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Introduction

Humans encounter numerous stress-inducing situations
throughout life, which can contribute to the onset of various
health conditions, including metabolic syndrome, obesity,
diabetes, and even cancer (Fig. 1). Consequently, contemporary
science is actively exploring alternative approaches to
enhance individuals’ quality of life and preempt the onset of
these ailments. One such avenue presently under exploration
involves the incorporation of probiotics.
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Figure 1: The significance of the gut microbiota. Created in
BioRender.com

Probiotics are living microorganisms that, when consumed in
sufficient quantities, provide advantages to the host, ranging
from safeguarding the integrity of the intestinal barrier to
averting chronic degenerative diseases. These microorganisms
have been isolated from diverse origins, including non-lactic
fermented foods like infant feces and colostrum. The FAO
and WHO have established criteria that a microorganism must
meet to fulfill the requirements for potential probiotic status
(Hill et al., 2014). Within the set criteria, it should meet the

requirement of either preventing or alleviating specific health
issues in individuals. As a result, there is now a diverse range
of probiotic microorganisms available on the market that have
been employed for the prevention conditions such as obesity,
diabetes, irritable bowel syndrome, colitis, Crohn’s disease,
and more (Fig. 2) (Hill et al., 2014).
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Figure 2: Benefits of probiotic consumption. Created in
BioRender.com

Probiotics and Obesity

In recent times, there have been significant alterations in
lifestyle habits, and at times, these changes have had a
negative impact on individuals’ well-being. Consequently,
severe conditions like obesity have become more prevalent.
Over the past decade, obesity has garnered global attention as
its prevalence has noticeably surged, defying effective control
measures, and is now recognized as a 21st-century pandemic.
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Obesity is acknowledged as a significant health concern
because of its rising incidence and its link to concurrent health
conditions like type 2 diabetes, fatty liver, and cardiovascular
disease that impact the wider population. This condition stems
from an imbalance between the consumption of calories and the
expenditure of energy, resulting in the accumulation of body fat
and weight gain (Kobyliak et al., 2016; Lee et al., 2006). One
of the factors involved in the development of obesity is the
gut microbiota, as it exerts its influence on the metabolic and
immune functions of the host. Obesity has been linked to an
elevation in Firmicutes and a reduction in Bacteroidetes (Ley et
al., 2000). Elevating the Firmicutes/Bacteroidetes ratio in obese
mice has been shown to stimulate the expansion of adipocytes
as an adaptive reaction to fat storage. Multiple studies have
unveiled the connection between gut microbiota and obesity.
Investigations involving the colonization of the intestines of
germ-free animals with bacteria from the Firmicutes phylum
have indicated an uptick in the expression of liver enzymes
related to the de novo synthesis of fatty acids, including acetyl-
CoA carboxylase and fatty acid synthase. Additionally, they
noted elevations in the transcription factors ChREBP and
SREBP-1, which play roles in the hepatic response to insulin
and glucose, particularly in relation to lipogenesis (de Graaf et
al., 2007).

Further research has demonstrated the involvement of the gut
microbiota in regulating the balance of glucose and lipids, as
well as various metabolic functions (Geurts et al., 2011; Ley
etal., 2005).

The established advantages of manipulating the gut microbiota
have sparked significant interest in the advancement of
probiotics over the years, with the aim of enhancing or averting
specific health conditions, including their potential as an option
to combat obesity. Additional research has highlighted their
positive impact on the immune system, as probiotics possess
the capacity to influence the expression of pro-inflammatory
cytokines like TNF-a and stimulate the production of anti-
inflammatory cytokines such as IL-10 (Fig. 3) (Christensen et
al., 2002).

In recent times, the gut microbiota has come to be recognized
as an integral component contributing to an individual’s
physiological diversity and the regulation of gene expression
across various pathways related to nutritional metabolism.
The application of probiotics has been adopted to deliberately
influence the gut microbiota, with the objective of assisting the
host in averting metabolic and immunological disturbances
linked to obesity (de La Serre et al., 2010). Hence, over the
past few years, there has been a surge in research efforts
directed toward identifying probiotic strains that possess
advantageous qualities for averting obesity and diseases
associated with it. Probiotics are living microorganisms that,
when ingested in sufficient quantities, offer health benefits to
the host. The majority of probiotic bacteria are members of the
lactic acid bacteria (LAB) category, such as lactobacilli, which
have a notable role in preserving the intestinal environment
and bolstering the host’s immune system (Saarela et al., 2002).

Numerous in vitro characteristics, including traits like adhesion,
resilience in gastrointestinal environments, antimicrobial
capabilities, and more, are typically assessed to determine the
suitability of a chosen strain as a probiotic (FAO/WHO, 2002).
Probiotic bacteria have been harnessed as a viable alternative
in various therapeutic approaches for diverse conditions,
underscoring their role in preventing metabolic and immune-
related ailments linked to obesity (Castro-Rodriguez, Juarez-
Pilares, et al., 2020; Castro-Rodriguez, Reyes-Castro, et al.,
2020; Gauffin Cano et al., 2012).

