L=

. L . -
View metadata, citation and similar papers at core.ac.uk brought to you by ,i CORE

provided by IntechOpen

We are IntechUpen,

the world’s leading publisher of

Open Access books
Built by scientists, for scientists

4,800 122,000 135M

Open access books available International authors and editors Downloads

Our authors are among the

154 TOP 1% 12.2%

Countries delivered to most cited scientists Contributors from top 500 universities

pTE AN
Q)Q ¢, ;,))

G

“ BOOK
CITATION
INDEX

NDEXE®

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y


https://core.ac.uk/display/322413864?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

2
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Their Benefits and Challenges
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1. Introduction

This chapter reviews literature on probiotics. Probiotics are defined and different microbial
cultures used as probiotics will be considered. It further discusses delivery vehicles for
probiotic cultures, with their advantages and disadvantages. Since the presence of viable
probiotic cultures in products is vital to their functionality, different methods used for their
detection in products will be examined. The beneficial health effects of probiotics, the
methods that are currently used in an attempt to overcome some of the challenges faced will
also be discussed. Different strategies for protection of probiotic cultures and challenges for
the probiotic industry are highlighted. In addition to these, alternative strategies increasing
numbers of beneficial microorganisms through administration of prebiotics and synbiotics
are briefly mentioned.

2. What are probiotics?

The definition of probiotics has been modified with increasing knowledge in the field of
how they function. The term is derived from the Greek language meaning ‘for life’. In the
past there have been many attempts to define the term “probiotic’, one of the first being
described by Lilly & Stillwell in 1965. They defined probiotics as “substances secreted by
one microorganism, which stimulates the growth of another”. The focus of this definition
was to distinguish them from and make it clear that they are the opposite of antibiotics.
Subsequently, in 1974, Parker defined them as “organisms and substances which contribute
to intestinal microbial balance” (Schrezenmier & de Vrese, 2001). In 1989, Fuller tried to
improve on Parker’s definition by proposing the following definition: “live microbial feed
supplement, which beneficially affect the host (animal or human) by improving its intestinal
microbial balance” (Salminen et al., 1999; Vilsojevic & Shah, 2008). Then, Havenaar & Huis
In't Veld (1992) defined probiotics acceptably as ‘a viable mono- or mixed culture of
microorganisms which applied to animal or man, beneficially affects the host by improving
the properties of the indigenous microflora’. Schrezenmeir & de Vrese (2001) defined the
term probiotic as “a preparation of or a product containing viable, defined microorganisms
in sufficient numbers, which alter the microflora by implantation or colonization, in a
compartment of the host and by that, exert beneficial effects on host health”. Among these
descriptions and definitions, there were many others, until the Food and Agriculture
Organization of the United Nations-World Health Organization (FAO-WHO) officially
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defined probiotics as: “live microorganisms that when administered in adequate amounts
confer a significant health benefit on the host” (FAO, 2001). This definition was later endorsed
by the International Scientific Association for Probiotics and Prebiotics (ISAPP) and is
currently the most accepted definition of probiotics by scientists worldwide (Reid, 2006).

Probiotic food cultures have become popular due to appreciation of their contribution to
good health (Desmond et al., 2002). In probiotic therapy, these beneficial microorganisms
are ingested and thereby introduced to the intestinal microflora intentionally. This results in
high numbers of beneficial bacteria to participate in competition for nutrients with and
starving off harmful bacteria (Mombelli & Gismondo, 2000). The probiotics take part in a
number of positive health promoting activities in human physiology (Chen & Yao, 2002).

The beneficial effects of the ingested probiotic bacteria are provided by those organisms that
adhere to the intestinal epithelium (Salminen et al., 1998). The presence and adherence of
probiotics to the mucous membrane of the intestines build up a strong natural biological
barrier for many pathogenic bacteria (Chen & Yao, 2002). Adhesion is therefore regarded as
the first step to colonization. Adhesion to the epithelium can be specific, involving adhesion
of bacteria and receptor molecules on the epithelial cells, or non-specific, based on
physicochemical factors.

2.1 Desirable properties for a probiotic strain

A microbial strain has to fulfil a number of specific properties or criteria for it to be regarded
as a probiotic. These criteria are classified into safety, performance and technological aspects
(Gibson & Fuller, 2000). The criteria are further dependent on specific purpose of the strain
and on the location for the expression of the specific property. With regards to safety, the
probiotic strain must be of human origin, isolated from the gastrointestinal tract (GIT) of
healthy individuals. They should possess GRAS (generally regarded as safe) status, be non-
pathogenic, and without previous association with diseases such as infective endocarditis or
gastrointestinal disorders. Probiotic strains must not deconjugate bile salts and they should
carry no antibiotic resistance genes that can be transferred to pathogens (Collins et al., 1998;
Saarela et al., 2000). The strain must not induce an immune reaction in the host, i.e. the host
must be immuno-tolerant to the probiotic (Havenaar & Huis int'Veld, 1992). The strain itself,
its fermentation products or its cell components after its death, should be non-pathogenic,
non-toxic, non-allergic, non-mutagenic or non-carcinogenic even in immunocompromised
individuals (Collins et al, 1998; Havenaar & Huis int'Veld, 1992). It must have
antimutagenic and anticarcinogenic properties and not promote inflammation in
individuals (Collins et al., 1998). A probiotic strain should possess a desirable antibiogram
profile. It must also be genetically stable with no plasmid transfer mechanism (Havenaar &
Huis int'Veld, 1992; Ziemer & Gibson, 1998).

With respect to their performance, potential probiotic strains should be acid-tolerant and
therefore survive human gastric juice and bile. They must be able to survive in sufficient
numbers and adhere to the intestinal mucosal surface in order to endure the GIT. They
should have antagonistic activity against pathogens such as Salmonella species, Clostridium
difficile and Listeria monocytogenes that adhere to mucosal surfaces. Lastly, probiotic strains
should also stimulate an immune response, thereby positively influencing the host (Biavati
et al., 2000; Kolida et al., 2006, Mattila-Sandholm et al., 2002; Saarela et al., 2000;). The
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probiotic should survive the environmental conditions in their target site of action and
proliferate in this location (Havenaar & Huis int'Veld, 1992). That is, they should be able to
adhere to and colonise the epithelial cell lining to establish themselves in the colon (Guarner
& Schaafsma, 1998; Parracho et al., 2007). The ability to adhere to the epithelium secures the
strain from being easily flushed out by peristaltic movements (Gupta & Garg, 2009).
Technologically, a good probiotic strain should be easily, inexpensively reproducible
(Charteris et al., 1998; Havenaar & Huis int'Veld, 1992). It must be able to withstand stress
during processing and storage, with process and product application robustness (Charteris
et al., 1998). The organism should be able to survive, in particular, the harsh environmental
conditions of the stomach and small intestine (e.g. gastric and bile acids, digestive enzymes)
(Dunne et al., 2001; Parracho et al., 2007).

In addition, technological aspects must be taken into account before selecting a probiotic
strain. Strains should be capable of being prepared on a large scale and should be able to
multiply rapidly, with good viability and stability in the product during storage. The strains
must not produce off flavours or textures once incorporated into foods. They should be
metabolically active within the GIT and biologically active against their identified target.
Probiotic strains must be resistant to phages and have good sensory properties (Collins et
al., 1998; Kolida et al., 2006; Lacroix & Yildirim, 2007; Mattila-Sandholm et al., 2002; Saarela
et al., 2000;). Therefore probiotic containing foods and products need to be of good quality
and must have high enough numbers of viable probiotic cells to ensure that consumers get
the optimal benefits from the product (Alakomi et al., 2005). Probiotic strains have to be
good vehicles for specific target delivery of peptides and recombinant proteins within the
human GIT (Dunne et al., 2001; Parracho et al., 2007).

2.2 Common probiotic microorganisms

A number of microorganisms are currently used as probiotics. However, the most
commonly used are bacteria belonging to the genera Lactobacillus, the first and largest group
of microorganisms to be regarded as probiotics (Mombelli & Gismondo, 2000; Wolfson,
1999) and Bifidobacterium. These bacteria are indigenous to the human GIT (Bielecka et al.,
2002; Tannock, 2001). They are known to have no harmful effects, which is in contrast to
other gut bacteria (Kimoto-Nira et al., 2007). Species of Lactobacilli include L. acidophilus, L.
rhamnosus , L. casei, L. delbrueckii ssp. bulgaricus, L. johnsonii , L. reuteri, L. brevis, L. cellobiosus,
L. curvatus, L. fermentum, L. gasseri and L. plantarum (Krasaekoopt et al., 2003; Meurman &
Stamatova, 2007). The most recognized bifidobacteria species used are Bifidobacterium breve,
B. animalis subsp lactis formerly B. lactis (Masco et al., 2004) and B. longum biotypes infantis
and longum (Masco et al., 2005).

Probiotics now include other lactic acid bacteria (LAB) from genera such as Streptococcus,
Lactococcus, Enterococcus, Leuconostoc, Propionibacterium, and Pediococcus (Krasaekoopt et al.,
2003; O’Sullivan et al., 1992, Power et al., 2008; Vandenplas et al.,, 2007; Vinderola &
Reinheimer, 2003). Some countries are, however, concerned about the possible transfer of
antibiotic resistance genes by some members of the Enterococcus (Lund & Edlund, 2001).
Other non-related microbes used include bacteria such as non-pathogenic E. coli Nissle 1917
and Clostridium butyricum (Harish & Varghese, 2006), yeasts (Saccharomyces cereviciae,
Saccharomyces boulardii), filamentous fungi (Aspergillus oryzae), and some spore forming
bacilli (Fuller, 2003; Mombelli & Gismondo, 2000; Wolfson, 1999).
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2.3 Probiotic products

Probiotics can be consumed either as food components or as non-food preparations (Stanton
et al., 1998). Foods containing probiotics are referred to by others as functional foods. This
refers to foods with nutrient or non-nutrient components that affect targeted function(s) in
the body resulting in a positive health effect (Bellisle et al., 1998). Thus, functional foods
have a physiological or psychological effect beyond basic nutritional value (Clydesdale,
1997). Several probiotic LAB strains are available to consumers in both traditional fermented
foods and in supplemented form (Kourkoutas et al., 2005). The majority of probiotics are
incorporated into dairy products such as milk powders, yoghurt, soft-, semi-hard and hard
cheeses and ice cream (Desmond et al., 2005; Dinakar & Mistry, 1994; Stanton et al., 2001;
Stanton et al., 2005). These products offer a suitable environment for probiotic viability and
growth (Ozer et al., 2009; Ross et al., 2002). There is an increase in use of other foods as
vehicles for probiotics. This is partly due to allergenicity of some consumers to milk
products. Non-dairy products such as malt-based beverages and fruit juices (Champagne &
Raymond, 2008; Rozada-Sanchez et al., 2007; Sheehan et al., 2007), meat sausages (Ruiz-
Moyano et al., 2008), capsules, and freeze-dried preparations (Berni-Carnani et al., 2007) are
among these alternatives. Growing vegetarian alternatives have also led to soy-based
probiotic foods (Farmworth et al.,, 2007). Recently, Aragon-Alegro et al. (2007) added
probiotic chocolate mousse to the list of alternatives.

2.4 Beneficial effects of probiotics

The benefits attributed to probiotics can either be nutritional or therapeutic (Prasad et al.,
1998). Benefits associated are, however, strain specific (Saarela et al., 2000).

2.4.1 Nutritional benefits

Microbial action in the gut, specifically by beneficial cultures, has been shown to enhance
the bioavailability, quantity and digestibility of certain nutrients (Parvez et al., 2006).
Ingestion of probiotics is associated with improved production of riboflavin, niacin,
thiamine, vitamin Bg, vitamin By, and folic acid (Gorbach, 1997; Hargrove & Alford, 1978).
Probiotics play a role in increasing bioavailability of calcium, iron, manganese, copper,
phosphorous (Alm, 1982; McDonough et al., 1983) and increase the digestibility of protein
and fat in yoghurt (Fernandes et al., 1987). Enzymatic hydrolysis of protein and fat leads to
an increase in free amino acids and short chain fatty acids (SCFAs). Organic acids such as
acetate and lactate produced during fermentation by LAB lower the pH of intestinal
contents thereby creating undesirable conditions for harmful bacteria (Mack et al., 1999;
Parvez et al., 2006).

2.4.2 Therapeutic benefits

Patients prefer medicine with little or no side effects for treatment of their ailments.
Probiotics provide such an alternative, being living, non-pathogenic organisms, which are
extremely safe as indicated by their GRAS status. Probiotic bacteria are claimed to alleviate
and prevent conditions such as lactose intolerance, allergies, diarrheal diseases, lowering of
serum cholesterol, reduction of the risk associated with mutagenicity and carcinogenicity
and inhibition of pathogens, as well as stimulation of the immune system (Collins & Gibson,
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1999; Shah, 2007). Positive effects of probiotics are not confined to the gut only, but can
extend to other parts of the body. For instance, probiotics are known to have anti-
inflammatory benefit when administered parenterally (Shiel et al., 2004).

