except Control Group were strong enough, active and were tolerant
during high & sudden fluctuation of temperatures. On the other hand, mice of Control
Group did not show such criteria. They were weak, less active and less heat tolerant.
Besides, mice of all Treatment Groups had white and attractive far in comparison to the
mice of Control Group.

Figure 4.41: Housing of mouse Figure 4.42: Tagging of mouse
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Cholesterol Measuring:

Cholesterol level was measured using Easy Mate blood cholesterol meter on day 0 and
day 28. The entire Treatment Groups showed significant lowering of cholesterol level
after 28 day trial. But the contral group didn’t show any significant test result of
cholesterol lowering level and didn’t show any significant variation among collected data.

Figure 4.43: Cutting of tail for blood Figure 4.44: Taking reading of blood
sample cholesterol level

#Day0
B Day 28

Chaolesterol level mmol/L
(I8 ]

0 S AP e

Control group Treatment Treatment Treatment
group 1 group 2 group 3

Figure 4.33: Comparison of measured average cholesterol level of different group on
day 0 and day 28

49



Chapter 4 Result and Discussion

25

15 -

b a
b
1 4
0.5 4
0 T T

Treatment Group 1 Treatment Group 2 Treatment Group 3  Control Group

Cholesterol
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Figure 4.46: Blood Cholesterol level of Probiotic treatment and control group (b=
statistically significant, a= statistically non significant)

Figure 54 represents the average blood cholesterol reduction level among the control and
treatment groups. The average cholesterol reduction level of the control group was 0.37
mM/L over twenty eight days treatment period. Treatment Group 2 showed highest
average cholesterol reduction level (2.04 mM/L)) and Treatment Group 1 and Treatment
Group 3 showed 1.82 mM/L and 1.39 mM/L cholesterol reduction levels, respectively.
The value of the F test in this experiment is 3.739 at 39 degree of freedom and the P
value of this test is 0.019. So the overall result is significant at 0.05 level of significance
(P<w). The mean difference of treatment group 2 (P=0.02) with control group is
significant at 0.05 level of significance.

Body Weight Gain:

Individual body weight of mice were measured at day 0, day 7, day 14, day 21 and day
28. The control group {Group 1) was fed 5 grams rat pellet as basal diet plus additional 2
grams rat pellet/mouse/day (to equalize with at least one control group). The other three
treatment groups (2, 3 and 4) received 5 grams rat pellet as basal diet plus additional 2, 4
and 6 grams of yoghurt/mouse/day as additional supplement for 28 days, respectively
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Mean Body Weight Gain:

Control Group: 1.85 gm

Treatment Group 1: 4.82 gm
Treatment Group 2: 6.03 gm
Treatment Group 3: 4.06 gm

mDay0
= Day 28

Mean body weight (gm)
BRUBBERRERAELES

Control grou Treatment Treatment Treatment
group 1 group 2 group 3

Figure 4.34 Comparison of measured average body weight of different group on day
0 and day 28
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Figure 4.48: Mean weight gain of Treatment and Control Groups of Mice (b=
statistically significant, a= statistically non significant)
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Figure 56 represents the average body weight gain (gm) among the control and treatment groups
of mice. The average weight gain of the control group was nearly 2 grams over twenty eight days
treatment period. The other three treatment groups showed higher body weight gain than the
control group. Treatment group 2 showed highest average weight gain (6 grams). The value of F
Test in this experiment is 2.761 at 39 degree of freedom and the P value of this test is 0.056.
Therefore, the overall result is insignificant at 0.05 level of significance (P>a). The mean
difference of treatment group 2 (P=0.039) is significant with the control group at 0.05 level of
significance whereas the mean difference of treatment group land 3 are not significant with the
control group at this [evel.
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Figure 4.35: Body weight gain chart.

Due to sudden fluctuation of temperature and weather, weights of the mice showed
variation time to time. But afler the trial all the treatment group showed significant
weight gain compared to control group.

Antibiotic Resistance Test:

Twenty mice were grouped in to 4 groups where group 1 and 2 were positive and
negative control respectively and group 3 and 4 were treatment groups. In the 14 days of
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experimental trial the log cfu/gm of faeces was calculated on basis of colony count
method and compared with 0, 7 and 14 days count (Table-44 and Figure-58).