Probiotics from the Lactobacillus and Bifidobacterium
genera have attracted considerable attention because of their
diverse range of advantageous functions, including addressing
gastrointestinal issues, influencing the immune system, and
alleviating lactose intolerance, among other benefits. Recent
research has identified novel probiotic bacteria with health-
enhancing properties from unconventional origins (Argyri et
al., 2013; Castro-Rodriguez et al., 2015). One of these sources
is the mead derived from Agave salmiana, a Mexican plant
known as maguey pulquero that belongs to the Agavaceae
family. This plant is utilized in the production of pulque, a
traditional Mexican drink obtained through the fermentation
of its sweet sap, which is known as aguamiel (Moreno-Vilet
et al., 2014). The fermentation process involves a consortium
of microorganisms, encompassing both yeasts and bacteria.
Zymomonas mobilis is responsible for the production of alcohol
in pulque, while the bacterium Leuconostoc mesenteroides is
the key contributor to the production of the exopolysaccharide
that lends viscosity to the beverage (Castro-Rodriguez et al.,
2019; Escalante et al., 2004).

Consequently, probiotics have been introduced with the
objective of adjusting the gut microbiota to assist the host
in mitigating or managing metabolic and immunological
disturbances linked to obesity. In recent times, there has been a
growing emphasis on research endeavors aimed at identifying
strains with health-enhancing attributes in the human context.
Nevertheless, studies conducted with experimental animals
remain significant, as they offer a higher degree of experimental
control and offer valuable insights into the underlying
mechanisms of this process.

Probiotics and Diabetes

Diabetes is a complex metabolic condition influenced by a
combination of genetic factors, environmental variables, and
behavioral modification (Gomes et al., 2014). The condition
is marked by persistent high blood sugar levels attributed to
a combination of insulin resistance and inadequate insulin
production resulting from dysfunction in pancreatic beta cells.
Over the recent years, there has been a focus on investigating
emerging risk factors like inflammatory markers, gut
microbiota, and oxidative stress to comprehend the diverse
mechanisms contributing to the onset of this condition (Gomes
etal., 2014).

Diet plays a crucial role in altering the composition of the
gut microbiota. An abundance of certain dietary elements can

J N food sci tech; 2023

www.unisciencepub.com

Volume 4 | Issue 4 | 2 of 7



induce metabolic shifts in the bacteria within the microbiota,
including saturated and polyunsaturated fatty acids, while a
deficiency of oligosaccharides and phytochemicals can have
similar effects (Tao et al., 2020). These metabolic alterations
in bacteria have a substantial impact on an individual’s well-
being. When there’s a disruption in intestinal microbiota
balance, it can lead to heightened intestinal permeability and
an enhanced mucosal immune response, factors that could
potentially play a role in the onset of diabetes (Samah et
al., 2016). The rise in intestinal permeability arises from a
reduction in the production of tight junction proteins, which,
in turn, promotes the translocation of lipopolysaccharide
(LPS), potentially resulting in metabolic endotoxemia and
insulin resistance. The release of LPS triggers an inflammatory
response by activating Toll-like receptors (TLRs), which serve
as a crucial component of the innate immune system. It’s worth
noting that TLRs can also activate adaptive immunity when the
release of LPS induces the secretion of inflammatory cytokines
(Bagarolli et al., 2017).

Another mechanism through which the microbiota is linked
to the progression of diabetes-related complications involves
cellular oxidative stress, which results from elevated glucose
levels. Oxidative stress represents an imbalance between free
radicals and the body’s antioxidant defenses, resulting in an
escalation of reactive oxygen species (ROS) across various
tissues and cells. As the release of ROS intensifies, the levels
of superoxide dismutase (SOD), an enzyme responsible for
breaking down ROS, decrease. The activity of this antioxidant
enzyme diminishes as the duration of the disease increases
(Pegah et al., 2021).

Diabetes also brings about alterations in the regulation of the
hormone known as glucagon-like peptide-1 (GLP-1) (Pegah
et al.,, 2021). This hormone holds great significance in the
management of diabetes. GLP-1 is released by enteroendocrine
L-cells located in the gastrointestinal tract (specifically, the
ileum and colon) in response to digestion. It plays a crucial
role in regulating post-meal glucose levels, which refers to
the monitoring of sugar levels in the bloodstream after a meal
(Miiller et al., 2019). GLP-1 prevents the programmed cell
death of beta cells (B-cells), consequently boosting insulin
production. Moreover, it fosters the transformation of immature
islet progenitor cells into mature beta cells (Johansen et al.,
2005). GLP-1 additionally delays the emptying of the stomach,
curbs appetite, and ultimately results in weight reduction. It has
been documented to mitigate oxidative stress and inflammation
while also demonstrating advantageous effects on cognitive
functions like learning and memory.

