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Abstract
Probiotics including Lactobacillus, Bifidobacteria, Enterococcus, 

Streptococcus, Bacillus, Lactococcus and some yeasts are usually present 
in the human gastrointestinal tract, fermented milk and other dairy 
products, human faeces and breast milk. Source of strains and the 
ability to reach the target site in the gastrointestinal tract are important. 
Strains must be able to survive on different physiochemical, enzymatic 
and microbial stresses throughout the gastrointestinal transit before 
they can exhibit beneficial effects on the host’s health. They can improve 
the intestinal microbial equilibrium and stimulate butyrate production, 
which promotes the growth of epithelial cells that lead to an increase 
in the thickness of the cecal and colonic mucosa for a better absorption 
of nutrients. They also produce a variety of metabolic end products 
with antagonistic properties against pathogens. These products include 
bactericidal proteins and antibiotic-like metabolites termed bacteriocins 
(such as nisin). The inhibitory spectra of several bacteriocins include food 
spoilage microorganisms and/or food-borne pathogens. Bacteriocins 
are considered to be safe natural preservatives or bio-preservatives 
because it is assumed that they can be degraded by the proteases 
present in the gastrointestinal tract. The joint working group of Food 
Aid Organization/World Health Organization made guidelines that can 
be used for assessing probiotics in food. The minimum requirements 
include assessment of strain identity and safety, and studies of health 
benefits in the target host. The continuous search for novel probiotics 
of importance in medical, industrial and agricultural environments is 
ongoing around the word. This review summarizes the current state of 
evaluation criteria for determining the candidacy of novel probiotics.

Keywords: Probiotics, Bacteriocins, Gastrointestinal Tract, In vivo 
studies, Enzymes, Lactobacilli, World Health Organization, Food Aid 
Organization.

Introduction
Probiotics are generally considered to be those live microbes 

providing beneficial health effects to their hosts after they are ingested or 
consumed together with food [1]. Metchnikoff was the first person who 
reported an observed enhanced health among the Bulgarian peasants in 
1908, which was a result of continuous consumption of yogurt fortified 
with live lactic acid bacteria (LAB) [1]. 

LAB including Lactobacillus, Bifidobacteria, Enterococcus, 
Streptococcus, Bacillus, Lactococcus and some yeasts have been reported 
widely as probiotics, so, they dominate in the human gastrointestinal 
tract (GIT), fermented milk and other dairy products, human faeces and 
breast milk [2]. Lactobacilli and Bifidobacteria are both Gram-positive, 
non-pathogenic rods or coccobacilli members of the intestinal tract, and 
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are the most reported genera of probiotic strains; both are 
catalase negative, facultative anaerobes, grow on sugars and 
produce lactic acid as an end product [3-5]. Probiotics are 
identified based on criteria that are believed to be important 
for ensuring their efficacies. These criteria may include the 
source of strains and the ability to reach the target site in 
the GI tract, for which the strain has to be able to survive 
under different physiochemical, enzymatic and microbial 
stresses throughout the GI transit. The stomach has an acidic 
environment where microorganisms can be forced to go 
through the stress of low pH and high bile salts, after which 
the strain has to be able to colonize the GI tract because it has 
to compete with the already present microbial community 
there for available nutrients. The ability to adhere or attach 
on the mucus surface covering the gut epithelium is also 
required to achieve such a competitive advantage [1,6].

Probiotics are believed to offer effects that are beneficial 
to the host’s health through a direct influence on the microbial 
communities of the gut, i.e. they improve the intestinal 
microbial equilibrium and the stimulation of butyrate 
production, which promotes the growth of epithelial cells 
that lead to an increase in the thickness of the cecal and 
colonic mucosa for a better absorption of nutrients [7,8]. 
They also produce a variety of metabolic end products with 
antagonistic properties against pathogens. These products 
include bactericidal proteins and antibiotic-like metabolites 
termed bacteriocins.

The mainly characterised active ingredient produced 
by probiotics are bacteriocins (such as nisin), which 
are considered to be safe natural preservatives or bio-
preservatives because it is assumed that they can be 
degraded by the proteases present in the GIT [9]. The 
inhibitory spectra of several bacteriocins include food 
spoilage microorganisms and/or food-borne pathogens 
[10,11]. 

