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modulate the seasonal variation in gut
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Abstract

The science of Ayurveda with its strong and unique fundamentals holds its domain forever amidst all scientific and
medical advancements. The concept of Shadkriyakala (the different phases of disease formation) holds relevance in
preventive medicine and public health management as it provides ample chance to halt the disease process at
each stage by timely intervention. In this review, we would like to bring to the limelight the relevance of Ritucharya
(seasonal regimen) in primary prevention by modulating the gut microbiota. The modern gut microbiome
researches now help us to better explore the Ayurveda theories of Agni (digestive fire) and Ama (metabolic toxins)
preached centuries back. Ayurveda firmly proclaims that no disease ever arises without the derangement of Agni
(digestive fire). The whole preventive and treatment methodology in Ayurveda focuses upon the modulation and
management of “Agni” (digestive fire). When the functioning of Agni is deranged, Ama (metabolic toxin) is
produced and it vitiates the doshas which spread throughout the body and manifest as varied diseases. A
biomedical perspective of our reviews suggests that dysbiosis of microbial flora can cause a leaky gut by which the
toxins of deranged digestive metabolism enter the bloodstream. Consequently, an inflammatory response occurs
within the body which expresses out as diseases opportunistically. We meticulously reviewed the influence of
extrinsic factors namely diet and climate on human gut microbiota, and our analysis emphasises the application
prospects of Ritucharya (seasonal regimen), in regulating the dynamic host-microbe interaction.
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Introduction
Six ritus (seasons) have been detailed by the Ayurveda
Samhitas (ancient Ayurvedic texts) three each under the
gross classifications as Aadana kala (Northern Solstice)
and Visarga kala (Southern Solstice), and specific dietary
and lifestyle regimen has been advocated for each. Pres-
ently, the India Meteorological Department identifies
four seasons markedly distinguishable all across the
country, with a basic wet and dry tropical climate.
The human gut microbiome is as vital as any other

body organ. The gut microbiota participates in host

metabolism, immunity, pathogenesis, gene expression,
food and drug efficacy. The basic advocacy of Ayurveda
on the prime necessity of gut health is reaffirmed by the
modern gut microbiome researches. Hence, an in-depth
knowledge of the association of the human gut micro-
biome with the varying seasons and consequently the
relevance of seasonal regimens prescribed in Ayurveda
known as Ritucharya is essential. The human gut micro-
biota colonisation gets initiated at birth and gets estab-
lished by 1 year of age primarily based on the delivery
mode and the infant feeding method but continues to be
influenced by diet, living environment, lifestyle, age, anti-
biotics and time. However, diet is recognised to be the
most significant determinant of human gut microbiome
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composition. The nutritional value of food ingested,
thermoregulation, the immune system and physiological
functions can be regulated by the gut microbial popula-
tion of the individual. A healthy microbiota with benefi-
cial strains dominating harmful ones aids host metabolic
homeostasis whereas a dysbiosis trigger up its disease-
inducing potential. The human gut is predominantly oc-
cupied by Actinobacteria, Bacteroidetes, Firmicutes, Pro-
teobacteria and Verrucomicrobia, and also with sparse
populations of Fusobacteria, Cyanobacteria, Spirochaetes
and Saccharibacteria [1].

Methods
We searched literature databases PubMed, Scopus,
MEDLINE and AYUSH Portal. A review of peer-
reviewed original research articles and reviews published
from January 1996 to March 2020 was done. Articles
were selected using the search terms: “gut microbiota”,
“human gut biome”, “seasonal microbiota”, “host-micro-
biome interaction”, “diet-microbiota” and “microbiota
modulators”.
“Human gut biome” in conjunction with “seasons”

yielded 40 results. After screening all these articles, 12
articles perceived to be of relevance were chosen for fur-
ther study. Zero results were found for search using gut
microbiome combined with Ritucharya. Classical trea-
tises and authentic websites were also referred.