Table 4.20: Log CFu of per gm of faeces

Day Group-1 Group-2 Group-3 Group-4
DAY 0 5.43 6.41 6.32 5.32
DAY 7 5.34 5.36 6.49 5.42

DAY 14 6.49 5.38 6.56 6.64

In this study Positive control and group 4 showed almost same growth. That means there

was no so such adverse effect of antibiotic on group 4 that was feed with 5gm of

probiotic yogurt along with amoxicillin. Group 3 shows significant rising of colony count

despite of antibiotic treatment where Negative control shows sudden decrease of colony
count in first 7days but showed steady colony count on day 14. All that result showed
that feeding of probiotic yogurt confer intestinal growth of probiotic bacteria that have

significant resistance for amoxicillin.

DAY D

DAY 14

Figure 4.50: Comparison of log cfu/mg of faeces.
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Discussion

Isolation and Identification of Lactic Acid Bacteria

Three isolates of of Lactobacillus acidophilus, Lactobacillus delbrueckii ssp bulgaricus
and Bifidobacterium spp. were isolated from three different yoghurt samples of Khulna
City Corporation area, Khulna, Bangladesh. L. acidophilus, Lactobacillus delbrueckii ssp
bulgaricus and Bifidobacterium spp. were isolated using MRS agar medium with some
modifications. Pure cultures were developed in MRS broth medium using streak plate
method (Leboffe and Pierce, 2011). Some of the components of MRS culture media such
as sodium acetate, magnesium sulfate, manganese sulfate and tween-80 are known to act
as special growth factors for the growth of lactic acid bacteria as well as rich nutrient
sources. Among them, Tween-80 is a surfactant which facilitates the uptake of nutrients
and sodium acetate, ammonium citrate act as selective agents {(de Man et al., 1960). On
the other hand, addition of 0.05% L-cysteine in MRS media favored the specificity for
the isolation of Lactobacillus delbrueckii ssp bulgaricus. (Lankaputhra et al.,1995;
Hartemink et al., 1997; Shah, 2000). Addition of nalidixic acid, neomycin sulphate,
lithium chloride and paromomycin sulphate in MRS confirm the selectivity of
Bifidobacterium spp (Moriya et al, 2006). In the present study, the cultures were
subjected to seven subcultures at pH 6.5 and incubated at the anaerobic condition with
specific temperature, many fastidious organisms were removed and excellent growth of
lactobacilli and bifidobacteria was favored. From their colony morphologies,
physiological characteristic and finally by observing the biochemical characteristics
(gram positive, endospore negative, catalase negative, non-motile, specific sugar
fermentation profiles, resistance to inhibitory substances such as gastric acid pH 2.2,
0.05-0.3% bile acid, 0.1-0.4% phenol, 1-9% NaCl) all the nine isolates were identified
presuptively as L. acidophilus, Lactobacillus delbrueckii ssp bulgaricus and
Bifidobacterium spp. from three local Ghosh Dairy Shops viz. 1.Tala Adi Ghosh Dairy, 2.
Satkhira Ghosh Dairy and 3. New Satkhira Ghosh Dairy of Khulna City Corporation area.
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Characterization of Isolated Probiotic Bacteria

NaCl Tolerance

The identified nine isolates of LAB were tested for different concentration of NaCl (1-
10%) in the MRS culture broth and the growth was observed according to turbidity after
24 hours. All the isolates had excellent tolerance against 1-5% NaCl, moderate in 6-8%
and in 9%-10% NaCl, low or no growth were observed. Elizete and Carlos (2005)
isolated lactobacilli from gastrointestinal tract of swine that were tolerable to 4-8% NaCl.
Schillinger and Lucke (1987) found the growth of lactobacilli in the presence of 7.5%
NaCl isolated from meat and meat products and the result is almost similar to the findings
of present study. The NaCl test result of the present study were also found similar to
Hoque et al (2010) who isolated Lactobacillus spp. from yoghurt and tested at different
concentrations of NaCl (1-10%) and found 1-9% NaCl tolerance of their Lactobacillus

