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Abstract

An intense acceptance of functional foods due to consumer’s demand, social attitudes, scientific evidence of the human
health benefits of a particular ingredient coupled with commercially driven interest to add value to existing foods have pro-
jected probiotics as a new way in the current era of self-care and complementary medicine. Diverse functional properties
of probiotics led their incorporation into conventional, dietary supplements and medicinal foods and must be ingested in
sufficient quantities to exert health benefits but are often present at lower levels as per the label claims. Worldwide regula-
tions related to probiotics are incoherent and adoption of assay techniques are inconsistent, therefore establishment and re-
inforcement of a quality assurance program to ensure “Standard of Identity” for adopting the label “Probiotic” is emerging.

Introduction

Fermentation employing lactic acid bacteria is the oldest, simple
and safest means of food preservation. Fermentation of milk
employing lactic acid bacteria induced an enhancement in its nu-
tritional as well as therapeutic values. In recent years, with the
realization of the link between diet and health, a wotldwide con-
sumer’s inclination towards functional foods that possess certain
health properties besides basic nutrition have been noted. Con-
siderable efforts have been made to influence the intestinal mi-
crobiota by dietary means in such a way that the health of the
host is beneficially affected. Functional properties of probiotics
coupled with consumer’s inclination towards healthful foods have
projected probiotics as a new ingredient in functional food mar-
ket. Probiotics may be defined as “live microbial food ingredi-
ent that, when ingested in sufficient quantities, exert health ben-
efits on the consumer” [11]. Health benefits of probiotics led to
a rapid growing interest in probiotics as functional foods in the
current era of self-care and complementary medicine. It has been
established that viability and metabolic activities of probiotics
during food processing, at the point of sale and in host gastro-
intestinal tract are essential for extending health benefits. Several
reports indicated poor viability of probiotics in health products
and often present at levels lower than those claimed on label. For
long-term existence of probiotic as functional foods in the world
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market, it becomes imperative to ensure their higher viability till
consumption and ability to exhibit probiotic effect. The Food and
Agriculture Organization of the United Nation’s World Health
Organization defines probiotics as live microorganisms which
when administered in adequate amounts confer a health benefit
on the host [14] and also laid down the Guidelines for the Evalua-
tion of Probiotics in Food [15]. Implementation of a guideline for
identification of a product containing probiotics as ‘Probiotic’ is
emerging to build-up consumer’s confidence and long-term sus-
tainability of probiotic food industries.

Colonization of the gut

Development of a normal intestinal flora is a gradual and com-
plex process and the colonic microbiota changes at different stag-
es of life. At birth, the human gastrointestinal tract (GIT) is sterile
and is subsequently colonized by mother’s vaginal and faecal flora
within hours |35]. In breast-fed infants Bifidobacterium bifidum ac-
counts for 90-100% of intestinal microflora and dominates until
3 years of age [17]. Faecal bifidobacteria population (log cfu/ ml)
elevated with increasing age (10-40 days) of infants from 9.19-
9.61 to 10.67-11.04 [31] but reduced to a level of 10.0 and fewer
during weanling [26] and adulthood [9], respectively. Typical com-
position of intestinal flora is influenced by various factors such as
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age, nutritional requirements, susceptible to infection, immuno-
logical status of the host and the pH, transit time, interactions be-
tween flora components, presence and availability of fermentable
materials in the gut [7]. It has been established that an “optimum
balance” between pathogenic and non- pathogenic bacteria in the
GIT is of prime importance for maintaining good health and can
be modulated by dietary interventions such as probiotics.

Health beneficial targets of functional foods

Most promising targets of functional foods are enumerated be-

low:

* Intestinal function including those control transit time, bow-
el habits, mucosal motility and modulate epithelial cell pro-
liferation

*  GI function that are associated with a balanced colonic mi-
croflora, control of nutrient bioavailability, modify GI im-
mune activity or that are mediated by the endocrine activity
of the GI system

*  Systemic function such as lipid homeostasis that are indirect-
ly influenced by nutrient dosage or fermentation

Consumption of functional foods may extend the following

health benefits to human beings:

