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Gut, oral and skin microbiome of 
indian patrilineal families reveal 
perceptible association with age
Diptaraj S. chaudhari1,3,7, Dhiraj p. Dhotre1,7*, Dhiraj M. Agarwal2, Akshay H. Gaike1,2, 
Devika Bhalerao2, parmeshwar Jadhav2, Dattatray Mongad1, Himangi Lubree2, 
Vilas p. Sinkar1, Ulhas K. patil3,6, Sundeep Salvi4, Ashish Bavdekar5, Sanjay K. Juvekar  2 & 
Yogesh S. Shouche  1*

The human microbiome plays a key role in maintaining host homeostasis and is influenced by age, 
geography, diet, and other factors. traditionally, india has an established convention of extended 
family arrangements wherein three or more generations, bound by genetic relatedness, stay in the 
same household. in the present study, we have utilized this unique family arrangement to understand 
the association of age with the microbiome. We characterized stool, oral and skin microbiome of 54 
healthy individuals from six joint families by 16S rRNA gene-based metagenomics. In total, 69 (1.03%), 
293 (2.68%) and 190 (8.66%) differentially abundant OTUs were detected across three generations in 
the gut, skin and oral microbiome, respectively. Age-associated changes in the gut and oral microbiome 
of patrilineal families showed positive correlations in the abundance of phyla proteobacteria and 
fusobacteria, respectively. Genera Treponema and Fusobacterium showed a positive correlation 
with age while Granulicatella and Streptococcus showed a negative correlation with age in the oral 
microbiome. Members of genus Prevotella illustrated high abundance and prevalence as a core otUs 
in the gut and oral microbiome. in conclusion, this study highlights that precise and perceptible 
association of age with microbiome can be drawn when other causal factors are kept constant.

Aging is an extremely complex, perpetual, progressive and multifactorial process resulting in decreased physio-
logic functions of all the organ systems1. Studies have reported that the human microbiome, the latest discovered 
organ, is also significantly influenced by increasing age2–4. Studies have suggested that the complex and diverse 
communities of microbes that inhabit the gut vary through different stages of an individual’s life5. Many of these 
alterations are harmless and natural, while some of the alterations can have an important effect on overall homeo-
stasis6. Importantly, notable changes in the human microbiome occur when the immune system is relatively weak, 
i.e., at the start of life and during aged life7. Many of the fluctuations in the microbiome are harmless and natural; 
nonetheless, studies have shown that some disturbances in the gut microbiome can have important effects on 
health and disease6. Earlier studies on human microbiome analyses have discovered an increased abundance 
of Bacteroides species in the elderly population8. An enriched abundance of Proteobacteria a bacterial group 
containing ‘pathobionts’ known for causing impairment in a susceptible host, i.e., in centenarian’s2–4. But the 
populations used for these studies were either from different geographical locations or with different diets2–4. In 
agreement with the studies on the human gut microbiome, in older micro-pigs9 also decreased abundance of ben-
eficial microbes including probiotic bacteria and short-chain fatty acid-producers was recorded while Bacteroides 
were increased with the increasing age9.

Several studies have shown age-associated effects in the experimental animals wherein, transfer of an aged 
microbiome into germ-free mice leads to systemic inflammation10,11, on the contrary replacement of microbiome 
of the aged mice with the microbiome of younger mice boosts the local germinal center reactions1. Researchers 
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noted that the aged mice’s germinal center reaction was stronger following fecal transplantation from the younger 
mice1. Moreover, remodeling of the gut microbiome has shown to increase the lifespan in diverse organisms, 
including Drosophila melanogaster12,13, killifish14, mice15, etc.

Coevolved with the host and its ancestors for millions of years, the microbiome plays a key role in the main-
tenance of host health and wellbeing by performing various functions ranging from digestion, protection against 
pathogen colonization to host immunity and regulation of central nervous16–21. Also, the microbiome is respon-
sive to a variety of confounding factors such as host ethnicity22,23, age24,25, diet26,27 and geographic location24,28. 
Hence, it is imperative to study the same population longitudinally for the exploration of a precise association of 
age and microbiome. Studying the microbiome of genetically linked individuals of multiple generation families 
having similar diet, ethnicity and staying in the same geographic regions can help in estimating the persever-
ance of microbiota obtained in early years and its progression with age. Traditionally, India has an established 
convention of the joint family system, which is an extended family arrangement consisting of three or more 
generations living in the same household structure bound by genetic relatedness29,30. Especially in rural and 
semi-urban joint families in India, family members live in the same house structure and have similar dietary and 
sanitary habits. Hence, the Indian population provides a unique opportunity to understand age-related changes 
in the human microbiome. Studies relating to the influence of FUT2 and birth mode variants on microbiome31, 
diabetes-associated microbiome32, obesity-related microbiome33, the microbiome of celiac disease patients34, an 
association of microbiome with ayurvedic Prakriti types35, microbiome structure of rural, urban36 and tribal37 
populations were carried out in the Indian populations. However, age-related changes in the human microbiome 
across different body habitats are unknown. The majority of studies understanding the age and human microbi-
ome correlations have been focused on the gut microbiome, while changes in oral and skin microbiome in the 
aging process have been relatively less studied.

In the present study, we provide a comprehensive analysis of the human microbiome from the gut, oral and 
skin ecosystems from 54 healthy subjects belonging to six different patrilineally related three generation families 
staying together in rural Indian settings. The study population has harmonized dietary, social habits, hygiene 
and sanitation habits, economic status and geographic position. Predominantly, other microbiome contributing 
factors were harmonized and age was the only distinguishing factor. 16S rRNA gene amplicon sequencing-based 
microbiome analysis performed to investigate the age-related changes in the gut, skin and oral microbiome of 
Endogamous Agriculturist Indian (EAI) sub-population.

Results
Gut, oral and skin microbiome profile of EAI population. Overall, a total of 9,566,497 sequences 
were generated, out of which 8,048,975 (File S1) were taxonomically assigned, resulting in 6,708 OTUs for the 
gut microbiome. Four samples (St.D1004, St.D301, St.S610 and St.S612) were removed from further analysis due 
to lower sequencing depth. Bacterial phyla such as Bacteroidetes (49.3%), Firmicutes (41.6%), Proteobacteria 
(5.7%), Actinobacteria (2.18%) and Tenericutes (0.4%) were highly dominant and constituted ~99% of the total 
gut microbiome. Presence of 174 different bacterial genera was noted, wherein Prevotella (50%), Dialister (12%), 
Bacteroides (9%), Megamonas (3%), and Succinivibrio (3%) were among the dominant taxa contributing to a total 
of 77% of the gut microbiome (Fig. S1a). Although, genus Prevotella was observed to have varying relative abun-
dance ranging from 2% to 77% across the study population, its dominance was evident from the fact that 62% 
(n = 31) of the study subjects had an abundance in a range of 33% to 77% of the total gut microbiome (Table S1).

In the oral microbiome, 7,568,649 good quality sequences (File S1) clustered into 2,167 OTUs. Analysis based 
on the taxonomic assignment of these reads revealed a higher abundance of bacterial phyla such as Proteobacteria 
(34%), Bacteroidetes (32%), Firmicutes (24%), Fusobacteria (6%) and Actinobacteria (2%) constituting 96% of 
the oral microbiome. Genera Neisseria (20%), Streptococcus (15%), Prevotella (14%), Porphyromonas (10%), and 
Haemophilus (10%) were found to be the five most dominant genera totaling up to 69% of the oral microbiome 
(Fig. S1b). The relative abundance of genus Prevotella was observed to be more than 10% in half of the population 
(Table S2).

The skin microbiome data comprised of 10,951,175 good quality sequences (File S1) clustered into 10,920 
OTUs. Skin microbiome analysis showed a higher abundance of phyla Firmicutes (49%), Proteobacteria (26%), 
Actinobacteria (12%) and Bacteroidetes (8%) collectively on 11 different body sites including dry, moist and 
sebaceous regions. Only one percent of OTUs were assigned to phylum Cyanobacteria. The skin microbiome 
showed the highest number of OTUs (n = 10,920) compared to oral and stool samples. Corynebacterium (10%) 
Alloiococcus (9%), Staphylococcus (8%), Streptococcus (7%) and Anaerococcus (6%) were the most dominant 
and diverse bacterial genera detected in the skin microbiome (Fig. S1c). Alpha diversity analysis measures, i.e., 
observed species (OTUs), Chao1, Shannon and Inverse Simpson revealed no significant differences in the gut 
and skin microbiome when compared between the three age groups (Fig. 1), family structure and dietary hab-
its (Table 1). However, significant differences were observed in the oral microbiome between the age groups 
(ANOVA, p < 0.05 with Benjamini-Hochberg FDR corrections) (see Fig. 1B).

contribution of core taxa in the gut, oral and skin microbiome of patrilineal families. Bacterial 
genera prevalent in 95% of the study population with more than 0.1% abundance were considered as a part of the 
core microbiome. Estimation of core microbiome was performed for individual families (n = 6 families) and the 
overall EAI study population. Amongst the 171 total bacterial genera detected in the gut microbiome, only three 
genera, namely Prevotella, Ruminococcus and Faecalibacterium, were recorded as a part of core microbiome across 
all the families (Fig. 2a, Table S3). These core taxa represented 23% to 91% gut microbiome composition of the 
participants (Fig. S2). With the aforementioned detection threshold few bacterial genera were explicitly detected 
in particular family as core taxa wherein, Parabacteroides was detected in family D3, Haemophilus and Roseburia 
in family D8, Streptococcus and Dorea in family D10 (Fig. S3, Table S3).

https://doi.org/10.1038/s41598-020-62195-5
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The core microbiome of oral samples represented presence of 13 (6.7%) bacterial genera amongst the 192 total 
genera. These genera include Neisseria, Streptococcus, Prevotella, Porphyromonas, Haemophilus, Fusobacterium, 
Granulicatella, Veillonella, Capnocytophaga, Rothia, Aggregatibacter, Gemella and Lautropia (Fig. 2b). Overall, 
these core taxa estimated 79% to 96% of the total microbiome composition (Fig. S2).

In the skin microbiome samples, Corynebacterium and Streptococcus were the only bacterial genera detected as 
core taxa across all the families (Fig. 2c, Table S5). Similar to the gut microbiome, family-specific bacterial genera 
were also detected in the skin microbiome. These genera include Novosphingobium in family D8, Enhydrobacter, 
Salinicoccus and Butyrivibrio in family D10, and Haemophilus and Gemella in family S6 (Fig. S5, Table S5). These 

Figure 1. Boxplot of alpha diversity measures across the three generations (age groups) in the gut (A) oral (B) 
and (C) skin samples. The boxes denote interquartile ranges (IQR) with the median as a black line.

https://doi.org/10.1038/s41598-020-62195-5


4Scientific RepoRtS |         (2020) 10:5685  | https://doi.org/10.1038/s41598-020-62195-5

www.nature.com/scientificreportswww.nature.com/scientificreports/

core taxa represented 37% to 94% of the total microbiome (Fig. S2). Largely, the contribution of core taxa in the 
gut, oral and skin microbiome of all the patrilineal families was identical.

Influence of diet on the gut microbiome. Detailed dietary information of the study population was col-
lected using the food frequency questionnaire (FFQ). With the help of a nutritionist, the dietary information was 
subsequently converted into the daily intake of carbohydrates, proteins, fats, lipids, fibers and calories (Table S6). 
Investigation revealed that average carbohydrates consumption in the first, second and third-generation members 
was 166, 396 and 339 grams, providing 74%, 81% and 80% of daily calories in the respective generations. Overall 
the type and amount of dietary components were similar across the population, except for family D3, which 
has relatively lesser consumption of these components. Canonical correspondence analysis (CCA) based on the 
abundance of bacterial genera, amount of dietary components and samples metadata showed that all the samples 
were scattered across the ordination plot and no clear clustering of the samples was observed based on age group 
or gender (Fig. 3). The variation explained by the ordination plot was also non-significant, reporting 7.5% for the 
gut, 10.6% for the oral and 6.9% for the skin microbiome (Fig. 3). Also, correlation analysis between the relative 
abundance of bacterial taxa and routine consumption of dietary components showed no significant association 
(Fig. 4).

Association of age and microbiome. Microbiome community structure of gut, oral and skin sam-
ples was investigated across three generations (age groups). Amongst the prevalent bacterial genera of the gut 
microbiome, Succinivibrio and Ruminococcus were highly abundant in the age group 1, Dialister, Megamonas, 

Sample Type Description
Samples 
Nos. Chao1 (Average)

Goods coverage 
(Average)

Observed species 
(Average)

PD whole tree 
(Average)

Shannon 
(Average)

Simpson 
(Average)

Human gut

Age group 1 11 2020.02 ± 466.57 0.996 ± 0.996 1314.73 ± 1314.73 64.92 ± 64.92 5.29 ± 5.29 0.91 ± 0.91

Age group 2 18 1907.05 ± 635.75 0.996 ± 0.003 1228.89 ± 426.12 61.11 ± 17.02 4.88 ± 1.05 0.86 ± 0.13

Age group 3 23 2123.67 ± 539.53 0.996 ± 0.001 1378 ± 368.18 66.93 ± 15.07 5.17 ± 0.74 0.9 ± 0.9

Human skin

Age group 1 12 2883.26 ± 1038.83 0.99 ± 0.007 1853.25 ± 831.07 107.51 ± 35.29 5.47 ± 1.3 0.91 ± 0.07

Age group 2 17 3293.69 ± 1147.45 0.992 ± 0.007 2310.47 ± 880.29 122.83 ± 34.75 6.2 ± 1.15 0.95 ± 0.03

Age group 3 23 3054.99 ± 1398.22 0.977 ± 0.078 2135.13 ± 1098.27 113.52 ± 46.59 5.7 ± 0.97 0.91 ± 0.05

Human oral

Age group 1 12 736.55 ± 141.25* 0.999 ± 0.001 607.67 ± 116.94* 32.33 ± 4.74 6.11 ± 0.57 0.96 ± 0.02

Age group 2 18 800.83 ± 160.61* 0.999 ± 0 629.61 ± 109.04* 33.84 ± 7.94 5.81 ± 0.47 0.96 ± 0.02

Age group 3 24 809.69 ± 200.33* 0.999 ± 0 611.5 ± 140.96* 33.52 ± 9.85 5.64 ± 0.54 0.95 ± 0.06

Table 1. The table illustrates the diversity indices calculated for the gut, oral and skin samples. *Statistically 
significant differences across the generations.

