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a b s t r a c t 

The increasing research on science and innovation has shifted consumer awareness from conventional to func- 
tional foods that are more nutritious and healthier. The ideation of functional food is based on the addition of 
probiotics that promote cognitive response, improved immune system, and general wellbeing. At a time when 
there is noproven therapy for global pandemic SARS-CoV-2 causing infectious viral disease COVID-19, alternative 
food and nutritional interventions through diet are studied like never before to limit the infection. Probiotics are 
live microorganisms that have the potential to modulate the human immune system and prevent such infection, 
which is why several safety issues during its administration must be addressed. While at the same time, it is nec- 
essary to update, reform, and tighten the policies and regulations for the food manufacturers dealing with such 
functional foods to protect consumers from false and misleading claims. This review paper attempts to extensively 
provide insights into safety and regulatory considerations for probiotic-based foods and beverages. 
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. Introduction 

With modernization and increasing trend towards a healthier soci-
ty, consumers are concerned about diet, nutrition, and food safety for
mproved quality of life. Currently, the world is facing a challenge of
evere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
ion as a global pandemic. Nutritional status has been tagged as one
f the biggest risk factors for developing severe illness, including obe-
ity and malnutrition amidst the SARS-CoV-2 pandemic ( James et al.,
020 ). Healthy, nutritious, and functional foods are the only rational
lternatives for survival in the current context that plays a vital role in
trengthening the immune system to ward off these diseases ( Aman and
asood, 2020 ). 

The emerging consensus among consumers has prompted multi-
takeholders involved in food systems to divert the conventional ap-
roach of food production by either adding or increasing the health
enefits that make food products more functional. Functional foods ex-
eeds in providing health benefits beyond basic nutrition and are of-
en termed as future foods. For foods to be marketed as a functional, it
as to meet certain conditions that include conformation and meeting
ood safety regulation of a particular country or exporting then meet-
ng international food safety standards, free access, and proof of health
enefits when consumed normally as a balanced diet. Such functional
oods prevalent in the market include probiotics, prebiotics, dietary sup-
lements, vitamins, antioxidants, dietary fiber, and other phytochem-
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cals ( Annunziata and Vecchio, 2013 ; Cencic and Chingwaru, 2010 ;
orbo et al., 2014 ; Granato et al., 2020 ). 

Among emerging functional foods in the market, probiotics-based
oods and beverages are considered as one of the future foods that are
ore prominent with wider acceptability among consumers ( Shi et al.,
016 ). This has skyrocketed its global market value of 42.55 billion
SD in 2017 and is expected to reach 94.48 billion USD by 2024
 Insights, 2020 ). Asia and the Pacific region dominates these numbers
hile in Europe, regulations regarding health claims have shown a

low growth rate of probiotics foods and beverages ( Yilmaz-Ersan et al.,
020 ). A huge amount of revenue and money is at stake when it comes
o probiotics-based foods and beverages. One of the first probiotic fer-
ented dairy beverages is Yakult which contains the probiotic Lacto-

acillus casei shirota ( Katan, 2012 ). 
Probiotics confer health benefits to the host when consumed in an

dequate amount ( Anal and Singh, 2007 ; Noomhorm et al., 2014 ).
uch effects that are postulated after administration of probiotics in the
ood matrix which include; balancing the intestinal homeostasis by ei-
her eliminating or inhibition of microbial flora ( Cordeiro et al., 2019 ;
haneghah et al., 2020 ); boosting the immune system ( Galdeano et al.,
019 ); reducing the risk of various cancers ( Pino et al., 2020 ); enhancing
actose digestion ( Oak and Jha, 2019 ); and other host-microbe benefits
ike prevention from cardiovascular diseases, diabetes, and some aller-
ic reactions ( Shafi et al., 2019 ; Soccol et al., 2010 ; West et al., 2011 ).
n addition to this, changes in the microbiome of the intestinal tract oc-
ur upon the consumption of probiotics. The causes of this change dates
4 January 2021 
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ack to our birthing process where humans are first exposed to these
acteria, which is the time when the body system recognizes them as
esired or unnecessary. The body recognizes the desired bacteria nec-
ssary for developing immune system and is well tolerated throughout
ife ( Vanderhoof and Young, 2008 ). The consumption of probiotics alters
he gut microbiome through an immune response that would ultimately
ecognize them as useful and form a barrier in the intestinal tract for
rotection against pathogens. 

Traditional fermented foods and drugs are known to contain probi-
tic microorganisms ( Anal, 2019 ; Guimarães et al., 2020 ; Roobab et al.,
020 ; Zucko et al., 2020 ). Among these, fermented dairy products like
heese, yogurt, acidified milk, and drinking yogurt have been most
idely accepted as vehicles for probiotic delivery. This is attributable

o their unique physicochemical and nutritional abilities that provide
hem the buffering capacity in the harsh acidic conditions of the stom-
ch (pH 2–3) for a viable number of probiotic survival in the lower gut
6 to 8 Log CFU/ mL) that can help them to exert potential therapeutic
ffects ( Araújo et al., 2012 ; Kalicka et al., 2019 ; Linares et al., 2017 ;
eid, 2015 ; Tomar, 2019 ). 

Although many probiotic strains are found to exert positive effects on
uman health, any adverse effects must be considered from a consumer
afety perspective. In this regard, lactic acid bacteria (LAB), namely, Lac-

ococcus and Lactobacillus , have been classified as generally recognized
s safe (GRAS) ( Wassenaar and Klein, 2008 ). However, opportunistic in-
ections have been associated with some species of LAB ( Cannon et al.,
005 ; Gasser, 1994 ). Thus, to assess the overall safety of probiotics-
ased foods and beverages, considerations on its origin and nature,
athogenicity, administration process, ability to carry antibiotic resis-
ance genes or not, level of exposure, health status of the host, and its
ntended use must be considered ( de Simone, 2019 ). 