Seasons and gut microbiome
Tremendous data has revealed a strong association of
the gut microbiota with environmental factors like chan-
ging seasons and temperature as well as with diet [2, 3].
The studies of Davenport (2014) and Smits (2017) on in-
digenous populations like Hutterites and Hadza hunter-
gatherers establish that the human gut microbiome var-
ies seasonally, in the abundance of particular taxa as well
as in overall gut microbiome diversity [4, 5]. The causal
factor for this shift is hypothesised to be the seasonal
dietary differences along with less recognised influential
factors like humidity, temperature and the duration of
time spent outdoors which differed by seasons in these
populations.
In mammals, on exposure to cold, a characteristic shift

in the gut microbial community and consequent impacts
on total energy homeostasis was observed by which
Chevalier et al reports that digestive services by the gut
microbiota are also temperature-dependent [6].
Understanding that the human gut microbiota is inev-

itably influenced by cycling seasons as well as by diet,
brings Ritucharya to the limelight as the most effective
method to manipulate and regulate the intrinsic host-
microbiota relationship. Providing the right gut environ-
ment through the right seasonal diet can cultivate the
right microbiome that could render positive metabolic

effects and can be conducive to prevent seasonal and op-
portunistic infections. Dysbiosis of the gut microbial
composition has been associated to a wide range of
pathologies like asthma, gastritis, obesity, colitis and
eczema.
Diet could modulate the gut microbiota composition

in two ways: (1) by including viable microorganisms that
resist digestion, colonise the gut and beneficially modu-
late the microbial composition (probiotics) and (2) by
providing non-digestible substrates that feed the intes-
tinal flora and particularly nourish the growth and activ-
ity of beneficial microbes (prebiotics).
Probiotics can manipulate the multiplicity, structure

and function of the gut microbiota. Probiotics could in-
duce mucin production and maintain tight junctions in
the gut epithelium thus fortifying the intestinal barrier
against enteric pathogens. They also modulate the intes-
tinal immunity and microbial flora population by indu-
cing IgA and β-defensin production by the host.
Amino acids, vitamins and dietary fibres absorbed by

the host are metabolised by the intestinal microbes into
other metabolites like serotonin and gamma-
aminobutyric acid (GABA) which by itself is physiologic-
ally and pathologically significant and is also crucial in
altering the microbial composition. Fermentation of pre-
biotic carbohydrates in the intestinal lumen encourages
an explosion of beneficial microbes mainly Bifidobacter-
ium and Lactobacillus species and produces acetate, bu-
tyrate and propionates (SCFAs) that forms the primary
energy basis for the intestinal epithelial cells.

Analysing gut microbial shift in ritus (seasons)
and potential strategy of Ritucharya (seasonal
regimen)
The microbiome profile collected using 16s ribosomal
RNA sequencing done in the Hadza (hunter-gatherers)
and Hutterites (agriculturists) populations revealed the
variations in the microbial population in sync with chan-
ging seasons [4, 5].
In Hadza during the wet season, when they consumed

more foraged foods, berries and honey, Bacteroidetes
mainly the Prevotellaceae spp. reduced considerably.
During the dry season, the Prevotella species were found
to be abundant along with a dramatic drop down in wet
microbiota.
In Hutterites too, the phylum Bacteroidetes was ob-

served to be more abundant during the summer than in
winter.

Hemanta and Sisira Rithucharya (early and late
winter regimen)
The Hemantha and Sisira Ritu prevails from mid-
November to mid-March (Fig. 1). The seasons are char-
acterised by snowfall and mist in many places. As the
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temperature goes down, the digestive fire gets flared up
and the appetite and craving for food increases. The
people will have strong digestive power, and hence, food
taken should be quantitatively and qualitatively rich
which otherwise could devour the bodily dhatus (tissues)
itself (autolysis).
Hence, in Hemanta and Sisira (early and late winter),

it is advised to take snigdha ahara (fatty foods), vasa
(muscle fat), taila (oil) and sura (fermented products)
from jaggery and foods prepared out of navamannam
(freshly harvested grains), Ikshu (sugarcane), Masha
(black gram) and Godhuma (wheat) [7]. This constitutes
a high-fat, high-sugar diet. Takra (buttermilk), ghrita
(cow’s ghee) and other ksheera vikruti (dairy products)
are also recommended that could be substantiated by
the fact that the intake of dairy products fermented with
beneficial bacteria (Lactobacillus) could enhance the
butyrate-producing microbiota and may also inhibit
pathogen colonisation in the gut, thus preventing various
infections [8].
On the other hand, the phylum Firmicutes is typical

