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Abstract

The interaction between the gut microbiota and its
mammalian host is influenced by diet. The host can absorb
small metabolites produced by the microbiota, which can
alter a range of physiological processes. Several types of
gut microbes are linked to immunological and metabolic
illnesses, as well as the host's overall health. Bacteroides,
Clostridium, and Bifidobacterium are frequently found
among these gut flora. We look at how the human intestinal
microbiome is influenced by nutrition obtained from plant
or animal based diet and how this can affect health and
disease. Anaerobic bacteria in the colon produce short
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chain fatty acids (SCFAs) as the principal metabolic
products of fermentation. As possible mediators, these
fatty acids have been connected to the gut microbiota's
influence on intestinal immune function. They've also been
implicated in the treatment of inflammatory disorders such
as obesity, type 2 diabetes, and heart disease. To this end,
the Mediterranean diet (MD), as compared to a westernized
diet, has more dietary fibre, leading to the generation of
SCFAs. MD thus, has a favourable impact on the immune
system and gut bacteria. As a result, the Mediterranean diet
is encouraged not only as a potential aid in the treatment of
numerous ailments, but also as a means of promoting
global health.
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Since the earliest times, microbes have played an important
role in our biosphere. These microorganisms are also a
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significant element of the human body, that harbors
trillions of microbes and is recognized as the "human
microbiome." Every individual has a unique microbial
flora on their skin and mucous membranes right after birth
through death. These are known to have an important role
in the normal functioning of multicellular organisms' vital
systems (such as digestive, immunological, and
neurological systems), as well as in health and disease [66,
19]. Rapid advancements in high-throughput sequencing
technologies and humanized gnotobiotic models, that
explore the function of the microbiome in human health
and disease, have sparked interest in the human
microbiome, particularly the gut microbiome, in recent
decades.

The human gut microbiome contains ~ 10%% to 10%
commensal microorganisms, such as bacteria, archaea,
viruses, fungi, and protists, that live in the human digestive
tract [54, 84]. These microorganisms live inside an
individual from conception to death, and the microbiome
can alter substantially during different stages of life [22,
44]. However, when a person's diet is drastically altered,
the biggest shift occurs. Dietary changes and eating habits
have a significant impact on the microbiota [36, 76, 62].
Probiotics and prebiotics are the two key dietary
interventions that are intended to provide health benefits.
Probiotics help the host organism's immunity by
replenishing the gut flora and reducing inflammation and
other gastrointestinal illnesses [83]. By enhancing mucosal
barrier function and increasing epithelial integrity, they
may also aid to improve host health immunological
function. This is accomplished by restricting mucosal
passage of organisms and metabolites from the lumen and
enhancing mucosal antibody production. [96]. Prebiotics,
on the other hand, are dietary ingredients such as
specialised plant fibres that help beneficial microbes grow
and function better. They also nourish the gut's healthy
microbiota, which in turninfluences the bacterial
composition of the gut microbiome. In a nutshell,
probiotics are good bacteria, while prebiotics are good
bacteria's food. Lactobacillus and Bifidobacterium are two
of the most widely consumed probiatics. Probiotics are in
greater demand as a result of growing public awareness of
their positive effects on health. As a result, a tailored
dietary intervention in the gut microbiota may be beneficial
for disease management as well as healthy ageing [28, 43,
64, 74].

Role of diet in the gut microbiome health

Both intrinsic (host genetics, immunological, and
metabolic reactions) and extrinsic (diet, lifestyle, and

medication) variables regulate the microbiota of the human
gut [75, 90, 91]. These variables are instrumental in the
development of a distinct microbiome that differs from
person to person. Among these key aspects, diet is a critical
component that can considerably influence or alter the
composition of the gut microbiota. Essentially, the bacteria
in the gut have an impact on how much nutrients and
energy the human host can get from their meals. The end
products of the food digested as well as the undigested
dietary substances are further metabolized by the resident
gut flora to produce different diet derived metabolites like
SCFAs or the secondary metabolites produced by microbes
[36, 85].

Bacteria from two major phyla dominate the gut
microbiome, accounting for approx. 95-97.7% of the total
gut microbiota: gram-positive Firmicutes, which include
the genera Lactobacillus, Enterococcus, Clostridium, and
Faecalibacterium, and gram-negative Bacteroidetes,
which include prominently the genera Bacteroides and
Prevotella [37, 50, 65, 81]. The balance between these two
major bacterial groups, Firmicutes and Bacteroidetes (F/B
ratio), is commonly recognised as a key sign of gut
dysbiosis. The increase in the F/B ratio i.e., a substantial
increase in  bacterial species like  Clostridium,
Enterococcus, etc. is linked to obesity and a decrease in this
ratio is linked to inflammatory conditions like
inflammatory bowel disease (IBD). Individual variations in
gut microbiota composition due to diet have been
studied extensively, and research evidence suggests that
vegans and vegetarians have minimal differences amongst
them [36, 42, 86]. A diet majorly based on plants appears
to benefit human health by supporting the establishment of
a diversified gut flora [92].

Effect of Plant based diet

A plant-based or vegan diet includes all vegetarian meals but
excludes animal-derived foods, such as dairy products
(included in the vegetarian diet). The vegan diet has been shown
to raise Bifidobacterium and Lactobacillus populations due to
its high polyphenol content. This is due to the fact that
polyphenols increase the number of bacteria that can metabolise
complex carbohydrates to create SCFA, which are crucial for
the control of metabolism, inflammation, and illness [41]. These
are vital for cardiovascular health because of their anti-
inflammatory properties [50, 12, 7]. Inaddition, the higher fibre
content of vegan meals compared to omnivore diets encourages
the growth of fibre-degrading bacteria such as Bacteroides,
Prevotella, Bifidobacterium, Ruminococcus, and
Clostridium, etc. that can metabolise carbs and vitamins [50,
94, 72].
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Figure 1: Long-term consumption of an animal protein-rich diet raises illness risk by creating harmful metabolites in the colon, such as
amines, H2S, and ammonia. Long term intake of plant-based diet leads to the production of SCFAs which have been linked to tumour-

suppression and anti-inflammatory effects.