Along with safety, the regulatory frameworks have been established
n many countries to protect consumers from any misleading claims by
he intended use of probiotics. Various sets of regulatory claims are ef-
ective on the commercial market of many countries dependent on the
ntended use of probiotic foods, demographical conditions, and market
ynamics ( Melchor et al., 2019 ). 

. Potential of consumption of probiotics-based foods in 

OVID-19 pandemics and other viral infections 

The World Health Organization (WHO) declared COVID-19 (a vi-
al infectious disease caused by the SARS-CoV-2), a global pandemic
n 11 March 2020. As of yet, there is no cure or treatment for this
irus. With no proven and effective therapy against COVID-19, alter-
ative strategies need to be developed that are focused on pathophysi-
logical pathways. One such approach is developing future foods with
robiotics. Traditionally fermented foods containing probiotic microor-
anisms have tremendous potential to prevent COVID-19. Past studies
n the consumption of probiotic fermented milk reduced upper respi-
atory tract infections among healthy infants, children, adults, and the
lderly ( Makino et al., 2010 ; Merenstein et al., 2010 ; Shida et al., 2017 ).
anauchi et al. (2018) reviewed the efficacy of probiotics in treating vi-
al infections. Lactobacillus casei shirota (LcS) (common strain used in
akult) ingestion was effective by reducing the plasma cytomegalovirus
nd epstein–barr virus antibody titres in highly physically active people
 Gleeson et al., 2016 ). The effect of ingestion of Lactobacillus rhamnosus

G by healthy volunteers for six months against rhinovirus was evalu-
ted. It was observed that the occurrence, infection rate, and severity
f cold systems were reduced in subjects with rhinovirus infection than
he control group ( Kumpu et al., 2015 ). 

Other reported studies showing positive effects of probiotics against
iral infections include reduced risk of catching a common cold in el-
erly people by increasing natural killer cell activity by probiotic Lac-

obacillus delbrueckii ssp. bulgaricus OLL1073R-1 ( Sindhu et al., 2014 ) ,
 significant decrease in the incidence of upper respiratory tract infec-
ions in healthy adults with high psychological stress by probiotic Lac-
2 
obacillus plantarum l -137 ( Hirose et al., 2006 ), a significant decrease
n the duration period of diarrhea in children aged 5 months to 5 years
hat are hospitalized by rotavirus using probiotic Bifidobacterium lactis

94 ( Erdo ğan et al., 2012 ). These studies shed light on how probiotics
an be useful against COVID-19. Based on available evidences, poten-
ial mechanisms to elucidate the action of probiotics against COVID-19
nclude enhancing the intestinal epithelial barrier, adhesion to intesti-
al epithelia, production of secondary metabolites as bacteriocins, host
mmune modulation, and competitive action against pathogens for nu-
rients ( Plaza-Diaz et al., 2012 ). 

Robles-Vera et al. (2017) stated the impacts of probiotics action
gainst angiotensin converting enzyme (ACE), a potent vasoconstric-
or. Probiotics produce bioactive peptides from food proteins during
ermentation to inhibit the ACE enzyme by blocking the active sites
 Ayyash et al., 2020 ). Even the debris left by dead probiotic cells
ct against the ACE enzyme ( Miremadi et al., 2014 ). The production
f proinflammatory cytokines are triggered in large quantities due to
OVID-19 infection as an offensive inflammatory response in some
atients known as cytokine storm ( Huang et al., 2020 ). Several vital
rgans of human body including lungs, kidneys, brain, GI tract, and
yes are prone to damage due to this phenomenon ( Bhaskar et al.,
020 ). This could be lessened by intake of probiotic based foods and
everages as indicated by several studies. Probiotics regulate the in-
estinal mucosal immune cells in the human GI tract by production of
hort chain fatty acids (SCFAs) ( Xu et al., 2020 ). The colonizing pro-
iotic bacteria at the gastrointestinal tract interact with the intesti-
al mucosa and communicate with the epithelial and mucosal lym-
hoid elements, which provoke the host defences in the gut ( Shi and
alker, 2004 ). Han et al. (2007) reported the effectiveness of gut mi-

robiota in combating respiratory tract disorders and infection as an im-
unological function. Baud et al. (2020) recently revealed the lists of

ome probiotics ( Lactobacillus casei , Lactobacillus gasseri , Bifidobacterium

ongum, Bifidobacterium bifidum , Lactobacillus rhamnosus , Lactobacillus

lantarum, Bifidobacterium breve, Pediococcus pentosaceus , and Leuconos-

oc mesenteroides) which could decrease the burden of the COVID-19.
onsidering such potential of probiotics, major food based manufactur-

ng companies have incorporated these strains of probiotics into several
roducts such as DanActive/Actimel fermented drink (Danone), Tribion
armonis (Merck), Shirota, Morinaga, and Medipharm ( Baud et al.,
020 ). These promising results demonstrate the significance of probi-
tics as future foods in combating COVID-19 and other viral infections.
hus, probiotics rich foods and beverages are expected to enhance the

mmune systems and thus to control the risk of viral including COVID-19
nfection ( Gasmi et al., 2020 ). 