Lactose malabsorption (also referred to as lactose intolerance or lactose indigestion) is the
inability to hydrolyze lactose (Adams & Moss, 2000; Salminen et al., 1998a). It is caused by a
deficiency of the enzyme [-D-galactosidase (lactase) (Buller & Grand, 1990). The undigested
lactose passes to the colon where it is attacked by resident lactose fermenters (Adams &
Moss, 2000). Colonic lactose fermentation results in high levels of glucose in blood and
hydrogen gas in breath (Buller & Grand, 1990; Mombelli & Gismondo, 2000; Scrimshaw &
Murray, 1988; Shah, 1993; Vesa et al., 2000). Probiotics strains and the traditional yoghurt
cultures, Lactobacillus delbrueckii spp. bulgaricus and Streptococcus thermophilus produce p-D-

galactosidase thereby improving tolerance to lactose (Adams & Moss, 2000; Fooks et al.,
1999, Shah, 2000c)

Constipation, a disorder of motor activity of the large bowel characterized by bowel
movements that are less frequent than normal (Salminen et al., 1998b), pain during
defecation, abnormal swelling and incomplete emptying of colon contents (Salminen et al.,
1998a), can also be relieved by probiotic use. Lactobacillus reuteri, Lactobacillus rhamnosus and
Propionibacterium freudenreichii are probiotic strains shown to improve the condition
(Ouwenhand et al., 2002).

Incidences of antibiotic associated diarrhoea caused by Clostridium difficile (Fuller, 2003;
Tuohy et al., 2003; Vasiljevic & Shah, 2008) and rotavirus diarrhoea (Salminen et al.,
1998a) can also reduced by administration of probiotics. Strains associated with reduction
of diarrhoea include Bifidobacterium spp, B. animalis Bb12 (Fuller, 2003, Guandalini et al.,
2000), L. rhamnosus GG, L. acidophilus, L. bulgaricus (Fuller, 2003; Goldin, 1998; Gorbach,
2000; Sazawal et al., 2006) and Saccharomyces boulardii (Kotowska et al., 2005, Sazawal et
al., 2006). The effect of probiotics against diarrhoea is the most researched and
substantiated claim, with documented clinical applications (BergogneBérézin, 2000;
Cremonini et al., 2002; Marteau et al., 2001, McNaught & MacFie, 2001; Reid et al., 2003;
Sullivan & Nord 2005).

Inflammatory bowel disease (IBD) and irritable bowel syndrome (IBS) are other intestinal
disorders that can be treated with varying degrees of success using probiotics. IBD is a
collection of disorders including wulcerative colitis, Crohn’s disease and pouchitis,
characterized by chronic or recurrent inflammation, ulceration and abnormal narrowing of
the GIT resulting in abdominal pain, diarrhoea and gastrointestinal bleeding (Hanauer,
2006; Marteau et al., 2001). IBS is typically characterized by abdominal pain, excessive flatus,
variable bowel habit and bloating (Madden & Hunter, 2002). Several studies have been
conducted to investigate the efficacy of probiotics in treatment of IBD (Guandalini, 2002; Ma
et al., 2004; Zhang et al., 2005). The tested strains against IBD include among others VSL#3
probiotic (Gionchetti et al., 2000), Bifidobacterium longum (Furrie et al., 2005) and Lactobacillus
rhamnosus GG (Gupta et al, 2000). Combination of Lactobacillus acidophilus and
Bifidobacterium infantis (Hoyos, 1999) and of Bifidobacterium bifidus, Bifidobacterium infantis
and Streptococcus thermophilus were shown to reduce incidences of ulcerative colitis (Bin-
Nun et al., 2005). Several studies reported the success of bifidobacteria for the alleviation of
IBS (O'Mahony et al., 2005; Brenner et al.,, 2009; Jankovic et al., 2010). Alfredo (2004)
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demonstrated the efficacy of Lactobacillus plantarum LPO1 and Bifidobaccterium breve BRO as
short-term therapy for IBS. Although some of the results obtained were very encouraging,
there is need for larger, randomized, double-blinded, placebo-controlled clinical trials to
substantiate these claims.

Hereditary allergic conditions of increasing importance in developing countries such as
eczema, asthma, atopic dermatitis and rhinitis can be treated with probiotics (Holgate, 1999;
Kalliomaki et al.,, 2003; Salminen et al., 1998a). Tested probiotics with antiallergenic
properties include Bifidobacterium lactis Bb-12 (Isolauri et al., 2000) and Lactobacillus GG
(Isolauri et al., 2000; Kalliomaki et al., 2001; Kalliomaki et al., 2003; Lee et al., 2008; Mirkin,
2002; Vanderhoof & Young, 2003). However, contradictory studies report on the poor
efficiency of probiotics in allergy alleviation (Helin et al., 2002; Vliagoftis et al., 2008) and
highlight the need for more convincing and conclusive research in allergy treatment.

Probiotics have the ability to lower levels of cholesterol in serum, contributing to the
prevention of cardiovascular disease (Fooks et al., 1999; Proviva, 2002). This ability has been
shown for Lactobacillus johnsonii and L. reuterii using animal models (Mombelli & Gismondo,
2000). They also reduce the risk of cancer (Sanders, 1999) due to their activity against certain
tumors (Chen & Yao, 2002). Several studies indicated that probiotics in a diet reduces the
risk of cancer (Sanders, 1999). Anticarcinogenic effects of Bifidobacterium bifidum and
Lactobacillus acidophilus were shown using clinical trials in humans (Fooks, 1999).

2.5 Mechanism of action of probiotics

Probiotic bacteria beneficially affect the individual by improving the properties of the
indigenous microflora and its microintestinal balance (Betoret et al., 2003; Frost & Sullivan,
2000; Matilla-Sandholm et al., 2002; Saarela et al., 2000). They compete with disease causing
bacteria for villi attachment sites and nutrients (Chen & Yao, 2002). Probiotic bacterial
cultures encourage growth of beneficial microorganisms and crowd out potentially harmful
bacteria thereby reinforcing the body’s natural defence mechanisms (Saarela et al., 2000).
They provide specific health benefits by modifying gut microflora, strengthening gut
mucosal barrier, e.g. adherence of probiotics to the intestinal mucosa thereby preventing
pathogen adherence, pathogen inactivation, modification of dietary proteins by intestinal
microflora, modification of bacterial enzyme activity, and influence on gut mucosal
permeability, and regulation of the immune system (Betoret et al., 2003; Krasaekoopt et al.,
2003; Salminen et al., 1998).

The probiotic effect is accredited to their production of metabolic by-products such as acid,
hydrogen peroxide, bacteriocins, e.g. lactocidin, and acidophilin that manifest antibiotic
properties and inhibit the growth of a wide spectrum of pathogens and/or potential
pathogens such as Escherichia coli, Klebsiella, Enterobacter, Pseudomonas, Salmonella, Serratia and
Bacteroides (Chen & Yao, 2002; Krasaekoopt et al., 2003). Lactic acid bacteria inhibit growth of
pathogenic microorganisms by producing short chain fatty acids such as acetic, propionic,
butyric as well as lactic and formic acids which reduces intestinal pH. Lactic acid produced by
bifidobacteria in substantial amounts has antimicrobial activity against yeasts, moulds and
bacteria (Adams & Moss, 2000; Percival, 1997). These species are also active in reducing the
faecal activity of enzymes implicated in the production of genotoxic metabolites such as (-
glucoronidase and glycolic acid hydroxylase (Collins & Hall, 1984; Mombelli & Gismondo,
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2000). Probiotic organisms produce enzymes that help in digestion of proteins, fats and lactose
(Frost & Sullivan, 2000). They also produce [-galactosidase, an enzyme that aid lactose
intolerant individuals with breaking down or digestion of lactose (Krasaekoopt et al., 2003).

Production of short chain fatty acids in the colon during fermentation by colonic microflora
is the main process that prevents colorectal cancer (Holzapfel & Schillinger, 2002). Probiotic
strains also reduce levels of some colonic enzymes such as glucoronidase, B-glucoronidase
nitroreductase, azoreductase (Adams & Moss, 2000; Chen & Yao, 2002; Fooks et al., 1999;
Gorbach, 2000) and glycoholic acid hydrolase. These enzymes convert procarcinogens to
carcinogens such as nitrosamine or secondary bile acids (Chen & Yao, 2002). Low levels of
these enzymes therefore decrease chances of cancer development in the colon (Gorbach,
2000; Kasper, 1998).

2.6 Methods for quantification of probiotic cultures

The methods used for detection of viable probiotic cells include conventional plate counts
(culture dependent) and molecular techniques (culture-independent). The culture
dependent method has been criticized for underestimation of counts due to bacteria forming
chains and/or clumping and unsuitability (inappropriateness) of media for growing of
viable but non-culturable cells (Auty et al., 2001; Lahtinen et al., 2006; Veal et al., 2000).
Isolation media used may be insufficiently selective, affecting the reproducibility of results
(Roy, 2001). These limitations of plate counting techniques prompted the use of molecular
techniques and other alternative methods (Vitali et al.,, 2003). New methods include
molecular based techniques such as quantitative real-time polymerase chain reaction (PCR),
fluorescent in situ hybridization (FISH) (Boulos et al., 1999; Veal et al., 2000), confocal
scanning laser microscopy (CSLM) (Auty et al., 2001; Gardiner et al., 2000; Palencia et al.,
2008), flow cytometry (Alakomi et al., 2005) and microplate scale fluorochrome staining
assay (Filoche et al., 2007; Mitto et al., 2006).

Flow cytometry is a rapid and sensitive technique that measures physiological
characteristics such as membrane integrity, enzyme activity, respiration, membrane
potential and intracellular pH (Bunthof et al., 2001) of each cell individually (Bunthoff &
Abee, 2002). Microplate scale fluorochrome staining assay is appropriate for assessing
viability of fresh, freeze-dried and stressed cells. It can detect changes in the condition of
probiotic cells earlier than can be done with conventional cultivation methods (Filoche et al.,
2007; Mitto et al., 2006).

The fluorescence based molecular techniques are used in conjunction with viability staining
techniques. A number of commercial techniques are available. LIVE/DEAD® BacLight™
and BD Cell viability assay kit (BD Biosciences, Oxford, UK) are some examples.
LIVE/DEAD® BacLight consists of two nucleic acid stains SYTO® 9 and propidium iodide
(PI). Green-fluorescent SYTO9 (excitation and emission maxima, 480 and 500 nm,
respectively) penetrates both viable and nonviable cells. Red-fluorescent PI (excitation and
emission maxima, 490 and 635 nm, respectively) penetrates cells with damaged cell
membranes (Auty et al., 2001). The BD Cell viability assay kit (BD Biosciences, Oxford, UK)
contains the stains, thiazole orange and propidium iodide (Doherty et al., 2009). Cells
stained using these kits can also be assessed using microscopes, which will also distinguish
between ‘live’ (e.g. green-stained) from “dead’ (e.g. red-stained) cells (Berney et al., 2007).
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All the above mentioned methods have their own disadvantages. For example, the viability
kits and real time PCR are based on bacterial DNA which is not only present in live cells but
can also be retained by dead cells in significant amounts. Both PCR and FISH are not
independent as they require determination of a standard curve which is determined most of
the times using standard plate counts. PCR requires expensive reagents which cannot be
afforded by everyone in the industry. Detection limits for PCR and FISH are relatively high,
being about 104 cells/ml and 10¢ cells/ ml, respectively. FISH is based on detection of 16s
rRNA whose presence is not a direct proof of metabolic activity but rather an indication of
potential viability (Biggerstaff, 2006). Real-time PCR and FISH have a limitation whereby
counts of bacteria decreased but PCR and FISH results remained higher over the
experimental period. This is due to detection of high levels of rRNA and DNA in dead cells.
The intensity of rRNA in dead cells may still be strong enough for visually counting
(detection) though it is expected to decrease upon cell death. Thus, the RNA content of the
cell detected by fluorescent probes cannot be regarded as reliable indicator of cellular
viability (Vives-Rego et al., 2000). Also, real time PCR detects both viable and non-viable
bacteria, thus does not provide information on the condition of the cells and results in an
overestimation of metabolically active cells (Kramer et al., 2009; Masco et al., 2007).

The appropriateness of PCR for quantification of viable cells can be improved by staining
the samples with DNA binding dyes prior to DNA extraction and amplification. Treatment
with DNA-binding dyes and subsequent PCR analysis uses membrane integrity as the
criterion in determining viability of cells. Live cells are able to exclude DNA-binding dyes
such as ethidium monoazide (EMA) and propidium monoazide (PMA), while dead cells or
those whose membrane integrity has been compromised are able to pick-up these stains
(Kramer et al., 2009). These dyes form covalent bonds with DNA upon exposure to visible
bright light and thus inhibit subsequent PCR amplification. Only DNA from live cells with
intact membranes is selectively amplified (Nocker et al., 2009).

