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Abstract
Background: Diarrhoeal disease is a major cause of global infant mortality, and compromises the ability of many coun-

tries with respect to achieving sustainable development goals. The WHO’s recommendation of Oral Rehydration Solution

(ORS) and zinc in the management of this disease, may not be readily available. Consideration and assessment of cultural

practices in its management has been an area of increased interest over the last decade. Aim: This study aims to system-

atically evaluate efficacy of the consumption of traditional fermented foods as functional products for the treatment and

management of diarrhoea. Methods: Following PRISMA guidelines, a systematic review was conducted of electronic

databases (Cochrane Library, Ovid Medline and Pubmed) databases with no restrictions on language and publication

date for RCTs that investigated the effect of consumption of fermented foods on the treatment of diarrhoea in children

under five years of age. Results: Seven RCTs were included. Meta-analysis showed that compared to control, consump-

tion of fermented foods significantly reduced mean duration of diarrhoea, −0.61 days; (95% CI, −1.04, −0.18); length of

hospitalization, −0.35 days (95% CI, −0.69, −0.02); but not mean daily frequency of stool −2.00 (95% CI,-7.03, 3.04).

Conclusion: Limited available evidence suggests that consumption of fermented foods may help reduce duration and

severity of symptoms as a treatment of diarrhoea. More high quality research needs to be undertaken to investigate

the efficacy of fermented food as an effective alternative to ORS as a potential WHO recommendation for management

of diarrhoeal disease.
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Introduction
The consensus definition of diarrhoea, published by the
World Health Organisation (WHO) in 1988 as stated by
Levine et al., (2017) is the passage of three or more loose
stools - one that takes the shape of a container, or watery
stools in a 24-h period. According to WHO, diarrhoeal
disease is the second leading cause of death among children
under the age of 5 in the world (World Health Organisation,
2005). The WHO’s recommendation for the treatment of
diarrhoea is oral rehydration solution (ORS), consisting of
a solution of clean water, sugar and salt along with a
10-14 day supplemental treatment course of dispersible
20 mg zinc tablets (World Health Organisation, 2005).
However, currently there is limited available information
of the recommended ORS/zinc treatment especially in
rural regions of some African countries (Njume and
Goduka, 2012; Wilson et al., 2013). In addition to poor

access, a number of indigenous and culturally acceptable
alternatives treatments based on fermented foods tend to
be used in these regions (Njume and Goduka, 2012).

Fermented foods are consumed across the globe as trad-
itional foods, within many societies and communities using
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fermented foods for the treatment of diarrhoea, especially in
children (Lei et al., 2006; Achi and Asamudo, 2018;
Anukam and Reid, 2009). This ancient food processing
technique continues to be used both domestically and
industrially as a food preservation method, prolonging
shelf life of foods and beverages (Franz et al., 2014;
Mokoena et al., 2016; Ray et al., 2016). Fermentation add-
itionally has the potential to enhance sensory properties of
food product, which leads to some consumers to prefer
(Franz et al., 2014; Karovicova, 2007). To date, some
research data support the potential of fermented foods in
providing therapeutic benefits in the management or pre-
vention of some gastrointestinal diseases and disorders
(Marsh et al., 2014). Though not clearly understood, there
are various hypotheses with respect to the possible ways
in which fermented foods and beverages may be able to
offer health benefits. Components of the fermented
product matrix, including the fermentation organisms, fer-
mentation products, including de novo organic compounds
and exopolysaccharides produced during fermentation,
which could collectively or individually result in the
varied effects of fermented food products are reported in
the literature (Hill et al., 2014).