. Probiotics and host immunity 

The global food consumption pattern and the emergence of ultra-
rocessed foods have been associated with increased inflammation and
ther health issues rising to lower immune responsiveness. These di-
tary changes have been linked to imbalances in the human gut micro-
iome ( Childs et al., 2019 ; Gibney et al., 2017 ; Monteiro et al., 2013 ;
onnenburg and Sonnenburg, 2019 ). Researchers have shown probiotics
o restore the gut microbiota and modulate the intestinal immune re-
ponse in viral respiratory infections ( Clua et al., 2017 ; de Vrese et al.,
005 ; Hao et al., 2015 ; Winkler et al., 2005 ). These studies reveal the
mmune-enhancing benefits of probiotics which has increased consumer
emands for more such foods now and in the future. 

The established and well-known action mechanisms of probiotics
or boosting immunity is shown in Fig. 1 . They do so by providing
rotection against the pathogens, secretion of antimicrobial substances,
mmunomodulation, production of short-chain fatty acids (SCFA), and
ompetitive action for adhesion and nutritional sources ( Ashaolu, 2020 ;
an et al., 2019 ). 
The primary site of action of probiotics is gut or the large intestine.

hen probiotics reach the gut (known as human bioreactor) through
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Fig. 1. Probiotics action mechanism for host 
immune enhancement. 
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irect supplementation or probiotics, the first significant step is adher-
nce to the intestine’s epithelium layer. Once probiotics colonize the
ut, they ferment the foods producing short-chain fatty acids (SCFA).
CFAs are vital compounds that can inhibit histone deacetylases and
mprove antibody-antigen response. Other metabolites produced by pro-
iotics include peptides, amino acids, and vitamins regulating the host
mmune system ( Morais et al., 2020 ; Vinolo et al., 2011 ; Zhang et al.,
019 ). Thus, probiotics can modulate the host immune system by var-
ous mechanisms and maintain natural intestinal homeostasis. Then an
mmune response can be triggered which can be the case against SARS-
oV-2. However, various probiotics strain even within the same genus
ehave differently and the safety aspects must be considered before real-
ife applications. 

. Safety assessment 

More than 420,000 deaths every year is accounted to food poison-
ng as per the World Health Organization (WHO) report ( WHO, 2015 ).
art of this is because food which we consume for nutrients delivery, is
lso suitable hostage to the favourable growth of pathogenic microor-
anisms. Due to these, consumers are more conscious on future foods
ith beneficial microbes ( Bian et al., 2016 ). Probiotics contain live bac-

eria that are added to food or food supplements. This is why a care-
ul safety assessment ( Fig. 2 ) needs to be carried out to check if the
dded probiotics are safe or harmful for consumption considering the
ossibility of theoretical side effects. The genetic study of probiotics
hile assessing its safety will certainly give an understanding on specific
enes can suppress the expression of gene, interaction with food-borne
athogens, and their toxins while accounting the safety of probiotics as
uture foods. Proving probiotics safety, however, is a challenging task to
rovide evidence for the absence of all virulence properties. This prop-
rty is sometimes strain-specific, too, which makes it more challenging.
long with this, the emergence of antimicrobial resistance in the bacte-
ia helps transfer pathogenic genes into the probiotics ( Wassenaar and
lein, 2008 ). Considering all these challenges, here we discuss the fun-
amental practices of safety assessment of the probiotics. 

.1. Non-pathogenicity 

The probiotic strain used in foods and beverages must be non-
athogenic and should not pose a risk to the host. The most com-
3 
only used probiotic microorganisms for foods and beverages belong
o Lactobacilli and Bifidobacteria that are generally considered safe to
he host ( Adams and Marteau, 1995 ). Lactococcus lactis and Lactobacilli

re classified as generally recognized as safe (GRAS) in the United
tates ( Salminen et al., 1998 ). Their existence and occurrence sup-
ort the safety of these strains in food as normal commensals and
nhabitants of mammalian flora. Along with that, established safety
laims over a diverse range of food products, including presence in the
raditionally fermented foods worldwide, corroborates this conclusion
 Marteau, 2002 ). 

Some Lactobacillus species have been associated with opportunistic
nfections. Cannon et al. (2005) reported the pathogenicity of over 200
ocumented cases of Lactobacillus infections. In this study, species casei

nd rhamnosus were most associated with endocarditis and bacteremia,
ith associated infections not limited to peritonitis, abscesses, and
eningitis. Similarly, Saxelin et al. (1996) assessed the safety of Lacto-

acilli to detect the presence of bacteremia during a 4-year period (1989–
992) in southern Finland. Lactobacilli were identified in eight patients
mong 3317 blood culture isolates, of which five had a severe bac-
eremic complication. Bacterial species like Escherichia coli and Entero-

occus possess both non-pathogenic variants and pathovars ( Franz et al.,
003 ). Hence it is important to consider that the attribute pathogen
ssociated with probiotics for food application is strain-specific rather
han species-specific. Thus, the general conclusions on the safety of pro-
iotic strain do not apply to all given species strains. To prove non-
athogenicity, strain-specific evidence is required to establish the claim
 Wassenaar and Klein, 2008 ). 