*  Reduced risk of cardiovascular disease
*  Reduced risk of cancer

*  Improved health in general

* Improved memory

*  Improved weight loss/management

*  Reduced risk of other diseases

*  Reduced osteoporosis

*  Improved mental health

*  Quicker reaction time

*  Improved fetal health

Probiotics as a functional food

Consumer’s belief that certain foods can demonstrate potential
health benefits has led to coin the term “functional foods”, which
are describe as nutrients that are separated from their established
nutritional functions and some of these nutrients are proposed to
promote GI mucosal integrity [12]. Probiotic organisms are capa-
ble of influencing the physiological and pathological process of
the host by modifying the intestinal microbiota, thereby improv-
ing human health. Probiotics may be considered as a functional
food for extending beneficial effects such as normalization of in-
testinal flora, anticarcinogenesis, hypocholesterolemic effect, alle-
viation of lactose malabsorption and alleviation of allergy. Bene-
ficial health effects extend by probiotics is due to maintenance of
the equilibrium of indigenous microbiota with the growth inhibi-
tion of pathogenic microorganisms and boosting of innate and
acquired immunity. It was concluded that for probiotic products
the zero risk does not exist as it may not have only positive effects
but also some side effects, though the presently available products
are excellent and further epidemiological and clinical studies are
emerging for a proper monitoring of the consumer safety [25].

Probiotics proved to be efficacious in diverse health effects but
further research is emerging to establish them and evaluate their
safety as well as their nutritional aspects [22]. Majority of pro-
biotics are generally regarded as safe (GRAS) but selecting and
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monitoring of probiotics are very important, when administered
to patients with compromised immune systems, leaky gut or criti-
cal illnesses [106]. Focus was given on determining effective size,
identifying responders and non-responders, clarifying strain-spec-
ificity of effects and confirming mechanisms mentioned for fu-
ture dietary recommendations [14]. It was highlighted that probi-
otics can be dangerous, as they have been linked to an increase in
mortality rate if administered to severely immuno compromised
patients [4].

Specific health promoting activity of very few probiotics have
been subjected to 7 vitro studies and even fewer have passed the
appropriate human trials [6] and further the biological effects are
strain specific and therefore general statement even for taxonomi-
cally closely related strains should not be made unless a common
efficacy mechanism functions in both strains [33].

Significance of viability of probiotics

For exhibiting prophylactic properties, cultured milk products
must retain sufficient population of viable organisms throughout
its anticipated shelf-life. It was mentioned that the viability of mi-
croorganisms must be retained both at the end of incubation as
well as at the date of expiry of the product [23]. The beneficial ef-
fect of probiotic intake is dose-dependent, a daily recommended
dosage of 10°~10° viable organisms reaching the intestinal tract in
humans being the most effective [18, 40, 20, 32, 10]. Ingestion of
diverse cultuted milk products containing 107 - 10° cfu/g induce
an elevation in faecal lactobacilli and bifidobacteria accompanied
by a decline in coliforms and alleviated certain human diseases.
Suggested daily intake being >10%/g [29], probiotic products must
be consumed regularly in sufficient quantities to deliver the rele-
vant dosages of live bacteria to the gut[34] and the recommended
intake is 300-400g/ week [39]. Based on clinical evidence, recom-
mended dosage of probiotics to be 10%-10" cfu/day for exhibi-
tion of health effects [28].

It is believed that probiotic viability is important to exhibit clinical
effects but evidence indicated that dead or inactivated probiotic
strains, or even their cellular components and culture broths can
still have beneficial effects [21, 3, 1]. Cell wall components from
both dead and living cells contributed to the probiotic efficacy
[38] and removal of cholesterol from a medium by both non-
growing cells and dead cells of L. acidophilus was noted [24].

Viability of probiotic in probiotic foods

Survey reports on fermented functional foods and health-care
products indicated either lower microbial content, present at a
non-detectable level or the identified strains do not always cor-
respond to those declared on the label. Assessment report on
the probiotic food supplements, produced and distributed in the
Italian market revealed non-conformance of 87% probiotic food
supplements to the Italian guidelines in terms of both quantita-
tive and qualitative due to poor quality control by manufacturers

[2]-

A number of products bearing a label “probiotic” available in the
market often do not meet minimum criteria for viable count at
end of shelf life therefore, a recent panel of International Scien-
tific Association of Probiotics and Prebiotics recommended that
the term “probiotic” should be used only for products that deliver
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live microorganisms with a suitable viable count of well defined
strains with a reasonable expectation of delivering benefits for the
wellbeing of the host [19].

Bifidobacteria and Lactobacilli are also able to stimulate the devel-
opment of the immune system, with certain species of gut com-
mensal microbiota being required for immune regulation and tol-
erance of the large amount of antigens present in the gut [306, 41].

Initial concentration of yoghurt cultures must be maintained at
108-109 cells/ml in milk [30] to compensate viability loss by heat,
pressure, low water activity and high acidity [27] and for sustain-
ing therapeutic dosage up to 21 days/ 5 °C (30). Viability of lactic
acid bacteria is also reported to get influenced by gastric pH, di-
gestive enzymes, bile salts [8] and only 20-40% probiotic cultures
survive the gastric transit (5). Exhibition of high resistance by
Lactobacillus plantarum G1 and L. casei G3 to GIT environment
such as low pH and bile salts and higher viability in the GIT of
Wistar rats suggested their use as nutraceuticals or biotherapeu-
ticals [42]. It is therefore necessary to ensute retention of viability
of probiotic organisms both during processing, storage as well as
transit through gastrointestinal tract with the objective of achiev-
ing prophylactic effects.