Figure 2. Heatmap representing the core bacterial genera detected across the gut (a), oral (b) and skin (c) 
microbiome samples of the EAI population.

https://doi.org/10.1038/s41598-020-62195-5
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Phascolarctobacterium, Megasphaera and Faecalibacterium in the age group 2 and Prevotella, Bacteroides and 
Bifidobacterium were in the age group 3 (Table S7a). Likewise, in the oral microbiome Prevotella, Fusobacterium, 
Veillonella, Capnocytophaga, Rothia and Aggregatibacter were highly abundant in the age group 1, genus 
Haemophilus in age group 2 while Neisseria, Streptococcus, Porphyromonas and Granulicatella in the age group 3 
(Table S7b). High abundance of few bacterial taxa was recorded in particular age groups in the skin microbiome 
samples also, wherein Corynebacterium, Alloiococcus, Peptoniphilus, Haemophilus, Acinetobacter and Clostridium 
were highly abundant in age group 1, Anaerococcus, Porphyromonas and Campylobacter in age group 2 and 
Staphylococcus, Streptococcus, Novosphingobium, Paracoccus, Moraxella and Prevotella in age group 3 (Table S7c). 
Primarily, age-associated changes were observed in the microbiome structure of three-generation members and 
to strengthen these observations; statistical analysis was also completed. Comparative microbiome analysis in 
three age groups showed no significant differential abundance of bacterial genera in the gut and skin microbiome. 
However, the oral microbiome showed significant variations in the abundance of genera Dialister, Fusobacterium, 
Streptococcus, Selenomonas, Filifactor and Treponema (Fig. 5D) (ANOVA, p < 0.05 with Benjamini-Hochberg 
FDR corrections). We confirmed our observations using qPCR analysis for quantifying the absolute proportion 
of genus Prevotella in the total human gut bacteria (Fig. 5E).

Beta diversity analysis using non-metric multidimensional scaling (NMDS) plots based on Bray-Curtis 
metrics showed no clear clustering in the samples based on the age groups of the study population (Fig. S6). 
Age-associated changes in the microbiome were further analyzed based on differentially abundant OTUs 

Figure 3. Canonical correspondence analysis (CCA) plot of bacterial genera and age group relationship 
calculated for gut (a) oral (b) and skin (c) microbiome of the endogamous agriculturist Indian subpopulation.

https://doi.org/10.1038/s41598-020-62195-5
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(ANOVA, p < 0.05 with Benjamini-Hochberg FDR corrections). Investigation revealed the presence of 69 
(1.03%) differentially abundant OTUs across three age groups in the gut microbiome. Similarly, 190 (8.66%) 
and 293 (2.68%) differentially abundant OTUs were observed in human oral and skin microbiome, respectively. 
A high number of differentially abundant OTUs were present in the oral samples. Beta diversity analysis using 
these differentially abundant OTUs showed clustering of samples based on the age groups in the gut, oral and skin 
samples (Fig. 5A–C).

We further performed a correlation analysis of gut, oral and skin microbiome with age. Linear regression 
analysis using the nonparametric Spearman correlation revealed a higher abundance of phylum Proteobacteria 
with increasing age in the gut microbiome (p < 0.05) (Fig. 6A). While, in the oral microbiome of the population, 
a higher abundance of phylum Fusobacteria was observed with the increasing age (p < 0.05) (Fig. 6B). However, 
no such age-based correlations were observed in the skin microbiome.

Amidst the total 171 bacterial genera in the gut microbiome, only genus Bacteroides showed age-associated 
changes. Decreased abundance Bacteroides was recorded with the increasing age (nonparametric Spearman cor-
relation (p < 0.05) (Fig. 6B). Whereas, in the oral microbiome of the population, bacterial genera Treponema and 
Fusobacterium showed a positive correlation (Fig. 6D,E) while genera Granulicatella and Streptococcus showed 
a negative correlation with the age (p < 0.05) (Fig. 6F,G). However, in the skin microbiome, no such statistically 
significant correlations were noted.

Discussion
Indian patrilineal extended family structure provides a unique opportunity to study the underlying effects of age, 
diet, and genetics influencing the human microbiome. Such family structure is a widely seen residential unit com-
prising of 2–4 patrilineally related generations living together, particularly in rural and semi-urban settings29,30. In 
the present study, we analyzed gut, oral and skin microbiome from 54 healthy subjects belonging to six different 
families from a single biogeographic region (Dongargaon: 18.6199° N, 74.0807° E and Shikrapur: 18.6924° N, 
74.1323° E).

In the gut and oral microbiome, we found a high prevalence of Prevotella (Fig. 2a,b; Tables S1 and S2), a bac-
terial genus known to be associated with degradation of complex plant polysaccharides38,39. Indian diet is rich in 
plant-based carbohydrates, and our observations are consistent with earlier reports where a high prevalence of 
Prevotella in the gut microbiome of the Indian population was observed39,40. Prevalence of Prevotella has also been 
reported in the African population consuming a diet rich in carbohydrates and fibers41.

Understanding the confounding factors that shape and define the oral microbiome is crucial for understand-
ing the broader systemic health42, as oral microbiome has long been known to be a reservoir for infection at 
other body sites43. In our analysis, high abundance of bacterial genera Neisseria, Streptococcus, and Prevotella 
were observed (Fig. S1b). Genus Neisseria is aerobic and primary colonizers of the oral cavity, Streptococcus is a 
facultative anaerobe while Prevotella is the obligate anaerobic bacteria. The high abundance of aerobic, facultative 
anaerobic and obligate anaerobic bacteria suggests the role of oxygen sensitivity in structuring the composition 
of bacterial diversity associated with the oral cavity. This diverse microbiome can perform versatile metabolic 
functions crucial for the healthy oral cavity. Earlier, these bacterial genera reported being common residents of 
the oral cavity in different populations in the healthy state44–47.

Figure 4. Correlation analysis of microbiome (genus levels) and dietary consumption of carbohydrates, 
proteins, fats, fibers and calories for the human gut (a) and oral (b) microbiome.

https://doi.org/10.1038/s41598-020-62195-5
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Investigating influencing factors is important to determine homeostatic forces that contribute to a healthy 
skin microbial community48. In the skin microbiome, Corynebacterium, Alloiococcus, and Staphylococcus were 
found to be the most abundant genera (Fig. S1c). These observations are in agreement with those reported by 
earlier studies in diverse ethnic groups, globally49. In contrast with an earlier study that reported Actinobacteria 
as the most dominant phylum of the skin microbiome50, we observed dominance of Firmicutes followed by 
Proteobacteria and then Actinobacteria. These differences in skin microbiome of EAI sub-population could be 
associated with unique genetics, ethnicity and environmental conditions.

Further, different regions of the human skin like dry, moist and sebaceous are known to harbor different 
microbial community51. These differences could not be ascertained in our study since skin samples collected from 
11 different body sites were pooled together before sequencing. The skin of healthy individuals generally harbors 
low microbial biomass and it requires sufficient starting material52. Hence DNA from all the 11 body locations of 
the participants were extracted separately and eventually pooled together before sequencing to avoid sequence 
artifacts associated with low biomass samples52.

Microbial diversity, which contributes to the core microbiome, can provide a snapshot of homeostasis in the 
population and deviations from this core can be associated with different physiological states53. Presence of three, 
13 and two core genera were observed in the gut, oral, and skin microbiome, respectively (Fig. 2). Genus Dialister 
was also amongst the highly abundant core taxa of the gut microbiome in all the families of the EAI population 
(Figs. 2, S3). An earlier study has reported that microbial enzymatic repertoire is known for the conversion of 
dietary fibers into short-chain fatty acids (SCFA)54. Our observations of a higher abundance of Dialister in Indian 
sub-population along with high consumption of dietary fiber suggests a need to test this possible association, as 
these bacteria are previously reported for SCFA production (propionate)55. Gut and oral microbiome showed a 
high proportion of core microbiome compared to the skin microbiome. Amongst the core taxa in oral micro-
biome, Porphyromonas are known for the expression of the fimA gene, which encodes for the surface protein 
important for attachment to other oral bacteria56. The oral microbial flora comprises diverse human-associated 

Figure 5. Nonmetric Multidimensional Scaling (NMDS) ordination displaying microbiome communities 
across the three generations in the gut (A), oral (B) and skin (C) microbiome. (D) Box plot showing 
differentially abundant genera in the human oral microbiome across the members from the three age groups. 
(E) Next-generation sequencing and qPCR results showing the abundance of Prevotella and total bacteria in the 
human gut microbiome across three age groups.

https://doi.org/10.1038/s41598-020-62195-5


8Scientific RepoRtS |         (2020) 10:5685  | https://doi.org/10.1038/s41598-020-62195-5

www.nature.com/scientificreportswww.nature.com/scientificreports/

biofilms, which are influenced by oral streptococci, the main group of early colonizers57. Fusobacterium was also 
prevalent taxa in the oral microbiome. In the complex ecosystems like oral cavity microbial co-aggregations like 
Fusobacterium and Streptococcus, which mediates a variety of cooperative metabolic functions57. Skin is the larg-
est organ and represents the primary physical barrier between the host and the external environment. The overall 
representation of the core microbiome was only 15%, presumably due to oil, moist and sebaceous site-specific 
bacterial community structure and transient nature of the skin microbiome. Due to the acidic pH of the skin 
(4.4 to 5), despite the transient nature of skin microbiome, only mutualistic skin bacteria like Streptococcus, 
Staphylococcus and Corynebacterium can grow and detected as core taxa. Unique combination of taxa such as 
Dialister, Prevotella, Bacteroides, Megamonas, Succinivibrio in gut, Streptococcus, Fusobateria Neisseria, Prevotella, 
Porphyromonas in oral and Corynebacterium, Alloiococcus, Staphylococcus, Streptococcus, Anaerococcus and 
Peptoniphilus in skin were observed in EAI subpopulation emphasizing the effect of diet, host genetics and envi-
ronmental factors on microbiome. Overall the core microbiome structure of the EAI population was similar 
across all the families which can be associated with similar dietary patterns, socioeconomic status, ethnicity, 
and agriculture-based lifestyle. Few low abundant bacterial taxa were exclusively detected as core taxa of specific 
families (Tables S3–S5). However, no relatable information was observed for the distinctive presence of these taxa.

Dietary information of the study population was collected using the food frequency questionnaire (FFQ) and 
this information is subsequently translated into the daily intake of carbohydrates, proteins, fats, lipids, fibers and 
calories with the help of a nutritionist. Detailed analysis showed that carbohydrates provide about 74%, 81% and 

Figure 6. Correlation analysis of bacterial abundance with age, Phylum Proteobacteria (A) and Genus 
Bacteroides (B) of gut microbiome; Phylum Fusobacteria (C), genera Treponema (D), Fusobacterium (E), 
Granulicatella (F) and Streptococcus (G) of oral microbiome (p =< 0.05, r2 > 0.2 for all the correlation).

https://doi.org/10.1038/s41598-020-62195-5
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80% calories in the first, second and third generation members, respectively (Table S6) and overall, the consump-
tion of other dietary constituents was comparable across the three generations. Correlation analysis of bacterial 
genera and routine dietary consumption of carbohydrates, proteins, fats, lipids, fibers and calories showed that 
there is no statistically significant correlation suggesting the relatively similar structure of microbiome and over-
all dietary pattern (Fig. 4). This observation is further strengthened by limited variation observed in the CCA 
analysis and no specific clustering was observed based on the generation (age groups) or the gender of the study 
participants (Fig. 3). A balanced diet helps in maintaining human health and the changes in the diet are respon-
sible for the associated alterations in the microbiome. Singh et al., have shown that dietary alterations can induce 
microbiome associated changes in 24 hours, which can be alternating and yet reproducible58. Patrilineal families 
in this study follow the typical diet for several generations, and generally, all members of the family eat the same 
food irrespective of their age. The routine diet of the study populations comprises majorly of wheat and/or pearl 
millet bread, rice, vegetables and millets. The correlation analysis on this population revealed no statistically 
significant differences in the microbiome and the diet. This emphasizes the fact that overall homogeneity in the 
diet helps in maintaining the microbial state. Other confounding factors, including birth mode (cesarean section 
delivery and normal delivery), monozygotic or dizygotic twins had no effect on the microbiome as all the partic-
ipants recruited in the study have the same normal delivery birth mode and none of the participants were twins.

A substantial number of studies have reported the association between age and the human microbiome59,60, 
but the majority of these studies were among unrelated individuals who lacked constant causal contributing fac-
tors. Participants from three generations belonging to patrilineal families and living in the same household were 
recruited in this study to understand the perceptible effect of age on the microbiome. This sampling strategy allowed 
us to have a minimum impact of other confounding factors on the microbiome. Human microbiome dynamics 
changes with the time as the ‘holobiont’ integrates and responds to signals from the environment61. A direct causal 
relation between age-specific microbial communities and host aging has also been explored in laboratory model 
organisms, including flies, fish and mice1,12–16, etc. Microbiome community structure of gut, oral and skin samples 
illustrated differences in the abundance of bacterial genera in three age groups. Here, Succinivibrio known for higher 
fiber degrading potential62 and Ruminococcus were highly abundant in first-generation members (Table S7a). The 
specific reason for the higher abundance of these taxa is not known and it demands further investigation. Bacterial 
taxa known for healthier metabolism were abundant in the gut microbiome of the second generation members 
such as Dialister and Phascolarctobacterium the SCFA producers63,64, Megasphaera the key carbohydrate metabo-
lizing bacteria of Indian population known for having diverse and unique sets of Carbohydrate-Active enzymes 
(CAZymes)65, Faecalibacterium is also the most abundant and important commensal bacteria of the human gut 
microbiota8. In addition to Prevotella, Bifidobacterium, the early gut colonizers and Bacteroides were higher in the 
third generation members (Table S7a). In the skin microbiome also age-related changes in the abundance of bac-
terial taxa were recorded. Genus Corynebacterium was highly abundant in first-generation members (Table S7c). 
Recent study understanding the extrinsic and intrinsic host factors influencing skin microbiome composition sug-
gested that Corynebacterium OTUs were associated with skin aging66, specifically with the hyperpigmented spots 
and wrinkles66. With the increasing age, physiological changes occur in the skin structure explains the association 
of key bacterial taxa in the members of the respective age groups. In our study, only 1.03% OTUs were found to be 
differentially abundant across three age groups, suggesting a nominal but profound effect of age on the gut microbi-
ome. With the increasing age, the high abundance of Proteobacteria was detected (Fig. 6A). A higher abundance of 
this bacterial phylum was reported to be associated with the altered gut microbiome and dysbiosis67,68. Studies have 
shown an increase in the abundance of Proteobacteria with age correlating with the weaker immune response to the 
opportunistic pathogens, thereby leading to a decrease in the commensal microflora69,70. Proteobacteria have been 
suggested as the potential diagnostic criteria for dysbiotic conditions7.