The utilization of beneficial microorganisms, such as
probiotics, serves as a preventive measure against the onset of
diabetes. They achieve this by enhancing insulin sensitivity and
fostering a healthier gut environment through the promotion of
beneficial bacteria growth. Furthermore, probiotics contribute
to the reduction of inflammatory markers and oxidative stress
(Pegah et al., 2021). Prior research has documented positive
outcomes associated with Bifidobacteria and Lactobacillus

strains in managing elevated blood sugar levels, oxidative
stress, and inflammation. These bacterial strains exhibit the
capacity to mitigate endotoxemia and encourage the release of
short-chain fatty acids (with a primary emphasis on butyrate,
acetate, and propionate). These particular strains are engaged
in the secretion of gastrointestinal hormones, the preservation
of gastrointestinal equilibrium, the regulation of epithelial cell
growth and differentiation, as well as the synthesis of specific
vitamins (Kocsis et al., 2020).

The mentioned factors collectively establish an ideal setting
for the effective operation of the digestive system, thereby
thwarting the onset of diabetes. In clinical investigations, the
application of L. acidophilus La5 and Bifidobacterium animalis
subsp. lactis Bb12 notably decreased fasting blood glucose
levels while elevating the performance of antioxidant enzymes
(Rezazadeh et al., 2019). Experiments conducted on mice that
were placed on a high-fat diet and developed type 2 diabetes
demonstrated that Lactobacillus casei CCFM419 effectively
reduced insulin resistance and high blood sugar levels (Li
et al., 2017). In a separate investigation involving rats on a
high fructose diet, the introduction of Lactobacillus reuteri
GMNL-263 led to enhanced insulin sensitivity and a reduction
in the development of hepatic steatosis (Hsieh et al., 2013).
As previously discussed, probiotics have the potential to avert
the onset of diabetes and consequently bestow advantageous
impacts upon the host (Fig. 3).
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Figure 3: Effects of probiotic consumption.

Probiotics and fetal programming

The overall well-being of expectant and breastfeeding women
holds significant importance in a nation’s progress. A mother’s
nutritional status has a bearing on her newborn’s birth weight,
which, in turn, can have lasting health consequences into
adulthood. Insufficient nutrition during crucial developmental
phases such as pregnancy and lactation has been linked
to heightened oxidative stress, a factor implicated in the
development of various diseases and developmental issues.
Epidemiological studies have provided evidence that
imbalanced maternal nutrition can influence the metabolism
and microbiota composition in both the mother and her
offspring. Consequently, the periods of pregnancy and lactation
present opportune moments for adopting lifestyle changes that
could mitigate adverse effects on both the mother and the child.
One such change involves the incorporation of probiotics,
microorganisms known for enhancing the protective functions
of the digestive tract, thereby contributing to the amelioration
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of metabolic and immunological irregularities associated with
malnutrition.

The physiology and metabolic processes of fetuses and neonates
are susceptible to modifications that occur during pivotal
developmental stages like gestation and lactation, subsequently
influencing the long-term health of the individual. This gives
rise to the notion of “developmental programming,” which has
evolved into the concept of the “Developmental Origins of
Health and Disease (DoHaD).” It posits that deviations during
development can trigger a lasting physiological adaptation
in the fetus, ultimately culminating in adult-onset diseases
(Zambrano et al.,, 2013). The foundation of the DoHaD
concept lies in epidemiological research linking birth weight
to the occurrence of cardiovascular and metabolic disorders
(Aerts et al., 2003). Furthermore, in animal models, instances
of malnutrition, obesity, excessive caloric intake, or exposure
to hormonal agents like glucocorticoids during pregnancy
increase the susceptibility of offspring to experiencing an array
of physiological, metabolic, reproductive, and behavioral
disorders (Reyes-Castro et al., 2012).

Inadequate nutrition during the initial phases of development,
which encompass both gestation and lactation, correlates with
heightened oxidative stress, a factor implicated in the onset of
various ailments and developmental anomalies. The detrimental
consequences of maternal malnutrition during pregnancy and
lactation on the progeny encompass metabolic syndrome traits
like insulin resistance, elevated blood sugar levels, augmented
inflammatory responses, increased oxidative stress, alterations
in gut microbiota, hypertension in adulthood, and reproductive
issues, which can impact the fertility of male offspring (Barker
et al., 1993; Fichorova et al., 2011).

The gut microbiota serves a pivotal function in preserving
well-being over the course of one’s life. It begins to take shape
gradually after birth and is subject to a multitude of influences,
including the method of delivery, antibiotic usage, and the
diet of the mother. In the initial days of life, infants undergo
a rapid colonization by various bacteria, which are attributed
to kickstarting the body’s defense mechanisms and fostering
sound physical and immunological development (Sanz et al.,
2009).

