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Abstract

As a transformational gateway between traditional and modern approach-
es within the field of integrative medicine, this review article investigates
the incorporation of probiotics into healthcare procedures. The research
traces the historical origins of probiotics in fermented foods and traditional
medicines and explains how they evolved to be used in modern applica-
tions, demonstrating the dynamic continuity of knowledge. Mechanistic
insights provide the scientific basis for the incorporation of probiotics into
holistic healthcare methods by highlighting their considerable impacts on
immunomodulation, metabolism and gut flora. The potential to combine
traditional healing methods with evidence-based medicine is demonstrat-
ed via case studies and collaborative models including both contemporary
practitioners and traditional healers. Probiotics' effectiveness in integrative
healthcare is critically assessed in this paper, which highlights the ben-
efits of both traditional and modern viewpoints. It emphasises the value
of patient education and cultural awareness while addressing possibili-
ties, problems and regulatory issues. Presented work supports contin-
ued investigation into the connections between probiotics, conventional
medicine and traditional practices in order to further the development of
patient-centred and culturally sensitive integrative healthcare approaches.
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Introduction

People are becoming more aware that well-be-
ing is multifaceted, which is causing the health-
care sector to evolve. The review focuses on
the use of probiotics in healthcare. This com-
bines traditional and modern therapies into a
single framework. Ancient medicinal traditions
have existed for hundreds of years, but they are
now employed alongside contemporary med-
icine, raising issues about how they might be
combined to give better patient care.! Integra-
tive medicine is a comprehensive approach that
blends complementary and alternative medicine
with standard techniques to manage a person’s

physical, mental and emotional health. This pa-
tient-centred approach strives to harmonise
multiple treatments while emphasising the func-
tion of probiotics in delivering integrative med-
icine’s goal of individualised and complete care.

Probiotics, found in fermented foods, bridge the
gap between traditional and modern medicine.
These microorganisms, which have long been
associated with health advantages, can survive
gastrointestinal transit and contribute to the
gut microbiome while battling with pathogenic
germs.? Fermented foods, which are high in bio-
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active chemicals produced during the fermenta-
tion process, have higher nutritional value and
organoleptic features, such as cheese having a
better flavour than milk. It increases the shelf
life and reduces the cooking time of the finished
product. For example, soybean derivatives and
Ogi, a West African fermented maize dish, both
illustrate fermentation. Substrate composition,
management and process duration all have an im-
pact on fermentation. The majority of fermented
foods and beverages contain lactic acid bacteria.?
Enterococcus, Streptococcus, Leuconostoc, Lac-
tobacillus and Pediococcus are the five most im-
portant lactic acid bacteria genera. Other genera
include Saccharomyces and Penicillium yeasts and
moulds, respectively. Fermented foods, partic-
ularly milk products, have been linked to health
benefits in studies; however, few dietary guide-
lines specifically advocate fermented foods. Pro-
biotic effectiveness is determined by the strain’s
genetics, dosage, intended application and shelf
life. Probiotics in food must have at least 10°
CFU/g, with a recommended daily intake of 107-
10° CFU/mg.* The health advantages are decided
by strain specificity, as the human gastrointesti-
nal tract contains trillions of bacteria responsible

Evolution and prospects of
fermented foods as functional
foods

Probiotics are live microorganisms that help reg-
ulate the intestinal flora. Probiotics have been
utilised for many thousands of years. Early peo-
ple realised the advantages of fermented meals,
which evolved into today’s probiotic-rich goods.
Fermentation is a metabolic process that trans-
forms carbohydratesinto acids and alcohols while
lowering the pH to prevent spoiling. Fermenta-
tion has been around since about 6,000 BC;® how-
ever, its exact origin is unknown. It was utilised
in ancient civilisations such as the Indus Valley,
Egypt and Mesopotamia. Fermented milk prod-
ucts such as Laban Rayeb and Laban Khad have
been around since 7,000 BC in the Fertile Cres-
cent and Egypt, demonstrating their long-stand-
ing cultural significance. India, a country with a
rich tradition, has generated around 350 types of
fermented foods and beverages employing var-
ious substrates and cultures.” Throughout the
country’s north, most people eat traditional lassi
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for food extraction, immunological defence and
homeostasis.