Similarly, in the oral microbiome, Fusobacteria was found to increase with increasing age (Fig. 6C). Few gen-
era of this phylum are known opportunistic pathogens71; however, studies on the association of members of this 
phylum longitudinally with age can give more insights into their mutualistic or pathogenic role. Further, we 
observed a negative correlation in the abundance of Bacteroides with age (Fig. 6B); this is in contrast to previous 
studies demonstrating the higher abundance of genus Bacteroides with increasing age72,73. With the increasing 
age, physiological changes occur in the oral cavity like thinning of oral mucosa, smooth and loosened stippling 
aspect, narrowing and alteration of the gingival epithelium, modification of epithelial-connective interface and 
decreasing of keratinization74. Here, Granulicatella and Streptococcus abundance decreased with age (Fig. 6D,E) 
while Treponema and Fusobacterium abundance increased with age (Fig. 6F,G). Granulicatella is the component 
of normal oral flora and Streptococcus is also normal flora and early colonizers of the oral microbial community. 
On the contrary, few members of the genera Treponema and Fusobacterium are opportunistic pathogens. These 
age-related changes could be associated with the physiological changes in the oral cavity with the increasing age.

This study expressly describes the age-related changes in the microbiome. However, analysis of hematological 
and biochemical parameters of blood may have further provided an opportunity to understand its association 
with the microbiome, the clear picture on age-related changes in the overall metabolism and health and disease 
status. Further studies with additional samples and multoimics approach can help strengthen these findings.

In conclusion, this study particularly highlights the precise and perceptible association of age with the micro-
biome. Our finding suggests that the age-related changes are very specific and bacterial phylum Proteobacteria 
needs to be investigated in detail to understand its specific physiological role in gut microbiome. Similarly, bac-
terial taxa, including Treponema, Fusobacterium, Granulicatella and Streptococcus the member of the human oral 
microbiome, can be explored for their importance in the oral microbiome. Also, the findings suggest that core 
taxa constitute more than 75% of the gut and oral microbiome, while only 67% of the skin microbiome, indicating 
a larger variability of the microbiome present on the skin. We present baseline data of the human microbiome 
from a healthy Indian sub-population, which could be used as a reference for further studies, including diabe-
tes75–77 obesity and inflammatory diseases.
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Methods
ethical clearance declaration. The study was approved by the ethics committees of the National Centre for 
Cell Science (NCCS), Pune and King Edward’s Memorial Hospital Research Centre (KEMHRC), Pune. Written 
informed consent from the study subjects or their parents wherever applicable were taken, as per the guidelines 
of the institutional ethics committee and Indian Council of Medical Research (ICMR), India. We confirm that all 
the experiments were performed as per the approved guidelines.

Recruitment of subjects. Subjects were recruited from the Vadu Health and Demographic Surveillance 
System (Vadu HDSS) area of the Vadu Rural Health Program, KEM Hospital Research Centre, Pune (VRHP, 
KEMHRC, Pune). The Vadu study population comprises of about 170,000 individuals that reside in 22 villages. 
The objective of Vadu HDSS is to create a longitudinal database of demographic information, including fer-
tility, mortality, migration and marital status, of the Vadu area. Two villages, namely Dongargaon (Latitude: 
18.7442326, Longitude: 73.4504317) and Shikrapur (Latitude: 18.687639, Longitude: 74.125671) were selected 
out of the total Vadu HDSS region.

The recruitment was done based on the following criteria.

 1. Minimum three generations (I- age >50 years, II- age between 25 to 40 years and III- age between 3 to 15 
years) with at least two members per generation must be living together in the same house structure.

 2. Self-declared healthy individuals.
 3. Families with individuals having a history of consumption of alcohol, tobacco and recent (last 3 months) 

use of antibiotics were excluded from the study.

Among the 30 families screened, six families comprising of 54 individuals fulfilled the required criteria and 
were included in the study.

Metadata and sample collection. A Food Frequency Questionnaire (FFQ), along with 48 hrs dietary 
recall was administered before sample collection. Detailed information on the consumption of the food item and 
quantity for each meal of the day were recorded. With the help of nutritionists, this information then translated 
into the daily consumption of carbohydrates, proteins, lipids, fibers and calories. Additional metadata about the 
use of antibiotics and medicines, hygiene and sanitary practices, lifestyle, socioeconomic status, social habits, 
health and diseases (self-reported with or without medical records based on standard questionnaire) and other 
demographic characteristics were recorded. Separate health status questionnaires for adults and children were 
administered for the selection of healthy adults for the study (Tables S8 and S9).

Detailed information on routine dietary consumption of different food nutriments, their frequency and quan-
tity were collected and recorded from the study participants. This information was recorded for three important 
meals, i.e., breakfast, lunch, and dinner. Also, the data on routine consumption of any additional specific food 
nutriment besides these three meals was recorded. The information on routine dietary consumption was then 
used for calculating the routine consumption of carbohydrates, proteins, lipids, fibers, and calories.

Gut, oral, and skin samples from the recruited subjects were collected in triplicates (with an interval of one 
week). Freshly voided, early morning fecal sample was collected in a sterile container. Early morning oral washing 
(before brushing or gargling) was collected using freshly prepared sterile 1X PBS (pH 7.4) in a sterile container. 
Skin samples from 11 different body sites per individual (belonging to three different regions, i.e., moist, oily 
and sebaceous region) were collected as described in Fig. S7. All samples were stored at −80 °C until further 
processing.

Microbiome profiling. DNA extraction from fecal (representative of the gut), oral and skin samples was 
done using QIAamp stool DNA mini kit, QIAamp DNA mini kit, and QIAamp blood and tissue DNA extraction 
kit, respectively (Qiagen, USA). The DNA extraction was performed according to the manufacturer’s instruction 
with the inclusion of bead beating and freeze-thaw treatment at −80 °C and 90 °C for 10 minutes alternatively. 
Metagenomic sequencing of the V3-V4 region of the 16S rRNA gene was done using Illumina Miseq platform, 
paired-end (2 × 300 bp) sequencing, as described earlier78.

Bioinformatics and statistical analysis. Assembly of paired-end reads for each sample was carried out 
using FLASH (Fast Length Adjustment of SHort reads). Low-quality sequences were removed during the assem-
bly with low overlapping regions (less than 20 nucleotides)79. Microbial diversity analysis was done using stand-
ard QIIME (v1.8.0) pipeline80. Closed reference-based OTU picking approach was used to cluster reads into 
Operational Taxonomic Units (OTUs) at 97% sequence similarity using UCLUST algorithm81 and Greengenes 
database (13.8) and representative sequences from each OTU were selected for taxonomic assignment. Beta 
diversity and other statistical analysis was performed using Phyloseq82, corrplot83, vegan84 and Microbiome85 
packages in R. Additional statistical analysis were performed using STAMP86 and GraphPad Prism (GraphPad 
Software, La Jolla California USA). A web-based tool InteractiVenn was used for the analysis of shared and 
unique bacterial genera87.

Quantification of genus Prevotella in study population. Quantitation of genus Prevotella and total 
bacteria from fecal samples was carried out using qPCR as described previously88. Briefly, for quantifying 16S 
rRNA gene for total bacteria and Prevotella, 10 μl reactions in triplicate were set containing a suitable pair of prim-
ers88 (Table 2), 50 ng of Metagenomic DNA and SYBR green master mix (Applied Biosystems Inc. USA), using 
7300 Real-time PCR system (Applied Biosystems Inc. USA). Following PCR conditions: initial denaturation at 
95 °C for 10 min, followed by 40 cycles at 95 °C for 10 s, 60 °C for 1 min was used. Group-specific standard curves 
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were generated from serial dilutions of a known concentration of respective PCR products. Additionally, melting 
curve analysis was performed at the end of qPCR cycles to check the amplification specificity. Average values of 
the triplicate were used for enumerations of tested gene copy numbers for each group using standard curves.

Data availability
The sequence data is available at NCBI SRA submission with accession number SRP116277 (Bioproject ID: 
PRJNA399246) for gut microbiome, SRP135853 (Bioproject ID: PRJNA438584) for skin microbiome and 
SRP135913 (Bioproject ID: PRJNA438728) for oral microbiome.
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Understanding the association between the human gut, oral
and skin microbiome and the Ayurvedic concept of prakriti
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Ayurveda is one of the ancient systems of medicine which is widely practised as a personalized scientific approach towards
the general wellness. Ayurvedic prakriti is broadly defined as the phenotypes which are determined on the basis of physical,
psychological and physiological traits irrespective of their social, ethnic, dietary and geographical stature. Prakriti is the
constitution of a person, which comprises vata, pitta, and kapha and is a key determinant of how one individual is different
from the other. Human microbiome is considered the ‘latest discovered’ human organ and microbiome research reiterates
the fundamental principles of Ayurveda for creating a healthy gut environment by maintaining the individual-specific
microbiome. Hence, it is important to understand the association of human microbiome with the Ayurvedic prakriti of an
individual. Here, we provide a comprehensive analysis of human microbiome from the gut, oral and skin samples of healthy
individuals (n=18) by 16S rRNA gene-based metagenomics using standard QIIME pipeline. In the three different prakriti
samples differential abundance of Bacteroides, Desulfovibrio, Parabacteroides, Slackia, and Succinivibrio was observed in
the gut microbiome. Analysis also revealed prakriti-specific presence of Mogibacterium, Propionibacterium, Pyrami-
dobacter, Rhodococcus in the kapha prakriti individuals Planomicrobium, Hyphomicrobium, Novosphingobium in the pitta
prakriti individuals and Carnobacterium, Robiginitalea, Cetobacterium, Psychrobacter in the vata prakriti individuals.
Similarly, the oral and skin microbiome also revealed presence of prakriti-specific differential abundance of diverse
bacterial genera. Prakriti-specific presence of bacterial taxa was recorded and only 42% microbiome in the oral samples and
52% microbiome in the skin samples were shared. Bacteria known for preventing gut inflammation by digesting the
resistant starch were abundant in the pitta prakriti individuals, who are more prone to develop gut-inflammation-related
disorders. In summary, human gut, oral and skin microbiome showed presence or high abundance of few bacterial taxa
across three prakriti types, suggesting their specific physiological importance.

Keywords. Ayurvedic prakriti; human microbiome; 16S rRNA gene; next generation sequencing

1. Introduction

The human microbiota consists of the 10–100 trillion sym-
biotic microbial cells harboured by each person, which
possess *10 times more bacterial cells than the number of
human cells (Ley et al. 2006). Microbiome represents over
100 times the amount of genomic content compared to
human genome (Qin et al. 2010). Human microbiome is

emerging as a key player in maintaining human health and
well-being by performing various functions ranging from
digestion, protection against pathogen colonization to host
immunity and central nervous system regulation (Hutten-
hower et al. 2012). Effect of different confounding factors on
the human microbiome is well studied: the association of
specific diet and the microbiome is well known (Turnbaugh
et al. 2009; Singh et al 2017).
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Ayurveda is one of the ancient well-written medical sci-
ences, widely practiced in India (Chopra et al. 2010). It has an
individualized approach towards management of health, and
prevention and curing of illness/disease (Chopra et al. 2010).
Prakriti is one of the important concepts of Ayurveda that
defines personalized approach in health and diseases (Chopra
et al. 2010). It is the basic constitution of an individual which
is decided at the time of conception and remains unchanged
throughout the life. According to Ayurveda, prakriti are
classified into seven types: vata, pitta, kapha, vata-kapha,
vata-pitta, kapha-pitta and sama prakriti (all three, i.e., vata-
pitta-kapha). These prakriti exhibit specific functions, mainly
structure, behaviour, response to environmental stimuli, sus-
ceptibility to diseases, etc. Prakriti types explain the physio-
logical variations (Rotti et al. 2014). An individual may have
a dominance of one ormore doshas (bio physiological forces).
Balance of the doshas results in homeostasis and good health,
while vitiation or depletion of doshas leads to the disease
(Govindaraj et al. 2015). Over time, the natural balance of the
doshas in an individual can be disturbed by a number of
factors, such as ageing, improper diet, lifestyle, stress levels
and environmental pollution (Lakhotia 2014). Human
microbiome is also known to differ in response to above-
mentioned factors (Conlon and Bird 2015). The clinical
manifestation of disease and its severity is determined by
origin andmechanism of perturbation of doshas (Prasher et al.
2016). A recent study in the Indian rural population has
showed that, although a substantial portion of gut microbiome
is shared across the population, different prakriti types illus-
trate enrichment of specific bacterial taxa (Chauhan et al.
2018). With this preliminary information we decided to
explore the association among the prakriti of an individual
with the gut, skin and oral microbiome. In the present study,
we provide a comprehensive analysis of the human micro-
biome from the gut, oral and skin ecosystems from 18 healthy
individuals. 16S rRNA gene amplicon sequencing based
microbiome analysis was done to understand the association
between human microbiome and Ayurvedic prakriti.

2. Materials and methods

2.1 Approval of the study

The study was approved by the ethics committees of National
Centre for Cell Science (NCCS) and King Edward’s
Memorial Hospital Research Centre (KEMHRC). Written
informed consent from the study participants or parents of the
study participants was obtained. All methods and experi-
ments were performed by following the approved guidelines.

2.2 Sample collection site

The Vadu HDSS (health and demographic surveillance
system) study site lies within two administrative blocks

(Shirur and Haveli), which is about 40 km from Pune city.
Prakriti assessment and sample collection was done from 53
individuals belonging to the HDSS area.

2.3 Assessment of Prakriti and participant recruitment

Prakriti assessment of study participants were performed by
Ayurveda physician who were trained and experienced in
assessing the prakriti as per the traditional practice in
Ayurveda. These Ayurveda physicians used few clinical
parameters for assessing the prakriti, which primarily
includes observation, palpation, percussion, auscultation and
asking questions regarding appetite, likes–dislikes, exercise,
mental strength and diseases. For this, a prakriti assessment
questionnaire was prepared using Ayurveda Samhita refer-
ences which describe detailed lakshanas (characteristics) of
prakriti (Rotti et al. 2014).

2.4 Sample collection

A questionnaire was filled during sample collection, seeking
answers to questions regarding use of antibiotics, general
health status, and sanitary practices. Freshly voided, early
morning faecal samples were collected in sterile containers,
early morning oral washings before brushing or gargling was
collected in the form of washings using freshly prepared
sterile 1X PBS (pH 7.4) from each study participant in sterile
container, and skin samples were collected from 11 different
body sites including forearm volar, palm, umbilicals,
popliteal fossa, forehead, retro-auricular crease, manubrium,
armpit, antecubital fossa, back, and anterior nares belonging
to three different regions, i.e. moist region, oily region and
sebaceous region. All samples were stored at -80�C tem-
perature until further processing.

