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ABSTRACT

Introduction: Obesity is a multifactorial chronic disease that involves many internal and external factors, causing the death of at 
least 2.8 million people each year, according to the World Health Organization. Therefore, there is a need for nobler treatments 
to lose weight. Probiotic foods are classified as functional foods due to their nutritional contribution. Objective: To describe the 
impact of probiotic foods in the treatment of obesity. Methods: A review of 61 studies from different databases was carried 
out. Results: It is known that probiotics have several action mechanisms that beneficially affect the gut microbiota to maintain 
homoeostasis in the whole organism. The relationship between these microorganisms and the control and modulation of a 
person’s body weight has been observed. Conclusion: The beneficial effects of probiotics are strain-specific and may impact 
obesity through different action mechanisms, such as abdominal fat decrease, changes in inflammatory biomarkers, microbiota 
restoration, and reduction in triglycerides serum levels.
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RESUMEN 

Introducción: La obesidad es una enfermedad crónica multifactorial que involucra muchos factores internos y externos que causan 
la muerte de al menos 2.8 millones de personas cada año de acuerdo con la Oganización Mundial de la Salud. Por tanto, surge 
la necesidad de encontrar tratamientos más nobles. Los alimentos probióticos se clasifican como alimentos funcionales por su 
aporte nutricional. Objetivo: Describir el impacto de los alimentos probióticos en el tratamiento de la obesidad. Metodología: 
Se llevó a cabo una revisión de 61 estudios de diferentes bases de datos. Resultados: Se sabe que los probióticos tienen varios 
mecanismos de acción que afectan de manera beneficiosa a la microbiota intestinal para mantener la homoeostasis en todo 
el organismo. Se conoce la relación entre estos microorganismos y el control y modulación del peso corporal de una persona. 
Conclusión: Los efectos benéficos de los probióticos son específicos de la cepa y pueden impactar a la obesidad a través de 
diferentes mecanismos de acción como disminución de la grasa abdominal, cambios en biomarcadores inflamatorios, restauración 
de la microbiota y reducción de los niveles de triglicéridos séricos .
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INTRODUCTION 

Obesity is characterized by being a multifactorial chronic disease 
that involves many environmental, genetic, and metabolic 
factors. It refers to an abnormal increase in body fat. The body 
mass index (BMI) is usually used as a diagnostic measure; this 
value is derived from the relationship between weight and 
height (kg/m2), classifying an individual as underweight < 18.5 
kg/m2, normal weight 18.5–24.9 kg/m2, overweight 25–29.9 
kg/m2, and obese > 30 kg/m2.1,2 In early 2020, the World Health 
Organization (WHO) warned that obesity and overweight had 
reached global epidemic figures, affecting approximately 40% 
of the population (children, teenagers, and adults), and caused 
the death of at least 2.8 million people each year. It also pointed 
out that those who show greater susceptibility are men under 
50 years old.2 The pathophysiology of obesity may seem very 
simple: Calorie consumption exceeds energy expenditure. 
However, it is not only the result of bad habits, such as a diet 
high in sugar, alcohol, and fat, or a sedentary lifestyle. There is 
evidence that the pathogenesis involves processes much more 
complex than just calorie accumulation.3 There are multiple 
etiological factors that have been identified, among them 
are: absence of leptin (an adipokine that increases satiety),4 
genetic mutations,5 and hypothyroidism, characterized by a 
low concentration of thyroid hormones triiodothyronine (T3) 
and thyroxine (T4), associated with a decrease in metabolic 
activity. Obesity is also a risk factor associated with other 
chronic ailments as diabetes, cardiovascular diseases, cancer, 
arterial hypertension, coronary heart disease, cerebrovascular 
accidents, lung diseases, liver diseases, and osteoarthritis.6

If dietary approaches and physical activity are not sufficient to 
achieve goals, health professionals may consider implementing 
drug and supplement therapies (like appetite suppressants). 
In severe cases, options like bariatric surgery (stomach 
portion removal) may be considered. These strategies can 
have unfavorable side effects;7 therefore, new approaches 
are necessary for weight loss improvement. Consumers 
nowadays believe that food may directly impact their health. 
There is a general perception on the benefits of different 
food therapies that may be more effective than medical 
treatments. So, many food products not only satisfy hunger and 
provide different necessary nutrients but also contribute with 
essential components for the prevention of different diseases 
and improve physical and mental health. They are known as 
functional foods.8

The Science of Functional Foods in Europe (FUFOSE) defines 
functional foods as those “that satisfactorily demonstrate 
in adequate concentrations beneficially affect one or more 
functions in the human body beyond nourishing it in such a 
way as to improve its state of health and/or prevent diseases. 
They are still food and part of a normal diet.”9 They can be 
used as weight management tools to fight obesity and enhance 

weight loss by regulating appetite, satiety, energy output, 
thermogenesis, and adipogenesis.10 Carbohydrate-based 
food (brown rice), protein-based food (legumes), fruits and 
vegetables, and specific beverages (tea) are selected foods 
due to the potential effects on weight loss.10

Probiotic foods are well known and widely used because they 
possess various nutritional and therapeutic properties to 
the host when administered in adequate amounts. They are 
considered functional foods that may be used strategically as 
weight management tools against obesity, specifically restoring 
balance by acting directly upon the gut microbiota. The gut 
microbiota are all the living microorganisms mainly in the colon. 
The microbiota has digestive properties and is also involved in 
nutrition and immunity as well as other homeostatic aspects.11 In 
recent years, much attention has been drawn to the contribution 
of gut microbiota to the development of obesity. Research has 
shown that the microbiota of obese individuals is structurally 
and functionally different from healthier individuals. Most 
obesity studies evaluating overweight and obese patients show 
an imbalance characterized by a lower diversity and alterations 
in action mechanisms (immune dysregulation, energy, and 
gut hormone regulation, and proinflammatory mechanisms), 
which can lead to uncontrolled weight.12,13 The objective of 
this review is to describe the impact of probiotic foods in the 
treatment of obesity, the microorganisms involved, and their 
action mechanisms.

METHODS

A literature search was conducted using Google Scholar as 
the main search engine. On the other hand, the scientific 
databases used were National Center of Biotechnology (NCBI), 
PubMed Central (PMC), ResearchGate, MDPI SciELO, Wiley 
Online Library, Frontiers, Science Direct, and MDPI Karger. The 
following keywords were used: obesity AND probiotics, obesity 
AND functional foods, functional food AND probiotic foods, 
gut microbiota AND obesity, gut microbiota AND probiotics, 
gut microbiota AND gut-brain axis. The articles were selected 
based on the following criteria: open accessibility, publication 
year (2015–2021; but some older articles were selected due 
to their methodology and results), studies in English and 
Spanish, and clinical trials and animal obesity model studies 
using probiotic foods.

RESULTS

Gut microbiota and obesity

Gut microbiota refers to the all the microorganisms found 
in an environment whereas microbiome refers to all the 
microorganisms and their genes, a collection of their genomes. 
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role in a bidirectional communication between the brain 
and the gut. The bacteria greatly influence the host energy 
metabolism, produce several proteins that activate satiety 
pathways, and subsequently, affect food intake and energy 
homoeostasis.24

Gut microbiota in gut-brain axis

The VN does not cross the epithelial layer, so it is not in direct 
contact with the microbiota. The nerve fiber only senses 
microbiota signals through the diffusion of bacterial compounds, 
metabolites, and enterochromaffin cells. These cells detect 
signals coming from the gut microbiota through toll-like 
receptors (TLR), which recognize bacterial lipopolysaccharides 
(LPS) and others in order to express peptide hormones for 
modulating appetite.25 Gut microbiota-derived metabolites can 
modify the release of these hormones and neurotransmitters. 
Some dietary nutrients are converted into plasma metabolites 
by the gut microbiota, including SCFAs (lactate, butyrate, and 
acetate), dopamine, and serotonin. SCFAs play a special role in 
satiety and inflammation and can suppress VN activity during 
food intake and in the blood brain barrier. They also mediate 
the G protein-coupled receptors (GPR41 and GPR43) that 
inhibit fat accumulation in adipose tissue and promote glucose 
metabolism in the liver and muscle.26

