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Chapter Five Conclusions and Recommendations

5.1 Conclusions :-

1- Isolates ol actobacillus acidophilus (31.4%) were isolated from stool
samples and 35% isolates of alsactobacillus acidophilus were isolated from
dairy products .

2- All Lactobacillus acidophilus isolates have the ability to produge
galactosidase enzyme .

3- For stool isolates, MRS broth medium with 83 and incubation at 37°C
could be used as an optimum condition ffegalactosidase activity from cells
grown to mid log phase (0.§3, =0.6).

4- For yoghurt isolates , MRS broth medium woth 6.5 and incubation at
40°C could be used as an optimum conditionpfgjalactosidase activity from
cells grown to mid log phase (Ogp,=0.6).

5- Lactobacillus acidophilus bacteria that was isolated from Yoghurt had a
higherp-galactosidase activity thdractobacillus acidophilus from stool .

6- Lactobacillus acidophilus (28.5x10 cell/ml) was able to consume about

(1)g of lactose when incubate for 48hrs.
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Chapter Five Conclusions and Recommendations

5.2 Recommendations :-

1- Use of chemical mutagenesis to obfagalactosidase over production
from mutants of_actobacillus acidophilus.

2- Evaluate the ability dfactobacillus acidophilus to digest lactosevivo .

3- Using of protein engineering and genetianipulation to obtain
recombinant enzyme and strains with higher efficyeof enzyme synthesis .

4- Studying the influence of bile saltsfprgalactosidase activity .
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Chapter One I ntroduction

1.1 Introduction:

Lactose intolerance is due to intestinal lactase deficiency is a most common
public health problem of intestinal carbohydrate digestion (Ayyildiz , 1999 ;
Saltzman et al., 1999).

L actose maldigestion has been under intensive research since its discovery in
the 1960 (Vesaet al., 2000).

Lactose is primary carbohydrate of mammalian milk, the disaccharides, is
hydrolyzed to the monosaccharide glucose and galactose by the intestinal brush
border enzyme lactase (Lin et al., 1991). In most mammals , intestina lactase
concentration are highest at birth , decrease after weaning , and drop to very
low concentration in adults (Simoons, 1978).

Lactose that is not digested by small intestine becomes a substrate for
fermentation by bacteria in the colon resulting in the production of gas and
short chain fatty acids , lactose maldigestion is confirmed by measuring the
concentration of hydrogen in breath following an oral challenge with lactose
(Arola, 1994).

Lactose maldigestion can lead to symptom of intolerance including
abdominal pain, flatulence, bloating and diarrhea (Montes, 1995)

The condition occur in three main types , primary which is the more
common and usually occur after weaning , secondary can follow any intestinal
illness and congenital which is the complete absence of lactase ( Swagerty et
al., 2002)

Lactose in yoghurt with live bacteria is better tolerated than lactose in other
dairy food , partly because of the activity of microbial p-gaactosidase which
digest lactosein vivo (Martins et al., 1991).



Chapter One I ntroduction

The degree of lactose malabsorption varies widely among patients, but most
patients do not require a totally lactose-free or severely restricted diet. Dairy
products should not be totally eliminated because they provide key nutrients
such as calcium, vitamin A and D, riboflavin, and phosphorus.(Swagerty et al .,
2002)

From the past century the beneficia role of non pathogenic bacteria in the
intestinal lumen were described and many clinical benefits to these specific non
pathogenic organism (probiotic) were studied like diarrhea treatment
antimicrobia activity , anticarcenogenic activity, immune modulation
reduction of cholesterol level and others (Oyetayo and Oyetayo , 2005).

Lactobacillus acidophilus are one of the most strain used as probiotic and
gpecidly in treatment of lactose intolerance , it has been hypothesized that
ingestion of Lactobacillus strain that properties with high p-galactosdase
activity an avid intestina adherence would lead to prolong intestinal survival of
Lactobacilli and possibly the conversion from lactose intolerant to lactose
tolerant state ( Saltzman et al., 1999).



Chapter One I ntroduction

1.2 Aim of The Study :-
1

Isolation and identification of Lactobacillus acidophilus bacteria from

local dairy products and stool of children.

N
1

Studying the ability of locally isolate Lactobacillus acidophilus in -

galactosidase production.

©

Determination the optimum pH and temperature for enzyme production.
4

Estimation the ability of the bacterial isolate for lactose consumption.
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Chapter Two Literature Review

2.1 Probiotic

2.1.1 Definition and history

Probiotics, a term derived from Latin ance@&¢ meaning literary “for life”
has been defined in many ways since it was firgtetb50 years ago (Hamilton
and Miller,2001). The most recent consensus isiddfas Live microorganisms
administrated in adequate amounts which confer reefimal physiological
effects on the host(Red al.,2003).

Probiotics are usually bacterial compon@ftthe normal human intestinal
flora , for example Lactobacilli and Bifidobacterighat produce as end product
of metabolism , lactate and short-chain fatty acgigh as acetate and
butyrate (Hamilton and Miller,2001). Mono or mixedulture of live
microorganism effect the host by improving the @ndies of the indigenous
microflora (Holzapfel,et al., 2001). By its implantation or colonization in a
compartment of the host exert there beneficialctsf€¢Schrezenmeir and De
Vrese,2001).

The mechanisms by which probiotics exert theiraffeon the host are still
speculative (Koop-Hoolihan, 2001). Their benefiaéiiects may be mediated
by direct antagonistic effect against specific gof organisms, resulting in a
decrease in numbers, or by an effect on their noéitah, or by stimulation of
immunity. Probiotics antagonize pathogens througliyction of antimicrobial
and antibacterial compounds such as cytokines ahdib acid (DeVuyst and
Vandamme, 1994; Kailasapathy and Chin, 2000); reduce gut pH by stimulating
the lactic acid producing microflora (Langhendretsal., 1995); compete for
binding and receptor sites that pathogens occupyiw&a et al., 1997
Kailasapathy and Chin, 2000); improve immune function and stimulate

immunomodulatory cells (Isolauet al., 1995; Rolfe, 2000); compete with
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pathogens for available nutrients and other growth factors (Rolfe , 2000); or
produce lactase which aids in lactose digestion.

Ecological controls which involve the nornaldy flora exist in a balance
state and thereby protect the host from invasiompéhogens (Waaigt al.,
1982). The home guard in the digestive tract aratwh called ‘friendly’
bacteria. These are bacteria that fight off thepilly pathogenic ones such as
Escherichia coli and keep our intestinal tracts ‘in balance’. Wheientdly
bacteria are not at the appropriate levels, andnwhefriendly bacteria
dominate, health problems such as production of tésating, intestinal
toxicity, constipation, and malabsorption of nutte can occur. (Oyetayo and
Oyetayo,2005) .

The powerful health benefits that friendlyctemia can provide, coupled
with the development of new supplements that pmadjreater natural balance
of bacteria, will easily make this class of nuttieme of the most important
parts of a healthy regimen (Intl).

Conceptually, the use of these nonpathogerabigtic agents constitutes a
purposeful attempt to modify the relation with oummediate microbial
environment in ways that may benefit our healtlobiitics may also have a
prophylactic effect in terms of decreasing the decice of illness when taken
regularly, the effect of which appears to be gredigh-risk populations (eg,
children who are hospitalized, non-breast-fed, iomd in underprivileged
conditions)(Saavedra , 2001).

The resistance of people in developing cousitiwediseases can be improved
upon by promoting the consumption of locally fermeehfoods that are rich in
probiotic organisms. (oyetayo and oyetayo ,2005).

Microorganisms have been essential to foadl @lnohol fermentation for

thousands of years. Over the last century, diffeneicroorganisms have been
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used for their supposed ability to prevent and alieeases, leading to the

coining of the term probiotics, or ‘pro-life’ (Liland Stillwell, 1965). The

concept of probiotic progressed around 1900, whdie Betchnikoff
hypothesized that the long and healthy lives ofgBribn peasants were the
outcome of their consumption of fermented milk protd (Eduardoet al.,
2003) .At this time Henry Tissier, a French Paedi@n in (1906), observed
that children with diarrhoea had in their stooldo&w number of bacteria
characterized by a peculiar, Y-shaped morphologpesé “bifid” bacteria were,
on the contrary, abundant in healthy children (@yetand Oyetayo ,2005).
The works of Metchnikoff and Tissier were thest to make scientific
suggestions about the probiotic use of bacteria fiitst clinical trials were
done in the 1930s on the effect of probiotics onstipation (Koop- Hoolihan,
2001). Many researched on probiotics had beenechaut after that time and it
Is increasing steadily since then, but much o iniEurope, Asia, America, and
of recent in South Africa. Presently, probiotice awailable in a variety of food
products and supplements. In the U.S.A., the foeddyxcts containing
probiotics are almost exclusively dairy produchsidf milk and yoghurt, due to
the historical association of lactic acid bactevith fermented milk . The most
frequently used bacteria in these products belonthpe¢ generd.actobacillus,

Bifidobacterium, andStreptococcus (Oyetayo and Oyetayo ,2005).
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2.1.2 Characteristics of Probiotics:

It should be a strain, which is capablexaréng a beneficial effect on the
host animal, e.g. increased growth or resistanceidease. It should be also
non-pathogenic and non-toxic resistance to low pd arganic acids (Fuller,
1989).The culture should adhere to the intestiral and proliferate (Bererst
al., 1994 ; Ouwehand et al., 1999). The potency of probiotic was losed when
they are exposed to oxygen, moisture, and heat.thair reason, probiotic
supplements should be freeze dried, nitrogen-packaand refrigerated to
maintain their potency and viability (Goldin and Gach , 1984).The
supplement is tested for viable microorganismshatttme of manufacturing
and at the expiration date (Dash , 2003).