Spp-

Phenol Resistance

After 12 hours of incubation, nine isolates belonging to three species viz. Lactobacilius
acidophilus, Lactobacillus delbrueckii ssp bulgaricus and Bifidocterium spp. showed
good tolerance against 0.1 and 0.2% phenol and as the concentration increased to 0.3%
and 0.4% their tolerance were decreased greatly. After 24 hours of incubation, better
resistance and multiplication ability were observed against 0.1 and 0.2% phenol and as
the concentration increased to 0.3% their tolerance were decreased and at 0.4%
conceniration of phenol their tolerance were lowest. The study of Hoque et al. (2010) was
similar to this test result of this study. Ambalam et al. (2009) also shows lactobacillus
grows in 0.4% and also remains viable at 0.5% phenol. Some authors suggest that a 0.4%
concentration of phenol causes a bacteriostatic action in some microorganisms
(Xanthopoulos, ef al., 2000).
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Bile Resistance

Bile tolerance is also one of the most important attributes of probiotic lactic acid bacteria
used as adjuncts because they enable them to survive, to grow and to perform their
beneficial action in the gastrointestinal tract (Walker and Gilliland, 1983). The strains
resistant to low pH, were screened for their ability to tolerafe the bile salt. Although the
bile concentration of the human gastro intestinal tract varies, the mean intestinal bile
concentration is believed to be 0.3% w/v and the staying time is suggested to be 4 h
(Prasad, et al. 1998). The resistance capabilities of all the nine isolates showed more or
less nearly equal resistance against 0.05%, 0.1%, 0.15% and 0.3% artificial bile acid
concentrations after 1 , 2 , 3 and 4 hours of incubation respectively. After 16 hours of
incubation, all the isolates started multiplication. Among the three species
Bifidobacterium spp. showed stronger resistant than Lactobacillus acidophilus and
Lactobacillus delbrueckii ssp bulgaricus. Klayraung et al,2008 studied bile tolerance of
lactobacilli where concentrations of 0.3, 0.5 and 1.0% bile salts were used. All strains
showed they could survive more than 60% in 0.3 and 0.5% bile salt solutions. The bile
resistance test results of the FSA project by Gibson et al (2005) provide evidence of the
bile tolerance nature of some of the Lactobacillu species. Elizete and Carlos (2005) stated
that bile tolerance is an essential characteristic for better survival, not necessary for
multiplication.

Gastric Juice Resistance

Gastric juice resistance ability is one of the most important characteristics of probiotic
lactic acid bacteria to survive, to multiply and to exert their beneficial action in the
gastrointestinal tract (GIT) (Kilara, 1982). LAB must survive the acidic environment of
the stomach in order to reach the gut and modulate the microbiota. In the present study,
pepsin was added in the experimental medium to stimulate the activity of gastric acid
environment and the isolated lactic acid bacterial species were able to survive and to
some extent showed multiplication in artificial gastric acid environment at pH 2.2. This
was towards gastrointestinal condition at pH 6.6 after 1, 2, 3 and 4 hours of incubation
respectively which was observed from the absorbance data of bacterial cell concentration

in artificial gastric acid medium at 620 nm. However, after 24 hours of incubation the
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survival as well as multiplication abilities were greatly reduced in both pH 2.2 and pH 6.6
of gastric juice.

All the three isolate of Lactobacillus acidophilus showed good multiplication and
survivability at pH 2.2 specially in first hour. Sample no. 3 of Lactobacillus acidophilus
showed better multiplication at the first 2 hours while the other two samples also showed
satisfactory multiplication. But after 4 hours their multiplication was reduced and remains
almost same after 24 hours. On the other hand three isolates of Lactobacillus delbrueckii
ssp bulgaricus and Bifidobacterium spp. showed very good multiplication at the first 4
hours and showed survivability after 24 hours. In comparison to the tow species
Lactobacillus acidophilus and Bifidobacterium spp., the Lactobacillus delbrueckii ssp
bulgaricus showed better resistance and survivability to gastric juice and also showed

multiplication after 24 hours incubation.

In addition, at pH 6.6 after 1, 2, 3 and 4 hours, all the nine isolates showed more or less
equal survival and multiplication abilities. But Lactobacillus delbrueckii ssp bulgaricus
and Bifidobacterium spp. showed very good multiplication after 24 hours where as
Lactobacillus acidophilus showed steady survibabily. Overall, pH 6.6 served as control
and showed greater survival and multiplication abilities than pH 2.2. The gastric juice
resistance test results of the present study were found nearly similar with the results
obtained by Gibson et al. (2005), where eight strains of lactic acid bacteria showed more
than 50% survival abilities at pH 2 and 3. Shahidi et al., (2008) also showed that some
species of Bifidobacteria is adapted with low pH though their growth become lower at
pH 3. Linn et al., (2008) showed that all strains of Lactobacillus survived at pH 2 for a

longer period although considerable variation among strains was observed.