Dysbiosis in obesity

Several studies have found an association between microbial 
dysbiosis in obesity and VN signaling. In obese subjects, there 
is an imbalance of the hunger hormones and neurotransmitters 
as well as changes in gut microbiota composition and 
proportions and derived metabolites. Such imbalance causes 
diverse pathophysiologies related to weight imbalance and 
improper energy homoeostasis.27 The gut microbiota of healthy 
individuals changes in time due to aging and environmental 
factors such as dietary habits, type of food, lifestyle, and 
antibiotics, among others. Between individuals there are 
large differences in microbiome attributed to age, ethnicity, 
lifestyle, and diet.28 These factors could modify its composition, 
leading to a dysbiosis in which opportunistic microorganisms 
take advantage to cause diseases. Dysbiosis is defined as a 
reduction in microbial diversity, a combination of the loss of 
beneficial bacteria and an increase in pathogenic ones. This 
imbalance likely promotes diet-induced obesity and metabolic 
complications. It is also associated with diarrhea, irritable 
bowel syndrome, allergies, multiple sclerosis, type 1 and type 
2 diabetes, rheumatoid arthritis, Alzheimer’s and Parkinson’s 
diseases, autism, and atherosclerosis.29 Accordingly to the 
scientific literature Firmicutes and Bacteroidetes ratio (F/B) 
has been associated with host homoeostasis and is frequently 
cited as a hallmark of obesity.30

https://doi.org/10.36105/psrua.2021v1n2.05

Sometimes these terms are used as synonyms but differ from 
one another.14 Gut microbiota consists of three main phyla: 
Bacteroidetes (Porphyromonas, Prevotella, Bacteroides), 
Firmicutes (Ruminococcus, Clostridium, Lactobacillus and 
Eubacteria) and Actinobacteria (Bifidobacteria), along with 
Proteobacteria, Fusobacteria, and Verrumicrobia.15 The gut 
microbiota comprises all commensal and pathogenic bacteria 
residing in the gastrointestinal tract (GIT). It plays a key role 
in the maintenance of health, metabolism modulation, and 
disease pathogenesis.16 To do so, in the host’s organism, it 
executes various action mechanisms of nutritional and immune 
nature.17,18 It enhances nutrient and mineral absorption, 
enzyme synthesis, water-soluble B and K vitamins, amino acids, 
folic acid, and biotin. It also favors the production of short-chain 
fatty acids (SCFAs) through the fermentation of non-digestible 
substrates of dietary fibers. In addition, the gut microbiota and 
the innate immune system are in extensive communication. 
This means gut microbiota stimulates the development 
of nonspecific or innate (physical and chemical barriers, 
epithelial surfaces) and specific or adaptive (lymphocytes and 
their antibodies) immune system components as well as the 
maturation of immune cells, just after birth and during the 
host’s entire life. The gut represents a stable ecological niche 
for its inhabiting bacteria that rely on the host’s physiology to 
maintain their basic biological processes. Then, it establishes 
an interaction, called symbiosis, with the host.19 It contributes 
to all the physiology from digestion to fertility, and it affects 
the brain function for the regulation of the host’s appetite.20

Appetite regulation and host metabolism

The hypothalamus is the main center of homeostatic control 
of energy balance through the neural and humoral pathways.21 
This center involves a homeostatic regulation of food intake by 
energy inflow and expenditure or outflow, and it communicates 
directly with the gut; this circuit is called gut-brain-axis.22 It 
is an enteroendocrine system and is the largest endocrine 
organ in the human body. Its enteroendocrine cells (EEC) are 
distributed throughout the intestinal tract and secrete several 
peptides that act like hormones (hunger hormones) and 
neurotransmitters: gastrin, ghrelin, somatostatin, serotonin, 
cholecystokinin (CCK), glucose-dependent insulinotropic 
peptide (GIP), glucagon-like peptide 1 (GLP-1), and peptide 
YY (PYY). They act as a response to the presence of food 
(nutrient and mechanical stimuli). These hormones and 
neurotransmitters mediate effects on the secretion of other 
gastrointestinal substances (insulin, bile acids, and gastric 
acids), gut motility, and food intake by the activation of the 
vagus nerve (VN).23,24 The latter innervates all the digestive 
system, and its fibers are all distributed across all the layers of 
the digestive system. VN sends a signal to the hypothalamus to 
control satiation and the host energy balance and metabolism. 
Evidence indicates that the gut microbiota plays an important 
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Firmicutes/Bacteroidetes ratio (F/B)

The Firmicutes/Bacteroidetes ratio is an eventual biomarker 
or hallmark of obesity. Alterations affecting these phyla 
were first described in obese animals and subjects that 
exhibited increased abundance of Firmicutes at the expense 
of Bacteroidetes. When the subjects were submitted to a 
calorie-restricted diet for one year, Bacteroidetes increased 
as compared to Firmicutes. In fact, higher proportions of 
Bacteroidetes are found in people whose diet is rich in fiber. 
On the other hand, Firmicutes are found in people who 
consume large amounts of protein, sugar, starch, and calories. 
Firmicutes are more capable of extracting energy from foods 
than Bacteroidetes, promoting a more efficient calorie 
absorption and weight gain.31 So, restoring the balance of the 
gut microbiota through the use of probiotics is clinically an 
important target to treat obesity and other diseases related 
to the imbalance in gut microbiota. One method is reversing 
microbial dysbiosis by the consumption of probiotics.31

Probiotics

The term probiotic means for life in Greek. Through the 
years, different definitions have been proposed, and in 2001 
the United Nations Food and Agriculture Organization (FAO) 
adopted the current formal definition: “Live microorganisms 
that, when administered in adequate doses, confer benefits 
for the health of the organism.”32 Probiotics can be naturally 
found within or added to food products (probiotic foods), as 
fermented milk or dairy products (yogurt, cheese, and kefir) 
and fruit juice. It has been demonstrated that these products 
transport the bacteria to the intestine. Once in the gut, they 
colonize the colon, avoiding the adhesion of pathogens. They 
act directly on the microbiota and affect its composition and 
function.33 Probiotics that potentially reduce the F/B ratio, and 
subsequently obesity, are mostly bacteria from the genera 
Lactobacillus (L. rhamnosus, L. paracasei, and L. salivarius) 
and Bacillus (B. amyloliquefaciens) and yeasts from the genus 
Saccharomyces (S. boulardii).34 It is well known that probiotics 
have multiple effects on the host. These mechanisms affect the 
development of gut microbiota and inhabit the host to ensure 
a proper balance between the microorganisms necessary for 
the optimal functions of the organism.35

Action mechanisms of probiotics

Major probiotic action mechanisms of the gut microbiota 
include enhancement of epithelial barrier, which is not clearly 
understood yet. Several studies indicate that some bacteria, 
specifically the genera Lactobacillus, modulate the regulation 
and transcription of several genes encoding adherence junction 
proteins, as E-cadherin and B-catenin, their phosphorylation, 

and protein kinase C (PKC).36 Probiotics execute other types of 
action mechanisms:37, 38

Increased adhesion to intestinal mucosa and concomitant 
inhibition of pathogen adhesion (manipulation of intestinal 
microbial communities). Several Lactobacillus proteins have 
been shown to promote mucous adhesion and interaction 
with intestinal epithelial cells, as surface adhesins that 
mediate the attachments. Probiotics also cause alterations in 
intestinal mucins that prevent pathogen binding; and induce 
the release of small peptides/proteins from epithelial cells 
against pathogens.37

Production of antimicroorganism substances. Probiotics are 
able to produce low-molecular-weight (LMW) peptides, such 
as organic acids (acetic acid and lactic acid) and antibacterial 
peptides bacteriocins that inhibit pathogenic bacteria.37

Modulation of immune system. Probiotic bacteria are well 
known for interacting with epithelial, dendritic cells (DCs), 
monocytes, macrophages, and lymphocytes that can exert an 
immunomodulatory effect.38

Effects on gut microbiota

The possibility that the diet affects the gut microbiota has 
been discussed within the scientific community for a long time. 
Indeed, human diets may have direct effects on the microbiota, 
which results in changes in its composition. Experiments using 
animal models and subjects have demonstrated that some 
foods may contribute to the restoration of the F/B ratio and 
gut balance in general (vitamins, minerals, amino acids and 
dietary fiber) while others might affect the intestinal microbiota 
(fat and sugar-enriched diet).39 Due to their potential action 
mechanisms in the host, probiotics are considered a functional 
food for weight management.40 In this review, several clinical 
trials were found to describe the potentially beneficial effect 
of probiotic foods in the gut microbiota of obese experimental 
models (Table 1). 