As a result, with fibre-rich vegetarian and vegan diets,
short-chain fatty acids (SCFAs) like butyrate, acetate, and
propionate, which are products of microbial fermentation,
are elevated in the stomach (Figure 1). Gut microbiota also
helps in breakdown of indigestible dietary fibres,
polysaccharides, peptides, and sugar in the cecum and
colon, that are resistant to digestion by the host enzymes.
These SCFAs are colonocytes' primary energy sources, and
they've been linked to a reduction in inflammatory bowel
disease, type 2 diabetes, obesity, and immunological
disorders. They also improve host immunity to infections
and regulate key intestinal activities such as intestinal
motility, and mucus formation [95, 79, 38]. Additionally,
butyrate and propionate also stimulate gluconeogenesis in
the liver and gut, which helps to maintain glucose and
energy homeostasis. As a result, they've been suggested as
promising therapeutic targets for both diet-induced obesity
and disorders like Crohn's disease and ulcerative colitis
[21, 46]. Further, in addition to the well-known protective
function of SCFAs, proteins like flagellin, poly-
galacturonase (involved in the degradation of pectic
substances), and levansucrase, that are specifically
associated with the diet of vegans and vegetarians, have
been reported to have tumour-suppression and anti-
inflammatory activities [17]. Isothiocyanates, mostly
present in plants such as cruciferous vegetables, also have
cytoprotective and anti-oxidant properties [86, 23].

Another important aspect of a plant-based diet that
influences gut bacteria is the presence of non-digestible
carbohydrates like starch and some sugars that can be
fermented by gut bacteria in the large intestine, thereby
providing energy and nutrients, resulting in a significant
increase in lactic acid bacteria, Ruminococcus, and
Roseburia species, as well as a decrease in Clostridium and
Enterococcus species. Interestingly, as compared to plant-

based diets, animal fat and protein-rich diets also exhibit
unique alterations in gut microbial composition [18, 33, 10,
70].

Effect of Animal based diet

Animal-based diets, such as meat, cheese, and eggs, are
high in protein (including dairy and meat protein) which
provides the human body with roughly nine essential
amino acids. Researchers found that red meat (pork and
beef) provide good source of nutrients such L-carnitine,
choline, B vitamins, copper, manganese, zinc, and heme
iron [1, 80]. Beef led to a rise the relative abundance of
Blautia, Clostridium, Proteobacteria, Lactobacillus, and
Firmicutes in mouse, rat, and pig models while a decrease
in Bacteroidetes, Bifidobacterium, and Akkermansia [98,
99]. This upsets the F/B ratio and may lead to obesity. In
addition, the meat type and its cooking method also
influences the microbial profile in human gut. Fried meat
consumption, for example, reduces the amount of
Flavonifractor as well as the beneficial faecal co-
metabolites (butyric acid and valeric acid). Conversely,
this increases the abundance of carnitine and melengestrol
acetate, which are both harmful co-metabolites. Also,
abundance of Dialister, Dorea, and Veillonella, all
belonging to the Firmicutes phylum increases with
consumption of fried meat [26]. It has also been discovered
that following a ketogenic diet reduces the relative
abundance of Dialister,  Eubacterium rectale and
Bifidobacterium. A ‘ketogenic’ diet mainly consists of
foods rich in fats, moderate in proteins and very low
carbohydrates and fibres, which includes foods like meats,
poultry, fish, eggs, butter, cream, nuts and green leafy
vegetables. Also, artificial and nutrition-less sweeteners
may also be added in place of sugar in a ketogenic diet. The
F/B ratio is also disrupted by ketogenic diets, resulting in
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an increase in Bacteroidetes and a decrease in Firmicutes
[57, 4].

Excessive consumption of meat and meat products,
particularly red and processed meat, has been associated to
the development of inflammatory bowel disease (IBD),
colorectal cancer (CRC), cardiovascular disease, and
metabolic disorders such type 2 diabetes mellitus and
obesity, according to studies [25, 47, 67, 69, 73]. The
cooking and consumption of red meat not only reduces
SCFAs but also causes the production of N-nitroso-
compounds and heterocyclic amines, both of which raise
the risk of colorectal cancer. Furthermore, animal protein
consumption is associated with increases in trimethylamine
N-oxide (TMAO), a molecule associated to an increased
risk of heart disease [80]. By boosting platelet hyper-
responsiveness to various agonists, TMAO can generate
extremely high levels of vascular inflammation and pro-
thrombosis, and it may be involved in the pathophysiology
of cardiovascular diseases (CVDs) like atherosclerosis,
hypertension, myocardial infarction, type 2 diabetes,
obesity [30, 97]. Also, long-term intake of a diet rich in
animal protein increases the risk of central nervous system
(CNS) diseases like multiple sclerosis, by producing toxic
metabolites in the colon, including amines, H.S, and
ammonia [8].

White meat diet (like fish), on the other hand, may have
metabolic benefits by lowering the risk of cardiovascular
disorders and Age-Related Macular Degeneration (AMD).
The high quantities of n-3 polyunsaturated fatty acids
(PUFAS) in the diet have been linked to the beneficial
effects of fish eating. Similarly, fish oil has been associated
to higher Lactobacillus and Akkermansia muciniphila
levels as well as reduced gastrointestinal inflammation [48,
68]. Omega-3 PUFAs from fish can also help to reverse gut
dysbiosis and boost SCFAS synthesis [13, 55, 88].

Effect of Western and Mediterranean diets

Diets vary greatly over the world due to differences in
economic development, as well as agricultural and cultural
practises. They also vary markedly from west to east.
Americans and Europeans are the primary followers of the
Western diet. Asians, Chinese, and their neighbours, on the
other hand, mostly follow the Eastern diet. Residents of the
same geographical zone and, in some cases, within the
same country, may well have distinct eating habits
depending on whether they live in urban or rural areas and
whether they belong to communities with varied socio-
cultural traditions. Variations in eating habits can explain
the significant influence of geography on the structure of
gut microbial communities [49].

Several countries have adopted the Mediterranean diet,
which is a traditional dietary regime. This diet consists of
an increased intake of fibres, cereals, vegetables, nuts, and
fruits, as well as a low intake of fish, seafood, white meat
and eggs, poultry, and dairy. While, the typical Eastern diet
consists of rice or noodles, soup, and a variety of vegetable
and meat dishes. The African cuisine is strikingly similar

to that of Eastern countries because it is based mostly on
local products as well [24]. The "Western" diet in the
developed world differs greatly from that of previous
generations, with the most prominent difference being a
move from a mostly plant-based to a predominantly
animal-based diet. A Western-style diet is characterised by
calorie-dense foods high in glycemic carbs, saturated fats,
animal proteins, and limited amounts of vegetables and
fruits. As a result, substances that promote a pro-
inflammatory environment in the colon are present in the
western diet. As a result, it's unsurprising that it's being
considered accountable for the rise in the frequency and
severity of IBD as a primary underlying cause [71].
Furthermore, research investigations have revealed that
switching to a Western diet has a negative impact on the
gut microbiota [6, 77]. The western diet is poor in
microbiota-accessible carbohydrates (MACs), which
might reduce microbial diversity irreversibly, and lead to a
substantial decrease of beneficial bacteria in the digestive
system.