The continuous search for novel probiotics of importance 
in medical, industrial and agricultural environments is 
ongoing around the word. Potential probiotics must be 
able to pass basic probiotic attributes test, survive in the 
gastrointestinal conditions particularly at low pH and high 
bile concentration, produce antimicrobial compounds and be 
adhesive to the intestinal mucosa. This review summarizes 
the current state of evaluation criteria for determining the 
candidacy of novel probiotics.

Common Views of Probiotics
In contemporary life, the live bacteria with beneficial 

health effects on humans are generally referred to as 
probiotics. Probiotic is a word coined from Greek word 
meaning “for life” [12]. The word probiotic has been given 
many similar definitions. Lilly and Stillwell described 
probiotic as the “substances secreted by one microorganism 
which stimulate the growth of another” [13]. It was also 
defined by Parker as “organisms which contribute to intestinal 
microbial balance” [12]. Fuller came with another definition: 
“A live microbial supplement which beneficially affects the 
host by improving the intestinal microbial balance” [12]. 
The Food and Agriculture Organization (FAO) and World 

Health Organization (WHO) have defined probiotics as live 
microorganism cultures which offer health benefits to the 
host when they are consumed in sufficient quantities [14]. 
The FAO/WHO definition is the most approved and widely 
accepted definition of probiotics. Such microorganisms may 
not necessarily be perpetual inhabitants of the GIT, but these 
microbes should have a beneficial effect on the general health 
of the host. “In relation to food, probiotics are considered as 
viable preparations  in  foods  or  dietary  supplements  to  
improve  the  health  of humans  and  animals” [15].

Brief Historical Development of Probiotics 
Metchnikoff claimed that LAB found in yoghurt inhibited 

the proliferation of toxigenic bacteria in the gut, resulting 
in increased longevity of the host [14]. Evidence to back 
up the claims made by Elie Metchnikoff has been validated 
over time. For instance, an E. coli strain known as EcN was 
successfully used to treat constipation and colitis in Germany 
[16]. Bifidobacteria discovered in breast-fed infants by 
Tissier in 1906, was reported to have clinical benefits from 
modulating the microbial flora in infants with intestinal 
disorders. Another probiotic bacterium, Bacillus coagulans 
was used in therapy for relieving rheumatoid arthritis [1].

Now, probiotics are obtainable in a wide range of live 
bacterial supplements which are used to improve health 
[3,7]. The beneficial effects of probiotics on the host are 
through growth and activity of the probiotic strain and its 
ability to stay viable and effective at the targeted site [6]. 
The joint working group of FAO/WHO made guidelines 
that can be used to assess probiotics in food. The minimum 
requirements include: Assessment of a strain identity such 
as genus and species; In vitro tests for potential probiotic 
properties such as resistance to bile acid and digestive 
enzymes; Assessment for safety ensuring no contamination; 
In vivo studies of healthy effects on the host [6].

Sources of Probiotics
Probiotic bacteria belong to Staphylococcus, 

Streptococcus, Lactobacillus, Bifidobacterium and 
Enterococcus have been isolated from various sources, such 
as human breast milk, plant- and meat-based foods, human 
and animal faecal materials, and guts of animals [17,18]. The 
common probiotics are shown in figure 1. However, LAB are 
microorganisms mostly recognized as probiotics that can be 
isolated from sources such as fermented food products, for 
example, yogurt and kefir [3,14,16]. Most fermented milk 
products have a large composition of the LAB, which make 
them useful sources of probiotics [5]. 

Probiotics have been proven to have beneficial effects 
on the host by helping in alleviation of lactose intolerance, 
decrease in fecal enzymes and treating some types of 
diarrheas e.g. traveler’s diarrhea. The intake or consumption 
of probiotics is done in many different ways, because many 
food products containing probiotics are made, including 
pelleted feed, fermented feed, paste and powder [7]. Other 
sources of probiotics include cheese, cereal, smoothies, infant 
and toddler formula and nutritional bars. Probiotics are often 
sold as drugs, medical foods and dietary supplements, where 
the probiotics can be dried, and packaged into capsules, 
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(streptobacilli) such as Lactobacillus rhamnosus, Leucnostoc 
mesenteroides, Sporolactobacillus inulinus.

c) Some probiotic bacteria may have other shapes 
such as coccobacilli with elongated spherical or ovoid form, 
filamentous bacilli occurring in long chains or threads, and 
fusiform bacilli with tapered ends, for example, Streptomyces, 
Bifidobacterium breves, B. bifidum.