For proving the non-pathogenicity of probiotic bacteria in foods and
everages, evidence surrounding pathogenic features like production of
oxin, survivability, and replication in the bloodstream along with inva-
ion and translocation must be revealed systemically ( Bernardeau et al.,
006 ). Notably, some bacteria possess the ability to take up DNA from
he environment into its genome. This might affect non-pathogenic bac-
eria, which could gain virulence genes while in the gut. The horizontal
ene transfer due to the uptake of foreign DNA from the environment
ould expose probiotic bacteria to acquire antimicrobial resistance. This
ould be transferred to pathogenic bacteria from non-pathogenic probi-
tics during microbial-host-pathogen interactions in the gut with ad-
erse health consequences. Thus, the non-pathogenicity of probiotics in
oods and beverages must be assessed in terms of their pathogenicity,
irulence repertoire, antibiotic resistance, and ability to acquire foreign
NA. 
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Fig. 2. General procedure for the safety evalu- 
ation of probiotics for application in foods and 
beverages. 
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.2. Absence of virulome in probiotics 

The safety of probiotics-based foods and beverage is of utmost im-
ortance, especially with the rise of public consciousness towards probi-
tics and functional foods. This warrants detailed safety over functional
valuation which traditionally includes microbiological and phenotyp-
cal assays to confirm the absence of virulence genes. Virulence genes
virulome) represents the bacteria associated genes that are essential
or a bacterium to affect eukaryotic cells (like humans) by invasion, col-
nization, immune evasion, suppression of host immune response and
cquire nutrition from the host ( Wassenaar et al., 2015 ). Hence, an addi-
ional whole-genome sequence is essential for the safety evaluation of a
train earmarked for probiotic use. The criterion would be the complete
bsence of virulome from probiotic bacteria and transferrable genes to
elevant antibiotics in clinical practice. 

Though the absence of virulence factors in probiotic strain would
ean its acceptability for commercial application, proving such genes

n a bacterium is an equally daunting task for several reasons. Firstly,
irulome for all (entero) pathogen is not yet well characterized. The
athogenic mechanism of some pathogens like Campylobacter jejuni is
till unknown, meaning the bacteria demonstrates virulome through
nknown mechanisms, which is not yet detected ( Wassenaar and
laser, 1999 ). Secondly, probiotics in the gut exhibit virulence like prop-
rties and this is where a distinction between colonization and virulence
ecomes difficult, though both of them are related. Thus, it becomes dif-
cult to define which properties of bacteria help them adhere and attach
o the gut epithelium (ability of probiotic strain as colonization) and re-
ponsible for the disease ( Wassenaar and Klein, 2008 ). 

Pieniz et al. (2015) evaluated the presence of virulence fac-
ors in Enterococcus durans LAB18s isolated from frescal cheese. The
tudy was aimed to detect virulence factors like adhesion, aggrega-
ion and biofilm formation using PCR with specific primers. The re-
ults showed a negative for all virulence factors studied, suggesting
he safety of strain for use in food and feed applications. However,

assenaar et al. (2015) studied the virulence genes in Symbioflor2
DSM 17,252), a probiotic product with six different Escherichia coli .
he authors reported several virulence-associated genes in a probiotic
roduct, which did not account for pathogenicity. A similar study was
onducted by Binnewies et al. (2006) where the authors studied com-
lete bacterial genomes for ten years, only to discover that virulence
enes are quite common in commensals. Thus, proving the absence
f virulence genes in a probiotic strain for food application does ac-
ount for its safety; however, methodology and its interpretations are
4 
et to be streamlined, even when the whole genome sequence will be
vailable. 

.3. Absence of antibiotic resistance in probiotics 

Antibiotic resistance has been common in microorganisms due to
ts indiscriminate use in human and veterinary medicine, that pose
erious problems when treating microbial infections. ( Saarela, 2019 ;
hapa et al., 2020 ). Bacteria can resist the effects of medication that was
nce effective against the microbe ( D’Costa et al., 2011 ). This acquired
bility of bacteria to change its nature should be avoided in probiotics
or food applications. Though it is unsure whether these antibiotic re-
istance genes would affect the host’s health, they could transfer the
enes to potential pathogenic bacteria in the gut, which may pose seri-
us health issues. Proving the absence of antibiotic resistance in a given
acterial strain is relatively straightforward compared to complexities
nvolved with proving the absence of virulence factors. 

Antibiotic resistance in bacteria may be due to acquired or intrinsic
roperties. Intrinsic resistance to medication is naturally occurring and
pecific to species while acquired resistance occurs from DNA of foreign
acteria is incorporated into the host bacteria or due to genetic muta-
ions ( Blair et al., 2015 ; Munita and Arias, 2016 ). Lactic Acid Bacteria
LAB) also possess an array of antibiotic resistance intrinsically but most
f these are non-transmissible ( Gueimonde et al., 2013 ). The antibiotic
esistance of LAB could be due to chromosomal, transposon or plasmid
ocated genes . Lactobacilli with non-transmissible antibiotic resistance
enes do not possess a safety concern. Lactobacillus rhamnosus and Lac-

obacillus casei along with several other species of lactobacilli are resistant
intrinsically) to vanomycin. The usual species contains vanomycin ac-
ivity precursor with d -alanine as a terminating end while the resistant
pecies contains peptidoglycan precursor with d -lactate as a terminat-
ng end. These species of Lactobacilli resistant to vanomycin intrinsically
ave a demonstrated history of safe use as a probiotic. No other evidence
s obtained that shows if it could transfer the resistance to other bacteria
 Saarela et al., 2000 ). A systematic approach to approval of enterococci
s antibiotic resistance to vanomycin is shown illustrated in Fig. 3 . 

Plasmid-linked antibiotic resistance occurs in Lactobacilli species
hough it is uncommon, so safety considerations must be considered.
he possibility of genes encoding antibiotic resistance, especially with
trains isolated from the intestine, do exist in common probiotic Lac-

obacilli and Bifidobacteria as they contain plasmid (FAO, 2006). This
ecessitates further research into antibiotic resistance properties in tra-
itional probiotic strains linked with Lactobacilli and Bifidobacteria. 