Antagonism i@-vivo) towards pathogenic bacteria, Production of
antimicrobial substances and have the ability tauhte immune responses

and also gnetically stable (Mercenetal . , 2003) .

2.1.3 Beneficial Health Effects of Probiotics
Several beneficial effects could obtained upon tlse of probiotics.
Mercenieret al (2003) summarized those effects as :
Health benefit : - proposed mechanism(s)
- Alleviation of lactose intolerance:
» Bacterialp-galactosidase acts on lactose
-Pogitiveinfluence on intestinal flora:
» Lactobacilli influence activity of overgrowth floradecreasing
toxic metabolite production

* Antibacterial characteristics
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-Prevention of intestinal tract infections:
» Adjuvant effect increasing antibody production
» Stimulation of the systemic or secretory immung@oese
» Competitive exclusion
» Alteration of intestinal conditions to be less fealole for
pathogenicity (pH, short chain fatty acids, bacigns)
» Alteration of toxin binding sites
* Gut flora alteration
» Adherence to intestinal mucosa, preventing pathegkrerence
» Competition for nutrients
-Ilmprovement of the Immune system :
» Strengthening of non-specific defense against tidac
* Increased phagocytic activity of white blood cells

* Increased serum IgA after attenuat€almonella typhimurium
challenge

* Increase in IgA production
» Proliferation of intra-epithelial lymphocytes
* Adjuvant effect in antigen-specific immune respanse

» Regulation of the Th1/Th2 balance, induction ob&yie synthesis
- Reduction of inflammatory or allergic reactions:

» Restoration of the homeostasis of the immune system
» Regulation of cytokine synthesis
* Prevention of antigen translocation into bloodastne
- Anti-colon cancer effect
* Mutagen binding

» Carcinogen deactivation
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» Alteration of activity of colonic microbes
* Immune response
* Influence on secondary bile salt concentration
-[1Blood lipids, heart disease :
» Assimilation of cholesterol
» Alteration of activity of bile salt hydrolase enzgm
* Antioxidative effect
-Antihypertensive effect:
» Peptidase action on milk results in antihypertemsinpeptides
(angiotensin converting enzyme inhibitors)
 Cell wall components act as angiotensin convertemgzyme
inhibitors
Urogenital infections:
» Adhesion to urinary and vaginal tract cells
» Competitive exclusion
* Inhibitor production (H202, biosurfactants)
-Infection caused by Helicobacter pylori :
» Competitive exclusion
» Lactic acid production
 Decreased urease activity of. pylori in humans after
administration of a supernatant ofactobacillus culture

-Regulation of gut motility (constipation)
-Feding of well-being
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2.1.4 Clinical applications of probiotics :-
2.1.4.1 Lactose Intolerance

Lactose intolerance is a problem for peopl®owhave a low amount of
intestinal B-galactosidase activity and for whom lactose behkke non-
digestible carbohydrate. Lactose is a substangafoumilk and milk products.
Probiotics have been shown to improve lactose tdagyedy reducing the
intolerance symptoms.(Liet al., 1991; Montes , 1995).

2.1.4.2 Diarrhea and Gastrointestinal disorders

Diarrhea is one of the most common healttbleros in the world; gastro-
enteritis is the main cause of acute diarrhea. thmgyenic living organisms
(such as selected strains dafactobacillus acidophilus, L. Bulgaricus,
Bifidobacterium longum), capable of re-establishing the equilibrium o€ th
intestinal ecosystem, the prevention of (Naguil®@Q@ Lactobacillus GG was
found to be effective in the prevention of traveatiarrhea in some studies
(Hilton et al.,1997), but the effect may not be uniform or cstgsit, depending
on the geographic area or populations studied (@ksa 1990), mild bacterial
overgrowth can also treated witctobacilli(Mercenieret al., 2003).

Irritable Bowel Syndromeis a multifactorial gastrointestinal disorder
affecting 15 - 20% of the population in industizadl countries and 25-50% of
all patients in gastro-enterological ambulatorywmes. IBS is not associated
with an organic diseasBome studies with probiotics have shown improvement

in pain and flatulence or in relieving constipat{@wagertyet al., 2002).

10
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2.1.4.3 Antibiotic-Associated Diarrhea (AAD)

Approximately 20% of the patients treated vatttibiotics will develop AAD
because their intestinal flora, responsible forrtaeiral colonization resistance,
Is disturbed or reduced. The intestinal flora migdifon (in particular in the
LAB population) could be the cause of diarrhea,ydeaition and electrolytic
imbalance. Also, the fermentation in the colon da@ reduced. Many
preparations have been tested for their prevendiffieacy against AAD.
However, more studies need to be performed usirlgoestrolled conditions
and strains, before we can finally understand wipobphylactic probiotics
should be taken against secondary effects of speanitibiotics, applied at a
specific dose in a specific type of patient (Kedyal., 1994).

2.1.4.4 Helicobacter pylori Infection

Helicobacter pylori infection of the stomach is associated with gastrit
gastric or duodenal ulcers and possibly with gastaincer. Although antibiotic
therapy for gastritis is quite effective, eradioatis not always achieved and
reinfection may occurln vitro andin vivo inhibitory effects ofHelicobacter

pylori are reported for several lactic acid bacteria (Mereret al , 2003).

2.1.4.5 Viral Infections

The possible effect of probiotics on viral ictiens has most logically been
related to a stimulating effect of the probiotieagon the immune system of
the host (Isolauri , 2001).

11
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2.1.4.6 Lowering Cholesterol

Hypercholesteremia has been linked with in@dassk for coronary heart
disease, one of the leading causes of death toldas.use of probiotics to
reduce this risk seems very attractive, especiélonsumed as a part of a
normal daily nutrition. (Mercenieat al ,2003; Liong and Shah,2005).

2.1.4.7 Cancer

The anticancer activities of probiotics haverbeemonstrated in a test-tube
study. Live cells of probiotics, six strains lof acidophilus and nine strains of
Bifidobacterium, showed higher anti -mutagenic activity againsttepb
chemical mutagens, and their efficiency in inhrmtithe mutagens was better
than killed bacterial cells. (Sanders , 208ps and Katan ,2000)

2.1.4.8 Immune System

Lactic acid bacteria,Bifidobacterium, Lactobacillus acidophilus (L.
acidophilus), L. bulgaricus, L. casa, L. gasseri, and L. reuteri were shown in
vitro to stimulate macrophages and possibly otinemune cells to produce
proinflammatory cytokines and nitric oxide (NaguiB000).

2.2 Probiotic Microorganisms:

Prpbiotics can be obtained from foods , prilpalairy products (eg.yoghurt
and milk) and commercial supplements. Foods aretterbchoice due to the
synergistic effects between foods compounds aniqiro culture (Int2).

Lactic acid bacteria are among the most it@pbprobiotic microorganisms
typically associated with the human gastrointestit@act. A beneficial

association of microorganisms on the human hostpaafly suggested, which

12



Chapter Two

Literature Review

proposed that vaginal bacteria produced lactic &cch sugars to prevent or

inhibit the growth of pathogenic bacteria (Holzdeal., 2001).

There are dramatic increase in scientificknto investigate the benefits of

ingestion specific nonpathogenic organisms (pradspi{saavedra, 2001).

Members of the genekactobacillus andBifidobacterium are mainly used,

but not exclusively, as probiotic microorganismsl an growing number of

probiotic foods are available to the consumer. Senwogical considerations
on the gut flora are necessary to understand theamce, for human health, of
the probiotic food concept (Aray&t al., 2001). Table (2-1) contains

microorganism which are considered to be used@sggic.

Table (2-1) Microorganisms considered as probidtitszapfelet al.,

1998).
Lactobacillus Bifidobacterium Other lactic acid micr oor ganisms
species species bacteria
L. acidophilus B. adolescentis Enterococcus Bacillus cereus var.
faecalis2 toyoi2,3
L. amylovorus B. animalis Enterococcus faecium | Escherichia coli strain
nissle
L. casei B. bifidum Lactococcus lactis4 Propionibacterium
freudenreichii2,3
L. crigpatus B. breve Leuconstoc Saccharomyces
mesenter oides cerevisiae3d
L. delbrueckii B. infantis Pediococcus Saccharomyces
acidilactici4 boulardii3
L. gallinarum2 B. lactis5 Soorolactobacillus
inulinus2
L. gasseri B. longum Sreptococcus
And other thermophilus4

13
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2.2.1 Lactic Acid Bacteria (LAB):

Lactic acid bacteria are gram-positive, mamsg, catalase-negative
organisms that are devoid of cytochromes and ofaembic habit but are
aerotolerant, fastidious, acid-tolerant, and d¥rifdrmentative; lactic acid is the
major end product of sugar fermentation (Axelssorl998). However,
exceptions from this general description do ocoecabise some species can
form catalase or cytochromes on media containingnat@ or related
compounds (Whittenburyi964; Meisel ,1994). The production of a nonheme
catalase, called pseudocatalase, by some lactbbeail also cause some
confusion in the identification of LAB (Engessedaiammes ,1994).