Scanning electron microscope (SEM) is useful to observe 
and identify the shape and surface structure of the bacterium 
under study from a liquid culture. Nation described detailed 
procedures for using SEM [23].

Catalase production test is another important preliminary 
screening step, the enzyme catalyzes the breakdown of 
hydrogen peroxide into oxygen and water. Catalase test is 
usually performed on a single isolated colony that is picked 
and streaked on a glass slide, and one drop of 15% hydrogen 
peroxide added on to the smear. The effervescence of oxygen 
indicates the positive response of the bacteria to catalase test 
[24]. The catalase test is one of the diagnostic tests for the 
recognition of catalase positive bacteria due to its simplicity. 
In performing catalase test, if no bubble was observed, this is 
an indication that the isolated bacterium is catalase negative 
and cannot mediate the decomposition of H2O2 to O2 [25,26]. 
In general, 3% (v/v) of H2O2 is used for the aerobic culture 
while 15% (v/v) of H2O2 is used for the detection of catalase 
in anaerobes. The culture used for the test should not be 
more than 24 hours old. The main uses of catalase test are 
to differentiate between the morphologically/structurally 
similar Enterococcus or Streptococcus (catalase negative) 
and Staphylococcus (catalase positive) and between aerobic 
and obligate anaerobic bacteria.

Sugar fermentation test is performed using different 
sugar substrates, such as arabinose, sucrose, maltose, 
lactose, sorbitol, and glucose [28]. About 0.1 g of each sugar 
substrate will be added to 100 mL of the medium (0.1%, w/v). 
Five ml of sugar-containing medium will be transferred into 
different test tubes. For gas detection, Durham tube will be 
inserted into the test tube containing different sugars with 
indicators (for colour changes during sugar fermentation). 
All the tubes will be sterilized for 15 min at 121 °C. The tubes 

tablets or sachets [19,20].

General Methods Used for the Isolation and 
Characterization of Probiotics 

Each selected probiotic strain must be pure, but when 
used in combination of pure strains, the proportion of each 
should be known. Probiotics must be non-pathogenic and 
non-toxic and able to help in the healthy functioning of 
human body systems, therefore, strains selected as probiotic, 
should be fully characterized and identified.

A Gram stain reaction is a standard laboratory procedure 
used to detect the presence and morphology of bacteria in 
a sample. The outcome of the result is generally either 
interpreted as Gram-positive or Gram-negative. It gives 
relatively quick results as to which types of bacteria 
present in a sample. The Gram stain involves preparing a 
pure bacterial isolate smear on a glass slide and allowing it to 
dry. The slide is then stained with special dye, decolourised 
and then counter stained. The procedure is based on 
microorganisms’ ability to retain color of the stains/dyes used 
during the Gram staining reaction. Gram-negative bacteria 
are decolorized by the use of alcohol, losing the purple color 
of the primary stain and taking on the pink colour of the 
counter stain. Gram-positive bacteria are not decolorized by 
the alcohol and will retain the purple colour of the primary 
stain/dye. The Gram stain is a very important initial step in 
the characterization of probiotic bacteria [22]. 

Furthermore, it is also an important step in the screening 
of potential infectious/pathogenic bacteria, so that such 
undesired isolates will be immediately dropped off as 
a candidate or potential probiotic. The mostly common 
morphologies of probiotic bacteria are the following: 

a) Cocci and spherical bacteria may be in a pair 
(diplococci), a group of four (tetracocci), a grape-like 
cluster (Staphylococci), a chain (Streptococci) or a cubical 
arrangement of eight or more (sarcinae), for example, 
Megasphaera elsdenii, Streptococcus thermophilis, 
Lactococcus lactis.                                                       

b) Bacilli and rod-shaped bacteria occur singly, but 
can sometime be found in a pair (diplo-bacilli) or a chain 

Figure 1: Some microorganisms commonly recognised as probiotics [21]
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will then be inoculated with a single colony of the bacterium 
under study. The positive reaction will be indicated by the 
appearance of bubbles and/or the changes in the colour of 
the medium.