S. Koirala and A.K. Anal Future Foods 3 (2021) 100013 

Fig. 3. Decision scheme for approval of pro- 
biotic bacteria (enterococci) resistance to van- 
comycin. 

Fig. 4. Overall safety and functional evalua- 
tion of probiotic for use in food applications. 

5

f

 

i  

f  

w  

o  

a  

a  

i  

a

5

 

w  

p  

o  

p  

b

5

 

v  

w  

s  

m  

a  

t  

2
 

B  

S  

e  

e  

m  

i

 

. FAO/WHO report on the evaluation of safety of probiotics in 

ood and beverages 

The joint FAO/WHO consortium was held during 1–4 October 2001
n Cordoba, Argentina recognized a growing demand for probiotic-based
oods and beverages in the market, which needs to be streamlined
ith proper guidelines, systematic approach and assessment of probi-
tic safety before it reaches to the consumers. The consultation group
lso set forth the evaluation techniques for probiotics in food leading to
dded health benefits ( Fig. 4 ). The dedicated working group aimed to
dentify and outline the minimum requirements of probiotics in food for
ny food to be labeled as "Probiotic Food" ( FAO/WHO, 2002 ). 

.1. Screening of microorganism 

The first step for any potential probiotics for food application starts
ith isolation and identification. The identification of species should be
erformed by using 16s RNA methods and verified with a combination
f phenotypic and genotypic tests. The information on the presence of
lasmid as an extrachromosomal genetic elements should be supported
y the strain characteristics ( FAO/WHO, 2002 ; Zieli ń ska et al., 2018 ). 
5 
.2. Screening probiotic potential in vitro 

It is essential to substantiate the efficacy of identified microbes by
arious in vitro and potentially in vivo tests with human clinical trials
ith probiotic claimed foods and beverages. Normally characteristics

uch as tolerance to bile acid, gastric juice resistance, adherence to hu-
an epithelial cells, ability to reduce pathogen in the gut, antimicrobial

ctivity, bile salt hydrolase activity and safety assessment are conducted
o elucidate the probiotic potential of a given microbe ( Zieli ń ska et al.,
018 ). 

Some traditional probiotic species of the bacteria used in foods like
ifidobacterium, Lactobacillus , and Streptococcus , including yeast such as
accharomyces boulardii are considered as GRAS ( Bagchi, 2014 ). How-
ver, the FAO/WHO working group recommends safety assessment as
vidence to certify given probiotics in food application. Safety assess-
ent of probiotic prescribed by the working group includes the follow-

ng: 

a Production of undesirable metabolites and its evaluation (e.g., d -
lactate production and bile salt deconjugation) 

b Presence of potential antimicrobial resistance factors 
c Possible side effects in human clinical studies 
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d Epidemiological post-market assessment of adverse effects in con-
sumers 

e Hemolytic activity 
f Toxin production and toxicity 

Casarotti et al. (2017) studied the safety and probiotic potential
f Lactobacillus strains isolated from mozzarella cheese. The safety
ssessment of ten Lactobacillus strains including Lactobacillus fermen-

um SJRP30, Lactobacillus casei SJRP37, SJRP66, SJRP141, SJRP145,
JRP146, and SJRP169, and Lactobacillus delbrueckii subsp. bulgaricus

JRP50, SJRP76, and SJRP149 were analyzed based on resistance to
ntibiotics, virulome factors, degradation of mucin and hemolytic ac-
ivity. Their results demonstrate that all strains were resistant to antibi-
tics; however, it was limited to intrinsic resistance. Limited virulome or
irulence genes were present and in this study the strains did not show
ny hemolytic activity and mucin degradation. Overall, L. fermentum

JRP30 and L. casei SJRP145 and SJRP146 were reported to be safe. Da
ilva et al. (2019) assessed the safety of lactic acid bacteria isolated from
oat milk. Antibiotic resistance, gelatinase production, hemolytic activ-
ty as safety related virulence factors were studied in isolated LAB. The
esults show that the selected LAB strains are safe against tested param-
ters. Sanders et al. (2005) reported that in vitro studies tend to provide
ore relevant information about strain characterization, genomic analy-

is, DNA-based identification, and viability measurement. These studies
urely assess the probiotic strain against the suggested indicators from
he FAO/WHO working group. 

Some other studies have reported beneficial substances from probi-
tics. Kalhoro et al. (2019) identified bacteriocin-like inhibitory sub-
tance (BLIS) producing strains from probiotic Lactobacillus paraplan-

arum BT-11 . Akbar et al. (2019) isolated Lactococcus lactis subsp. lactis

rom fermented milk and assessed the antimicrobial potential of LAB
solates. The antibmicrobial activity of the LAB was determined against
ajor foodborne pathogens like Salmonella typhimurium, Staphylococcus

ureus, E. coli , and Listeria monocytogenes . The bacteriocin as an antimi-
robial metabolite from LAB reduced the number of target bacteria in
ilk by 10-fold after 24 h of incubation. A similar study was reported

y Kumaree et al. (2015) where the authors investigated the potential of
robiotic Lactobacillus plantarum isolated from freshwater catfish against
ajor fishborne pathogens ( Streptococcus agalactiae, S. typhimurium, E.

oli, and Klebsiella pneumoniae ). These studies and approaches should be
ncluded in the safety assessment of probiotics intended for foods and
everages, which will help understand an array of probiotic safety in a
olistic manner. 