Lactic acid bacteria are associated with tagdbithat are rich in nutrients,
such as various food products and plant materidlsy can be found in soil,
water, manure, sewage, and silage and can fermesgod food. Despite that
particular LAB are inhabitants of the human oralisa the intestinal tract, and
the vagina, and may have a beneficial influencah@mse human ecosystems
(Holzapfel et al., 2001), they have been used for centuries in feratien
processes and recently are gaining increased iatiedte to their probiotic
properties (Altermanet al., 2004).

2.2.1.1 Lactobacillus acidophillus:

Lactobacillus is gram positive , have a rod shape with a regiifaension
of 0.5-1.5x10nM , single , paired , or small chaimon-sporeforming |,
faculititvily anaerobe or microaerophilic , cataasegative , and stable in acid
media and salt (Stamer , 1976). They are classbie®ral-Jensen (1919) to
thermobacterium streptobacterium and betabacteriuactobacilli are also
classified as lactic acid bacteria, and derive alnadl of their energy from the

conversion of glucose to lactate during homolaigimentation. In this process

14
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85-90% of the sugar utilized is converted to laatid. They generate ATPs by
nonoxidative substrate-level phosphorylation.

Lactic acid produces by Lactobacill used formany different things,
including yoghurt production and the maintenance hefalthy intestinal
microflora. Lactobacilli are commonly associatedhvithe gastrointestinal tract
of humans (Int7).Lactobacillus acidophilus is generally considered to be
beneficial because it produces vitamin K, lactasel, anti-microbial substances
such as acidolin, acidolphilin, lactocidin, and teaiocin.

Studies report few side effects from acidophilus when used at
recommended doses. Some experts recommend linthiendaily dose to fewer
than 10 billion living L. acidophilus organisms to reduce the side effects.
(Adolfsson et al., 2004). Oral supplements afacidophilus in human have
resulted in synthesis of B-complex vitamins and ogaison of calcium
amilelioration of diarrhea and constipation and wmity activation (Reddyet
al., 1983) , also saltzmaat al (1999) hypothesized that ingestion of a strain of
Lactobacillus acidophilus with properties of higig-galactosidase activity and
avid intestinal adherence would lead to prolongestihal survival of
lactobacilli and possibly the conversion from atdse intolerant to a lactose-
tolerant state .

Consumption of unfermented milk containingeliactobacillus acidophilus
was reported to improve lactose digestion .Thiglifig suggests that the
beneficial effect could have occurred in the diyestract after consumption of
milk containingL. acidophilus. Cultures may continue to produgegal in the
intestinal tract after milk digestion , so to alke lactose intolerance. It is
Important to select cultures capable of producargd amounts gf-gal. One

approach is mutagenesis of existing strains toimlotzerproducing mutants.
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Chemical mutagenesis has been used extensivbhcteria, including lactic
acid bacteria and is considered food grade, becausees not involve the
introduction of heterologous DNA or the manipulatiof existing DNA by

recombinant means (Ibrahim and Sullivan , 2000).

2.3 Lactose intolerance (LI) :-

Lactose is an important disaccharide in thmdmu diet since it is the primary
carbohydrate in mammalian breast milk and is foaadhe primary sugar in
common dairy products. Composed of the two mondsaates joined by &
glycosidic bond, galactose and glucose, lactoset meshydrolyzed into its
respective monosaccharides for absorption throdgh willi of the small
intestine to occur. The enzyme lactagegélactosidase) is responsible for
hydrolysis of the disaccharide for proper absorpiimt5). Lactose appears to
enhance the absorption of several minerals, inetudalcium, magnesium, and
zinc. It also promotes the growth Bifidobacterium and is a major source of
galactose, which is an essential nutrient for tleemétion of cerebral
galactolipids Marteau et al., 1992 ; Int6).

Despite that lactose intoleraneas first described by Hippocrates, only in
the past 5¢ears has this condition been recognized and dssghaedically
(Cuatrecasaet al., 1965; Jarvis and Miller, 2002). It is important to digjunsh
between hypolactasia, a low lee¢llactase, and clinical lactose intolerance.
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2.3.1 Pathophysiology:-

Lactose maldigestion is the most common rdeso of intestinal
carbohydrate digestion in humans. (Saltzmenal., 1999).This disease is
usually occurring as a result afdeficiency of the enzyme lactase, and an
inability to properly absorb the sugar lactose. xeess lactose that was
unable to be hydrolyzed will continue to travelaingh the small intestine
creating an osmotic gradient for water loss int® ithtestine. This process can
result in a watery, osmotic diarrhea. The enrichatbohydrate medium now
present in the intestine promotes growth of thestmal flora, often creating
overgrowth out of the large intestine and invadimg the distal ileum. These
bacteria use anaerobic fermentation to metabahedactose present, creating
hydrogen gas as a by-product of their metabolishis €xcess gas production
causes the symptom of lactose intolerance (Int5) .

Among the physiological factors that affdoe tamount of lactose digested
and its tolerance are gastrointestinal transigsimal lactase activity, visceral
sensitivity and the presence of functional bowelodiers , and possibly the
composition of the colonic microflora . In additiofactors related to the
sensory and central nervous system modify symptemogption. (Vesat al
.,2000). These symptoms can occur 30 minutes tordaoe hours after eating
foods with lactose in them. Some people with LI eat small amounts of
lactose without any problems. Others may get mahythe symptoms
mentioned from very small amounts of lactose. (Int3

Burton and Tannock (1997) reported that Lsetimtolerant individuals
tolerate fermented milks better than fresh milkhwiihe equivalent amount of
lactose. A generally accepted explanation forighibat the lactose-hydrolyzing
enzyme f-galactosidase) contained within the microbial <ealf the yogurt
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substitutes for the paucity of lactasg-galactosidase) in the small bowel

mucosa of lactose-intolerant individuals.

Lactase activity is genetically programmed decline at the age of 2
years. Signs and symptoms usually do not becomarappuntil after the age
of 6 years and may not be apparent until adulthamghending on dietary
lactase intake and rate of decline of intestineldse activity. Lactase enzyme
activity is highly correlated with age, regardlefssymptoms. (Int6). It has
been hypothesized that ingestion of a stilaactobacillus with properties of
high B-galactosidase activity an avid intestinal adhesemeould lead to
prolonged intestinal survival of Lactobacilli andssibly the conversion from a

lactose-intolerant to lactose-intolerant statet¢g®ahnet al., 1999).
2.3.2 Maldigestion of Lactose (Hypolactsia):

Hypolactasia and lactose maldigestion accomeplaby clinical symptoms is
termed lactose intolerance. (De Vestal ., 2001) . Some patients may have
improved tolerance of lactose over time if lactesecontaining foods are
provided slowly and consistently (Pribihal., 2000). De Vreset al (2001)
found that this does not mean the small bowel ad@pproduce more lactase in
response to increased consumption . This adaptatonrs in the colon. Over
time, the colonic flora may adapt to the lactosadl|oresulting in less gas
production, this along with adaptation in motiliand pH may decrease or
eliminate the symptom of lactose intolerance.

The degree of lactose malabsorption varies lwidmong patients, but most
patients do not require a totally lactose-free @resely restricted diet. Dairy
products should not be totally eliminated becailmsy tprovide key nutrients
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such as calcium, vitamins A and D, riboflavin, grlibsphorus.(Swagertst
al ., 2002).

Threemain types of lactose maldigestion may occur :

- Primary type : -

This is the most form in which the genetigalletermined reduction of
lactase activity occurs soon after weaning in atnadlsanimals and in many
human groups (Johnsa al., 1981). The activity drops to about one tenth or
less of the suckling level, and this situationeferred to as hypolactasia, (adult-
type) lactase deficiency or lactase non-persist¢desaet al.,2000). Level of
lactase expression may drop low enough to creatgt®ms and intolerance
(Int5).

- Secondary (acquired) type:-

Secondary hypolactasia or maldigestion caulrerom small intestinal
resections, from gastrectomy (Welsh and Griffit#30) and from diseases that
damage the intestinal epithelium, e.g. untreateelimo disease or intestinal
inflammation (Bodeset al., 1988 ;Pironiet et al., 1988) . Arrigoniet al (1994)
stated that when the epithelium heals, the actmitiactase returns. However,
secondary maldigestion does not automatically lEadevere symptoms of
intolerance This type can appear at any age; however, children younger than 2
years are very susceptible because of many fachmisding a high sensitivity
of the gut to infectious agents, low reserve beeanfsthe small intestinal
surface area, and high reliance on milk-based mtsdar nutrition (Int6).

- Congenital type: -

Human congenital lactase deficiency (CLD) diban where is an
extremely rare autosomal recessive disorder amaddeciated with a complete
absence of lactase expression (Vesal. ,2000). Congenital lactose intolerance
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involve not expressing the mRNA or translating émezyme lactase even from

birth , this is a more serious deficiency (Savilahal .,1983; Intb).