The colonization of the neonate’s gastrointestinal tract takes
place through various means, including the placenta, amniotic
fluid, the birth canal, and breastfeeding. These pathways play
a pivotal role in establishing either a healthy or disrupted
microbiota, which can subsequently give rise to various
health conditions. A number of investigations have indicated
that maternal immune cells and bacteria originating from the
mother’s intestinal tract are capable of traversing the placenta
and influencing immune responses in the developing fetus
(Desai et al., 1995; Rautava et al., 2012). Moreover, research
has revealed the distinctiveness of the microbiota in the
mammary gland, which contains beneficial bacteria that reach
the gland through an internal pathway and are subsequently
passed on to the newborn during the onset of lactation. This

transmission establishes protective elements that will influence
the offspring’s future well-being (Desai et al., 1995).

Numerous investigations have indicated that the dietary
choices of mothers during lactation can lead to alterations in the
gastrointestinal functions of both the mother and her offspring
(Burdett et al., 1979; Craft, 1970; Gopalakrishna et al., 2020;
Johnson et al., 2019; P. Liu et al., 2016). Consequently, the
gastrointestinal system is recognized as a crucial element in the
programming process (Fig. 4).
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Figure 4: Effect of poor maternal programming on the
development of the gastrointestinal system. Created in
BioRender.com

While pregnancy represents a period when susceptibility to
disease predisposition in postnatal life is heightened, it also
offers a chance to introduce interventions aimed at enhancing
the health of both the mother and, consequently, her offspring.
Nowadays, women are increasingly attuned to the connection
between nutrition and well-being, which has spurred the
development of functional foods. These encompass a diverse
range of substances used as ingredients in food or as nutritional
supplements. Among the most prominently marketed are
probiotics, which play a role in regulating early host-microbe
interactions. Probiotic microorganisms have found application
as an alternative in numerous therapeutic approaches for
various conditions, most notably in the prevention of metabolic
and immunological disorders resulting from malnutrition
(Esposito et al., 2009; Gauffin Cano et al., 2012; Kaburagi et
al., 2007; Million et al., 2017).

Throughout the duration of pregnancy, there is a shifting
microbial diversity in the gut, and this alteration can have
repercussions on the maturation and performance of the
gastrointestinal system in both the mother and her offspring
(Angelakis et al., 2012; Rautava et al., 2012). Research
involving 91 pregnant women revealed that the makeup
and arrangement of the gut microbiota undergo significant
transformations throughout the course of pregnancy. These
alterations persist from the early stages, extending through
to the third trimester. The study’s findings suggested that the
gut microbiota can influence metabolism in either a positive
or negative manner, contingent on the dietary choices
of the pregnant individuals (Koren et al., 2012). During
pregnancy, daily probiotic intake may reduce the risk of pre-
eclampsia (Brantseter et al., 2011), maintaining serum insulin
concentrations (Asemi et al., 2013) and reduce the frequency
of gestational diabetes mellitus (Luoto et al., 2010). While
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breastfeeding, probiotics play a role in initiating the formation
of the newborn’s microbiota, enhance the integrity of the
intestinal barrier by decreasing permeability, and aid in the
maturation of the infant’s immune system (Donnet-Hughes et
al., 2010; Matsuzaki et al., 2000). Probiotics have served as
a supplementary therapy for reinstating a healthy microbiota
in women with good health. In cases of vaginal infections,
they also offer a more potent substitute for antibiotics and
have proven effective in preventing subacute and subclinical
mastitis (Fernandez et al., 2014; M.-B. Liu et al., 2013).

Conclusion

From the points mentioned earlier, we can draw the conclusion
that our dietary choices have a significant impact on our health
and can be the root cause of severe health issues. Consequently,
the use of dietary supplements, including probiotics, has
garnered substantial attention due to their numerous advantages.
Nevertheless, it’s crucial to gain a clear understanding of the
mechanisms through which these microorganisms deliver their
beneficial effects to the host.

Referencias

1. Hill, C., Guarner, F., Reid, G., Gibson, G. R., Merenstein,
D. J., Pot, B., Morelli, L., Canani, R. B., Flint, H. J.,
Salminen, S., Calder, P. C., & Salminen, S. (2014).
The International Scientific Association for Probiotics
and Prebiotics consensus statement on the scope and
appropriate use of the term probiotic. Nature reviews
Gastroenterology & hepatology, 11(8), 506-514.
DOI: https://doi.org/10.1038/nrgastro.2014.66

2. Kobyliak, N., Conte, C., Cammarota, G., Haley, A. P.,
Styriak, 1., Gaspar, L., Fusek, J., Rodrigo, L., & Kruzliak,
P. (2016). Probiotics in prevention and treatment of
obesity: a critical view. Nutrition & metabolism, 13(1),
1-13. DOI: https://doi.org/10.1186/s12986-016-0067-0