The Mediterranean diet is high in both complex and
insoluble fibres when compared to a typical Western diet.
Several studies have found that certain foods, particularly
dietary fibre and proteins, have significant effects on gut
microbiota composition and metabolite production, which
impacts a variety of features of the host's immunological
and metabolic health [9, 14, 53, 58, 63]. A high dietary
fibre intake is widely perceived to support an excellent gut
microbiota modulation/maintenance, with a reduced
population of Firmicutes and a higher population of
Bacteroidetes, resulting in high levels of SCFASs in the gut,
particularly butyrate. These SCFAs maintain energy
homeostasis in host immunological activities and normal
gut physiology, that helps to keep the colon healthy [15].
As a result, the amount of SCFAs produced is frequently
used as a measure to assess the health of microbiota. Higher
levels of Roseburia, Lachnospira, and Prevotella, as well
as enhanced SCFA synthesis, have been associated to a
plant-based diet. SCFA levels in the faeces of IBD patients
were shown to be significantly lower than in healthy
controls, suggesting that SCFAs may be preventive
towards IBD [2, 61].

Choline and L-carnitine, both of which are thought to be
beneficial to heart health, are found in eggs, red meat, and
cheese in a conventional Western-style diet, but in less
levels in a Mediterranean-style diet. L-carnitine is
delivered to microorganisms in the human intestine by
eating red meat. There it is broken down by these bacteria
and converted to TMAO. High TMAO levels in the urine
have also been linked to poor compliance to Mediterranean
diet [40, 89]. As a result, it's probable that some of the
Mediterranean diet's favourable benefits on host cardio-
metabolic health are mediated in part by microbiome-
related mechanisms [18, 80]. Thus, the Mediterranean diet
affects gut microbiota profiles (such as causing an increase
in levels of Bacteroidetes, Lactobacilli, Clostridium,
Faecalibacterium, and Bifidobacteria, or lowering the
levels of Firmicutes) and therefore can impact the
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variability, features and functions of various gut microbes,
enhancing healthy metabolites that may provide substantial
advantages to the host [24].

Effect of Processed foods

Mediterranean diet may also contribute to the health
benefits with the consumption of fewer processed foods
than a Western-style diet, which has a significantly larger
proportion of processed foods of plant and animal origin.
While food processing has been around since the dawn of
time and is necessary to assure the safety of food products,
digestibility, and palatability, current socioeconomic
changes, however, have led to consumption of unhealthy
food products and dietary practices. Food processing scales
can range from operations like packaging and freezing,
which do not greatly modify the original foodstuff or its
nutritional value, to processes like extreme heat-treatment,
which dramatically alter both the look and nutritional value
of the product. As a result, a scale must be developed to
show the extent to which a food product has been treated
in terms of the nutritional content that has been altered or
lost [56].

Micronutrient levels in ultra-processed foods as a result of
the treatments are very less than that of natural foods [20,
31, 51, 82]. A processed-food-rich diet, such as that seen
in Western diets, may thereby raise the risk of vitamin or
mineral deficiency. Because many micronutrients have
well-known roles in the human body, micronutrient
deficiency leading to altered metabolic pathways is
apparent.  Micronutrient  insufficiency has  been
demonstrated to impact the gut flora. This is because
micronutrients are required for optimum growth of certain
bacterial processes or strains, such as vitamin B2 is
required for F. prausnitzii to grow. A lack of vitamin A,
zinc, folate, or iron, for example, has a deleterious impact
on gut microbial diversity [5, 39]. Hibberd et al in 2017
used gnotobiotic mice model systems to demonstrate that
acute deficiency of vitamin A drastically affects the
bacterial community and leads to a profund increase in
Bacteroides vulgatus [32].

Micronutrient deficiencies have been linked to a number of
health issues such as oxidative stress, resistance to insulin,
leptin secretion, increase in inflammatory markers etc. [11,
32]. By altering gut flora and their metabolism, Western
eating patterns that contain a lot of processed foods may
produce a digestive system imbalance [56].

Other important components of processed foods items, the
food emulsifiers increase gastrointestinal inflammation,
while non-nutritive artificial sweeteners, in processed
foods are linked with insulin resistance in metabolic
disorders. Long-term consumption of processed foods
containing food emulsifiers (such as sodium sulfite and P-
80) suppresses the growth of anti-inflammatory bacteria
like Faecalibacterium prausnitzii [35]. Furthermore,
research with mice have revealed that dietary emulsifiers
reduce microbial diversity while increasing the number of

Gammaproteobacteria, which has been linked to metabolic
disorders, inflammation, and cancer [29, 78]. Refined
carbohydrates, sugars, omega-6 polyunsaturated fatty
acids, and a lack of fruits and vegetables (all trademarks of
processed meals) have all been related to an increased risk
of developing IBD [2, 60].

Thus a reduced intake of processed foods with calorie
restriction can improve gut bacteria composition and
diversity. This is achieved by protecting/fostering
population numbers of various beneficial bacterial
species [59].