Biolog is an automated system that was first introduced 
in 1989. Pyar and Peh described detailed procedures for 
testing carbohydrate utilization spectra of a  number of 
anaerobic bacteria [28]. The isolated bacterium is cultured 
on MRS agar plates at 37 °C for 48-72 hrs. A single cell colony 
from MRS agar is now sub-cultured in Brain Heart Infusion 
(BHI) medium for 36-48 hrs. The cultured bacterium is 
then suspended in anaerobic Biolog fluid. The turbidity of 
the suspension is monitored and measured using the Biolog 
turbidity meter until reaching 65% of transmittance. The 
suspension (100 μL) is then pipetted into each of the 99 
wells of the Biolog Micro PlateTM. The plate is then incubated 
for 24 hrs at 37 °C in an anaerobic jar containing only CO2 gas 
using oxygen-free atmosphere kit. The plate after incubation 
is then inserted into the Biolog automatic analysis system 
and the identification process is carried out using the Biolog 
software [28].

Criteria for the Selection of Probiotics
A potential probiotic candidate should have more than a 

few desirable properties, which should be evaluated during 
the development of novel strains and probiotic products. 
Nonetheless, no individual candidate ought to pass all 
probiotic quality attributes.

The original source of a probiotic strain is one of the 
important factors to be considered since microbial species 
that are already present in the intestinal flora may have a 
better chance to survive in their native environment and 
tolerating harsh gastrointestinal conditions [27]. The ability 
of microorganisms to colonize the GIT is often considered 
as one of the main selection criteria for potential probiotics.  
Below are some of the criteria which a novel probiotic 
candidate should be able to exhibits. 

The list is not exhaustive, but a very promising probiotic 
strain should be able to pass or inherently exhibit most of 
these criteria: 

Acid tolerance
In order to survive passage through the gastrointestinal 

tract, resistance to low pH is important. Acid tolerance is 
determined according to methods described by Hyrominus 
et al. [29]. Cells of Lactobacillus strains are usually grown on 
deMan Rogosa Sharpe (MRS) broth at 37 °C overnight, and 
sub-cultured in fresh MRS (3%, v/v) at pH 2-3. Survival rate is 
then calculated as the percentage of the CFU after incubation 
at 37 °C for 60 and 180 min respectively compared to the 
CFU at time of 0 min. If there would be 50% of the CFU after 
180 min, then the isolate is adjudged to be acid tolerant 
and it is assumed that it will tolerate and survive the acidic 
condition of the GIT.

Bile salt tolerance
In order to survive passage through the gastrointestinal 

tract, resistance to bile and pancreatic enzyme are important. 
Bile tolerance test is usually conducted using a modified 

method of Gilliland et al [30]. Normally, late-log phase 
cultures of Lactobacillus strains are inoculated (3%, v/v) 
into MRS broth containing 0.3, 0.5 and 1.0% (w/v) oxgall 
respectively. Survival rate is calculated as the percentage of 
the CFU after incubation at 37 °C for 240 min compared to 
that at time of 0 min.

Tolerance to simulated human gastrointestinal 
tract

Tolerance is measured in vitro by determining the viability 
of isolate under the simulated human gastrointestinal 
tract conditions.   Gilliland et al [30] described procedures 
using simulated gastric and pancreatic juices prepared by 
suspending pepsin (3 mg/mL) and pancreatin USP (1 mg/
mL in sterile 0.5% (w/v) of sodium chloride solution), at pH 
values of 3.0 and 8.0, respectively. About 0.2 ml of washed 
cell suspensions of the bacteria in phosphate buffered saline 
(PBS, pH 7.0) is then inoculated into 1.0 ml of simulated 
gastric or pancreatic juice and 0.3 ml NaCl (0.5%, w/v) and 
incubated at 37 °C. Cultures are incubated for 180 min for 
gastric transit tolerance assay, and for 240 min for small 
intestinal transit tolerance assay, then, total viable counts 
are evaluated as CFU.