3. Lee,H.-Y, Park, J.-H., Seok, S.-H., Baek, M.-W., Kim, D.-
J., Lee, K.-E., Pack, K. S., Lee, Y., & Park, J.-H. (2006).
Human originated bacteria, Lactobacillus rhamnosus
PL60, produce conjugated linoleic acid and show anti-
obesity effects in diet-induced obese mice. Biochimica
et biophysica acta (BBA)-molecular and cell biology of
lipids, 1761(7), 736-744.
DOI: https://doi.org/10.1016/j.bbalip.2006.05.007

4. Ley, R. E., Turnbaugh, P. J., Klein, S., & Gordon, J. L.
(2006). Human gut microbes associated with obesity.
Nature, 444(7122), 1022-1023.
DOI: http://dx.doi.org/10.1038/4441022a

5. de Graaf, A. A., & Venema, K. (2007). Gaining insight
into microbial physiology in the large intestine: a special
role for stable isotopes. Advances in microbial physiology,
53,73-314.
DOI: https://doi.org/10.1016/s0065-2911(07)53002-x

6. Geurts, L., Lazarevic, V., Derrien, M., Everard, A., Van
Roye, M., Knauf, C., Valet, P., Girard, M., Muccioli, G.
G., Francois, P., de Vos, W. M., Schrenzel, J., Delzenne,
N. M., & Cani, P. D. (2011). Altered gut microbiota and
endocannabinoid system tone in obese and diabetic leptin-
resistant mice: impact on apelin regulation in adipose

10.

11.

12.

13.

14.

15.

16.

tissue. Frontiers in microbiology, 2, 149.

DOI: https://doi.org/10.3389%2Ffmicb.2011.00149

Ley, R. E., Béackhed, F., Turnbaugh, P., Lozupone, C. A.,
Knight, R. D., & Gordon, J. 1. (2005). Obesity alters gut
microbial ecology. Proceedings of the national academy
of sciences, 102(31), 11070-11075.

DOI: https://doi.org/10.1073/pnas.0504978102
Christensen, H. R., Frekiaer, H., & Pestka, J. J. (2002).
Lactobacilli differentially modulate expression of
cytokines and maturation surface markers in murine
dendritic cells. The Journal of Immunology, 168(1), 171-
178. DOL: http://dx.doi.org/10.4049/jimmunol.168.1.171
de La Serre, C. B., Ellis, C. L., Lee, J., Hartman, A. L.,
Rutledge, J. C., & Raybould, H. E. (2010). Propensity
to high-fat diet-induced obesity in rats is associated with
changes in the gut microbiota and gut inflammation.
American Journal of Physiology-Gastrointestinal and
Liver Physiology, 299(2), 440-448.

DOI: https://doi.org/10.1152/ajpgi.00098.2010

Saarela, M., Lihteenmaiki, L., Crittenden, R., Salminen,
S., & Mattila-Sandholm, T. (2002). Gut bacteria and
health foods—the European perspective. International
Jjournal of food microbiology, 78(1-2), 99-117.

DOI: https://doi.org/10.1016/s0168-1605(02)00235-0
Castro-Rodriguez, D. C., Juarez-Pilares, G., Cano-Cano,
L., Pérez-Sanchez, M., Ibaiiez, C. A., Reyes-Castro, L. A.,
Yanez-Fernandez, J., & Zambrano, E. (2020). Impact of
Leuconostoc SD23 intake in obese pregnant rats: benefits
for maternal metabolism. Journal of Developmental
Origins of Health and Disease, 11(5), 533-539.

DOI: https://doi.org/10.1017/s2040174420000367
Castro-Rodriguez, D. C., Reyes-Castro, L. A., Vega, C.
C., Rodriguez-Gonzalez, G. L., Yafiez-Fernandez, J., &
Zambrano, E. (2020). Leuconostoc mesenteroides subsp.
mesenteroides SD23 prevents metabolic dysfunction
associated with high-fat diet-induced obesity in male
mice. Probiotics and antimicrobial proteins, 12(2), 505-
516. DOI: https://doi.org/10.1007/s12602-019-09556-3
Cano, P. G., Santacruz, A., Moya, A., & Sanz, Y. (2012).
Bacteroides uniformis CECT 7771 ameliorates metabolic
and immunological dysfunction in mice with high-fat-diet
induced obesity. PloS One, 7(7), 41079.

DOI: https://doi.org/10.1371/journal.pone.0041079
Argyri, A. A., Zoumpopoulou, G., Karatzas, K.-A. G.,
Tsakalidou, E., Nychas, G.-J. E., Panagou, E. Z., &
Tassou, C. C. (2013). Selection of potential probiotic
lactic acid bacteria from fermented olives by in vitro tests.
Food microbiology, 33(2), 282-291.