2.3.3 Clinical features of Lactose intolerance:-

The symptoms patients experience vary, heweccording to the quantity
of lactose ingested and patients’ ability to digksttose. In patients with
common adult-type hypolactasia, the amount of itegedactose required to
produce symptoms varies but is reported to be abduio 18 g, of lactose.
Several factors affect the severity of symptomerdéictose ingestion, including
the patient’s ethnic origin and age; older patieate more susceptible
(Swagertyet al., 2002 and Vesat al., 2001). Saltzmaset al (1999) and Vesat
al (2000) reported that ingestion of small to moderatmounts of lactose
usually produces bloating, cramps, and flatulengenbt diarrhea. Ingestion of
larger amounts of lactose, a faster gastric emgtifime, and a faster intestinal
transit time all contribute to more severe symptodenversely, increased

lactase activity in the small intestine reduces syms.

2.3.4 Symptoms of Lactose Intolerance

The mechanism of loose stools induced bysoidoed carbohydrate is well
documented. The osmotic load of the carbohydraisesasecretion of fluid and
electrolytes until osmotic equilibrium is reachedalation of the intestine,
caused by the osmosis, induces an acceleratiomalf sxtestinal transit, which
increases with the degree of maldigestion (La#las., 1982). The accelerated
transit further reduces the hydrolysis of lactobecause the contact time
between lactose and the residual enzyme is decredde origin of abdominal
distension and cramps has been suggested thatdfiegtoms originate from
the small intestine and are not caused by colosniméntation. On the other
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hand, Bouhniket al (1996) a recent study showed that symptoms seé¢med
originate from the colon, since lactose both inggsbrally and introduced
directly to the colon caused similar symptoms the study of Hammeet al
(1996) gas seemed to serve as a trigger for symptomsuggested by the
significant correlation between the time of the weence of peak symptoms
and the time of peak breath hydrogen concentration.

The production of hydrogen depends on colooidity. Reduced hydrogen
excretion was seen after continuous ingestion ef mlon-digestible sugar,
lactulose, which resulted in increased colonic iaci¢Flourie’et al., 1993) .
Reduced hydrogen excretion and symptoms have lepented after continuous
lactose consumption (Hertzleral., 1996) .

2.3.5 Diagnosis of Lactose intolerance:-

Four tests are available for positive dizgjs of lactose intolerance
according to (Arola H 1994 Carol ,2003; Int5) .They are briefly explained
below from least to more invasive :-

2.3.5.1 Hydrogen breath test:

Excess hydrogen gas produced by the intddiora from metabolism of
lactose is passed into the blood stream and elk#sbbdy through lung
interface. Amounts of hydrogen present upon exioalatan be measured and
confirm lactose intolerance. Often a test load awftdse is administered and
results are compared to baseline exhalation.

2.3.5.2 Acid stool test:

The stool is analyzed for pH since metdesliof bacterial fermentation
contribute to producing an overly acidic stool eted through the Gl tract . A
pH of less than 5.5 is considered a positive reJiilis test is appropriate for

infants and children .
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2.3.5.3 Lactose tolerance test (Lactose challenge) :

An amount of 2g/Kg of lactose is admimsteafter fasting. Blood sugar
levels carefully monitored, and upon proper hyds@yand absorption, blood
sugar should increase. If blood sugar does not mees than 20mg/dl and
corresponding symptoms appear, lactose intolersnmenfirmed.

2.3.5.4 Endoscopic biopsy:
An endoscope is used to section a small piecdefstall intestinal

mucosa. Lactase activity can be measured diretctiy this sample.
2.3.6 Genetics Of lactose intolerance:-

Childhood- and adult-onset lactase defigreiscextremely common and
inherited in an autosomal recessive manner, ansigpent lactase activity into
adulthood is inherited in an autosomal dominant mear{Int4). The gene for
lactase is located on chromosome 2. There is aestigg of no differences
exist in the DNA from individuals with low and higavels of lactase activity.
Differences do exist in messenger RNA (mRNA), ssggg the primary
regulation of this enzyme occurs during translatidm4). While Lactose
intolerance was known to be genetic, caused bgesstve gene , this meaning
a person has to inherit a” faulty” copy from eachrgmt to be lactose

intolerant.(Int5).

The moleculamechanism causing this is unknown. It is not aitable to
polymorphisms within the lactase gene itself orhwtits promoter(55 kb
within 70 kb, long arm of chromosome 2 (2p.21qg)ekéng ( Swallow, 2003).
However, there is a close correlation between $a&ctpersistencand two

polymorphisms, C/lg10and G/Asq1 Upstream from thiactase gene, CC/GG
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being associated with lactase non-persistamcklactose intolerang&nattah,
2002; Matthewst al., 2005.

2.4 [B-galactosidase Enzyme (Lactase):-

Chemical reactions are at the heart of @mllogical processes. The body
must regulate precisely all the chemical reactgmoiag on in order to maintain
life. Much of this regulation is done by changihg &ctivity of enzymes, which
are biological catalysts.(Int6).

B-galactosidase catalyzes the breakdown of the mbstlactose, a
disaccharide sugar found in milk, into two monosacite sugars, galactose
and glucose (as shown below). The oxygen bridg@exing the two sides of
the lactose molecule is cleaved through the additba water molecule. The

addition of the water molecule is known as hydnslymt6).

H
HCOH el
Y GLUCOSE =
HCOH —
H G0\ H x
H i Lactase C oH C =
HCOH H o ~ HING_H” OH -
| YT _c H H OH 2
Ho G0y P N HCOH LB
E\DH Hf[: H 0OH I }
H H C—n
E— EH LACTOSE HD P U OH
H OH H H
\[:— [:'/

H OH GALACTOSE

Lactase is a unique enzyme in its formatiocation and enzymateactivity
(Mantei,1988). It is formed as a 1927 amino aciotgin,and then processed,
leaving a final protein of 1059 amino acids a dimer of 320 kDa. Lactase
(lactase phlorizin-hydrolase—LPH(C 3.2.1.62/108; but 3- galactosidase is EC
3.2.1.23 mistakenly used for lactase in some publicatiogshighlyunusual,

having two active sites within one polypeptideinhane hydrolysing lactose,
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the other aryl and aliphatic glycosidesch as phlorizin into glucose and
phloretin, the latter bein@ potent diabetic agent. Two important natural
substrates fothis latter site are cerebrosides, a crucial soofcgphingosine,
and glycosyl-pyridoxal(a vital source of vitamin B@.actasehas no sequence
similarity to its bacterial counterpart Balactosidase(Wuthrich et al.,

1996 ;Mackey et al., 2002). Suppose a chemical was somewhat similar to
lactose, but when it splits, one portion becomeslarful dye. (Int7).

Lactase is found most abundantly in the jejanat the beginning of the
small intestine), and it specifically only hydrodgslactose. It is found at the tip
of the intestinal villi and is therefore more vulakle to intestinal diseases that
cause cell damage than other disaccharidases, wanéchocated deeper. The
enzyme activity and the transit time of lactosetigh the jejunum mucosa are
important for proper absorption. (Alavi and Squillante ,2002 ; Swagerty et
al.,2002; Seyis andksoz ,2004 ;) .

2.5 Analogs of Lactose.

A commonly used one is ortho-nitro-phepyD-galactoside (ONPG), this
analog has an O-nitrophenoll "ONP" instead of thenasaccharide glucose.
When the bond is snipped between ONP and Galadtes€NPG is colorless

while the resulting ONP is a bright yellow watefwdde dye as shown below
(Int7).

Huz ONP
[':_H “yellow”
o
NO, wo-c?  Rew
H E H \‘E C
—_— Lacta, =
HICOH o H H
| *[::‘: %EH—é ;
Ho L—0D 0 “oer HCOH
:n: H"“*-[f" H H |
H H
c—c” HO L0 oH

C C
H ‘\_E‘H Ef H
H 0OH GALACTOSE
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The advantage of using ONPG as the subsgrditat it is relatively easy to
determine the amount of ONPG cleaved by using etspaetric assay. So that
as thep-galactosidase continues to work, more and more ®MPdegraded,
and the solution turns more and more yellow. By sneag the rate at which

the color intensity increases the activity of theyane can be calculated (Int6).

Another analog is 5-bromo-4-chloro-3-indoyD-galactopyranoside (X-
Gal) a noninducing chromogenic substrate for befagjosidase, which
hydrolyzes X-Gal forming an intense blue precigtaX-Gal is most frequently
used in conjunction with IsopropglD-thiogalactopyranoside (IPTG) in
blue/white colony screening to detect recombinausite) from non-
recombinants (blue). It is also utilized for seiect of beta- galactosidase
reporter gene activity in transfection of eucadotells and for detection of
beta-galactosidase in immunology and histochemeglications. (Sambrook
et al.,2001) .

Br

Cl_.#
CH.OH

on/—0,_g—
OH ——

OH
X-Gal

Formula: Ci4sH1sBr CIN G5
Molecular Weight: | 408.6
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3.1 Materials: -

3.1.1 Apparatus

Materials and Methods

Apparatus

Company(Origin)

An aerobic jar

Rodwell (England)

Autoclave

Gallenkamp (U.K.)

Balance

Ohans (France)

Compound light microscope

Olympus (Japan)

Cooling centrifuge

Harrier (U.K.)