Antibiotic resistance 
Uncontrolled use of antibiotics in human and veterinary 

medicines, has led to increasing antibiotic resistance in 
microorganisms [31]. Therefore, checking if a probiotic 
strain can act as a donor of conjugative antibiotic resistance 
genes is a wise restraining measure to curtail further 
spread of antibiotic resistance [32]. Currently, the spread of 
antimicrobial resistance microorganisms is a serious public 
health problem, “therefore, it is of utmost importance that 
potential probiotic strains be tested for antibiotic resistance 
genes” [33], for the purpose of clearing it off possibility of 
donating mobile antibiotic resistance genes to the pathogenic 
microorganisms in the gut. The absence of transferrable 
genes providing resistance to clinically relevant antibiotics 
is also desirable [34].  Additionally, it should be made sure 
that virulence genes is absent from the genome of probiotics, 
so the safety of selected probiotic strains should therefore 
be evaluated for potential virulence factors that might cause 
infection [35]. “Because genes involved in these activities 
could be present but not expressed, negative phenotypic 
results should be confirmed by proving the absence of key 
genes with PCR techniques and/or DNA hybridization” 
[36]. Nevertheless, antimicrobial resistance in a potential 
probiotic strain is normally not considered to be a risk factor 
unless such resistance is transferred to pathogens causing 
untreatable infections [37]. 

Antimicrobial activity
To have a positive impact on the colonic flora, it is 

desirable for probiotic strains to have antagonistic effects 
towards enteric pathogens. This can happen via antimicrobial 
substance (Bacteriocins) production or competitive 
exclusion [31]. The most popular assay for the determination 
of antimicrobial activity of probiotic candidate is the agar 
well diffusion assay. The isolated culture may be incubated 
for 48 hrs in MRS broth at 37 OC. The cell free supernatant is 
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obtained by centrifugation (10,000 x g, 10 min) followed by 
sterile filtration. Thereafter, 24 hrs broth culture of target 
strains are inoculated on solid Muller-Hinton agar medium 
by spread plate method. Wells are then bored on each of 
the agar plates. These wells are then filled with 100 μL of 
previously prepared cell free supernatant solution. Target 
strain inoculated plate with an un-inoculated MRS broth 
will serve as controls. The plates are incubated at 37 OC for 
24 hrs and the inhibitions zones are then visualized and 
measured, with bigger diameters as an indication of higher 
antimicrobial activities.

Hemolytic activity and blood biochemistry 
parameters

Hemolysin production is usually analysed on Columbia 
agar plates containing 5% (v/v) sheep blood [37]. The 
presence of β- or α-haemolysin is indicated by the formation 
of clear or greenish zones around the colonies. Haemolysin 
is a very common virulence factor among pathogens that 
frequently cause anaemia and oedema in the host, and 
hence, haemolytic strains are not recommended for use as 
probiotic. Therefore, it would be preferable to select only the 
non-haemolytic strains as probiotic candidates. 

The probiotics effect on blood biochemistry parameters 
such as total serum protein, cholesterol, glucose, globulin 
and albumin after administration of probiotic strains should 
be normal; a high concentration of albumin and globulin 
in blood is an indication of infection and dehydration 
[38]. Probiotic effect on haematology i.e. neutrophils and 
basophils after ingestion should also be maintained at 
normal level, therefore, probiotics should not stimulate 
production of more neutrophils and basophils which is an 
indication of infection [39,40].

Antibodies stimulation activity
Probiotics in the intestinal tract could act as immune 

adjuvant to the immune system, which may result in 
stimulating antibody production [41]. To verify the antibody 
stimulation potential of a candidate probiotic, an aliquot (2 
mL) of blood samples is usually collected into serum bottles 
and centrifuged at 10,000 x g, 15 min, and the resulted 
fractionated sera are then aspirated using a Pasteur pipette 
into sterile 5 mL centrifuge tubes, which should be performed 
within 12 hours of preparation. Appropriate enzyme-linked 
immunosorbent assay (ELISA) kits are used for measuring 
the degree of antigen-antibody reaction.