DOI: https://doi.org/10.1016/j.fm.2012.10.005
Castro-Rodriguez, D. C., Hernandez-Sanchez, H., &
Yanez Fernandez, J. (2015). Probiotic properties of
Leuconostoc mesenteroides isolated from aguamiel of
Agave salmiana. Probiotics and antimicrobial proteins,
7(2), 107-117. DOI: https://doi.org/10.1007/s12602-015-
9187-5

Moreno-Vilet, L., Garcia-Hernandez, M. H., Delgado-
Portales, R. E., Corral-Fernandez, N. E., Cortez-Espinosa,
N., Ruiz-Cabrera, M. A., & Portales-Perez, D. P. (2014).

J N food sci tech; 2023

www.unisciencepub.com

Volume 4 | Issue 4 | 5 of 7



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

In vitro assessment of agave fructans (Agave salmiana)
as prebiotics and immune system activators. /nternational
Jjournal of biological macromolecules, 63, 181-187.

DOI: https://doi.org/10.1016/j.ijbiomac.2013.10.039
Castro-Rodriguez, D. C., Hernandez-Sanchez, H., &
Yanez-Fernandez, J. (2019). Structural characterization
and rheological properties of dextran produced by native
strains isolated of Agave salmiana. Food Hydrocolloids, 90,
1-8. DOL: https://doi.org/10.1016/j.foodhyd.2018.11.052
Escalante, A., Elena Rodriguez, M., Martinez, A.,
Lépez-Munguia, A., Bolivar, F., & Gosset, G. (2004).
Characterization of bacterial diversity in Pulque, a
traditional Mexican alcoholic fermented beverage, as
determined by 16S rDNA analysis. FEMS Microbiology
Letters, 235(2),273-279.

DOI: https://doi.org/10.1111/j.1574-6968.2004.tb09599.x
Gomes, A. C., Bueno, A. A., de Souza, R. G. M., & Mota,
J. F. (2014). Gut microbiota, probiotics and diabetes.
Nutrition journal, 13(1), 1-13.

DOI: https://doi.org/10.1186/1475-2891-13-60

Tao, Y.-W., Gu, Y.-L., Mao, X.-Q., Zhang, L., & Pei, Y.-F.
(2020). Effects of probiotics on type II diabetes mellitus:
a meta-analysis. Journal of translational medicine, 18(1),
1-11. DOI: https://doi.org/10.1186/s12967-020-02213-2
Samah, S., Ramasamy, K., Lim, S. M., & Neoh, C. F.
(2016). Probiotics for the management of type 2 diabetes
mellitus: A systematic review and meta-analysis. Diabetes
research and clinical practice, 118, 172-182.

DOI: https://doi.org/10.1016/j.diabres.2016.06.014
Bagarolli, R. A., Tobar, N., Oliveira, A. G., Aragjo, T. G.,
Carvalho, B. M., Rocha, G. Z., Vecina, J. F., Calisto, K.,
Guadagnini, D., Prada, P. O., Santos, A., Saad, S. T. O., &
Saad, M. J. A. (2017). Probiotics modulate gut microbiota
and improve insulin sensitivity in DIO mice. The Journal
of nutritional biochemistry, 50, 16-25.

DOI: https://doi.org/10.1016/j.jnutbio.2017.08.006
Pegah, A., Abbasi-Oshaghi, E., Khodadadi, 1., Mirzaei,
F., & Tayebinia, H. (2021). Probiotic and resveratrol
normalize GLP-1 levels and oxidative stress in the
intestine of diabetic rats. Metabolism Open, 10, 100093.
DOI: https://doi.org/10.1016/j.metop.2021.100093
Miiller, T. D., Finan, B., Bloom, S. R., D’Alessio, D.,
Drucker, D. I, Flatt, P. R., Fritsche, A., Gribble, F., Grill,
H. J., Habener, J. F., Holst, J. J., Langhans, W., Meier, J.
J., Nauck, M. A., Perez-Tilve, D., Pocai, A., Reimann, F.,
Sandoval, D. A., Schwartz, T. W....et al., & Tschop, M. H.
(2019). Glucagon-like peptide 1 (GLP-1). Mol Metab, 30,
72-130.

DOI: https://doi.org/10.1016/j.molmet.2019.09.010
Johansen, J. S., Harris, A. K., Rychly, D. J., & Ergul,
A. (2005). Oxidative stress and the use of antioxidants
in diabetes: linking basic science to clinical practice.
Cardiovascular diabetology, 4(1), 1-11.