Factors affecting viability of probiotics

Following factors affect the viability of probiotics in yoghurt dur-
ing manufacture, storage and gastrointestinal tract transit.

*  Acid and hydrogen peroxide production by yoghurt cultures
*  Dissolved oxygen content of the product

*  Oxygen permeability through the package

*  Concentration of lactic and acetic acids in the product

*  Tat content of milk

*  Heat-treatment of milk

*  Incubation temperature

*  Concentration of buffers such as whey protein concentrate
*  Physiological status of probiotic cultures added

*  Physical condition of product storage

*  Possible interactions of the product with starter cultures

Existing regulations for probiotics

Presently, probiotic foods are not governed under specific Eu-
ropean Union regulatory frameworks, however the Novel Food
Regulation could be relevant in some special cases. European
Food Safety Authority (EFSA) has launched the European Initia-
tives towards a “Qualified Presumption of Safety” (QPS) concept
that allows strains with established extensive testing to enter into
the market without extensive testing requirement.

Recent reports indicate two categories for “Food with Health
Claims” in Japan namely “Food with Nutrient Function Claims”
and “Food for Specified Health Uses” (FOSHU). For adopting
the FOSHU label, the product must contain dietary ingredients
that have beneficial effects on the physiological functions of the
human body, maintain and promote health, and improve health-
related conditions. However, claims of disease-risk reduction are
not currently allowed under FOSHU.

In USA, Food and Drug Administration (FDA) have provided
its “Partial List of Microorganisms and Microbial-Derived Ingre-
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dients that are used in Foods” which can be used as probiotics.
Label of probiotic-containing food products declare the bacterial
genera and species but not their levels of viable population. Na-
tional Yoghurt association (NYA) have allowed to use the “Live
Active Culture Seal” for products containing 10° viable cultures/g
at time of manufacture, however differentiate between lactic acid
producing bacteria and probiotic bacteria or assurance of viability
of cultures at end of shelf life are not furnished.

It can be observed that different countries across the wotld have
diverse legislative view for probiotic containing foods, which
causes difficulties for the consumers to decide or ensure whether
they are getting the ideal foods. It is not justified to allow the use
of certain probiotic organisms, which have long history of safety.
It is thus felt that various regulating agencies around the world
should review the research data and establish guidelines for as-
sessing probiotic foods for a consistent product all over the world.

Requisites for a probiotic food

For nutritional and clinical studies on functional foods and probi-

otic foods for assessing their health claims following information

are required [37].

*  Every documented strain must be tested independently

*  Extrapolation of data from closely related strains should not
accepted

*  Probiotic strains, study products and study populations must
be well-defined

e Double-blind, placebo controlled and randomised human
studies must be conducted

*  Results obtained must be confirmed by several independent
research groups

*  Results must be published in peer-reviewed journals

Any probiotic food available in the market must be subjected to
the following studies prior to its labeling as “probiotics” [15].
*  Genus, species and strains of starter cultures must be identi-
fied by phenotypic and genotypic methods
e Functional characterization of the product must be deter-
mined through in vitro and animal studies
e  Safety assessment of the product must be analyzed through
in vitro and animal studies and Phase 1 (Safety) human study
* Double blind, randomized, placebo-controlled (DBPC)
Phase 2 (Efficacy) human trial must be carried or through
other appropriate design method with sample size and pri-
mary outcome approptiate to determine if strain/product is
efficacious
e Preferably second independent DBPC study must be done
to confirm results
*  Phase 3 (Effectiveness) trial is appropriate to compare probi-
otics with standard treatment of a specific condition
e Phase 4 (Surveillance) trials is necessary for clinical evalua-
tion
e Labeling contents
* Genus, species, strain designation
* Proper storage conditions
* Corporate contact details for consumer information
* Health claims
* The suggested serving size must deliver the effective
dose of probiotics related to the health claims
* Minimum numbers of viable bacteria at end of shelf-
life
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Conclusion

With the realization of the link between the food and health,
worldwide consumert's inclination towards healthful foods have

increased dramatically in recent years. Due to presence of cet-

tain functional properties, probiotics could be exploited as a new

promising ingredient for functional food formulations. For suc-

cessful marketing of probiotics as a functional food, viability of

the
the

organisms must be ensured during processing, storage and at
time of consumption. Worldwide regulation and guidelines

and a standard of identity must be established to ensutre a uni-
form and safe product.
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