DISCUSSION

Probiotics confer health benefits to the host when administered 
in adequate amounts. They are commonly used as food 
supplements that improve the host’s intestinal balance. It 
is known that the metabolic activity of gut microorganisms 
affects host homoeostasis, and variations in its composition 
are associated with obesity pathogenesis and some other 
complications.41 Among the probiotics included in many 
functional foods and dietary supplements for human and 
animal consumption are Bifidobacterium and Lactobacillus spp., 
these are the predominant and subdominant groups of 
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Table 1. Clinical trials using probiotics for weight management in animal and human obesity models.

PROBIOTIC 
(BACTERIA 

STRAIN)
PROBIOTIC FOOD CHARACTERISTICS DOSE/

DURATION RESULTS

Clostridium 
butyricum53

Cottage cheese and Greek-
style yogurt made from 
pasteurized cow’s, goat’s or 
camel’s milk
The final products were 
inoculated with Clostridium 
butyricum
(CFUs not specified) after 
manufacture

Model: 30 female 
C57BL/6 mice, 6–8 
weeks old, weighing 
14–16 g
Induced rodent diet 
5001 (mix of sugars, fat, 
proteins, vitamins, and 
minerals)

1 mL/day/
5 weeks

Significant gut microbiota enrichment 
was observed in mice supplemented 
with cow milk cheese and camel 
milk, manifesting an increase in 
Clostridiales, Ruminococcaceae, 
Lachnospiraceae, and Anaerostipes 
spp), producing butyrate (one of the 
main short-strain fatty acids, SCFAs, 
linked to protective effects against 
metabolic syndrome)

Bifidobacterium 
spp. and 
Lactobacillus spp.54

Cheese
The final product 
was inoculated with 
Bifidobacterium spp. and 
Lactobacillus spp.
(CFUs not specified) after 
manufacture

Model: SD albino rats 
and C57BL/6J mice
Induced High-fat diet 
(HD), mix of sugars, 
proteins, vitamins and 
minerals, to increase 
weight

Not 
specified

Lactobacillus strains were more 
effective in reducing weight gain, fatty 
acid synthesis, and live intake due to 
the enhanced adiponectin production 
and AMPK activation related with the 
expression of lipid oxidative genes 
in adipose tissue, liver, and skeletal 
muscle

Lactobacillus 
gasseri SBT205555

Yogurt
The final product was 
inoculated with Lactobacillus 
gasseri SBT2055 (5 x 1010 
CFU/100g) after manufacture

53 obese people (29 
men and 14 women) 
aged 33–63; BMI 
24.2–30.7 kg/m2

200 g/
day/12 
weeks

Decrease in abdominal and 
subcutaneous fat (4.6%), BMI, and 
waist and hip circumference.

Lactobacillus 
plantarum56

Cheese
The final product was 
inoculated with Lactobacillus 
plantarum (5 x 1011 
CFU/100 g) after manufacture

40 obese people (20 
men and 20 women) 
aged 30–69
Diagnosis of metabolic 
syndrome characterized 
by obesity

50 g/day/
3 weeks

Reduced serum triglycerides, arterial 
blood pressure, and BMI

Lactobacillus 
fermentum and 
Lactobacillus 
amylovorus57

Yogurt
Two yogurt treatments: 
Yogurts inoculated with 
1.08x109 CFUs of Lactobacillus 
fermentum (LB) or 1.30 x 
109 CFUs of Lactobacillus 
amylovorus (LA)

28 obese people (10 
men and 18 women)
aged 18–60 years
BMI 25–32 kg/m2; 
induced HD (mix 
of sugars, proteins, 
vitamins, and minerals) 
to increase weight

Not 
specified

Participants lost 4% (LA group), 3% 
(LB group), and 1% (control group) of 
total fat mass , respectively, but body 
weight and composition did not differ 
significantly between treatments
LA treatment resulted in the largest fat 
reduction and the largest decrease in 
prevalence of some bacteria clusters in 
gut, as Clep, related to a greater loss of 
body adiposity

Lactobacillus 
fermentum TSI2 
and Lactobacillus 
fermentum S259

Yogurt
The final product was 
inoculated with 8 log CFU/mL 
of Lactobacillus fermentum 
TSI2 and Lactobacillus 
fermentum S2
after manufacture

Model: Male SD rats, 6 
weeks old, weighing 
200 g
Induced HD (mix 
of sugars, proteins, 
vitamins, and 
minerals) to increase 
weight

1 mL/200 
g body 
weight/
8 weeks

TSI and MIX groups presented 
significantly smaller adipocytes than HF 
group in abdominal fat tissue
Adiponectin increased in TSI and 
epididymal fat was lower in S2 than
in HF
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PROBIOTIC 
(BACTERIA 

STRAIN)
PROBIOTIC FOOD CHARACTERISTICS DOSE/

DURATION RESULTS

Lactobacillus 
plantarum DK21160

FWB
The product was 
manufactured with 
Lactobacillus plantarum 
DK211 (109 CFU/mL)

Model: Male SD rats, 
4 weeks old, weighing 
156.04 ± 11.74 g
Induced HD (mix 
of sugars, proteins, 
vitamins, and minerals) 
to increase weight

3000 mg/
day
Over 4 
weeks

HDFWB showed significantly lower 
organ weights, abdominal and 
epididymal fat pads, LDL-cholesterol 
levels, blood glucose, serum insulin, 
and serum appetite-related hormones 
(leptin and ghrelin) vs HD

Lactobacillus 
delbrueckii subsp. 
bulgaricus, 
Streptococcus 
thermophilus, and 
Bifidobacterium 
animalis61

Yogurt
Conventional yogurt 
containing starter cultures 
Lactobacillus delbrueckii 
subsp. bulgaricus (CFU: 
108/mL) and Streptococcus 
thermophilus (CFU: 108/mL)
Probiotic yogurt containing 
starter cultures and additional 
Bifidobacterium animalis 
(CFU: 108/mL)

Model: 30 male mice, 5 
weeks old 
Induced HD (mix 
of sugars, proteins, 
vitamins, and minerals) 
to increase weight

2–3 mL/
day/60 days

Intestinal microbiota improved in 
conventional yogurt group with 
increased Lactobacillus spp. population
Both yogurts improved histology 
of small intestine; normalized 
glucose, LDL, HDL, and cholesterol 
in serum; and promoted cytokine 
production (IL-6, IL-10 and INF-γ), that 
reinforce epithelial barrier to prevent 
inflammatory response

Streptococcus 
thermophilus, 
Lactobacillus 
acidophilus, 
Enterococcus 
faecium, and 
Lactobacillus 
rhamnosus58

Yogurt
3 yogurt treatments: 
Test yogurt StLa fermented 
with two strains of 
Streptococcus thermophilus 
(CFU: 10x107/mL each) and 
two strains of Lactobacillus 
acidophilus (CFU: 2x107/mL 
each) 
Test yogurt StLr: was 
fermented with two strains of 
Streptococcus thermophilus 
(CFU: 8x108/mL each) and 
one strain of Lactobacillus 
rhamnosus (CFU: 2x108/mL 
each)
Test yogurt GAIO® (G): 
fermented using the Ukrainian 
bacterial culture CAUSIDO®
This culture contained one 
strain of Enterococcus faecium 
(CFU: 6 x 107/mL each) and 
two strains of Streptococcus 
thermophilus (CFU: 1 x 109/
mL each)
GAIO® (G): fermented milk 
product

70 obese adults (20 
men and 50 women) 
aged 18–55, BMI 25–37 
kg/m2

450 mL/
day/8 
weeks

There was a decrease in LDL-
cholesterol after the consumption of 
GAIO® due to a possible cholesterol 
reabsorption in the small intestine

Abbreviations: CFU= colony forming units/mL, SCFA= short chain fatty acids, SD= Sprague Dawley rats, HD: induced high fat diet, BMI= body mass 
index, GAIO® (G): fermented milk product, LA= Lactobacillus amylovorus group, LB= Lactobacillus fermentum group, Clep= Clostridium cluster, 
TSI= HD-fed rats orally administered yogurt fermented by L. fermentum TSI (n=8), HF= High-fat diet, MIX= HD-fed rats orally administered yogurt 
fermented by a mixture of L. fermentum TSI and S2 (n=8) , FWB= fermented whey beverage, HDFWB= high fat diet plus fermented whey beverage, 
LDL= low density lipoprotein, HDL= high density lipoprotein.