Distillater GFL (Germany)
Electrical incubator Gallenkamp
Electrical oven Gallenkamp
Gas generating kit Rodwell

Glass Pasteur pipettes

John poulten Ltd. (England)

Micropipette

Oxford (U.S.A))

pH-Meter

Meter-GmpH Tdedo (U.K.)

Refrigerated centrifuge

Harrier (U.K.)

Sensitive balance

Delta Range (Switzerland)

Spectrophotometer Aurora instruments Ltd.(England
Vortex Buchi (Swissrain)
Water bath GFL
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Materials and Methods

3.1.2 Chemical and Biological materials:—

Material

Company

Agar-Agar

Difico (U.S.A))

Ammonium ferric tricitrate

BDH (England)

Beef extract

Oxoid (England)

Calcium carbonate

BDH

Casein Fluka (Switzerland)
Chlorophenol (Red) Fluka
Dimethylformamide (DMF) Oxoid
Dinitrosalcilic acid (DNSA) Fluka

Dipotassium phosphate BDH

Disodium hydrogen phosphate Oxoid

Esculine BDH

Ethanol Riedel-DeHaeny (Germany)
Gelatin Oxoid

Glucose, Manitol , Xylose, Maltosg,BDH

Cellobiose

Glycerol BDH

Hydrochloric acid BDH

Lactose ,arabinose,galactose,rafinoSdco

L-arginine monohydrochloride Fluka

Magnesium sulfate (hydrated) BDH

Manganese Sulfate(hydrated) Riedel-DeHaeny
O-nitrophynelB-D- Sigma (U.S.A))
galactoside(ONPG)

Peptone BDH
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Potassium Chloride BDH
Sodium acetate hydrate BDH
Sodium carbonate BDH
Sodium dihydrogen phosphate BDH
Sodiumdodecyl sulphate SDS BDH
Sodium hydroxide Fluka

Sodium-potassium tartrate

May.and Baker (England)

Trypton Fluka
Tween 80 Oxoid
X-GAL Biochemical corporation(U.S.A.)

Yeast extract

Fluka

3.1.3 Culture Media:

3.1.3.1 Ready to use powdered media:

Medium

Company (Origin)

Mann s Rogosa and Sharp (MRS)

agar

Himedia (India)

Litmus milk broth

Biolife (Italy)

3.1.3.2 Laboratory prepared media:

- MRS broth

- MRS-CaCgagar

- Aesculine-Cellobiose agar
- MRS-Raffinose agar

- Milk agar

- Arginine-MRS broth
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- Indole broth
- Starch agar
- Gelatin broth

- Carbohydrate fermentation broth

3.1.4 Solutions, Buffers ,Reagents, and Dye:

3.1.4.1 Ready to use reagents:

Reagent Company (origin)

Kovacs reagent Department of chemistry of A

Nahrain university

Nesslar reagent Chemical department of Al-Nahrain
university
Catalase reagent Al-mansor company(lraq)

3.1.4.2 Laboratory prepared Solution, Buffers, Reagents and
Dye:

- Physiological saline solution

- z-buffer

- Sodium-Phosphate buffer

- Chlorophenol red reagent

- Starch hydrolysis reagent

- Dinitrosalcilic acid (DNSA) reagent

- Coomassie Brilliant Blue (G250)
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3.2 Methods:

3.2.1 Media Preparation:
3.2.1.1 Ready to use powdered media:

The media listed in (3.1.3.1) were prepaaedording to the information
fixed on their containers by the manufacture. Afierwas adjusted, they were
sterilized in the autoclave unless otherwise stated

3.2.1.2 Laboratory prepared medium:
3.2.1.2.1 MRS Broth:
It was prepared according to Harrigan &eCance (1966) from the

following components:

Peptone 209
Beef extract 10g
Yeast extract 59
Sodium acetate trihydrate 5¢
Glucose 20g
Tween80 iml
Triammonium citrate 29
MgSQ,.7H,O 0.29
MnSQ,.7H,O 0.05¢
D.W. 1liter

After pH was adjusted to 6, the medium was aut@cia

3.2.1.2.2 MRS-CaCO3; Agar:
This medium contain all MRS broth componeaitss 1.5%(w/v) agar and

(1)g of CaCQ (Y 4AA¢ ladll).It was prepared and sterilized as in MRS broth .
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3.2.1.2.3 Asculine-Cellobiose Agar:

This medium was prepared according to Huriy@86) from the following

components:

Casein 20g
Yeast extract 59
Cellobiose 209
Sodium Chloride vily
Sodium acetate trinydrate 1.59
Tween80 0.5ml
Asculine 19
Ammonium ferric tricitrate 0.5¢g
Chlorophenol red 6.5ml
Agar 15¢
D.W. 1liter

After pH was adjusted to 6, the medium was aut@zav

3.2.1.2.4 MRS-Raffinose Agar:

This medium was prepared and autoclaved MR8 broth (item 3.2.1.2.1)
but with using raffinose sugar instead of glucase £5% agar.

3.2.1.2.5 Arginine MRS Broth:

It was prepared by adding 0.3% (w/v) of Liaige-monohydrochloride to
the MRS broth, after pH was adjusted to 6, it wateaved (Harrigan and
McCance, 1966).

3.2.1.2.6 Starch medium:

This medium was prepared by dissolving (18)goluble starch ,(3)g of
beef extract and (12)g of agar in 1liter of D.Wenty heated and brought to
boiling , then autoclaved (Atlas al., 1995).
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3.2.1.2.7 Indole Medium:

It was prepared by dissolving (15)g tryptanelliter of D.W., pH was
adjusted to 7, then autoclaved (Atesl., 1995).

3.2.1.2.8 Gelatin Medium:

The medium was prepared from MRS brothr aftiling 10% of dissolve
gelatin to it, pH was adjusted to 7.2, then autcedh (Harrigan and
McCance ,1966).

3.2.1.2.9 Milk Agar Medium:

It was prepared by dissolving 2% agar litedof D.W. and autoclaved,
then 10% skim milk was added to it under asepticddemn before let for
solidification (Harrigan and McCance ,1966).

3.2.1.2.10 Carbohydrate fermentation Medium:

Previously sterilized MRS broth free fronugbse and beef extract was
prepared, 1% of each of autoclaved sugar soluti@igcose, mannitol,
raffinose, asculine, cellobiose and lactose) andnibmane filtrated sugar
solutions (xylose and galactose) was added and ld&6ophenol red reagent
also added , then pH was adjusted to (6.2-6.5).Teslium was used for
identification ofLactobacillus spp. (Cowan, 1974).

3.2.1.2.11 X-Gal MRS Agar:

A guantity of (40)ug/ml of x-gal solution waterilized by Millipore filter
(0.2um), after cooling down it was aseptically atdlde previously autoclaved
MRS agar before let for solidification (Ibrahim a8dllivan, 2000).1t was used
for detection the bacterial ability for productiaf p-galactosidase in the

medium.
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3.2.2 Preparation of Solution , Buffer, Reagents and
Dye :
- Physiological Saline Solution :

In 1 liter of D.W, 0.85g of NaCl was dissalyeghen autoclaved after pH

was adjusted to 7 (Atlast al , 1995).
- z-buffer:

It was prepared according to Atletsal (1995) by dissolving 0.08g of
NapHPQ,, 0.0012g MgSQin 20ml of D.W , pH was adjusted to 7 then 54ul of
B-mercaptoethanol was added.

- Sodium-Phosphate Buffer :

It was prepared by dissolving 0.108g of ha@, and 0.582g of N&PQO,

in 50ml D.W. then autoclaved (Noh and Gilliland®9%#).
- Dinitrosalicylic acid (DNSA) Reagent :

It was prepared by dissolving 1g of DNSAMmI D.W. and 20ml of (2u)
NaOH solution, then 30g of sodium-potassium taetnatis added , after that
volume was completed to 100ml by D.W. and stored dark
container(Whitaker and Bernhard , 1972).

— Starch-hydrolysis Reagent:

This reagent was prepared by dissolving df0gotassium iodide in 25ml
D.W. , 5g of iodide was added with stirring untisgblving completely . The
volume was completed to 100ml with D.W. and kepainlark bottle (Fad ,
1976).

- Coomassi Brilliant Blue G250 (Protein Dye reagent ):

A guantity of 0.1g of coomassi brillianubl (G250) was dissolved in 50ml
of 95% ethanol then 100ml of 85% orthophosphoricl agas added . The
volume was completed to 1 liter by D.W. (Bradfottd/6).
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3.2.3 Sterilization:
3.2.3.1 Autoclave Sterilization:
Media and solutions were sterilized by dhéoclave at 121°C (15Ib/inéh
for 15minutes .
3.2.3.2 Oven Sterilization:
Electrical oven was used to sterilized gjleaes and others at 160-180°C
for 2-3 hrs.
3.2.3.3 Membrane Sterilization (Filtration):
Millipore filters (0.22um) was used to rdieze some sugars and x-gal

solution.

3.2.4 Samples Collection :
3.2.4.1 Stool samples:

A total of 35 samples were obtained from infant®\bMansor hospital in
Baghdad governorate from the period between 1/1d 1i12/2004. Each
sample was collected in a sterile glass tube aoin@i(5)ml of peptone water,
then samples were transferred to the laboratodesralysis within 2hr. after

collection .