.3. Human and animal studies in vivo 

The expert working group encourages the results from in vitro to
nderstand the probiotic mechanism and encourages animal studies for
ubstantiation of safety concerns. The procedure for human clinical stud-
es regarding the administration of probiotic-based foods and beverages
an be explained in four phases ( Gupta, 2016 ). 

a Safety assessment (Phase 1) 
b Efficacy (Phase 2) 
c Effectiveness (Phase 3) 
d Surveillance (Phase 4) 

The safety assessment in the first phase follows the screening of iso-
ates in detail, following the procedure recommended by the working
roup . The animal studies are then essential to evaluate the efficacy
 Sanders et al. (2005) . The animal studies’ results need to be carefully
nterpreted, referring to human physiology, pathology, anatomy, test
roup, and a range of other factors involved. The third stage involves
he study of effectiveness of either probiotic strain or such foods by con-
ucting human trials. This study is dependent on the regulations, the
ype of probiotic microorganisms used in foods and beverages and stud-
ed sample population. As safety is of paramount significance, the trials
6 
ith probiotics in foods and beverages shall be carefully planned and su-
ervised by an approved authorizing body. Shane et al. (2010) believes
hat coordinated collaborative effort between medical practitioner, con-
umer, microbiologist, industrial representative, and regulatory agen-
ies is important to the quality and safety of trial involving probiotic
oods. In general, functional foods like probiotic foods are examined in
pen-label studies. Hence, a placebo effect cannot be ignored as differ-
nt matrices can affect microbe viability and alter the effect on the host
 Zieli ń ska et al., 2018 ). 

.4. Health claims and labeling of probiotic-based foods and beverages 

One of the major concerns about probiotic-based foods and bever-
ges is health claims and labeling that are too specific without scien-
ific evidence and facts. They are at times merely used as a gimmick
or promotion. Concerning this, it is recommended that the use of the
ord "probiotic" on only those foods and beverages that contain live mi-

roorganisms of well-defined strain with a considerable number of cells
hat deliver benefits to the host. Clear and precise labeling should be
laced on probiotic foods which need to be verified by regulating body
r agency. Failure to do so may result in unwanted health side effects
nd potential penalties as per the law and legislation. 

Temmerman et al. (2003) studied 55 probiotic products in Eu-
opean markets for labeling issues which showed inappropriate and
islabeling in 40% of dairy products and other food supplements.

ewis et al. (2016) further studied 16 probiotic foods to determine if
he claims on Bifidobacteria in the product describe the labeling claims
n the packaging using DNA-based methods, only to report that the ob-
erved Bifidobacteria differs from the one listed as an ingredient. Sur-
risingly, only 1 out of 16 probiotics perfectly matched its label. There
re more than 10,000 additional studies that use the term "probiotics ”
n PubMed since the inception of FAO/WHO (2002) safety evaluation
eport. This progress in scientific and clinical studies drives the future
irection for probiotic-based foods and beverages. However, many mis-
ses of the word "probiotic" have been found, as manufacturers use it
ithout meeting specific criteria. Thus, the following adjustments were

ecommended during a high-level meeting at the ISAPP (International
cientific Association for Probiotics and Prebiotics) ( Hill et al., 2014 ): 

a Updating the FAO/WHO definitions for probiotics with minor gram-
mar correction as "live microorganisms that, when administered in
adequate amounts, confer a health benefit on the host," 

b It is now required to include the microorganisms species in the "pro-
biotics" definition after it has passed necessary clinical studies with
beneficial effects on the host, 

c Specific claims (like health, nutritional, functional, and those beyond
"contains probiotics") must be further substantiated, 

d The term probiotics are not applied for cultures associated with tra-
ditionally fermented foods with no evidence of a health benefit. 

e The word probiotics can be used for the defined strains from human
samples with adequate safety and efficacy evidence. 

Currently, manufacturers of probiotics-based foods and beverages do
ot need to specify the bacterial strain as a labeling requirement along
ith the number of live microorganisms and their shelf-viability. This

egulatory requirement needs to be updated with the emerging trends
f future foods with probiotics. However, many misuses of the word
probiotic" have been found, as manufacturers use it without meeting
pecific criteria. This is where regulatory bodies need to invigilate and
rotect the consumer from false and misleading claims. 

. Regulatory framework and labeling claims associated with 

robiotic-based foods and beverages 

The traditional concepts of sound health have changed dramatically
ver the years due to increased awareness of consumers towards gas-
rointestinal health and how it affects the whole body. Focusing on this,
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Table 1 

Probiotic foods and beverage categorization in major countries. 

S.N. Country Category Regulatory 
authority 

References 

1 USA Drugs 

Dietary 

supplements 

Biological product 

Live therapeutic 

agent 

Medical Food 

FDA 

DSHEA 

BLA 

FDA 

DSHEA 

( FDA, 2015 ) 

( FDA, 2006 ) 

( Maughan et al., 2004 ) 

( Degnan, 2008 ) 

( Arora and Baldi, 2015 ; 

Degnan, 2012 ) 

2 Europe Functional Food FUFOSE ( Saxelin, 2008 ) 

3 Japan Probiotics 

Functional foods 

and nutraceuticals 

FAO/WHO 

MHLW, 

FOSHU 

( FAO/WHO, 2002 ) 

( Amagase, 2008 ; 

Nagata and Yamada, 2008 ) 

4 China Functional foods SFDA ( Yang, 2016 ) 

5 Canada Natural health 

products 

FDA ( Arora and Baldi, 2017 ) 

6 Brazil Functional food ANVISA ( Frietas, 2006 ) 

7 Thailand Functional Food Thai FDA ( FDA, 2011 ) 

8 Malaysia Functional food FSQD ( Stanton and Emms, 2011 ) 

9 India Functional food 

Drugs 

FSSA , PFA , 

FDA 

( Sharma et al., 2013 ) 