Antimicrobial Activity

Isolated three species showed antimicrobial activity against Shigella flexeri, Shigella
dysenteriae, Vibrio cholerae and Salmonella typhi. Lactobacillus delbrueckii ssp
bulgaricus and Bifidobacterium spp. also showed antimicrobial activity against
Staphylococcus epidermis, Pseudomonas spp. and E. coli. Sample no. 3 of Lactobacillus
acidhphilus showed strong antimicrobial activity in contrast of other two isolates. Sample

no. 2 of Lactobacillus delbrueckii ssp bulgaricus and Bifidobacterium spp. also sowed
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better antimicrobial activity rather than other isolates. In terms of species, Lacfobacillus
delbrueckii ssp bulgaricus showed better activity in contrast to Lactobacillus acidophilus
and Bifidobacterium spp. The antimicrobial activity of Lactobacillus acidophilus was
found similar with the study of Coconier et al (1997). Other study of Gilliland and Speck
(1977), Gilliland (1979) Lim, Huh,and Baek, (1993), Rasic and Kurmann (1983) and
Sandine (1979) also stated the antimicrobial activity of Lactobacillus acidophilus,
Lactobacillus delbrueckii ssp bulgaricus and Bifidobacterium spp.

Product Development

For the production of yogurt, milk was collected from [ocal source. All the nine isolates
were used as inoculums. Lactobacillus delbrueckii ssp bulgaricus was used as starter
culture which was vsed in the study by Haddadin et al, 2004. After production of yogurt
pH and total bacterial count was done during day 0, 7, 14 and 21 for ensuring the perfect
pH and survivability of bacteria and the probiotic dose. Davidson et al. 1999 showed the
survivability of LAB in frozen state in -20 and the total bacterial count was much more
good than the study showed by Maragkoudakis et al 2004.

Mice Trial

Body weight and Blood Cholesterol Level:

The comparative study of starter cultures showed that yoghurt inoculums containing L.
acidophilus, L. brevis, L. bulgaricus and B. adolescentis together produced good quality
yoghurt as compared to other combination of lactic acid forming bacteria. The efficacy,
safety and beneficial effects of prepared bio-yoghurt was studied through laboratory
mouse trail in order to know the acute toxicity, body weight gain, blood cholesterol

level.

Forty albino mice were divided into 4 groups (one control and three treatment groups)
comprising ten mice in each group. Group 1 was denoted as Controi, and Group 2, Group
3 & Group 4 was denoted as Treatment Group 1, Treatment Group 2 and Treatment
Group 3, respectively. The control group (Group 1) was fed 5 grams rat pellet as basal
diet plus additional 2 grams rat pellet/mouse/day (to equalize with at least one control
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group); Group 2, Group 3 and Group 4 mice were fed with rat pellet (Sgrams/mouse/day)
along with 2 grams, 4 grams and 6 grams of Probiotic yoghurt, respectively. The mice
trial was continued up to 28 days. After 28 days of treatment, no death and good body
weight gain of mouse was observed and it may be stated that the prepared yoghurt sample

was safe for consumption.

After 28 days trial, all the mice of three treatment groups showed significant body weight
gain in contrast of the control group. Among the three treatment groups, treatment group
2 showed better body weight gain in comparison to group I and group 3. During the trial
from day 14 to day 21, due to sudden rising of temperature cause lower food intake and
sudden fall of body weight (Stanier, 1977). Control group showed too much fall in body
weight in contrast of treatment group 2 and 3. Treatment group 1 showed steady body
weight during this time.

Cholesterol level was measured on day 0 and day 28. Though the body weight of the
mice of treatment group increased impressively but in the cholesterol lowering test they
showed satisfactory decrease in cholesterol measurement. The entire treatment group
showed significant lowering level of cholesterol after 28 day trial. But the control group
didn’t show any significant test result of low cholesterol level and didn’t show any
significant variation among collected data. Treatment group 1 and 2 showed better
decrease in cholesterol lowering rather than group 3. On the other hand though the
control group also showed slight decrease in cholesterol lowering but at the end they also
showed their decrease in body weight. So decrease of the body weight may be the cause
of cholesterol lowering for control group. The finding of the study is almost similar to the
study of Ali et al (2011). Ghanem et al (2005) showed the significant body weight gain of
mice where as Mahrous et al. (2011) showed significant reduction in serum blood
cholesterol level in probiotic yoghurt feeding mice.

