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Vaginal function in healthy women is closely associated with a lactobacilli-dominated
microbiome. Among the most common conditions arising from dysbiosis are
bacterial vaginosis (BV) and vulvovaginal candidiasis (VVC). While the efficacy
of oral probiotics for the treatment of BV and VVC is well documented, the role
of consuming fermented foods remains underexplored. This systematic review
aims to present a systematic evaluation of the potential role of fermented foods
in the prevention and treatment of BV and VVC and establish the extant research
gap between the realm of the clinical sciences and the field of food science and
technology. For this purpose, under the guidance of COST Action CA20128—
Promoting Innovation of Fermented Foods (PIMENTO), a systematic literature
review was conducted in two phases. PubMed, Scopus, and Cochrane databases
were used for Phase | to analyze articles on human trials and observational studies
where the intervention/exposure involved oral consumption of fermented food. In
Phase II, a two-step search strategy was employed: (i) identifying microorganisms
with demonstrated clinical efficacy in managing BV and VVC, and (ii) reviewing food
science literature where these strains are utilized for fermentation. It was observed
that 87% of the food starter applications exploited only two of the 54 efficacious
strains identified through clinical studies, namely Lactobacillus rhamnosus GG and
Lactobacillus acidophilus LA-5. Findings underscore the potential of fermented
foods as carriers for beneficial microorganisms and their relevance in supporting
vaginal health. This review contributes to a deeper understanding of the interplay
between nutritional consumption of viable probiotic strains and their importance
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in immunomodulation, highlighting the need for more integrated research efforts
across disciplines. Future research aimed at filling this gap will enable informed
clinical decisions and dietary recommendations.

KEYWORDS

vaginosis, vaginal microbiome, fermented dairy food, probiotic starter, fermented
foods, woman, female genital system, systematic review

1 Introduction

The human vaginal microbiome is a crucial site of symbiosis
where lactobacilli rule the microbial community and protect women
from infectious diseases across their lifespan (1). Changes in the
vaginal microbial population can result in dysbiosis where the fast
decline in microbial diversity encourages the growth of detrimental
non-Lactobacillus species. Some of these bacteria or yeast strains may
trigger immune responses and ultimately increase susceptibility to
infections and contribute to negative reproductive outcomes (2).
Vaginal dysbiosis is the result of imbalances in the vaginal microbiota
often the root cause of vaginitis characterized by an abnormal vaginal
milieu and leading to vaginal symptoms and signs. Bacterial vaginosis
(BV) and vulvovaginal candidiasis (VVC) are the two most prevalent
types of vaginitis. In some cases, mixed infections with simultaneous
characteristic expression of both BV and VVC may occur (3).

Bacterial vaginosis (BV) is a polymicrobial disorder characterized
by a shift in the composition of the vaginal microbiota, where there is
a decrease in beneficial Lactobacillus species and an overgrowth of
infectious bacteria, particularly anaerobic bacteria such as Gardnerella
vaginalis, Prevotella spp., and others (4, 5). Bacterial vaginosis is
associated with multiple adverse gynecologic and obstetric outcomes,
including pelvic inflammatory disease (PID) and an increased risk of
preterm birth in pregnant women. While BV is not considered a
sexually transmitted infection (STI), it can increase the risk of
acquiring certain STIs, such as human immunodeficiency virus
(HIV), herpes simplex virus, and chlamydia. The treatment regimen
may vary depending on the severity of the infection, individual patient
factors, and the healthcare provider’s preferences. Usually, antibiotics
are prescribed to eliminate the overgrowth of infectious bacteria. In
addition to antibiotic treatment, some healthcare providers may
recommend the use of vaginal probiotics or oral probiotics to help
restore and maintain a healthy vaginal microbiota.

Candida albicans is a fungus within the human mycobiome
identified in the vagina of a significant portion of asymptomatic (healthy)
women (6). The opportunistic nature of the yeast Candida albicans (and
other Candida sp.) may result in an overgrowth and cause a state of
dysbiosis referred to as vulvovaginal candidiasis (VVC). Antibiotic use,
glucocorticoid use, hormonal changes, uncontrolled diabetes, pregnancy,
or immunosuppression are risk factors for VVC. The care provider
usually prescribes antifungal medication (oral or intravaginal) targeting
the overgrowth of Candida. Management of risk factors are also
important for the inhibition of recurrent VVC (RVVC).

It is important that the microbiota of the female genital tract is kept
in balance to ensure immune function (7). Increasing number of
studies establish that administration of oral probiotics in the form of
supplements is effective in the prevention and treatment of BV and
VVC (8, 9). These studies make use of probiotic strains of Lactobacillus
and/or Bifidobacterium which when taken orally help restore
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endogenous vaginal microflora by competitively, biochemically, and
immunologically replacing pathogens. Yet, while probiotic supplements
have been extensively studied, fermented foods merit exploration as
they may offer a more sustainable and culturally integrated means of
delivering beneficial microorganisms that support vaginal health.

The PIMENTO initiative is a COST Action focused on the health
benefits and risks of fermented foods (10). One of the aims of
PIMENTO is to establish the grounds for claims related to the efficacy
of fermented foods for maintaining immune function and emphasizes
the importance of preserving this functionality via the consumption
of fermented foods. Consumption of fermented foods containing
efficacious Lactobacillus and Bifidobacterium spp. may potentially
be beneficial for immune function of the vagina. This systematic
review aims to address this gap and focus on the potential role of
fermented food in the diet to modulate vaginitis by answering the
question: “Can consumption of fermented foods prevent bacterial
vaginosis or vulvovaginal candidiasis?” in order to provide a
comprehensive assessment on the available evidence for the efficacy
of fermented foods for prevention of or recovery from BV and/or
VVC. This systematic evaluation is accompanied by a narrative
description of product characteristics, mechanism of action and safety.
Additionally, an innovative approach of the review was to screen
efficacious probiotic strains from literature (i.e., to compile a list of
specific microbial strains that when administered orally have been
shown to be efficacious against stated clinical indications) which was
then used to perform a systematic search in order to establish the use
of these probiotic microorganisms for the production of fermented
foods. For this purpose, the review has been structured in two phases;
Phase I (identification and evaluation of human studies for
investigating efficacy of fermented foods against BV and VVC) and
Phase II (cataloging efficacious probiotic strains used in oral
intervention against BV/VVC and identifying food science and
technology studies utilizing these for food fermentation).

2 Methods

This review was performed in accordance with recently published
guidelines (11). The protocol was registered in Open Science
Framework (OSF) (12). The searches were performed in two sections
(Phase I, Phase IIa and Phase IIb). For the first section (Phase I),
systematic searches were limited to articles published within 1.1.1970-
31.12.2024 (initial search performed until 31.08.2023 and updated
until 31.12.2024 per PIMENTO protocol) and for the second section
(Phase II) the searches were limited to articles published within
1.1.1970-11.04.2025. Only articles in English were included and
assessment of eligibility was achieved in duplicate using the CADIMA
tool (13) by two reviewers assigned randomly. Discrepancies were
resolved through discussion until consensus was reached.
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2.1 Phase I: Human studies for investigating
efficacy of fermented foods against BV and
VVvC

The generic search strategy developed within the PIMENTO
initiative was employed (Phase I). This strategy and strings used have
been published in a position paper (10). Briefly, the generic search aimed
to compile literature (interventional and observational studies) where
the intervention (I) against BV and/or VVC involved ingestion of
fermented food. Therefore, strings related to the conditions of BV and
VVC were adopted for the present review (Supplementary section S1.1).
The population (P) was female subjects (women) of/after reproductive
age (13 + years of age), including menopausal women, pregnant women,
nursing women. PubMed, Scopus and Cochrane Library database
search results were evaluated for P/I and outcome (O) criteria to extract
eligible publications (Supplementary section S1.2). Comparator (C) was
defined as any intervention that did not contain viable fermentation
strains and only evaluated at data extraction level. Only original research
articles were used for data extraction and reviews were retained to check
for eligible articles within the list of references.

The studies selected on the basis of the P/I/O criteria, i.e., studies
that included a relevant population, investigated a specific intervention
and reported clinically meaningful outcomes, were assessed for
methodological quality and risk of bias according to their design using
standardized tools. Randomized controlled trials (RCTs) were
evaluated using the revised Cochrane Risk of Bias Tool (RoB2.0;
randomized studies) (14),
randomization process, period and carryover effects (in cross-over

which assesses bias related to the

trials), deviations from intended interventions, missing outcome data,
measurement of outcomes and selection of reported results. Each
domain was rated individually and an overall judgment on risk of bias
was made for each study. Non-randomized studies (observational
studies) were assessed using the modified Newcastle-Ottawa Scale
(NOS; non-randomized studies) (15, 16). This tool evaluates studies
in three domains: selection of the study group, comparability between
responders and non-responders, and either exposure (for case-control
studies) or outcome assessment (for cross-sectional studies). Each
study could receive a maximum of 7 or 9 stars, depending on its
design. A rating of >4 stars (7-point scale) or >5 stars (9-point scale)
was considered the threshold for good methodological quality. Risk of
bias assessments were performed independently by two reviewers.
Discrepancies were resolved through discussion until consensus
was reached.

Sections related to discussions of product characteristics,
mechanism of action and safety have been supported with
non-systematic narrative synthesis.

2.2 Phase II: Cataloging efficacious
probiotic strains used in oral intervention
against BV/VVC and identifying food
science and technology studies utilizing
these for food fermentation

In this section, two separate sequential searches were performed
(Phase IIa and Phase IIb). The aim of the first search (Phase IIa) was
to compile a list of microorganisms which were shown to be effective
in reducing the symptoms of or curing from BV and/or VVC. To this
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end, specific strings of the PIMENTO search strategy were
implemented to compile a list of strains from published research on
human subjects (clinical trials) where the intervention was in the form
of a probiotic supplement ingested orally. The string components
related to the condition (i.e., BB/VVC) and databases included were
the same as indicated in Phase I. Search strings and selection criteria
are detailed in Supplementary sections S2.1, 52.2. Search results were
evaluated for P/I O criteria to select articles and compile a list of
efficacious microbial strains at the species and subspecies level
(Supplementary section 52.3). In the subsequent search (Phase IIb),
the compiled strain nomenclature was used to construct a search
query to locate publications in the realm of food science and
technology where the study involved production of fermented foods
utilizing these specific strains as fermentation organisms. Articles
were searched using a string (Supplementary section S3.1) designed
to include all 54 strains (listed in Supplementary section 52.3). Articles
were filtered using indexing tools to include only research articles
published in the Food Science and Technology category of
the Web of Science database (and selected as detailed in
Supplementary section S3.2).

3 Results and discussion
3.1 Study selection

Flow schemes explaining the selection of studies for different
phases of the present review are presented in Figure 1. The aim of
Phase I was to assess the state of the art related to efficacy of fermented
foods against BV and VVC based on RCT’s and human observational
studies. This assessment also detailed the characteristics of fermented
foods, the mechanism of action and safety. The aim of Phase II was to
identify efficacious probiotic strains consumed orally in supplement
form (Phase IIa) and summarize research where they have been
utilized as food fermentation organisms (Phase IIb).

3.2 Efficacy of fermented foods against BV
and VVC—RCT's and observational studies

3.2.1 Results of interventional studies

The main findings of the clinical trials evaluating intervention
with fermented foods against BV and/or VVC are summarized in
Table 1. A total of 6 clinical studies (17-22) were identified, two were
published in the 90’s and the remaining were published between 2011
and 2017. Articles contained variations in clinical aspects (P/1/O),
methodology and evaluation. Due to the high heterogeneity of the
data, conducting a meta-analysis was deemed infeasible. The concept
of a gut-vagina axis is relatively new and contributes to new insight in
our understanding of the function and immunology of the female
genital system (23). However, it is interesting to note that trials
involving intervention with fermented foods in recent years (more
than 5 y) have not been published. Of the 6 RCT trials (3 articles BV,
2 articles VVC and 1 both), all had positive outcomes for prevention
or treatment of BV and/or VVC as observed in the primary and
secondary outcomes listed in Table 1. All articles presented statements
that supported effects were positive. However, the studies also had
limitations to some extent. Some of the articles were performed on a
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(a) Phase | - Identification of human studies where
intervention involved consumption of fermented

food

Records identified from:
Scopus: 20
Medline/Pubmed: 38
Cochrane: 74

2 additional records
identified through
other sources

P

(b) Phase lla = Identification of human studies where
intervention involved consumption of probiotic

supplement

(c) Phase Ilb - Identification of Food Science and
Technology studies utilizing identified strains as
starter organisms to produce fermented foods

Records identified from:
Scopus: 796
Medline/Pubmed: 89
Cochrane: 295

Records identified
from:
Web of Science: 869

l

869 records screened
at title/abstract level

I 134 records screened

}—-I Duplicate removal (n=8) I

126 records screened at
title/abstract level

]

98 records excluded

28 full text articles
assessed for eligibility

19 records excluded
with reason

l

9 full text articles
included in Phase |

6 intervention studies
3 observational studies

1180 records screened 273 duplicate records
l excluded

3

707 records excluded

937 records screened at
title/abstract level

162 full text articles

801 records excluded il
d for eligibility

40 records excluded

I

l

136 full-text articles
assessed for eligibility

120 full text articles
used for data

Studies utilizing 9
t—— efficacious strains to

80 records excluded
with reason

l extraction in Phase llb produce fermented
- — - l food of
56 full-text amc]es }xsed 54 efficacious strains animal/plant/mixed
for data extraction in + with clear origin
Phase lla identification

FIGURE 1

fermentation starters.

Study selection. (a) Phase I—identification of human studies on efficacy of fermented food against BV/VVC, (b) Phase lla—identification of RCT studies
on efficacious probiotic supplements, and (c) Phase llb—screening of food science and technology research articles utilizing efficacious strains as

limited number of participants (19, 20), applied intervention for a
brief duration (17), published as pilot RCT’s (22), short
communication (21) or brief report (19). The first three publications
(19-21) did not report the specific starter cultures employed in the
fermentation process, which likely included S. thermophilus and
L. delbrueckii subsp. bulgaricus, as these are conventionally utilized in
yogurt production. Additionally, the first two studies (19, 20) did not
provide strain-level identification for L. acidophilus cultures. Shalev
(19) investigating effects for both BV and VVC reported only
beneficial effects of yogurt consumption against BV. On the other
hand, Dols et al. (21) observed beneficial effects against BV for both
the intervention (yogurt with L. rhamnosus GR-1) and control group
(consuming standard yogurt). Hantoushzadeh et al. (17), found no
significant differences between treatments when comparing the
efficacies of medical treatment (clindamycin) versus yogurt
consumption against BV, indicating ingestion of yogurt containing
probiotic bacteria could be as effective as conventional medical
intervention. To complement efficacy evaluations, several studies have
employed established diagnostic tools to objectively assess changes in
vaginal microbiota and clinical symptoms. The Nugent score is a
Gram stain scoring system for vaginal swabs to diagnose BV and the
Amsel criteria provide an alternative assessment for BV diagnosis
based the presence of at least three of four findings: vaginal discharge,
elevated vaginal pH, clue cells on microscopy, and a positive whiff test.
Both Dols et al. (21) and the most recent study by Laue et al. (18)
reported no significant change in the Nugent scores. However, Laue
et al. (18) also confirmed that symptomatic relief was significant as
indicated by the differences in Amsel criteria scores for intervention
and control groups.