Despite some of its drawbacks, the plate count method is traditionally used to assess cell
viability in probiotic preparations (Alakomi et al., 2005). Though plate counting is arduous
and time consuming, no method has yet been found that completely replaces it. Therefore it
is still being routinely used in assessing viability of probiotic cultures in various foods, often
in conjunction with culture-independent methods (Lopez-Rubio et al., 2009; Masco et al.,
2005; Temmerman et al., 2003b).

2.7 Probiotic challenges

Commercially, viable probiotic strains are incorporated into fermented food products or are
supplied as freeze-dried supplements or pharmaceutical preparations (Holzapfel &
Schillinger, 2002). The basic requirement for probiotics is that products should contain
sufficient numbers of microorganisms up to the expiry date (Fasoli et al., 2003). Thus,
probiotics must contain specific strains and maintain certain numbers of live cells for them
to produce health benefits in the host (Mattila-Sandholm et al., 2002). Different countries
have decided on the minimum number of viable cells required in the probiotic product for it
to be beneficial. In Australia, a minimum viable count of 106 organisms per gram should be
available in fermented milk products at the end of the shelf life (Wahlqvist, 2002). However,
according to Krasaekoopt et al. (2003), there are no specifications as to how many probiotics
should be available in Australian fermented products. The same minimum count (10¢
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organisms per gram) was approved by countries of MERCOSUR which includes Argentina,
Paraguay, Brazil and Uruguay (Krasaekoopt et al., 2003). In products containing multiple
probiotic organisms, at least a million of each of them per gram should be present to
produce required beneficial effects (Wahlqvist, 2002). In Japan, a minimum of 107 viable cells
per millilitre of fresh dairy product is required. The South African legislation states that
functional foods containing probiotic bacteria must deliver 1 x 108 bacterial cells per day. A
daily intake of 10° to 100 cfu viable cells is considered the minimum dose shown to have
positive effects on host health (Fasoli et al., 2003). This could be achieved by consuming 100
g of a product containing between 10¢ and 107 viable cells g1 daily (Boylston et al., 2004).

Low viability of probiotic cultures in yoghurt has been reported (Kailasapathy & Rybka,
1997; Lourens-Hattingh & Viljoen, 2001; Shah, 2000).

Retention of viability of the probiotic bacteria presents a major marketing and technological
challenge for application of probiotic cultures in functional foods (Desmond et al., 2002;
Mattila-Sandholm et al., 2002). Many active cultures die during manufacturing, storage or
transport of the finished product (Siuta-Cruce & Goulet, 2001) and also during the passage
to the intestine (Sakai et al., 1987; Siuta-Cruce & Goulet, 2001; Park et al., 2002). Thus, the
majority die even before the consumer receives any of the health benefits (Siuta-Cruce &
Goulet, 2001). A serious problem of shelf instability had been encountered with dried
cultures. Refrigerated products also have short lives due to negative effects of low
temperature and formation of crystals on bacterial cells. The numbers of viable bacteria
continually decrease with time during refrigerated storage (Porubcan et al., 1975). Market
surveys have revealed much lower counts in the products even before the expiry date
(Talwalkar et al., 2001). Shelf life for probiotics is thus unpredictable; hence, the industry has
had difficulty backing up label claims (Siuta-Cruce & Goulet, 2001). Excesses of 50 to 200 %
cells have been incorporated into products in an attempt to make-up for cells that die during
storage. For example, in tablets containing dry cells, where the tablets are labelled as
containing a certain minimum count of active cells per tablet, to be safe, the manufacturer
must incorporate an excess of cells at the time the tablets are manufactured, thereby
assuring that the labelling will remain accurate while the product is in stock by the retailers.
This practice increases the cost and makes the use instructions inaccurate (Porubcan et al.,
1975).

Probiotics, after surviving food processing, are upon consumption then exposed to
conditions prevailing in the stomach and small intestine before they reach their site which is
the colon (Siuta-Cruce & Goulet, 2001; Hansen et al., 2002; Lian et al., 2002). The microbes
may die during their transit through the upper intestinal tract to the colon and therefore
they may not be able to colonize the colon (Talwakar et al., 2001). They must therefore
survive gastric acidity and bile salts which they encounter during their passage through the
GIT (Hansen et al., 2002; Lian et al., 2002; Sakai et al., 1987; Siuta-Cruce & Goulet, 2001;).
Their survival in the GI T depends on the strain and species-specific resistance to low pH
(pH values ranging from 1.3 to 3.0) in gastric juice and to bile salts found in the small
intestine (Hansen et al., 2002; Lian et al., 2002).

Probiotic bacteria can only perform when they find adequate environmental conditions and
when they are protected against stresses (e.g extreme temperatures, high pressure, shear
forces) they encounter during their production at the industry level or in the GIT (gastric
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acids and bile salts) (Siuta-Cruce & Goulet, 2001). Factors affecting viability during storage
such as temperature, moisture, light and air should also be taken into consideration
(Percival, 1997; Mattila-Sandholm et al., 2002). Oxygen toxicity is another major problem in
the survival of probiotic bacteria in dairy foods. High levels of oxygen in the product are
detrimental to the viability of these anaerobic bacteria (Talwakar et al., 2001).

Manufacturers of probiotics are facing the challenge that they should produce probiotic
cultures that can survive for long periods, and are resistant to acidity in the upper intestinal
tract so that they can reach the colon in high numbers to colonize the epithelium. Probiotic
cultures should therefore be produced in a way that will protect these sensitive bacteria
from unfavourable interactions with detrimental factors (Siuta-Cruce & Goulet, 2001).

In view of the health benefits associated with probiotics, it is not surprising that there is
increasing interest in their viability. Probiotics do not have a long shelf life in their active
form. Refrigeration is required in most cases to maintain shelf life as high temperatures can
destroy probiotic cultures (Saxelin et al., 1999). However, most probiotics still have a short
shelf-life even under low temperature storage (Lee & Salminen, 1995). There is low recovery
of viable bacteria in products claiming to contain probiotic bacteria (Hamilton-Miller et al.,
1999; Temmerman et al., 2003a).

The preservation of these probiotic microorganisms presents a challenge because they are
affected by exposure to temperature, oxygen and light (Bell, 2001; Chen et al., 2006).
Survival of most bifidobacteria in most dairy products is poor due to low pH and/or
exposure to oxygen (Gomes & Malcata, 1999). Naturally many LAB may excrete exo-
polysaccharides to protect themselves from harsh conditions but this is usually not enough
to give them full protection (Shah, 2002).

2.8 Methods for improving probiotic viability

In view of the health benefits associated with probiotics, it is not surprising that there is an
increasing interest in their viability. The common practice is storage at refrigerated
temperatures to prolong their shelf life (Saxelin et al., 1999). Nevertheless, most of them still
have a short shelf-life (Lee & Salminen, 1995). There is low recovery of viable bacteria in
products claiming to contain probiotic bacteria (Hamilton-Miller et al., 1999; Temmerman et
al., 2003a).

Viability of probiotics is reduced as a result of their exposure to high temperature, oxygen,
low pH and light (Bell, 2001; Chen et al., 2006; Gomes & Malcata, 1999). Naturally many
LAB may excrete exo-polysaccharides (EPS) to protect themselves from harsh conditions.
However, protection afforded by these EPS is not sufficient (Shah, 2002). As a result,
researchers are continuously searching for ways to improve survival of probiotic cultures
during processing, storage and GIT transit. Different approaches are used in an attempt to
preserve viability of probiotic cultures. These include among others, pre-exposure of
probiotic cultures to sub-lethal stresses (Desmond et al., 2002) and incorporation of micro-
nutrients such as peptides and amino acids (Shah, 2000). The disadvantage of pre-exposure
to sublethal stresses is that it may result in significant decreases in cellular activity, cell yield
and process volumetric productivity (Doleyres & Lacroix, 2005). Other alternative methods
for improving probiotic viability are genetic modification (Sheehan et al., 2006; Sheehan et
al., 2007; Sleator & Hill, 2007), immobilization (Doleyres et al., 2004), two-step fermentations,
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use of oxygen-impermeable containers and microencapsulation (Ozer et al., 2009). Of these
techniques, microencapsulation is relatively new and has been investigated by various
researchers.

Microencapsulation is a process by which solids, liquids or gases are packaged into
miniature, sealed microcapsules that can release their contents at controlled rates under
influences of specified conditions (Anal et al., 2006; Anal & Singh, 2007). It stabilizes the
probiotics, increases their survival during processing and storage, controls the oxidative
reaction, ensures sustained or controlled release at a specific target site (both temporal and
time-controlled release) and improves shelf life (Anal & Singh, 2007, Dembczynski &
Jankowski, 2002). The encapsulated probiotics are released from the microparticles as a
result of many factors such as changes in pH and/or temperature (Gibbs et al., 1999;
Vasishtha, 2003). These changes may cause microcapsule walls to swell and rupture or
dissolve (Franjione & Vasishtha, 1995; Brannon-Peppas, 1997).

Microparticles reduce loss of probiotic cell viability by blocking reactive components such as
atmospheric moisture, oxygen (Kim et al., 1988; Krasaekoopt et al., 2003; Reid, 2002; Siuta-
Cruise & Goulet, 2001; Vasishtha, 2003), high temperature, pressure, bacteriophage attack
and cryoeffects (Krasaekoopt et al., 2003). Studies have indicated that probiotic cultures
enclosed within solid fat microcapsules retain both their activity and vitality (Krasaekoopt et
al., 2003).

Methods of microencapsulation used in pharmaceutical and food industries are classified
as either physical or chemical. Physical methods include pan coating, air-suspension
coating, centrifugal extrusion, vibrational nozzle and spray drying (Anal & Singh, 2007),
spray coating, annular jet, spinning disk, spray cooling, spray drying and spray chilling
(Versic, 1988), extrusion coating, fluidized bed coating, liposome entrapment,
coarcervation, inclusion complexation, centrifugal extrusion and rotational suspension
separation (Vasishtha, 2003). Chemical methods include interfacial polymerization, in-situ
polymerization, matrix polymerization(Vidhyalakshmi et al., 2009) and extrusion.
Extrusion and emulsion techniques are the mostly commonly used methods (Krasaekoopt
et al., 2003).

There is a diversity of materials used for encapsulation of probiotics. These include among
others, alginate (Chandramouli et al., 2004; Dembczynski & Jankowski, 2002; Hansen et al.,
2002; Krasaekoopt et al., 2003; Sultana et al., 2000), x-carrageenan, locust bean gum, cellulose
acetate phthalate, chitosan, gelatin (Krasaekoopt et al., 2003), cellulose (Chan & Zhang,
2002), pectin, whey protein (Guerin et al., 2003) and rennet (Heidibach et al., 2009). These
materials are used either as supporting materials or gelling agents by different investigators.

Although generally there are positive effects of microencapsulation, this method is not
without disadvantages. Some types of the resulting microparticles may shrink and lose
mechanical strength due to their sensitivity to acids (Sun & Griffiths, 2000), may present
problems for large scale production, others require use of potassium ions that should not be
taken in large amounts in diet, (Sun & Griffiths, 2000), some of the polysaccharides used are
prohibited in specific foods in other countries (Picot & Lacroix, 2004). Additionally and
possibly the key disadvantage, is that the mentioned microencapsulation methods use water
and other organic solvents whose use is less favoured due to their high costs and concerns
about their negative environmental impacts (Sihvonen et al., 1999).
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Progress towards elimination of use of organic solvents has been made with development of
microencapsulation technique using supercritical technology (Moolman et al., 2006). This
microencapsulation technique is based on the formation of an interpolymer complex
between poly (vinyl pyrrolidone) (PVP) and poly (vinyl acetate-co-crotonic acid) (pVA-CA)
in supercritical carbon dioxide (scCO»). A supercritical substance is neither a gas nor a liquid
but possesses properties of both, making it unique (Moshashaee et al., 2000). Since
supercritical fluids have a wide spectrum of solvent characteristics, they can be used as
solvents in different techniques (Frederiksen et al., 1997). Microparticles produced using this
method have suitable morphological characteristics, encapsulation efficiency and affords
encapsulated probiotic cultures protection in simulated gastrointestinal fluids (Mamvura et
al., 2011; Thantsha et al., 2009).

2.9 Concerns about probiotics

Although there are numerous advantages and health benefits associated with probiotics or
probiotic food products, there are risks associated with probiotic therapy. These risks are
mainly concerned with respect to safety in vulnerable target groups such as
immunocompromised individuals (pregnant women, babies and the elderly) or critically ill
or hospitalized patients (Boyle et al., 2006; Jankovic et al., 2010).

Probiotic cultures are resistant to some antibiotics. There is concern about the possible
transfer of antimicrobial resistance from probiotic strains to pathogenic bacteria in the gut.
For example, many Lactobacillus strains are naturally resistant to vancomycin, which poses a
potential threat of transfer of this resistance to other pathogenic bacteria such as
Staphylococcus aureus. However, these vancomycin-resistant genes in lactobacilli are
chromozomal and not readily transferred to other species.