Antioxidant activity 
A good probiotic should have abilities to demonstrate 

viable antioxidant potential, and probiotic may exhibit 
antioxidant activities in different major ways [73], which 
may include reinforcing the inherent cellular antioxidant 
defence by secreting enzymes like superoxide dismutase 
(SOD), releasing and promoting the production of the major 
non-enzymatic antioxidant (such as the exopolysaccharides, 
EPSs) and free-radical scavenger glutathione (GSH), 
exhibiting metal chelating activity. Research data suggest 
that probiotics may have a potential therapeutic role in 
reducing reactive oxygen species (ROS) and combating 

characterized gastrointestinal disorders.

To evaluate the total antioxidative activity (TAA) of 
probiotic strains, the linolenic acid (LA) test may be used 
as described by Kullisaar et al. [42]. Using 45 μL of the 
samples (lysate or whole bacterial cells). The absorbance at 
534 nm will be measured using a spectrophotometer, and 
the percentage of TAA of the samples is expressed as [1 − 
(As/Ac)] × 100], where As is the absorbance in the presence 
of the sample and Ac is the absorbance of the control 
without sample. Reduced and oxidized glutathione and the 
glutathione redox status may be evaluated using cell-free 
extracts and the GSH/GSSG Ratio Assay kits. The glutathione 
content will then be quantified on the basis of a standard 
curve generated with known amounts of glutathione. The 
reduced glutathione (GSH) calculated as the difference 
between the total GSH and the oxidized glutathione (GSSG). 
The glutathione redox ratio is expressed as GSH/GSSG.

Extracellular Enzyme Production
Extracellular enzyme production assay of selected 

probiotic strains is usually determined quantitatively, as 
described by Nandi et al [18]. They described the enzyme 
assay methods as the following. Selected strains will be 
cultured in selected broth media that are used for the 
production of the enzymes. Starch broth, peptone-gelatin 
broth, carboxymethyl-cellulose broth and lipase production 
broth media are used for amylase, protease, cellulase and 
lipase assays, respectively. Cultures will be incubated 
with shaking (100-120 rpm at 30 ± 1 °C for 72 hrs). After 
incubation, the contents are centrifuged (10,000 x g, 10 min, 
4 °C) and the supernatant collected is used for determining 
the activities of amylase, protease, cellulase and lipase, and 
the protein content of the supernatant can be estimated 
according to Bradford assay [43]. A probiotic strain should 
not have β-glucuronidase activity, which may have negative 
effects on the colon because it has been associated with 
incidence of colon cancer (most cancer cells show higher 
β-glucuronidase activity) [44]. In contrast, strains that are 
able to produce β-galactosidase are desired because it is 
a beneficial enzyme supporting the reduction of lactose 
intolerance as well as milk acidification [44]. Strains 
which produce α-glucosidase and β-glucosidase that may 
contribute to polysaccharide digestion are also desired [45]. 
Extracellular enzyme producing bacteria in the gut have 
stimulating effects on the digestive processes of the host. 
Many bacterial enzymes can be very helpful for digesting 
carbohydrates, proteins and some special substrates such 
as cellulose, which can be digested only by a few animals. 
Therefore, prospecting and application of probiotics with 
enzyme producing ability is gaining more attention. 

Adherence to the intestinal mucosa wall
Adhesion will enable probiotcs attaching on the intestinal 

mucosa wall, which will prevent colonization of pathogens in 
the gut [46,47], show antagonistic activity against pathogens, 
modulate the immune system and increase the primary 
defense of the body [48]. Assays for testing auto-aggregation 
ability, cell surface hydrophobicity and co-aggregation may 
be used as an initial identification of promising adherent 

°
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bacteria [49].

Mutagenicity (Ames assay)
It is always a good check to determine the anti-

mutagenicity and mutagen-binding ability of the potential 
probiotic bacterial strain [50-53]. Probiotic strain with 
antimutagenic potential will play an important role in 
preventing mutagen formation in the intestinal tract, and 
such could be used for treating obstructing colon cancer. 

Cytotoxicity tests 
Many probiotics are marketed as foodstuffs or drugs for 

human consumption. Therefore consideration of the safety 
of probiotics is of  utmost importance. One of the most 
important characteristics to establish a probiotic strain is 
that it must be non-pathogenic and, furthermore, should 
possess generally accepted as safe (GRAS) status [74]. 
Probiotics are expected to be selective in their cytotoxicity; 
should be friendly to the host cells and deadly to the pathogen 
and cancer cells. Little is known about the mechanisms by 
which probiotics induce cytotoxicity on cancer cells and 
anti-inflammatory responses, despite many studies.