3.2.2 Results of observational studies

A total of 3 observational studies exploring the effect of fermented
foods for BV/VVC outcomes were identified from the systematic
search (Table 2). These studies were generally based on assessment of
yogurt consumption patterns (among other factors) and vaginitis
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outcomes. All three papers reported positive effects related to yogurt
consumption. To be more specific, Novikova and Mardh (24) found
that the VVC positive cohort had lower yogurt consumption pattern
compared to their VVC negative and control cohorts. The use of
certain antibiotics (for non-gynecologic intervention) can disrupt the
balance of vaginal microbiota and lead to conditions such as yeast
infections or bacterial vaginosis, namely post antibiotic vaginitis
(PAV). Pirotta et al. (25) addressed the association between antibiotic
use and vaginitis outcomes and reported that some women tend to
self-medicate themselves by consuming yogurt and/or probiotic
supplements containing lactobacilli. In this cross-sectional study
approximately 40% of women resorted to this intervention for
prevention and 43% for treatment. In the more recent study by Rosen
etal. (26), it was implicated that higher consumption of low-fat dairy
(a category of food that inherently may include fermented food such
as yogurt, kefir etc.) could confer a healthier microbiome. The study
also highlighted a significant scientific gap in understanding the
mechanisms linking diet and vaginal microbiota composition.

3.2.3 Quality and bias assessment of
interventional and observational studies

The quality and risk of bias assessments (RoB 2.0 for RCTs and
NOS for observational studies) are summarized in Figure 2. Among
the six interventional studies assessed using the RoB 2.0 tool, only two
were categorized as having a low overall risk of bias, while the
remaining four exhibited high risk, most notably in domains such as
deviations from intended interventions (n = 4), missing outcome data
(n =2), and measurement of outcomes (n = 2). Additionally, three
studies showed concerns regarding selective reporting, randomization
errors, or carryover effects. Moderate risks also arose from selective
reporting (n = 4), errors in the randomization process (n = 3), and
period or carryover effects in one crossover study. Furthermore, there
was a high rate of participant drop-outs in two studies due to refusal
to discontinue effective interventions (e.g., yoghurt) (20) or difficulties
in adhering to study protocols (19). Observational studies, assessed

frontiersin.org


https://doi.org/10.3389/fnut.2025.1658988
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Akpinar et al.

TABLE 1 Clinical trials investigating the effect of ingestion of fermented food on BV and/or VVC=.

References

Study
design

Disorder
(BV/

Population/
participants

Treatment

Intervention

Control

10.3389/fnut.2025.1658988

Summary of outcome

Primary

Secondary

Statement
in

VWC)  completing : publication
protocol (ingestion) outcome outcomes
Hilton et al. (20) | Cross over trial vvC 33 women Yogurt containing | No yogurt vvC Candidal “Daily ingestion
entered the study, | L. acidophilus (10° | consumption infections colonization of 8 ounces of
13 women 24— CFU*/ml), 8 oz./ for 6 months decreased by | decreased yogurt
50 years old, day for 6 months a factor of significantly containing L.
(mean age 3 in the (p=10.001) acidophilus
35 years) intervention decreased both
completed the group candidal
protocol (p=10.001) colonization and
infection”
Shalev (19) Cross over trial BVand VVC | 46 women Yogurt containing = Pasteurized Significant Steady “Daily ingestion
(brief report) entered the study = more than yogurt, reductionin | reduction in of 150 mL of
(20 BV, 18 VVC 10® CFU/mL live 150 mL/day for =~ BV episodes Candida(+) yogurt, enriched
and 8 with both); | L. acidophilus, 2 months in vaginal cultures | with live L.
23 women were 150 mL/day for intervention in both groups, acidophilus, was
assigned to each 2 months group after 1 from 60% in associated with
arm of the trial and 2 months | the first month | an increased
(mean ages of (p <0.001); to 20-28% after | prevalence of
intervention and 6/7 patients 2 months; No colonization of
control were that significant the rectum and
29+ 6and 31 +£38, completed difference in vagina by the
respectively); 7 the study had | VVC between bacteria, and
women 1-2 episodes | the 2 study this ingestion of
completed the of BV when periods in the 7 | yogurt may have
protocol on the women who reduced episodes
control arm, completed the of BV”
compared to | study (p = 0.67)
1 episode of
BV during
intervention
Dols etal. (21) Randomized, BV 145 HIV(+)® Yogurt containing | Standard Rate of cure Subjects “Yogurt provides
double blind women 25— L. rhamnosus yogurt, was 92% in reported fewer a safe nutritious
study (short 73 years old, GR-1,125mL/day | 125 mL/day for = the probiotic | vaginal food that can
communication) (mean age for 29 days; some 29 days group and symptoms and be made locally
40.5 years) subjects were 89% in the signs at day 29 and taken daily
given HIV standard compared to by HIV-subjects
medication/ yogurt group | baseline; no receiving anti-
antibiotics Nugent differences retroviral
scores found between | therapy. In total,
remained those taking 92% women in
unchanged probiotic and the probiotic
for 45-50% regular yogurt; | group and 89%
of all no significant in the standard
participants changes in yogurt group did
and improved | vaginal pH not have BV at
for 38-39% the end of the
of all trial”
participants
(p>0.1)
(Continued)
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TABLE 1 (Continued)

10.3389/fnut.2025.1658988

References Study Disorder Population/ Treatment Summary of outcome @ Statement
design \(/%/\g) Egggllz?irrls I!nterve_ntion Control Primary Secondary ::ublication
protocol (ingestion) outcome outcomes

Hantoushzadeh RCT (double- BV 300 pregnant Yogurt containing | Clindamycin, BV curerates | Preterm birth “This study

etal. (17) blind, placebo- women divided L. bulgaris, S. 2 x 300 mg/day | were the rates in the showed that
controlled, into 2 groups to thermophilus, for 1 week same in both | probiotic and probiotic
parallel-group) receive probiotic groups; 70— clindamycin yoghurt is as

intervention or lactobacillus, and 88% of all group were 8% | effective as the
control; mean age | Bifidobacterium patients had (n=12)and 5% | standard
and mean lactis, 2 x 100 g/ decreased pH | (n=7), therapeutic
gestational age of | day for 1 week following respectively regimen of
each group was treatment (p>0.05). clindamycin in
29 years and (p <0.0001) PROME rates the treatment of
36 weeks, were 6% (n=9) | symptoms and
respectively in the probiotic | prevention from

group and 3% recurrence in

(n=>5) in the women with

clindamycin bacterial

group vaginosis in

(p>0.05). pregnancy”

Symptom

recurrence rates

were 7%

(n=10) in the

probiotic

group 6%

(n=9) in the

clindamycin

group

(p>0.05)

Huetal. (22) Pilot study vvC 24 women; 17 Yogurt Non-probiotic Less vaginal While in the “Consumption
(non- HIV(+) and 7 (DanActive™, yogurt fungal intervention of a probiotic
randomized HIV(-); containing colonization | phase; lower yogurt could
controlled trial) Lactobacillus casei, among oral fungal reduce fungal

88 g/day or women was colonization colonization and
YoPlus™ observed observed in some symptoms
containing when the HIV(+) in HIV-infected
Lactobacillus women women, and HIV-
acidophilus and consumed significantly uninfected
Bifidobacterium probiotic fewer women women”
sp., 113 g/day) for yogurts; used OTC®
15 days significant medication and

effect was suffered from

noted for constipation

DanActive™

(p=10.03)

(Continued)
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TABLE 1 (Continued)

References

Study
design

Disorder
(BV/
VVC)

Population/
participants
completing
protocol

Treatment

Intervention
(ingestion)

Control

10.3389/fnut.2025.1658988

Summary of outcome

Primary
outcome

Secondary
outcomes

Statement
in
publication

halfway into the
trial was included
in the assessment

of secondary

rhamnosus, L.
jensenii, (107 CFU/
mlL each) for

4 weeks

Nugent score

Laue et al. (18) Double blind, BV 36 women aged Standard Standard All (16/16) All women “Additional
placebo- 36+ 12 antibiotic antibiotic women were (17/17) were intake of
controlled, diagnosed with (metronidazole, (metronidazole, | BV-free BV-free in yoghurt
randomized BV; 17/18 women | 7 days) and 125 g 7 days) and based on verum group containing
clinical pilot completed verum | of yogurt drink 125g Nugent based on Amsel | Lactobacillus
trial with two and 17/18 produced with S. chemically criteria in criteria, crispatus LbV 88
parallel arms women thermophilus and acidified milk verum group | whereas only (DSM 22566),

completed L. delbrueckii without compared to 11/17 became Lactobacillus
placebo arms of subsp. bulgaricus, bacterial strains | 13/17 BV-free | BV-free in the gasseri LbV
study; 1 woman containing L. for 4 weeks in placebo placebo group. 150 N (DSM
who completed crispatus, L. group After 4 weeks 22583),

the verum arm gasseri, L. (p=0.103), intervention Lactobacillus

Amsel score

jensenii LbV 116

parameters (i.e.,
33/34 were
included in the
full assessment;
34/34 women
were included in
the evaluation of
secondary

outcomes)

was differed (DSM 22567)
somewhat (p =0.006) and Lactobacillus
lower in between verum | rhamnosus
verum (1.18 £ 0.39) LbV96 (DSM
(244 +1.71) and placebo 22560) probiotic
compared to (1.71 £ 1.83) strains improved
placebo Vaginal pH the recovery rate
(3.82 +3.57) decreased in and symptoms
(p=0.444) the verum of BV and

group tended to

compared to improve the

the placebo vaginal

group microbial

(p=10.109) pattern”

“Bacterial vaginosis (BV), Vulvovaginal candidiasis (VVC), colony forming units (CFU).
*Over the counter (OTC).

Premature rupture of membranes (PROM) is a rupture (breaking open) of the membranes (amniotic sac) before labor begins.

via the NOS, scored lower overall: Rosen et al. (26) was rated as
moderate quality (4/7 stars), while Novikova and Mardh (24) and
Pirotta et al. (25) were rated poor (3/9 and 2/7 stars, respectively), with
consistent weaknesses in sample representativeness and lack of
detailed comparator information.

These findings suggest that the evidence base is currently stronger
for interventional studies, both in quantity (n =6 vs. n=3) and in
methodological quality. For example, Laue et al. (18), one of the few
low-risk RCTs, provided structured data with both Nugent and Amsel
scoring systems, supporting a positive treatment effect. By contrast,
the observational studies not only had limited statistical power but
also relied heavily on self-reported data and lacked control for
confounding factors. This undermines their capacity to establish
causality and limits their robustness.

It is also important to acknowledge the heterogeneity in study
designs and populations. Sample sizes varied widely (from <20 to
300), populations ranged from pregnant women to HIV-positive
individuals, and treatment durations spanned from 1 week to several
months. Such variability likely contributes to inconsistent findings and
limits the generalizability of results. Furthermore, while all identified
studies reported positive outcomes, no neutral or negative findings
were captured. This may suggest that studies showing no/negative
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effect may remain underreported or unpublished. In any case,
participant awareness of their assigned intervention was a major
contributor to the high risk of bias identified in multiple clinical trials.

Taken together, the predominance of high-risk or poorly rated
studies, small sample sizes, and absence of negative data highlight the
need for cautious interpretation. While some RCTs, such as Laue et al.
(18) and Dols et al. (21), present encouraging results with relatively
low bias, the overall certainty of evidence remains moderate at best.
Well-powered, rigorously designed trials with transparent reporting
and inclusion of negative or neutral outcomes are urgently needed to
better ascertain the true effect of fermented foods on vaginal
health outcomes.