Another important area of concern is the risk of sepsis. There have been several reports of
cases of Lactobacillus sepsis and other bacterial sepsis due to the intake of probiotic
supplements (Boyle et al., 2006). One case included a 67 year-old man who was taking
probiotic capsules daily for mitral regurgitation and developed Lactobacillus rhamnosus
endocarditis after a dental procedure (Borriello et al., 2003; Mackay et al., 1999). In another
case, a 4-month old infant with antibiotic-associated diarrhoea, who was given Lactobacillus
rhamnosus after cardiac surgery, developed Lactobacillus endocarditis 3 weeks after
Lactobacillus rhamnosus treatment (Boyle et al., 2006; Kunz et al., 2004). However, there have
been no reports to date on the occurrence of Bifidobacterium sepsis. All cases of bacterial
sepsis from the use of probiotics (Lactobacillus spp.) have occurred in immunocompromised
individuals or patients who have a chronic disease or debilitation. No cases have been
reported in healthy individuals (Boyle et al., 2006). There have also been several cases of
fungemia associated with Saccharomyces boulardii. However, investigation of these cases
revealed that the infection was due to contamination of inserted catheters. It is therefore
now recommended that Saccharomyces boulardii probiotics be prepared in powdered form
under stringent hygienic conditions to prevent contamination (Borriello et al.,, 2003;
Salminen et al., 1998). There is a small risk of adverse metabolic effects from manipulation of
the microbiota with the use of probiotics, although probiotic studies to date have not shown
significant adverse effects on growth or nutrition (Boyle et al., 2006). A review of safety
assessments of probiotics was recently published (Sanders et al., 2010).
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3. Prebiotics

Prebiotics are non-digestible food ingredients that beneficially affect the host by selectively
stimulating the growth and/or activity of one or a limited number of colonic bacteria and
thereby improve host health (Femia et al., 2002; Gibson & Roberfroid, 1995; Roberfroid,
1998; Theuer et al., 1998; Tuohy et al., 2003; Young, 1998). Gibson et al. (2004) redefined
them as ‘a selectively fermented ingredient that allows specific changes; both in the
composition and/or activity in the gastrointestinal microflora that confers benefits to host
well-being and health’. The refined definition takes into account both the microbial changes
and the nutritional and physiological benefits attributed to prebiotics. Just like probiotics,
they modulate the composition of the natural ecosystem though probiotics does so through
introduction of exogenous bacteria into the colon (Bouhnik et al., 2004). Prebiotics pass
through the upper GIT unfermented and are only utilized in the colon and are therefore
called “colonic food” (Roberfroid, 2000). Non-digestibility can be demonstrated in vitro by
subjecting the carbohydrates to pancreatic and small intestinal enzymes. It can be shown in
vivo on human subjects with an ileostomy (i.e people who have had their large intestine
removed and have a stoma at the end of the ileum) (van Loo et al., 1999). Compounds that
are not digested and absorbed by the host but are preferentially fermented by Bifidobacterium
species in the colon are called ‘bifidogenic” factors (Shah, 2007). Prebiotics are not readily
digested by pathogenic bacteria (Annika et al., 2002; Farmer, 2002; Femia et al., 2002). They
favour or promote growth of potentially health-promoting bacteria such as lactobacilli and
bifidobacteria, thereby allowing them to be predominant (Bouhnik et al., 2004; Flamm et al.,
2001; Gibson et al.,, 1999; Roberfroid, 1998, Wang, 2009). This subsequently leads to
predominant numbers of the stimulated endogenous bacteria in faeces as well (Femia et al.,
2002; Losada & Olleros, 2002). Scientific studies in Japan indicated that consumption of
prebiotics increases the populations of bifidobacteria and other beneficial microorganisms
even in the absence of probiotics in diet. The selective stimulation of growth of
bifidobacteria by prebiotics is characterized by a substantial decrease in numbers of
potentially pathogenic bacteria (Losada & Olleros, 2002).

The following criteria are used for selection of a carbohydrate as a prebiotic: It must not be
absorbed in the stomach or small intestine; It must be selectively fermented by the beneficial
gut microflora; It should also stimulate the growth and/or activity of beneficial bacteria; Its
fermentation should induce the beneficial luminal or systemic effects within the host; It
must be resistant to gastric acidity and mammalian enzyme hydrolysis (Kolida, et al., 2002;
Manning and Gibson, 2004).

Classes of non-digestible oligosaccharides (NDOs) commercially available are cyclodextrins,
fructooligosaccharides (FOS), gentiooligosaccharides, glycosylsucrose and isomaltulose (also
known as palatinose). Other classes include lactulose, lactosucrose and maltooligosaccharides
(Sako et al., 1999). NDOs such as inulin, fructooligosaccharide, lactulose and dietary fibre are
common prebiotics (Davis & Milner, 2009). There are conflicting views on the prebiotic
classification of resistant starch. Some researchers classify it as a prebiotic (Douglas & Sanders,
2008) while others (Shah, 2004) differ, arguing that resistant starch is not digested by some
beneficial bacteria, and therefore cannot be classified as a prebiotic. Inulin and FOS are the
only NDOs that have been sufficiently studied to give adequate data to analyze their
functional properties (Roberfroid, 2000). Galacto-oligosaccharides (GOS), gluco-
oligosaccharides, lactulose, isomalto-oligosaccharides, raffinose, transgalacto-oligosaccharides,
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xylo-oligosaccharides, soya bean oligosaccharides and oat P-glucans are considered as
prebiotic candidates (Lomax & Calder, 2009). Other NGOs such as lactulose (Crittenden &
Playne, 1996) and xylobiose (Vazquez et al., 2000) are also included in the prebiotic category.
All the prebiotic candidates except maltooligosaccharides, glycosylsucrose and cyclodextrins
are reported as being bifidogenic (Ziemer & Gibson, 1998).

Prebiotics are found naturally in a number of materials. Honey, fruits and vegetables such
as artichoke, asparagus, banana, barley, chicory, garlic, leeks, oats, onion, rye, soybeans,
tomatoes and wheat are sources of non-digestible oligosaccharides, especially inulin (Davis
& Milner, 2009; Femia et al., 2002; Losada & Olleros, 2002; Manning & Gibson, 2004;
Mussatto & Mancilha, 2007; Sangeetha et al., 2005). They are also present in burdock,
Chinese chives, garlic, graminae (fodder grass), pine, even bacteria and yeasts (Bengmark et
al., 2001; Ziemer & Gibson, 1998). Honey and bamboo shoots are natural sources of
isomaltulose (Lina et al., 2002). Raffinose and stachyose can be found in soyabeans and other
leguminous seeds and pulses (Voragen, 1998). Milk is a good source of glycoproteins and
oligosaccharides (lacto-N-tetraose and lacto-N-neotetraose), including those believed to be
prebiotic (Alander et al., 2001; Newburg, 2000; Petschow & Talbott, 1991). Human milk
contains more galactooligosaccharides than cow’s milk. Oligosaccharides can be found in
levels as high as (12g/l), making them the third bulkiest constituent of human milk
(Newburg et al., 2004). Taking foods containing prebiotic oligosaccharides is not enough for
modulation of gut flora as they are present in only small concentrations in these foods.
Instead, prebiotics are extracted from these foods and transferred into more commonly
ingested foodstuffs like biscuits and other carbohydrate based materials (Taylor et al., 1999).

These natural compounds can also be produced commercially through enzyme hydrolysis
and extraction processes (Losada & Olleros, 2002; Mussatto & Mancilha, 2007; Sako et al.,
1999). The enzymes employed include $-D-fructofuranosidase or fructosyltransferase, which
joins the fructose molecules by means of transfructosylation mechanisms (Losada & Olleros,
2002). These mechanisms are employed for production of oligosaccharides with the
exception of raffinose, soybean oligosaccharides and lactulose (Mussatto & Mancilha, 2007;
Sako et al., 1999). Raffinose and soybean oligosaccharides are extracted directly from plant
materials using solvents such as water, aqueous methanol or ethanol (Johansen et al., 1996;
Mussatto & Mancilha, 2007). Lactulose is produced by enzymatic action of p-galactosidases
(E.C 3.2.1.23) on lactose. The glucose moiety is converted to a fructose residue by alkali
isomerization and the process results in a lactulose disaccharide (Villamiel et al., 2002).
Inulin can also be extracted from chicory (Cichorium intybus) and then partially hydrolyzed
to short-chain fructans (oligofructose) using inulase (E.C 3.2.1.7) or to long chain fructans by
applying an industrial separation technique (Roberfroid, 2000). Additionally, inulin type
fructans can be manufactured through transfer of fructosyl residue to and between sucrose
molecules using fungal fructosyl transferases (E.C 2.4.1.9) (Cummings & Roberfroid, 1997).
FOSs are manufactured from sucrose using the trans-fructosylation activity of p-
fructofuranosidase (E.C 3.2.1.26). Alternatively, FOS can are produced by controlled
enzymatic hydrolysis of inulin (Crittenden & Playne, 1996; Frost & Sullivan, 2000). Lactose
is also used in the industrial production of GOS through the transgalactosylation activity of
B-galactosidases (Sako et al., 1999). The production of FOS and GOS requires high
concentrations of the starting material for efficient transglycosylation (Park & Almeida,
1991). GOS are synthesized from lactose syrup using the enzyme [-galactosidase (Frost &
Sullivan, 2000; Gibson, 2004). They are neither hydrolyzed nor absorbed in the human
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intestine and act as a substrate for bifidobacteria (Frost & Sullivan, 2000). Soy
oligosaccharides are extracted directly from soybean whey. Their bifidogenecity has been
confirmed in humans (Frost & Sullivan, 2000).

3.1 Beneficial effects of prebiotics

In the last decade there have been numerous investigations on the health-promoting effects
of prebiotics. Bifidogenic oligosaccharides increase the level of nutrient supplementation
and enhance nutrient solubility (Farmer, 2002). Some of these effects include better mineral
absorption, alleviation of constipation and irritable bowel syndrome, protection against
colon cancer, enhancement of the immune system, anticarcinogenic effects and lowering of
cholesterol (Davis & Milner, 2009; Manning & Gibson, 2004; Tuohy et al., 2003; Venter,
2007). Supplementation of diet with oligofructose and inulin-type oligosaccharides
significantly lowers serum triglycerols and phospholipids. This hypotriacylyglycerolaemic
effect could be caused by a decrease in the concentration of plasma very low-density
lipoproteins (VLDL) (Delzenne et al., 1993; Fordaliso et al., 1995). Prebiotics acidifies colonic
contents by increasing the concentration of short-chain carboxylic acids. They also aid in
colonic absorption of minerals, particularly Mg2+ and Ca2*. Mineral absorption is promoted
through establishment of an osmotic effect whereby entry of water into the colon increases
dissolution of minerals (Roberfroid, 2000).

Ingestion of prebiotics is also associated with relief of constipation due to faecal bulking and
possible effects on intestinal motility, aiming at daily defecation. They suppress diarrhoea
when it is associated with intestinal infections. They also reduce the risk of osteoporosis
when improved bioavailability of calcium due to use of inulin-type fructans is followed by
significant increase in bone density and bone mineral content. Prebiotics reduce the risk of
obesity and possibly type-2 diabetes (van Loo et al., 1999).

Most of the studies on prebiotic effects on bone development have been done on animal
models, particularly rats (Scholz-Ahrens, 2007). In vivo studies carried out on humans
showed that inulin and oligofructose increase the absorption of calcium but not iron, zinc or
magnesium (Coudray et al., 1997). More research needs to be done to substantiate these
claims, including that of bowel cancer prevention (Ziemer & Gibson, 1996). Studies that
have been carried out on animal models so far have shown promise, though human studies
are required (Reddy et al., 1997; Rowland et al., 1998). It is vital for studies conducted in
vitro on prebiotic effects to be carried out in vivo in well-designed and reproducible
experiments.

Prebiotics, unlike probiotics, are not living organisms, and therefore they do not have
survival problems both in the products and the gut (Frost & Sullivan, 2000). Prebiotics have
an advantage over probiotics in that they are not affected by factors such as oxygen and heat
in industrial applications. This attribute led to increased interest in their health issues (Kolita
et al, 2002). Some commercially available prebiotic supplements are water-soluble.
Solubility in water allows their possible incorporation in any type of food and also renders
them undetectable once dissolved (Douglas & Sanders, 2008).

However their excess levels can cause symptoms such as flatulence, bloating and diarrhoea.
This may be caused by a change in osmotic potential or due to excessive fermentation.
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Undesirable effects occur when very high doses are ingested. This is advantageous as it
allows a relatively broad “therapeutic window”, i.e. the dose above the minimal effective
level (Holzapfel & Schillinger, 2002). However, FOSs are slightly laxative and produce
flatulence when taken in high doses (Losada & Olleros, 2002).