2.5 Sample processing and next generation sequencing

DNA extraction from faecal (representative of gut), oral and
skin samples was done using QIAamp stool DNA mini kit,
QIAamp DNA mini kit and QIAamp blood and tissue DNA
extraction kit, respectively (Qiagen, USA). DNA extraction
was done according to manufacturer’s instruction. 16S
rRNA gene amplicon sequencing based microbiome analysis
was done to understand the correlation of microbiome with
the prakriti types. Sequencing of V3-V4 region of 16S
rRNA gene (average read length = 450 BP) was done using
illumina Miseq paired end (2 * 300) sequencing technology.

2.6 Pre-processing of read and bioinformatics analysis

Assembly of forward and reverse reads for each sample was
carried out using FLASH (Fast Length Adjustment of SHort
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reads) (Magoc and Salzberg 2011). Microbial diversity
analysis was done using standard QIIME (v1.8.0) pipeline
(Navas-Molina et al. 2013) on the high-quality sequences.
Closed reference based OTU picking approach was used to
cluster reads into Operational Taxonomic Units (OTUs) at
97% sequence similarity using UCLUST algorithm (Edgar
2010) and greengene database (13.8) and representative
sequences (repset) from each OTU were selected for taxo-
nomic assignment. For the beta diversity analysis R scripts
and R packages such as Phyloseq (McMurdie and Holmes
2013), online tool Calypso (Zakrzewski et al. 2017) were
used. Statistical analysis was also performed using STAMP
(Parks et al. 2014) and graphpad Prism (www.graphpad.
com). Additionally, gut microbiome data of western Indian
population was also surveyed using similar analysis pipeline
for the presence and abundance of specific bacterial taxa
across different prakriti types (Chauhan et al. 2018).

3. Results

Prakriti assessment of total 53 Individuals was done. Among
these, 40 individuals having pitta pradhan prakriti, seven
individuals has vata pradhan prakriti while only six study
individuals has kapha pradhan prakriti. Randomly, six par-
ticipants were selected from the vata and pitta prakriti to
meet the number of participants in kapha pradhan prakriti
for the microbiome analysis. Both male (n = 8) and female
(n = 10) participants were included in the study (table 1).

3.1 Association of human gut microbiome and prakriti
type

In total 28,31,418 good-quality sequences were obtained
from the 35,49,865 raw sequences generated using

16S rRNA gene amplicon sequencing of the stool samples
(n = 18). These sequences were clustered into 5,066 OTUs.
Data normalization was done keeping 74,512 sequences per
sample for the further microbiome analysis. Bacteria
belonging to 21 different phyla were detected. Bacterial
phyla Bacteroidetes (47%), Firmicutes (42%) and Pro-
teobacteria (05%) were found to be highly dominant. Overall,
higher abundance of bacterial genera Prevotella (43%),
Bacteroides (14%) and Dialister (12%) in gut microbiome
samples was observed. Preliminary investigations suggested
high abundance of phyla Proteobacteria and Elusimicrobia in
the vata prakriti samples, while Fusobacteria and Verru-
comicrobia were highly abundant in the pitta and kapha
prakriti, respectively (figure 1A). Presence of five statisti-
cally significant (ANOVA, p B 0.05) differentially abundant
genera including Bacteroides, Desulfovibrio, Parabac-
teroides, Slackia and Succinivibrio (figure 1B) was observed
across the three different prakriti types. Bacteroides and
Parabacteroides were highly abundant in the pitta prakriti
individuals while Desulfovibrio, Slackia and Succinivibrio
were highly dominant in the vata prakriti individuals.

Analysis of gut microbiome data of earlier study by
Chouhan et al. (2014) also showed the abundance of
Parabacteroides and Bacteroides in the pitta prakriti indi-
viduals but those differences were not statistically significant
(ANOVA, p[ 0.05) (supplementary figure 1). Beta diversity
analysis using bray-Curtis PCoA plot showed homogeneity in
the microbiome composition of the vata prakriti samples by
forming tight cluster separating the samples from pitta and
kapha prakriti samples. Pitta and kapha prakriti samples
were spread cross the plot (figure 1C). Shared and unique
bacterial genera across the prakriti types revealed 53.6%
sharing while 10%, 10.7% and 12.9% unique bacterial genera
in the vata, pitta and kapha prakriti samples, respectively
(figure 1D) (supplementary file 1). Genera Enterobacter,
Mogibacterium, Serratia, Pyramidobacter, Scardovia,
Rhodococcus, Propionibacterium, Allobaculum, Methy-
lobacterium, Eikenella, Zoogloea, Cronobacter and Dickeya
were only present in the kapha prakriti individuals. Entero-
coccus, Lactococcus, Moryella, Pseudoramibacter,
Cloacibacterium, Dermabacter, Flavisolibacter, Chlamydia,
Planomicrobium, Trichococcus, Erysipelothrix, Hyphomi-
crobium, Novosphingobium, Acinetobacter, Anaeroplasma
and Thermus were only present in the pitta prakriti Individ-
uals and genera Anaerotruncus, Anaerofustis, Cetobacterium,
Brachyspira, Robiginitalea, Alloiococcus, Carnobacterium,
Sarcina, Pseudobutyrivibrio, Schwartzia, Gallicola, Desul-
fococcus, Psychrobacter and Meiothermus were exclusively
present in the vata prakriti individuals (supplementary file 1).

3.2 Association of human oral microbiome and prakriti
type

Genera level microbiome analysis in the oral samples
revealed abundance of Neisseria (22%), Streptococcus

Table 1. Characteristics of the study participants

Sr. no Participant ID Prakriti type Sex

1 D802 Kapha Female
2 S102 Kapha Female
3 S106 Kapha Female
4 S107 Kapha Male
5 S604 Kapha Female
6 S618 Kapha Male
7 D306 Pitta Male
8 D308 Pitta Female
9 D309 Pitta Female
10 S104 Pitta Female
11 S108 Pitta Male
12 S607 Pitta Female
13 D1001 Vata Male
14 D101 Vata Male
15 D106 Vata Male
16 D302 Vata Female
17 S105 Vata Female
18 S601 Vata Male
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(15%), Prevotella (13%), Haemophilus (10%) and Porphy-
romonas (09%) across the samples. ANOVA analysis
showed three statistically significant (ANOVA, p\ 0.05)
differently abundant genera based on the prakriti type.
Wherein, genus Leptotrichia showed higher abundance in
kapha prakriti samples, while Gemella and Enhydrobacter
were dominant in pitta prakriti and Campylobacter and Bi-
fidobacterium were dominant in vata prakriti samples (fig-
ure 2A). These three genera in addition to Salenomonas
have showed differential abundance in the 2 group com-
parisons across the three prakriti types (figure 2B). The
shared and unique bacterial genera analysis showed that 64
bacterial genera were common to all the three prakriti types
and 21 genera were unique to kapha, 30 were unique to pitta
and six genera, i.e. Geobacillus, Lachnospira, Caulobacter,

Hyphomicrobium, Mesorhizobium and Stenotrophomonas
were unique to vata prakriti samples (figure 2C) (supple-
mentary file 2).

3.3 Association of human skin microbiome and prakriti
type

Microbiome analysis of the skin samples revealed the dif-
ferences in the mean relative abundance of bacterial genera
Corynebacterium, Streptococcus, Staphylococcus, Pep-
toniphilus, Alloiococcus, Anaerococcus, Porphyromonas,
Paracoccus, Novosphingobium and Neisseria in vata, pitta
and kapha prakriti samples (figure 3A). Analysis of differ-
entially abundant bacterial genera revealed presence of five

Figure 1. (A) Phylum-level distribution of bacterial populations in the vata, pitta and kapha prakriti types. (B) Differentially abundant
bacterial genera in human gut microbiome across the vata, pitta and kapha prakriti individuals. (C) Multivariate analysis of beta-diversity:
two-dimensional scatter plots of bacterial community (PCoA of 16S rDNA data) composition across the three different sample groups.
Blue, red and grey colour represents samples from vata, pitta and kapha prakriti individuals, respectively. (D) Venn diagram of shared and
prakriti-specific unique bacterial genera in the human gut microbiome. The numbers represent the prakriti-specific genera and total no of
shared genera across all the study groups.
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bacterial genera (ANOVA, P\0.05). These genera include
Ruminococcus, Lysobacter, Mesorhizobium, Brevundimonas
and Salegentibacter, and all showed higher abundance in the
skin microbiome of the pitta prakriti samples. Total 250
bacterial genera in the skin microbiome were shared in the
three prakriti types, while 25, 72 and 22 genera were unique
to the pitta, kapha and vata prakriti, respectively (figure 3B)
(supplementary file 3). Beta dispersion analysis showed that
pitta prakriti samples having less inter-sample variation,
while kapha prakriti samples showed high inter-sample
variation in the skin microbiome (figure 3C).

4. Discussion

Ayurveda is one of the oldest health sciences of the world. It
is based on the concepts of tridosha and prakriti as the
central philosophies. The primary aim of Ayurveda is
maintenance of health and improvement of disorders in
diseased people. Modernized practices derived from Ayur-
veda traditions are on similar lines with modern clinical
practices (Sen and Chakraborty 2017). The present study is
the first report explaining the detailed correlation of pre-
dominant Ayurvedic prakrities (vata, pitta and kapha) with
the multiple human microbiomes (gut, oral and skin) of the
individuals for unravelling the microbiome and prakriti
associations. Ayurveda describes three fundamental entities
that govern our inner and outer environments, viz. move-
ment, transformation and structure, and are known in San-
skrit as vata, pitta and kapha, respectively (Pal 1991). These
primary forces are responsible for the characteristics of our
mind and body. And each of us has a unique proportion of
these three forces that shapes our nature.

Here, analysis of human gut microbiome revealed five
differentially abundant genera across the three prakriti types.
Wherein, Bacteroides and Parabacteroides were found to be
dominant in the pitta prakriti individuals (figure 1B). Earlier

studies on the human gut microbiome reported that Bac-
teroides is one of the most abundant anaerobic organisms in
the human gut (Wexler 2007). Members of genus Parabac-
teroideswere found more in the pitta prakriti individuals. Gut
microbiome studies exhibited that members of genus
Parabacteroides play a key role in preventing gut inflamma-
tion by digesting the resistant starch (Hu et al. 2016), and are
low abundant or absent in the IBDand ulcerative colitis patient
(Noor et al. 2010). Ayurveda literature suggests that pitta
prakriti individuals are more prone to develop gut inflam-
mation related disorders like gastric ulcers (Dey and Pahwa
2014). Together, the altered human gut microbiome structure
and Ayurveda literature substantiates high abundance of gut
inflammation preventing organisms (Parabacteroides) in the
pitta prakriti individuals. Microbiome data analysis of the
study by Chauhan et al., exploring gut microbiome and
prakriti association, showed high abundance of Parabac-
teroides (statistically non-significant, ANOVA, p[ 0.05) in
the pitta prakriti individuals (supplementary figure 1) based
on 4,000 reads per samples (Data normalization at 4000 reads/
samples) using 29 samples each for vata, pitta and kapha
(Chauhan et al. 2018). While, here in the present study, sta-
tistically significant differences were observed. We analysed
less number of samples at high sequence depth (* 74,000
sequences per sample), while in the earlier study, Chauhan
et al. have analysed relativelymore samples at lower sequence
depth (* 4,000 per sample). For this reason, future studies
with additional samples at higher sequence depth are needed
for precise understanding of microbiome and prakriti associ-
ation. It is known that enteric nervous system is responsible for
digestion and interaction with gut microbiome for modulation
and activity of immune functions (Sharon et al. 2016). The
vata brain-type exhibits a high range of digestive power,
leading to an irregular appetite, bowel movements and fre-
quent gas (Travis and Wallace 2015), and bacterial genus
Desulfovibrio known for their ability for the production ofH2S
(Motamedi and Karsten 1998) and methane were specifically

Figure 2. (A) Differentially abundant bacterial genera in human oral microbiome across the vata, pitta and kapha prakriti individuals.
(B) Differentially abundant bacterial genera in human oral microbiome across the vata, pitta and kapha prakriti individuals in the 2 group
comparisons using Welch t test analysis. (C) Venn diagram of shared and prakriti-specific bacterial genera in the human oral microbiome.
The numbers represent the prakriti-specific genera and total no of shared genera across all the study groups.
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recorded in high abundance in the vata prakriti individuals,
explaining the association of gut microbiome and Ayurvedic
prakriti. Analysis suggested that overall most of the micro-
biome members are common across the samples of different
prakriti and difference exists in the presence and abundance of
key bacterial genera as largely the samples of the three prakriti
types were dispersed across the PCoA plot and only 32%
variation was explained (figure 1C). Bacteria interact exclu-
sively within and between the species while they are
responding to external stimuli. Human physiological respon-
ses changes with the prakriti type and it is the reason for
prakriti-specific presence of few bacteria in the oral, gut and
skin microbiome. However, studying one bacterium at a time
or known consortium of bacteria and host physiological
responses will help in understanding their precise

associations. In addition to the gut microbiome, oral and skin
microbiomes of these individuals were also studied. Oral
microbiome analysis revealed the abundance of genera Neis-
seria, Streptococcus, Prevotella, Haemophilus and Porphy-
romonas. These are the most abundant organism’s plays most
important role in the formation of the healthy oral microbiome
(Chen and Jiang 2014). Larger proportion the oralmicrobiome
(63%) is shared across the three prakriti types, whereas pitta
prakriti individuals showed most number of the unique bac-
terial genera (30 genera) and high inter-individual variation in
the microbiome of pitta prakriti individuals is one possible
explanation.

Analysis based on the abundance of the organisms
revealed three differentially abundant genera (figure 1A).
Among the three, Leptotrichia were found dominant in the

(A) (B)

(D)

(C)

Figure 3. (A) Difference in the mean relative abundance in the bacterial genera in human skin microbiome across the vata, pitta and
kapha prakriti individuals. (B) Differentially abundant bacterial genera in human skin microbiome across the vata, pitta and kapha prakriti
individuals. (C) Venn diagram of shared and prakriti-specific bacterial genera in the human skin microbiome. The numbers represent the
prakriti-specific genera and total no of shared genera across all the study groups. (D) Multivariate analysis of beta-diversity: two-
dimensional scatter plots of bacterial community (NMDS of 16S rDNA data) composition across the three different sample groups. Blue,
red and yellow colour represents samples from vata, pitta and kapha prakriti individuals respectively.
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kapha prakriti individuals. These organisms are common
inhabitant of the oral cavity. These organisms are oppor-
tunistic pathogens and ferment carbohydrates and produce
lactic acid which may eventually be involved with tooth
decay (Emenike and Olsen 2017). Genera Gemella and
Campylobacter were also relatively high in the pitta prakriti
individuals. Gemella were also the opportunistic pathogens
(Jayananda et al. 2017). Pitta prakriti individuals are more
prone to the disorders related to gums and teeth; here the
abundance of opportunistic pathogens represents the putative
prakriti-specific characteristics (Pravin et al. 2015) and the
human oral cavity is a reservoir for the different Campy-
lobacter species.

