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Probiotics were defined by the World Health 

Organisation (WHO) in 2001 as ‘live microorganisms 

which when administered in adequate amounts 

confer a health benefit on the host’. A bacterial 

supplement must fulfil these criteria by the way 

of results from randomised clinical trials to be 

considered a probiotic.1 However, even when this is 

the case, regulations prohibit the manufacturers to 

use the term for marketing purposes.

The probiotic bacteria are fragile and sensitive, and 

the processes involved at the pre-consumption stage 

(e.g. manufacturing, exposure to thermal stress, 

oxygen, substrates, lyophilisation, presence of other 

food ingredients) and post-consumption factors 

(e.g. gastric and intestinal fluids) often exposes 

bacteria to unfavourable environments that are 

not conducive to optimal survival and subsequent 

growth. 

Despite advancements in probiotic delivery, many 

products lack viable microorganisms and most have 

not been shown to confer a health benefit from 

appropriately powered and adequately designed 

randomised clinical trials. The first stage is to 

guarantee a high yield of viable bacterial cells for 

intestinal colonisation,2 so it is crucial that steps  

are taken to overcome the challenges pre- and post-

consumption. 



The general consensus is that probiotics are 

‘temporary visitors’ which exert their effects by 

transitionally colonising the intestinal epithelium. 

Indeed, in vitro studies support the idea that 

probiotics can attach to the intestinal epithelium, 

potentially resulting in the potential modulation 

or interference and displacement of pathogenic 

microorganisms.4 The pattern of colonisation is 

highly variable and dependent on many factors, 

including the specific strains ingested, the region of 

the gut and an individual’s baseline gut microbiome. 

Notably, while the gut microbiome holds a high level 

of plasticity and variability, it also forms a stable 

environment that resists the invasion of foreign 

microorganisms. 

The probiotic landscape 

Today, probiotics have a variety of potential 

applications, and are commonly advocated for 

the prevention and treatments across various 

health conditions and disorders. Evidence from 

humans have demonstrated the therapeutic 

potential of only a few probiotics. The most 

common microorganisms used as probiotics include 

Lactobacillus, Bifidobacteria and Streptococcus. 

Although the mechanisms of action by which 

probiotics work remains complex and speculative, 

it is suggested the effects relate to several non-

specific, species-specific and strain-specific 

mechanisms. For example, it may include 

modulation of the immune system competitive 

adhesion and exclusion of potentially undesirable 

microorganisms or a metabolic effect including 

short-chain fatty acids (SCFAs),3 that alter the 

number of other bacteria, reinforcing the intestinal 

epithelial barrier and production of specific 

bioactives.1
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In vitro studies support the idea that 

probiotics can attach to the intestinal 

epithelium, potentially resulting in the 

potential modulation or interference 

and displacement of pathogenic 

microorganisms. 



Good safety profile

Probiotics have a long history 

of safe use and became popular 

as a marketing of fermented 

dairy products, although their use goes back 

centuries. Numerous probiotic strains have been 

isolated from fermented milk.5 These probiotics 

are well characterised, have obtained ‘generally 

recognised as safe’ (GRAS) status and have 

qualified presumption of safety (QPS) status in 

accordance with the Food and Drug Administration 

(FDA) and/or the European Food Safety 

Authority (EFSA). Such probiotics are deemed 

safe in the vast majority of individuals, including 

immunocompromised.6 Generally, safety advice on 

probiotics in different patient groups is based on 

uncertainty rather than robust evidence of harm 

and side effects are usually minor and localised to 

mild gastrointestinal symptoms.
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Resistance to gastric acidity 
and bile acids

Prior to reaching the desirable site 

of action in the gastrointestinal 

tract (i.e. the large intestine) they must first 

survive transit through the hostile environment of 

the stomach. Gastric acid is a first line of defence 

against live microorganisms, thus many probiotics 

are destroyed, especially if taken with food.7 

Viability is dependent on stomach acidity, length of 

exposure to gastric acid and the species/strain used. 