3.2.4 Characteristics of the fermented foods
Yogurt is a fermented food produced by culturing certain types
of dairy ingredients with a bacterial culture that includes Lactobacillus
delbrueckii subsp. bulgaricus and Streptococcus thermophilus (27).
These two species are not autochthonously present in the human
gastrointestinal tract and are not inherently probiotic (28) although
specific strains of these species with probiotic capacity have been
identified (29). According to a joint report of the Food and
Agriculture Organization and World Health Organization (30)
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TABLE 2 Observational studies investigating the effect of ingestion of fermented food on bacterial vaginosis (BV) and vulvovaginal candidiasis (VVC/

RVVC).
References Study Disorder®  Population Data collected Outcome
design
Novikova and Mardh (24) Cohort study RVVC 83 women with history of Assessment of candida Two factors differed between the
VVC divided into two groups | status and history via groups one of which was yogurt
(Candida culture-positive, examination and structured | intake. In VCC positive
n = 43, mean age 26.1 years questionnaire (1/32 of the group 28/43 (68%), in VCC
and Candida culture-negative, | etiological factors in the negative group 38/40 (95%) and
n = 40, mean age 25.3 years) questionnaire was regarding =~ 128/136 (94%) of women in
and Control (women without | yogurt consumption); control group regularly consumed
any history of VVC, n = 136) Candida culture tests and yogurt
pH determination was
performed
Pirotta et al. (25) Cross-sectional VVC and PAV 1,117 women aged Written questionnaire Yogurt and lactobacillus containing
survey 39.5 + 13 years were included, | where VVC (“thrush”) was products were the second most
798 of which reported VVC defined as vaginal itch, prevalent intervention sought by
history irritation and/or discharge, respondents for prevention of PAV.
and PAV as these symptoms  Of the respondents 298/751 (40%)
occurring within 1 month used these products (36% percent
of taking antibiotics. Survey | orally) for prevention. For
consisted of 4 sections: treatment, 300/705 (%43)
lifetime experience of VVC; | respondents used the products
experience of and risk (38% orally). No distinction was
factors for PAV/VVCinthe | made between yogurt and
previous month; self- probiotic supplements
management of PAV; and
demographic information
Rosen et al. (26) Cohort/cross- BV 634 pregnant women ages Women completed a self- Women in the L. crispatus vagitype
sectional study 26.1 + 6 between 26- and administered Block food reported more servings of low-fat
29-weeks gestation frequency questionnaire dairy, yogurt than women in the
(FFQ) other two vagitypes. Women in the
L. crispatus vagitype reported a
median consumption of 9.4 g/day,
as compared to 0 g/day in the L.
iners and BV-mix vagitypes. Yogurt
intake was associated with the
more favorable L. crispatus
vagitype

“BV, Bacterial vaginosis; VVC, Vulvovaginal candidiasis; RVVC, recurrent VVC; PAV, Post antibiotic vulvovaginitis.

probiotics are defined as ‘live microorganisms, which when
administered in adequate amounts confer a health benefit on the
host’ In order for a product to have probiotic quality it is expected
that the probiotic strains retain viability throughout transit of the
gastrointestinal tract. Therefore, although standard yogurt may not
be probiotic, addition of probiotic cultures prior/post fermentation
renders yogurt and other fermented milk products (i.e., milks
fermented with starters other than yogurt cultures) carriers for
probiotics. In all 9 (interventional and observational) human studies
(17-22, 24-26), the food of interest was yogurt or a version thereof
(yogurt drink) containing viable microbial load of lactobacilli.
Intervention in all RCT studies involved the ingestion of yogurt
fermented with standard yogurt culture (S. thermophilus and
L. delbrueckii subsp. bulgaricus) and reformulated to include various
lactic acid-producing bacteria. Fermented dairy drinks and yogurt
are well known sources of lactic acid bacteria (LAB) and the presence
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of LAB strains are well documented. Indeed, dairy foods (specifically
yogurt) are indicated as the carrier of choice for probiotic organisms
(31-33) and it is thus reasonable that the clinical trials have explored
effects of yogurt consumption. Although LAB are used extensively as
culture organisms in dairy foods they are not exclusive to this
category and many fermented foods such as fermented cereal drinks
and vegetable/fruit juices can be produced through lactic
fermentation (31). It is well known that many non-yogurt dairy foods
and non-dairy foods may harbor LAB produced via autochthonous
lactobacilli or with strains added at the start of fermentation. These
may constitute part of the women’s diet. Interestingly, these have not
been evaluated as confounders in human studies nor have they been
investigated thus far for their efficacy in intervention against or
prevention of BV/VVC. Nor have the standard cultures used for
fermentation of yogurt in the RCT studies been accounted for or
considered as a confounder.
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Deviations from interventions
Missing outcome data
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FIGURE 2

studies into low (green), moderate (yellow), and high (red) risk.

Risk of bias and quality of evidence. Risk of bias was assessed using (A) RoB2 for RCT's and (B) NOS analysis for observational studies, categorizing
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3.2.5 Mechanism of action

The explanations on the mechanism of action centered on the
identification of the active component followed by discussions related
to how the active component results in the beneficial effects. Three
domains were addressed; (1) the translocation mechanism of the
probiotics, (2) the effects resulting from colonization of the gut, and
(3) mechanisms related to temporal presence of the beneficial
microbes in the vaginal econiche.

In all studies, the active component implicated in conferring the
beneficial effect is the viable microbial load contained within fermented
milks administered/ingested. Several mechanisms explaining how the
microorganisms contained in the food matrices may impact the vaginal
microenvironment have been proposed. The earliest identified
mechanism was the translocation by route of anal contamination and
the ascending of bacteria into the vagina (18, 34). This indicates to the
rectal microbiota as a reservoir for colonization of the vaginal econiche,
evidenced at the strain level for L. crispatus, L. gasseri, L. jensenii, and
L. iners (35). Moreover, recent publications point to other mechanisms
of translocation involving active transport of the bacterial cells. Miller
refers to the hematogenous route of bacterial transfer from the gut (36)
while other publications center on the cross-talk between the gut and
women’s reproductive tract (37). Indeed, the translocation of lactobacilli
from the gut of the nursing mother to the mammary glands and
expression of the probiotic cells in mother’s milk (38) and the presence
of probiotic DNA in the meconium (36) also suggest that there may
be more complex, poorly understood translocation mechanisms
involved. The involvement of immune system has received attention
with possibilities of more directed cellular translocation (39, 40). It has
also been proposed that IgA induced regulation for lactobacilli in the
small intestine may promote colonization of these bacteria in the vagina
(41). It should be stressed here that gut microbiota can also serve as an
extravaginal reservoir of BV-associated bacteria (42), therefore, the
properly balanced intestinal microbiota and healthy gut epithelium can
help maintain a healthy vaginal environment.

Frontiers in Nutrition 09

The
microorganisms and impacts the host immune system. As shown in

intestinal microbiota is modulated by ingested
the mouse model of Gardnerella vaginalis (GV)-induced BV, oral
administration of L. rhamnosus HN001 and/or L. acidophilus GLa-14
more effectively activated innate and adaptive immunity compared
to the intravaginal administration (43). Oral administration of
lactobacilli more potently inhibited GV-induced myeloperoxidase
activity, NF-xB activation, and TNF-a and IL-1p expression (involved
in innate immunity), as well as inhibited GV-induced expression of
RORyt, TNF-a, and IL-17 (involved in adaptive immunity). These
results suggest that the anti-BV effect of orally administered
probiotics may be due to its regulatory effects on immune responses
through the gastrointestinal tract (43).

The newest proposed mechanism of action by which gut
bacteria can beneficially influence the vaginal health involves
extracellular vesicles (EV) released by bacteria. EV are small
structures (below 300 nm) made of bilayer lipid membranes that
cannot replicate themselves but carry a cargo of proteins, nucleic
acids, and lipids. They play a key role in immune function,
inflammatory reaction, and disease development by transporting
active molecules to distant sites through the bloodstream (44). It
has been suggested that EVs from commensal bacteria may have
beneficial effects on the host by enhancing their mucosal tolerance
and preventing disease progression, whereas EVs from pathogenic
bacteria have proinflammatory effects on the host immune cells
(44). While gut microbiota is restricted to the intestinal lumen, the
secreted EVs can penetrate through the intestinal barriers, enter
the systemic circulation, and affect both adjacent and distant
organs (44). The potential of EVs in mediating lactobacilli
beneficial effects was explored in in vitro studies in HeLa cervical
cells model and showed that EVs from L. crispatus BC5 and
L. gasseri BCI2 (isolated from vagina of healthy women)
significantly enhanced the cellular adhesion of other vaginal
beneficial lactobacilli (45). The same EV's reduced the adhesion of
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pathogens: Escherichia coli, Staphylococcus aureus, S. agalactiae,
and Enterococcus faecalis supporting the hypothesis that
extracellular vesicles released by symbiotic lactobacilli may
be implicated in sustaining a healthy vaginal homeostasis (45). Pili
on the cell surface of Lacticaseibacillus rhamnosus GG (LGG)
promotes adhesion to the mucosa and ensure close contact to host
cells and emit EV carrying cargo of effector molecules. These
molecules, including secreted proteins, surface-anchored proteins,
polysaccharides, and lipoteichoic acids, which interact with host
physiological processes have been identified and shown to
stimulate epithelial cell survival and integrity, reduce oxidative
stress, mitigate excessive mucosal inflammation, enhance IgA
secretion, and provide long-term protection through epigenetic
imprinting (46).

Temporal presence of lactobacilli in the vaginal epithelium can
act protectively by competing with pathogens for nutrients and for
adhesion sites at the surface of epithelial cells, producing of hydrogen
peroxide, bacteriocins, and biosurfactants, along with organic acids
(lactic acid, formic acid and other short chain fatty acids), which
maintain the pH of the vagina too low for the growth of pathogens or
by modulating local or regional immunological responses (47, 48).
These postbiotic molecules could be considered effective against BV
as well as VVC. On the other hand, Candida yeast morphogenesis
and subsequent pathogenesis directed with quorum sensing activity
may be disrupted with anti-film forming activity of probiotic enzymes
(such as chitinases) and other postbiotics (49, 50). Intestinal
colonization with bacteria can antagonize C. albicans by reshaping
the metabolic environment, forcing metabolic adaptations that
reduce fungal pathogenicity (51). Therefore, distinct mechanisms
related to enrichment of lactobacilli in the vaginal microbiota can
be beneficial for prevention and treatment of both BV and VVC.

3.2.6 Safety assessment

S. thermophilus and L. delbrueckii spp. bulgaricus are generally
recognized as safe (GRAS) microorganisms used in the production
of yogurt and various dairy products (52). Some specific strains of
these species have been studied for their probiotic efficacy (27)
however some criteria need addressing for justification in using the
term “probiotic” to describe such strains, e.g., the organism must
be identified at the strain level and shown to express the relevant trait.
Safety is a prerequisite for strains that have been identified as
probiotic (53). Probiotic occurrence as normal commensals of the
mammalian microbiota and their established safe use in diverse food
and supplement products worldwide support their safety for oral
consumption. Nevertheless, they are viable organisms, and therefore
it is feasible that they could infect the host. Precaution is advised in
the administration of probiotic organisms to some populations (i.e.,
immunocompromised patients) (54). Specific assessment of the
probiotic strain provides a more in-depth understanding toward the
safety of oral consumption. This has been demonstrated for individual
strains such as L. crispatus CTV-05 (55) and L. rhamnosus HN0O1
(56). Furthermore, it is important to state that all species included in
this review have received a qualified presumption of safety (QPS)
status by the European Food Safety Authority (EFSA) (57). FDA
regulations indicate the GRAS status of yogurt bacteria and specify
granting of permission for the use of harmless lactic acid-producing
bacteria, such as Lactobacillus acidophilus, as optional ingredients in
specified standardized foods (58).
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3.3 Efficacious probiotic strains and their
potential as fermentation organisms

The search for efficacious probiotic strains used as intervention in
human clinical trials yielded 56 full-text articles (Figure 1b, Phase ITa)
referencing 54 probiotic strains with identifiers. These strains are listed
(Supplementary section 52.3) along with the results of their utilization in
the Phase IIb search. Of the 54 strains, the majority of the strains (74%)
yielded no results (i.e., these strains were not used as fermentation
organisms). It was beyond the scope of the present review to present a
conclusive evaluation of the efficacy of probiotic supplements for
prevention and treatment of BV/VVC. Reviews are available that
summarize the most current body of evidence and highlighting the
importance of ongoing endeavors for locating efficacious strains (59-61).

The 14 species that are mentioned in food science and technology
studies (Supplementary section 52.3), without consideration of their
utilization as starters in fermented foods, were strains belonging to the
Lactiplantibacillus,
Ligilactobacillus, and Limosilactobacillus, which were previously

genera  Lacticaseibacillus, Lactobacillus,
classified within the broad Lactobacillus genus prior to its taxonomic
reclassification in 2020. However, after full text assessment and
elimination, 9 strains (member to 6 species) were determined to have
been investigated for their potential as fermentation organisms in a
total of 120 food science and technology articles. These strains and the
food categories in which they were investigated are summarized in
Table 3. A more detailed table including fermentation conditions,
initial and final microbial counts are presented in the
Supplementary section S3.3. While strain-level efficacy of specific
Lactobacillus and Bifidobacterium species has been demonstrated in
controlled clinical trials, their functional stability and survival within
complex food matrices may differ substantially. This distinction is
critical to understanding the translational potential of using fermented
foods as vehicles for delivering clinically efficacious probiotic strains.
For this reason, final viable counts of the strains in fermented foods
were evaluated in the following section to address this potential.

Only 9 of the 54 strains identified from the previous systematic
search efficacious against BV/VVC were utilized in food fermentations.
Most of the 120 studies (87%) utilized either LGG or Lactobacillus
acidophilus LA-5 (LA-5) as single strain or in co-culture with other
starters. Most of the studies (55%) involved utilization of material of
animal origin, predominantly dairy, while approximately17% of the
studies were performed using plant-based material. Of the studies
categorized as animal-based products, only two were concerned with
LGG use in fermented meat (62, 63). There were also studies
investigating mixed material matrices utilizing plant-based raw
materials such as cereals and legumes along with dairy or even insects
(64, 65). Aside from yogurt and fermented milk, dairy matrices
included cheese. In fermentation of milk and yogurt, counts of
probiotic bacteria were generally shown to increase significantly.
However, fermentation of cheese products involves ripening the solid
material in controlled chambers or submerged in brine. In this process
the material is held at refrigeration temperatures for prolonged periods
of time. Even for these products, the probiotic viability was retained or
increased. Many of the foods were shown to contain up to 6-9 log
CFU/g or CFU/mL of the inoculated strains in the final product
(Supplementary table S3.3). Unless heat treatment is applied to the
food prior to consumption, such as roasting of coffee beans (66), the
viability of the probiotics may be preserved to achieve their bioactive
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TABLE 3 Efficacious probiotic bacteria that have been utilized in food fermentation as pure or co-culture starter strains.

Probiotic strain and identifier Fermented food origin Articles References
Lacticaseibacillus rhamnosus (Lactobacillus rhamnosus) GG Animal 18 (62, 63, 67-83)
Plant 19 (84-102)
Mixed 11 (64, 102-110)
Lacticaseibacillus rhamnosus (Lactobacillus rhamnosus) HN001 Animal 8 (111-118)
Plant 2 (66, 119)
Mixed 3 (116-118)
Lacticaseibacillus rhamnosus (Lactobacillus rhamnosus) GR-1 Animal 2 (120, 121)
Plant 1 (122)
Mixed 2 (123, 124)
Lacticaseibacillus rhamnosus (Lactobacillus rhamnosus) IMC 501 Animal 1 (125)
Mixed 1 (126)
Lactobacillus acidophilus LA-5 Animal 40 (83,111, 127-165)
Plant 8 (140, 166-173)
Mixed 11 (65, 109, 110, 164, 165, 174-179)
Limosilactobacillus reuteri (Lactobacillus reuteri) RC-14 Animal 2 (120, 121)
Lactobacillus casei rhamnosus LCR35 Animal 2 (128, 129)
Lactiplantibacillus plantarum (Lactobacillus plantarum) LP115 Plant 1 (180)
Lacticaseibacillus paracasei (Lactobacillus paracasei) IMC 502 Animal 2 (125, 181)
Mixed 1 (126)

potential. It is worth mentioning that RCT’s detailed in Table | involved
intervention is with yogurt and only the article by Dols et al. (21)
specifies a strain that is recaptured in probiotic efficacy studies (namely
L. rhamnosus GR-1). However, fermented foods studied reflect a wide
scope of foods of plant and/or animal origin beyond yogurt. This
indicates a distinct research gap for delivery of the probiotics utilizing
different food matrices as efficacious agents against BV/VVC. These
constitute understudied interventions that should be considered when
designing clinical research to investigate this potential.