The most commonly found organisms in fermented
foods and beverages are lactic acid bacteria (LAB) and
yeast strains, which are generally regarded as safe (Ali,
2010; Chelule et al., 2010; Tamang et al., 2016). These
organisms are particularly common in dairy and cereal fer-
mentation (Nyanzi and Jooste, 2012; Widyastuti and
Febrisiantosa, 2014). Some species of these organisms, par-
ticularly those of Lactobacilli and Saccharomyces have the
potential to confer health benefits through mechanisms such
as enhancement of gut immune response, competition with
pathogenic organisms for biological niches in the gastro-
intestinal tract (GIT) or production of antibacterial sub-
stances (Beausoleil et al., 2007; Song et al., 2012). Such
organisms may be described as probiotic if they are able
to survive the harsh environment of the upper GIT in
order to reach the colon in significant numbers, where
they may be able to enhance gut epithelial function
(Donot et al., 2012; Franz et al., 2014; Liu et al., 2010).
However, a fermentation organism does not have to be pro-
biotic in order to confer health benefits, as even dead cells
may stimulate the production of helper T cells in the colon
(Gosálbez and Ramón, 2015; Park and Jeong, 2015;
Vinderola et al., 2005). This was initially proposed by
Adams (2010), who reported that dead LAB cells may
enhance immune response in the GIT in an in-vivo model
using rats. Upon reaching the gut, Lactobacilli along with
other LAB, produce lactic acid which is metabolised by
other organisms into butyrate (Morrison and Preston,
2016; Rautiola, 2013), a SCFA reported to have anti-
inflammatory and anti-carcinogenic properties in the
human GIT, whilst also boosting the GIT and systemic
immune function (Nicholson et al., 2012).

Diarrhoea occurs as a result alteration of the movement
of water and ions in the colon where the absorption of water

and electrolyte primarily takes place (Hodges and Gill,
2010; Kiela and Ghishan, 2016). This can be induced by
pathogenic infection or as a result of gut dysbiosis, for
example, in antibiotic associated diarrhoea (Allen et al.,
2010; Pimentel, 2003). Extracellular polysaccharides
(EPS) are carbohydrate polymers formed from simple or
complex carbon substrates by the bacterial cells including
fermentative organisms in foods and beverages (Nwodo
et al., 2012), as a protective surface in response to a
hostile environment, enhancing colonization by the EPS
producing organism (Salazar et al., 2016). EPS production
influences the rheological and textural properties of fermen-
ted foods as seen in the viscosity of fermented milk. Some
EPS produced by Lactobacilli organisms such as
α-D-glucans, inulin-type fructans, oligosaccharides,
(Sanlibaba and Çakmak, 2016), may act as prebiotics in
the human GIT (Das et al., 2014; Hutkins et al., 2016;
Roberfroid, 2007; Whelan, 2013), selectively stimulating
the growth of beneficial organisms in the colon (Gibson
et al., 2004; Gibson and Roberfroid, 1995). Furthermore,
enhanced production of SCFAs in the human gut has also
been associated with EPS with the explanation that it
serves as substrate for organisms, such as LAB and
Bifidobacteria, which are involved in the production of
SCFAs in the gut (O’Callaghan and van Sinderen, 2016).

In summary, fermented products may be useful in the
prevention and management or treatment of diarrhoea by
enhancing immune responses, potentially and/or selectively
increasing the population of the beneficial organisms in the
gut, inhibiting the growth of gut pathogenic organisms and
enhancing gut homeostasis.

Although the potential of fermented products as alternative
treatment for diarrhoeal disease has emerging supportive evi-
dence in adults, there is a need for research to investigate its
efficacy as an alternative treatment to ORS, especially in chil-
dren. Randomised controlled trials (RCTs) and other clinical
studies have examined the effect of fermented foods on diar-
rhoea amongst other gastrointestinal diseases or symptoms in
adults (Beniwal et al., 2003; Gomi et al., 2018; Lei et al.,
2006; Merenstein et al., 2009; Ringel-Kulka et al., 2015),
but results have been inconsistent. To date, there is limited
evidence and systematic analyses have investigated the effi-
cacy of fermented foods in the prevention and treatment of
diarrhoea jointly, using dairy products as the intervention
(Agostoni et al., 2007; Patro-Golab et al., 2015a;
Patro-Gołąb et al., 2015b; Szajewska et al., 2015), although
the potential mechanisms for both effects appear to be
similar. This systematic review and meta-analysis aim to
evaluate the available evidence with respect to the efficacy
fermented foods and beverages in comparison with unfer-
mented or heat treated products, including dairy and cereal
products, focussing on the treatment of diarrhoea in infants.