DOI: http://dx.doi.org/10.1186/1475-2840-4-5

Kocsis, T., Molnar, B., Németh, D., Hegyi, P., Szakacs, Z.,
Balint, A., Garami, A., Sods, A., Marta, K., & Solymar,
M. (2020). Probiotics have beneficial metabolic effects in
patients with type 2 diabetes mellitus: a meta-analysis of
randomized clinical trials. Scientific reports, 10(1), 11787.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

DOI: https://doi.org/10.1038/s41598-020-68440-1
Rezazadeh, L., Gargari, B. P., Jafarabadi, M. A., & Alipour,
B. (2019). Effects of probiotic yogurt on glycemic indexes
and endothelial dysfunction markers in patients with
metabolic syndrome. Nutrition, 62, 162-168.

DOI: https://doi.org/10.1016/j.nut.2018.12.011

Li, X., Wang, E., Yin, B., Fang, D., Chen, P., Wang,
G., Zhao, J., Zhang, H., & Chen, W. (2017). Effects of
Lactobacillus casei CCFM419 on insulin resistance
and gut microbiota in type 2 diabetic mice. Beneficial
microbes, 8(3), 421-432.

DOI: https://doi.org/10.3920/bm2016.0167

Hsieh, F.-C., Lee, C.-L., Chai, C.-Y.,Chen, W.-T., Lu, Y.-C.,
& Wu, C.-S. (2013). Oral administration of Lactobacillus
reuteri GMNL-263 improves insulin resistance and
ameliorates hepatic steatosis in high fructose-fed rats.
Nutrition & metabolism, 10(1), 35.

DOI: https://doi.org/10.1186/1743-7075-10-35
Zambrano, E., & Nathanielsz, P. W. (2013). Mechanisms
by which maternal obesity programs offspring for
obesity: evidence from animal studies. Nutrition reviews,
71(suppl 1), S42-S54.

DOI: https://doi.org/10.1111/nure.12068

Aerts, L., & Van Assche, F. A. (2003). Intra-uterine
transmission of disease. Placenta, 24(10), 905-911.

DOI: https://doi.org/10.1016/s0143-4004(03)00115-2
Reyes-Castro, L. A., Rodriguez, J. S., Rodriguez-
Gonzalez, G. L., Chavira, R., Bautista, C. J., McDonald,
T. J., Nathanielsz, P. W., & Zambrano, E. (2012). Pre-and/
or postnatal protein restriction developmentally programs
affect and risk assessment behaviors in adult male rats.
Behavioural brain research, 227(2), 324-329.

DOI: https://doi.org/10.1016/j.bbr.2011.06.008

Barker, D. J., & Fall, C. H. (1993). Fetal and infant origins
of cardiovascular disease. Archives of disease in childhood,
68(6), 797. DOI: https://doi.org/10.1136%2Fadc.68.6.797
Fichorova, R. N., Onderdonk, A. B., Yamamoto, H.,
Delaney, M. L., DuBois, A. M., Allred, E., & Leviton,
A. (2011). Maternal microbe-specific modulation of
inflammatory response in extremely low-gestational-age
newborns. MBio, 2(1), 10-1128.

DOI: https://doi.org/10.1128/mbio.00280-10

Sanz, Y., & De Palma, G. (2009). Gut microbiota and
probiotics in modulation of epithelium and gut-associated
lymphoid tissue function. [International reviews of
immunology, 28(6), 397-413.

DOI: https://doi.org/10.3109/08830180903215613

Desai, M., Crowther, N. J., Ozanne, S. E., Lucas, A., &
Hales, C. N. (1995). Adult glucose and lipid metabolism
may be programmed during fetal life. Biochemical Society
Transactions, 23(2), 331-335.

DOI: https://doi.org/10.1042/bst023033 1

Rautava, S., Luoto, R., Salminen, S., & Isolauri, E. (2012).
Microbial contact during pregnancy, intestinal colonization
and human disease. Nature reviews Gastroenterology &
hepatology, 9(10), 565-576.

DOI: https://doi.org/10.1038/nrgastro.2012.144

J N food sci tech; 2023

www.unisciencepub.com

Volume 4 | Issue 4 | 6 of 7



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Burdett, K., & Reek, C. (1979). Adaptation of the small
intestine during pregnancy and lactation in the rat.
Biochemical Journal, 184(2), 245-251.

DOI: https://doi.org/10.1042%2Fbj 1840245

Craft, I. L. (1970). The influence of pregnancy and
lactation on the morphology and absorptive capacity of
the rat small intestine. Clinical Science, 38(3), 287-295.
DOI: https://doi.org/10.1042/cs0380287

Gopalakrishna, K. P., & Hand, T. W. (2020). Influence
of maternal milk on the neonatal intestinal microbiome.
Nutrients, 12(3), 823.

DOI: https://doi.org/10.3390%2Fnu12030823

Johnson, M. L., Saffrey, M. J., & Taylor, V. J. (2019).
Gastrointestinal capacity, gut hormones and appetite
change during rat pregnancy and lactation. Reproduction,
157(5), 431-443. DOI: https://doi.org/10.1530/rep-18-
0414

Liu, P, Che, L., Yang, Z., Feng, B., Che, L., Xu, S., Lin, Y.,
Fang, Z., Li, J., & Wu, D. (2016). A maternal high-energy
diet promotes intestinal development and intrauterine
growth of offspring. Nutrients, 8(5), 258.