Several of the strains listed in Table 3 are available as commercial
starter cultures. While some products contain single-strain
formulations (such as LGG® by Ch. Hansen and HN001 by Danisco),
others (such as SYNBIO® and ABT®) include multiple probiotic
strains. Findings indicate that the availability of the strains for food
studies and manufacturing operations may be an important factor
enabling some strains to be more intensely investigated for their
fermentation starter potential. The specific screening undertaken in
Phase II of this review underpins the potential of fermented foods as
medium for growth and as vehicles for delivery of probiotic organisms.
Furthermore, it is clear that the products that could be utilized in
future studies, either for food science and technology research or for
clinical research, is not limited to yogurt or fermented milks. Indeed,
fermented food has a vast and dynamic scope, evolving as traditional
fermented foods are revived and as novel food matrices such as
alternative protein sources emerge. Furthermore, it is important to
consider that probiotic presence in the food matrix must
be investigated to account for metabolites (such as short chain fatty
acids), bioactive molecules (such as exopolysaccharides and bioactive
peptides) and parabiotic factors (cell wall fragments) which may
enhance the therapeutic potential of the fermented foods.
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4 Conclusion

Human studies demonstrating the efficacy of fermented foods
against BV and VVC remain limited. Notably, existing studies have
exclusively focused on fermented dairy products (primarily yogurt)
where probiotic bacteria serve as the active component. In contrast,
a substantial body of clinical evidence supports the effectiveness of
probiotic supplements in preventing and treating BV/VVC, among
other health conditions. The widespread commercial availability
and global distribution of specific strains (such as LGG and LA-5)
have likely contributed to their prominence in food fermentation
research. However, for many clinically relevant probiotic strains,
studies exploring their use as fermentation starters are scarce or
nonexistent. Existing literature does suggest a wide variety of
potentially suitable fermented foods, including those of animal,
plant, or mixed origin, that could serve as vehicles for probiotic
these
observations highlight a significant opportunity for future research

delivery in future clinical interventions. Together,
at the intersection of clinical nutrition and food fermentation,
aimed at broadening both the diversity of probiotic-containing
foods and their therapeutic applications. Future clinical studies
planned to assess efficacy of fermented foods should consider that
clinical translations may be complex due to the inherent variability
of food matrices and fermentation processes, regulatory
classification (food vs. therapeutic), strain patentability issues. Thus,
it can be highly recommended that these studies are planned in an
interdisciplinary arena with the contribution of food scientists and
nutritionist. Network initiatives such as COST actions may
be useful tools to establish such collaborative efforts, much needed
for establishing standardized criteria for selecting, characterizing,
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and validating probiotic strains for fermented foods targeting
vaginal health.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

AA: Writing - original draft, Writing - review & editing,
Conceptualization, Data curation, Methodology, Supervision.
LHM: Writing - original draft, Writing - review & editing, Data
curation. HSH: Writing - original draft, Writing - review &
editing, Data curation. DP: Writing - original draft, Writing -
review & editing, Data curation. JD-S: Writing - original draft,
Writing - review & editing, Data curation. ZA: Writing - original
draft, Writing - review & editing, Data curation. EN: Writing -
review & editing, Data curation. MHE-J: Writing - review &
editing, Data curation. GB: Writing - review & editing, Data
curation. SS: Writing - review & editing. IS-A: Writing - review
& editing. CH: Writing - review & editing. CC: Writing - review
& editing, Funding acquisition, Project administration. SP:
Writing - review & editing, Conceptualization, Methodology,
Supervision. GV: Writing - review & editing, Conceptualization,
Methodology, Supervision. BK-B: Writing - original draft,
Writing - review & editing, Conceptualization, Data curation,
Methodology, Supervision.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. PIMENTO CA20128 is
supported by COST (European Cooperation in Science and
Technology; www.cost.eu). This article is based upon work from
COST Action PIMENTO CA20128, supported by COST (European
Cooperation in Science and Technology).

References

1. Saleh RO, Salahdin OD, Ahmad I, Bansal P, Kaur H, Deorari M, et al. An updated
study of the relationship between bacterial infections and women’s immune system,
focusing on bacterial compositions with successful pregnancy. J Reprod Immunol. (2024)
165:104283. doi: 10.1016/j.jri.2024.104283

2. Smith SB, Ravel J. The vaginal microbiota, host defence and reproductive
physiology. J Physiol. (2017) 595:451-63. doi: 10.1113/JP271694

3. Qi W, Li H, Wang C, Li H, Zhang B, Dong M, et al. Recent advances in presentation,
diagnosis and treatment for mixed vaginitis. Frontiers in Cellular and Infection.
Microbiology. (2021) 11:11. doi: 10.3389/fcimb.2021.759795

4. Lev-Sagie A, De Seta F, Verstraelen H, Ventolini G, Lonnee-Hoffmann R, Vieira-
Baptista P. The vaginal microbiome: II. Vaginal dysbiotic conditions. ] Low Genit Tract
Dis. (2021) 26:79-84. doi: 10.1097/LGT.0000000000000644

5. Abou Chacra L, Fenollar E Diop K. Bacterial vaginosis: What do we currently know?
Frontiers in Cellular and Infection. Microbiology. (2022) 11:11. doi: 10.3389/fcimb.2021.672429

6. De Seta F, Lonnee-Hoffmann R, Campisciano G, Comar M, Verstraelen H, Vieira-
Baptista P, et al. The Vaginal Microbiome: III. The Vaginal Microbiome in Various Urogenital
Disorders. ] Low Genit Tract Dis. (2021) 26:85-92. doi: 10.1097/LGT.0000000000000645

Frontiers in Nutrition

12

10.3389/fnut.2025.1658988

Acknowledgments

The authors thank the administrative team of PIMENTO for
their support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

JD-S declared that they were an editorial board member of
Frontiers, at the time of submission. This had no impact on the peer
review process and the final decision.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1658988/

full#supplementary-material

7. EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA). Guidance on the
scientific requirements for health claims related to the immune system, the
gastrointestinal tract and defence against pathogenic microorganisms. EFSA J. (2016)
14:4369. doi: 10.2903/j.efsa.2016.4369

8. Chieng WK, Abdul Jalal MI, Bedi JS, Zainuddin AA, Mokhtar MH, Abu MA, et al.
Probiotics, a promising therapy to reduce the recurrence of bacterial vaginosis in
women? a systematic review and meta-analysis of randomized controlled trials. Front
Nutr. (2022) 9:9. doi: 10.3389/fnut.2022.938838

9. Satora M, Grunwald A, Zaremba B, Frankowska K, Zak K, Tarkowski R, et al.
Treatment of vulvovaginal candidiasis—An overview of guidelines and the latest
treatment methods. J Clin Med. (2023) 12:5376. doi: 10.3390/jcm12165376

10. Todorovic S, Akpinar A, Assungdo R, Bir C, Bavaro SL, Berkel Kasikci M, et al.
Health benefits and risks of fermented foods—the PIMENTO initiative. Front Nutr.
(2024) 11:11. doi: 10.3389/fnut.2024.1458536

11. Muka T, Glisic M, Milic J, Verhoog S, Bohlius J, Bramer W, et al. A 24-step guide on
how to design, conduct, and successfully publish a systematic review and meta-analysis in
medical research. Eur ] Epidemiol. (2020) 35:49-60. doi: 10.1007/s10654-019-00576-5

frontiersin.org


https://doi.org/10.3389/fnut.2025.1658988
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.cost.eu/
https://www.frontiersin.org/articles/10.3389/fnut.2025.1658988/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1658988/full#supplementary-material
https://doi.org/10.1016/j.jri.2024.104283
https://doi.org/10.1113/JP271694
https://doi.org/10.3389/fcimb.2021.759795
https://doi.org/10.1097/LGT.0000000000000644
https://doi.org/10.3389/fcimb.2021.672429
https://doi.org/10.1097/LGT.0000000000000645
https://doi.org/10.2903/j.efsa.2016.4369
https://doi.org/10.3389/fnut.2022.938838
https://doi.org/10.3390/jcm12165376
https://doi.org/10.3389/fnut.2024.1458536
https://doi.org/10.1007/s10654-019-00576-5

Akpinar et al.

12. Akpinar A, Karakas-Budak B, Vergeres G, Todorovic S, Pavelj$ek D, Jalil MHE,
et al. Efficacy of fermented foods for the prevention and treatment of bacterial vaginosis
and vulvovaginal candidiasis. Open Science Framework (OSF) [Internet] (2024).
Available online at: https://osf.io/wr7ac/ (Accessed April 7, 2025).

13. Kohl C, McIntosh EJ, Unger S, Haddaway NR, Kecke S, Schiemann J, et al. Online
tools supporting the conduct and reporting of systematic reviews and systematic maps:
a case study on CADIMA and review of existing tools. Environ Evid. (2018) 7:8. doi:
10.1186/s13750-018-0115-5

14. Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2:
a revised tool for assessing risk of bias in randomised trials. (2019). Available online at:
https://www.bmj.com/content/366/bm;.14898 (Accessed April 23, 2025).

15. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-
Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-
analyses. Ottawa Hospital Research Institute [Internet]. Available online at: https://www.
ohri.ca/programs/clinical_epidemiology/oxford.asp (Accessed April 23, 2025).

16. McPheeters ML, Kripalani S, Peterson NB, Idowu RT, Jerome RN, Potter SA, et al.
Quality improvement interventions to address health disparities: closing the quality
gap - revisiting the state of the science. In: Database of Abstracts of Reviews of Effects
(DARE): Quality-assessed Reviews Centre for Reviews and Dissemination (UK); (2012).
Available online at: https://www.ncbi.nlm.nih.gov/books/NBK117083/

17. Hantoushzadeh S, Golshahi F, Javadian P, khazardoost S, Aram S, Hashemi S, et al.
Comparative efficacy of probiotic yoghurt and clindamycin in treatment of bacterial
vaginosis in pregnant women: a randomized clinical trial. ] Matern Fetal Neonatal Med.
(2012) 25:1021-4. doi: 10.3109/14767058.2011.614654

18. Laue C, Papazova E, Liesegang A, Pannenbeckers A, Arendarski P, Linnerth B,
et al. Effect of a yoghurt drink containing Lactobacillus strains on bacterial vaginosis in
women - a double-blind, randomised, controlled clinical pilot trial. Benef Microb. (2018)
9:35-50. doi: 10.3920/BM2017.0018

19. Shalev E. Ingestion of probiotics: Optional treatment of bacterial vaginosis in
pregnancy. Israel Med Assoc J. (2002) 4:357-60.

20. Hilton E, Isenberg HD, Alperstein P, France K, Borenstein MT. Ingestion of yogurt
containing Lactobacillus acidophilus as prophylaxis for candidal vaginitis. Ann Intern
Med. (1992) 116:353-7. doi: 10.7326/0003-4819-116-5-353

21. Dols JAM, Boon ME, Monachese M, Changalucha J, Butamanya N, Varriano S,
et al. The impact of probiotic yogurt on HIV positive women in Tanzania. Int Dairy J.
(2011) 21:575-7. doi: 10.1016/j.idairyj.2011.03.001

22. Hu H, Merenstein D, Wang C, Hamilton P, Blackmon M, Chen H, et al. Impact of
eating probiotic yogurt on colonization by Candida species of the oral and vaginal
mucosa in HIV-infected and HIV-uninfected women. Mycopathologia. (2013)
176:175-81. doi: 10.1007/s11046-013-9678-4

23.Wang Y, Liu Z, Chen T. Vaginal microbiota: Potential targets for vulvovaginal
candidiasis infection. Heliyon. (2024) 10:27239. doi: 10.1016/j.heliyon.2024.e27239

24. Novikova N, Mardh P. Characterization of women with a history of recurrent
vulvovaginal candidosis. Acta Obstet Gynecol Scand. (2002) 81:1047-52. doi:
10.1034/j.1600-0412.2002.811109.x

25. Pirotta MV, Gunn JM, Chondros P. “Not thrush again!” Women’s experience of
post-antibiotic ~ vulvovaginitis. ~ Med ] Aust. (2003) 179:43-6. doi:
10.5694/j.1326-5377.2003.tb05418.x

26.Rosen EM, Martin CL, Siega-Riz AM, Dole N, Basta PV, Serrano M, et al. Is
prenatal diet associated with the composition of the vaginal microbiome? Paediatr
Perinat Epidemiol. (2022) 36:243-53. doi: 10.1111/ppe.12830

27.Olson DW, Aryana K]J. Probiotic incorporation into yogurt and various novel
yogurt-based products. Appl Sci. (2022) 12:12607. doi: 10.3390/app122412607

28. Morelli L. Yogurt, living cultures, and gut health. Am J Clin Nutr. (2014) 99:12485-
508. doi: 10.3945/ajcn.113.073072

29. Kapse N, Pisu V, Dhakephalkar T, Margale P, Shetty D, Wagh S, et al. Unveiling the
probiotic potential of Streptococcus thermophilus MCC0200: Insights from in vitro
studies corroborated with genome analysis. Microorganisms. (2024) 12:347. doi:
10.3390/microorganisms12020347

30. FAO/WHO. Guidelines for the Evaluation of Probiotics in Food. Food and
Agriculture Organization and World Health Organization joint report (2002) 2-4:35-45.

31. Champagne CP, Nancy J, Roy D. Challenges in the addition of probiotic cultures
to foods. Crit Rev Food Sci Nutr. (2005) 45:61-84. doi: 10.1080/10408690590900144

32. Lourens-Hattingh A, Viljoen BC. Yogurt as probiotic carrier food. Int Dairy J.
(2001) 11:1-17. doi: 10.1016/S0958-6946(01)00036-X

33. Mehra R, Kumar H, Rafiq S, Kumar N, Buttar HS, Leicht K, et al. Enhancing
yogurt products” ingredients: preservation strategies, processing conditions, analytical
detection methods, and therapeutic delivery—an overview. Peer]. (2022) 12:e14177. doi:
10.7717/peerj.14177

34, Kneifel W, Salminen S. Probiotics and Health Claims. Chichester, West Sussex:
John Wiley & Sons (2010). 376 p.