4. Synbiotics

Synbiotics are preparations containing a mixture of a probiotic and a prebiotic, or a
combination of probiotics and prebiotics (Davis & Milner, 2009; Holzapfel & Schillinger,
2002; Touhy et al., 2003). These preparations aim to improve the viability of the proven
probiotic in vivo as well as stimulate the indigenous gut microflora. They provide both the
beneficial microbial culture and a specific substrate that can be readily available for
fermentation by this culture (Gallaher & Khil, 1999). The presence of the readily fermentable
substrate could enhance the survival of the probiotic. The prebiotic ingredient could also
offer protection of probiotic against gastric acidity and proteolysis, probably through steric
hindrance and coating of the probiotic.

Synbiotic supplements available include combinations of bifidobacteria and FOS,
Lactobacillus GG and inulin and a combination of bifidobacteria lactobacilli with either FOS
or inulin. Fermented milks contain both live beneficial bacteria and fermentation products
that may positively stimulate the intestinal microflora also fall within this category.
Crittenden et al. (2006) encapsulated a B. infantis-FOS synbiotic within a film-forming
protein-carbohydrate-oil emulsion to improve its survival and viability during non-
refrigerated storage and GIT transit. Gallaher et al. (1996) observed a comparable synbiotic
effect with oligofructose and bifidobacteria. Lactobacilli/lacitol, and bifidobacteria/GOS
combinations have also been tried as synbiotics in addition to bifidobacteria/FOS
(Mountzouris et al.,, 2002). A well-known benefit of synbiotics is that they increase the
persistence of the probiotic in the GIT (Tuohy et al., 2003). The use of synbiotics has not been
extensively explored, though studies indicated positive results with regard to maintenance
of gut microflora (Shimizu et al., 2009). Their possible use for prevention of allergic diseases
is just an example of the studies that still needs to be covered (Johannsen & Prescott, 2009).

5. Conclusion

Probiotics are beneficial microorganism with a host of benefits for the consumer though
some of these benefits still have to be confirmed using clinical trials. There is however still a
problem of maintenance of viability of these cultures both in storage and in the
gastrointestinal tract. The search for methods that can protect and retain viability of
probiotic cultures is still on going. There are also concerns about the negative effects of
probiotics on sensitive consumers but there is insufficient evidence to support the raised
concerns. Prebiotics and synbiotics are alternative mechanisms for increasing the levels of
beneficial microorganisms in the gut.

6. References

Adams, M.R. & Moss, M.O., 2000. Food Microbiology. Second Edition, The Royal Society of
Biochemistry, Cambridge, UK, pp. 318-323.

www.intechopen.com



Probiotics — What They Are, Their Benefits and Challenges 37

Alakomi, H-L, Matto, ], Virkajarvi, I & Saarela, M 2005, “Application of a microplate scale
fluorochrome staining assay for the assessment of viability of probiotic
preparations’, Journal of Microbiological Methods 62, 25-35.

Alander M., Matto J., Kneifel W., Johansson M., Kégler B., Crittenden R., Mattila-Sandholm
T. & Saarela M. 2001. Effect of galactooligosaccharide supplementation on human
faecal microflora and on survival and persistence of Bifidobacterium lactis Bb-12 in
the gastrointestinal tract. International Dairy Journal 11, 817-825.

Alfredo S. 2004. Probiotics in the treatment of irritable bowel syndrome. Journal of Clinical
Gastroenterology 38, S104-5106.

Alm L. 1982. Effect of fermentation on lactose, glucose and galactose content in milk and
suitability of fermented milk products for lactose-deficient individuals. Journal of
Dairy Science 65, 346-352.

Al-Saleh, A.A., 2003. Growth, bile tolerance and enzyme profiles of various species of
Bifidobacteria. Internet:
http:/ /ift.confex.com/ift/2000/ techprogram/paper_2983.htm.

Anal AK. & Singh H. 2007. Recent advances in microencapsulation of probiotics for
industrial and applications and targeted delivery. Trends in Food Science &
Technology 18, 240-251.

Anal AK., Stevens W.F., & Remunan-Lopez C. 2006. Ionotropic cross-linked chitosan
microspheres for controlled release of ampicillin. International Journal of
Pharmaceutics 312, 166-173.

Annika, M., Tarja, S. & Outi, V., 2002. Combination of probiotics. World Patent no.
WO02060276.

Auty M.AE,, Gardiner G.E., McBrearty S.J., O’Sullivan O.E., Mulvihill D.M., Collins J.K.,
Fitzgerald G.F., Stanton C., Ross R.P. 2001. Direct in situ viability assessment of
bacteria in probiotic dairy products using viability staining in conjunction with
confocal scanning laser microscopy. Applied and Environmental Microbiology 67,
420-425

Bell L.N. 2001. Stability testing of nutraceuticals and functional foods. In R.E.C Wildman
(Ed.), Handbook of nutraceuticals and functional foods. New York: CRC Press, 501-
516

Bengmark, S., Garcia de Lorenzo, A. & Culebras, J.M., 2001. Use of pro-, pre-and synbiotics
in the ICU: Future options. Nutricién Hospitalaria. 6, 239-256.

BergogneBérézin, E., 2000. Treatment and prevention of antibiotic associated diarrhea.
International Journal of Antimicrobial Agents 16, 521-526.

Betoret, N., Puente, L., Diaz, M.]., Pagan, M.]., Garcia, M.]., Gras, M.L., Martinez-Monz¢, J. &
Fito, P., 2003. Development of probiotic-enriched dried fruits by vacuum
impregnation. Journal of Food Engineering 56, 273-277.

Biavati, B, Vescoco, M, Torriani, S & Bottazzi, V 2000, ‘Bifidobacteria: history, ecology,
physiology and applications’, Annals of Microbiology 50, 117-131.

Bielecka M., Biedrzycka E., Majkowska A. 2002. Selection of probiotics and probiotics for
synbiotics and confirmation of their in vivo effectiveness. Food Research
International 35, 125-131.

www.intechopen.com



38 New Advances in the Basic and Clinical Gastroenterology

Biggerstaff, J. P., Puil, M. L., WEidow, B. L., Prataer, J., Glass, K., Radosevich, M. & White,
D.C. 2006. New methodology for viability testing in environmental samples.
Molecular and Cellular probes 20, 141-146.

Bin-Nun A., Bromiker R., Wilschanski M., Kaplan M., Rudensky B., Caplan M., 2005. Oral
probiotics prevent necrotising enterocolitis in very low birth weight neonates.
Journal of Paediatrics 147, 192-196.

Borriello, S.P., Hammes, W.P., Holzapfel, W, Marteau, P, Schrezenmeir, J, Vaara, M &
Valtonen, V 2003, ‘Safety of probiotics that contain lactobacilli or bifidobacteria’,
Clinical Infectious Diseases 36, 775-780.

Bouhnik, Y., Vahedi, K., Achour, L., Attar, A., Salfati, J., Pochart, P., Marteau, P., Flourié, B.,
Bornet, F. & Rambaub, J-C., 1999. Short chain oligosaccharides administration dose
dependently increases bifidobacteria in healthy humans. Journal of Nutrition 129,
113-116.

Boulos, L., Prévost, M., Barbeau, B., Coallir, J., & Desjardins R. 1999. LIVE/DEAD ® BacLight
™: application of a new rapid staining method for direct enumeration of viable and
total bacteria in drinking water. Journal of Microbiological methods 37, 77-86.

Boyle, R.J, Robins-Browne, R.M & Tang, M.L.K 2006, Probiotic use in clinical practice: what
are the risks?, American Journal of Clinical Nutrition 83, 1256-1264.

Boylston, T.D., Vinderola, C.G., Ghoddusi, H.B. & Reinheimer, J.A., 2004. Incorporation of
bifidobacteria into cheeses: challenges and rewards. International Dairy Journal 14,
375-387.

Bunthof, C.J., Bloemen, K, Breeuwer, P, Rombouts, F.M & Abee, T 2001, ‘Flow Cytometric
Assessment of Viability of Lactic Acid Bacteria’, Applied and Environmental
Microbiology, vol. 67, no. 5, pp. 2326-2335.

Brannon-Peppas, L. 1997. Polymers in controlled drug delivery. Biomaterials 11, 1-14.

Brenner D.M., Moeller M.]., Chey W.D., Schoenfeld S. 2009. The utility of probiotics in the
treatment of irritable bowel syndrome: A systemic review. American journal of
Gastroenterology 104, 1033-1049.

Bryers, J.J. 1990. Biofilms in Biotechnology. In: Characklis, W.G., Marshall, K.C. (Eds.),
Biofilms, Wiley and Sons, New York, pp. 733-734.

Buller H.A. & Grand R.J. 1990. Lactose intolerance. Annual Reviews in Medicine 41, 141-148.

Champagne C.P and Raymond Y. 2008. Viability of Lactobacillus Rhamnosus R0011 in an
apple-based fruit juice under simulated storage at the consumer level. Journal of
Food Science 73, M221-M226.

Chan E.S. and Zhang Z. 2002. Encapsulation of probiotic Lactobacillus acidophilus by direct
compression. Food and Bioproducts Processing 80, 78-82.

Chandramouli V., Kailasapathy K., Peiris P., Jones M., 2004. An improved method of
microencapsulation and its evaluation to protect Lactobacillus spp. in simulated
gastric conditions. Journal of Microbiological Methods, 56, 27-36.

Charalampopoulos, D., Wang, R., Pandiella, S.S. & Webb, C., 2002. Application of cereals
and cereal components in functional foods: a review. International Journal of Food
Microbiology 79, 131-141.

Charteris W.P., Kelly P.M., Morelli L. & Collins J.K. 1998. Development and application of
an in vitro methodology to determine the transit tolerance of potentially probiotic

www.intechopen.com



Probiotics — What They Are, Their Benefits and Challenges 39

Lactobacillus and Bifidobacterium species in the upper human gastrointestinal
tract. Journal of Applied Microbiology 84, 759-768.

Chen, B.H. & Yao, Y.Q., 2002. Beneficial microbe composition, new protective material for
the microbes, method to prepare the same and uses thereof. US Patent 6368591.

Collins, E.B. & Hall, B.J., 1984. Growth of Bifidobacteria in milk and preparation of
Bifidobacterium infantis for a dietary adjunct. Journal of Dairy Science 67, 1376-1380.

Collins M.D. & Gibson G.R. 1999. Probiotics, prebiotics, and synbiotics: approaches for
modulating the microbial ecology of the gut. American Journal of Clinical Nutrition
69, 10525-10578S.

Collins J.K, Thornton G and Sullivan G.O. 1998. Selection of probiotic strains for human
applications. International Dairy Journal 8, 487-490.

Coudray C., Bellanger J., Catiglia-Delavaud C, Remesy C., Vermorel M. & Rayssignuier Y.
1997. Effect of soluble and partly soluble dietary fibre supplementation on
absorption and balance of calcium, magnesium, iron, and zinc in healthy young
men. European Journal of Clinical Nutrition 51, 375-380

Cremonini, F., Di Caro, S., Santarelli, L., Gabrielli, M., Candelli, M., Nista, E.C., Lupascu, A.,
Gasbarrini, G. & Gasbarrini, A., 2002. Probiotics in antibiotic-associated diarrhea.
Digestive and Liver Disease 21, S78-580.

Crittenden R.G & Playne M.]. 1996. Production, properties and applications of food grade
oligosaccharides. Trends in Food Science & Technology 7, 353-361.

Cummings J.H & Roberfroid M.B. 1997. A new look at dietary carbohydrate: chemistry,
physiology and health. European Journal of Clinical Nutrition 51, 417-442.

Dairy Council of California, 2003. Probiotics: Friendly Bacteria with a Host of Benefits.
Internet: http://www.dairycounsilofca.org/media/medi_topi_probio.htm. Access
date: 14/04/2003

Davis, D.C & Milner, J.A 2009, ‘Gastrointestinal microflora, food components and colon
cancer prevention’, Journal of Nutritional Biochemistry 20, 743-752.

Delzenne N.M., Kok N., Fiordaliso M.F, Deboyser D.M., Goethals F.M., Roberfroid M.B.
1993. Dietary fructooligosaccharides modify lipid metabolism. American Journal of
Clinical Nutrition 57, S820.

Dembczynski R. & Jankowski T. 2002. Growth characteristics and acidifying activity of
Lactobacillus rhamnosus in alginate/starch liquid-core capsules. Enzyme and
Microbial Technology 31, 111-115.

Demirbas, A., 2001. Supercritical fluid extraction and chemicals from biomass with
supercritical fluids. Energy Conversion and Management. 42, 279-294.

Desmond, C., Stanton, C., Fitzgerald, G.F., Collins, K. & Ross, R.P., 2002. Environmental
adaptation of probiotic lactobacilli towards improvement of performance during
spray drying. International Dairy Journal 12, 183-190.

Dinakar P. and Mistry V.V. 1994. Growth and viability of Bifidobacterium bifidum in cheddar
cheese. Journal of Dairy Science 77, 2854-2864.