Table 1. Clinical trials using probiotics for weight management in animal and human obesity models (continuation).
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the gastrointestinal microbiota.42 Both strains are lactic 
acid bacteria (LAB) and have been reported to improve the 
inhibition of pathogenic microorganisms and protection against 
gastrointestinal diseases through the maintenance of the 
intestinal barrier and the enhancement of immune response.43 

Those LAB considered commercial probiotics belong mostly 
to the Lactobacillus genus, with over one hundred species 
recognized. Among them are those shown in Table 1: 
L. acidophilus, L. casei, L. gasseri, L. fermentum, L. plantarum, 
and L. rhamnosus. They are generally recognized as safe 
(GRAS). The Bifidobacterium genus (B. infantis, B. animalis, 
B. longum, and B. Breve B3) is also found in probiotic products 
but not as frequently.44 For decades, Lactobacilli have 
been used as an effective therapy to treat gastrointestinal 
conditions and other pathologies, displaying an overall 
positive safety profile.45 Lactobacillus strains are the most 
widely reported in the articles here mentioned (see Table 1). 
The changes observed after probiotic intake in experimental 
groups compared to control include SCFA production and 
an increase in gut bacteria count. There is also a reduction 
in abdominal fat, hip circumference, and proinflammatory 
cytokines (IL-1, IL-6, IL-10, and INF-γ) as well as lower levels 
of sugar, cholesterol, and triglycerides. It is worth mentioning 
that these effects are considered biomarkers associated with 
weight loss control and could influence weight management 
strategies. Nevertheless, the efficacy and action mechanisms 
are strain-dependent or strain-specific. Then, they cannot be 
ascribed indistinctly or extended to all probiotics of the same 
genus or species. Some strains may equally play a significant 
role against obesity in their own way or have a greater 
positive impact.46 For example, a meta-analysis conducted 
by Million, Angelakis, Paul, Armougom, Leibovici and Raoult 
(2012) reported that L. casei strain Shirota (LAB 13), L. gasseri, 
L. rhamnosus, and L. plantarum have a more positive effect 
on weight loss.47 In fact, they appear to be protective against 
obesity. Results reported in table 1 show some antiobesity 
effects, such as a decrease in abdominal and subcutaneous 
fat (L. gasseri SBT2055) and a reduction in serum triglycerides 
and LDL cholesterol (L. rhamnosus). Clinical and experimental 
studies suggest that L. plantarum shows the most promising 
effects against several pathological conditions, including 
obesity. This strain is able to inhibit weight gain and fat 
accumulation.48 Furthermore, lowers serum cholesterol, 
glucose and triglycerides levels in blood.49 Changes observed 
in Table 1, after L. plantarum intake also include the reduction 
of serum appetite related hormones (leptin and ghrelin) On 
the other hand, L. fermentum and L. acidophilus are associated 
with weight gain. These bacteria are widely present in many 
products intended for increasing energy efficiency, as freeze-
dried foods (fruits, vegetables, cereals, meat, and poultry). 
Finally, Clostridium butyricum, Lactobacillus amylovorus, 
Enterococcus faecium, and Lactobacillus delbrueckii subsp. 

bulgaricus are not commonly consumed by humans. In fact, 
they are still under experimentation. Still, the results after 
intake (Table 1) demonstrate that these bacteria strains could 
be applied as future probiotics for weight control purposes.

Probiotics are classified as modified functional ingredients 
added to the food that owe their special properties to 
bioactive compounds. Those a considered as primary and 
secondary metabolites of nutritious and non-nutritive natural 
components found in small proportions. Despite this, they can 
trigger mechanisms that improve human health as they have 
antioxidant, anti-inflammatory, antifungal, and antibacterial 
properties.50 In Table 1, all authors mention that probiotics 
were added to the food, and that all the food matrixes were 
fermented dairy products. They are commonly found in this 
type of food; products such as yogurt and cheese are excellent 
probiotic vectors due to their nutritional composition, 
acidity, and shelf life. Cheese is also a suitable transport for 
bacteria given its high buffering capacity, a result of its high 
fat content and dense structure, that may protect them 
during gastric transit.51

CONCLUSION

Several works suggest that some probiotic strains may have a 
greater positive impact in the treatment of obesity while others 
exert a beneficial effect on weight loss. Some of the changes 
observed in Table 1 after probiotic intake include reduction in 
abdominal fat, but also reduction of triglycerides serum levels 
and proinflammatory cytokines (IL-1 IL-6, IL-10, INF-γ). Available 
data suggest significant therapeutic effects of probiotics in 
weight management, and some strains have been approved 
for consumption. Still, some sanitary regulators, as the Food 
and Drug Administration, have not approved any probiotics 
related to overweight/obesity treatment.52 Studies and clinical 
trials support the therapeutic effects of probiotics. However, 
older studies (before 2010) fail to understand or associate the 
action mechanisms involved, and little or no continuity has 
been reported. Further work is necessary to meet all quality 
standards for medical applications. Probiotics may provide an 
advanced understanding of obesity etiology and metabolic 
consequences. Even these markers can be a direct target for 
future obesity perspectives and new and innovative techniques 
for weight management.

CONFLICT OF INTEREST

The authors declare they have no conflict of interest.

https://doi.org/10.36105/psrua.2021v1n2.05

Proceedings of Scientific Research Universidad Anáhuac   July-December 2021, Vol. 1, No. 2

52

https://doi.org/10.36105/psrua.2021v1n2.05


REFERENCES

1. Valverde JM, Guevara MC, Enríquez MC, Paz M, Hernández 
MA, Landeros EA. Study of families: environmental and 
cultural factors associated with overweight and obesity. 
Enfermería global [online]. 2017 Jan [cited 2021 May 
25];45:1-17. Available from:

 https://scielo.isciii.es/pdf/eg/v16n45/en_1695-6141-
eg-16-45-00001.pdf

 http://dx.doi.org/10.6018/eglobal.16.1.253811 

2. Breuhl K, Seth M. Obesity statistics. Prim Care Clin Office 
Pract [online]. 2016 Mar [cited 2021 March 10];43(1):121-
135. Available from:

 https://www.sciencedirect.com/science/article/abs/pii/
S0095454315000986?via%3Dihub

 https://doi.org/10.1016/j.pop.2015.10.001

3. Gadde KM, Martin CK, Berthoud HR, Heymsfield SB. 
Obesity, pathophysiology management. Journal of the 
American College of Cardiology [online]. 2018[cited 2021 
May 25];71(1). Available from:

 https://www.sciencedirect.com/science/article/pii/
S0735109717415841?via%3Dihub

 https://doi.org/10.1016/j.jacc.2017.11.011

4. Emilie S. Adipose tissue inflammation in obesity: a metabolic 
or immune response? Curr Opin Pharmacol [online]. 2017 
Dec [cited 2021 May 25]; 37:35-40. Available from:

 https://pubmed.ncbi.nlm.nih.gov/28843953/

 https://doi.org/10.1016/j.coph.2017.08.006

5. Thaker VV. Genetic and epigenetic causes of obesity. 
Adolesc Med State Art Rev [online] 2017 [cited 2021 May 
25];28(2):379-405. Available from:

 htt p s : / / w w w. n c b i . n l m . n i h . g o v / p m c /a r t i c l e s /
PMC6226269/pdf/nihms900547.pdf