Methods
The protocol for the systematic review and meta-analysis
was registered with PROSPERO, registration number
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CRD42020201411. Cochrane Collaboration and Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) (Moher et al., 2009) guidelines for undertaking a
systematic review and meta-analysis were followed.

Outcome measures
The primary outcome measure for this review was duration
of diarrhoea. The secondary outcome measures were mean
number of stools per day and duration of hospitalisation. A
lack of data regarding these outcomes was not an exclusion
criterion.

Electronic search
Electronic searches of the Cochrane Central Register of
Controlled Trials (COCHRANE CENTRAL), OVID
MEDLINE and PUBMED databases were undertaken in
December 2020. There was no language restriction and
publication date was left open till the date of search
(December 2020) to avoid limited number of search
output. Reference lists of relevant review articles, RCTs,
systematic reviews and meta-analyses were hand search
to identify any articles that the initial search may have
missed. The search strategy included the use of validated
filters in combination with topic-specific strategies.
Search terms were included fermented food(s), diarrhoea/
diarrhea, and gastrointestinal disease(s). The search strategy
used both keywords and MeSH terms.

Inclusion and exclusion criteria
Randomised control trials (RCTs), clinical trials, controlled
clinical trials or quasi-randomized trials were considered
eligible for inclusion in this analysis. Studies must have
included human subjects, with age no more than 5 years
and with acute/chronic diarrhoea and must have had dur-
ation of diarrhoea as an outcome measure. Studies which
included participants treated with antibiotics were
excluded. Intervention had to be consumption of any fer-
mented food product at any dosage scheme and duration
of delivery with control being placebo, consumption of
unfermented or ultra-heat treated or pasteurized fermented
food product similar to the intervention or no intervention.
Studies with no control, unspecified control and non-heat
treated fermented controls were excluded.

Selection of studies
The title, abstract, and key words of every article identified
during the search were initially screened. Articles that were
irrelevant following an initial screening based on title,
abstract and keywords were excluded. Full text of poten-
tially relevant studies were then obtained for further screen-
ing. Consensus was reached by two reviewers (AO and NP)
on the final chosen articles.

Data extraction
Information extracted from each article include: author;
year of publication; baseline characteristics of the partici-
pants (age, setting, country of origin) sample size; type of
intervention and comparator; dosage of intervention; dur-
ation of the intervention; definition of diarrhoea; outcome
measures and results. Where comparable data were avail-
able, meta-analysis was undertaken using Review
Manager (RevMan) (Version 5.3. Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration,
2014). Mean difference between the experimental and
control groups was selected to be the effect size of the con-
tinuous outcome with 95% confidence intervals. Duration
of diarrhoea was identified as the only common outcome
variable in the selected studies and therefore used in the
meta-analysis. Where there were more than 1 intervention
group, either similar experimental groups were combined
to create a single pair-wise comparison or the more appro-
priate group was selected (Higgins, 2011). A conversion of
result of outcome measure, shown as median and range to
mean and standard deviation was achieved as recom-
mended by (Hozo et al., 2005; Luo et al., 2018; Wan
et al., 2014), in order to pool data together. It is however
important to note that conversions such as this could
result in overestimation of mean and standard deviation
(Patro-Gołąb et al., 2015b), therefore, interpretation of
pooled results of this meta-analysis would need to be
made with caution.

Assessment of risk of bias in included trials
Risk of bias was assessed using the Cochrane Collaboration
tool which includes the following criteria: adequacy of
random sequence generation; allocation concealment;
blinding of participants; personnel, and outcome assessors;
incomplete outcome data and selective reporting. In all
cases, an answer of “+ ”, “-” and “?” indicated low risk,
high risk and unclear risk respectively. There was no
formal assessment of publication bias using funnel plot
due to small number (< 10) of selected articles (Sterne
et al., 2011).