FAO/WHO = Food and Agricultural Organization/World Health Organization, MHLW = Ministry of Health and 
Welfare, FOSHU = Food for Specified Health Use, FUFOSE = Functional Food Science in Europe, SFDA = State 
Food and Drug Administration, ANVISA = National Health Surveillance Agency Brazil, FSANZ = Food Standards 
Australia and New Zealand, DSHEA = Dietary Supplement Health and Education Act, BLA = Biologic License Ap- 
plication, PFA = Prevention of Food Adulteration Act, FSQD = Food Safety and Quality Division, NPCB = National 
Pharmaceutical Control Bureau. 
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 large number of food products labeled as probiotics are found glob-
lly. The misuse of "probiotic" started to take place for marketing tactics.
ence, many countries enacted a legal framework by establishing agen-
ies with food and labeling requirements, claims permitted and associ-
ted penalties to protect consumers from misleading claims ( Peivasteh-
oudsari et al., 2019 ). The rationale was to harmonize the market with
 stringent framework that oversights the safety and regulatory aspects
f probiotic-based foods and beverages. 

The broad-spectrum framework to develop regulatory policies and
abeling claims for probiotic and probiotic-based foods & beverages
ncludes its safety, efficacy, quality control and health claim regula-
ions ( de Simone, 2019 ). When a probiotic makes a health claim for
he treatment, therapy, prevention or diagnosis, it is classified into
drug" as in medical or therapeutic product and regulated as such
 Venugopalan et al., 2010 ). Under this condition, the existing laws and
egulations will be applied for probiotics as a drug. However, majority of
robiotics as drugs do not make specific health claims due to complexi-
ies associated with in vivo clinical studies with patients. The probiotics
hich do not make specific health claims either as a probiotic pill or

apsule or those incorporated in food are classified as dietary or food
upplements ( Arora and Baldi, 2017 ; de Simone, 2019 ; Melchor et al.,
019 ). The categorization of probiotic foods and beverages in major
ountries is shown in Table 1 . 

Japan is the global leader where probiotics are commercially avail-
ble as both foods, neutraceutical and drug. It is the first country to
mplement regulation on functional foods and nutraceuticals in 1991.
ig. 5 illustrates the three different categories as established in Japan
or foods that claim health benefits: 

FOSHU (Foods for specialized health issues) 

a FFC (Foods with functional claims) 
b FNFC (Foods with nutrient functional claims) 

The approval process for foods with mentioned claims under FOSHU
ypically takes at least one year to complete with a detailed review
rocess through scientific evidence accepted by the expert committee.
or any substantiation, clinical trials and epidemiological studies are a
andatory requirement (Japan, 2017 ). Along with this, human clinical
7 
ata and animal studies are also required for the review of claims for
he functional food product. The requirement also states that the data
or this process must be statistically significant with a well-designed
tudy (long period studies with a sufficient number of subjects). FFC
laims does not need pre-approval unlike FOSHU. Food manufacturers
ay use the FFC based on a piece of scientific evidence through either

1) a clinical trial using a product and involving human studies or (2) a
ystematic literature review ( Japan, 2013 ). 

The USA has become another hub for open-minded market when
t comes to alternative therapies that include probiotics. Some of the
nique features of US market for probiotic-based foods and beverages
nclude: generally lack of fermented foods and its lower consumption;
trong fear for all bacteria since the discovery of penicillin and under-
tanding of what bacteria can do; increasing incidence of foodborne ill-
ess; skepticism of advertising claims for natural probiotic food products
 Vanderhoof and Young, 2008 ). 

Regulatory issues remain an area of concern for the probiotic-based
oods and beverages in USA particularly when it comes to what the
ndustry needs to know and how to protect the consumers from false
laims. Currently, the products are regulated depending on their in-
ended use. The regulatory bodies involved are US Food and Drug Ad-
inistration (FDA) and Dietary Supplement Health and Education Act

DSHEA) that policies safety, labeling and health claims for the prod-
cts. As per the existing guidelines. 

• Dietary supplement: If a probiotic is used as a dietary supplement,
it is considered "foods" and regulated by DSHEA/FDA. 

• Drug: If a probiotic is solely to be used for medical therapeutic pur-
pose, then it is considered as "drug" and regulated by FDA 

• Biological product: For probiotics to be used as a biological product,
approval is necessary via Biologic License Application (BLA) and reg-
ulated by FDA. 

The United States Food and Drug Administration (USFDA) also reg-
lates certain claims for conventional probiotic foods and beverages, in-
luding health claims, structure claims, function, and nutrient content
laims. Health claims need to be pre-authorized by the FDA by sub-
itting a petition, which is rare. Generally, these products petition for
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Fig. 5. Different types of health claims estab- 
lished in Japan. 

Fig. 6. Different types of claims regulated by 
FDA in the USA for probiotic foods and bever- 
ages. 
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tructure and nutrient-based claims for which FDA premarket review or
pproval is not required. However, a notification must be made to the
ommission of FDA 30 days prior to the marketing of probiotic-based
roducts. The approach of the Federal Trade Commission (FTC) which
elies on tests, analysis, research, studies, evidence-based on the profes-
ionals, is adopted by FDA on approval of these claims, using the proce-
ures generally accepted in the profession to yield accurate and reliable
esults. This is how the claims are substantiated and any probiotic-based
oods and beverages thus sees the light of the day going through this
egulatory process in the United States of America ( Fig. 6 ). 