Doherty S.B., Gee V.L., Ross R.P., Stanton C., Fitzgerald G.F., Brodkorb A. 2010. Efficacy of
whey protein gel networks as potential viability-enhancing scaffolds for cell
immobilisation of Lactobacillus rhamnosus GG. Journal of Microbiological
Methods 80, 231-241.

www.intechopen.com



40 New Advances in the Basic and Clinical Gastroenterology

Doleyres Y., Fliss 1., and Lacroix C. 2004. Increased stress tolerance of Bifidobacterium longum
and Lactococcus lactis produced during continuous mixed-strain immobilized-cell
fermentation. Journal of Applied Microbiology 97, 527-539.

Doleyres Y. & Lacroix C. 2005. Technologies with free and immobilised cells for probiotic
bifidobacteria production and protection. International Dairy Journal 15, 973-988.

Douglas L.C. and Sanders M.E. 2008. Probiotics and prebiotics in dietetics practice. Journal
of the American dietetic association 108, 510-521.

Dunne C., O'Mahony L., Murphy L., Thornton G., Morrissey D., O’'Halloran S.Feeney M.,
Flynn S., Fitzgerald G., Daly C., Kiely B., O’Sullivan G.C., ShanahanF. & Collins J.K.
2001. In vitro selection criteria for probiotic bacteria of human origin: correlation
with in vivo findings. American Journal of Clinical Nutrition 73, 3865-392S.

Food and Agriculture Organization of the United Nations (FAO). 2001. Health and
Nutritional Properties of Probiotics in Food including Powder Milk with Live
Lactic Acid Bacteria,
http:/ /www.who.int/foodsafety/ publications/fs_management/en/ probiotics.pdf

Farmer, S., 2002. Probiotic, lactic acid-producing bacteria and uses thereof. US Patent no.
6461607.

Fasoli, S., Marzotto, M., Rizzotti, L., Rossi, F., Dellaglio, F. & Torriani, S., 2003. Bacterial
composition of commercial probiotic products as evaluated by PCR-DGGE
analysis. International Journal of Food Microbiology 82, 59-70.

Femia, A.P., Luceri, C., Dolara, P., Giannini, A., Biggerei, A., Salvadori, M., Clune, Y.,
Collins, KJ., Paglierani, M. & Caderni, G., 2002. Antitumorigenic activity of the
prebiotic inulin enriched with oligofructose in combination with the probiotics
Lactobacillus rhamnosus and Bifidobacteriun lactis on azoxymethane-induced colon
carcinogenesis in rats. Carcinogenesis 23, 1953-1960.

Fernandes C.F., Shahani K.M., Amer M.A. 1987. Therapeutic role of dietary lactobacilli and
lactobacillic fermented dairy products. FEMS Microbiology Reviews 46, 343-356

Filoche S.K., Angker L., Coleman M.]., Sissons C.H., 2007. A fluorescence assay to determine
the viable biomass of microcosm dental plaque biofilms. Journal of Microbiological
Methods, 69, 3, 489-496.

Finch, C. A., 1993. Industrial Microencapsulation:Polymers for microcapsule walls. In:
Karsa, D. R., Stephenson, R. A. (Eds), Encapsulation and controlled release. The
Royal Society of Chemistry, Cambridge, pp. 1-12.

Flamm, G., Glinsmann, W., Kritchevsky, D., Prosky, L. & Roberfroid, M., 2001. Inulin and
oligofructose as dietary fiber: A review of the evidence. Critical Reviews in Food
Science and Nutrition 41, 353-362.

Fooks, L.J.,, Fuller, R. & Gibson G.R., 1999. Prebiotics, probiotics and human gut
microbiology. International Dairy Journal 9, 53-61.

Franjione J. & Vasishtha N. 1995. The art and science of microencapsulation, Technology
Today. Summer 1995.

Frederiksen L., Anton K., van Hoogevest P., Keller H.R., Leueberger H. 1997. Preparation of
liposomes encapsulating water-soluble compounds using supercritical carbon
dioxide. Journal of Pharmaceutical Sciences 86, 921-928 .

Fuller, R., 2003. Probiotics - what they are and what they do.
http:/ /www.positivehealth.com/permit/ Articles/ Nutrition/fuller32.htm.

www.intechopen.com



Probiotics — What They Are, Their Benefits and Challenges 41

Furrie E., Macfarlane S., Kennedy A., Cummings J.H., Walsh S.V., O’Niell D.A., Macfarlane
G.T. 2005. Synbiotic therapy (Bifidobacterium longum/Synergy 1) initiates resolution
of inflammation in patients with active ulcerative colitis: a randomised controlled
pilot trial. Gut 54, 242-249.

Gallaher, D.D. & Khil, J., 1999. The effect of synbiotics on colon carcinogenesis in rats.
Journal of Nutrition 129, 14835-14867S.

Gibbs, B.F., Kermasha, S., Alli, I. & Mulligan, C.N., 1999. Encapsulation in the food industry:
a review. International Journal of Food Sciences and Nutrition 50, 213-224.

Gibson, G.R & Fuller, R 2000, “Aspects of in vitro and in vivo research approaches directed
towards identifying probiotics and prebiotics for human use’, Journal of Nutrition,
130, 391-395.

Gibson G.R. & Roberfroid M.B. 1995. Dietary modulation of the human colonic
microbiota:introducing the concept of prebiotics. Journal of Nutrition 125, 1401-12.

Gibson G.R. Probert H.M., Van Loo ], Rastall R.J., Roberfroid M.B. 2004. Dietary
modulation of the human colonic microbiota: updating the concept of prebiotics.
Nutrition Research Reviews 17, 259-275.

Gionchetti P., Rizzello F., Venturi A., Brigidi P., Matteuzzi D., Bazzocchi G., Poggioli G.,
Miglioli M., Campieri M. 2000. Oral bacteriotherapy as maintenance treatment in
patients with chronic pouchitis: A double-blind, placebo-controlled trial.
Gastroenterology 119, 305-309.

Goldin, B.R., 1998. Health benefits of probiotics. British Journal of Nutrition 20, S202-5207.

Gomes A.M.P., Malcata F.X. 1999. Bifidobacterium spp and Lactobacillus: biological,
biochemical, technological, and therapeutical properties relevant for use as
probiotics. Trends in Food science and technology 10, 139-157.

Gorbach S.L. 1997. Health benefits of probiotics. IFT Annual Meeting, Orlando, FL, Abstract
73-1.

Guarner F. & Schaafsma G.J. 1998. Probiotics. International Journal of Food Microbiology 39,
237-238.

Guandalini S., Pensabene L., Zikri M.A., Dias J.A., Casali L.G., Hoekstra H 2000. Lactobacillus
GG administered in oral rehydration solution to children with acute diarrhea: A
multicenter European trial. Journal of Paediatric Gastroenterology and Nutrition
30, 214-216.

Gupta P., Andrew H., Kirschner B.S., Guandalini S. 2000. Is Lactobacillus GG helpful in
children with Crohn’s disease? Results of a preliminary, open-label study. Journal
of Paediatric Gastroenterology and Nutrition 31, 453-457.

Hamilton-Miller J.M.T., Shah S., Winkler J.T. 1999. Public health issues arising from
microbiological and labelling quality of foods and supplements containing
probiotic microorganisms. Public Health Nutrition 2, 223-229.

Hanauer S.B. 2006. Inflammatory bowel disease: Epidemiology, pathogenesis, and
therapeutic opportunities. Inflammatory Bowel Diseases 12, S3-S9.

Hansen, L.T., Allan-Wojtas, P.M., Jin, Y.-L. & Paulson, A.T., 2002. Survival of Ca-alginate
microencapsulated Bifidobacterium spp. in milk and simulated gastrointestinal
conditions. Food Microbiology 19, 35-45.

www.intechopen.com



42 New Advances in the Basic and Clinical Gastroenterology

Hargrove R.E. and Alford J.A. 1978. Growth rate and feed efficiency of rats fed yoghurt and
other fermented milks. Journal of Dairy Science 61, 11-19.

Harish, K. & Varghese, T., 2006. Probiotics in humans - evidence based review. Calicut
Medical Journal 4, e3.

Havenaar R., & Huis int'Veld J.H.J. 1992. Probiotics: a general view. The Lactic Acid Bacteria
in Health and Disease (Wood BJB, ed), pp. 209-224. Chapman & Hall, New York.

Heidibach T., Forst P. & Kulozik U. 2009. Microencapsulation pf probiotic cells by means of
rennet-gelation of milk-proteins. Food Hydrocolloids 23, 1670-1677.

Helin T., Haahtela S. & Haahtela T. 2002. No effect of oral treatment with an intestinal
bacterial strain, Lactobacillus rhamnosus (ATCC 53103), on birch-pollen allergy: a
placebo-controlled double-blind study. Allergy 57, 243-246

Hénon, F.E., Camaiti, M., Burke, A.L.C., Carbonell, R.G., DeSimone, ].M. & Piacenti, F., 1999.
Supercritical CO; as a solvent for polymeric stone protective materials. Journal of
Supercritical fluids 15, 173-179.

Holgate S.T., 1999. The epidermic of allergy and asthma. Nature 402, B2-B4.

Holzapfel, W.H. & Schillinger, U., 2002. Introduction to pre- and probiotics. Food Research
International 35, 109-116.

Hoyos A.B. 1999. Reduced incidence of necrotising enterocolitis associated with enteral
administration of Lactobacillus acidophilus and Bifidobacterium infantis to neonates in
an intensive care unit. International Journal of Infectious Diseases 3, 197-202.

Isolauri, E., Arvola, T., Sutas, Y., Moilanen, E. & Salminen, S., 2000. Probiotics in the
management of atopic eczema. Clinical and Experimental Allergy 30, 1604-1610.

Jankovic I, Sybesma W., Phothirath P., Ananta E., Mercenier A. 2010. Application of
probiotics in food products-challenges and new approaches. Current Opinion in
Biotechnology 21, 175-181Johansen H.N., Glitso V., & Knudsen K.E.B. 1996.
Influence of extraction solvent and temperature on the quantitative determination
of oligosaccharides from plant materials by high-performance liquid
chromatography. Journal of Agricultural and Food Chemistry 44, 1470-1474

Johannsen H. & Prescott S.L. 2009. Practical prebiotics, probiotics and synbiotics for
allergists: how useful are they? Clinical and experimental allergy 39, 1801-1814.

Kailasapathy, K. & Chin. J., 2000. Survival and therapeutic potential of probiotic organisms
with reference to Lactobacillus acidophilus and Bifidobacterium spp. Immunology and
Cell Biology 78, 80-88.

Kailasapathy K. & Rybka S. 1997. Lactobacillus acidophilus and Bifidobacterium spp.: Their
therapeutic potential and survival in yoghurt. The Australian Journal of Dairy
Technology 52, 28-35.

Kalai, V., 1996. Probiotic characteristics of Bifidobacteria spp. by in vitro assessment. PhD
thesis. Universiti Pitra Malaysia.

Kalliomaki, M., Salminen, S., Arvilomni, H., Kero, P., Koskinen, P. & Isolauri, E., 2001.
Probiotics in primary prevention of atopic disease: a randomised placebo-
controlled trial. Lancet 357, 1076-1079.

Kalliomaki M., Salminen S., Poussa T., Arvilommi H., Isolauri E. 2003. Probiotics and
prevention of atopic disease: 4-year follow-up of a randomised placebo-controlled
trial. The Lancet 361, 1869-187.

www.intechopen.com



Probiotics — What They Are, Their Benefits and Challenges 43

Kanafani, H. & Mize L., 2002. Process for producing extended shelf life ready-to-use milk
compositions containing probiotics. World patent no: W0O02102168.

Kiepling, G., Schneider, J. & Jahreis, G., 2002. Long-term consumption of fermented dairy
products over 6 months increases HDL cholesterol. European Journal of Clinical
Nutrition 56, 843-849.

Kim, H.S., Kamara, B.J., Good, I.C. & Enders Jr, G.L., 1988. Method for preparation of stabile
microencapsulated lactic acid bacteria. Journal of Industrial Microbiology 9, 253-
257.

Kimoto-Nira H., Mizumachi K., Nomura M., Kobayashi M., Fujita Y., Okamoto T., Suzuki I.,
Tsuji N.M., Kurisaki J., and Ohmomo S. 2007. Review: Lactococcus sp. as potential
probiotic lactic acid bacteria. Japan Agricultural Research Quarterly 41, 181-189.

Kolida, S, Saulnier, D.M & Gibson, G.R 2006, ‘Gastrointestinal Microflora: Probiotics’,
Advances in Applied Microbiology 59, 187-219.

Kotowska, M., Albrecht, P. & Szajewska, H., 2005. Saccharomyces boulardii in the prevention
of antibiotic-associated diarrhea in children: a randomized double-blind placebo-
controlled trial. Alimentary Pharmacology and Therapeutics 21, 583-590.