Complexion of the skin changes with the prakriti
(Umarkar et al. 2013). Vata prakriti individuals show lus-
treless skin having hairs, skin and nails rough in texture and
develop cracks due to dryness (Umarkar et al. 2013).
Similarly, pitta prakriti person has fair body colour; they
have a tendency for wrinkles and the hairs to turn gray at an
early age, while kapha prakriti individuals have oily skin.
Human skin microbiome showed the association with the
characteristics of the skin (Prasuna and Srinivasulu 2013).
Skin microbiome analysis of the abundant genera showed
the differences in their relative abundance across the three
prakriti type. Among the 479 bacterial genera, 5 genera
showed statistically significant differential abundance in
the skin microbiome. All these 5 genera have high abun-
dance in the pitta prakriti samples (figure 3B). ‘Pittam
sasneha tikshnoshnam laghu visram, saram
dravam’(Ashtanga Hrdayam: Sutrasthana I:11) explains the
main characteristics of the pitta prakriti, i.e. pitta is oily,
sharp, hot, light, fleshy-smelling, spreading, and liquid.
Here, the oily quality allows skin softness, the liquid
quality exhibits excess sweating and fleshy-smelling indi-
cates strong body odor. Bacteria including Lysobacter,
Rhizobium, Ruminococcus were relatively high in the skin
microbiome of pitta prakriti individuals (figure 3B). The
bacteria like Lysobacter and Rhizobium (Yan et al. 2016)
detected in agricultural soils and Ruminococcus is associ-
ated with the domestic animals like cattle (Guo et al. 2010).
The present study population is rural agricultural popula-
tion and the dominant bacteria present in their environment
get adhered to the skin due to oily skin of the pitta prakriti
individuals. However, samples from only three pradhan
(dominant) prakriti types were included in the present
study. Thus, microbiome analysis of study participants
from all the seven prakriti types with additional sample size
will be helpful for the precise understanding of these
associations. In summary, human gut, oral and skin
microbiome showed prakriti-specific presence and relative
abundance (high or low abundance) of signature bacterial
taxa. Microbiome structure of healthy individuals belong-
ing to three different prakriti is explored so the findings of
the study will further help in understanding and treating the
specific diseases in future using Ayurveda treatment
regimes by keeping microbiome knowledge as a base.
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Functional characterization and in vitro screening of
Fructobacillus fructosus MCC 3996 isolated from Butea
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Significance and Impact of the Study: This study provided in vitro evidence that Fructobacillus fructosus
MCC 3996 have endurance in acidic gastric juice, better co-aggregation, auto-aggregation properties,
splendid antagonistic activities against several bacteria involved in food spoilage/human infections, per-
tinent antibiotic susceptibility profile and no haemolytic activity. Also, F. fructosus have the capability
to survive in the appreciable amount of fructose, and this advocates that the strain could be used as
starter culture and/or the active ingredient of fructose-rich foods. The current in vitro study provided a
strong basis for further in vivo research to identify the health beneficial characteristics of F. fructosus
and its potential could be effectively utilized as health-boosting ingredient in food and pharmaceutical
industries.
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Abstract

The fructophilic bacterium Fructobacillus fructosus MCC 3996 described in the

present investigation was isolated from the nectar of Butea monosperma flower

and evaluated in vitro for the manifestation of probiotic features. The strain

utilizes fructose faster than glucose and is capable to grow in the range of

1–35% fructose concentration (optimum 5% w/v) and thus denotes its

fructophilic nature. In vitro assessments of the strain have examined for the

endurance in acidic environment/gastric juice, the better auto-aggregation

ability even in the presence of hydrolytic enzymes, co-aggregation with

pathogenic bacteria, hydrophobicity properties and no haemolytic activity to

elucidate its feasible probiotic use. The significant antagonistic activity against

several detrimental bacteria, despite lacking the bacteriocin secretion, is an

astonishing feature. Owing to the indigenous origin of the isolate, it could be

used as a probiotic, starter culture, and/or the active ingredient of food

formulation may contribute to improve the desirable fermentation, long-term

storage and nutritional benefits of foods especially rich in fructose.

Introduction

The Fructobacillus bacteria are found in fructose-rich

niches such as flowers, fruits and fermented foods (Endo

and Okada 2008; Ver�on et al. 2017; Sakandar et al. 2019).

All Fructobacillus bacteria ferment glucose; however, fruc-

tose is fermented faster than glucose and they also survive

in relatively higher fructose concentration (~40%, w/v;

Endo et al. 2011). The preferential utilization of fructose

by Fructobacillus would be due to loss of alcohol/acetalde-

hyde dehydrogenase (adhE) gene in the period of

adaptation to survive a fructose-rich habitat, and this

gene is not needed to metabolize fructose (Maeno et al.

2018).

Although the taxonomic characteristics of genus Fructo-

bacillus were well documented, the health-promoting pro-

biotic potential and commercial applicability are the least

explored area. Recently, Sakandar et al. (2019) advocated

usefulness of two strains of Fructobacillus fructosus for

their use in food for human consumption.

This study consists of a systematic characterization and

evaluation of in vitro assessment for probiotic capabilities
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of F. fructosus isolated from the nectar of Butea mono-

sperma flower. On the basis of in vitro tests recommended

for affirming the probiotic nature of the strain, the F. fruc-

tosus MCC 3996 has been screened and proposed to be a

potential candidate as probiotic. The current in vitro study

outcome provides strong basis for further cell culture/ani-

mal model research to identify the health beneficial charac-

teristics and the strain could be conceivably utilized as

effective probiotics for future food applications for improv-

ing the natural fermentation and refining the nutritional

properties of foods especially rich in fructose (e.g. high-

fructose syrup, honey, fruit drinks, jellies and ice creams).

The functional properties of fructose have extended its

option as a key and healthy food ingredient in many food

industries. The technical and functional characteristics of

fructose over other sweetener are as follows: low molecu-

lar weight, flavour enhancer, smooth consistency, good

humectant, high osmotic pressure, high solubility, no

crystal formation, stable in acidic foods, etc. (Singh et al.

2018). Also, fructose plays beneficial physiological roles in

the human body such as (i) bypassing metabolic pathway

of glucose, (ii) have a low glycaemic index, (iii) increases

the bioavailability of iron by forming an iron-chelate

complex, (iv) accelerates ethanol metabolism, etc. (Singh

and Chauhan 2018). The excess consumption of fructose-

rich food was linked with obesity in human (Bray et al.

2004). Also, Park et al. (2013) suggested the utility of Lac-

tobacillus curvatus HY7601 and Lactobacillus plantarum

KY1032 for prevention of the development of high-fruc-

tose diet-induced metabolic syndrome including obesity,

while no sufficient statistics are available to establish a

direct relation between high-fructose intake and health

risk (Rizkalla 2010). The influence of microbiota on the

host metabolism, the regulation of energy homeostasis

and its antagonistic role are systematically documented

recently, while this review also identified the need of

additional studies to establish the utility of probiotics for

the treatment of obesity (Fontan�e et al. 2018).

The fructophilic feature is the most significant aspect

related to the F. fructosus MCC 3996 and it encouraged

the expectation to launch the strain as a next-generation

probiotic. In recent years, the use of fructose as food

ingredient has been significantly increased due to its cost-

effectiveness and relatively higher sweetening index com-

pared to glucose and sucrose. The fructose-containing

sweeteners were preferred in the global market due to its

availability, lucrative and greater sweetening competence;

these are known as high-fructose corn syrup in the United

States, iso-glucose in European countries, and dextrose/

fructose and fructose/dextrose syrup in other countries

(Bode et al. 2014). The performance of in vitro and in vivo

studies are required to scrutinize and establish the utility

of any strain as probiotics (de Almada et al. 2015).

A fructophilic probiotic could be useful as health-

boosting ingredient to expand the benefits of high-fruc-

tose formulations currently available in the market.

Hence, fructophilic F. fructosus MCC 3996 could be a bet-

ter alternative in fruit-canning and high-fructose syrup

manufacturing at this juncture if probiotic potential of

the strain will be recognized in vivo studies.

Results and discussion

Isolation and identification of strain

The strain MPP-76 was newly isolated from the nectar of

B. monosperma flower. The B. monosperma Lam. (Family:

Fabaceae) is a medium-sized tree of the Indian subconti-

nent. The flowers of the plant are scentless, have dark vel-

vety green cup-shaped calices and five petals. The keel

petals contain copious amounts of nectar. The Fructo-

bacillus might have evolutionarily adapted to the fructose-

rich niche and might possess fructophilic and several

niche-specific characteristics. Previously, the fructophilic

lactic acid bacteria were isolated from a flower of Tropae-

olum majus (Endo and Okada, 2008; Endo et al. 2011).

The strain was identified as F. fructosus on the basis of

the morphological, cultural, biochemical and the 16S

rRNA partial gene sequencing (1490 bp; accession num-

ber: MH509400) (Fig. 1). The strain was deposited at the

National Centre for Microbial Resources (NCMR), Pune,

India and now designated as F. fructosus MCC 3996.

Biochemical and physiological profile of strain

The strain F. fructosus MCC 3996 requires 5% fructose

for optimum growth and was not capable to grow in

absence of the fructose. The maximum concentration of

fructose which supported growth was 35% (Table S1).

Although the strain ferments glucose, the fructose was

fermented faster than glucose. The strain is facultative

aerobic. The major acid produced during fermentation

was lactic acid and also strain not produces catalase and

oxidase enzymes. These all features signify that F. fructo-

sus MCC 3996 is obligatory fructophilic lactic acid bacte-

ria. The fructophilic behaviour and adaptation to high-

fructose concentration by F. fructosus MCC 3996 could be

better explored to promote the strain as an effective pro-

biotic ingredient in conjunction with fructose/fruits con-

taining food preparation as vehicle.

Acid and gastric juice tolerance

The reported F. fructosus MCC 3996 strain survived 67–
68% at pH 2 and 3, while it did not survive at pH 1 after

3 h exposure (Table S2). Even in synthetic gastric juice,
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the strain showed 81% survival after 3 h. The enhanced

survival in synthetic gastric juice (pH 2) compare to

acidic pH might be due to the presence of compatible

solutes such as dextrose and several metal ions. The

endurance for a prolonged period at low pH is desirable

and the crucial property for any probiotic strain for sur-

vival during the stomach passage. The pH of the human

stomach ranges from 1�5 (fasting stage) to 4�5 (after a

meal) while the approximate time for food ingestion is

about 3 h (Jacobsen et al. 1999). The health-boosting for-

mulation of F. fructosus MCC 3996 consumed with a diet-

ary supplement with appropriate buffering capacity could

give desirable results.

Bile salt tolerance

Fructobacillus fructosus MCC 3996 showed appreciable tol-

erance for bile salt. In the presence of bile salt �0�05, 0�1,
0�15, 0�3, 1�0 and 2�0 (%, w/v), survival percentages of

bacterium were 98, 98, 97, 96, 68 and 52%, respectively,

after 24 h. Also, the growth curve patterns were deter-

mined using the various concentration of bile salt (0�05,
0�1, 0�15 and 0�3% w/v) for F. fructosus MCC 3996. The

growth of F. fructosus MCC 3996 in fructose-yeast

extract-peptone (FYP) media containing 0�05, 0�1, 0�15
and 0�3% (w/v) bile salt was delayed by 6, 54, 90 and

118 min, respectively, as compared to control (FYP broth

without bile salt) (Fig. 2). This suggests that the growth

kinetics of strain was not affected significantly in the

range of 0�05–0�3% bile salts.

The range of bile salt concentration found in the

human intestine is varied from 0�05 to 0�3% (Graciela

et al. 2001). The bile salt tolerance is an important prop-

erty of probiotic bacteria used as food adjuncts. The bile

salt tolerance empowers them to survive, grow and to

perform their favourable action in the human gastroin-

testinal tract.

Auto-aggregation and co-aggregation activity

Aggregation of bacterial cells of the same strains is called

as auto-aggregation. The bacterial cells have also a prop-

erty to aggregate with genetically divergent strains and

this property is called as co-aggregation. Aggregation and

co-aggregation properties of strain suggest adherence

capabilities in the human gut environment. The aggrega-

tion profile of F. fructosus MCC 3996 revealed that great-

est auto-aggregation percentage (44�64%) was detected

after 24 h. The consequences of adherence are also deter-

mined by several digestive enzymes such as pepsin, tryp-

sin and bacterial protease (alcalase�). These enzymes have

lowered the percentage (~10%) of auto-aggregation

(Table 1).

Also, F. fructosus MCC 3996 showed co-aggregation with

various pathogenic strains: Escherichia coli, Salmonella

typhimurium and S. aureus. A relatively high percentage of

F. fructosus MCC 3996 and S. aureus were co-aggregated,

compare to S. typhimurium and E. coli (Table 1). The co-

aggregated cells of F. fructosus MCC 3996 with respective

pathogenic strains were visualized under a scanning

0·01

68
NR 113579·1 Fructobacillus fructosus strain NBRC 3516 16S ribosomal RNA gene partial sequence

100
Fructobacillus fructosus MCC 3996

NR 025154·1 Fructobacillus fructosus strain KCTC 3544 16S ribosomal RNA gene partial sequence
100

NR 113043·1 Fructobacillus tropaeoli strain F214-1 16S ribosomal RNA gene partial sequence 

NR 042285·1 Fructobacillus durionis strain D-24 16S ribosomal RNA gene complete sequence 
96

99

LC145569·1 Fructobacillus ficulneus gene for 16S ribosomal RNA partial sequence strain: JCM 12225

NR 042758·1 Fructobacillus pseudoficulneus strain LC 51 16S ribosomal RNA gene partial sequence

100

100

NR 118876·1 Weissella viridescens strain NCDO 1655 16S ribosomal RNA gene complete sequence

NR 136428·1 Convivina intestini strain R-53105 16S ribosomal RNA partial sequence

NR 025153·1 Fructobacillus ficulneus strain FS-1 16S ribosomal RNA gene partial sequence

LC062898·1 Fructobacillus fructosus gene for 16S ribosomal RNA partial sequence strain: JCM 1119

Figure 1 Phylogenetic relationship of strain Fructobacillus fructosus MCC 3996 to related species of Fructobacillus strains based on 16S rRNA

gene sequences. The tree was reconstructed using the neighbour-joining method. Weissella viridescens NCDO 1655 was used as outgroup. A

bootstrap percentage (68%) is given at branching points. Bar, 0�01 substitutions per nucleotide position. [Colour figure can be viewed at wileyon

linelibrary.com]
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electron microscope (S4800 Type II; Hitachi, Hitachinaka-

shi, Japan) (Fig. 3). The outcomes also revealed that the

co-aggregation property (i) depends on the specific type of

pathogen strain and (ii) progressively increased by incuba-

tion time.