A case study of obesity

Firmicutes and Bacteroidetes are the two major bacterial
groups, accounting for ~60-80% and ~20-40% of the total
gut microbiota, respectively. As a result, the ratio of these
two bacterial groups (Firmicutes/Bacteroidetes: (F/B)
ratio) is critical for maintaining normal intestinal
homeostasis. Dysbiosis is defined as an increase or
reduction in the F/B ratio, with a higher F/B ratio being
associated with the risk of obesity and the latter with
inflammatory bowel disease (IBD) (Figure 2) [27, 52, 83].
Ley et al. proposed the link between obesity and gut
microbiota in 2005 [45], using 16S rRNA gene sequencing
in mouse models that were of leptin-deficient, to examine
the gut microbiota at the major phyla level (the leptin gene
LEP produces the hormone leptin, which is implicated in
body weight control). Gut microbiota from thin and obese
donors were transplanted into germ-free/gnotobiotic
recipient mice. Mice given microbiota from diet-induced
obese donors (ob/ob) accumulated twice the amount of
body fat as mice administered microbiota from lean
donors. Furthermore, the mice with microbiota from obese
vs. thin mice grew more fat tissue despite eating the same
amount of calories as the latter, demonstrating that
microbial communities derived from obese vs. thin mice
have different effects on the energy balance of their new
hosts [45]. These investigations revealed that the
transplanted bacteria boosted caloric release in the host,
implying that the gut microbiota is linked to obesity in the
host. Furthermore, the gut microbiome has been
demonstrated to alter host energetics, with transplanted gut
bacteria extracting more energy from the same amount of
calories as normal mice [93]. This is because the gut
microbiota transferred modified host genes that affect
adipocyte energy deposition [3, 87]. A link between the gut
flora and obesity has even been discovered in human
studies. In overweight/obese people, lower stool bacterial
diversity has been linked to more prominent obesity. The
F/B ratio was also shown to be higher in obese individuals,
with more Firmicutes and about 90% fewer Bacteroidetes
than lean ones, according to sequence analysis of faecal
samples. Similarly, obese patients who were put on a low-
fat or low-carbohydrate diet for at least a year had less
Firmicutes in their colon and more Bacteroidetes. As a
result, such research suggests that lifestyle changes, such
as dietary changes, does affect gut microbiota [16, 41].
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Figure 2: The ratio of the two bacterial taxa (Firmicutes/Bacteroidetes: (F/B) ratio) is critical for optimal intestinal
homeostasis. A shift in the F/B ratio indicates dysbiosis, with a higher F/B ratio indicating obesity and a lower F/B ratio

indicating inflammatory bowel disease (IBD)
Conclusion

Diet is one of the key players in the establishment as well as
maintenance of gut microbiota of humans. The consumption
of plant-based or animal-based diets can result in specific
changes in the gut microbiota's composition. SCFAs or short
chain fatty acids which are derived mostly from a plant-based
diet have long been known to provide therapeutic effects.
Alternatively, high consumption of animal-based foods may
cause diseased states like IBD or cardiovascular diseases. The
western diet relies heavily on foods of animal origin including
processed foods, while a Mediterranean diet comprises of a
‘balance’ between animal and plant-based foods without
compromising on the nutritional parameter. In addition to diet,
different eating habits related to cooking and processing like
western, eastern, ketogenic, Mediterranean, fried or well-
cooked, can change the microbial composition of our gut
microbiome as well as the concentrations of micronutrients in
the body. Such dietary habits may also play a pivotal role in
health and disease susceptibility. Thus, dietary interventions
may be an effective way of causing changes in the intestinal
microbiota. These are also feasible, at the same time, allowing
for the repair of intestinal microbiome aberrations or
imbalances and thereby improving overall health.

Acknowledgments

Y.T, V.B., G.G. and J.K. thanks Gargi College,
University of Delhi and J.K. thanks Maitreyi College for
providing infrastructural support.

Funding

The authors received no funding for their submitted work
from any entity.

Statements & Declarations
Author Contributions

The topic was conceived and designed by all authors.
Yashika Thakran, Vanshi Bali, and Garima Badhan did
the literature survey and wrote the first draft of the
manuscript, and all authors provided feedback on prior
drafts. The manuscript was critically revised and
approved by the corresponding authors.

Compliance With Ethical Standards

None of the authors conducted any animal or human
studies for this article.

Conflict of Interest

The authors declare that they have no competing interests
that are relevant to the content of this work.

References

1. Albracht-Schulte K, Islam T, Johnson P, Moustaid-
Moussa N (2021) Systematic review of beef protein effects
on gut microbiota: implications for health. Adv Nutr
12:102-114. https://doi.org/10.1093/advances/n maa085

2. Altgjar S, Moss A (2020) Inflammatory bowel disease
environmental risk factors: diet and gut microbiota. Curr
Gastroenterol Rep 22:1-7. https://doi.org/10.1007/s11894-
020-00794-y

3. Aoun A, Darwish F, Hamod N (2020) The influence of the
gut microbiome on obesity in adults and the role of
probiotics, prebiotics, and synbiotics for weight loss. Prev



Microsphere (2022) 1(2): 102-112

108

10.

11.

12.

13.

14.

Nutr Food Sci
https://doi.org/10.3746/pnf.2020.25.2.113

25:113.

Attaye, I., van Oppenraaij, S., Warmbrunn, M. V., &
Nieuwdorp, M. (2021). The Role of the Gut Microbiota on
the Beneficial Effects of Ketogenic Diets. In Nutrients
(Vol. 14, Issue 1, p. 191). MDPI AG.
https://doi.org/10.3390/nu14010191

Barra NG, Anhé FF, Cavallari JF, Singh AM, Chan DY,
Schertzer JD (2021). Micronutrients impact the gut
microbiota and blood glucose. J Endocrinol 250:R1-R21.
https://doi.org/10.1530/joe-21-0081

Beam A, Clinger E, Hao L (2021) Effect of diet and dietary
components on the composition of the gut microbiota.
Nutrients 13:2795. https://doi.org/10.3390/nu13082795

Behl, T., Bungau, S., Kumar, K., Zengin, G., Khan, F.,
Kumar, A., Kaur, R., Venkatachalam, T., Tit, D. M., Vesa,
C. M,, Barsan, G., & Mosteanu, D.-E. (2020). Pleotropic
Effects of Polyphenols in Cardiovascular System. In
Biomedicine &amp; Pharmacotherapy (Vol. 130, p.
110714).  Elsevier ~ BV.  https://doi.org/10.1016/
j-.biopha.2020.110714

CaiJ, Chen Z, Wu W, Lin Q, Liang Y (2021) High animal
protein diet and gut microbiota in human health. Crit Rev
Food Sci Nutr 1-13.
https://doi.org/10.1080/10408398.2021.1898336

Calatayud M, Van den Abbeele P, Ghyselinck J, Marzorati
M, Rohs E, Birkett A (2021) Comparative Effect of 22
Dietary Sources of Fiber on Gut Microbiota of Healthy
Humans in vitro. Front nutr 367.
https://doi.org/10.3389/fnut.2021.700571

Chleilat, F., Schick, A., Deleemans, J. M., Ma, K., Alukic,
E., Wong, J., Noye Tuplin, E. W., Nettleton, J. E., &
Reimer, R. A. (2021). Paternal high protein diet modulates
body composition, insulin sensitivity, epigenetics, and gut
microbiota intergenerationally in rats. In The FASEB
Journal (Vol. 35, Issue 9). Wiley.
https://doi.org/10.1096/fj.202100198rr

Clark A, Mach N (2017) The crosstalk between the gut
microbiota and mitochondria during exercise. Front
Physiol 319. https://doi.org/10.3389/fphys.2017.00319

Cory, H., Passarelli, S., Szeto, J., Tamez, M., & Mattei, J.
(2018). The Role of Polyphenols in Human Health and
Food Systems: A Mini-Review. In Frontiers in Nutrition
(Vol. 5). Frontiers Media SA. https://doi.org/10.3389/
fnut.2018.00087

Costantini L, Molinari R, Farinon B, Merendino N (2017)
Impact of omega-3 fatty acids on the gut microbiota. Int J
Mol Sci 18:2645. https://doi.org/10.3390/ijms18122645

Cronin P, Joyce SA, O’Toole PW, O’Connor EM (2021)
Dietary fibre modulates the gut microbiota. Nutrients
13:1655. https://doi.org/10.3390/nu13051655

15

16.