Results
Seven RCTs (Agarwal and Bhasin, 2002; Bhatnagar et al.,
1998; Boudraa et al., 2001; Isolauri et al., 1991; Pedone
et al., 1999), were identified to have met the inclusion cri-
teria. Figure 1 is the flow diagram showing the process of
identification for the eligible trials and the characteristics
of the excluded trials, with reasons for exclusion.
Characteristics of these articles, assessment of risk of bias
and Grading of Recommendations, Assessment,
Development and Evaluations (GRADE#0 analysis can
be found in Tables 1, 2 and 3 respectively. Agarwal and
Bhasin (2002) undertook these two studies independently
and simultaneously in two different settings, the community
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and the hospital. Data from these settings were separately,
hence eight studies were included for analysis. Only chil-
dren aged between 3 months and 5 years old were recruited
as participants in all selected studies. Two, of the 8 studies
were not carried out with in-patients. These were studies by
Pedone et al., (1999) with children recuited from day care
centres and Agarwal and Bhasin (2002), who recruited chil-
dren from Nand Nagri for the community based study.

Pashapour and Iou (2006) and Yartey et al., (1995) used
WHO’s recommendations of oral rehydration solution
(ORS), as control in their study. Boudraa et al., (2001),
Pedone et al., (1999), Bhatnagar et al., (1998) compared
the effects of fermented milk against unfermented milk on
the outcomes of diarhoea whilst studies by Agarwal and
Bhasin (2002) and Isolauri et al., (1991) used heat treated
fermented milk as control. Bhatnagar et al., (1998) and
Boudraa et al., (2001) administered ORS to all participants
in both groups. However, whilst Bhatnagar et al., (1998)
continued to administer the solution throughout the study,
Boudraa et al., (2001) stopped the administration of ORS
before patients were randomised into groups.

Duration of diarrhoea
This outcome was reported by six out for the seven RCT
included in the current study using a total population of
603 children. The pooled results from the articles
(Figure 2), showed that overall mean duration of diarrhoea
was significantly less, in the experimental group in com-
parison with the control group, −0.61 days; 95% CI
(−1.04, −0.18). Subgroup analysis separating studies
which utilised a non-fermented control and ORS from
those that used heat-treated fermented food as control
found mean duration of diarrhoea was significantly lower

in the group administered fermented foods in comparison
with the heat-treated and ORS control group, −0.58 days;
95% CI (−0.97, −0.20) and −0.61 days; 95% CI (−0.19,
−0.09) respectively, but not significantly different when
compared with the non-fermented control −0.74 days;
95% CI (−1.52, 0.05).

Secondary outcomes
Two RCTs each report mean daily number of stools and
mean length of hospitalisation (days). Fermented foods
did not significantly reduce mean daily stool frequency
−2.00 95% CI (−7.03, 3.04), but significantly reduced the
length of hospitalisation, −0.35 days 95% CI (−0.69,
−0.02) in comparison to the control group (Figure 3).

Discussion
This systematic review and meta-analyses of pooled data
from six studies suggests that administering fermented
foods during an episode of diarrhoea in infants under five
years of age, may reduce the duration of the disease in com-
parison to the control groups. Fermented foods were shown
to reduce the duration of diarrhoea compared to heat treated
fermented food controls. This beneficial effect was
observed when ORS was used as control, suggesting that
fermented foods may have a potential role in the manage-
ment of diarrhoeal disease. There was no clear effect on
daily stool frequency, but duration of hospitalisation was
reduced following administration of fermented foods.

The significant treatment effect observed in the mean
duration of diarrhoea between the experimental group
administered with fermented foods using the HT fermented
food or ORS as control could an effect associated with a