Kramer M., Obermajer N., Matijasic B.B., Rogelj 1., Kmetec V. 2009. Quantification of live
and dead probiotic bacteria in lyophilised product by real-time PCR and by flow
cytometry. Applied Genetics and Molecular Biotechnology 84, 1137-1147.

Krasaekoopt W., Bhandari B., Deeth H., 2003. Evaluation of encapsulation techniques of
probiotics for yoghurt. International Dairy Journal, 13, 3-13.

Kunz, A.N., Noel, ].M & Fairchock, M.P 2004, “Two cases of Lactobacillus bacteremia during
probiotic treatment of short gut syndrome’, Journal of Pediatric Gastro-enterol
Nutrition 38, 457-458.

Lacroix C. & Yildirim S. 2007. Fermentation technologies for the production of probiotics
with high viability and functionality. Current Opinion in Biotechnology 18, 176-
183.

Lahtinen, S.J., Gueimande, M., Ouwehand A. C., Reinikainen, J. P & Salminen, S.J. 2006.
Comparison of four methods to enumerate probiotic bifidobacteria in a fermented
food product. Food Microbiology 23, 571-577.

Leahy, S.C., Higgins, D.G., Fitzgerald, G.F. & van Sinderen, D., 2005. Getting better with
bifidobacteria. Journal of Applied Microbiology 98, 1303-1315.

Lee Y.K and Salminen S. 1995. The coming of age of probiotics. Trends in Food science &
Technology 6, 241-245.

Lian, W.-C., Hsiao, H.-C. & Chou, C.-C., 2002. Viability of encapsulated bifidobacteria in
simulated gastric juice and bile solution. International Journal of Food
Microbiology 2679, 1-9.

Lomax A.R., and Calder P.C. 2009. Prebiotics, immune function, infection and inflammation:
a review of the evidence. British Journal of Nutrition 101, 633-658.

Losada, M.A. & Olleros, T., 2002. Towards a healthier diet for the colon: the influence of
fructooligosaccharides and lactobacilli on intestinal health. Nutrition Research 22,
71-84.

Lourens-Hattingh A. & Viljoen B. C. 2001. Review: Yoghurt as probiotic carrier food.
International Dairy Journal 11, 1-17.

www.intechopen.com



44 New Advances in the Basic and Clinical Gastroenterology

Luchansky, J.B. & Tsai, S., 1999. Probiotic bifidobacterium strain. US Patent no. 5902743.

Lund B., and Edlund C. 2001. Probiotic Enterococcus faecium strain is a possible recipient of
the vanA gene cluster. Clinical Infectious Diseases 32, 1384-1385.

Madden J.A.J and Hunter O. 2002. A review of the role of gut microflora in irritable bowel
syndrome and the effects of probiotics. British Journal of Nutrition 88, S67-572.

Ma D., Forsythe P., Bienenstock J. 2004. Live Lactobacillus reuteri is essential for the inhibitory
effect on tumour necrosis alpha-induced interleukin-8 expression. Infection and
Immunity 72, 5308-5314.

Mackay, A.D., Taylor, M.D., Kibbler, C.C & Hamilton-Miller, ].M 1999, * Lactobacillus
endocarditis caused by a probiotic organism’, Clinical Microbial Infections, vol. 5,
pp- 290-292.

Mamvura, C. I, Moolman, F. S., Kalombo,L., Hall, A. N. & Thantsha, M. S, Characterisation
of the Poly-vinylpyrrolidone)-Poly-(vinylacetate-Co-Crotonic Acid) (PVP:PVAc-
CA) interpolymer complex matrix microparticles encapsulating a Bifidobacterium
lactis Bb12 probiotic Strain. Probiotics & Antimicrobial Proteins(2011) 3:97-102.

Manning, T.S & Gibson, G.R 2004, ‘Microbial-gut interactions in health and disease.
Prebiotics’, Best Practice and Research. Clinical Gastroenterology, vol. 18, no. 2, pp.
287-298.

Marteau, P.R.,, de Vrese, M., Cellier, CJ. & Schreimeir, J., 2001. Protection from
gastrointestinal diseases with the use of probiotics!3, American Journal of Clinical
Nutrition 73, 4305-436S.

Masco L., Huys G., De Brandt E., Temmerman R., Swnings J. 2005. Culture-dependent and
culture-independent qualitative analysis of probiotic products claimed to contain
bifidobacteria. International Journal of Food Microbiology 102, 221-230.

Matilla-Sandholm, T., Mylldrinen, P., Crittenden, R., Mogensen, G., Fondén, R. & Saarela,
M., 2002. Technological challenges for future probiotic foods. International Dairy
Journal 12, 173-182.

McDonough F., Wells P., Wong N., Hitchins A., Bodewell C. 1983. Role of vitamins and
minerals in growth stimulation of rats fed with yoghurt. Federation Proceedings 42,
556-558.

McNaught, C.E. & MacFie, J., 2001. Probiotics in clinical practice: a critical review of
evidence. Nutrition Research 21, 343-353.

Meurman ]J.H and Stamatova 1. 2007. Probiotics: contributions to oral health. Oral diseases
13, 443-451.

Mirkin, M.D., 2002. Atopic dermatitis eczema:
http:/ /www.drmirkin.com/morehealth/G108.htm.

Mombelli, B. & Gismondo, M.R.,, 2000. The use of probiotics in medical practice.
International Journal of Antimicrobial Agents 16, 531-536.

Moshashaee S., Bisrat M., Forbes R.T., Nyqvist H., York P. 2000. Supercritical fluid
processing of proteins 1: Lysozyme precipitation from organic solution. European
Journal of Pharmaceutical Sciences 11, 239-245.

Moolman F. S., Labuschagne P.W., Thantsha M.S., Rolfes H., Cloete T.E. 2006. Encapsulating
probiotics with an interpolymer complex in supercritical carbon dioxide. South
African Journal of Science 102, 349-354.

www.intechopen.com



Probiotics — What They Are, Their Benefits and Challenges 45

Mountzouris K.C., McCartney A.L., and Gibson G.R. 2002. Intestinal microflora of human
infants and current trends for its nutritional information: Review. British Journal of
Nutrition 87, 405-420.

Mussato S.I. and Mancilha LM. 2007. Non-digestible oligosaccharides: A review.
Carbohydrate polymers 68, 587-597.

Newburg D.S. 2000. Oligosaccharides in human milk and bacterial colonisation. Journal of
Paediatric Gastroenterology and Nutrition 30, S8- S17.

Newburg D.S., Ruiz-Palacios G.M.L.,Altaye M., Chaturvedi P., Meinzen-Derr J., de Lourdes
Guerrero M., Morrow A.L. 2004. Innate protection conferred by fucosylated
oligosaccharides of human milk against diarrhea in breastfed infants. Glycobiology
14, 253-263.

Niro Inc, 2004. http:/ /www .niroinc.com/html/drying/fdspraychem.html.

Nocker A., Mazza A., Masson L., Camper A.K., Brousseau R. 2009. Selective detection of live
bacteria combining propidium monoazide sample treatment with microarray
technology. Journal of Microbiological Methods 76, 253-261.

Nutraceutix, 2001. Nutraceutix Probiotics. Internet: http:/ /www.nutraceutix.com.

O’'Mahony L., McCarthy J., Kelly P., Hurley G., Luo F., Chen K., O’Sullivan G.C,, Kiely B.,
Collins ]J.K., Shanahan F., Quigley E.M. 2005. Lactobacillus and bifidobacterium in
irritable bowel syndrome: symptom responses and relationship to cytokine
profiles. Gastroenterology 128, 541-551.

Orban, J.I & Patterson, J.A., 2000. Modification of the phosphoketolase assay for rapid
identification of bifidobacteria. Journal of Microbiological Methods 40, 221-224.

Ouwenhand, A.C., Langstrom, H., Suomalainen, T. & Salminen, S. 2002. Effects of probiotics
on constipation, fecal azoreductase activity and fecal mucin content in the elderly.
Annals of Nutrition and Metabolism 46, 159-162.

Ozer B., Kirmaci H.A., Senel E., Atamer M., Hayaloglu A. 2009. Improving the viability of
Bifidobacterium bifidus BB-12 and Lactobacillus acidophilus LA-5 in white-brined
cheese by microencapsulation. International Dairy Journal 19, 22-29.

Parracho H., McCartney A.L., & Gibson G.R. 2007. Probiotics and prebiotics in infant
nutrition. Proceedings of the Nutrition Society 66, 405-411.

Park, J. K. & Chang, H.N., 2000. Microencapsulation of microbial cells. Biotechnology
Advances 18, 303-319.

Park, J., Um, J.,, Lee, B.,, Goh, J., Park, S, Kim, W. & Kim, P., 2002. Encapsulated
Bifidobacterium bifidum potentiates intestinal IgA production. Cellular Immunology
219, 22-27.

Parvez S., Malik KA., Kang S.A and Kim H.Y. 2006. Probiotics and their fermented food
products are beneficial for health. Journal of Applied Microbiology 100, 1171-1185.

Percival, M., 1997. Choosing a probiotic supplement. Clinical Nutrition Insights 6, 1-4.

Petschow B.W and Talbott R.D. 1991. Response of Bifidobacterium species to growth
promoters in human and cow milk. Paediatric Research 29, 208-213.

Phillips, C. R. & Poon, Y. N., 1988. Biotechnology Monographs. Immobilization of cells.
Volume 5, Springer-Verlag, Germany. pp. 11; 50-64.

www.intechopen.com



46 New Advances in the Basic and Clinical Gastroenterology

Picot A., Lacroix C., 2004. Encapsulation of bifidobacteria in whey protein-based
microcapsules and survival in simulated gastrointestinal conditions and in
yoghurt. International Dairy Journal, 14, 505-515.

Porubcan, R.S. & Sellars, R.L., 1975. Stabilized dry cultures of lactic acid-producing bacteria.
US Patent no. 3897307.

Power D.A., Burton J.P., Chilcott C.N., Dawes P.]., Tagg J.R. 2008. Preliminary investigations
of the colonization of upper respiratory tract tissues of infants using a paediatric
formulation of the oral probiotic Streptococcus salivarius K12. European Journal of
Clinical Microbiology and Infectious Diseases 27, 1261-1263.

Prasad J., Gill H., Smart J. and Gopal P.K. 1998. Selection and characterization of Lactobacillus
and Bifidobacterium strains for use as probiotics. International Dairy Journal 8, 993-
1002.

Proviva, 2002. Health professionals. Documented beneficial effects.
www.proviva.co.uk/hp_doc_ben.htm.

Rattes A.L.R. & Oliveira W.P., 2004. Spray-drying as a method for microparticulate modified
release systems preparation. Proceedings of the 14th International Drying
Symposium(IDS 2004), Sao Paulo, Brazil, Vol B, pp. 1112-1119.

Ramakrishna S.V. & Prakasham, R.S., 1999. Microbial fermentations with immobilized cells.
Current Science 77, 87-100.

Reddy D.S., Hamid R & Rao C.V. 1997. Effect of dietary oligofructose and inulin on colonic
preneoplastic aberrant crypt foci inhibition. Carcinogenesis 18, 1371-1374.

Reid, G 2006, ‘Safe and efficacious probiotics: what are they?’,Trends in Microbiology, vol. 14,
no. 8, pp. 348-352.

Reid G., Jass J., Sebulsky M.T., McCormick J.K. 2003. Potential uses of probiotics in clinical
practice. Clinical Microbiology Reviews 16, 658-672.

Reineccius G. A. 1988. Spray-drying of Food flavours. In Risch, S. J., Reineccius G. A. (eds).
Flavor encapsulation. American chemical society, Washington DC. pp. 55-66.

Richardson, D., 1996. Probiotics and product innovation. Nutrition and Food Science 4, 27-
33.

Ridlon, J.M., Kang, D.J. & Hylemon, P.B., 2006. Bile salt biotransformations by human
intestinal bacteria. Journal of Lipid Research 47, 241-259.

Roberfroid, M. B., 1998. Prebiotics and synbiotics: concepts and nutritional properties.
British Journal of Nutrition 80, S197-S202.

Roberfroid, M.B 2000, ‘Prebiotics and probiotics: are they functional foods?’, American
Journal of Clinical Nutrition, vol. 7, pp. 1682- 1687.

Rowland LR., Rumney C.J., Coutts ].T. & Lievense L. 1998. Effect of Bifidobacterium longum
and inulin on gut bacterial metabolism and carcinogen induced aberrant crypt foci
in rats. Carcinogenesis 2, 281-285.

Roy, D 2001, “Media for the isolation and enumeration of bifidobacteria in dairy products’,
International Journal of Food Microbiology, 69, 167-182.

Rozada-Sanchez R., Sattur A.P., Thomas K., Pandiella S.S. 2007. Evaluation of Bifidobacterium
spp. for the production of a potentially probiotic malt-based beverage. Process
Biochemistry 43, 848-854.

www.intechopen.com



Probiotics — What They Are, Their Benefits and Challenges 47

Ruiz-Moyano S., Martin A., Benito M.J., Nevado F.P., de Guia Cordoba M. 2008. Screening
of lactic acid bacteria and bifidobacteria for potential probiotic use in Iberian dry
fermented sausages. Meat Science 80, 715-721.