For example, Lactobacillus are mostly aerotolerant 

anaerobes and tend to have greater resistance 

to gastric acid compared to Bifidobacteria.8-12 

Other adverse factors include enzymatic activity 

(e.g. pepsin). After transit through the stomach, 

probiotics must also survive the environment of the 

small intestine and resist the digestive effects of 

pancreas enzymes and effects of bile acids. Viability 

depends on concentration and length of exposure.13 

Despite these obstacles, evidence to date 

demonstrates that some probiotics survive and 

arrive at the large intestine in a viable state,4 as 

assessed in vitro by quantifying resistance and 

measuring survival of probiotics after a specified 

period of contact with simulated gastric and 

intestinal juices.14 Several dynamic in vitro simulator 

gut models exist including Mainville’s Model (IViDiS), 

SHIME®, SIMGI® and the TNO Gastro-Intestinal 

Model (TNO).15
Their use goes back centuries...

Once a probiotic has been shown to be effective it is reasonable to attempt to elucidate the 

precise factors that underlie their efficacy. Notably, many products on the market labelled as 

probiotics do not fulfil the definition criteria for a probiotic.   

Ideal probiotic characteristics 
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Importance of formulation

The viability of a ‘probiotic’ is critical and 

ideally the microorganisms should remain 

alive and functionally active in the product 

itself (pre-consumption) and at the site of 

action (post-consumption). For example, 

since most ‘probiotics’ have a low thermal 

tolerance, exposure to high temperatures 

during manufacturing can compromise their 

integrity (i.e. inactivated by denaturation). 

Other factors during manufacturing 

that can hinder probiotic viability include 

oxidative stress (since the majority of 

probiotics are strict anaerobes) and osmotic 

shock (due to dehydration during the drying 

process). 

Optimal delivery system

Probiotics are distinctly different 

from other bioactive compounds 

such as prebiotics, polyphenols and 

phytosterols/stanols since they are live bacteria and 

require adequate protection conducive to optimal 

survival and subsequent growth. Delivery systems 

for probiotics are available in a variety of formats 

including liquids and gels, tablets and capsules, 

sachets and gummies and it seems just a matter of 

time before controlled site specific release system 

will become available.

Challenges with viability do exist with the different 

delivery system categories and manufacturers have 

adopted different approaches to overcome these.2 

It is advised to contact the probiotic manufacturer 

for specific information on the processes utilised to 

guarantee a high yield of viable bacterial cells. 

Viability is dependent on stomach 

acidity, length of exposure to gastric 

acid and the species/strain used.

Delivery systems for probiotics are 

available in a variety of formats...
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Many probiotics do not fulfil the definition criteria 

(e.g. defined contents, appropriate viable count, and 

evidence of health benefit). In practice, recommend 

a probiotic that has demonstrated efficacy in 

randomised clinical trials.

A probiotic should be properly formulated to 

ensure it can overcome the challenges pre (e.g. 

manufacturing, exposure to thermal stress, oxygen, 

substrates, lyophilisation, presence of other food 

ingredients, etc) and post consumption (e.g. 

gastric and intestinal fluids). Contact the probiotic 

manufacturer for this information. 

Overall, probiotics have a good safety profile. 

Probiotic advice in different patient groups is 

sometimes based on uncertainty rather than robust 

evidence of harm. Use clinical judgment in patients 

who are severely immunocompromised/critically ill. 

Some live bacteria in foods (e.g. fermented foods) 

may not fulfil the definition criteria needed to be 

considered ‘probiotics’. It remains a challenge to 

clearly distinguish between the contribution of live 

microbes and the food matrix.1        

A probiotic should be 
properly formulated to 
ensure it survives and 

thrives in the gut. Contact 
the probiotic manufacturer 

for further information.

Overall, probiotics have  

a good safety profile.  

Clinical judgment should be  

used for patients who are 

severely immunocompromised 

/critically ill.

Some live bacteria in foods  

(e.g. fermented foods) may 

not fulfil the criteria needed 

to be considered ‘probiotics’. 

Source a probiotic that has  

demonstrated efficacy in  

randomised clinical trials.
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