Antibiotic Resistance Test

Antibiotic resistance test was done with 20 albino mice grouped in to four groups where
one positive and negative control and two other were treatment group. Experimental
results showed that feeding of Probiotic yoghurt confers intestinal growth of Probiotic
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4. The isolates showed very good tolerance against 0.1% and 0.3% phenol and
moderate or low tolerance against at 0.4% phenol after 24 hours of incubation at
37° C, respectively.

5. All the three isolated species were bile salt tolerant at 0.05%, 0.1%, 0.15%, 0.2%
and 0.3% during 4, 8 and 24 hours of incubation.

6. All the three isolated species were resistant to artificial gastric juice environment
at pH 2.2 and 6.6 but their resistance capacity decreased after 24 hours of
incubation at 37° C.

7. Isolated three species showed antimicrobial activity against Shigella flexeri,
Shigella dysenteriae, Vibrio cholerae and Salmonella typhi. Lactobacillus
delbrueckii ssp bulgaricus and Bifidobacterium spp. They also showed
antimicrobial activity against Staphylococcus epidermis, Pseudomonas spp. and
E. coli.

8. After confirming Probiotic properties of isolates, yogurt was developed using all
the nine isolates from three species as inoculums.

9. Twenty eight days mouse trial for body weight gain showed no death and good
body weight gain of mouse for the three treatment group in comparison to the
control group and it may be stated that the prepared yoghurt sample was safe for
consumption

10. The entire treatment group showed significant lowering level of cholesterol after
28 day trial. But the control group didn’t show any significant test results.

11. Fourteen days mouse trial showed that feeding of Probiotic yoghurt confers
intestinal growth of Probiotic bacteria that have significant resistance for
amoxicillin.

12. According to World Health Organization (WHO) and Food and Agriculture
Organization (FAO, 2002) working group guidelines, the Probiotic organisms
should possess the characteristics of resistance to gastric acid and bile with other
attributed criteria. The present experimental isolated Probiotic lactic acid bacteria
have shown almost similar characteristics defined by WHO and FAO standard.
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Limitations:
i.  Yoghurt samples were collected from Khulna District of Bangladesh which could
limit the possibility of isolation of more efficient Probiotic bacteria from other
A regions.

ii. In the present study, only eight sugars were used in fermentation profile test for
Probiotic bacterial species identification, which was a weakness of the study.
More sugars tests would be worthy to investigate in future,

ili. There was a limitation of financial resources and time frame of the study to
conduct such a huge experimental works and therefore, human trial was not
conducted.

iv.  The experimental results have shown that there were variations in Probiotic
properties of the nine isolates belonging to three species viz. Lacfobacillus
acidophilus, Lactobacillus delbrueckii ssp bulgaricus and Bifidobacterium spp.

r Molecular identification is needed to study for isolation of best Probiotic lactic
acid bacteria for technological interest and Probiotic product development for

human.

Recommendations:

Further study needs to consider more yoghurt samples from different regions of
Bangladesh. The study also needs to include molecular techniques like PCR-RFLP or
SDS-PAGE and 16S rRNA sequencing for confirming the identification of Probiotic
bacterial species. For better safety, evaluation trial on human is needed which may open
the possibility to engineer new combinations of pre and Probiotic food products viz. ice-
cream, fermented milk drinks and sausages for human consumption (from infant to
adolescent) for the continental people.
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APPENDIX

APPENDIX

Bile Salt Tolerance (0.05%) Test Data (measured at optical density 620 nm)

Hour L.A. 1 LA.2 |LA3 |LB.l |LB.2 (LB.3 [B.1 B.2 B.3

4h 1.02 1.022 1.306| 0916] 1.104! 1.259 0.74 | 0.695 0.61
8h 1.297 1 1.788 | 1.886 1.95 1.891 1.947] 1.959] 1.842
24h 2.196 2.101 2114 | 2358 2711} 2.172| 2.222 223 2.111
Bile Salt Tolerance (0.1%) Test Data (measured at optical density 620 nm)