17.

18.

19.

20.

21.

22.

23.

24.

25

. Danneskiold-Samsge NB, Barros HDDFQ), Santos R, Bicas
JL, Cazarin CBB, Madsen L, Kristiansen K, Pastore GM,
Brix S, Janior MRM (2019) Interplay between food and
gut microbiota in health and disease. Int Food Res J
115:23-31. https://doi.org/10.1016/j. foodres.2018.07.043

Davis CD (2016) The gut microbiome and its role in
obesity. Nutr 51:167. https://doi.org/10.1097/NT.0000
(000000000167

De Angelis M, Ferrocino |, Calabrese FM, De Filippis F,
Cavallo N, Siragusa S, Rampelli S, Di Cagno R, Rantsiou
K, Vannini L, Pellegrini N (2020) Diet influences the
functions of the human intestinal microbiome. Scientific
reports.  https://doi.org/10:1-15.  10.1038/541598-020-
61192-y

De Filippis F, Pellegrini N, Vannini L, Jeffery 1B, La Storia
A, Laghi L, Serrazanetti DI, Di Cagno R, Ferrocino I,
Lazzi C, Turroni S (2016) High-level adherence to a
Mediterranean diet beneficially impacts the gut microbiota
and associated metabolome. Gut 65:1812-1821.
https://doi.org/10.1136/gutjnl-2015-309957

de Vos WM, Tilg H, Van Hul M, Cani PD (2022) Gut
microbiome and health: mechanistic insights. Gut
71:1020-1032. https://doi.org/10.1136/gutjnl-2021-
326789

del Moral AM, rie Ishiyama SAA (2021) Ultra-processed
Food Intake and Risk of Cardiovascular Disease: a
systematic review. An Real Acad Farm 87:339-350.
https://doi.org/10.53519/analesranf.2021.87.03.09

Deleu S, Machiels K, Raes J, Verbeke K, Vermeire S
(2021) Short chain fatty acids and its producing organisms:
An overlooked therapy for IBD?. EBioMedicine
66:103293. https://doi.org/10.1016/j.ebiom.2021.103293.

Derrien M, Alvarez AS, de Vos WM (2019) The gut
microbiota in the first decade of life. Trends Microbiol
27:997-1010. https://doi.org/10.1016/j.tim.2019.08.001.

Esteve, M. (2020). Mechanisms Underlying Biological
Effects of  Cruciferous  Glucosinolate-Derived
Isothiocyanates/Indoles: A Focus on Metabolic Syndrome.
In Frontiers in Nutrition (Vol. 7). Frontiers Media SA.
https://doi.org/10.3389/fnut.2020.00111

Estruch R, Salas-Salvadé J (2013) Towards an even
healthier Mediterranean diet. Nutr Metab Cardiovasc Dis
23:1163-1166. https://doi.org/10.1016/j.numecd.
2013.09.003

. Ferndndez J, Ledesma E, Monte J, Millan E, Costa P, de la
Fuente VG, Garcia MTF, Martinez-Camblor P, Villar CJ,
Lombo F (2019) Traditional processed Meat products Re-
designed towards inulin-rich functional foods Reduce
polyps in two colorectal cancer Animal Models. Sci Rep
9:1-17. https://doi.org/10.1038/s41598-019-51437-w


https://doi.org/10.3389/fnut.2018.00087
https://doi.org/10.3389/fnut.2018.00087
https://doi.org/10.3389/fnut.2020.00111

109

Microsphere (2022) 1(2): 102-112

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

Gao J, Guo X, Wei W, Li R, Hu K, Liu X, Jiang W, Liu S,
Wang W, Sun H, Wu H (2021) The association of fried
meat consumption with the gut microbiota and faecal
metabolites and its impact on glucose homoeostasis,
intestinal endotoxin levels, and systemic inflammation: a
randomized controlled-feeding trial. Diabetes Care
44:1970-1979. https://doi.org/10.2337/dc21-0099

Gebrayel P, Nicco C, Al Khodor S et al. Microbiota
medicine: towards clinical revolution. J Transl Med 20,
111 (2022). https://doi.org/10.1186/512967-022-03296-9

Ghosh TS, Shanahan F, O’Toole PW (2022) The gut
microbiome as a modulator of healthy ageing. Nat Rev
Gastroenterol Hepatol. https://doi.org/10.1038/s41575-
022-00605-x

Gorecki AM, Preskey L, Bakeberg MC, Kenna JE,
Gildenhuys C, MacDougall G, Dunlop SA, Mastaglia FL,
Akkari PA, Koengten F, Anderton RS (2019) Altered gut
microbiome in Parkinson’s disease and the influence of
lipopolysaccharide in a human a-Synuclein over-
expressing mouse model. Front Neurosci 839.
https://doi.org/10.3389/fnins.2019.00839

Griffin LE, Djuric Z, Angiletta CJ, Mitchell CM, Baugh
ME, Davy KP, Neilson AP (2019) A Mediterranean diet
does not alter plasma trimethylamine N-oxide
concentrations in healthy adults at risk for colon cancer.
Food Funct 10:2138-2147.
https://doi.org/10.1039/c9fo00333a

Gupta S, Hawk T, Aggarwal A, Drewnowski A (2019)
Characterizing ultra-processed foods by energy density,
nutrient  density, and cost Front nutr 70.
https://doi.org/10.3389/fnut.2019.00070

Hibberd MC, Wu M, Rodionov DA, Li X, Cheng J, Griffin
NW, Barratt MJ, Giannone RJ, Hettich RL, Osterman AL,
Gordon JI (2017) The effects of micronutrient deficiencies
on bacterial species from the human gut microbiota. Sci
Transl Med 9:eaal4069.
https://doi.org/10.1126/scitranslmed.aal4069

Jardon KM, Canfora EE, Goossens GH, et al (2022)
Dietary macronutrients and the gut microbiome: a
precision nutrition approach to improve cardiometabolic
health Gut 71:1214-1226.