35.El Aila NA, Tency I, Claeys G, Verstraelen H, Saerens B, dos Santos L, et al.
Identification and genotyping of bacteria from paired vaginal and rectal samples from
pregnant women indicates similarity between vaginal and rectal microflora. BMC Infect
Dis. (2009) 9:167. doi: 10.1186/1471-2334-9-167

Frontiers in Nutrition

13

10.3389/fnut.2025.1658988

36. Miller C, Luu K, Mikami B, Riel ], Qin Y, Khadka V, et al. Temporal investigation
of the maternal origins of fetal gut microbiota. Microorganisms. (2024) 12:1865. doi:
10.3390/microorganisms12091865

37. Amabebe E, Anumba DOC. Female gut and genital tract microbiota-induced
crosstalk and differential effects of short-chain fatty acids on immune sequelae. Front
Immunol. (2020):2184:11. doi: 10.3389/fimmu.2020.02184

38. Rodriguez JM, Ferndndez L, Verhasselt V. The gut-breast axis: Programming
health for life. Nutrients. (2021) 13:606. doi: 10.3390/nu13020606

39. Amabebe E, Anumba DOC. Mechanistic insights into immune suppression and
evasion in bacterial vaginosis. Curr Microbiol. (2022) 79:84. doi: 10.1007/s00284-022-02771-2

40. Amabebe E, Kumar A, Tatiparthy M, Kammala AK, Taylor BD, Menon R. Cargo
exchange between human and bacterial extracellular vesicles in gestational tissues: a new
paradigm in communication and immune development. Extracell Vesicles Circ Nucl
Acids. (2024) 18 2:297-328. doi: 10.20517/evcna.2024.21

41. Takada K. IgA and the gut-vagina axis. Front Immunol. (2025) 16:1547303. doi:
10.3389/fimmu.2025.1547303

42. Marrazzo JM, Fiedler TL, Srinivasan S, Thomas KK, Liu C, Ko D, et al. Extravaginal
reservoirs of vaginal bacteria as risk factors for incident bacterial vaginosis. ] Infect Dis.
(2012) 205:1580-8. doi: 10.1093/infdis/jis242

43.Jang SE, Jeong JJ, Choi SY, Kim H, Han MJ, Kim DH. Lactobacillus rhamnosus
HNO01 and Lactobacillus acidophilus La-14 attenuate Gardnerella vaginalis-infected
bacterial vaginosis in mice. Nutrients. (2017) 9:531. doi: 10.3390/nu9060531

44. Lee SR, Lee JC, Kim SH, Oh YS, Chae HD, Seo H, et al. Altered composition of
microbiota in women with ovarian endometrioma: Microbiome analyses of extracellular
vesicles in the peritoneal fluid. Int ] Mol Sci. (2021) 22:4608. doi: 10.3390/ijms22094608

45. Croatti V, Parolin C, Giordani B, Foschi C, Fedi S, Vitali B. Lactobacilli extracellular
vesicles: potential postbiotics to support the vaginal microbiota homeostasis. Microb Cell
Factories. (2022) 21:237. doi: 10.1186/s12934-022-01963-6

46. Leser T, Baker A. Molecular Mechanisms of Lacticaseibacillus rhamnosus, LGG®
Probiotic Function. Microorganisms. (2024) 12:794. doi: 10.3390/microorganisms12040794

47. Palmeira-de-Oliveira R, Palmeira-de-Oliveira A, Martinez-de-Oliveira J. New
strategies for local treatment of vaginal infections. Adv Drug Deliv Rev. (2015)
92:105-22. doi: 10.1016/j.addr.2015.06.008

48. Acharya A, Shetty SS, Kumari NS. Role of gut microbiota derived short chain fatty
acid metabolites in modulating female reproductive health. Hum Nutr Metab. (2024)
36:200256. doi: 10.1016/j.hnm.2024.200256

49.Nufio K, Jensen AS, O’Connor G, Houston TJ, Dikici E, Zingg JM, et al. Insights
into women’s health: exploring the vaginal microbiome, quorum sensing dynamics, and
therapeutic potential of quorum sensing quenchers. Mol Asp Med. (2024) 100:101304.
doi: 10.1016/j.mam.2024.101304

50. Boahen A, Than LTL, Loke YL, Chew SY. The antibiofilm role of biotics family in
vaginal  fungal infections. ~Front  Microbiol. ~(2022) 13:787119. doi:
10.3389/fmicb.2022.787119

51. Alonso-Roman R, Last A, Mirhakkak MH, Sprague JL, Méller L, GrofSimann P,
et al. Lactobacillus rhamnosus colonisation antagonizes Candida albicans by forcing
metabolic adaptations that compromise pathogenicity. Nat Commun. (2022) 13:3192.
doi: 10.1038/s41467-022-30661-5

52. Oyewale MO, Ayoade F, Ogunlaja A. DNA Extraction of Lactobacillus bulgaricus
and Streptococcus thermophilus obtained from selected yoghurts, yogourmet and soy
wara bought from various markets in South Western Nigeria. AJMBES. (2023) 25:590-5.
doi: 10.53550/AJMBES.2023.v25i03.032

53. Binda S, Hill C, Johansen E, Obis D, Pot B, Sanders ME, et al. Criteria to qualify
microorganisms as “probiotic” in foods and dietary supplements. Front Microbiol. (2020)
11:1662. doi: 10.3389/fmicb.2020.01662

54. Reid G, Jass J, Sebulsky MT, McCormick JK. Potential uses of probiotics in clinical
practice. Clin Microbiol Rev. (2003) 16:658-72. doi: 10.1128/CMR.16.4.658-672.2003

55. Bayar E, MacIntyre DA, Sykes L, Mountain K, Parks TP, Lee PP, et al. Safety,
tolerability, and acceptability of Lactobacillus crispatus CTV-05 (LACTIN-V) in
pregnant women at high-risk of preterm birth. Benefic Microbes. (2023) 14:45-55. doi:
10.3920/BM2022.0084

56. Dekker J, Wickens K, Black P, Stanley T, Mitchell E, Fitzharris P, et al. Safety
aspects of probiotic bacterial strains Lactobacillus rhamnosus HNO001 and
Bifidobacterium animalis subsp lactis HN019 in human infants aged 0-2 years. Int Dairy
J. (2009) 19:149-54. doi: 10.1016/j.idairyj.2008.10.004

57. Panel EB, Allende A, Alvarez-Ordonez A, Bover-Cid S, Chemaly M, De Cesare A,
et al. Updated list of QPS-recommended microorganisms for safety risk assessments
carried out by EFSA [Internet]. Zenodo; (2025). Available online at: https://zenodo.org/
records/14748925 (Accessed May 6, 2025)

58. FDA. Microorganisms & Microbial-Derived Ingredients Used in Food (Partial
List) [Internet]. (2024). Available online at: https://www.fda.gov/food/generally-
recognized-safe-gras/microorganisms-microbial-derived-ingredients-used-food-
partial-list (Accessed August 14, 2025).

59. Lopez-Moreno A, Aguilera M. Vaginal probiotics for reproductive health and
related dysbiosis: Systematic review and meta-analysis. J Clin Med. (2021) 10:1461. doi:
10.3390/jcm10071461

frontiersin.org


https://doi.org/10.3389/fnut.2025.1658988
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://osf.io/wr7ac/
https://doi.org/10.1186/s13750-018-0115-5
https://www.bmj.com/content/366/bmj.l4898
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ncbi.nlm.nih.gov/books/NBK117083/
https://doi.org/10.3109/14767058.2011.614654
https://doi.org/10.3920/BM2017.0018
https://doi.org/10.7326/0003-4819-116-5-353
https://doi.org/10.1016/j.idairyj.2011.03.001
https://doi.org/10.1007/s11046-013-9678-4
https://doi.org/10.1016/j.heliyon.2024.e27239
https://doi.org/10.1034/j.1600-0412.2002.811109.x
https://doi.org/10.5694/j.1326-5377.2003.tb05418.x
https://doi.org/10.1111/ppe.12830
https://doi.org/10.3390/app122412607
https://doi.org/10.3945/ajcn.113.073072
https://doi.org/10.3390/microorganisms12020347
https://doi.org/10.1080/10408690590900144
https://doi.org/10.1016/S0958-6946(01)00036-X
https://doi.org/10.7717/peerj.14177
https://doi.org/10.1186/1471-2334-9-167
https://doi.org/10.3390/microorganisms12091865
https://doi.org/10.3389/fimmu.2020.02184
https://doi.org/10.3390/nu13020606
https://doi.org/10.1007/s00284-022-02771-2
https://doi.org/10.20517/evcna.2024.21
https://doi.org/10.3389/fimmu.2025.1547303
https://doi.org/10.1093/infdis/jis242
https://doi.org/10.3390/nu9060531
https://doi.org/10.3390/ijms22094608
https://doi.org/10.1186/s12934-022-01963-6
https://doi.org/10.3390/microorganisms12040794
https://doi.org/10.1016/j.addr.2015.06.008
https://doi.org/10.1016/j.hnm.2024.200256
https://doi.org/10.1016/j.mam.2024.101304
https://doi.org/10.3389/fmicb.2022.787119
https://doi.org/10.1038/s41467-022-30661-5
https://doi.org/10.53550/AJMBES.2023.v25i03.032
https://doi.org/10.3389/fmicb.2020.01662
https://doi.org/10.1128/CMR.16.4.658-672.2003
https://doi.org/10.3920/BM2022.0084
https://doi.org/10.1016/j.idairyj.2008.10.004
https://zenodo.org/records/14748925
https://zenodo.org/records/14748925
https://www.fda.gov/food/generally-recognized-safe-gras/microorganisms-microbial-derived-ingredients-used-food-partial-list
https://www.fda.gov/food/generally-recognized-safe-gras/microorganisms-microbial-derived-ingredients-used-food-partial-list
https://www.fda.gov/food/generally-recognized-safe-gras/microorganisms-microbial-derived-ingredients-used-food-partial-list
https://doi.org/10.3390/jcm10071461

Akpinar et al.

60. Han Y, Ren Q-L. Does probiotics work for bacterial vaginosis and vulvovaginal
candidiasis. Curr Opin Pharmacol. (2021) 61:83-90. doi: 10.1016/j.coph.2021.09.004

61. Vinueza AMZ. Probiotics for the prevention of vaginal infections: a systematic
review. Cureus. (2024) 16:64473. doi: 10.7759/cureus.64473

62. Rubio R, Aymerich T, Bover-Cid S, Guardia MD, Arnau J, Garriga M. Probiotic
strains Lactobacillus plantarum 299V and Lactobacillus rhamnosus GG as starter cultures
for fermented sausages. LWT Food Sci Technol. (2013) 54:51-6. doi:
10.1016/j.1wt.2013.05.014

63. Gundogan BN, Saricoban C, Unal K. The effect of different drying methods on
some physico-chemical, functional and protein structure properties of liquid egg white
fermented by Lactobacillus rhamnosus GG. ] Food Sci Technol. (2023) 60:2433-43. doi:
10.1007/s13197-023-05766-4

64. Seong HY, Kim M. Enhanced protein quality and antioxidant activity of fermented
brown rice with Gryllus bimaculatus. LWT. (2021) 150:111948. doi:
10.1016/j.1wt.2021.111948

65. Gharibzahedi S, Altintas Z. Transglutaminase-crosslinked lesser mealworm
protein isolate: a new milk fat substitute for high-quality probiotic set yogurts. Food
Hydrocoll. (2024) 146:109172. doi: 10.1016/j.foodhyd.2023.109172

66. Wang C, Sun J, Lassabliere B, Yu B, Zhao F, Zhao E et al. Potential of lactic acid
bacteria to modulate coffee volatiles and effect of glucose supplementation: fermentation
of green coffee beans and impact of coffee roasting. J Sci Food Agric. (2019) 99:409-20.
doi: 10.1002/jsfa.9202

67.Yao M, Luo Y, Shi J, Zhou Y, Xu Q, Li Z. Effects of fermentation by Lactobacillus
rhamnosus GG on the antigenicity and allergenicity of four cows’ milk proteins. Food
Agric Immunol. (2014) 25:545-55. doi: 10.1080/09540105.2013.852163

68. Valik L, MedveDova A, Liptidkova D. Characterization of the growth of
Lactobacillus rhamnosus GG in milk at suboptimal temperatures. ] Food Nutr Res. (2008)
47:60-7. Available at: https://scholar.google.com/scholar_lookup?title=Characterizatio
n+of+the+growth+of+Lactobacillus+rhamnosus+GG+in+milk-+at+suboptimal+temp
eratures&author=Lipt%C3%A1kov%C3%A1,+D.&author=Val%C3%ADKk,+L.&author
=Medve%C4%8Fov%C3%A1,+A.&publication_year=2008&journal=].+Food+Nutr.+R
es.&volume=47&pages=60%E2%80%9367

69. Kim H, Letona A, Lim D, Yu D, Han NS, Zhao D, et al. Spray drying of reconstituted
skim milk fermented with Lactobacillus rhamnosus GG: control of glass transition and
stickiness. Food Sci Biotechnol. (2025) 34:149-58. doi: 10.1007/s10068-024-01658-1

70. Laukovd A, Burdova O, Strompfova V, Pogany Simonovd M, Korénekova B.
Surviving of commercial probiotic strain Lactobacillus rhamnosus GG in Slovak cow
lump cheese experimentally inoculated with Listeria innocua. ] Microbiol Biotechnol
Food Sci. (2014) 4:33-5. doi: 10.15414/jmbfs.2014.4.1.33-35

71. Sangwan S, Singh R. Synergistic effect of oats and LGG fermented milk on
lowering hypercholesterolemia in rats. J Cereal Sci. (2018) 82:164-9. doi:
10.1016/j.jcs.2018.06.003

72.Lim DH, Letona A, Lee M, Lim D, Han NS, Chung D. Fluidized-bed granulation
of probiotics-encapsulated spray-dried skim milk powder: effects of a fluidizing aid,
moisture-activation ~ and  dehydration.  Foods.  (2021)  10:1600. doi:
10.3390/foods10071600

73. Lei W, Luo J, Wu K, Chen Q, Hao L, Zhou X, et al. Dendrobium candidum extract
on the bioactive and fermentation properties of Lactobacillus rhamnosus GG in
fermented milk. Food Biosci. (2021) 41:100987. doi: 10.1016/j.tbio.2021.100987

74. Suo X, Huang S, Wang J, Fu N, Jeantet R, Chen XD. Effect of culturing lactic acid
bacteria with varying skim milk concentration on bacteria survival during heat
treatment. J Food Eng. (2021) 294:110396. doi: 10.1016/j.jfoodeng.2020.110396