6. Heymsfield SB, Wadden TA. Mechanism, Pathophysiology, 
and Management of Obesity. N Engl J Med [online]. 2017 
Jan 19 [cited 2021 May 25];376(3): 254-266. Available from:

 https://pubmed.ncbi.nlm.nih.gov/28099824/

 https://doi.org/10.1056/NEJMra1514009

7. Sunkara R. Verghese M. Functional foods for obesity 
management. Food and nutrition sciences [online]. 2014 
Jul 11 [cited 2021 May 25];5:1359-1369. Available from:

 https://www.scirp.org/pdf/fns_2014081315405862.pdf

 http://dx.doi.org/10.4236/fns.2014.514148

8. Mocanu GD, Botez E. Milk and dairy products: vectors to 
create probiotic products. Intechopen [online]. 2012 Jul 
18 [cited 2021 May 25]. Available from:

 https://www.intechopen.com/books/probiotics/milk-and-
dairy-products-vectors-to-create-probiotic-products

 https://doi.org/10.5772/50044

9. Vicentini A, Liberatore L, Mastrocola D. Functional foods: 
trends and development of the global market. Ital. J. Food 
Sci. [online]. 2016 [cited 2021 March 10];28(2):338-351. 
Available from:

 https://www.itjfs.com/index.php/ijfs/article/view/211

10. Myrie SB, Jones PJH. Functional foods and obesity. 
Woodhead publishing [online]. 2011 [cited 2021 May 
25];234-260. Available from:

 https://www.sciencedirect.com/science/article/pii/
B9781845696900500102

 https://doi.org/10.1533/9780857092557.2.234

11. Green M, Arora K, Prakash S. Microbial medicine: prebiotic 
and probiotic functional foods to target obesity and 
metabolic syndrome. Int J Mol Sci [online]. 2020 Apr [cited 
2021 May 25];21(8):1-28. Available from:

 htt p s : / / w w w. n c b i . n l m . n i h . g o v / p m c /a r t i c l e s /
PMC7215979/

 https://doi.org/10.3390/ijms21082890

12. Valdes AM et al. Role of gut microbiota in nutrition 
and health. BMJ [online]. 2018 Jun 13 cited 2021 May 
26];361:36-41. Available from:

 h t t p s : / / w w w . b m j . c o m / c o n t e n t / 3 6 1 / b m j .
k 2 1 7 9 # : ~ : tex t = T h e % 2 0 g u t % 2 0 m i c ro b i o ta % 2 0
provides%20essential,acids%20(SCFAs)%20and%20gases

 https://doi.org/10.1136/bmj.k2179

13. Hasan N, Yang H. Factors affecting the composition of the 
gut microbiota, and its modulation. PeerJ [online]. 2019 
Aug 16 [cited 2021 May 26];7(e7502):1-31. Available from:

 htt p s : / / w w w. n c b i . n l m . n i h . g o v / p m c /a r t i c l e s /
PMC6699480/

 https://doi.org/10.7717/peerj.7502

14. Berg G, Rybakova D, Fischer D, Cernava T, Champomier MC, 
Charles T. Microbiome definition re-visited: old concepts 
and new challenges. Microbiome [online]. 2020 Jun 30 
[cited 2021 May 26];8(103):1-22. Available from:

 https://microbiomejournal.biomedcentral.com/
articles/10.1186/s40168-020-00875-0

 https://doi.org/10.1186/s40168-020-00875-0

15. Sheh A, Fox JG. The role of the gastrointestinal microbiome 
in Helicobacter pylori pathogenesis. Gut Microbes [online]. 
2013 Nov 01 [cited 2021 May 26];4(6):505-531. Available 
from:

 htt p s : / / w w w. n c b i . n l m . n i h . g o v / p m c /a r t i c l e s /
PMC3928162/

 https://doi.org/10.4161/gmic.26205

16. Rinninella E, Raoul P, Cintoni M, Franceschi R, Donato 
GA, Gasbarrini A, Cristina M. What is the healthy gut 
microbiota composition? A changing ecosystem across age, 
environment, diet, and diseases. Microorganisms MPDI 

https://doi.org/10.36105/psrua.2021v1n2.05

Gallegos-Inzunza, B. Probiotic foods as functional foods for modulating obesity

53

https://scielo.isciii.es/pdf/eg/v16n45/en_1695-6141-eg-16-45-00001.pdf
https://scielo.isciii.es/pdf/eg/v16n45/en_1695-6141-eg-16-45-00001.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0095454315000986?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0095454315000986?via%3Dihub
https://doi.org/10.1016/j.pop.2015.10.001
https://www.sciencedirect.com/science/article/pii/S0735109717415841?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0735109717415841?via%3Dihub
https://doi.org/10.1016/j.jacc.2017.11.011
https://pubmed.ncbi.nlm.nih.gov/28843953/
https://doi.org/10.1016/j.coph.2017.08.006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6226269/pdf/nihms900547.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6226269/pdf/nihms900547.pdf
https://doi.org/10.1056/NEJMra1514009
https://www.scirp.org/pdf/fns_2014081315405862.pdf
http://dx.doi.org/10.4236/fns.2014.514148
https://www.intechopen.com/books/probiotics/milk-and-dairy-products-vectors-to-create-probiotic-products
https://www.intechopen.com/books/probiotics/milk-and-dairy-products-vectors-to-create-probiotic-products
https://doi.org/10.5772/50044
https://www.itjfs.com/index.php/ijfs/article/view/211
https://www.sciencedirect.com/science/article/pii/B9781845696900500102
https://www.sciencedirect.com/science/article/pii/B9781845696900500102
https://doi.org/10.1533/9780857092557.2.234
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7215979/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7215979/
https://doi.org/10.3390/ijms21082890
https://doi.org/10.1136/bmj.k2179
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6699480/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6699480/
https://doi.org/10.7717/peerj.7502
https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-020-00875-0
https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-020-00875-0
https://doi.org/10.1186/s40168-020-00875-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3928162/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3928162/
https://doi.org/10.4161/gmic.26205
https://doi.org/10.36105/psrua.2021v1n2.05


jounral [online]. 2019 Jan 10 [cited 2021 May 26];7(1):1-
22. Available from:

 htt p s : / / w w w. n c b i . n l m . n i h . g o v / p m c /a r t i c l e s /
PMC6351938/

 https://doi.org/10.3390/microorganisms7010014

17. Ramakrishna B. Role of the gut microbiota in human 
nutrition and metabolism. Journal of gastroenterology 
and hepatology [online]. 2013 May 14 [cited 2021 May 
26];28(4):9-17. Available from:

 https://www.researchgate.net/publication/261647051_
Role_of_the_gut_microbiota_in_human_nutrition_
and_metabolism#:~:text=The%20gut%20microbiota%20
produce%20a,factors%20that%20inf luence%20
human%20metabolism

 https://doi.org/10.1111/jgh.12294

18. Lazar V, Ditu LM, Pircalabioru GG, Gheorghe I, Curutiu C, 
Holban AM. Aspects of gut microbiota and immune system 
interactions in infectious diseases immunopathology, and 
cancer. Front. Immunol [online]. 2018 Aug 15 [cited 2021 
May 26];9(1830):1-18. Available from:

 https://www.front iers in.org /art ic les/10.3389/
fimmu.2018.01830/full

 https://doi.org/10.3389/fimmu.2018.01830

19. Fetissov S. Role of the gut microbiota in host appetite 
control: bacterial growth to animal feeding behaviour. 
Nature reviews [online]. 2016 Sep 12 [cited 2021 May 26]; 
Available from:

 https://pubmed.ncbi.nlm.nih.gov/27616451/#:~:text= 
Gut%20bacteria%20depend%20fully%20on,nutrients%20
necessary%20for%20their%20growth.&text=This%20
short%2Dterm%20bacterial%20growth,neuropeptidergic-
%20circuitry%20in%20the%20hypothalamus

 https://doi.org/10.1038/nrendo.2016.150

20. Van de Wouw M, Schellekens H, Dinan TG, Cryan JF. 
Microbiota-gut-brain axis: modulator of host metabolism 
and appetite. The journal of nutrition [online]. 2017 Mar 
29 [cited 2021 May 2021];147(5):727-745. Available from:

 https://academic.oup.com/jn/article/147/5/727/4584720

 https://doi.org/10.3945/jn.116.240481

21. Yang H, Yang M, Fang S, Huang X, He M, Ke S. Evaluating 
the profound effect of gut microbiome on host appetite in 
pigs. BMC Microbiology [online]. 2018 Dec 14 [cited 2021 
May 25];18(215): Available from:

 h t t p s : / / b m c m i c r o b i o l . b i o m e d c e n t r a l . c o m /
articles/10.1186/s12866-018-1364-8

 https://doi.org/10.1186/s12866-018-1364-8

22. Moran GW, Thapaliya G. The Gut–Brain Axis and Its Role 
in Controlling Eating Behavior in Intestinal Inflammation. 
Nutrients MPDI Journal [online]. 2021 Mar18 [cited 2021 
May 25];13(981):1-17.