Jardon KM, Canfora EE, Goossens GH, et alDietary
macronutrients and the gut microbiome: a precision
nutrition approach to improve cardiometabolic healthGut
2022;71:1214-1226.

Jimenez Loayza JJ, Berendsen EM, Teh JJ, Hoedt EC,
Zhang J, Liu Q, Hamilton AL, Wilson-O'Brien A,
Trakman GL, Lin W, Tang W (2019) P837 The common
food additives sodium sulfite and polysorbate 80 have a
profound inhibitory effect on the commensal, anti-
inflammatory bacterium Faecalibacterium prausnitzii: the

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

ENIGMA study. J Crohn's Colitis 13:5542-S543.
https://doi.org/10.1093/ecco-jccljjy222.961

Johnson AJ, Zheng JJ, Kang JW, Saboe A, Knights D,
Zivkovic AM (2020) A guide to diet-microbiome study
design. Front nutr 7:79.
https://doi.org/10.3389/fnut.2020.00079

Kho ZY, Lal SK (2018) The human gut microbiome-a
potential controller of wellness and disease. Front
Microbiol 1835. https://doi.org/10.3389/fmich.
2018.01835

Kim CH (2021) Control of lymphocyte functions by gut
microbiota-derived short-chain fatty acids. Cell Mol
Immunol 18, 1161-1171. https://doi.org/10.1038/s41423-
020-00625-0

Koren O, Tako E (2020) Chronic Dietary Zinc Deficiency
Alters Gut Microbiota Composition and Function. In First
International  Electronic  Conference on  Nutrients,
Microbiota and Chronic Disease. IECN 2020. MDPI.
https://doi.org/10.3390/iecn2020-06993

Kriiger R, Merz B, Rist MJ, Ferrario PG, Bub A, Kulling
SE, Watzl B (2017) Associations of current diet with
plasma and urine TMAQ in the KarMeN study: direct and
indirect contributions. Mol Nutr Food Res 61: 1700363.
https://doi.org/10.1002/mnfr.201700363

Le Chatelier E, Nielsen T, Qin J, Prifti E, Hildebrand F,
Falony G, Almeida M, Arumugam M, Batto JM, Kennedy
S, Leonard P (2013) Richness of human gut microbiome
correlates with metabolic markers. Nature 500:541-546.
https://doi.org/10.1038/nature12506

Leeming ER, Johnson AJ, Spector TD, Le Roy CI (2019)
Effect of Diet on the Gut Microbiota: Rethinking
Intervention Duration. Nutrients 11:2862.
https://doi.org/10.3390/nu11122862

Leeming ER, Louca P, Gibson R, Menni C, Spector TD,
Le Roy CI (2021) The complexities of the diet-
microbiome relationship: advances and perspectives.
Genome Med 13:1-14. https://doi.org/10.1186/s13073-
020-00813-7

. Leite G, Pimentel M, Barlow GM, Chang C, Hosseini A,

Wang J, Parodi G, Sedighi R, Rezaie A, & Mathur R
(2021) Age and the aging process significantly alter the
small bowel microbiome. In Cell Reports (Vol. 36, Issue
13, p. 109765). Elsevier BV.
https://doi.org/10.1016/j.celrep.2021.109765

Ley RE, Backhed F, Turnbaugh P, Lozupone CA, Knight
RD, Gordon JI (2005) Obesity alters gut microbial
ecology. Proc Natl Acad Sci U.S.A. 102:11070-11075.
https://doi.org/10.1073/pnas.0504978102

Li X, Shimizu'Y, Kimura I (2017) Gut microbial metabolite
short-chain fatty acids and obesity. Biosci Microbiota


https://doi.org/10.1016/j.celrep.2021.109765

Microsphere (2022) 1(2): 102-112

110

47.

48.

49,

50.

51

52.

53.

54.

55.

56.

Food Health 17-010. https://doi.org/10.12938/bmfh.17-
010

Libera J, fowiecka K, Stasiak D (2021) Consumption of
processed red meat and its impact on human health: A
review. Int J Food Sci 56:6115-6123.
https://doi.org/10.1111/ijfs.15270

Liisberg U, Fauske KR, Kuda O, Fjere E, Myrmel LS,
Norberg N, Frayland L, Graff IE, Liaset B, Kristiansen K,
Kopecky J (2016) Intake of a Western diet containing cod
instead of pork alters fatty acid composition in tissue
phospholipids and attenuates obesity and hepatic lipid
accumulation in mice. J Nutr Biochem 33:119-127.
https://doi.org/10.1016/j.jnutbio.2016.03.014

LinD,WangR, LuoJ,RenF, Gu Z, Zhao Y, Zhao L (2020)

The core and distinction of the gut microbiota in Chinese
populations  across  geography and ethnicity.
Microorganisms 8: 1579.
https://doi.org/10.3390/microorganisms8101579

Losno EA, Sieferle K, Perez-Cueto FJA, Ritz C (2021)
Vegan diet and the gut microbiota composition in healthy
adults. Nutrients 13:2402.
https://doi.org/10.3390/nu13072402

Louzada ML, Baraldi LG, Steele EM, Martins AP, Canella
DS, Moubarac JC, Levy RB, Cannon G, Afshin A,
Imamura F, Mozaffarian D, Monteiro CA (2015)
Consumption of ultra-processed foods and obesity in
Brazilian adolescents and adults. Prev Med 81:9-15.
https://doi.org/10.1016/j.ypmed.2015.07.018

Magne F, Gotteland M, Gauthier L, Zazueta A, Pesoa S,
Navarrete P, Balamurugan R  (2020) The
firmicutes/bacteroidetes ratio: a relevant marker of gut
dysbiosis in obese patients?. Nutrients 12:1474.
https://doi.org/10.3390/nu12051474

Makki K, Deehan EC, Walter J, Béckhed F (2018) The
impact of dietary fiber on gut microbiota in host health and
disease. Cell Host Microbe 23:705-715.
https://doi.org/10.1016/j.chom.2018.05.012

Matijasi¢c M, Mestrovi¢ T, éipéié Paljetak H, Peri¢ M,
Baresi¢ A, Verbanac D (2020) Gut microbiota beyond
bacteria—Mycobiome,  virome, archaecome, and
eukaryotic parasites in IBD. Int J Mol Sci 21:2668.
https://doi.org/10.3390/ijms21082668