Figure 1. Shows the PRISMA flow chart for literature search.
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number of potentially active components within the fermen-
ted foods including the fermentation organisms and the pro-
ducts of fermentation process. The difference in the
therapeutic effect observed in fermented foods versus heat
treated fermented food is suggestive that the beneficial
effects may be associated with the presence of viable fer-
mentation organisms in the product. However, the plausible
complementary effects of other fermentation by-products
should not be ignored. Studies have investigated the
effect of fermentation organisms in the fermented
product, testing for probiotic effects of these organisms
and using heated treated matching fermented product or
products that do not contain the organism of interest as
the comparator (de Vrese et al., 2011; Merenstein et al.,
2009; Pitkälä et al., 2007). Species of LAB including Lb
kefiri, Lb fermentum, Lb. acidophilus, Lb. rhamnosus, Lb.
plantarum, Lb. casei, have been investigated in in vitro
and in vivo studies and have been reported to have probiotic
properties (Bao et al., 2010; Millette et al., 2008; Pisano
et al., 2014; Rivera-Espinoza and Gallardo-Navarro,
2010; Watson and Preedy, 2015; Zheng et al., 2013).
Nevertheless, LAB are able to also produce heat-stable bac-
teriocins as well as heat-labile antimicrobial proteins
(Grosu-Tudor et al., 2014), which may be effective in the
restoration of gut health during an incident of diarrhoea.

According to the meta-analysis by Ritchie and Romanuk
(2012), Lb rhamnosus GG (LGG) and Lb casei are LAB
organisms which have most commonly been investigated
for the management of gastrointestinal diseases including
diarrhoea. The authors further reported in their study that
these LAB had the potentials for preventive and therapeutic
management of infectious diarrhoea but not for travellers’
diarrhoea in adults. There were variations in factors such
as duration of administration, quantity administered

varied and age of subject, across the studies included in
the meta-analysis which may have caused the variations
in the outcomes of both types of diarrhoea. Furthermore,
the specificity of the health benefits that may be derived
from organisms with probiotic properties may have contrib-
uted to inconsistencies that may have been observed
between studies, as strains of the same species may not
proffer the same health benefit to their host (Campana
et al., 2017; Ramos et al., 2013; Ritchie and Romanuk,
2012; Rivera-Espinoza and Gallardo-Navarro, 2010).
Ritchie and Romanuk (2012) reported a more significant
probiotic effect in combined species of Lactobacilli com-
pared to studies that used only one species but higher
doses of probiotic organisms did not significantly enhance
the therapeutic effect of probiotics organisms against
gastrointestinal diseases. They therefore suggested that
dosage size of metabolites formed in fermented foods on
the other hand may be crucial to the effectiveness of these
foods in enhancing gastrointestinal health.

Majority of the studies found during the search, investi-
gated the efficacy of fermented foods in the prevention
rather than treatment of diarrhoea and other related gastro-
intestinal diseases (Beausoleil et al., 2007; de Vrese et al.,
2011; Fox et al., 2015; Wenus et al., 2008) with a combin-
ation of heat treated and unfermented controls. However, in
vivo studies that have investigated the effect of cell free or
heat treated fermented foods versus unfermented foods
were unavailable. Such in vivo studies may be able to
give insights on the effect of the combined components of
the complex matrix of fermented food, excluding the fer-
mentation organisms, on health. Though the results of this
current study may indicate that the fermentation organisms
may help improve gut health during an episode of diar-
rhoea, it also supports the possibility that the complex

Table 2. Risk of bias assessment using the cochrane risk assessment tool.

Author

Random

sequence

generation

Allocation

Concealment

Blinding of

participants and

personnel

Blinding of

outcome

assessment

Incomplete

outcome data

Selective

reporting

Boudraa et al.

(2001)
Pedone et al.

(1999)
Yartey et al.

(1995)
Bhatnagar et al.

(1998)
Agarwal &

Bhasin

(2002)
Isolauri et al.

(1991)
Pashapour &

Iou (2006)

Table shows the summary of risk of bias based on authors’ judgement using the Cochrane Collaboration tool. In all cases, an answer of “+ ”, “-” or “?”

indicates low risk, high risk and unclear risk respectively.
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matrix of the fermented food, which includes the organ-
isms, end-products and by-products of fermentation may
be of greater significance, than the isolation of each
component.

Furthermore, there is limited number of studies that have
investigated treatment of diarrhoea using fermented foods
other than dairy products in both adults and infants (Fox
et al., 2015; Patro-Golab et al., 2015a; Patro-Gołąb et al.,
2015b; Rivera-Espinoza and Gallardo-Navarro, 2010).
The potential of fermented cereals having similar outcomes
as fermented dairy products should not be overlooked.