DOI: https://doi.org/10.3390%2Fnu8050258

Esposito, E., lacono, A., Bianco, G., Autore, G.,
Cuzzocrea, S., Vajro, P., Canani, R. B., Calignano, A.,
Raso, G. M., & Meli, R. (2009). Probiotics reduce the
inflammatory response induced by a high-fat diet in the
liver of young rats. The Journal of nutrition, 139(5), 905-
911. DOI: https://doi.org/10.3945/jn.108.101808
Kaburagi, T., Yamano, T., Fukushima, Y., Yoshino, H.,
Mito, N., & Sato, K. (2007). Effect of Lactobacillus
johnsonii Lal on immune function and serum albumin in
aged and malnourished aged mice. Nutrition, 23(4), 342-
350. DOI: https://doi.org/10.1016/j.nut.2007.02.001
Million, M., Diallo, A., & Raoult, D. (2017). Gut microbiota
and malnutrition. Microbial pathogenesis, 106, 127-138.
DOI: https://doi.org/10.1016/j.micpath.2016.02.003
Angelakis, E., Armougom, F., Million, M., & Raoult,
D. (2012). The relationship between gut microbiota and
weight gain in humans. Future microbiology, 7(1), 91-
109. DOI: https://doi.org/10.2217/fmb.11.142

Koren, O., Goodrich, J. K., Cullender, T. C., Spor, A.,
Laitinen, K., Béackhed, H. K., Gonzalez, A., Werner, J.
J., Angenent, L. T., Knight, R., Backhed, F., Isolauri, E.,
Salminen, S., & Ley, R. E. (2012). Host remodeling of the
gut microbiome and metabolic changes during pregnancy.
Cell, 150(3), 470-480. DOL: https://doi.org/10.1016%2Fj.
cell.2012.07.008

48.

49.

50.

51.

52.

53.

54.

Brantsater, A. L., Myhre, R., Haugen, M., Myking, S.,
Sengpiel, V., Magnus, P., Jacobsson, B., & Meltzer, H. M.
(2011). Intake of probiotic food and risk of preeclampsia
in primiparous women: the Norwegian Mother and Child
Cohort Study. American journal of epidemiology, 174(7),
807-815. DOI: https://doi.org/10.1093/aje/kwr168
Asemi, Z., Samimi, M., Tabassi, Z., Naghibi Rad, M.,
Rahimi Foroushani, A., Khorammian, H., & Esmaillzadeh,
A. (2013). Effect of daily consumption of probiotic yoghurt
on insulin resistance in pregnant women: a randomized
controlled trial. European journal of clinical nutrition,
67(1), 71-74. DOI: https://doi.org/10.1038/ejcn.2012.189
Luoto, R., Laitinen, K., Nermes, M., & Isolauri, E.
(2010). Impact of maternal probiotic-supplemented
dietary counselling on pregnancy outcome and prenatal
and postnatal growth: a double-blind, placebo-controlled
study. British journal of nutrition, 103(12), 1792-1799.
DOI: https://doi.org/10.1017/s0007114509993898
Donnet-Hughes, A., Perez, P. F., Dor¢, J., Leclerc, M.,
Levenez, F., Benyacoub, J., Serrant, P., Rogerro, I. S,
& Schiffrin, E. J. (2010). Potential role of the intestinal
microbiota of the mother in neonatal immune education.
Proceedings of the Nutrition Society, 69(3), 407-415.
DOI: https://doi.org/10.1017/s0029665110001898
Matsuzaki, T., & Chin, J. (2000). Modulating immune
responses with probiotic bacteria. Immunology and cell
biology, 78(1), 67-73.

DOI: https://doi.org/10.1046/j.1440-1711.2000.00887.x
Fernandez, L., Arroyo, R., Espinosa, I., Marin, M.,
Jiménez, E., & Rodriguez, J. M. (2014). Probiotics for
human lactational mastitis. Beneficial microbes, 5(2), 169-
183. DOL: https://doi.org/10.3920/bm2013.0036

Liu, M.-B., Xu, S.-R., He, Y., Deng, G.-H., Sheng, H.-F.,
Huang, X.-M., Ouyang, C. =Y., & Zhou, H.-W. (2013).
Diverse vaginal microbiomes in reproductive-age women
with vulvovaginal candidiasis. PloS one, 8(11), ¢79812.
DOI: https://doi.org/10.1371/journal.pone.0079812

Copyright: ©2023 Diana C. Castro-Rodriguez. This is an open-access

article distributed under the terms of the Creative Commons Attribution

License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

J N food sci tech; 2023

www.unisciencepub.com

Volume 4 | Issue 4 | 7 of 7