Menni C, Zierer J, Pallister T, Jackson MA, Long T,
Mohney RP, Steves CJ, Spector TD, Valdes AM (2017)
Omega-3 fatty acids correlate with gut microbiome
diversity and production of N-carbamylglutamate in
middle aged and elderly women. Sci Rep 7:1-11.
https://doi.org/10.1038/s41598-017-10382-2

Miclotte L, Van de Wiele T (2020) Food processing, gut
microbiota and the globesity problem. Crit Rev Food Sci

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Nutr 60:1769-1782.
https://doi.org/10.1080/10408398.2019.1596878

Murtaza N, Burke LM, Vlahovich N, Charlesson B,
O’Neill H, Ross ML, Campbell KL, Krause L, Morrison
M (2019) The effects of dietary pattern during intensified
training on stool microbiota of elite race walkers. Nutrients
11:261. https://doi.org/10.3390/nu11020261

Myhrstad MC, Tunsjg H, Charnock C, Telle-Hansen VH
(2020) Dietary fiber, gut microbiota, and metabolic
regulation—Current status in human randomized trials.
Nutrients 12:859. https://doi.org/10.3390/nu12030859

Nagpal R, Shively CA, Register TC, Craft S, Yadav H
(2019) Gut microbiome-Mediterranean diet interactions in
improving host health. F1000Res 8:699.
https://doi.org/10.12688/f1000research.18992.1

Narula N, Wong, ECL, Dehghan, M, Mente, A,
Rangarajan, S, et al (2021) Association of ultra-processed
food intake with risk of inflammatory bowel disease:
prospective cohort study. In BM.J.
https://doi.org/10.1136/bmj.n1554

Nishida A, Inoue R, Inatomi O, Bamba S, Naito Y, Andoh
A (2018) Gut microbiota in the pathogenesis of
inflammatory bowel disease. J Clin Gastroenterol 11:1-10.
https://doi.org/10.1007/s12328-017-0813-5

Nova E, Gomez-Martinez S, Gonzalez-Soltero R. The
Influence of Dietary Factors on the Gut Microbiota.
Microorganisms. 2022 Jul  7;10(7):1368.  doi:
10.3390/microorganisms10071368. PMID: 35889087;
PMCID: PMC9318379.

Oliver A, Chase AB, Weihe C, Orchanian SB, Riedel SF,
Hendrickson CL, Lay M, Sewall JM, Martiny JB,
Whiteson K (2021) High-fiber, whole-food dietary
intervention alters the human gut microbiome but not
faecal short-chain fatty acids. mSystems 6:¢00115-21.
https://doi.org/10.1128/mSystems.00115-21

Oniszczuk A, Oniszczuk T, Gancarz M, Szymanska J
(2021) Role of gut microbiota, probiotics and prebiotics in
the cardiovascular diseases. Molecules 26:1172.
https://doi.org/10.3390/molecules26041172

Palmas V, Pisanu S, Madau V, Casula E, Deledda A,
Cusano R, Uva P, Vascellari S, Loviselli A, Manzin A,
Velluzzi F (2021) Gut microbiota markers associated with
obesity and overweight in Italian adults. Sci Rep 11:1-14.
https://doi.org/10.1038/s41598-021-84928-w

Pang G, Xie J, Chen Q, Hu Z (2012) How functional foods
play critical roles in human health. Food Sci Hum
Wellness 1:26-60.
https://doi.org/10.1016/j.fshw.2012.10.001

Papier K, Fensom GK, Knuppel A, Appleby PN, Tong TY,
Schmidt JA, Travis RC, Key TJ, Perez-Cornago A (2021)
Meat consumption and risk of 25 common conditions:


https://doi.org/10.1136/bmj.n1554
https://doi.org/10.1007/s12328-017-0813-5
https://doi.org/10.1007/s12328-017-0813-5
https://doi.org/10.1007/s12328-017-0813-5

111

Microsphere (2022) 1(2): 102-112

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

outcome-wide analyses in 475,000 men and women in the
UK  Biobank  study. BMC Med 1953
https://doi.org/10.1186/s12916-021-01922-9

Parolini C (2019) Effects of fish n-3 PUFAs on intestinal
microbiota and immune system. Mar Drugs 17:374.
https://doi.org/10.3390/md17060374

Richi EB, Baumer B, Conrad B, Darioli R, Schmid A,
Keller U (2015) Health risks associated with meat
consumption: a review of epidemiological studies. Int J
Vitam Nutr Res 85:70-78. https://doi.org/10.1024/0300-
9831/a000224

Rinninella E, Raoul P, Cintoni M, Franceschi F, Miggiano
G, Gasbarrini A, & Mele M (2019) What is the Healthy
Gut Microbiota Composition? A Changing Ecosystem
across Age, Environment, Diet, and Diseases. In
Microorganisms Vol. 7, Issue 1, p. 14 MDPI AG.
https://doi.org/10.3390/microorganisms7010014

Rizzello F, Spisni E, Giovanardi E, Imbesi V, Salice M,
Alvisi P, Valerii MC, Gionchetti P (2019) Implications of
the westemnized diet in the onset and progression of 1BD.
Nutrients 11:1033. https://doi.org/10.3390/nu11051033

Sakkas H, Bozidis P, Touzios C, Kolios D, Athanasiou G,
Athanasopoulou E, Gerou I, & Gartzonika C (2020)
Nutritional Status and the Influence of the VVegan Diet on
the Gut Microbiota and Human Health. In Medicina Vol.
56, Issue 2, p. 88) MDPI AG.
https://doi.org/10.3390/medicina56020088

Salter A (2018) The effects of meat consumption on global
health. Rev Sci Tech 37: 47-55.
https://doi.org/10.20506/rst.37.1.2739

Sanders ME, Merenstein DJ, Reid G, Gibson GR, Rastall
RA (2019) Probiotics and prebiotics in intestinal health and
disease: from biology to the clinic. Nat Rev Gastroenterol
Hepatol 16:605-616. https://doi.org/10.1038/s41575-019-
0173-3

Schmidt TSB, Raes J, Bork P (2018) The human gut
microbiome: from association to modulation. Cell
172:1198-1215. https://doi.org/10.1016/j.cell.2018.02.044

Senghor B, Sokhna C, Ruimy R, & Lagier JC (2018) Gut
microbiota diversity according to dietary habits and
geographical provenance. In Human Microbiome Journal
Vols. 7-8, pp. 1-9. Elsevier BV.
https://doi.org/10.1016/j.humic.2018.01.001

Shi Z (2019) Gut microbiota: An important link between
western diet and chronic diseases. Nutrients 11:2287.
https://doi.org/10.3390/nu11102287.