 https://doi.org/10.3390/nu13030981

23. Van J, Koekkoek LL, La Felur SE, Serlie MJ, Nieuwdorp 
M. The role of the gut microbiota in the gut-brain axis in 
obesity mechanisms and future implications. Int. J. Mol. 
Sci [online]. 2021 Mar 15 [cited 2021 May 26];22(6):1-18. 
Available from:

 https://www.mdpi.com/1422-0067/22/6/2993/htm

 https://doi.org/10.3390/ijms22062993

24. Berthoud HR. The vagus nerve, food intake and obesity. 
Regulatory Peptides [online]. 2008 Aug 07 [cited 2021 May 
26];149(1-3):15-25. Available from:

 https://www.sciencedirect.com/science/article/abs/pii/
S0167011508000621

 https://doi.org/10.1016/j.regpep.2007.08.024

25. Bonaz B, Bazin T, Pellissier S. The vagus nerve at the interface 
of the microbiota-gut-brain axis. Front Neurosci [online]. 
2018 Feb 07 [cited 2021 May 26];12(49):1-9. Available 
from:

 htt p s : / / w w w. n c b i . n l m . n i h . g o v / p m c /a r t i c l e s /
PMC5808284/ 

 https://doi.org/10.3389/fnins.2018.00049

26.  Appleton J. The gut-brain axis: influence of microbiota on 
mood and mental health. Integr Med (encinitas) [online]. 
2018 Aug [cited 2021 May 26];17(4):28-32. Available from:

 htt p s : / / w w w. n c b i . n l m . n i h . g o v / p m c /a r t i c l e s /
PMC6469458/pdf/imcj-17-28.pdf

27.  Yeung A, Tadi P. Physiology, obesity neurohormonal appetite 
and satiety control. Statpearls [online]. 2020 Nov 22 [cited 
2021 May 27]; Available from:

 https://www.ncbi.nlm.nih.gov/books/NBK555906/

28. Stojanov S, Berlec A, Strukelj B. The influence of probiotics 
on the Firmicutes/Bacteroidetes ratio in the treatment of 
obesity and inflammatory bowel disease. Microorganisms 
MDPI Journal [online]. 2020 Nov 01 [cited 2021 May 
27];8(1715):2-16. Available from:

 https://www.mdpi.com/2076-2607/8/11/1715

 https://doi.org/10.3390/microorganisms8111715

29. Nagpal R, Newman TM, Wang S, Jain S, Lovato JF, Yadav H. 
Obesity linked gut microbiome dysbiosis associated with 
derangements in gut permeability and intestinal cellular 
homoeostasis independent of diet. J Diabetes Res [online]. 
2018 Sep 03 [cited 2021 May 27];2018(3462092):1-9. 
Available from:

 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6140100/
pdf/JDR2018-3462092.pdf

 https://doi.org/10.1155/2018/3462092

30. Cani PD. Human gut microbiome: hopes, threats and 
promises. Gut [online]. 2018 Sep [cited 2021 May 
27];6(9):1716-1725. Available from:

https://doi.org/10.36105/psrua.2021v1n2.05

Proceedings of Scientific Research Universidad Anáhuac   July-December 2021, Vol. 1, No. 2

54

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6351938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6351938/
https://doi.org/10.3390/microorganisms7010014
https://doi.org/10.1111/jgh.12294
https://www.frontiersin.org/articles/10.3389/fimmu.2018.01830/full
https://www.frontiersin.org/articles/10.3389/fimmu.2018.01830/full
https://doi.org/10.3389/fimmu.2018.01830
https://doi.org/10.1038/nrendo.2016.150
https://academic.oup.com/jn/article/147/5/727/4584720
https://doi.org/10.3945/jn.116.240481
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-018-1364-8
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-018-1364-8
https://doi.org/10.1186/s12866-018-1364-8
https://doi.org/10.3390/nu13030981
https://www.mdpi.com/1422-0067/22/6/2993/htm
https://www.sciencedirect.com/science/article/abs/pii/S0167011508000621
https://www.sciencedirect.com/science/article/abs/pii/S0167011508000621
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5808284/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5808284/
https://doi.org/10.3389/fnins.2018.00049
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6469458/pdf/imcj-17-28.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6469458/pdf/imcj-17-28.pdf
https://www.ncbi.nlm.nih.gov/books/NBK555906/
https://www.mdpi.com/2076-2607/8/11/1715
https://doi.org/10.3390/microorganisms8111715
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6140100/pdf/JDR2018-3462092.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6140100/pdf/JDR2018-3462092.pdf
https://doi.org/10.1155/2018/3462092
https://doi.org/10.36105/psrua.2021v1n2.05


 https://gut.bmj.com/content/67/9/1716

 https://doi.org/10.1136/gutjnl-2018-316723

31. Magne F, Gotteland M, Gauthier L, Zazueta A, Pesoa S, 
Navarrete P et al. The Firmicutes/Bacteroidetes ratio: 
a revelant marker of gut dysbiosis in obese patients? 
Nutrients MDPI Journal [online]. 2020 May 19 [cited 2021 
May 27];12 (5):1-17. Available from:

 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7285218/

 https://doi.org/10.3390/nu12051474

32. Gordon GS, Gopi R, Bharali R, Dey G, Lakshamanan GM, 
Ashmed G. Probiotics - the versatile functional food 
ingredients. Association of Food Scientists & Technologists, 
India, J Food Sci Technol [online], 2016 Feb [cited 2021 May 
27];53(2):921-933. Available from:

 htt p s : / / w w w. n c b i . n l m . n i h . g o v / p m c /a r t i c l e s /
PMC4837740/pdf/13197_2015_Article_2011.pdf

 https://doi.org/10.1007/s13197-015-2011-0

33. Granato D, Branco GF, Gomes A, Fonseca JA, Shah 
NP.Comprehensive Reviews in Food Science and Food Safety 
[online] .2010 Aug 26 [cited 2021 May 27];9(5):455-470. 
Available from:

 https://onlinelibrary.wiley.com/doi/full/10.1111/j.1541-
4337.2010.00120.x

 https://doi.org/10.1111/j.1541-4337.2010.00120.x

34. Stojanov S, Berlec A, Strukelj B. The Influence of Probiotics 
on the Firmicutes/Bacteroidetes Ratio in the Treatment of 
Obesity and Inflammatory Bowel disease. Microorganisms 
MDPI Journal [online]. 2020 Nov 01 [cited 2021 May 
27];8(1715):1-16.

 https://doi.org/10.3390/microorganisms8111715

35. Cerdó T, García JA, Bermúdez MG, Campoy C. The roles of 
probiotics and prebiotics in the prevention and treatment 
of obesity. Nutrients MDPI Journal [online]. 2019 Mar 15 
[cited 2021 May 27];11(365):1-31. Available from:

 htt p s : / / w w w. n c b i . n l m . n i h . g o v / p m c /a r t i c l e s /
PMC6470608/

 https://doi.org/10.3390/nu11030635

36. Bermúdez M, Plaza J, Muñoz S, Gómez C, Gil A. Probiotic 
Mechanisms of Action. Ann Nutr Metab [online]. 2012 Oct 
02 [cited 2021 May 27];61:160-174. Available from:

 https://www.karger.com/Article/FullText/342079

 https://doi.org/10.1159/000342079

37. Koirala S, Kumar A. Probiotics-based foods and beverages 
as future foods and their overall safety and regulatory 
claims. Fuuure Foods [online]. 2021 Jan 22 [cited 2021 
May 27];3(100013): Available from: 

 https://www.sciencedirect.com/science/article/pii/
S2666833521000034

 https://doi.org/10.1016/j.fufo.2021.100013

38. Hemarajata P, Versalovic J. Effects of probiotics on gut 
microbiota: mechanisms of intestinal immunodulation and 
neuromodulation. Ther Adv Gastroenterol [online]. 2013 
Jan [cited 2021 May 27];6(1):39-51. Available from:

 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3539293/

 https://doi.org/10.1177/ 1756283X12459294

39. Seira C, Robertson RC, Stanton C, Cryan JF, Dinan TG. Food 
for thought: the role of nutrition in the microbiota-gut-
brain-axis. Clinical Nutrition Experimental. 2016 Apr [cited 
2021 June 20];6:25-38. Available from:

 https://www.sciencedirect.com/science/article/pii/
S235293931600004X

 https://doi.org/10.1016/j.yclnex.2016.01.003

40. De los Reyes CG, Delzenne NM, González S, Guiemonde M, 
Salazar N. Development of functional foods to fight against 
obesity, opportunities for probiotics and prebiotics. Agro 
FOOD Industry Hi Tech. 2014 Dec [cited 2021 June 20];25 
(6):35-39. Available from:

 https://www.teknoscienze.com/Contents/Riviste/PDF/
AF6_2014_RGB_37-41.pdf

41. Ferrarese R, Ceresola ER, Preti A, Canducci F. Probiotics, 
prebiotics and synbiotics for weight loss and metabolic 
syndrome in the microbiome era. European Review for 
Medical and Pharmacological Sciences [online]. 2018 Nov 
[cited 2021 July 09]; 22(21):7588-7605. Available from:

 https://www.researchgate.net/publication/329040546_
Probiotics_prebiotics_and_synbiotics_for_weight_loss_
and_metabolic_syndrome_in_the_microbiome_era

 https://doi.org/10.26355/eurrev_201811_16301

42. Fijan S. Microorganismos with claimed probiotic properties: 
an overview of recent literature. Int. J. Environ. Res. Public 
Health [online]. 2014 May [cited 2021 June 20];11:4745-
4767. Available from:

 htt p s : / / w w w. n c b i . n l m . n i h . g o v / p m c /a r t i c l e s /
PMC4053917/pdf/ijerph-11-04745.pdf

 https://doi.org/10.3390/ijerph110504745

43. Song M, Yun B, Moon JH, Park DJ, Lim K, Oh S. Characterization 
of selected Lactobacillus strains use as probiotics. Korean 
J Food Sci Anim Resour [online]. 2015 Aug 31 [cited 2021 
July 09]; 25 (4): 551-556. Available from:

 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4662139/

 https://doi.org/ 10.5851/kosfa.2015.35.4.551

44. Florou P, Christaki E, Bonos E. Lactic Acid Bacteria as source 
of functional ingredients. Lactic Acid Bacteria - R & D for 
Food, Health and Livestock Purposes [online]. 2012 Jan 30 
[cited 2021 July 09]. Available from:

 https://www.intechopen.com/books/lactic-acid-bacteria-
r-d-for-food-health-and-livestock-purposes/lactic-acid-
bacteria-as-source-of-functional-ingredients

 https://doi.org/10.5772/47766

https://doi.org/10.36105/psrua.2021v1n2.05

Gallegos-Inzunza, B. Probiotic foods as functional foods for modulating obesity

55

https://gut.bmj.com/content/67/9/1716
https://doi.org/10.1136/gutjnl-2018-316723
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7285218/
https://doi.org/10.3390/nu12051474
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4837740/pdf/13197_2015_Article_2011.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4837740/pdf/13197_2015_Article_2011.pdf
https://doi.org/10.1007/s13197-015-2011-0
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1541-4337.2010.00120.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1541-4337.2010.00120.x
https://doi.org/10.1111/j.1541-4337.2010.00120.x
https://doi.org/10.3390/microorganisms8111715
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6470608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6470608/
https://doi.org/10.3390/nu11030635
https://www.karger.com/Article/FullText/342079
https://doi.org/10.1159/000342079
https://doi.org/10.1016/j.fufo.2021.100013
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3539293/
https://www.sciencedirect.com/science/article/pii/S235293931600004X
https://www.sciencedirect.com/science/article/pii/S235293931600004X
https://doi.org/10.1016/j.yclnex.2016.01.003
https://www.teknoscienze.com/Contents/Riviste/PDF/AF6_2014_RGB_37-41.pdf
https://www.teknoscienze.com/Contents/Riviste/PDF/AF6_2014_RGB_37-41.pdf
https://www.researchgate.net/publication/329040546_Probiotics_prebiotics_and_synbiotics_for_weight_loss_and_metabolic_syndrome_in_the_microbiome_era
https://www.researchgate.net/publication/329040546_Probiotics_prebiotics_and_synbiotics_for_weight_loss_and_metabolic_syndrome_in_the_microbiome_era
https://www.researchgate.net/publication/329040546_Probiotics_prebiotics_and_synbiotics_for_weight_loss_and_metabolic_syndrome_in_the_microbiome_era
https://doi.org/10.26355/eurrev_201811_16301
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4053917/pdf/ijerph-11-04745.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4053917/pdf/ijerph-11-04745.pdf
https://doi.org/10.3390/ijerph110504745
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4662139/
https://www.intechopen.com/books/lactic-acid-bacteria-r-d-for-food-health-and-livestock-purposes
https://www.intechopen.com/books/lactic-acid-bacteria-r-d-for-food-health-and-livestock-purposes
https://www.intechopen.com/books/lactic-acid-bacteria-r-d-for-food-health-and-livestock-purposes/lactic-acid-bacteria-as-source-of-functional-ingredients
https://www.intechopen.com/books/lactic-acid-bacteria-r-d-for-food-health-and-livestock-purposes/lactic-acid-bacteria-as-source-of-functional-ingredients
https://www.intechopen.com/books/lactic-acid-bacteria-r-d-for-food-health-and-livestock-purposes/lactic-acid-bacteria-as-source-of-functional-ingredients
https://doi.org/10.5772/47766
https://doi.org/10.36105/psrua.2021v1n2.05


45. Di Cerbo A, Palmieri B, Aponte M, Morales JC, Iannitti T. 
Mechanisms and therapeutic effectiveness of lactobacilli. 
J Clin Pathol [online]. 2015 Nov 17 [cited 2021 July 
09];69(3):187-203. Available from:

 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4789713/

 https://doi.org/ 10.1136/jclinpath-2015-202976

46. Guazzelli C. Weight loss probiotic supplementation effect in 
overweight and obesity subjects: a review. Clinical Nutrition 
[online]. 2019 Apr [cited 2021 July 10];39(3):1-11. Available 
from:

 https://www.researchgate.net/publication/332177202_
Weight_Loss_Probiotic_Supplementation_Effect_In_
Overweight_And_Obesity_Subjects_A_Review#pfa

 https://doi.org/ 10.1016/j.clnu.2019.03.034

47. Million M, Angelakis E, Paul M, Armougom F, Leibovici 
L, Raoult D. Comparative meta-analysis of the effect of 
Lactobacillus species on weight gain in humans and animals. 
Microbial Pathogenesis [online]. 2012 Aug [cited 2021 July 
10];53(2):100-108. Available from:

 https://www.sciencedirect.com/science/article/pii/
S0882401012001106?via%3Dihub

 https://doi.org/10.1016/j.micpath.2012.05.007

48. Perna S, Ilyas Z, Giacosa A, Gasparri C, Peroni G, Faliva 
MA et al. Is Probiotic Supplementation Useful for the 
Management of Body Weight and Other Anthropometric 
Measures in Adults Affected by Overweight and Obesity 
with Metabolic Related Diseases? A Systematic Review and 
Meta-Analysis. Nutrients [online] 2021 Feb 19 [cited 2021 
July 11];13(2):1-18. Available from:

 https://www.mdpi.com/2072-6643/13/2/666

 https://doi.org/10.3390/nu13020666

49. Wu CC, Weng WL, Lai WL, Tsai HP, Liu WH, Lee MH, Tsai 
YC. Effect of Lactobacillus plantarum strain K21 on high-
fat diet-fed obese mice. Hindawi Publishing Corporation 
[online]. 2015 Feb 23 [cited 2021 July 11]; 1-9. Available 
from:

 https://www.hindawi.com/journals/ecam/2015/391767/ 

 https://doi.org/10.1155/2015/391767

50. Martirosyan D, Miller E. Bioactive Compounds: The Key 
to Functional Foods Bioactive Compounds in Health and 
Disease. [online]. 2018 Jul 31; [cited 2021 May 27];1(3):36-
39 Available from:

 https://ffhdj.com/index.php/BioactiveCompounds/article/
view/539/1213.