Hour L.A.1l |LA2 |LA.3 |LB.1 |LB.2 |[LB.3 |B.1 B.2 B.3

4h 1.055 1.026 1.2531 0948 | 1.276] 13291 0.788) 0.732( 0.652
8h 1.94 1.005 1.805| 1.961 1.974 | 1933 1945| 1.962| 1.809
24h 2.156 2.131 2099 | 2.545| 2521 22131 2245 2.233| 2.064
Bile Salt Tolerance (0.15%) Test Data (measured at optical density 620 nm)

Hour LA. 1 L.LA.2 |LA.3 |[LB.1 |LB.2 |[LB.3 |B.1 B.2 B.3

4h 1,044 1043 13041 10451 11441 1328 07441 08030 0.698
gh 1.974 1.032 1.67| 1.935] 1948| 1943 1.943| 1987 1.868
24h 2.214 2.147 212 2.644 224 2215 2237 22617 2.133
Bile Salt Tolerance (0.2%) Test Data (measured at optical density 620 nm)

Hour L.A.1 LA.2 |LA.3 |LB.1 {LB.2 [LB.3 |B.1 B.2 B.3

4h 0.987 1.018 1.373 | 1.168 1.22 131 0.798] 0.736 [ 0.664

gh 1.901 1.03 158 1.948| 1.933| 1978 1.989| 1978| 1.906
24h 2.214 2.216 1.984 | 2448 2181 2122 2.256 226 2.188
Bile Salt Tolerance (0.3%) Test Data (measured at optical density 620 nm)

L.A.1 |LA2 |LA3 }|LB.1 |LB.2 |LB.3 |B.1 B.2 B.3

4h 0.8%4 1.031 1.045| 1.172| 1.238) 1415] 0.806| 0.804 0.71
8h 1.887 1.006 1.442 1.96| 1.916 194] 1.965( 1.964| 1.964
24h 2.135 1.851 2.195| 2.685| 2246 2.193| 2262| 2211 | 2219

N.B. L.A.1= L. acidophilus sample 1, L..A.2= L. acidophilus sample 2, L.A. 3= L. acidophilus sample 3, L.B.1=
L. delbrueckii ssp. Bulgaricus sample 1, L.B.2= L. delbrueckii ssp. Bulgaricus sample 2, , L.B.3= L. delbrueckii

ssp. Bulgaricus sample 3, B.1= Bifidocterium spp. sample 1, B.2= Bifidocterium spp. sample 2, B.3=
Bifidocterium spp. sample 3.
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Gastric Juice Tolerance Test in artificial gastric juice at pH 2.2 (measured at optical

density 620 nm)

Hour LA.1 LA.2 LA.3 LB.1 LB.2 LB.3 B.1 B.2 8.3

Oh 0.168 0.153 0171 | 0.112| 0171 | 0.115| 0.188 0.15]| 0.171
1h 0.189 0.163 0.186 | 0.191 0.21 0.182 0.235 0.201 0.187
2h 0.198 0.178 0.189 | 0.195 0.23| 0.187| 0.252| 0.205| 0.193
3h 0.211 0.176 0.196 | 0.199| 0.236¢ 0.188| 0.259 0.22 | 0.198
4 hh 0.209 0.172 0191 0.198| 0.238| 0182 | 0.252| 0.223| 0.182
24 h 0.162 0.144 0.162| 0.101| 0.165| 0.095| 0.166 0.16 0.15

Gastric Juice Tolerance Test in artificial gastric juice at pH 6.6 (measured at optical

density 620 nm)

Hour LA. 1 LA .2 LA. 3 LB.1 LB.2 LB.3 B.1 B.2 B.3

Oh 0.174 0.151 0.169 0.205 0.204 0.181 0.276 0.207 0.183
1h 0.23 0.17 0.222 0.258 0.285 0.233 0.32 0.256 0.252
2h 0.262 0.182 0.245 0.31 0.303 0.257 0.359 0.279 0.297
3h 0.279 0.193 0.268 0.34 0.32 0.272 0.373 0.283 0.311
4 hh 0.295 0.201 0271 0.369 0.345 0.289 0.385 0.289 0.327
24h 0.201 0.178 0.191 0.22 0.226 0.207 0.308 0.229 0.216