Shin NR, Whon TW, Bae JW (2015) Proteobacteria:
microbial signature of dysbiosis in gut microbiota. Trends
Biotechnol 33:496-503.
https://doi.org/10.1016/j.tibtech.2015.06.011

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Silva, Y. P., Bernardi, A., & Frozza, R. L. (2020). The Role

of Short-Chain Fatty Acids From Gut Microbiota in Gut-
Brain Communication. In Frontiers in Endocrinology
(Vol. 11). Frontiers Media SA.
https://doi.org/10.3389/fendo.2020.00025

Simé C, Garcia-Cafias V (2020) Dietary bioactive
ingredients to modulate the gut microbiota-derived
metabolite TMAO. New opportunities for functional food
development. Food Funct 11:6745-6776.
https://doi.org/10.1039/d0fo01237h

Singh RK, Chang HW, Yan DI, Lee KM, Ucmak D, Wong

K, Abrouk M, Farahnik B, Nakamura M, Zhu TH, Bhutani
T (2017) Influence of diet on the gut microbiome and
implications for human health. J Transl Med 15:1-17.
https://doi.org/10.1186/s12967-017-1175-y

Srour B, Fezeu LK, Kesse-Guyot E, Allés B, Méjean C,
Andrianasolo RM, Chazelas E, Deschasaux M, Hercberg
S, Galan P, Monteiro CA (2019) Ultra-processed food
intake and risk of cardiovascular disease: prospective
cohort study (NutriNet-Santé). BMJ  365:11451.
https://doi.org/10.1136/bmj.11451

Stojanov S, Berlec A, Strukelj B (2020) The influence of
probiotics on the firmicutes/bacteroidetes ratio in the
treatment of obesity and inflammatory bowel disease.
Microorganisms 8:1715.
https://doi.org/10.3390/microorganisms8111715.

Thursby E, Juge N (2017) Introduction to the human gut
microbiota. Biochem ] 474:1823-1836. 1
https://doi.org/10.1042/BCJ20160510

Tomayko E, Pillsbury L, Pray L (2013) The human
microbiome, diet, and health: workshop summary.
National Academies Press. https://doi.org/10.17226/13522

Tomova A, Bukovsky I, Rembert E, Yonas W, Alwarith J,
Barnard ND, Kahleova H (2019) The effects of vegetarian
and vegan diets on gut microbiota. Front nutr 6:47.
https://doi.org/10.3389/fnut.2019.00047

Tseng CH, Wu CY (2019) The gut microbiome in obesity.
J Formos Med Assoc 118:S3-S9.
https://doi.org/10.1016/j.jfma.2018.07.009

Vijay A, Astbury S, Le Roy C, Spector TD, Valdes AM
(2021) The prebiotic effects of omega-3 fatty acid
supplementation: a six-week randomised intervention trial.
Gut  Microbes 13:1-11.  https://doi.org/10.1080/1
9490976.2020.1863133

Wang Z, Bergeron N, Levison BS, Li XS, Chiu S, Jia X,
Koeth RA, Li L, Wu Y, Tang WHW, Krauss RM, Hazen
SL (2018) Impact of chronic dietary red meat, white meat,
or non-meat protein on trimethylamine N-oxide
metabolism and renal excretion in healthy men and
women. Eur Heart J 40:583-594.
https://doi.org/10.1093/eurheartj/ehy799


https://doi.org/10.1016/j.humic.2018.01.001
https://doi.org/10.3389/fendo.2020.00025

Microsphere (2022) 1(2): 102-112

112

90.

9L

92.

93.

94,

Weersma RK, Zhernakova A, Fu J (2020) Interaction
between drugs and the gut microbiome. Gut 69:1510-
1519. https://doi.org/10.1136/gutjnl-2019-320204

Wen L, Duffy A (2017) Factors influencing the gut
microbiota, inflammation, and type 2 diabetes. The Journal
of nutrition 147:1468S-1475S.
https://doi.org/10.3945/jn.116.240754

Wong MW, Yi CH, Liu TT, Lei WY, Hung JS, Lin CL,
Lin SZ, Chen CL (2018) Impact of vegan diets on gut
microbiota: An update on the clinical implications. Tzu
Chi Med J 30:200-203.
https://doi.org/10.4103/tcmj.tcmj_21 18

Xiao H, Kang S (2020). The role of the gut microbiome in
energy balance with a focus on the gut-adipose tissue axis.
Front genet 11:297.
https://doi.org/10.3389/fgene.2020.00297.

Xiao, W., Zhang, Q., Yu, L., Tian, F., Chen, W., & Zhai,
Q. (2022). Effects of vegetarian diet-associated nutrients
on gut microbiota and intestinal physiology. In Food
Science and Human Wellness (Vol. 11, Issue 2, pp. 208—
217). Elsevier BV. https://doi.org/10.1016/j.fshw.2021
.11.002

95.

96.

97.

98.

99.

Zhang L, Liu C, Jiang Q, Yin Y (2021) Butyrate in energy
metabolism: there is still more to learn. Trends Endocrinol
Metab 32:159-169.
https://doi.org/10.1016/j.tem.2020.12.003

Zhang N, Ju Z, Zuo T (2018) Time for food: The impact of
diet on gut microbiota and human health. Nutrition 51-
52:80-85. https://doi.org/10.1016/j.nut.2017.12.005

Zhang Y, Wang Y, Ke B, Du J (2021) TMAO: how gut
microbiota contributes to heart failure. Transl Res 228:
109-125. https://doi.org/10.1016/j.trsl.2020.08.007

Zhang Z, Li D, Tang R (2019) Changes in mouse gut
microbial community in response to the different types of
commonly consumed meat. Microorganisms 7:76.
https://doi.org/10.3390/microorganisms7030076

ZhuY, Lin X, LiH, LiY, Shi X, Zhao F, Xu X, Li C, Zhou

G (2016) Intake of meat proteins substantially increased
the relative abundance of genus Lactobacillus in rat faeces.
PL0S One 11:¢0152678. https://doi.org/10.1371/journal.
pone.0152678

Publisher’s Note: The publishers remain neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.fshw.2021.11.002
https://doi.org/10.1016/j.fshw.2021.11.002