Saarela, M., Mogensen, G., Fondén, R., Mitto, J. & Mattila-Sandholm, T., 2000. Probiotic
bacteria: safety, functional and technological properties. Journal of Biotechnology
84, 197-215.

Saikali, J., Picard, C., Freitas, M. & Holt, P., 2004. Fermented milks, probiotic cultures, and
colon cancer. Nutrition and Cancer 49, 14-24.

Sakai, K., Mishima, C., Tachiki, T., Kumagai, H. & Tochikura, T., 1987. Mortality of
bifidobacteria in boiled yoghurt. Journal of Fermented Technique 65, 215-220.

Sako T., Matsumoto K. and Tanaka R. 1999. Recent progress on research and applications of
non-digestible galacto-oligosaccharides. International Dairy Journal 9, 69-80.

Salminen, S.,, Ouwehand, A.C. & Isolauri, E., 1998a. Clinical applications of probiotic
bacteria. International Dairy Journal 8, 563-572.

Salminen, S., Bouley, C., Boutron-Ruault, M.C., Cummings, ]J.H., Frank, A., Gibson, G.R.,
Isolauri, E., Moreau, M.C., Roberfroid, M. & Rowland, 1., 1998b. Functional food
science and gastrointestinal physiology and function. British Journal of Nutrition
80, S147-5171.

Salminen, S, Ouwehand, A, Benno, Y & Lee, Y.K 1999, ‘Probiotics: how should they be
defined?’, Trends in Food Science & Technology 10, 107-110.

Sanders, M.E., 1999. Probiotics. Food Technology 53, 67-77.

Sanders, M.E.,, Akkermans, L. M.A., Haller, D., Hammerman, C., Heimbach, ]J.,
Hormannsperger, G., Huys, G., Levy, D.D., Lutgendorff, F., Mack, D., Phothirath,
P., Solano-Aguilar, G & Vaughan, E., 2010. Safety assessment of probiotics for
human use. Gut microbes 1, 164-185.

Sangeetha P.T., Ramesh M.N., Prapulla S.G. 2005. Recent trends in the microbial production,
analysis and application of fructooligosaccharides. Trends in Food Science &
Technology 16, 442-457.

Sarrade, S., Guizard, C. & Rios, G.M., 2003. New applications of supercritical fluids and
supercritical fluid processes in separation. Separation and Purification Technology
32, 57-63.

Saxelin M., Grenov B., Svensson U., Fondén R., Reniero R. and Mattila-Sandholm T., 1999.
The technology of probiotics. Trends in Food Science & Technology 10, 387-392

Sazawal S., Hiremath G., Dhinga U., Malik P., Deb S., & Black R.E. 2006. Efficacy of
probiotics in prevention of acute diarrhea: A meta-analysis of masked, randomised,
placebo-controlled trials. The Lancet Infectious Diseases 6, 374-382.

Schrezenmeir, J. & de Vrese, M., 2001. Probiotics, prebiotics and synbiotics:Approaching a
definition. American Journal of Clinical Nutrition 73, 3615-364S.

Scrimshaw T.M., & Murray E.B. 1988. The acceptability of milk and milk products in
populations with a high prevalence of lactose intolerance. American Journal of
Clinical Nutrition 48, 10795-1159S.

Sheehan V.M., Sleator R.D., Fitzgerald G.F. and Hill C. 2006. Heterologous expression of
Betl, a betaine uptake system, enhances the stress tolerance of Lactobacillus
salivarius UCC118. Applied Enviromental Microbiology 72, 2170-2177.

www.intechopen.com



48 New Advances in the Basic and Clinical Gastroenterology

Sheehan V.M., Ross P. and Fitzgerald G.F. 2007. Assessing the acid tolerance and
technological robustness of probiotic cultures for fortification in fruit juices.
Innovative Food Science and Emerging Technologies 8, 279-284.

Shah N.P. 1993. Effectiveness of dairy products in alleviation of lactose intolerance. Food
Australia 45, 268-271.

Shah N.P. 2000. Some beneficial effects of probiotic bacteria. Bioscience Microflora 19, 99-
106.

Shah N.P 2002. The exopolysaccharides production by starter cultures and their influence on
textural characteristics of fermented milks. Symposium on New Developments in
Technology of Fermented Milks. International Dairy Journal, 3rd June, Comwell
Scanticon, Kolding, Denmark. Abstract p5.

Shah N.P. 2004. Probiotics and prebiotics. Agrofood Industry HiTech 15, 13-16.

Shah N.P. 2007. Functional cultures and health benefits (Review). International dairy Journal
17,1262-1277.

Shiel B., McCarthy J., O'Mahony L., Bennett M.W., Ryan P., Fitzgibbon ].J., Kiely B., Collins
J.K., Shanahan F. 2004. Is the mucosal route of administration essential for probiotic
function? Subcutaneous administration is associated with attenuation of murine
colitis and arthritis. Gut 53, 694-700.

Sihvonen, M., Jarvenpdd, E., Hietaniemi, V. & Huopalahti, R., 1999. Advances in
supercritical carbon dioxide technologies. Trends in Food Science and Technology
10, 217-222.

Siuta-Cruce, P. & Goulet, J., 2001. Improving probiotic microorganisms in food systems.
Food Technology 55, 36-42.

Sleator R.D. and Hill C. 2007. New frontiers in probiotic research. Letters in Applied
Microbiology 46, 143-147.

Stormo, K.E. & Crawford, R.L., 1992. Preparation of encapsulated microbial cells for
environmental applications. Applied and Environmental Microbiology 58, 727-730.

Sullivan, A & Nord, C.E., 2002. Probiotics in human infections. Journal of Antimicrobial
Chemotherapy 50, 625-627.

Sullivan A. & Nord C.E. 2005. Probiotics and gastrointestinal diseases. Journal of Internal
Medicine 257, 78-92.

Sultana, K., Godward, G., Reynolds, N., Arumugaswamy, R., Peiris, P. & Kailasapathy, K.,
2000. Encapsulation of probiotic bacteria with alginate-starch and evaluation of
survival in simulated gastrointestinal conditions and in yoghurt. International
Journal of Food Microbiology 62, 47-55.

Talwalkar, A., Kailasapathy, K., Peirs, P. & Arumugaswamy, R., 2001. Application of RBGR-
a simple way for screening of oxygen tolerance in probiotic bacteria. International
Journal of Food Microbiology 71, 245-248.

Tannock G.W., 2001. Molecular assessment of intestinal microflora. American Journal of
Clinical Nutrition 73 (Supplement 2) 410S- 414S.

Taylor, S.A, Steer, T.E. & Gibson, G.R., 1999. Diet bacteria and colonic cancer. Nutrition and
Food Science 4, 187-191.

www.intechopen.com



Probiotics — What They Are, Their Benefits and Challenges 49

Temmerman R., Pot B., Huys G., Swings ]J. 2003a. Identification and antibiotic susceptibility
of bacterial isolates from probiotic products. International Journal of Food
Microbiology 81, 1-10.

Thantsha M.S., Cloete T.E., Moolman F.S., Labuschagne P.W., 2009. Supercritical carbon
dioxide interpolymer complexes improve survival of B. longum Bb-46 in simulated
gastrointestinal fluids. International Journal of Food Microbiology, 129, 83-92.

Theuer, R.C. & Cool, M.B., 1998. Fructan-containing baby food compositions and methods
therefore. US Patent no. 5840361.

Touhy, K.M., Probert, HM., Smejkal, CW. & Gibson, G.R., 2003. Using probiotics and
prebiotics to improve gut health. Drug Discovery Today 8, 692-700.

Vandenplas Y., Nel E., Watermeyer G.A., Walele A., Wittenberg D., Zuckerman M. 2007.
Probiotics in infectious diarrhea: are they indicated? A review focusing on
Saccharomyces boulardii: review. South African Journal of Child Health 1, 116-119.

Vanderhoof J.A. and Young R.J. 2003. Role of probiotics in the management of patients with
food allergy. Annals of Allergy, Asthma and Immunology 90, 99-103

Van Loo J.,, Cummings J., Delzenne N., Englyst H., Franck A., Hopkins M., Kok N.,
Macfarlane G., Newton D., Quigley M., Roberfroid M., van Vliet T., van den
Heuvel E. 1999. Functional food properties of non-digestible oligosaccharides: a
consensus report from the ENDO project (DGXII AIRII-CT94-1095). British Journal
of Nutrition 81, 121-132.

Vasiljevic T. and Shah N.P. 2008. Probiotics-from Metchnikoff to bioactives. International
Dairy Journal 18, 714-728.

Vasishtha, N., 2003. Microencapsulation: Delivering a market advantage. Internet:
http/ /www.preparedfoods.com

Vazquez M.J.,, Alonso J.L., Dominguez H. Parajo J.C. 2000. Xylooligosaccharides:
Manufacture and applications. Trends in Food Science & Technology 11, 387-393.

Veal, D. A,, Deere, D., Ferrari, B., Piper, ]. & Atfield, PV. 2000. Fluorescence staining and
flow cytometry for monitoring microbial cells. Journal of Immunological methods
243, 191-210.

Venter, C.S 2007, ‘Prebiotics: an update’, Journal of Family Ecology and Consumer Science
35, 17-25.

Vesa, T.H., Marteau, P. & Korpela, R., 2000. Lactose intolerance. Journal of the American
College of Nutrition 19, 1655-175S.

Versic, R. J., 1988. Flavor encapsulation: an overview. In Risch, S. J., Reineccius G. A. (eds).
Flavor encapsulation. American chemical society, Washington DC. pp. 1-6.
Vidhyalakshmi R., Bhakyaraj R., Subhasree R.S., 2009. Encapsulation “The Future of

Probiotics”-A Review. Advances in Biological Research, 3, 96-103.

Villamiel M., Corzo N., Foda M.L.,, Montes F., Olano A. 2002. Lactulose formation catalysed
by alkaline-substituted sepiolites in milk permeate. Food Chemistry 76, 7-11.

Vliagoftis H., Kouranos V.D., Betsi G.I., Falagas M.E. 2008. Probiotics for the treatment of
allergic rhinitis and asthma: systemic review of randomized controlled trials.
Annals of Allergy and Asthma Immunology 101, 570-579.

Vives-Rego, J., Lebaron, P. & Nebe-von Caron, G. 2000. Current and future applications of
flow cytometry in aquatic microbiology. FEMS Microbiology Reviews 24, 429-448.

www.intechopen.com



50 New Advances in the Basic and Clinical Gastroenterology

Voragen A.G.J. 1998. Technological aspects of functional food-related carbohydrates. Trends
in Food Science & Technology 9, 328-335.

Wabhlqvist, M., 2002. Prebiotics and Probiotics. www.healthyeatingclub.com.

Worthington, J.H., Bolger, ].M. & Rudolph, M.]., 2001. Edible product with live and active
probiotics. World patent no. WO0162099.

Zhang L., Li N., Caicedo R., Neu J. 2005. Alive and dead Lactobacillus rhamnosus GG decrease
tumour necrosis factor-alpha-induced interleukin-8 production in Caco-2 cells.
Journal of Nutrition 135, 1752-1756.

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

www.intechopen.com



. New Advances in the Basic and Clinical Gastroenterology
NEW ADVANCES iIN

THE BASIC Edited by Prof. Tomasz Brzozowski

AND CLINICAL
GASTROENTEROLOGY

Hcited by Tomass Braorowski

ISBN 978-953-51-0521-3

Hard cover, 546 pages

Publisher InTech

Published online 18, April, 2012
Published in print edition April, 2012

The purpose of this book was to present the integrative, basic and clinical approaches based on recent
developments in the field of gastroenterology. The most important advances in the pathophysiology and
treatment of gastrointestinal disorders are discussed including; gastroesophageal reflux disease (GERD),
peptic ulcer disease, irritable bowel disease (IBD), NSAIDs-induced gastroenteropathy and pancreatitis.
Special focus was addressed to microbial aspects in the gut including recent achievements in the
understanding of function of probiotic bacteria, their interaction with gastrointestinal epithelium and usefulness
in the treatment of human disorders. We hope that this book will provide relevant new information useful to
clinicians and basic scientists as well as to medical students, all looking for new advancements in the field of
gastroenterology.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

M.S. Thantsha, C.l. Mamvura and J. Booyens (2012). Probiotics - What They Are, Their Benefits and
Challenges, New Advances in the Basic and Clinical Gastroenterology, Prof. Tomasz Brzozowski (Ed.), ISBN:
978-953-51-0521-3, InTech, Available from: http://www.intechopen.com/books/new-advances-in-the-basic-
and-clinical-gastroenterology/probiotics-what-they-are-their-benefits-and-challenges-

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