The study aimed to explore the historical founda-
tions of probiotic usage and show how they have
developed into crucial elements of contemporary
therapeutic approaches. Probiotics provide a sci-
entific link between the evidence-based rigor of
contemporary medical research and the experi-
mentally verified methods of traditional medi-
cine because of their complex mechanisms of ac-
tion on the immune system, gut microbiota and
metabolic pathways. The goal of the study was
to present a strong case for the use of probiotics
in holistic healthcare techniques by elucidating
their tremendous impacts.” This introduction
essentially lays the groundwork for an investiga-
tion of how probiotics, as agents of continuity and
change, may transform the healthcare industry.
Through an appreciation of the historical back-
ground, the tenets of integrative medicine and
the function of probiotics in uniting the tradi-
tional and the modern, this study aimed to offer a
thorough foundation for recognising the mutual
benefit of various healthcare ideologies.

and dahi (yogurt). Lactococci used to make meso-
philic yogurt create diacetyl, which distinguishes
it from other types of yogurts. Fermentables from
Eastern India will be unique and diversified, with
examples including Nagaland’s axone-fermented
soybean product and hentik-sun-dried fermented
aroid plant with fish, both of which have been
shown to have antibacterial, fibrinolytic and anti-
oxidant properties.® Other fermented foods, such
as sauerkraut, chicha and South American beer,
are well-known for their health benefits world-
wide. According to clinical evidence, consuming
fermented foods reduces the risk of developing
type 2 diabetes and cardiovascular disease. For
example, fermented milk increases glucose me-
tabolism and reduces muscle stiffness after exer-
cise; therefore, the health benefitis direct. Figure
1 shows microbiome distribution across human
organs and its impact on health and Figure 2
shows functions of probiotics on human health.
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Figure 1: Microbiome distribution across human organs and its impact on health
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Figure 2: Functions of probiotics on human health
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Traditional diets and microbiota

Traditional fermented foods, such as kimchi, kefir
and tofu are linked to probiotic benefits. Metch-
nikoff found probiotics as early as the 1900s,
citing Lactobacillus bulgaricus in fermented milk
drank by Bulgarian peasants as a source of lifes-
pan.? Many probiotics, such as lactic acid bacteria
found in fruits and vegetables, may thrive in the
stomach. A study of rural Japanese and Canadian
people found that their diets high in fermented
foods, fibre and fish increased gut bacterial di-
versity. The rural Japanese diets had more Bi-
fidobacterium and Lactobacilli, but Canadians had
more Clostridia species.’® Sequencing investiga-
tions support these findings, linking traditional
foods to lower levels of Clostridium perfringens.
Nutrients influence microbial growth and gly-
cans favour specific gut bacteria, influencing mi-
crobial abundance and growth rates. Rebuilding
pre-industrial microbiomes is a challenging task.
Research into ancient faeces (coprolites) demon-

Varying effects of probiotics:
application across populations

Probiotics are live bacteria that provide health
advantages when provided in sufficient quan-
tities, with effects differing depending on age,
health and heredity.’> For youngsters, some of
the strains include Bifidobacterium breve and
Lactobacillus reuteri, which assist in regulating
gastrointestinal disorders, including diarrhoea.'®
Probiotics like Lactobacillus rhamnosus and Bi-
fidobacterium longum improve gut health and
immune function in the elderly by addressing
reduced microbial diversity and increased sus-
ceptibility to infections.” For individuals with
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strates that traditional populations’ microbi-
omes were as comparable to their predecessors’
as their present descendants’. Spirochaetes were
common in old communities but almost non-ex-
istent in industrialised ones.! Comparisons
with great apes and traditional hunter-gatherer
tribes reveal that ancestral microbiomes were
more diverse and less affected by urbanisation.
Industrialisation has reduced microbial diver-
sity and altered CAZyme patterns.!? Comparing
the microbiota of Venezuelan Amerindians and
Tanzanian Hadza hunter-gatherers to Western
populations reveals that industrialised microbi-
otas are less diverse, especially in CAZymes that
degrade complex plant fibres. This loss of variety
is linked to decreased fibre consumption, the ex-
tinction of taxa such as Prevotella and an increase
in mucus-degrading bacteria like Akkermansia
muciniphila.*®*

chronic conditions, strains such as Lactobacillus
plantarum may reduce inflammation and im-
prove metabolic outcomes. Proper probiotic use
involves selecting the right strain, dosing (107-10°
CFU/day), monitoring individual reactions and
combining with prebiotics (synbiotics) for op-
timal gut health.!® Probiotics have the potential
to benefit a diverse population, but they must be
used in an evidence-based, customised manner
that supports overall healthcare goals in order
to provide efficacy and safety. More relevant re-
search details are explained in Table 1.