Europe implemented a regulatory commission in 1995 especially
n probiotics-based functional food. After Japan, Europe was second
o define the probiotic-based functional foods and beverages, with a
eveloped market, of which a large segment is composed of probi-
tic dairy products like yogurts and fermented milk ( Stanton et al.,
001 ). The probiotic foods and supplements are regulated under the
ood Products Directive and Regulation (regulation 178/2002/EC; di-
ective 2000/13/EU). Before the products are marketed to the con-
umers, as per the European laws, all the ingredients including micro-
ial cultures present in the foods must undergo a Qualified Presump-
ion of Safety (QPS) for safety assessment test ( Fig. 7 ) ( EFSA, 2005 ;
8 
euschner et al., 2010 ). Despite many applications submitted to the Eu-
opean Food Safety Authority (EFSA), there are no approved health
laims for probiotics in the region. As a result, consumers are faced
ith labels employing the Latin term for a particular strain of bacteria,
hich is not easily understood and creates confusion rather than clar-

ty ( van Loveren et al., 2012 ). European Food Safety Authority (EFSA),
s it stands, is the regulatory body along with FUFOSE for functional
oods including probiotics in the European market. One of the regula-
ions that makes it a hurdle to recognize the benefits of probiotics is
hat the EU prohibits it from having medical claims. If this did not exist,
utritional treatments would have easily been approved as drugs with-
ut going through the costly procedures. Despite this, the prohibition is
lso considered a legal fiction because promotion of health and disease
revention is largely the same thing. EFSA indicated that it would allow
ealth claims based on the ability of probiotics to reduce infections. This
bolishes the distinction between health claims and medical claims to
ome extent ( Herman et al., 2019 ). 

China has a specific list of microorganisms permitted for food use,
ncluding Bifidobacterium animalis and Bifidus bacterium . However, safety
equirements in the usage of these foods are not enacted. In general, the
roduction of these prebiotics and probiotics should be in line with the
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Fig. 7. Qualified Presumption of Safety (QPS) 
for safety assessment test. 
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ational Food Safety Standard of the Chinese Government. The Chinese
aw clearly defines definitions for food claims such as the following: 

a Conventional foods mark the presence of a specific ingredient in the
label of regular foodstuffs. This states that probiotics fall under the
scope of ’nutritional components’ for this purpose. 

b On the other hand, health foods aim to improve bodily functions
but not to the extent of treating a disease. There are currently 28
health functions (i.e., enhance immunity, increase bone density) that
can be claimed as healthy foods. There is no limit on which health
function to use in prebiotic and probiotic foods; however, functions
like ‘enhance immunity’ and ‘regulate gastrointestinal flora can be
used for probiotic foods. Foods that contain probiotics and aiming
to be healthy food require a pre-market registration and takes 18–24
months to be completed. 

Similarly, Brazil imposed a regulation in 2018 for both probiotics
nd prebiotics to assure consumers’ safety in taking in the products and
nsure that the claims should have scientific proof. Pre-authorization of
laims and application with claims must register with Agência Nacional
e Vigilância Sanitária (ANVISA), known as Brazil National Health
urveillance Agency through an online petitioning system that is the
ame with every other food processed. Proposed claims regarding probi-
tic substances require information including the character of microor-
anism, the antimicrobial resistance profile, determination of hemolytic
ctivity and potential, proofs of potential adverse effect, efficacy, and
iability. 

Association of Southeast Asian Nations (ASEAN) is no exception
o the growing demands of probiotics in the market. More and more
robiotic-based foods and beverages are being introduced into the re-
ion to meet this demand surge. The region consists of 10 countries with
ver 650 million population making it the third-largest market globally.
ll countries in the region have standards or regulations related to pro-
iotics except Cambodia, Lao PDR, Myanmar, and Vietnam. The rest of
he countries in the region have followed EFSA based model for the ap-
roval of safety and regulatory claims related to probiotic-based foods
nd beverages ( Poon, 2018 ). 

In Australia and New Zealand, the requirements for making a general
evel health claim in probiotic-based foods and beverages are based on
he FSANZ (FOOD Standards Australia New Zealand) Food Standards
ode. 

Probiotics are considered natural health products and Canadian Food
nd Drugs approve packaging acts, specifically under Natural Health
roducts Regulations. 
9 
. Conclusion and future perspectives 

Growing health concerns and subsequent shift towards functional
oods have expanded the horizon for probiotic-based foods and bever-
ges. At a time when the world is gripped with COVID-19 pandemic,
ietary interventions through the ingestion of these future foods are con-
idered effective nutritional therapy considering that we do not have a
ure or treatment to the SARS-CoV-2 as of yet. This has led to more
esearch and innovations on the traditional and next-generation probi-
tics for food products. The nearest future may also see the emergence
f more food application of probiotics. With this looming horizon of pro-
iotics as future foods, safety must be considered. The basic idea behind
he application of probiotics in food for ages has been “do more good
han harm, ” however, the emergence of some safety issues alongside a
rowing number of novel strains accounts for its safety evaluation. The
ajor safety considerations are that the strains shall be of human origin

nd isolated from the human GI tract, the absence of pathogenicity and
irulence factors, should not promote any disease-related activities and
hould not consist of any transferrable antibiotic resistance genes. Apart
rom safety, the regulatory framework is also necessary at the same time
n order to protect the consumer from false and misleading claims while
t the same time harmonizing the trade market. Each country and re-
ion has different sets of legislation, policies and government guidance
ocuments as the clinical evidence and human trials are very hard to
et approved. The standards, policy, and regulations improve with time
ontinuously, but the expeditiously growing market of probiotic-based
oods and beverages require more intensive efforts to assure consumers’
afety. 
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