N.B. L.A.1= L acidophilus sample 1, L.A.2= L. acidophilus sample 2, L.A. 3= L. acidophifus sample 3, L.B.1=
L. delbrueckii ssp. Bulgaricus sample 1, L.B.2= L. delbrueckii ssp. Bulgaricus sample 2, , L.B.3= L. delbrueckii
ssp. Bulgaricus sample 3, B.1= Bifidocterium spp. sample 1, B.2= Bifidocterium spp. sample 2, B.3=
Bifidocterium spp. sample 3




Measured blood cholestero! level (mmol/litre): on day 0

APPENDIX

Mouse Control group Treatment group | Treatment group | Treatment group
(No yogurt) I(2gm of yogurt) | 2 {(4gm of yogurt) | 3 (6gm of yogurt)
R1 2.8 4.1 3.9 36
R2 3.1 4.1 6.5 5.4
R3 3.1 4.0 6.3 8
Bl 31 4.1 6.0 3.1
B2 2.6 34 6.0 2.9
B3 3.9 4.0 39 36
Gl 34 3.6 3.1 6.7
G2 2.6 6.8 6.0 54
G3 2.6 4.5 5.4 32
Unmarked 3.1 7.1 3.6 3.6
Average: 3.03 4.57 5.07 4.55
Measured blood cholesterol levet (mmol/itre): on day 28
Mouse Control group Treatment group | Treatment group | Treatment group
1 2
Rl 2.6 26 34 3.1
R2 2.6 2.8 29 3.1
R3 2.9 2.6 3.1 3.9
Bl 2.8 2.7 2.7 2.8
B2 2.8 2.9 3.0 2.7
B3 26 32 29 32
Gl 26 26 2.7 34
G2 2.6 2.7 i1 3.2
G3 26 2.6 2.6 3.1
Unmarked 2.7 2.8 3.1 3.2
Average: 2.68 2.75 295 3.17
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Measured body weight on day ¢ at gm

APPENDIX

Mouse | Control group | Treatment group 1 | Treatment group 2 | Treatment group 3
Rl 46.3 49 40 39.8
R2 36.6 44 42 445
R3 41-5 41.5 355 41.2
Bl 40.3 42.5 39.5 39.6
B2 42.5 42.3 383 40.5
B3 393 44.5 41.4 384
Gl 445 46.4 38.7 384
G2 39.1 37 40.2 39.3
G3 41.8 43 40.2 39.6

Unmarked 41.8 44 39.5 41.7

Average 41.36 43.42 39.53 40.3

Measured body weight on day 7 at gm
Mouse Control group | Treatment group 1 | Treatment group 2 | Treatment group 3
R1 457 45.5 42 44.2
R2 36.9 453 45.3 45.8
R3 425 439 40 449
Bl 429 46.9 41.5 423
B2 429 43.5 41.9 42.8
B3 41 43.2 45.3 41.7
Gl 453 46.9 41.6 39.6
G2 38.9 377 455 40.1
G3 40.5 44.1 41.2 39.7
Unmarked 42.4 47.1 422 42.6
Average 41.9 44.41 42.65 42.37




Measured body weight on day 14at gm
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Mouse | Control group | Treatment group 1 | Treatment group 2 | Treatment group 3
Rl 45.4 459 435 453
R2 36.1 4.5 46.4 47.3
R3 44 .4 44.10 42 449
Bl 43.6 444 41.5 42.2
B2 44 446 42.8 44.7
B3 41.8 49.2 47.6 42.9
Gl 43.9 47.4 44.9 41.2
G2 40 40 48.6 41.2
G3 41 448 41.3 413
Unmarked 42.1 484 42.2 432
Average 4223 4533 44.08 4342
Measured body weight on day 21 at gm
Mouse | Control group | Treatment group 1 | Treatment group 2 | Treatment group 3
R1 45 47 384 45
R2 354 44.6 41.6 47
R3 43 432 44.58 43.6
B1 418 48.5 40.4 45
B2 40 45.1 40.5 40
B3 41.6 45.8 47 423
Gl 386 47.4 44 412
G2 37.8 48 483 38
G3 39.3 43.7 4] 39
Unmarked 39.7 48.1 40 439
Average 40.33 45.14 42.58 42.5