Table 1: Interventions of different probiotic strains to alleviate various health disorders

Disease/ problem

N  Probiotics Intervention Duration Dosage e Outcome References
Lactobacillus Capsules Tvoe 1 diabetes Elevated the levels of

1 salivarius containing these 6 months 8034.4 pg/mL P mellitus TGF-B1 in patients [19]
AP-32 strains with TIDM

2 Lactobacillus Obese patients 4t06 ) Obesity Prevents obesity- [20]
rhamnosus weeks related problems
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Lactobacillus 197 3x100CFU—  Autism spectrum Autism spectrum_dlsorder

3 plantarum Supplements months 30k disorder Increased attention, [21]
PS128 g communication skills
Lactobacillus 10°to0

4 rhamnosqs; Supplements ) 112.5510° Autp immune !-Iad significant effect on [22]
Lactobacillus CFU disorders inflammatory markers
casei;

5 Lactobac:llu_s Sachet 6 months 1x10' CFU Pustular psoriasis ~ Ameliorating lesions [23]
sporogenes;

6 La‘.:tOba{.;’llll_s Capsules 12 weeks 5 billion CFU/ Acne Decrease in lesion count  [24]
acidophilus; capsule
Lactobacillus . . 2x107 Type 2 diabetes Reduced glutathione

! plantarum A7 Probiotic soy milk 8 weeks CFU/mL kidney problems  concentration [25]
Lactobacillus 2x10° CFU/g Diabetic haemo-

8 acidophilus; Capsules 12 weeks each dialysis patients Improved glucose levels [26]

. . Improved glycaemic

9 Lac_tobfzmllus Capsules 12 weeks ~ 3x10' CFU Type 2 q|abetes control and reduced [27]

salivarius, mellitus
HbA1c levels

10 Lactqbac:llus Capsules 8 weeks 108 CFU Type 2 d_labetes Decreased fetuin levels [28]
casei mellitus

1 Bifidobacterium sp, oral 5 days- 5-40 billion Infantile Reduced the frequency [29]
Lactobacilli sp 12 weeks CFU/day gastroentities of diarrhoea

TGF-B1: transforming growth factor beta 1; CFU: colony-forming unit; TIDM: type 1 diabetes mellitus; HbA1c: glycated haemoglobin;

Case studies in collaborative
healthcare

Diet-induced variations in gut microbiota have
been demonstrated in investigations including
children from Burkina Faso and Italy.?* 3! Chil-
dren on plant-based diets (Burkina Faso) had
more Prevotella and Bacteroidetes, but those on
animal protein and saturated fat (Italy) had more
Bacteroides and Firmicutes. Prevotella and Xylan-
ibacter in Burkina Faso children’s guts included
fibre-digesting genes, highlighting the impact of
nutrition on microbial composition.3* 33 Similar
studies have showed that a high-fat, high-carbo-
hydrate diet causes obesity in germ-free mice.
Obese patients have a Firmicutes-rich gut micro-
biota, which transforms to that of non-obese sub-
jects after dietary adjustments or gastric bypass
surgery. Such findings emphasise the significance
of nutrition and lifestyle in determining gut mi-
crobiota and thus the trajectory of health and dis-
ease. Probiotics, which are well-known for their
health advantages, enable the purposeful modi-
fication of gut microbial ecology.** However, the

benefits of probiotics are frequently context-de-
pendent, with sociocultural, regional and indi-
vidual factors all influencing their effectiveness.
This diversity complicates standardising their
classification, safety and efficacy. Current rules
frequently classify probiotics as dietary supple-
ments rather than pharmaceuticals, with little
established requirements for safety testing.®
Advances in genetic engineering and DNA assem-
bly have changed fermentation processes, allow-
ing control over microbial communities via syn-
thetic communication networks and metabolic
pathways. However, artificial systems have the
potential to reduce microbial biodiversity while
degrading traditional practices—issues that ne-
cessitate the development of model systems that
imitate natural evolution, including mechanisms
such as selection and gene transfer.>* Commercial
probiotic therapies and their various applications
in health, nutrition and disease management,
emphasising their potential for gut microbiota
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regulation and therapeutic advantages is given
in Table 2. Synbio-technologies such as CRISPR/
Cas can draw microbial genes and pathways,
combining indigenous biodiversity with innova-
tion to provide fair benefit-sharing with respect
to the resource, in line with Nagoya Treaty-like
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frameworks for conservation and resource use.*’
Ensuring that scientific innovation does not
jeopardise tradition while progress continues is
critical to the future of effective and sustainable
advancements in the field of microbial biotech-
nology.