75. Guo Z, Wang ], Yan L, Chen W, Liu X, Zhang H. In vitro comparison of probiotic
properties of Lactobacillus casei Zhang, a potential new probiotic, with selected probiotic
strains. LWT Food Sci Technol. (2009) 42:1640-6. doi: 10.1016/j.1wt.2009.05.025

76. Mitra S, Ghosh BC. Quality characteristics of kefir as a carrier for probiotic
Lactobacillus rhamnosus GG. Int ] Dairy Technol. (2020) 73:384-91. doi:
10.1111/1471-0307.12664

77.Sadera G, Jaglan A, Kapila S, Kumar A, Solo de Zaldivar B, Requena T, et al.
Protective effects of probiotic supplemented vegetable jams in E. coli induced diarrhoeal
mice model. Food. Bioscience. (2024) 62:105301. doi: 10.1016/j.fbi0.2024.105301

78. Settachaimongkon S, Nout MJR, Antunes Fernandes EC, van Hooijdonk TCM,
Zwietering MH, Smid EJ, et al. The impact of selected strains of probiotic bacteria on
metabolite formation in set yoghurt. Int Dairy J. (2014) 38:1-10. doi:
10.1016/j.idairyj.2014.04.002

79. Cuffia E, George G, Renzulli P, Reinheimer J, Meinardi C, Burns P. Technological
challenges in the production of a probiotic pasta filata soft cheese. LWT Food Sci Technol.
(2017) 81:111-7. doi: 10.1016/j.1wt.2017.03.039

80.Jia R, Chen H, Chen H, Ding W. Effects of fermentation with Lactobacillus
rhamnosus GG on product quality and fatty acids of goat milk yogurt. ] Dairy Sci. (2016)
99:221-7. doi: 10.3168/jds.2015-10114

81. Settachaimongkon S, van Valenberg H, Winata V, Wang X, Nout M, van Hooijdonk
T, et al. Effect of sublethal preculturing on the survival of probiotics and metabolite
formation in  set-yoghurt. Food  Microbiol. (2015)  49:104-15. doi:
10.1016/j.fm.2015.01.011

Frontiers in Nutrition

14

10.3389/fnut.2025.1658988

82.GuY, LiX, Chen H, Sun'Y, Yang L, Ma Y, et al. Antidiabetic effects of multi-species
probiotic and its fermented milk in mice via restoring gut microbiota and intestinal
barrier. Food Biosci. (2022) 47:101619. doi: 10.1016/j.fbi0.2022.101619

83. @stlie HM, Helland MH, Narvhus JA. Growth and metabolism of selected strains
of probiotic bacteria in milk. Int J Food Microbiol. (2003) 87:17-27. doi:
10.1016/s0168-1605(03)00044-8

84. Kockova M, Valik L. Development of new cereal-, pseudocereal-, and cereal-
leguminous-based probiotic foods. Czech ] Food Sci. (2014) 32:391-7. doi:
10.17221/553/2013-CJES

85. Montanari SR, de Castro R, Leite Junior B, Martins ML, Ramos AM, Binoti ML,
et al. In vitro gastrointestinal digestion of a peanut, soybean, guava and beet beverage
supplemented with Lactobacillus rhamnosus GG. Food Biosci. (2020) 36:100623. doi:
10.1016/j.fb10.2020.100623

86.Zhao L, Wu J, Liu Y, Wang H, Cao C. Effect of Lactobacillus rhamnosus GG
fermentation on the structural and functional properties of dietary fiber in bamboo shoot
and its application in bread. ] Food Biochem. (2022) 46:14231. doi: 10.1111/jfbc.14231

87. Kamonsuwan K, Balmori V, Marnpae M, Chusak C, Thilavech T, Charoensiddhi
S, et al. Black goji berry (Lycium ruthenicum) juice fermented with Lactobacillus
rhamnosus GG enhances inhibitory activity against dipeptidyl peptidase-IV and key
steps of lipid digestion and absorption. Antioxidants. (2024) 13:740. doi:
10.3390/antiox13060740

88. Lopusiewicz L, Droztowska E, Trocer P, Kostek M, Bartkowiak A, Kwiatkowski P.
The development of novel probiotic fermented plant milk alternative from flaxseed oil
cake using Lactobacillus rhamnosus GG acting as a preservative agent against pathogenic
bacteria during short-term refrigerated storage. Emirates ] Food Agric. (2021) 33:266-76.
doi: 10.9755/ejfa.2021.v33.14.2679

89. Song HY, Yu RC. Optimization of culture conditions for gamma-aminobutyric
acid production in fermented adzuki bean milk. ] Food Drug Anal. (2018) 26:74-81. doi:
10.1016/}.jfda.2016.11.024

90.Hu R, Zeng E, Wu L, Wan X, Chen Y, Zhang J, et al. Fermented carrot juice
attenuates type 2 diabetes by mediating gut microbiota in rats. Food Funct. (2019)
10:2935-46. doi: 10.1039/C9FO00475K

91. Chan MZA, Toh M, Liu SQ. Growth, survival, and metabolic activities of
probiotics Lactobacillus rhamnosus GG and Saccharomyces cerevisiae var. boulardii
CNCM-1745 in fermented coffee brews. Int | Food Microbiol. (2021) 350:109229. doi:
10.1016/j.ijfoodmicro.2021.109229

92. Wang X, Han M, Zhang M, Wang Y, Ren Y, Yue T, et al. In vitro evaluation of the
hypoglycemic properties of lactic acid bacteria and its fermentation adaptability in apple
juice. LWT. (2021) 136:110363. doi: 10.1016/j.1wt.2020.110363

93. Bhatnagar M, Attri S, Sharma K, Goel G. Lactobacillus paracasei CD4 as potential
indigenous lactic cultures with antioxidative and ACE inhibitory activity in soymilk
hydrolysate. Food Meas. (2018) 12:1005-10. doi: 10.1007/s11694-017-9715-y

94. Hunaefi D, Gruda N, Riedel H, Akumo D, Saw N, Smetanska I. Improvement of
antioxidant activities in red cabbage sprouts by lactic acid bacterial fermentation. Food
Biotechnol. (2013) 27:279-302. doi: 10.1080/08905436.2013.836709

95. Chan MZA, Toh M, Liu SQ. Growth, survival, and metabolic activities of probiotic
Lactobacillus spp. in fermented coffee brews supplemented with glucose and inactivated
yeast derivatives. Food Res Int. (2020) 137:109746. doi: 10.1016/j.foodres.2020.109746

96. Byresh TS, Malini B, Meena L, Sunil CK, Chidanand DV, Vidyalakshmi R, et al.
Effect of addition of pineapple peel powder on white finger millet vegan probiotic
beverage. ] Food Proc Preservat. (2022) 46:16905. doi: 10.1111/jfpp.16905

97.Zhu Y, Wang Z, Zhang L. Optimization of lactic acid fermentation conditions for
fermented tofu whey beverage with high-isoflavone aglycones. LWT. (2019) 111:211-7.
doi: 10.1016/§.1wt.2019.05.021

98. Alemneh ST, Emire SA, Hitzmann B. Teff-Based Probiotic Functional Beverage
Fermented with Lactobacillus rhamnosus and Lactobacillus plantarum. Foods. (2021)
10:2333. doi: 10.3390/foods10102333

99. Chai Z, Yan Y, Zan S, Meng X, Zhang F. Probiotic-fermented blueberry pomace
alleviates obesity and hyperlipidemia in high-fat diet C57BL/6] mice. Food Res Int.
(2022) 157:111396. doi: 10.1016/j.foodres.2022.111396

100. Pan X, Zhang S, Xu X, Lao E, Wu J. Volatile and non-volatile profiles in jujube
pulp co-fermented with lactic acid bacteria. LWT. (2022) 154:112772. doi:
10.1016/j.1wt.2021.112772

101. Sigiienza-Andrés T, Gomez M, Rodriguez-Nogales JM, Caro I. Development of
a fermented plant-based beverage from discarded bread flour. LWT. (2023) 182:114795.
doi: 10.1016/j.1wt.2023.114795

102. Matejcekovd Z, Liptakova D, Valik L. Functional probiotic products based on
fermented buckwheat with Lactobacillus rhamnosus. LWT Food Sci Technol. (2017)
81:35-41. doi: 10.1016/j.lwt.2017.03.018

103. Li S, Gong G, Ma C, Liu Z, Cai J. Study on the influence of tea extract on
probiotics in skim milk: from probiotics propagation to metabolite. ] Food Sci. (2016)
81:M1981-6. doi: 10.1111/1750-3841.13383

104. Picon A, Campanero Y, Sanchez C, Alvarez I, Rodriguez-Minguez E. Valorization
of coffee cherry by-products through fermentation by human intestinal lactobacilli in
functional fermented milk beverages. Foods. (2025) 14:44. doi: 10.3390/foods14010044

frontiersin.org


https://doi.org/10.3389/fnut.2025.1658988
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.coph.2021.09.004
https://doi.org/10.7759/cureus.64473
https://doi.org/10.1016/j.lwt.2013.05.014
https://doi.org/10.1007/s13197-023-05766-4
https://doi.org/10.1016/j.lwt.2021.111948
https://doi.org/10.1016/j.foodhyd.2023.109172
https://doi.org/10.1002/jsfa.9202
https://doi.org/10.1080/09540105.2013.852163
https://scholar.google.com/scholar_lookup?title=Characterization+of+the+growth+of+Lactobacillus+rhamnosus+GG+in+milk+at+suboptimal+temperatures&author=Lipt%C3%A1kov%C3%A1,+D.&author=Val%C3%ADk,+L.&author=Medve%C4%8Fov%C3%A1,+A.&publication_year=2008&journal=J.+Food+Nutr.+Res.&volume=47&pages=60%E2%80%9367
https://scholar.google.com/scholar_lookup?title=Characterization+of+the+growth+of+Lactobacillus+rhamnosus+GG+in+milk+at+suboptimal+temperatures&author=Lipt%C3%A1kov%C3%A1,+D.&author=Val%C3%ADk,+L.&author=Medve%C4%8Fov%C3%A1,+A.&publication_year=2008&journal=J.+Food+Nutr.+Res.&volume=47&pages=60%E2%80%9367
https://scholar.google.com/scholar_lookup?title=Characterization+of+the+growth+of+Lactobacillus+rhamnosus+GG+in+milk+at+suboptimal+temperatures&author=Lipt%C3%A1kov%C3%A1,+D.&author=Val%C3%ADk,+L.&author=Medve%C4%8Fov%C3%A1,+A.&publication_year=2008&journal=J.+Food+Nutr.+Res.&volume=47&pages=60%E2%80%9367
https://scholar.google.com/scholar_lookup?title=Characterization+of+the+growth+of+Lactobacillus+rhamnosus+GG+in+milk+at+suboptimal+temperatures&author=Lipt%C3%A1kov%C3%A1,+D.&author=Val%C3%ADk,+L.&author=Medve%C4%8Fov%C3%A1,+A.&publication_year=2008&journal=J.+Food+Nutr.+Res.&volume=47&pages=60%E2%80%9367
https://scholar.google.com/scholar_lookup?title=Characterization+of+the+growth+of+Lactobacillus+rhamnosus+GG+in+milk+at+suboptimal+temperatures&author=Lipt%C3%A1kov%C3%A1,+D.&author=Val%C3%ADk,+L.&author=Medve%C4%8Fov%C3%A1,+A.&publication_year=2008&journal=J.+Food+Nutr.+Res.&volume=47&pages=60%E2%80%9367
https://doi.org/10.1007/s10068-024-01658-1
https://doi.org/10.15414/jmbfs.2014.4.1.33-35
https://doi.org/10.1016/j.jcs.2018.06.003
https://doi.org/10.3390/foods10071600
https://doi.org/10.1016/j.fbio.2021.100987
https://doi.org/10.1016/j.jfoodeng.2020.110396
https://doi.org/10.1016/j.lwt.2009.05.025
https://doi.org/10.1111/1471-0307.12664
https://doi.org/10.1016/j.fbio.2024.105301
https://doi.org/10.1016/j.idairyj.2014.04.002
https://doi.org/10.1016/j.lwt.2017.03.039
https://doi.org/10.3168/jds.2015-10114
https://doi.org/10.1016/j.fm.2015.01.011
https://doi.org/10.1016/j.fbio.2022.101619
https://doi.org/10.1016/s0168-1605(03)00044-8
https://doi.org/10.17221/553/2013-CJFS
https://doi.org/10.1016/j.fbio.2020.100623
https://doi.org/10.1111/jfbc.14231
https://doi.org/10.3390/antiox13060740
https://doi.org/10.9755/ejfa.2021.v33.i4.2679
https://doi.org/10.1016/j.jfda.2016.11.024
https://doi.org/10.1039/C9FO00475K
https://doi.org/10.1016/j.ijfoodmicro.2021.109229
https://doi.org/10.1016/j.lwt.2020.110363
https://doi.org/10.1007/s11694-017-9715-y
https://doi.org/10.1080/08905436.2013.836709
https://doi.org/10.1016/j.foodres.2020.109746
https://doi.org/10.1111/jfpp.16905
https://doi.org/10.1016/j.lwt.2019.05.021
https://doi.org/10.3390/foods10102333
https://doi.org/10.1016/j.foodres.2022.111396
https://doi.org/10.1016/j.lwt.2021.112772
https://doi.org/10.1016/j.lwt.2023.114795
https://doi.org/10.1016/j.lwt.2017.03.018
https://doi.org/10.1111/1750-3841.13383
https://doi.org/10.3390/foods14010044

Akpinar et al.