Stable and viable for reasonable periods under 
storage and field conditions

Bacterial viability and maintenance of desirable 
characteristics during manufacture and storage of products 
are a necessity for probiotic strains. Shelf life [32] studies 
should be carried out periodically to assess the viability of 
the probiotic strains over a period of time. 

Capability of exerting a beneficial effect on host
Consumption of food containing LAB may provide a range 

of health benefits including immune system modulation, 
stronger resistance to malignancy and infectious diseases. 
Also, a good probiotic bacterium should have an efficient 
cholesterol reduction ability. According to Kumer and co-

workers [54], probiotics have many healthy biological 
properties, and one of them is anti-cholesterol assimilation.

Recently, numerous studies have considerable evidences 
that probiotics influence several aspects of the acquired 
and innate immune responses by inducing phagocytes and 
IgA secretion, modifying T-cell response, enhancing Th1 
response and attenuating Th2 response [57]. Probiotics have 
showed abundant health benefits beyond providing basic 
nutritional advantages [58], and the evidences supporting 
effects of the beneficial claims of probiotics have increased 
(Figure 2). These include the improvement of intestinal 
health, enhancement of the immune response, decrease 
in blood cholesterol, and cancer prevention. These health-
enhancing properties are attributed to different strains 
and impacted by various mechanisms [59]. Several studies 
have reported positive effects due to the administration 
of probiotics, especially on the public health of humans by 
reducing antibiotic consumption used in food producing 
animals. This will ultimately lower the presence of drug and 
multi-drug-resistant organisms in the environments [60].

Perspectives of the Development of More 
Probiotics

Probiotics are a promising future as alternative health 
therapy. Research studies have shown that beneficial effects 
of probiotics on humans are potentially enormous [61]. 
More studies should be done on probiotic strains to check 
their efficacy on targeted human diseases and conditions, 
with further investigations on the mechanisms of action 
behind their conferred beneficial effects [62]. Better 
knowledge of probiotic mechanisms should be obtained by 
further studying their mode of action [61,62]. Therefore, 
individual evaluation of potential probiotic safety should be 
taken into account. Hence, the presence of genes associated 
with virulence and resistance factors in the potential 
probiotic strains must be investigated. It is in our opinion 
that more studies at screening the candidacy of strains will 

 

Figure 2: Health benefits of probiotic (modified from [56])
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provide further understanding of the abilities of the chosen 
candidate strains to colonize and be able to outcompete the 
pathogens in the gastrointestinal tract with no aptitude to 
initiate infections and/or cause any harm to humans when 
consumed.

Recommendations and Conclusion
Probiotics are incorporated into both dairy and non-dairy 

based foods to enhance their nutrition and health values, 
such foods may include yoghurt, cheese, infant formulas, 
breakfast cereals, sausages, chocolate, and ice cream. LAB 
are used in food fermentation, which offers a very valuable 
economic importance. For example strains of L. acidophilus 
well adapted to the intestine are able to ferment milk to 
produce mildly acidified yoghurts accepted as healthy foods 
comsummed worldwide [63-67]. 

The principle behind the selection of good probiotic 
includes those that are safe for consumption and survival in 
the gastrointestinal tract. The probiotic strain must be able to 
overcome the extremely low pH and the emulsifying effect of 
bile salts, and reach the site of action in a feasible physiological 
state [68]. Good probiotic should also be accepted by the 
immune system and it should be pathogen-free, allergen-
free, mutagen-free [69], and should be compatible with 
the host GI environment [70]. Additionally, good probiotic 
should have good ability to adhere in the intestinal epithelial 
cells through hydrophobicity, auto-aggregation and co-
aggregation. Moreover, probiotic microorganisms should 
have no connection with diarrheagenic bacteria, no ability to 
transfer antibiotic resistance genes [71], and no expression 
of virulence genes [72]. For practical and commercial 
applications, probiotics must be easily culturable on a large-
scale and must resist technological manipulation such as 
heating and low oxygen in packages [20].
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