gram-positive bacteria, the overgrowth of which is dir-
ectly involved with obesity. During these seasons, it is
advised to practise vyayama (exercise), udvartana (pow-
der massage), abhyanga (oil massage), swedana (suda-
tion) and aatapasevana (basking in Sun), which can
rightly be complementary to the gut flora changes and
health consequences as it is proven that despite a high-
fat diet, regular exercise could prevent obesity by alter-
ing the population ratio of major bacterial phyla,

protecting the intestinal morphology and integrity, and
thereby reducing inflammatory infiltrate [9, 10].
During cold seasons (hemanta, sisira), the relative

abundance of Akkermansia (phylum Verrucomicrobia)
declines and that of Firmicutes tend to increase. Akker-
mansia is negatively associated with energy extraction
from diet in cold conditions. Hence, the absence of
Akkermansia enables increased caloric uptake whereas
the Firmicutes which is a cold microbiota increases the
caloric uptake as well as enhances the intestinal absorp-
tive capacity. Hence, diet that favours the declining trend
of Akkermansia and blooming up of Firmicutes has to
be resorted. A high-fat diet reduces Akkermansia abun-
dance in the gut as a co-evolutionary mechanism, facili-
tating the uptake of increasingly obtainable food energy.
At the same time, a high fatty and sugary diet enhances
Firmicutes, Mollicutes and Eubacterium which produce
short-chain fatty acids (SCFAs) [11, 12]. It has been re-
ported that SCFAs can enhance IL-10 (interleukin 10)
expression, hinder the production of pro-inflammatory
cytokines, activate Tregs (regulatory T cells) and relieve
colonic inflammation. SCFAs, mainly butyrates, have a
crucial role in intestinal epithelial cell proliferation, dif-
ferentiation, metabolism and reinforcing the colon
defense barrier. Butyrates and propionates also have a
crucial role in suppressing inflammatory reactions by
regulating Foxp3+ Treg cells.
Since most butyric acid-producing bacteria belong to

the Firmicutes, its decrease can weaken these protective
factors and make the body prone to inflammations as

Fig. 1 Hemanta Ritu (misty morning)
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substantiated by the findings of low levels in SCFAs in
people with ulcerative colitis and other intestinal inflam-
matory conditions.
The population of Actinobacteria is also observed to

rise during winter with a proven positive association of
its abundance with the amount of fat consumed [13].
These cold microbiota help the host to cope with cold
seasons of high-energy demand by mediating the remod-
elling of the fat and intestinal tissues [14, 15].
Hence, in Hemanta and Sisira (early and late winter),

it is rightly advised to take the above-mentioned foods
(Figs. 2 and 3).

Greeshma Rithucharya (summer regimen)
The Greeshma Ritu commences by mid of May and
extends to mid of July (Fig. 4). The season is charac-
terised by intense heat of the Sun which drains hu-
man energy. The Agni bala (digestive power) of man
will also be considerably less. Excessive rookshatha
(dryness) and ushna guna (heat) prevail outside and
inside the human body. Hence, in Greeshma (sum-
mer), it is advised to take food predominant of swadu
rasa (sweet) and sheeta guna (cold in potency), which
include rice, milk, ghee, grapes, coconut water and
sugar [16]. Coconut water is low in calories and fat
and is rich in natural sugars, proteins and antioxi-
dants. Saktu (roasted barley flour) products, Rasala