Cell surface hydrophobicity

The ability of auto-aggregation, co-aggregation and bind-

ing capability to mucus membrane is depending on

hydrophobic/hydrophilic interactions contributed by pro-

teins and polysaccharides on the bacterial cell surface.

The cell surface hydrophobicity/hydrophilicity characteris-

tics of the bacterial surface were assessed using chloro-

form, ethyl acetate and xylene (Kos et al. 2003). The

strain F. fructosus MCC 3996 showed greater affinity

towards the organic solvents: chloroform (66�41%), ethyl

acetate (85�31%) and xylene (97�48%).

The ability of F. fructosus MCC 3996 to co-aggregate

with these pathogens may assist them to develop a barrier

that prevents colonization by pathogens as suggested by

Schellenberg et al. (2006). The adhesion to xylene (apolar

solvent) validates the hydrophobic surface of bacteria.

The hydrophobic lining of the human gut is contributed

by the surface-active phospholipids known to be present

in both the gastric mucosa and juice. Hence, F. fructosus

MCC 3996 could colonize with mucosal surface of the

stomach which has a hydrophobic lining of the human

gut.

Antagonistic activity

The studied strain effectively inhibited various bacterial

pathogens such as Bacillus pumilus, E. coli, S. typhimur-

ium, Staphylococcus aureus, Proteus vulgaris and Pseu-

domonas aeruginosa. The F. fructosus MCC 3996 lacks the

ability to secret bacteriocin as detected by available meth-

ods; still, the superior antagonistic activity against these

detrimental bacteria is astonishing property (Fig. S1). The

effect of F. fructosus MCC 3996 for inhibiting the patho-

gens was probably due to the production of various

antimicrobial substances viz. organic acids (lactic acid

and acetic acid), OH-phenyl lactic acid, bacteriocin, sugar

catabolite, hydrogen peroxide, fat and amino acid

metabolites, phenyl-lactic acid, reuterin and reutericyclin

(Servin 2004). The active inhibitory mechanisms of the

F. fructosus MCC 3996 strain are under investigation.
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Figure 2 Growth curve pattern of strain Fructobacillus fructosus MCC 3996 in the presence of bile salt (0�05, 0�1, 0�15 and 0�3%) at 37°C for

48 h. All the values are representing mean � SD (♦ bile salt (0%), ■ bile salt (0�05%), ▲ bile salt (0�1%), ● bile salt (0�15%) and □ bile salt

(0�3%)).

Table 1 Aggregation and co-aggregation profile of Fructobacillus

fructosus MCC 3996

Aggregation (%)

0 h 8 h 16 h 24 h

1. Auto-aggregation 0�00 37�55 44�06 44�64
2. Auto-aggregation in presence of digestive enzymes

Protease 0�00 31�51 31�76 30�74
Pepsin 0�00 40�82 42�09 35�84
Trypsin 0�00 36�61 33�67 30�74

3. Co-aggregation

E. coli (NCIM 2109) 4�11 18�80 29�16 58�41
S. aureus (NCIM 2079) 7�08 13�08 20�51 70�71
S. typhimurium (NCIM 2501) 16�91 34�00 35�38 64�84
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Antibiotic susceptibility

The F. fructosus MCC 3996 could be suitably prescribed

during antibiotic therapy using amoxyclav, carbenicillin,

cefotaxime, ciprofloxacin, colistin, co-trimoxazole, co-tri-

mazine, gatifloxacin, nitrofurantoin, norfloxacin, oxacillin

and streptomycin as the strain showed resistance against

these antibiotics based on the sensitivity and resistance

pattern (Table S3). The antibiotic resistance-conferring

genes in probiotics should be non-transferable to other

bacteria. The frequency of gene transfer might negligible

as the strain F. fructosus is physiologically, genetically and

taxonomically not related to common human pathogens/

opportunistic pathogens. Also, the evaluation of antibiotic

markers is important safety criteria to confer the ‘quali-

fied presumption of safety’ as per the European Food

Safety Authority (2008).

Haemolytic activity

In establishing and assuring the safety, even among a

group of bacteria that is ‘Generally Recognized as Safe

(GRAS)’, it is recommended that probiotic strains should

be characterized for the absence of haemolytic activity

(Guidelines for the evaluation of probiotics in food,

2006). The isolate F. fructosus MCC 3996 did not show

any type of haemolysis even after 72 h when cultured

aerobically and micro-aerobically on blood agar. This

emphasizes that the strain is safe for probiotic utility.

Materials and methods

Sample collection

Totally, five fresh flowers of single shrub of B. mono-

sperma were collected from Shirpur, India (21°24’38�4″N
74°58’04�0″E). The nectar (~0�5 ml) was inoculated asep-

tically in 20 ml sterile FYP broth having the following

composition (g l�1): fructose, 10; yeast extract, 10; pep-

tone, 5�0; beef extract, 0�5; sodium acetate, 2�0; Tween-80,
0�5; MgSO4∙7H2O, 0�2; MnSO4∙4H2O, 0�01; FeSO4∙7H2O,

0�01 (pH 6�8) and incubated aerobically, anaerobically

and microaerophilically for 48 h at 30°C. An enriched

sample was streaked on FYP agar plates and was incu-

bated at 30°C for 48 h. The well-isolated colonies were

picked up and further subcultured on FYP plates to

ensure the purity of strain. The isolated strain designated

as MPP-76 and was maintained at 4°C on FYP agar med-

ium.

Identification of isolate

The isolated strain was identified on the basis of various

morphological, cultural and biochemical characteristics as

(a) (b)

(c) (d)

Figure 3 Scanning electron micrograph of (a) auto-aggregation of Fructobacillus fructosus MCC 3996, and co-aggregation of F. fructosus MCC

3996 with (b) Salmonella typhimurium (NCIM 2501), (c) Escherichia coli (NCIM 2109) and (d) Staphylococcus aureus (NCIM 2079).
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per key is given by Endo et al. (2011). Also, the phyloge-

netic analysis was conducted on the basis of 16S rRNA

partial gene sequence.

Optimization of growth parameters

The optimum temperature of strain was evaluated by cul-

turing the strain at different temperatures 15, 30, 37, 40

and 50°C. Also, optimum pH evaluated by culturing

strain in FYP broth having pH 4�0, 5�0, 6�0, 7�0, 7�5 and

8�0. The strain was cultured at respective temperature and

pH in aerobic and microaerophilic conditions.

The sugar utilization profile was determined using

Hi-Carbo kit (Hi-media, Mumbai, India). The fructose

utilization profile of F. fructosus MCC 3996 strain was

determined by inoculating 2�5 ml 24 h pre-grown culture

(1 9 107 CFU per ml) into 50 ml separate flasks of FYP

broth containing varied concentration of D-fructose: 1, 5,

10, 15, 20, 25, 30, 35 and 40% (w/v).

Evaluation of potential probiotic properties

The set of several in vitro tests is recommended to screen

potential probiotic strain (FAO/WHO, 2006). Based on

these recommendations, these in vitro tests were per-

formed to propose the probiotic potential of an isolated

strain.

The inoculum used for these tests consists of 24 h pre-

grown culture (2 9 107 CFU per ml) prepared in phos-

phate buffer (pH 6�8). In these respective tests, the FYP

agar plates were incubated for 48 h at 30°Caerobically.
After incubation, the total viable count of strain was enu-

merated as colony forming units per millilitre (CFU per

ml). The results of each parameter were graphically corre-

lated with log10 of CFU per ml.

Acid and gastric juice tolerance

Acid tolerance of strain F. fructosus MCC 3996 was deter-

mined as per Ren et al. (2014). For this, glycine-HCl buf-

fers with pH 1�0, 2�0 and 3�0 were used. A suitable

inoculum (2 9 107 CFU per ml) was added to the

respective buffer solution. These buffered cell suspension

solutions were kept at 30°C for 3 h. Diluted aliquots

(1 : 107) of respective cell suspension were spread on FYP

plates at the interval of 1, 2 and 3 h. The inoculated FYP

plates were incubated at 30°C for 48 h and the CFU per

ml were enumerated. The log10 of CFU per ml in respec-

tive buffered cell suspension was determined.

Gastric juice tolerance of strain F. fructosus MCC 3996

was determined using a synthetic gastric juice having the

following composition: protease peptone, 0�83%; dextrose,

0�35%; NaCl, 0�2%; KH2PO4, 0�06%; CaCl2, 0�011%; KCl,

0�037%; ox-bile, 0�005%; lysozyme, 0�01% and pepsin,

1�33%; pH 2�0. A suitable inoculum was added to adjust

cell density ~29107 CFU per ml of synthetic gastric juice

solution. This gastric juice containing cell suspension was

kept at 30°C and for 3 h. A diluted aliquot (1 : 107) of

the cell suspension was spread on FYP plates at the inter-

val of 1, 2 and 3 h. The inoculated FYP plates were incu-

bated at 30°C for 48 h and the CFU per ml were

enumerated.

Bile salt tolerance

Bile salt tolerance of strain F. fructosus MCC 3996 was

determined against various concentrations of bile salt:

0�05–2�0 (%, w/v) as per Ren et al. (2014). A dense

inoculum was added to adjust cell density ~2 9 107 CFU

per ml of bile salt-containing FYP broth. This inoculated

FYP broth was kept at 30°C for 24 h. Diluted aliquots

(1 : 107) of the cell suspension were spread on FYP agar

plates. The inoculated FYP agar plates were incubated at

30°C for 48 h and CFU per ml were enumerated.

Also, the growth delay kinetics was determined in the

presence of bile salt. The absorbance (A600) determined

against un-inoculated broth. The growth curve graph was

plotted as absorbance versus incubation time. The growth

delay time (min) at various concentrations of bile salts

was calculated by comparing with growth in the absence

of bile salt (Graciela et al. 2001).

Auto-aggregation and co-aggregation assays

Auto-aggregation and co-aggregation assays were carried

as per Collado et al. (2007). The pre-grown culture of F.

fructosus MCC 3996 strain was centrifuged at 10 000 g

rev min�1 for 15 min to get cell pellet. The cells pellet

was then washed thrice with PBS (0�08 g l�1 NaCl,

0�0121 g l�1 K2HPO4 and 0�0034 g l�1 KH2PO4, pH 6�8),
followed by centrifugation. The cell pellet then re-sus-

pended in the same buffer to reach the absorbance of

0�5 � 0�05 at 600 nm. From this, 4 ml of bacterial sus-

pension was gently vortexed for 10 s. The bacterial sus-

pension was stood stable at 30°C for different time

intervals (8, 16 and 24 h). The upper part of bacterial

suspension was withdrawn gently with a micropipette

(2 ml) and its absorbance was recorded. The auto-aggre-

gation percentage was calculated as 1�(At/A0) 9 100,

where At represents the absorbance at time t = 2, 8, 16

and 24 h while A0 is the absorbance at t = 0 h.

Similarly, auto-aggregation was also studied in the

presence of hydrolytic enzymes. The pre-grown culture of

F. fructosus MCC 3996 strain was centrifuged and washed

thrice with PBS (pH 6�8). The cell pellet then re-sus-

pended in the same buffer containing hydrolytic enzymes
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(250 U ml�1) viz., pepsin, trypsin and bacterial protease

(food grade alcalase; Novozyme, Bagsværd, Denmark).

The absorbance of suspension was adjusted to 0�5 � 0�05
at 600 nm. Then 4 ml of the bacterial cell suspensions

containing respective hydrolytic enzymes was incubated at

30�C for 10 min. After incubation, the upper suspension

was removed carefully and its absorbance was recorded.

The auto-aggregation percentage was calculated as

described previously.

For the co-aggregation assay, the equal volumes har-

vested cells of F. fructosus MCC 3996 and different patho-

gens: E. coli (NCIM 2109), S. typhimurium (NCIM 2501)

and S. aureus (NCIM 2079) were mixed together in sepa-

rate tubes by vortexing for 10 s. Then, these tubes were

incubated at 30°C for different time intervals 8, 16 and

24 h. After incubation, the supernatant was removed

carefully and its absorbance (A600 nm) was measured.

The co-aggregation percentage was determined using the

following formula.

Co � aggregation% ¼
Apat þ Aisolate

� �� 2 Amixð Þ =� ½ Apat þ Aisolate

� �� � � 100

where Apat and Aisolate represent absorbance of pathogen

and probiotic strain at 600 nm and Amix represents the

absorbance of a mixture of pathogen and probiotic strain

at 8, 16 and 24 h.

Also, to visualize the co-aggregation phenomenon, the

pre-grown and 10�4 diluted cultures (200 µl) of E. coli,

S. typhimurium and S. aureus were mixed separately with

F. fructosus MCC 3996 by electron microscopy. The

mixed culture was fixed with 1 ml, 3% glutaraldehyde for

24 h. Then the treated cells were washed with PBS

(0�1 mol l�1, pH 6�8). These washed cells were dehy-

drated using various concentration of ethanol (10–100%,

v/v) for 15 min each. Finally, the cells were dehydrated in

100% ethanol for 30 min for two times. The co-aggre-

gated specimens were allowed to air dry, and then coated

with gold-mounted stubs using double-sided carbon tape.

The co-aggregated cells of F. fructosus MCC 3996 with

pathogens were observed separately using a Scanning

Electron Microscope (FE-SEM—S4800 Type II; Hitachi).

Cell surface hydrophobicity

Bacterial cell surface hydrophobicity was determined by

measuring microbial adhesion to hydrocarbons as

described by Kotzamanidis et al. (2010). A grown culture

of F. fructosus MCC 3996 was harvested by centrifugation

at 10 000 g rev min�1 for 15 min. The cell pellet was

washed thrice and suspended in sterile PBS (pH 6�8). The
absorbance of suspension was adjusted 0�5 � 0�02 (~108

cells per ml) at 600 nm using a spectrophotometer

(UV-Vis 2700, Shimadzu, Japan) and designated as A0.