3.2.4.2 Yoghurt Samples:
Twenty samples of Yoghurt were collectezhfriocal markets of Baghdad
from 1/11 to 31/12/2004. The samples were obtaiagdpart of fermented
yoghurt.
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3.2.5 Bacterial Isolation
3.2.5.1 From Stool Samples:

Isolation method was performed in four stegtsifirst loopfull of stool
sample in peptone water was inoculated in to MR8thbrand incubated
overnight at 37°C for three times to increase thetdrial number, then serial
dilutions were made and 1ml from the last one wassferred and plated on
MRS agar and incubate overnight at 37°C under abaecondition using gas
generating kit. In the second step colonies weckgn and grown on MRS-
CaCQ. After incubation, colonies surrounded by cleanem (due to the
production of acid hydrolyzing CaGOwere collected. Morphological and
microscopical examinations were performed (Harrigad McCance , 1966). A
third step , suspected isolates were transferredesruline-cellobiose agar
medium to obtairLactobacillus spp., only which have the ability to hydrolyze
and convert aesculine to aesculietine, and therbires with iron ion to form
dark green color that characterizingactobacillus colonies (Hunger,
1986).Fourth step was performed by transferringemgreolonies to MRS-
raffinose agar medium in which only thectobacillus acidophilus have the
ability to ferment raffinose for their growth (Hand Krieg , 1986).

3.2.5.2 From Yoghurt Samples:
Serial dilutions of samples were made , froin the last dilution was
transferred and poured on MRS plates and incubatechight at 37°C under
anaerobic condition , then same isolation stepbauterial cells from stool

sample were followed .
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3.2.6 Maintenance of isolates:
-Working culture:

Maintenance of bacterial isolates was peréarmaccording to Baron and
Fingold , (1994) in which sterile MRS broth was c¢atated with bacterial
isolates and incubated anaerobically at 37°C fdéw24hen kept in refrigerator
and reactivated weekly .

- Stock Culture :
Sterile glycerol (20%) was added to an egmdal growth of bacterial

isolates in screw-caped tubes and stored at -180@Gt(erast al., 1991).

3.2.7 Identification of Lactobacillus acidophilus

isolates :
3.2.7.1 Microscopical Examination:
A loopfull of suspected colonies was fixaa a microscopic slide, then
stained by Gram stain to examine cells groupingpshgram reaction and non-
sporeforming (Kandler and Weis$986 ; Garvie and Weiss ,1986).

3.2.7.2 Biochemical Tests:
- Catalase Test:
This test was performed by adding 2-3 drapshydrogen peroxide
(3%)H,O, to the mass of bacterial cells placed on the mmpic
slide .Production of gaseous bubbles indicate #dipesesult .
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- Gelatinase Test :
Gelatine liquefaction was detected by usgsdatin medium inoculated
with 1% of bacterial culture and incubated at 376€48hr. After that, it was
put in the refrigerator (4°C) for 30 minutes . Tihasitive result was observed

by gelatin liquefaction (Baron and Fingold , 1994).

- Indole Test :

Tryptone broth was inoculated with 1% ot tbacterial isolate and
incubate at 37°C for 3 days , after that, (0.5)fmKovacs reagent was added
and shaked . Positive result was recorded by theapnce of red layer at the
top of the broth (Atlast al., 1995).

- Starch Hydrolysis Test:

Starch agar medium was inoculated by a ldbpf bacterial isolate and
incubated at 37°C for 3-5 days, after that theeplabs flooded by iodine
solution . Positive result was indicated by thenfation of clear zone around
the colonies while the medium stained by blue cOMlaset al., 1995).

— Casein Hydrolysis Test :

Milk agar medium was inoculated by the baatasolate and incubated at
37°C for 7 days under anaerobic condition , positesult is by the formation

of clear zone around the growing colonies (Harrigad McCance , 1966).
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- Acid and Curd Production in Litmus Milk :
Tubes containing litmus milk were inoculated 1% bacterial culture and
incubated at 37°C for 24hr. Changing in color deproduction and decrease in

pH were observed as indicators of positive regilesdler and Weiss , 1986).

- Production of Ammonia from Arginine :

Arginine-MRS broth was inoculated with 1% lmacterial culture and
incubated at 37°C for 72hr. Then to 1ml of it Nasskeagent was added, and
positive result was detected by the appearancedotalor (Brigges , 1953).

- Carbohydrate Fermentation Test :

Carbohydrate fermentation medium (MRS ffemm glucose and beef
extract) was inoculated with 1% of bacterial cidtand incubated at 37°C for 5
days. Color changing from red to yellow indicatessipve result (Atlaset
al.,1995) .

- Growth at15 and 45°C :
Tubes containing MRS broth were inoculatéith i% bacterial culture and
incubated at 37°C for 24hr. positive result obtdifey the appearance of
bacterial growth.

3.2.8 growth curve of Lactobacillus acidophilus

200ml of MRS broth was inoculated with 1% exeotionaly growing
culture of Lactobacillus acidophilus and optical density was read in
spectrophotometer at wave length of 600nm at the tf inoculation and then
each 2hrs. for 24hr.
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3.2.9 Preparation of O-Nitrphenol Standard Curve :-
Standard curve of O-nitrphenol (ONP) wespared to determined the
galactosidase activity (Noh and Gilliland , 1994).

A stock solution of o-nitrophenol was prepaned a concentration of
120pg/ml in a total volume of 100ml by dissolvin@T2g of o-nitrophenol in
10ml of 95% ethanol, then volume was completed GOl by 1%NaCO:.
From this solution , different concentrations waspared (10-120upg/ml), the
optical density was read in spectrophotometer @hAffor each concentration
(Figure 3-1).
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Figure (3-1): O-nitrophenol standard curve
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3.2.10 Activity of 3-galactosidase produced by locally

isolated Lactobacillus acidophilus:-

A portion of 25ml of MRS broth was inoculatbg 1% exponentially
growing culture, and incubated at 37°C for 18hre Tells were harvested by
centrifugation (6000rpm for 20min. at 2°C), thensiwad with cold (6°C)
sodium phosphate buffer, and resuspended in thee damffer (Noh and
Gilliand , 1994). The following steps were perfodrie determine the enzyme
activity according to Atlast al (1995):

a- At first two tubes containing the following ingredits were prepared :

Component Tube 1 Tube 2
Z-buffer 0.5ml 0.5ml
Culture 0.5ml oml

b- Tubes were placed in a water bath at 30°C for Jutas.

c- One drop of (1%) SDS was added to each tube am#tlgumix by flicking
the bottom of the tube.

d- Two drops of chloroform were added and mix by wofte 20 second.

e- Tubes were placed in water bath, then 200ul of &fth@NPG was added
to each tube and mixed . After that tubes werehbated at 30°C for 30
minute.

f- Two milliliters of Ng,CO; were added and tubes were transferred to an ice
bath.

g- Contents of the tubes were centrifuged at 5000@mM.® minute.

h- Supernatants were taken and the optical densityecasded by
spectrophotometer at 420nm.

Unit of activity was defined as the quantity ofzgme that will liberate o-

nitriphenol at a rate of 1umol/min under the canditof the experiment
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(30min. incubation at 30°C). Enzyme activity wasedmined by returning to

the o-nitrophenol standard curve and using theoyoilg equation: uM of

Materials and Methods

librated o-nitrophenol TxV , while T= time of reaction and V= volume of

culture.

3.2.11 Determination of Protein concentration :

Bradford method (1976) was used for protestingation, different

concentration of bovine serum albumin (2-20)ug/rerevprepared, aportion of

20ul was transferred from each concentration ihttdses , and then 50ul of

NaOH (1M) and 1ml of commassie blue reagent wededdo the tubes. After

well mixing, it was left at room temperature forrdn. then the optical density

was drawn against protein concentration.

0.25

0.2

0.15+

0.1+

O.D.at 595nm

0.05

2 4 6 8 10 12 14 16 18 20

Protein Conc. (ug/ml)

Figure (3-2): Standard curve of Bovine Serum Albunm
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3.2.12 Determination of Optimal pH for f-

galactosidase Activity:

In conical flasks 25ml volumes of MRS broth contagnlactose instead of
glucose with different pH (3.5,4,45,5,56, 6.5, 7, 7.5) were prepared
and inoculated with 1% exponentially growing cutuof Lactobacillus
acidophilus isolated from stool and yoghurt samples then intdbat 37°C
under anaerobic condition . When cultures werehedan O.kgy of (0.6),

enzyme activity was determined according to thehowdescribed in (3.2.10).

3.2.13 Determination of Optimal Temperature for (3-
galactosidase Activity :

After 1% of each of stool and yoghurt isolatdtures was propagated in
25ml MRS broth containing lactose instead of gleco$ their optimal pH,
incubated at different temperatures (25, 30, 35487, 45°C), cultures were let
to reached an Ody) of 0.6. Then enzyme activity was determined adogrtb
the method described in (3.2.10).

3.2.14 Selection The Best Isolate for B-Galactosidase
Activity:

All the isolates of stool and yoghurt samspleere growing at their
optimum pH and temperature, when the (@d3= 0.6),p-galactosidase activity
was determined to each isolate to choose the notiseabne according to the
method described in (3.2.10).
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3.2.15 Isolates Production of 3-galactosidase on xgal-
MRS medium :-

One loopfull of each bacterial isolatemsvgeparately inoculated in X-gal
MRS medium and incubated at 37°C for 2-3 daysatssl showed changing to
blue were selected and considered t@-galactosidase producers.