(well-churned curd added with sugar and pepper) and
Shadava (juice prepared with various fruits) like
sweetened orange juices, bananas and pomegranates
are well indicated. (Figs. 5 and 6). Resorting to these
food items could favour the genus Bacteroides (Bac-
teriodetes phylum), the polysaccharide utilisers of the
colon and Saccharolytic species belonging to the
genus Bifidobacterium and Ruminococcus that grow
on carbohydrate substrates. A high-fat, high-sugar diet
has to be avoided during Greeshma Ritu (summer
season) as it has been associated with a decrease in
Bacteroidetes.
Whole grains are potent sources of resistant starch, ol-

igosaccharides and non-digestable carbohydrates that
favour Prevotella, Xylanibacter and Treponema which
can ferment carboxymethylcellulose, xylene and xylose
to produce high levels of SCFAs [17].
The Bacteroidetes clade with genomes containing large

numbers of carbohydrate-active enzymes (CAZymes)
and in turn specialists in degrading plant cell walls and
complex carbohydrates [18] was observed to rise in the
Hutterites population during the summer. This was in
agreement with the observation that during summer, the
Hutterites resorted much to fruits and vegetables than in
winter.
There is a natural decline in the Actinobacteria popu-

lation during summer which is scientifically attributed to

Fig. 2 Preparations advocated in Hemanta and Sisira Ritu: vada (recipe with black gram)
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the high intake of dietary fibres consumed in this season
as the species exhibit a negative correlation with it.

Varsha Ritucharya (monsoon regimen)
The Varsha Ritu (mid-July to mid-September) is charac-
terised by a cold and humid climate with cloudy skies
and occasional sun (Fig. 7). According to Ayurveda, the
Amlata (acidity) of water, earth and environment in-
creases causing pitta accumulation and vata vitiation in
the human body. The body strength, immunity and di-
gestive power tend to be less consequently. Hence, dur-
ing this season, the use of ginger in diet, ginger with

rock salt before a meal, whey or buttermilk with ginger,
and foods/drink processed with honey is advocated [19].
Honey, composed primarily of fructose, glucose and
fructo-oligosaccharides, has been considered as a
favourable bifidobacterial substrate [20]. Shamala et al.
[21] reports a population boom of lactic acid bacteria in
the intestines of honey-fed rats, suggesting its capability
to alter the intestinal microbiota.
An increase in the colon population of lactobacillus

and bifidobacteria is therefore a harbinger of positive
health multi-dimensionally by the production of SCFA,
immune-stimulation, inhibiting the growth of

Fig. 3 Preparations advocated in Hemanta and Sisira Ritu: gothampu ela ada (recipe with wheat)

Fig. 4 Greeshma Ritu
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Fig. 5 Foods advised in Greeshma Ritu: coconut water

Fig. 6 Foods advised in Greeshma Ritu: rasala
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pathogenic species and promoting the viability and nid-
ation of live intestinal microbes, by fostering physical
and metabolic activities of selected microbial species.
Various studies reveal that ginger favours the develop-

ment of beneficial Bifidobacterium spp. and Bacteroides
intestinalis whereas repress the opportunistic pathogen
species like Escherichia coli, Klebsiella pneumonia and
Bartonella quintana [22, 23]. Light and freshly prepared
foods from old rice, barley, wheat and green gram are
advised to be included in the daily menu during Varsha

Ritu. Fructo-oligosaccharides such as oligo-fructose and
inulin, commonly found in garlic, onion, banana and
wheat are also strongly bifidogenic [24] (Figs. 8 and 9).

Conclusion
This review examines the relevance of Ritucharya (sea-
sonal regimen) based on the current evidence on the
interdependency of gut microbial ecology with changing
seasons and consequent health effects. The lifestyle and
dietary factors can profoundly alter the commensal

Fig. 7 The Varsha Ritu

Fig. 8 Foods advised in Varsha Ritu: mudga yusha (green gram soup)
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microbial communities, the dysbiosis of which can aug-
ment pathogen susceptibility, inflammatory diseases and
the current epidemic of metabolic health problems like
non-communicable diseases. Adopting Ritucharya (sea-
sonal regimen) could provide ample opportunity to at-
tune the dynamics of human gut flora and rescue the
host from the pathological manifestations of seasonal
variations and other varied causes. Strict abidance to the
seasonal regimens, resorting to seasonal foods etc., can
alter the gut microbiome in sync to one that is condu-
cive to health promotion. With a greater understanding
of this gut microbiota-host relation, it is anticipated that
we could harness our endogenous gut biome to prevent
and treat a wide spectrum of diseases as well as to foster
health.
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