The standard bacterial suspension (1 ml) was mixed with

3 ml of organic solvent (ethyl acetate, xylene and chloro-

form) separately. This mixture was pre-incubated for

10 min at room temperature. A two-phase system devel-

oped was then mixed by vortexing for 2 min, and then

the mixtures stabilized for 20 min to get two phases (wa-

ter and ethyl acetate/xylene/chloroform phases). An aque-

ous phase was carefully removed and its absorbance was

measured at 600 nm (designated as A1). The cell surface

hydrophobicity percentage (H%) was calculated using the

following formula:

Hydrophobicity% ¼ ð1� A1=A0Þ � 100

Detection of antagonistic activity

Antagonistic activity of F. fructosus MCC 3996 strain was

challenged with several detrimental bacterial strains: B.

pumilus (NCIM 2327), E. coli (NCIM 2109), S. typhimur-

ium (NCIM 2501), S. aureus (NCIM 2079), Proteus vul-

garis (NCIM 2172) and P. aeruginosa (NCIM 2036) as

described by Schillinger and Lucke (1989). The strain F.

fructosus MCC 3996 to be tested for antagonistic activity

was spotted onto the surface of FYP agar plates. These

plates were then incubated aerobically for 48 h at 30°C.
After growth on FYP plates, the 0�1 ml (108 cells per ml)

of the detrimental bacterial strains listed as above, to be

tested for sensitivity were inoculated into 7 ml of lique-

fied nutrient agar medium containing tubes (42°C). This
mixture then poured over the plate and allow to solidify.

The inoculated plates were further incubated aerobically

for 24 h at a respective growth temperature of food

pathogenic strains.

Antibiotic susceptibility

The inoculum (0�1 ml) was uniformly spread on FYP

agar plates (90 mm). Then with sterile forceps, the com-

mercially available octa-discs of standard antibiotics (Hi-

media) were placed on the surface of FYP agar plates.

After incubation, sensitivity/resistance against the respec-

tive antibiotics was determined by observing zones of

inhibition.

Haemolytic activity

For determining haemolytic activity, a strain F. fructosus

MCC 3996 was cultured on FYP agar plates supplemented

with 5% sheep blood. The sheep blood was collected from

domesticated sheep available locally; sterile defibrinated

blood was used for blood agar preparation. These plates

were incubated aerobically and micro-aerobically for 48 h
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at 30°C and examined for sign of haemolysis on the plate

(Maragkoudakis et al. 2006).
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A GEOGRAPHICAL STUDY OF DISTRIBUTION OF POPULATION IN
NANDED DISTRICT

.ABSTRACT

The present study has aimed to explain the distributional patterns of population in
Nanded district during 1981 - 2001. Distribution of population refers to the way of
people are spaced over the surface of the earth. The areal population distribution of
Nanded district is not unevenly throughout the district. In general, the
concentration of population is denser in the urban region and sparse towards the
rural areas, which itself is a very common phenomenon observed in cases of all the
urban communities of the country. In Nanded tehsil a dense concentration is found
in all decades, and Bhokar, Deglur are sparse distribution. The years 2001
observed that 20.82 per cent Population in Nanded tehsil and lowest population
was 2.99 in Umri tehsil. This variation is mainly associated with the topographical
characteristics of the different parts of the district; demographic factors such as
birth, death rate and migration, process of economic development, scarcity of water
are some of the problems in the study area.

KEY WORDS: Distribution of population, Analysis, Urban region, phenomenon,
communities.

INTRODUCTION

The present study has aimed to explain the distributional patterns and spatio -temporal
changes of population in Nanded district. Population is unevenly distributed throughout the
district. This variation is mainly associated with the topographical characteristics of different
parts of the district. The distribution denotes the spatial pattern due to dispersal of population,
formation of agglomeration, linear spread etc. The several methods of describing the
distribution of population the simplest way is percentage distribution of population over the
geographical areas. Economic characteristics play an important role in the overall
development of an area. These characteristics reflect on the economic status of any region at
given point of time. Hence, it is essential to study the distribution of population in the study
area. In most tehsil of the district geographical distribution of population is not even with
varying degrees of concentration of population giving rise to varying densities in the different
parts of the district. The population distribution in district has been determined by availability
of land for cultivation, quality of soil, availability of water resources, topography and
availability of transportation and urban facilities.
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OBJECTIVES

1) To analyze Tahsilwise distribution and concentration of Population in Nanded district.
2) To find out distribution pattern of Population in Nanded district.

STUDY AREA

Nanded district is part of Marathwada Region in Maharashtra. For the present study in
and around area of Nanded district is selected. Nanded district is situated on the bank of
Godavari River. Nanded district has a geographical area of 10,5,28 Sq. Km. which forms
3.41% of the total geographical area of Maharashtra State. The district is situated in the
Deccan Plateau. The district of Nanded has between 18°.15' and 19°.55' North latitude and
77°.7' to 78°.15' East longitudes. The total population of the districts was 33, 56,566 persons
according to 2011 census and male i.e. 1732567 and female are 1623999.

DATA BASE AND METHODOLOGY
The present study is based on secondary data collected from census Reports of

Government of India. Covering distribution of population in Nanded district census handbook
(1981, 1991, and 2001), Socio-economic review, district statistical abstract. The
Geographical study of over census of 1981 to 2001 has been analysed. For detailed study of
changes patterns of population distribution in Nanded District. The collected data has been
processed and analysed by using different quantitative, statistical technique. The tabulated
data has been presented by Maps using Arc GIS. To make the comparative analysis of
population distribution in Nanded district.
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TAHSILSWIES DISTRIBUTION OF POPULATION

NANDED DISTRICT
TAHSILSWIES DISTRIBUTION OF POPULATION YEAR (1981)

Sr.
No

Tahsils Persons
Total

Per cent
Males

Per cent
of Male

Females
Per cent of

Females

1 Kinwat
198999 11.37 100841 50.67 98158 49.32

2 Mahoor
3 Hadgaon

208498 11.91 105625 50.65 102873 49.34
4 Himayatnagar
5 Nanded

388002 22.17 201102 51.83 186900 48.166 Ardhapur
7 Mudkhed
8 Bhokar

134138 7.66 68030 50.71 66108 49.28
9 Umri
10 Biloli

266019 15.25 134782 50.66 131237 49.3311 Dharmabad
12 Naigaon
13 Kandhar

266534 15.23 136147 51.08 130387 48.91
14 Loha
15 Mukhed 157134 8.98 80063 50.95 77071 49.04
16 Deglur 130010 7.43 65827 50.63 64183 49.36

District 1749334 100 892417 51.01 856917 48.98

According to 1981 census, it is observed that the more concentration of population is
found in the tahsils Nanded which is 22.17 per cent. The sparse population is observed in the
tahsils Bhokar and Deglur i.e. 7.66 and 7.43 per cent. The tahsils Biloli and Kandhar has
15.25 and 15.23 per cent. Population and tahsils Kinwat and Hadgaon was 11.37 per cent and
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11.91 per cent.  Higher concentration of population is observed in the tahsils Nanded because
it is a district head quarter of the district.

The sex wise distribution of population is also uneven. According to 1981 census, the Nanded
district has 51.01 per cent male and 48.98 per cent females. A comparative analysis of
Tahsilwise distribution of population indicates that, the percentage of male population is
highest i.e. 51.83 per cent in Nanded tahsil and lowest i.e. 50.63 per cent in Deglur in tahsils
Nanded, Biloli and Kandhar have highest percentage of male population it’s average i.e.
(51.01 per cent) of the district. The percentage of female population is highest (i.e. 49.36 per
cent) in the tahsil Deglur and lowest (i.e. 48.16 per cent) in the Nanded tahsil. Tahsil Kandhar
has higher percentage of female’s population than the average (i.e. 48.96 per cent) of the
female population in the study area.

NANDED DISTRICT
TAHSILSWIES DISTRIBUTION OF POPULATION YEAR (1991)

Sr.
No

Tahsils Total
Total Per

cent
Males

Percentage
of Males

Females
Percentage
of Females

1 Kinwat
243158 10.43 123917 50.96 119241 49.03

2 Mahoor
3 Hadgaon

263330 11.29 134293 50.99 129037 49.00
4 Himayatnagar
5 Nanded

579436 24.86 300789 51.91 278647
48.08

6 Ardhapur
7 Mudkhed
8 Bhokar

175804 7.54 89834 51.09 85970 48.90
9 Umri

10 Biloli
341405 14.65 174772 51.19 166633 48.8011 Dharmabad

12 Naigaon
13 Kandhar

352514 15.15 181778 51.56 170736 48.43
14 Loha
15 Mukhed 204607 8.78 105230 51.43 99377 48.56
16 Deglur 170120 7.3 87263 51.29 82857 48.70

District 2330374 100 1197876 51.40 1132498 48.59
According to 1991 census, it is observed that the more concentration of population is

found in the tahsils Nanded which is 24.86 per cent. The sparse population is observed in the
tahsils Deglur and Bhokar i.e. 7.31 per cent and (7.59 per cent). Tahsil Kinwat and Hadgaon
was 10.43 per cent and 11.29 per cent of the total population and tahsil Biloli and Kandhar
was 14.65 per cent and 15.15 per cent. Higher concentration of population is observed in the
tahsil Nanded i.e. 24.86 per cent. And lowest population was Deglur tahsil i.e. 7.3 per cent.

The sex–wise distribution of population is also uneven.  According to 1991 census,
the Nanded district has 51.4 per cent male and 48.59 per cent female. A comparative analysis
of Tahsilwise distribution of population indicates that, the percentage of male population is
highest i.e. 51.91 per cent in tahsils Nanded and lowest i.e. 50.96 per cent in tahsil Kinwat,
Hadgaon and Kandhar have highest percentage of male population in the average (i.e. 51.40
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per cent) in the tahsil Biloli, Hadgaon and Deglur have highest percentage of the female
population it’s average (i. e. 48.59 per cent) of the female population in the study area.

NANDED DISTRICT
TAHSILSWIES DISTRIBUTION OF POPULATION

YEAR (2001)
Sr.
No

Tahsils
Total

Persons
Percentage
of Persons

Males
Percentag
e of Males

Females
Percentage
of Females

1 Kinwat 210630 7.32 107337 50.95 103293 49.04
2 Mahoor 86782 3.01 44774 51.59 42008 48.40
3 Hadgaon 224354 7.8 115568 51.51 108786 48.48
4 Himayatnagar 88924 3.09 45621 51.30 43303 48.69
5 Nanded 598969 20.82 311875 52.06 287094 47.93
6 Ardhapur 98755 3.43 50958 51.50 47797 48.39
7 Mudkhed 97286 3.38 50049 51.44 47237 48.55
8 Bhokar 119229 4.14 61078 51.22 58151 48.77
9 Umri 86206 2.99 43920 50.94 42286 49.05

10 Biloli 155318 5.4 79731 51.33 75587 48.66
11 Dharmabad 86362 3.07 43596 50.48 42766 49.51
12 Naigaon 161134 5.6 83103 51.57 78031 48.42
13 Kandhar 211347 7.34 109747 51.92 101600 48.07
14 Loha 207306 7.2 106663 51.45 100643 48.54
15 Mukhed 243030 8.44 124613 51.27 118417 48.72
16 Deglur 200627 6.97 102725 51.20 97902 48.79

District 2876259 100 1481358 51.51 1394901 48.49

According to 2001 census, it is observed that, more than 20.82 per cent of the total
population of Nanded district.  The tahsil Mukhed and Kandhar was 8.44 per cent and 7.34
per cent population of the district, and other reaming are below the 8 per cent population of
the district. The tahsil Nanded was observed highest concentration of population i.e. 20.82
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per cent of total population and lowest population observed in the tahsil Umri i.e. 2.99 per
cent. Biloli and Naigaon Tahsils 5.4 per cent, and 5.6 per cent population growth
respectively.

The district as wholes has 51.51 per cent males and 48.51 per cent females in 2001.
The highest percentage of males has observed in Nanded tahsil (i.e. 52.06 per cent) and
lowest (i.e. 50.48 per cent) in tahsil Dharmabad. The figure of percentage of female is highest
(i.e. 49.51 per cent) in tahsil Dharmabad and lowest (i.e. 47.93 per cent) in tahsil Nanded in
most of the tahsils are higher percentage of male population than the average. (i.e. 51.51 per
cent) male population of the study area.   In whole district seven tahsils are highest
percentage of female population (i.e.48.49 per cent).

CONCLUSIONS

The whole population distribution in 1981 its Male population is 51.40 per cent and
female 48.59 per cent. The population concentrations are observed in Nanded, Biloli,
Kandahar, Kinwat and Hadgaon tehsil. The district as wholes has 51.51 per cent males and
48.51 per cent females in 2001. The highest percentage of males has observed in Nanded
tahsil (i.e. 52.06 per cent) and lowest (i.e. 50.48 per cent) in tahsil Dharmabad.  The study of
Tahsilwise distribution of population in year 1981, 1991 and 2001 is reveals that tahsils
Nanded has 24.86 per cent population of total in 1981, which is decrease in 2001 up to 20.82
per cent. Because of 2001 census Nanded tahsils divided in the other three tahsils i.e.
Nanded, Ardhapur and Mudkhed are newly created in the 2001 census. The 1981 and 1991
tahsils are 8 and 2001 was tahsils are 16.
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1.1 Introduction : 
 The overall growth of the Indian economy has depended much on the performance of 
agriculture. It is the single largest source of employment in India, even though is contribution. 
Agriculture is backbone of many developing countries. Most of the population is engaged in primary 
activity in India. The state of development of a country can be assessed on the basic of development 
in agriculture. Agriculture production is influenceby physical, socio-economic, technological and 
organization factors. Endeavour is made to study Bajra productivity in Solapur district of 
Maharashtra state for the year 2005-2010 to 2010-15. Bajra crops is dominant food crop in the study 
region and near about 60 percent people used it. Farmers are growing numerous crops in the field 
rather than single crops. The distributional pattern of crops in any region is an outcomes of 
predominance of certain crops. Bajra is an important crop in the cropping pattern of the study region. 
Bajracrops is raised in only kharip season in the study region. It is well adopted to the environment in 
this region. 
1.2 Study Region 
The district Solapur is one of the most important districts of the Maharashtra state both in terms of 
area and population. It is a part of Bhima basin. Solapur district is selected as a study region for the 
present investigation. It is lives between 17010’ North to 18032’ North latitude and 74042’ East to 
76015’ East longitude and comprising by eleven tahsils. The total geographical area of the Solapur 
district is about 14895 square kilometers with a population 4317756 according to 2011 census. The 
region under study constitutes 4.88 percent area and 3.97 percent population of the Maharashtra state. 
Physiographically, the region is divide into three major divisions such as hilly region, the plateau 
region and low land plain region. The region derived by the river Bhima and its tributaries. The 
climate of Solapur district is monsoon climate. The district entirely lives in drought prown area. The 
annual temperature ranges between 100cg to 440 cg. The annual average rainfall is 667.10 mm. Three 
types of soil of the district are confirmed to the hilly region shalow soil, to plateau region medium 
black soil and the river valley, deep black soil. The district possesses 2.14 percent forest land of the 
total geographical area. (Fig. 1.1) 
Map 2.1 