Table 2: Commercial probiotic interventions with different applications

N ::gg{locttic Brand Probiotic strain Dosage Age Intervention Application References
. 0.5x107 CFU - ) .
Inner Moqgo//a 3 ' live Bifidobacterium Patients with
. Shuangqi Pharma-  Bifidobacterium . dysentery
1 Gold bifidum : ; longum; Adults Capsules [37]
ceutical lactobacillus . ; affected by
CoLTD. Chi live Lactobacillus COVID-19
oLIL, Lhina bulgaricus
Non-alcoholic
Lepicol probiotic  Healthy Bowels Lactobacillus steatohepatitis
2 and prebiotic Company Ltd, plantarum 109 Adults ~ Capsules treated with [38]
formula Birmingham, UK (ATCC 14917) probiotics reduces
liver fat
Sine Reduces intesti-
2.2x10° CFU; .
. Pharmaceutical B longum " nal imbalances
0.53x10° CFU . 0
3 Bifico Co, Ltd, Shanghai,  NQ150T;  {yv1os ey Addlts - BapsUesin haemodialysis 1%
China ' patients
B-Crobes Improved gut
- 1 motility in
4 Hexbio Marketing, Lactobacterium g4, 00 cry Adutts  Sachet taken TIOTLY I [40]
; Sp orally Parkinson’s
Malaysia disease
Biosa Inc Bifidobacterium
I o . lactis; o Potential to
y 1 10_1 11 F .
5  Vita Biosa Hamilton, Ontario, g - 0"°-10" CFU/g Adults Liquid  prevent diabetes  [41]
Canada .
animalis;
Vetanco, Lactabacillus Increased gut
- ’ 100 mg/L -
6 FloraMax-B11 Argentina salivarius; g Powder  morphology 42]
Suja pressed Suja Organics Bacillus - All age . Maintains vaginal
. g 2 hillion CFU
7 probiotic waters  California, USA coagulans o goups YU health [43] [44]
8 Danone Pro Vivo Sweden, Finland Lactabacillus 0 pjjion cry All age Juice Inhibits malate [45] [46]
plantarum groups metabolism
9 Valio Gefius Vgl/o Ltd, Lactabacillus 10° CFU/mL All age Juice Prevgnts otitis [47]
Finland plantarum groups media
Biogaia, i Improves gut
10 Rela Stockholm, tactabacilts 109 mitjon cry A3 g PRENESD [48]
Sweden reuteri groups

CFU: colony-forming unit;
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Global regulatory approaches
and barriers to probiotic
integration

The regulatory environment for probiotics var-
ies by area, posing unique difficulties to their use
in healthcare practices. In the United States, the
FDA defines probiotics as dietary supplements
or food additives, requiring minimum pre-mar-
ket approval unless therapeutic claims are made,
in which case they are classified as medicines.>°
However, this laxity results in inconsistencies
in safety and efficacy requirements, as well as
unregulated health claims. In contrast, the Eu-
ropean Union takes a more stringent approach
through the European Food Safety Authority
(EFSA), which requires significant studies and pa-
perwork to validate health claims for probiotics.*
While this provides a better level of safety and ef-
ficacy, it also places major financial and time lim-
its on manufacturers, restricting the flexibility of
novel probiotic strains. These disparate regulato-
ry methods impede global harmonisation, posing
practical challenges for producers attempting to
manage competing standards. Addressing these
issues through uniform international rules could
help probiotics gain widespread adoption while
assuring both safety and creativity in their use.

Challenges and limitations

Integrating probiotics into integrative medicine
highlights difficulties and potential at the junc-
tion of traditional and modern healthcare meth-
ods. To bridge the philosophical gulf between
evidence-based, reductionist techniques in con-
temporary medicine and the holistic, culturally
ingrained concepts of traditional healing, cultur-
al sensitivity, collaborative communication and
awareness of cultural dissonance in healthcare
are required. More research is needed to better
understand the efficacy, processes and cultural ac-
ceptance of probiotics. The research on indigenous
probiotic knowledge and traditional fermentation
techniques provides valuable insights into their
medicinal application over generations. Ancient
healing techniques and evidence-based medicine
can be combined to provide culturally sensitive
and equitable healthcare approaches. The most
essential probiotic studies should focus on under-
represented communities and cultural impacts.

Conclusion

( )
Probiotics can bridge the gap between tradi-
tional and modern medicine by bringing to-
gether historical knowledge, mechanisms of
action, clinical data and cultural sensitivity.
Patients must realise the benefits of probiotics,
such as improved gut health, higher immunity
and the management of metabolic problems,
while also taking cultural aspects into con-
sideration. Incorporating traditional medicine
with the Western method can make healthcare
more accessible, inexpensive and effective for
symptom management. Probiotics must be
tailored to the individual: strains and dosing
must be carefully selected and patients must
be referred to a doctor, particularly if they are
taking other medications or have autoimmune
or gastrointestinal disorders. Strains should
be identified, CFU counts reported and health
advantages discussed. Dosing must start low
and increase as tolerance develops. To max-
imise safety and efficacy, use probiotics with
strain-specific health effects and adjust dosage
(107-10° CFU per day) based on individual tol-
erance. Yogurt and kefir are natural sources
of probiotics. Professional assistance ensures
that probiotics are used safely, effectively and

\personalised in healthcare.
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