51. Chan M, Baxter H, Larsen N, Jespersen L, Ekinci E, Howell 
K. Impact of botanical fermented foods on metabolic 
biomarkers and gut microbiota in adults with metabolic 
syndrome and type 2 diabetes: a systematic review protocol. 
BMJ Open [online]. 2019 Jul [cited 2021 May 27];9(7):1-5. 
Available from:

 https://bmjopen.bmj.com/content/bmjopen/9/7/
e029242.full.pdf

 https://doi.org/10.1136/bmjopen-2019-02924 

52. Green M, Arora K, Prakash S. Microbial medicine: prebiotic 
and probiotic funciontal foods to target obesity and 
metabolic syndrome. Int. J. Mol. Sci. [online]. 2020 Apr 
21[cited 2021 March 10];21(8):1-28. Available from:

 https://www.mdpi.com/1422-0067/21/8/2890/htm

 https://doi.org/10.3390/ijms21082890

53. Alijutaily T, Huarte E, Martínez S, González J, Rovai M, 
Sergeev I. Probiotic-enriched milk and dairy products 
increase gut microbiota diversity: a comparative study. 
Nutrition research [online]. 2020 Oct [cited 2021 March 
10];82:25-33. Available from:

 https://www.sciencedirect.com/science/article/pii/
S0271531720304875?via%3Dihub

 https://doi.org/10.1016/j.nutres.2020.06.017

54. Rouxinol AL, Pinto AR, Janeiro C, Rodriguez D, Moreira M, 
Pereira P, Dias J. Probiotics for the control of obesity-its 
effect on weight change. Porto Biomed J [online]. 2016 
Mar [cited 2021 March 10];1(1):12-24. Available from:

 https://journals.lww.com/pbj/Fulltext/2016/03000/
Probiot ics_for_the_control_of_obesity___Its_
effect.5.aspx

 http://dx.doi.org/10.1016/j.pbj.2016.03.005

55. Kadooka Y, Imaizumi K, Ogawa A, Ikuyama K, Akai Y, Okano 
M, et al. Regulation of abdominal adiposity by probiotics 
(Lactobacillus gasseri SBT2055) in adults with obese 
tendencies in a randomized controlled trial. European 
Journal of Clinical Nutrition [online]. 2010 Mar 10 [cited 
2021 June 20];64:636-643. Available from:

 https://www.nature.com/articles/ejcn201019

 https://doi.org/10.1038/ejcn.2010.19

56. Sharafedtinov K K, Plotnikova O, Alexeeva R, Sentsova 
T, Songisepp E, Stsepetova J, et al. Hypocaloric diet 
supplemented with probiotic cheese improves body mass 
index and blood pressure indices of obese hypertensive 
patients - a randomized double-blind placebo-controlled 
pilot study. Nutrition Journal [online]. 2013 Oct 02 [cited 
2021 June 20];12(1):138. Available from:

 https://nutritionj.biomedcentral.com/articles/10.1186/ 
1475-2891-12-138

 https://doi.org/10.1186/1475-2891-12-138 

57. Omar J, Chan Y, Jones M, Prakash S, Jones P. Lactobacillus 
fermentum and Lactobacillus amylovorus as probiotics 
alter body adiposity and gut microflora in healthy persons. 
Journal of Functional Foods [online]. 2013 Jan [cited 2021 
June 20];5(1):116-123. Available from:

 https://www.sciencedirect.com/science/article/pii/
S1756464612001399?via%3Dihub

https://doi.org/10.36105/psrua.2021v1n2.05

Proceedings of Scientific Research Universidad Anáhuac   July-December 2021, Vol. 1, No. 2

56

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4789713/
https://dx.doi.org/10.1136%2Fjclinpath-2015-202976
https://www.sciencedirect.com/science/article/pii/S0882401012001106?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0882401012001106?via%3Dihub
https://doi.org/10.1016/j.micpath.2012.05.007
https://www.mdpi.com/2072-6643/13/2/666
https://doi.org/10.3390/nu13020666
https://www.hindawi.com/journals/ecam/2015/391767/
https://doi.org/10.1155/2015/391767
https://ffhdj.com/index.php/BioactiveCompounds/article/view/539/1213
https://ffhdj.com/index.php/BioactiveCompounds/article/view/539/1213
https://bmjopen.bmj.com/content/bmjopen/9/7/e029242.full.pdf
https://bmjopen.bmj.com/content/bmjopen/9/7/e029242.full.pdf
https://doi.org/10.1136/bmjopen-2019-02924
https://www.mdpi.com/1422-0067/21/8/2890/htm
https://doi.org/10.3390/ijms21082890
https://www.sciencedirect.com/science/article/pii/S0271531720304875?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0271531720304875?via%3Dihub
https://doi.org/10.1016/j.nutres.2020.06.017
https://journals.lww.com/pbj/Fulltext/2016/03000/Probiotics_for_the_control_of_obesity___Its_effect.5.aspx
https://journals.lww.com/pbj/Fulltext/2016/03000/Probiotics_for_the_control_of_obesity___Its_effect.5.aspx
https://journals.lww.com/pbj/Fulltext/2016/03000/Probiotics_for_the_control_of_obesity___Its_effect.5.aspx
http://dx.doi.org/10.1016/j.pbj.2016.03.005
https://www.nature.com/articles/ejcn201019
https://doi.org/10.1038/ejcn.2010.19
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-12-138
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-12-138
https://doi.org/10.1186/1475-2891-12-138
https://www.sciencedirect.com/science/article/pii/S1756464612001399?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1756464612001399?via%3Dihub
https://doi.org/10.36105/psrua.2021v1n2.05


 https://doi.org/10.1016/j.jff.2012.09.001

58. Agerholm L, Haulrik N, Hansen AS, Manders M, Astrup A. 
Effect of 8 week intake of probiotic milk products on risk 
factors for cardiovascular diseases. European Journal of 
Clinical Nutrition [online]. 2000 Mar 27 [cited 2021 June 
21];54:288-297. Available from:

 https://www.nature.com/articles/1600937

 https://doi.org/10.1038/sj.ejcn.1600937

59. Cho W, Hong G, Lee H, Yeon S, Paik H, Hosaka Y, et al. Effect 
of Yogurt Fermented by Lactobacillus Fermentum TSI and L. 
Fermentum S2 Derived from a Mongolian Traditional Dairy 
Product on Rats with High-Fat-Diet-Induced Obesity. Foods 
MPDI Journals [online]. 2020 May 06 [cited 2021 March 
10];9(5):1-12. Available from:

 https://www.mdpi.com/2304-8158/9/5/594

 https://doi.org/10.3390/foods9050594

60. Hong SM, Chung EC, Kim C. Anti-obesity Effect of 
Fermented Whey Beverage using Lactic Acid Bacteria in 

Diet-induced Obese Rats. Korean J Food Sci Anim Resour 
[online]. 2015 Jun 06 [cited 2021 March 10]; 35(5): 653-
659. Available from:

 https://www.semanticscholar.org/paper/Anti-obesity-
Effect-of-Fermented-Whey-Beverage-Acid-Hong-Chung/
655fe4ad82e7b1f455eda5089116dc889dab862d

 https://doi.org/10.5851/kosfa.2015.35.5.653

61. Balcells F, Mariani C, Well R, Perdigón G, Galdeano M. 
Effect of Yogurt With or Without Probiotic Addition 
on Body Composition Changes and Immune System in 
an Obese Model. Journal of Food Science & Nutrition 
[online]. 2017 Ago 30 [cited 2021 March 10]; Available 
from:

 http://www.heraldopenaccess.us/openaccess/effect-
of-yogurt-with-or-without-probiotic-addition-on-body-
composition-changes-and-immune-system-in-an-obese-
model

 https://doi.org/10.24966/FSN-0176/100022

https://doi.org/10.36105/psrua.2021v1n2.05

Gallegos-Inzunza, B. Probiotic foods as functional foods for modulating obesity

57

https://doi.org/10.1016/j.jff.2012.09.001
https://www.nature.com/articles/1600937
https://doi.org/10.1038/sj.ejcn.1600937
https://www.mdpi.com/2304-8158/9/5/594
https://doi.org/10.3390/foods9050594
https://www.semanticscholar.org/paper/Anti-obesity-Effect-of-Fermented-Whey-Beverage-Acid-Hong-Chung/655fe4ad82e7b1f455eda5089116dc889dab862d
https://www.semanticscholar.org/paper/Anti-obesity-Effect-of-Fermented-Whey-Beverage-Acid-Hong-Chung/655fe4ad82e7b1f455eda5089116dc889dab862d
https://www.semanticscholar.org/paper/Anti-obesity-Effect-of-Fermented-Whey-Beverage-Acid-Hong-Chung/655fe4ad82e7b1f455eda5089116dc889dab862d
https://doi.org/10.5851/kosfa.2015.35.5.653
http://www.heraldopenaccess.us/openaccess/effect-of-yogurt-with-or-without-probiotic-addition-on-body-composition-changes-and-immune-system-in-an-obese-model
http://www.heraldopenaccess.us/openaccess/effect-of-yogurt-with-or-without-probiotic-addition-on-body-composition-changes-and-immune-system-in-an-obese-model
http://www.heraldopenaccess.us/openaccess/effect-of-yogurt-with-or-without-probiotic-addition-on-body-composition-changes-and-immune-system-in-an-obese-model
http://www.heraldopenaccess.us/openaccess/effect-of-yogurt-with-or-without-probiotic-addition-on-body-composition-changes-and-immune-system-in-an-obese-model
http://dx.doi.org/10.24966/FSN-0176/100022
https://doi.org/10.36105/psrua.2021v1n2.05