3.2.16 Estimation of Lactose Consumption by
Lactobacillus acidophilus :

3.2.16.1 Preparation of Lactose Standard Curve :-
Stock solution of lactose was prepareddissolving 2g of lactose in

100ml of D.W. Different concentrations were theepared from it as follow:

Tube number Lactose volume(ml)| Volume of adde( Lactose
D.W.(ml) conc.(g/ml)
1 0 1.0 0
2 0.1 0.9 0.002
3 0.3 0.7 0.006
4 0.5 0.5 0.01
5 0.7 0.3 0.014
6 0.9 0.1 0.018
7 1.0 0 0.02

Then 1ml of DNSA reagent was added to each autgk placed in boiling
water bath for 5Smin. After cooling directly undabtwater, 10ml of D.W. was
added and optical density was recorded by speattopteter at 540nm. First
tube was set as blank to zero the instrument (\W#itand Bernhard,1972).
Figure (3-3) represents the obtained standard afriaztose.
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Figure (3-3) Lactose standard curve

3.2.16.2 Sample Estimation:

Five flasks containing MRS broth had lactasedefined concentration
(0.02g/ml) were inoculated with five inoculums side 1.25, 1.5, 1.75, 2)% of
exponentially growing bacteria (the most active)ar®l incubated for different
incubation periods (18 , 24 , 36 , 48hr) . Anotbee was set as a control
(without) inoculum. After each incubation periodtaio viable count was
performed, and then bacterial cells were precgaaby centrifugation at
5000rpm for 20min. From each supernatant, (2)mleweaking and (1)ml of
D.W. was added to it , then (1)ml of DNSA reagemtsvadded and placed in
boiling water bath for 5min. followed by the additi (10)ml D.W. After that
optical density was read in spectrophotometer GnB¥land lactose remaining

in the medium was determined by returning to tloéokse standard curve.
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Chapter Four Results and Discussion

4.1 Isolation of Lactobacillus acidophilus

from Stool Samples :—

From a total of 35 stool samples collected, o8 them gave pale, round
shape , soft , mucoid colonies on MRS agar in it isolation step . Such
result coincide with those mentioned by De M#ial (1960) who insisted that
MRS medium is the most selective mediumlfactobacillus spp. In the second
step after transferring colonies to MRS-Ca@@Qar medium some of them gave
clear zones surrounding them as a result of acatymtion and CaCp
dissolving. Microscopic examination declared theltscwere gram(+) , bacilli,
groups mainly in chain, non-sporeforms. The thitépswhich included
transferring colonies to the Aesculine-cellobiosediam, all undesirable
microorganisms other thabactobacillus spp. were excluded .Hunger(1986)
stated that the following species bfctobacillus(Lb. acidophilus, case ,
rhumnosus, planetarium) have the ability to hydrolyze asculine convertingp
asculitine which be detected by dark green colat¢pt-1).

To isolateLactobacillus acidophilus from other species, fourth step was
applied by growing on MRS raffinose when resultsovelm that only
Lactobacillus acidophilus grow due to its ability to utilize raffinose onigh
medium (Holt and Krieg, 1986).

Depending on the above results, 12 isolated autobacillus spp were

obtained to be used for further experiments.
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Chapter Four Results and Discussion

A= Aesculine —cellobiose mediuoontrol).

B= converting the color of the medium byacidophilus.

Plate (4-1): Ability of Lactobacillus spp hydrolyze asculine.

4.2 Isolation of Lactobacillus acidophilus from

yoghurt samples:—

From a total of 20 yoghurt samples collectedly 8 isolates of
Lactobacillus acidophilus were obtained after using the same previous

screening method for stool samples.

4.3 Identification of Lactobacillus
acidophilus:-

4.3.1 Cultural characteristics :—

Colonies ot.actobacillus acidophilus on MRS agar were small, pale,
round shape , soft , mucoid , and convex , andapgeto be just below the
surface of the medium . Almost similar characteristere mentioned for the
bacteria by Briggs (1953) .
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Chapter Four Results and Discussion

4.3.2 Microscopic Characteristics:

Cells ofLactobacillus acidophilus appeared after staining by gram method
as rods either single or in pairs but mostly graupe chain. They were gram

positive and non-sporeforming.

4.3.3 Biochemical Tests :—

All theLactobacillus suspected isolates gave negative results in thtasae
test due to their lack for catalase , which waeded when bubbles were
appeared after the addition of hydrogen peroxidso Ahe isolates were unable
to produce ammonia from arginine and convert trenge color to red, while
most of the isolates had the ability to hydrolyrreh on starch agar medium
(Holt and Krieg , 1986).More over all isolates weweable to produce
gelatinase after grow on gelatin medium which adjredgth Buchanan and
Gibbons (1974).

The isolates were, also, unable to hydrolyesem when grow on milk agar
medium, due to their inability to produce proteasementioned by Robinson
(1990). Morever, they gave negative results in ith@ole test because of
inability to produce tryptophanase which hydrolyzggtophan to indole and
forming a red layer (Holt and Krieg , 1986).

When various temperatures were used to growatmc acid isolates, all
were unable to grow in 15°C while they grew in 4582cept two isolates .
Carbohydrates fermentation test also was perfortoedetect and identify
Lb.acidophilus . Results showed that all the isolates were abldéetment
(glucose , cellobiose , fructose , lactose , raffen, and aesculine ) but were
unable to ferment mannitol and xylose , except isabate which were xylose
ferment excluded (Kandler and Weiss 849 Holt and Kriege ,1986).Table

(4-1) shows biochemical tests.
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Table (4-1) Biochemical

acidophilus :-

Tests for

Characterizatiamf Lactobacillus

isolates
Test

Lbs 1

Lbs 2

Lbs 3

Lbs 4

Lbs 5

Lbs 6

Lbs 7

Lbs 8

Lbs 9

Lbs 10

Lbs 11

Lbs 12
Lby 1
Lby 2
Lby 3

Lby 4
Lby 5
Lby 6
Lbs 7

Lby 8

Catalase

Indole

Starch hydrolysis

Casein hydrolysis

NH3from arginin

Gelatinase

Acid and curd

production

Growth at 15°C

Growth at 45°C

Acid

urces

Glucose

@

)+

)

Lactose

@

)+

)

Fructose

2

)+

)

Mannitol

Raffinose

@)

a

)+

)

Xylose

@)

1)

Aesculine

)

+

)

+

@)

+

@)

+

@)

2

)+

@)

Cellobiose

1)

+

@)

+

1)

+

@)

+

@)

@

)+

@)

Lbsl to Lbs12 = stool isolates

Lbyl to Lby8 = yoghurt isolates

+ = positive result

() = no. of days to change the color.

- = negative result
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Chapter Four Results and Discussion

4—-4 Growth curve of Lactobacillus acidophilus-

Growth characterization of selected isalatere done to determine the
extent of each growth phase in order to be usdmhaig information required
for measuring-galactosidase activity .

When a bacterium is inoculated in to a reure medium, it exhibits a
characteristic growth curve which consisted in tleemal growth from four
phases: the lag phase, the log or exponential grphase, the stationary phase
and the death phase.

Figure (4-1) shows that lag phase took alidbbaburs. During this phase
there no increase in cell number was detected; hwhimay be related for the
cells to prepare for reproduction, synthesizing DIMAd various inducible
enzymes needed for cell division (Atletsal., 1995) .This phase was followed
by the log phase when number of cells was incre@ask bacterial biomass
increases linearly with time. After about 17 houragcterial cells entered the
stationary phase, during which there was no coredodke further net increase in
bacterial cell numbers, when the growth rate isaétputhe death rate.

49



Chapter Four

Results and Discussion

19
1.8
1.7

1.6

15

14

13

1.2
11

0.9 -
0.8 -
0.7 1

O.D at 600 nm

0.6

0.5
0.4
0.3 -

0.2 1 ~

0.1

T T T

10 12 14
Time ( hr.)

T

16

T T T T

18 20 22 24 26

Figure (4-1) Growth curve ofLactobacillus acidophilusin MRS

medium.
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4.5 Optimal Conditions for B —galactosidase
Activity:—
4.5.1 Optimal pH for B —galactosidase

production :—

To investigate the effects of the initial dnen pH on p-galactosidase
activity , one stool isolate and another yoghudlate were grown in MRS
broth containing lactose instead of glucose witfecent pH values (3.5, 4,
45,5,55,6,6.5,7,7.5)thenincubaed7’C overnight .

Results in figure (4-2) and (4-3) showed tha two isolates had recorded
their highest activities at pH 6.5 and less acé@sitat pH 3.5. Jiang and
Savaiano (1997) reported tHadctobacillus acidophilus exhibited maximungs-
galactosidase activity at pH 6.7 and this is likelyagreement with the results
of this study. While Noh and Gilliland (1994) foufiebalactosidase activity of
Lactobacillus delbrueckii andLactobacillus bulgaricusin an optimal pH of 7.

The effect of pH on enzyme production resulfeom its role in the
solubility of the nutritional substances of the mead, its effect on the
lonization of the substrates and its availabildytie microorganism in addition
to its effect on the stability of the produced eney(Bull and Bushnell , 1976).
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Figure (4-2): Effect of initial pH on pB-galactosidase activity of
L actobacillus acidophilus (Lbs1) grown in MRS medium at 37°C

overnight.