Only one article, Yartey et al., (1995) which was included
in the current study. Lei et al., (2006), also investigated that
effect of a fermented cereal product in diarrhoea but was
excluded from this study as it did not meet the inclusion cri-
teria. Sub-analysis of fermented corn versus ORS in the
current study suggests that fermented maize may be more
effective in reducing the duration of diarrhoea than ORS,
though the analysis was done with one article. This could
imply that fermented corn may be a plausible effective
alternative when ORS is not easily available especially in
locations where corn is a staple meal. Furthermore,

Figure 2. Forest plot showing the effect of intake of fermented food on duration of diarrhoea.

Figure 3. Forest plot showing the effect of intake of fermented food on A) mean daily stool frequency B) duration of hospitalisation.

Data shows outcome of random effect models for both analysis analyses.
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Pashapour and Iou, (2006) reported a significant difference,
though marginal, in the reduction in the daily stool fre-
quency with the group that was administered fermented
milk having a decreased frequency compared to the
group that was administered intravenous serum therapy
and oral rehydration solution (ORS). This therefore but-
tresses the need for further research to be undertaken to
investigate the efficacy of fermented food in the manage-
ment of diarrhoea.

Limitation of meta-analysis
Due to limited number of studies that have investigated the
effectiveness of fermented foods, in the treatment of diarrhoea,
only seven articles were included in the current review due to
the limited number of studies of fermented foods in infants.
On the other hand, many more studies have investigated the
effectiveness of fermentation organisms particularly those
that have tested for probiotic potentials (Allen et al., 2010;
Marsh et al., 2014; Millette et al., 2008; Mokoena et al.,
2016) in the prevention or treatment of diarrhoea, especially
in adults. Secondly, the disappearance of a significant
outcome in the comparison between fermented foods versus
unfermented foods in the sub-group analysis may be related
to the variation in the types of controls that were used in the
studies. But more importantly, the plausible overestimation
of mean and standard deviation resulting from the conversion
of the median and range values reported the included study by
Bhatnagar et al., (1998) may have also notably contributed to
the disappearance of this statistical significance. Thirdly, a sig-
nificant degreeof statistical heterogeneitywasobservedbutnot
surprising as thereweremarked diversity in the ages of the par-
ticipants, population size, location of study, duration and
dosage of intervention between studies. Also, only 2 studies
included in the review (Agarwal and Bhasin, 2002; Pedone
et al., 1999) showed low risk of bias using theCochrane assess-
ment tool. The quality of trials included in ameta-analysis will
have a great impact on the validity of the results (Agarwal and
Bhasin, 2002; Greco et al., 2013). Isolauri et al., (1991)
declared support from DANONE and Foundation for
Nutrition Research respectively for their studies.

Conclusion and future research
Fermented food products are widely available and con-
sumed around the world. Probiotic potential of the organ-
isms involved in the fermentation process have been
documented. Health benefits of some of the end-products
and by products of fermentation have also been suggested.
Fermented foods are traditionally consumed in some
African and Asian communities, not only for the nutritional
benefits but also for possible therapeutic effects they are
perceived to have in the treatment of gastrointestinal dis-
eases such as diarrhoea. There is however limited number
of studies to evidence this perception. The current review
has attempted to do this using limited amount of data avail-
able on the effect of fermented food on infant diarrhoea.

Results indicate that fermented foods may be helpful in
the treatment of diarrhoea in infants up to the age of five,
maybe to the same degree as, or better than as suggested
by Yartey et al., (1995) and Pashapour et al., (2006), the
ORS recommended by the WHO. Given the small
number of trials and methodological limitations of the
included studies, the evidence in this review should be
viewed with caution. However, the efficacy of fermented
foods has shown promise and warrants further investigation
to inform health workers of the benefits gained in nutrition,
health and well-being particularly amongst very young chil-
dren. More good quality trials are required to investigate the
complex matrix of fermented food products, other than
dairy foods, in the management, particularly treatment of
gastrointestinal diseases such as diarrhoea.
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