105. Chévez de la Vega MI, Alatorre-Santamaria S, Gomez-Ruiz L, Garcia-Garibay M,
Guzman-Rodriguez F, Gonzélez-Olivares LG, et al. Influence of oat B-glucan on the
survival and proteolytic activity of Lactobacillus rhamnosus GG in milk fermentation:
optimization by response surface. Fermentation. (2021) 7:210. doi:
10.3390/fermentation7040210

106. Jaimez-Ordaz ], Martinez-Ramirez X, Cruz-Guerrero AE, Contreras-Lopez E,
Ayala-Nifo A, Castro-Rosas J, et al. Survival and proteolytic capacity of probiotics in a
fermented milk enriched with agave juice and stored in refrigeration. Food Sci Technol.
(2019) 39:188-94. doi: 10.1590/fst.41117

107. Samtiya M, Badgujar PC, Chandratre GA, Aluko RE, Kumar A, Bhushan B, et al.
Effect of selective fermentation on nutritional parameters and techno-functional
characteristics of fermented millet-based probiotic dairy product. Food Chem X. (2024)
22:101483. doi: 10.1016/j.fochx.2024.101483

108. Escobar MC, Van Tassell ML, Martinez-Bustos F, Singh M, Castafio-Tostado E,
Amaya-Llano SL, et al. Characterization of a Panela cheese with added probiotics and
fava bean starch. J Dairy Sci. (2012) 95:2779-87. doi: 10.3168/jds.2011-4655

109. Helland MH, Wicklund T, Narvhus JA. Growth and metabolism of selected
strains of probiotic bacteria in milk- and water-based cereal puddings. Int Dairy J. (2004)
14:957-65. doi: 10.1016/j.idairy;j.2004.03.008

110. AziziShafa M, Akhondzadeh Basti A, Sharifan A, Khanjari A. Reformulation of
traditional Iranian food (Doeeneh) using probiotics: Bifidobacterium animalis subsp.
lactis BB-12, Lactobacillus acidophilus LA-5, Lacticaseibacillus rhamnosus LGG, and
inulin and its effect on diabetic and non-diabetic rats. Food Qual Saf. (2023) 7:fyad028.
doi: 10.1093/fgsafe/fyad028

111. Sadaghdar Y, Mortazavian AM, Ehsani MR. Survival and activity of 5 probiotic
lactobacilli strains in 2 types of flavored fermented milk. Food Sci Biotechnol. (2012)
21:151-7. doi: 10.1007/s10068-012-0019-z

112. Aljewicz M, Cichosz G, Nalepa B, Kowalska M. Influence of the probiotic
Lactobacillus acidophilus NCFM and Lactobacillus rhamnosus HN0O1 on proteolysis
patterns of edam cheese. Food Technol Biotechnol. (2014) 52:439-47. doi:
10.17113/ftb.52.04.14.3659

113. Ibarra A, Acha R, Calleja MT, Chiralt-Boix A, Wittig E. Optimization and shelf
life of a low-lactose yogurt with Lactobacillus rhamnosus HNOO1. ] Dairy Sci. (2012)
95:3536-48. doi: 10.3168/jds.2011-5050

114. Aljewicz M, Siemianowska E, Cichosz G, Tonska E. The effect of probiotics
(Lactobacillus rhamnosus HNOO1, Lactobacillus paracasei LPC-37, and Lactobacillus
acidophilus NCFM) on the availability of minerals from Dutch-type cheese. ] Dairy Sci.
(2014) 97:4824-31. doi: 10.3168/jds.2014-8240

115. Suharja AAS, Henriksson A, Liu SQ. Impact of Saccharomyces Cerevisiae on
viability of probiotic Lactobacillus Rhamnosus in fermented milk under ambient
conditions: impact of yeast on probiotics. ] Food Process Preserv. (2014) 38:326-37. doi:
10.1111/j.1745-4549.2012.00780.x

116. Aljewicz M, Cichosz G. Protective effects of Lactobacillus cultures in Dutch-type
cheese-like products. LWT Food Sci Technol. (2015) 63:52-6. doi: 10.1016/j.Iwt.2015.03.054

117. Aljewicz M, Cichosz G. The effect of probiotic Lactobacillus rhamnosus HN0O1
on the in vitro availability of minerals from cheeses and cheese-like products. LWT Food
Sci Technol. (2015) 60:841-7. doi: 10.1016/j.1wt.2014.09.052

118. Cichosz G, Aljewicz M, Nalepa B. Viability of the Lactobacillus rhamnosus
HNO001 probiotic strain in Swiss- and Dutch-type cheese and cheese-like products. J
Food Sci. (2014) 79:M1181-8. doi: 10.1111/1750-3841.12458

119. Lu Y, Tan CW, Chen D, Liu SQ. Potential of three probiotic lactobacilli in
transforming star fruit juice into functional beverages. Food Sci Nutr. (2018) 6:2141-50.
doi: 10.1002/fsn3.775

120. Hekmat S, Reid G. Survival of Lactobacillus reuteri RC-14 and Lactobacillus
rhamnosus GR-1 in milk. Int ] Food Sci Technol. (2007) 42:615-9. doi:
10.1111/j.1365-2621.2006.01292.x

121. Hekmat S, Soltani H, Reid G. Growth and survival of Lactobacillus reuteri RC-14
and Lactobacillus rhamnosus GR-1 in yogurt for use as a functional food. Innovative
Food Sci Emerg Technol. (2009) 10:293-6. doi: 10.1016/j.ifset.2008.10.007

122. Le T, Hekmat S. Development of pulse-based probiotics by fermentation using
Fiti sachets for the developing world. Nutr Food Sci. (2020) 50:1109-21. doi:
10.1108/NFS-08-2019-0272

123. Soltani M, Hekmat S, Ahmadi L. Microbial and sensory evaluation of probiotic
yoghurt supplemented with cereal/pseudo-cereal grains and legumes. Int J Dairy
Technol. (2018) 71:141-8. doi: 10.1111/1471-0307.12389

124. Williams M, Hekmat S. Lactobacillus rhamnosus GR-1 in fermented rice pudding
supplemented with short chain inulin, long chain inulin, and oat as a novel functional
food. Fermentation. (2017) 3:55. doi: 10.3390/fermentation3040055

125. Huang X, Nzekoue F, Renzi S, Alesi A, Coman M, Pucciarelli S, et al. Influence
of modified governing liquid on shelf-life parameters of high-moisture mozzarella
cheese. Food Res Int. (2022) 159:111627. doi: 10.1016/j.foodres.2022.111627

126. Coman M, Verdenelli M, Cecchini C, Silvi S, Vasile A, Bahrim G, et al. Effect of
buckwheat flour and oat bran on growth and cell viability of the probiotic strains
Lactobacillus rhamnosus IMC 501~ , Lactobacillus paracasei IMC 502% and their
combination SYNBIO®, in synbiotic fermented milk. Int ] Food Microbiol. (2013)
167:261-8. doi: 10.1016/j.ijffoodmicro.2013.09.015

Frontiers in Nutrition

15

10.3389/fnut.2025.1658988

127. Chaves KS, Gigante ML. Prato cheese as suitable carrier for Lactobacillus
acidophilus La5 and Bifidobacterium Bbl2. Int Dairy ]. (2016) 52:10-8. doi:
10.1016/j.idairyj.2015.08.009

128. Oliveira M, Sodini I, Remeuf E, Corrieu G. Effect of milk supplementation and
culture composition on acidification, textural properties and microbiological stability
of fermented milks containing probiotic bacteria. Int Dairy J. (2001) 11:935-42. doi:
10.1016/S0958-6946(01)00142-X

129. Lucas A, Sodini I, Monnet C, Jolivet P, Corrieu G. Probiotic cell counts and
acidification in fermented milks supplemented with milk protein hydrolysates. Int Dairy
J. (2004) 14:47-53. doi: 10.1016/S0958-6946(03)00147-X

130. Dmytréw I, Mituniewicz-Malek A, Ziarno M, Balejko J. Storage stability of
fermented milk with probiotic monoculture and transglutaminase. Czech J Food Sci.
(2019) 37:332-7. doi: 10.17221/22/2019-CJFS

131. Meng L, Li S, Liu G, Fan X, Qiao Y, Zhang A, et al. The nutrient requirements of
Lactobacillus acidophilus LA-5 and their application to fermented milk. J Dairy Sci.
(2021) 104:138-50. doi: 10.3168/jds.2020-18953

132. Bimbatti K, Rocha R, Braido I, Lima I, Benoso P, Thomazini M, et al.
Development and evaluation of fermented milk with Lactobacillus acidophilus added to
concentrated cranberry (Vaccinium macrocarpon) juice with the potential to minimize
the recurrence of urinary tract infections. Food Res Int. (2024) 195:114997. doi:
10.1016/j.foodres.2024.114997

133. Dabaj FK, Lasekan O, Manap MYA, Ling FH. Evaluation of the volatilomic
potentials of the Lactobacillus casei 431 and Lactobacillus acidophilus La-5 in fermented
milk. CyTA ] Food. (2020) 18:291-300. doi: 10.1080/19476337.2020.1741688

134. Ozturkoglu-Budak S, Akal HC, Buran i, Yetisemiyen A. Effect of inulin
polymerization degree on various properties of synbiotic fermented milk including
Lactobacillus acidophilus La-5 and Bifidobacterium animalis Bb-12. J Dairy Sci. (2019)
102:6901-13. doi: 10.3168/jds.2019-16479

135. Silva A, Scudini H, Ramos G, Pires R, Guimaraes ], Balthazar C, et al. Ohmic
heating processing of milk for probiotic fermented milk production: survival kinetics of
Listeria monocytogenes as contaminant post-fermentation, bioactive compounds
retention and sensory acceptance. Int | Food Microbiol. (2021) 348:109204. doi:
10.1016/j.ijfoodmicro.2021.109204

136. Diniz-Silva HT, Brandao LR, de Sousa Galvio M, Madruga MS, Maciel JF, de
Leite Souza E, et al. Survival of Lactobacillus acidophilus LA-5 and Escherichia coli
0157:H7 in Minas Frescal cheese made with oregano and rosemary essential oils. Food
Microbiol. (2020) 86:103348. doi: 10.1016/j.fm.2019.103348

137. Barukéi¢ I, Jakopovi¢ K, Herceg Z, Karlovi¢ S, Bozani¢ R. Influence of high
intensity ultrasound on microbial reduction, physico-chemical characteristics and
fermentation of sweet whey. Innov Food Sci Emerg Technol. (2015) 27:94-101. doi:
10.1016/j.ifset.2014.10.013

138. Skryplonek K, Dmytréw I, Mituniewicz-Matek A. Probiotic fermented beverages
based on acid whey. J Dairy Sci. (2019) 102:7773-80. doi: 10.3168/jds.2019-16385

139. Souza CHB, Saad SMI. Viability of Lactobacillus acidophilus La-5 added solely or
in co-culture with a yoghurt starter culture and implications on physico-chemical and
related properties of Minas fresh cheese during storage. LWT Food Sci Technol. (2009)
42:633-40. doi: 10.1016/j.1wt.2008.07.015

140. Soares M, Martinez R, Pereira E, Balthazar C, Cruz A, Ranadheera C, et al. The
resistance of Bacillus, Bifidobacterium, and Lactobacillus strains with claimed probiotic
properties in different food matrices exposed to simulated gastrointestinal tract
conditions. Food Res Int. (2019) 125:108542. doi: 10.1016/j.foodres.2019.108542

141. Didar Z. Investigation of Iranian traditional drink (doogh) characteristics
prepared from camel milk containing Lactobacillus acidophilus LA-5. Appl Food
Biotechnol. (2019) 6:185-92. doi: 10.22037/atb.v6i3.24227

142. Ozer B, Kirmaci H. Development of proteolysis in white-brined cheese: role of
microencapsulated Lactobacillus acidophilus LA-5 and Bifidobacterium bifidum BB-12
used as adjunct cultures. Milchwissenschaft-Milk Sci Int. (2009) 64:295-9.
Available at: https://www.scopus.com/pages/publications/69549092221%inward

143. Azizkhani M, Parsaeimehr M. Probiotics survival, antioxidant activity and
sensory properties of yogurt flavored with herbal essential oils. Int Food Res J.
(2018)  25:921-7. Available at:  https://www.scopus.com/pages/publications/
85049799217%inward

144. Parsa P, Alizadeh M, Rezazad Bari M, Akbarian Moghar A. Optimisation of
probiotic yoghurt production enriched with phytosterols. Int J Dairy Tech. (2015)
68:557-64. doi: 10.1111/1471-0307.12207

145. Seyhan E, Yaman H, Ozer B. Production of a whey-based functional beverage
supplemented with soy isoflavones and phytosterols. Int ] Dairy Tech. (2016) 69:114-21.
doi: 10.1111/1471-0307.12229

146. Silva L, Rodrigues D, Freitas A, Gomes A, Rocha-Santos T, Pereira M, et al.
Optical fibre-based methodology for screening the effect of probiotic bacteria on
conjugated linoleic acid (CLA) in curdled milk. Food Chem. (2011) 127:222-7. doi:
10.1016/j.foodchem.2010.12.082

147. de Bessa M, Rodarte M, Oténio M, Stringheta P, de Oliveira J, Barbosa J, et al.
Sensory perception of the fermented goat milk: potential application of the DSC
method. Food Sci Technol. (2016) 36:406-12. doi: 10.1590/1678-457X.05315

frontiersin.org


https://doi.org/10.3389/fnut.2025.1658988
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3390/fermentation7040210
https://doi.org/10.1590/fst.41117
https://doi.org/10.1016/j.fochx.2024.101483
https://doi.org/10.3168/jds.2011-4655
https://doi.org/10.1016/j.idairyj.2004.03.008
https://doi.org/10.1093/fqsafe/fyad028
https://doi.org/10.1007/s10068-012-0019-z
https://doi.org/10.17113/ftb.52.04.14.3659
https://doi.org/10.3168/jds.2011-5050
https://doi.org/10.3168/jds.2014-8240
https://doi.org/10.1111/j.1745-4549.2012.00780.x
https://doi.org/10.1016/j.lwt.2015.03.054
https://doi.org/10.1016/j.lwt.2014.09.052
https://doi.org/10.1111/1750-3841.12458
https://doi.org/10.1002/fsn3.775
https://doi.org/10.1111/j.1365-2621.2006.01292.x
https://doi.org/10.1016/j.ifset.2008.10.007
https://doi.org/10.1108/NFS-08-2019-0272
https://doi.org/10.1111/1471-0307.12389
https://doi.org/10.3390/fermentation3040055
https://doi.org/10.1016/j.foodres.2022.111627
https://doi.org/10.1016/j.ijfoodmicro.2013.09.015
https://doi.org/10.1016/j.idairyj.2015.08.009
https://doi.org/10.1016/S0958-6946(01)00142-X
https://doi.org/10.1016/S0958-6946(03)00147-X
https://doi.org/10.17221/22/2019-CJFS
https://doi.org/10.3168/jds.2020-18953
https://doi.org/10.1016/j.foodres.2024.114997
https://doi.org/10.1080/19476337.2020.1741688
https://doi.org/10.3168/jds.2019-16479
https://doi.org/10.1016/j.ijfoodmicro.2021.109204
https://doi.org/10.1016/j.fm.2019.103348
https://doi.org/10.1016/j.ifset.2014.10.013
https://doi.org/10.3168/jds.2019-16385
https://doi.org/10.1016/j.lwt.2008.07.015
https://doi.org/10.1016/j.foodres.2019.108542
https://doi.org/10.22037/afb.v6i3.24227
https://www.scopus.com/pages/publications/69549092221?inward
https://www.scopus.com/pages/publications/85049799217?inward
https://www.scopus.com/pages/publications/85049799217?inward
https://doi.org/10.1111/1471-0307.12207
https://doi.org/10.1111/1471-0307.12229
https://doi.org/10.1016/j.foodchem.2010.12.082
https://doi.org/10.1590/1678-457X.05315

Akpinar et al.