52



Chapter Four Results and Discussion

0.001

0.0009+

0.0008-

0.0007
£ 00006 —
20,0005 1

Vi

'S 0.0004+
0.0003

A

0.0002-

0.0001+

35 4 45 5 55 6 65 7 715
pH values

Figure (4-3) Effect of initial pH on pB-galactosidase activity of
L actobacillus acidophilus (Lby1) grown in MRS medium at 37°C

overnight.
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4.5.2 Optimal Temperature for [ —galactosidase

production :—

The temperature dependence offtigalactosidase activity of cell extract ,
which was obtained from cells grown at differemhperatures ( 25, 30, 35,
37 , 40 , 45°C) in MRS medium containing lactossteéad of glucose with
optimal pH 6.5, was estimated, after incubatioaroight .

Results in figure (4-4) showed that the stosblate had highesp-
galactosidase activity when incubated at 37°C asd &ctivity at 25°C. Results
in figure (4-5) on other hand showed that the yogmolate had highed-
galactosidase activity at 40°C and less activitglsp 25°C for the same period
of time .

Jiang and Savaiano (1997) found that maxinfligalactosidase activity of
Lactobacillus acidophilus was achieved at 37°C , Noh and Gilliland (1994)
stated that growindractobacillus delbrueckii and Lactobacillus bulgaricus at
50°C gave the maximuf-galactosidase activity .

Generally, the decay of enzyme activity with reasing or decreasing
temperature is attributed to thermal effects ongitwevth of the microorganism
and velocity of the enzymatic reaction inside tké#screflecting the properties

of the enzyme and its local environment (Cornisbwen , 1979).
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25 30 35 37 40 45

Temperature ("C)

Figure (4-4). Effect of temperature onf-galactosidase activity
that produced by Lactobacillus acidophilus (Lbs1) which grew in
MRS medium at 37°C overnight.
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Figure (4-5): Effect of temperature onf-galactosidase activity

that produced by Lactobacillus acidophilus (Lby1) which grew in

MRS medium at 37°C overnight.
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4.6 Selection of most efficient isolate for B—

galactosidase activity:

When all stool and yoghurt isolates have lgemwn in their optimal pH and
temperature to select the most active one, resultable (4-2) showed that
yoghurt isolate (Lby4) exhibited higheBtgalactosidase activity among all
other yoghurt and stool isolates about (0.0014)Ub6hl2.3pug/ml protein
concentration. This result came in agreement vaighrésult of De Verese (2001)
who found that the yoghurt culture is more effiti¢han other cultures in
treatment of lactose intolerance.

Table (4-2) B -galactosidase activity of.actobacillus acidophilus isolates
obtained from stool and yoghurt samples at theiimopm conditions in MRS

broth medium.

Isolates symbo| B-galactosidase activity (U/ml)
Lbs1 0.00056
Lbs2 0.00053
Lbs3 0.00074
Lbs4 0.0006
Lbs5 0.00077
Lbs6 0.00092
Lbs8 0.00068
Lbs9 0.00088
Lbs10 0.00092
Lbs11 0.00047
Lbs12 0.00089
Lbyl 0.00095
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Lby2 0.00099
Lby3 0.001
Lby4 0.0014
Lby5 0.00099
Lby7 0.001
Lby8 0.001

Lbsl to Lbs12 are stool isolates.
Lbyl to Lby8 are yoghurt isolates.

4.7 production of B—galactosidase by Lactobacillus

acidophilus isolates on Xgal—MRS medium:—

Bacterial culture was grown on Xgal-MRS mediwnvestigate the ability
of the bacterial isolate for production [pgalactosidase. Results in plate (4-2)
showed that the isolate was able to prodgigmlactosidase after hydrolyzing
their chromogenic substrate X-gal and forming do®r. The turning to blue
color took more than two days due to the need fgigen and because the
bacteria was incubated under anaerobic condititimahim and Sullivan (2000)
used this chromogenic substrate to select the praaucingp-galactosidase

enzymel.actobacillus mutant .
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Plate (4-2) : Ability of Lactobacillus acidophilusisolate for

production of g-galactosidase on Xgal-MRS agar medium .

4.8 Lactose consumption (utilization) by

Lactobacillus acidophilus:—

Five inoculums sizes (1 , 1.25, 1.5, 1.78% ) and four incubation
periods(18 , 24 , 36 , 48hr.) were used for moileation of lactose(0.02g/ml)
by the most active isolate(Lby4) in the culture med. Results in table (4-3)
showed that lactose utilization was increased witiheasing of inoculums size
(from 1 to 2%) and with increasing of incubationipd (from 18-48hr.). In the
inoculation with 1% , the lactose consumption bgteaal growth was (0.61)g
from total (1)g of lactose in MRS medium after ibation from 18 to 48hr. ,
while bacterial count was 22.5x%deIl/ml . By increasing the inoculum size to

1.25% the consumption only increased (0.06)g widttdrial number of
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24.2x1Ccell/ml . Also by increasing the inoculum size t®% and bacterial
number to 29.7x10 cell/ml lactose utilization reach (0.77)g , and hwit
inoculation by 1.75% ,(0.16)g of lactose more consd by 22.1x10 cell/ml
than previous inoculation. Maximum utilization ofctose obtained by
inoculation with 2% for 48hr.,when 28.5x10ell/ml able to reduce about (1)g
of lactose in the culture media .Results in 50ndwfure medium.

Lactose concentration in MRS broth withoutadalation was ranged from
(0.92 to 0.96)g, small amount of lactose was losty e by sterilization
process .

The lactose in the medium act as an inducerpfoduction of morej-
galactosidase from the bacteria that consumedatttede by hydrolyzing it to
glucose and galactose.

However lactose consumption by bacterialuraltwas rather slow which
may be because the incubation of culture was maiti@wt shaking which used
to help the bacteria growing fast and consumed moneents as lactose.

Bodun et al (2001) found that the incubation of cell-assodafe
galactosidase (probiotic microorganisms) with higdncentration of lactose
increases the lactose reduction with time , andetfext was most marked for
Lactobacilli andBifidobacteria.

Result by Jiang and Savaiano (1997) showedbthaf lactose reduced in 7
days by continues culture.
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Table (4-3) Effect of inoculum size dafactobacillus acidophilus (Lby4) on
Lactose consumption in MRS broth after incubatior{1f8,24,36.48)hr. at 40°C.

Control 0.969
Stock 4.5x10 cell/ml
Inoculation with 1% (500ul)

Time of incubation/hr. | Remaining Lactose/g cell/ml
18 0.67 12.5x10
24 0.54 18.7x10
36 0.46 19.5x10
48 0.39 22.5x10

Inoculation with 1.25% (625ul)

Time of incubation/hr. | Remaining Lactose/g cell/ml
18 0.6 14.5x10
24 0.48 16.9x10
36 0.4 22.1x10
48 0.33 24.2x10

Inoculation with 1.5% (750ul)

Time of incubation/hr. | Remaining Lactose/g cell/ml
18 0.51 17.8x10
24 0.42 21.5x10
36 0.31 26.1x10
48 0.23 29.7x10
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Continue of table (4-3)

Inoculation with 1.75% (875ul)

Time of incubation/hr.
18
24
36
48

Remaining Lactose/c
0.39
0.32
0.19
0.07

Inoculation with 2% (1000ul)

Time of incubation/hr.
18
24
36
48

Remaining Lactose/¢
0.32

0.16

0.04

0.003

Results and Discussion

cell/ml
13.1x10
15.3x10
17.7x10
22.1x10

cell/ml
14.1x10
18.8x10
24.1x10
28.5x10
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Summary:

A total of 35 sample of infants stool cotkst from Al-Mansor hospital
for children and 20 sample of dairy products ca#dcfrom Baghdad
markets. Eleven isolate dfactobacillus acidophilus were obtained from
stool sample and seven isolates of alsmtobacillus acidophilus were
obtained from yoghurt , the bacteria isolated ashehiified according to
screening method and using specialized growth media

Isolates tested for their ability to produpgegalactosidase by usin@®-
Nitrophynel$-D-Galactosidase (ONPG) which is lactose analogd, the
ability of these isolates to enzyme production wegected in the medium
by using X-gal as chromogenic substrateffayalactosidase which turn the
color of colony from white to blue.

Optimal pH and temperature for enzyme activitgre determined and
found that the stool isolates gave highggfalactosidase activity at pH 6.5
and 37°C while the yoghurt isolates gave a higaezyme activity at pH 6.5
and 40°C..

Enzyme activity was determined for all stootl aioghourt isolates under
their optimal condition, and found that the yoghadiates is more active in
enzyme production than stool isolates, and from yibghurt isolates the
most active one was selected for further study.

The ability of the most active yoghurt bacteraulture for lactose
consumption was estimated by using five inoculuime ¢1 , 1.25 , 1.5,
1.75 , 2%) and for four incubation periods (18 ,, 36 , 48hr.) with defined
sugar concentration (1g/50ml) , total viable cowas performed after each
incubation periods , and found that by inoculatath 2% and incubation
for 48 hour , 28.5x10ell/ml was able to consume about 1g of lactose.
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