148. Martin-Diana A, Janer C, Peldez C, Requena T. Development of a fermented
goats milk containing probiotic bacteria. Int Dairy J. (2003) 13:827-33. doi:
10.1016/S0958-6946(03)00117-1

149. Casarotti S, Penna A. Acidification profile, probiotic in vitro gastrointestinal
tolerance and viability in fermented milk with fruit flours. Int Dairy J. (2015) 41:1-6.
doi: 10.1016/j.idairy;j.2014.08.021

150. Vieira C, da Costa M, Silva V, Delgado K, Frasao B, Elias T, et al. Interactive effect
of physicochemical and microbial variables on bioactive amines content during storage
of probiotic fermented milk. LWT Food Sci Technol. (2021) 138:110700. doi:
10.1016/j.1wt.2020.110700

151. Niamah A. Ultrasound treatment (low frequency) effects on probiotic bacteria
growth in fermented milk. Fut Food-] Food Agricult Soc. (2019) 7:106. doi: 10.17170/
kobra-20190709592

152. Faraki A, Noori N, Gandomi H, Banuree SAH, Rahmani F. Effect of Auricularia
auricula aqueous extract on survival of Lactobacillus acidophilus La-5 and
Bifidobacterium bifidum Bb-12 and on sensorial and functional properties of synbiotic
yogurt. Food Sci Nutr. (2020) 8:1254-63. doi: 10.1002/fsn3.1414

153. Manzo N, Pizzolongo E Montefusco I, Aponte M, Blaiotta G, Romano R. The effects
of probiotics and prebiotics on the fatty acid profile and conjugated linoleic acid content of
fermented cow milk. Int ] Food Sci Nutr. (2015) 66:254-9. doi: 10.3109/09637486.2014.992005

154. Slacanac V, Hardi ], Pavlovic H, Vukovic D, Cutic V. Inhibitory effect of goat and
cow milk fermented by ABT-2 culture (Lactobacillus acidophilus la-5, Bifidobacterium
lactis bb-12 and Streptococcus thermophilus) on the growth of some uropathogenic E.
coli strains. Ital ] Food Sci. (2004) 16:209-20. Available at: https://www.scopus.com/
pages/publications/4444353139%origin=resultslist

155. Akpinar A, Yerlikaya O, Torunoglu FA, Kinik O, Uysal H. Effect of sweetener
supplement on the viability of Lactobacillus acidophilus La 5, Bifidobacterium animalis
subsp. lactis Bb 12 and Streptococcus thermophilus St 36 in fermented goat milks during
storage. Agro Food Indust Hi Tech. (2013) 24:19-22. Available at:
https://www.scopus.com/pages/publications/848924000222origin=resultslist

156. Ribeiro MCE, Chaves KS, Gebara C, Infante FNS, Grosso CRF, Gigante ML.
Effect of microencapsulation of Lactobacillus acidophilus LA-5 on physicochemical,
sensory and microbiological characteristics of stirred probiotic yoghurt. Food Res Int.
(2014) 1:424-31. doi: 10.1016/j.foodres.2014.10.019

157. Nor-Khaizura M, Flint S, McCarthy O, Palmer J, Golding M. Modelling the effect
of fermentation temperature and time on starter culture growth, acidification and firmness
in made-in-transit yoghurt. LWT. (2019) 106:113-21. doi: 10.1016/j.lwt.2019.02.027

158. Nguyen H, Ong L, Kentish S, Gras S. The effect of fermentation temperature on
the microstructure, physicochemical and rheological properties of probiotic buffalo
yoghurt. Food Bioprocess Technol. (2014) 7:2538-48. doi: 10.1007/s11947-014-1278-x

159. da Cruz RV, da Silva L, Simabuco F, Venema K, Antunes A. Survival, metabolic
status and cellular morphology of probiotics in dairy products and dietary supplement
after simulated digestion. J Funct Foods. (2019) 55:126-34. doi: 10.1016/j.jff.2019.01.046

160. Kocer E, Unal G. Effects of different prebiotics on viability under in vitro
gastrointestinal conditions and sensory properties of fermented milk. Ital ] Food
Sci.  (2018)  30:568-72.  Available  at:  https://www.scopus.com/pages/
publications/850507782522origin=resultslist

161. Costa MP, Frasao BS, Silva ACO, Freitas MQ, Franco RM, Conte-Junior CA.
Cupuassu (Theobroma grandiflorum) pulp, probiotic, and prebiotic: Influence on color,
apparent viscosity, and texture of goat milk yogurts. J Dairy Sci. (2015) 98:5995-6003.
doi: 10.3168/jds.2015-9738

162. Yilmaztekin M, Ozer BH, Atasoy E. Survival of Lactobacillus acidophilus LA-5
and Bifidobacterium bifidum BB-02 in white-brined cheese. Int ] Food Sci Nutr. (2004)
55:53-60. doi: 10.1080/09637480310001642484

163. Deziderio M, de Souza H, Kamimura E, Petrus R. Plant-based fermented beverages:
development and characterization. Foods. (2023) 12:4128. doi: 10.3390/foods12224128

164. Sertovic E, Saric Z, Barac M, Barukcic I, Kostic A, Bozanic R. Physical, chemical,
microbiological and sensory characteristics of a probiotic beverage produced from
different mixtures of cow’s milk and soy beverage by Lactobacillus acidophilus La5 and
yoghurt culture. Food Technol Biotechnol. (2019) 57:461-7. doi: 10.17113/ftb.57.04.19.6344

Frontiers in Nutrition

16

10.3389/fnut.2025.1658988

165. Shahabbaspour Z, Mortazavian A, Pourahmad R, Moghimi A, Sohrabvandi S.
The effects of ratio of cow’s milk to soymilk, probiotic strain and fruit concentrate on
qualitative aspects of probiotic flavoured fermented drinks. Int J Dairy Technol. (2013)
66:135-44. doi: 10.1111/j.1471-0307.2012.00883.x

166. Hassani A, Zarnkow M, Becker T. Optimisation of fermentation conditions for
probiotication of sorghum wort by Lactobacillus acidophilus LA5. Int ] Food Sci Technol.
(2015) 50:2271-9. doi: 10.1111/ijfs.12880

167. Al-Sahlany S, Niamah A. Bacterial viability, antioxidant stability, antimutagenicity
and sensory properties of onion types fermentation by using probiotic starter during
storage. Nutr Food Sci. (2022) 52:901-16. doi: 10.1108/NFS-07-2021-0204

168. Bedani R, Rossi EA, Isay Saad SM. Impact of inulin and okara on Lactobacillus
acidophilus La-5 and Bifidobacterium animalis Bb-12 viability in a fermented soy
product and probiotic survival under in vitro simulated gastrointestinal conditions. Food
Microbiol. (2013) 34:382-9. doi: 10.1016/j.fm.2013.01.012

169. Hurtado-Murillo J, Franco W, Contardo I. Impact of homolactic fermentation
using Lactobacillus acidophilus on plant-based protein hydrolysis in quinoa and chickpea
flour blended beverages. Food Chem. (2025) 463:141110. doi: 10.1016/j.foodchem.
2024.141110

170. Vieira A, Battistini C, Bedani R, Saad S. Acerola by-product may improve the
in vitro gastrointestinal resistance of probiotic strains in a plant-based fermented
beverage. LWT. (2021) 141:110858. doi: 10.1016/j.1wt.2021.110858

171.Hole A, Rud I, Grimmer S, Sigl S, Narvhus J, Sahlstrom S. Improved
bioavailability of dietary phenolic acids in whole grain barley and oat groat
following fermentation with probiotic Lactobacillus acidophilus, Lactobacillus
johnsonii, and Lactobacillus reuteri. ] Agric Food Chem. (2012) 60:6369-75. doi:
10.1021/j£300410h

172. Bujna E, Farkas N, Tran A, Dam M, Nguyen Q. Lactic acid fermentation of apricot
juice by mono- and mixed cultures of probiotic Lactobacillus and Bifidobacterium strains.
Food Sci Biotechnol. (2018) 27:547-54. doi: 10.1007/s10068-017-0269-x

173. Bedani R, Rossi E, Cavallini D, Pinto R, Vendramini R, Augusto E, et al. Influence
of daily consumption of synbiotic soy-based product supplemented with okara soybean
by-product on risk factors for cardiovascular diseases. Food Res Int. (2015) 73:142-8.
doi: 10.1016/j.foodres.2014.11.006

174. Eslami-Moshkenani A, Fadaei Noghani F, Khosravi-Darani K. Application of
Arthrospira platensis (spirulina) biomass to improve properties of probiotic doogh.
Probiotics. (2016) 27:29-32. Available at: https://www.webofscience.com/wos/woscc/
full-record/W0S:000389235900008

175. Kemsawasd V, Chaikham P. Survival of probiotics in soyoghurt plus mulberry
(c.v. Chiang Mai 60) leaf extract during refrigerated storage and their ability to tolerate
gastrointestinal transit. LWT. (2018) 93:94-101. doi: 10.1016/j.1wt.2018.03.027

176. Vasile A, Corcionivoschi N, Bahrim G. The prebiotic and protective effects of
buckwheat flour and oat bran on Lactobacillus acidophilus. Ann Univ Dunarea de Jos
Galati. (2016) 40:40-50. Available at: https://www.gup.ugal.ro/ugaljournals/index.php/
food/article/view/1500

177. Ryan J, Hutchings SC, Fang Z, Bandara N, Gamlath S, Ajlouni S, et al. Microbial,
physico-chemical and sensory characteristics of mango juice-enriched probiotic dairy
drinks. Int J Dairy Tech. (2020) 73:182-90. doi: 10.1111/1471-0307.12630

178. El-Aidie S, Elsayed N, Hashem M, Elkashef H. Development of fermented
skimmed milk fortified with yellow sweet potato (Ipomoea batatas L.) with prebiotic and
antioxidant activity. ] Food Nutr Res. (2021) 60:66-75. Available at: https://www.vup.sk/
index.php?mainID=2&navID=36&version=2&volume=60&article=2220

179. Scibisz I, Ziarno M, Mitek M, Zareba D. Effect of probiotic cultures on the
stability of anthocyanins in blueberry yoghurts. LWT Food Sci Technol. (2012)
49:208-12. doi: 10.1016/j.lwt.2012.06.025

180. Dharmasena M, Barron F, Fraser A, Jiang X. Refrigerated shelf life of a coconut
water-oatmeal mix and the viability of Lactobacillus plantarum Lp 115-400B. Foods.
(2015) 4:328-37. doi: 10.3390/foods4030328

181. Gu Y, Li X, Liu H, Li Q, Xiao R, Dudu OE, et al. The impact of multiple-species
starters on the peptide profiles of yoghurts. Int Dairy J. (2020) 106:104684. doi:
10.1016/j.idairyj.2020.104684

frontiersin.org


https://doi.org/10.3389/fnut.2025.1658988
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/S0958-6946(03)00117-1
https://doi.org/10.1016/j.idairyj.2014.08.021
https://doi.org/10.1016/j.lwt.2020.110700
https://doi.org/10.17170/kobra-20190709592
https://doi.org/10.17170/kobra-20190709592
https://doi.org/10.1002/fsn3.1414
https://doi.org/10.3109/09637486.2014.992005
https://www.scopus.com/pages/publications/4444353139?origin=resultslist
https://www.scopus.com/pages/publications/4444353139?origin=resultslist
https://www.scopus.com/pages/publications/84892400022?origin=resultslist
https://doi.org/10.1016/j.foodres.2014.10.019
https://doi.org/10.1016/j.lwt.2019.02.027
https://doi.org/10.1007/s11947-014-1278-x
https://doi.org/10.1016/j.jff.2019.01.046
https://www.scopus.com/pages/publications/85050778252?origin=resultslist
https://www.scopus.com/pages/publications/85050778252?origin=resultslist
https://doi.org/10.3168/jds.2015-9738
https://doi.org/10.1080/09637480310001642484
https://doi.org/10.3390/foods12224128
https://doi.org/10.17113/ftb.57.04.19.6344
https://doi.org/10.1111/j.1471-0307.2012.00883.x
https://doi.org/10.1111/ijfs.12880
https://doi.org/10.1108/NFS-07-2021-0204
https://doi.org/10.1016/j.fm.2013.01.012
https://doi.org/10.1016/j.foodchem.2024.141110
https://doi.org/10.1016/j.foodchem.2024.141110
https://doi.org/10.1016/j.lwt.2021.110858
https://doi.org/10.1021/jf300410h
https://doi.org/10.1007/s10068-017-0269-x
https://doi.org/10.1016/j.foodres.2014.11.006
https://www.webofscience.com/wos/woscc/full-record/WOS:000389235900008
https://www.webofscience.com/wos/woscc/full-record/WOS:000389235900008
https://doi.org/10.1016/j.lwt.2018.03.027
https://www.gup.ugal.ro/ugaljournals/index.php/food/article/view/1500
https://www.gup.ugal.ro/ugaljournals/index.php/food/article/view/1500
https://doi.org/10.1111/1471-0307.12630
https://www.vup.sk/index.php?mainID=2&navID=36&version=2&volume=60&article=2220
https://www.vup.sk/index.php?mainID=2&navID=36&version=2&volume=60&article=2220
https://doi.org/10.1016/j.lwt.2012.06.025
https://doi.org/10.3390/foods4030328
https://doi.org/10.1016/j.idairyj.2020.104684

	Efficacy of fermented foods for the prevention and treatment of bacterial vaginosis and vulvovaginal candidiasis
	1 Introduction
	2 Methods
	2.1 Phase I: Human studies for investigating efficacy of fermented foods against BV and VVC
	2.2 Phase II: Cataloging efficacious probiotic strains used in oral intervention against BV/VVC and identifying food science and technology studies utilizing these for food fermentation

	3 Results and discussion
	3.1 Study selection
	3.2 Efficacy of fermented foods against BV and VVC—RCT’s and observational studies
	3.2.1 Results of interventional studies
	3.2.2 Results of observational studies
	3.2.3 Quality and bias assessment of interventional and observational studies
	3.2.4 Characteristics of the fermented foods
	3.2.5 Mechanism of action
	3.2.6 Safety assessment
	3.3 Efficacious probiotic strains and their potential as fermentation organisms

	4 Conclusion

	 References