 
Source : Survey of India, Solapur District  
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1.3 Objectives : 
 In the present research paper following main objectives is taken in to consideration. 
1) To study the spatial pattern of bajra productivity index in the study region. 
2) To analyze the spatio temporal changes of bajra cultivation during the investigation period 
in Solapur district. 
1.4 Data base and methodology 
 The present research study is mainly based on the secondary sources of data. The data 
regarding agriculture has been derived from socio-economic review, district census hand book, crop 
seasons reports. All tahsilwise statistical information calculated with the help of suitable method and 
find out productivity index.  
 Productivity index calculated by Prof. Yenedy’s formula 
Formula : 

 100
Tn
T

Yn
Y)PI(IndexoductivityPr   

Where, 
 PI=Productivity Index 
 Y=Production of the selected crop in component arial unit. 
 Yn=Total production of the selected crop in the entire region 
 T=Area of the selected crop in component arial unit. 
 Tn=Total area of the selected crop in the entire region. 
1.5 Area under Bajra Crop 
In the year of 2005 to 2010 total area under bajra is 43846 hectors. The highest area under bajra crop 
has 33.65 percent in Sangola tahsil and the lowest area under bajra crops is 0.58 percent in North 
Solapur tahsil out of the total bajra area of the study region. Remaining nine tahsils namely Malshiras 
(23.25), Mangalvedha (20.17), Karmala (9.25), Akkalkot (4.20), Pandharpur (3.61), Mohol (1.79), 
Madha 1.56), South Solapur (1.17) and Barshi (0.72) tahsils are found in 0.72 to 23.25 percent area 
under the bajra crops.  
In the study region during the study period in 2010 to 2015 the total area under bajra is 37163 hector. 
The highest area under bajra has 27.86 percent in Malshiras tahsil and lowest area under bajra is 1.95 
percent in North Solapur tahsil.  Remaining nine tahsils namely Sangola (21.52), Karmala (12.20), 
Mangalvedha (7.80), Pandharpur (6.18), Akkalkot (5.55), Madha (5.19), Mohol (4.28), South Solapur 
(3.81) and Barshi (3.60) tahsils are found in 3.60 to 21.52 percent area under bajra crop. 
1.6 Production of Bajra Crop : 
In the study region bajra production is 166077 quintal during the year 2005 to 2010. In this period 
highest production of bajra out of the study area is 30.54 percent in Sangola tahsil and lowest 
production of bajra is 0.66 percent in North Solapur tahsil. Remaining nine tahsils i.e. Malshiras 
(24.29), Mangavedha (21.17), Karmala (9.44), Akkalkot (4.44), Pandharpur (3.83), Mohol (2.01), 
Madha (1.56), South Solapur (1.21) and Barshi (0.80) tahsils are found in the moderate production of 
bajra crop. 
In the year 2010 to 2015 total bajra production is 132232 quintal. In this period highest bajra 
production out of the district is 24.70 percent in Malshiras tahsil and lowest bajra production is 2.33 
percent in North Solapur tahsil. Remaining nine tahsils Sangola (19.59), Karmala (12.60) 
Mangalvedha (8.75), Pandharpur (6.75), Akkalkot (6.19), Madha (5.81), Mohol (4.52), South Solapur 
(4.45) and Barshi (4.26) tahsilsare found in moderate production of bajra crop. 
1.7 Productivity Index 
The study region i.e. Solapur district has productivity index calculated for the year 2005to 2010 and 
2010 to 2015. In the year 2005-10 out of all tahsils the highest productivity index is found in North 
Solapur (113.7) tahsil and the lowest productivity index is recorded in Sangola(90.7) tahsil.The above 

analysis of the tahsil wise productivity index is high 2S.D.x
_

  is observed in three tahsils in this 
period i.e. North Solapur (113.7), Barshi (111.1) and Mohol (112.2) tahsils.The moderate 
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productivity index 1S.D.x
_

  is observed in three tahsils i.e. Pandharpur (106.0), Akkalkot (105.7) 
and South Solapur (103.4) tahsils.The moderate productivity index in these tahsils is due to fertile 
and plain soil and agriculturally prosperous and also connected by transportation network as well as 

developed in agro based industries.The low productivity index 1S.D.x
_

  is observed in four tahsils 
these are Mangalvedha (104.9), Malshiras (104.4), Karmala (102.0) and Madha (100.00) tahsils and 

very low productivity index 2S.D.x
_

  is observed in only one Sangola (90.7) tahsil. 
In the year 2010 to 2015 out of all tahsils the highest productivity index is found in North Solapur 
tahsil 119.4 and the lowest productivity index is recorded in Malshiras tahsil 88.6 The above tahsil 

wise analysis of the productivity index is high 2S.D.x
_

  is observed in two tahsils these are North 
Solapur (119.4) and Barshi (118.3)tashils in this period.  

The moderate productivity index 1S.D.x
_

  is observed in five tahsils i.e. South Solapur (116.7), 
Mangalvedha (112.1), Madha (111.9), Akkalkot (111.5) and Pandharpur (109.2) tahsils and low 

productivity index 1S.D.x
_

  is observed in two tahsils i.e. Mohol (105.6) and Karmala (103.2) 

tahsils. Very low productivity index 2S.D.x
_

  is observed in two tahsils these are Sangola (91.0) 
and Malshiras (88.6) tahsils. 

 
 

Table No.1 
Productivity Index 
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1.8 Volume Change of Productivity Index 
 The average volume of change of productivity index is positive changes in nine tahsil and 
negative changes in two tahsils.  
 The positive change of productivity index are observed in nine tahsils. The highest positive 
change in North Solapur (13.3) tahsil and lowest positive change in Sangola (0.3) tahsil. Remaining 
seven tahsils are positive change of productivity  
ndex i.e Madha (11.9), Bharshi (7.2), Mangalvedha (7.2), Akkalkot(5.8), North Solapur (5.7), 
Pandharpur (3.2) and Karmala (1.2) tahsils. 
 The negative change of productivity index are observed in only two tahsils. The highest 
negative change in Malshiras (15.8) tahsil and the lowest negative change in Mohol (6.6) tahsil. (Fig. 
1.2) 
 
1.9 Conclusion 
 In the study region during the study period in 2005 to 2010 the total area under rice is 43846 
hector. The highest area under bajra has 33.65 percent in Sangola tahsil and lowest area under bajra is 
0.58 percent in North Solapur tahsil. In the year of 2010 to 2015 total area under bajra is 37163 
hectors. The highest area under bajra crop has 27.86 percent in Malshiras tahsil and the lowest area 
under bajracrops is 1.95 percent in North Solapur tahsil out of the total bajra area of the study region. 
In the study region bajara production is 166077 quintal during the year 2005 to 2010. In this period 
highest production of bajra out of the study area is 30.54 percent in Sangola tahsil and lowest 
production of bajra is 0.66 percent in North Solapur tahsil. In the year 2010 to 2015 total bajra 
production is 132232 quintal. In this period highest bajra production out of the district is 24.70 
percent in Malshiras tahsil and lowest bajra production is 2.33 percent in North Solapur tahsil. 
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Introduction- 

There are a number of tribal groups in India,they known by different names such as the 

Adiwasis-the original inhabitants, Vanya jati (live in the forest), AdimJati-primitive people, etc. 

Tribal community is very primitive and backward in India. The largest concentration of 

scheduled tribe is confined to central India, particularly in Madhya Pradesh and in its adjoining 

states like Maharashtra, Gujrat, Rajasthan, Andhra Pradesh, Jharkhand, Orissa and Bihar. In 

Maharashtra, according to 1991 census, the concentration of tribal population is mostly confined 

to north-eastern and north western parts.In the northwestern part of the state, particularly Thane, 

Nashik, Dhule and Nandurbar districts where more 43 percent (43.09) and in the eastern part 

(Wardha, Nagpur, Bhandara, Chandrapur and Gadchiroli districts), 21.69%, concentration of 

tribal population to the total tribal population of the state. In Maharashtra the schedule tribe 

population was 73.18 lakhs (1991), which constituted 9.27 percent of the total population of the 

state. It has now increased to 85.77 lakhs in 2001 but the proportion has reduced to 8.85 % and 

9.35 percent in 2011 (105.10 lakhs). (S. K. Pawar, K. C. Ramotra 2017). 

No less impressive is the pattern of their spatial distribution, it has been commonly 

observed that the tribes reveal strong tendencies of clustering and concentration in the hilly, 

forested and the geographically inaccessible tracts of the country (Ahmad, 1999). This is the 

main cause for their backwardness. The growth of the tribal population would be necessary 

for Understanding the cause of illiteracy, poverty and discrimination. 

The tribal people distinct by their own cultures, traditions and occupation and scattered 

all over the world. The scheduled tribes from the most socially and economically backward 

sections of Indian society, illiterate, underdeveloped, primitive and predominantly concentrated 
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in thick forested and hilly areas, which hampered interaction with the outside 

world.The tribes are the economically backward ethnic group in India. They are food gatherers, 

hunters, forestland cultivators and minor forest product collectors. They live in isolation with 

near to nature, hence, called the son of the soil. Tribes constituted separate socio-cultural groups 

having distinct customs, tradition, marriage, kinship, property inheritance system and living 

largely in agricultural and pre-agricultural level of technology. 

Tribal society is defined as a collection of families bearing a common name, speaking a 

common dialect, occupying a common territory. The world tribe means a group of families, 

living in a contiguous region, speaking a common language and having a historical past.  

Study Area- 

Nandurbar district is located in northern part of Maharashtra. The geographical location 

North latitude  East longitude 

longitude. The study area occupies an area 5034.30 sq. km.  

 



      Juni Khyat                                                                  ISSN: 2278-4632 

(UGC Care Group I Listed Journal)                                Vol-10 Issue-5 No. 11 May 2020 

Page | 163                     www.junikhyat.com                   Copyright  2020 Authors 

 

The population according to census 2011 is 16, 48,295. Out of total population 83.29 % 

are rural and 17.71 % urban population.  Nandurbar district separated from formerly Dhule 

district on 1 July 1998. Nandurbar district is bounded at north and west by Gujrat state, South 

and South East border demarcated by Dhule district, Madhya Pradesh on North and North East.  

Nandurbar district consist by 6 tehsil which is Dhadgaon (Akrani), Taloda, Shahda, Nandurbar, 

Akkalkkuwa and Navapur.  

 Physiographically, the study region is peculiar in nature. The district forms part of Tapi 

and Narmada basins. The Narmada River flows in the north and forms boundary between the 

study region and Gujrat state. The northern part of the district is covered with Satpuda mountain 

ranges. The altitude of this region is between 300 and 1200 meters from MSL. It is characterized 

by deep vally with steep slopes. Tapi River flows from the east to west in the southern part of the 

Satpuda. The region to the south of river Tapi is plain with soils.  

 The climate of the district is characterized by hot summer and general dryness throughout 

the year except during the south west monsoon season i.e. June to September. In Nandurbar 

district the average of rainfall is 801 mm, the rainfall in the eastern part of the district is 

minimum and shahada comes under this category. The rainfall increase in the westwards of the 

district. Akkalkuwa and Navapur comes under the major rainfall area in the district.   

Objectives- 

1) To study the tehsil wise distribution of tribalpopulation in Nandurbar District.  

2) To study of sex ratio of tribal and non-tribal population in Nandurbar district. 

Database & Methodology- 

 The present study is mainly based on Secondary data, which is collected from the District 

Census Handbook, Census of Maharashtra and Statistical Abstract of Nandurbar district. 1981 to 

2011 period is selected for the present study. An attempt has been made to tabulate process, 

analyze and interpret the data by applying suitable statistical and cartographic techniques.  

Explanation : 
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According to 2011 census, the population of Nandurbar district is 1648295 and the 

population density is 277 persons per sq. km. The sex ratio favoring in males i.e. 978. The 

pulation to the total tribal population of the districts is 69.28 

percentages (1141933). Majority of the population belongs to tribal communities. The northern 

and southern tahsils namely Akkalkuwa, Dhadgaon (Akrani), and Nawapur have higher 

proportion of population. The lower proportion of schedule tribe population found in Shahade 

and Nandurbar tahsil. The literacy rate of the district is 64.38 percent and scheduled tribes 

literacy which is lower than the district its 55.03. Agriculture is the main occupation of the 

people.      

The study of tribal population distribution is carried out for 1981 to 2011. 

Tribal Population Distribution In Nandurbar District (1981-2011) 

Sr.No. Tehsils 1981 1991 2001 2011 

1 Navapur 85.43 85.04 84.88 85.52 

2 Nandurbar 38.04 39.28 40.82 45.57 

3 Talode 65.98 67.85 72.29 77.44 

4 Akkalkuwa 87.21 81.22 84.76 85.25 

5 Dhadgaon 95.23 86.13 94.96 95.94 

6 Shahade 47.19 47.78 48.62 54.20 

Source: Census of India, Nandurbar and Dhule district census handbook 1981, 1991, 2001, and 

2011. 
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In the study of distribution of tribal population in Nandurbar district from 1981 to 2011, the 

population distribution in all the tehsils does not appear to change much over time. A similar 

percentage is seen in the tribal population distribution in Navapur tehsil from 1981 to 2011. 

The southern part of Navapur tehsil is covered by the Sahyadri Range and the northern 

part is covered by the Tapi valley. In this tehsil, according to the census of 2011 have 85.52 

percent population is the tribal population. Much of Nandurbar and Shahada tehsil is covered by 

the Tapi valley. In these tehsils, urbanization appears to have taken place in large numbers. The 

tribal population in these tehsils is less than the other tehsil. Nandurbar tehsil has the lowest 

number of tribal population its only 45.57 %. The percentage of Shahada tehsil is 54.20%.  

The northern part of Taloda tehsil is covered by the Satpuda Mountains and the tribal population 

is  77.44 %. The whole area of Dhadgaon (Akrani) tehsil is covered with mountain ranges. This 

is known as the wooded area. The tribal population is 93.95% of the population of this tehsil.The 

northern part of Akkalkuwa tehsil is covered by mountains. The tribal population here is 85.25% 

.The study of tribal and non-tribal population sex ratio is carried out for 1991 to 2011. 

Sex ratio of Non-tribal and tribal population in Nandurbar district. 

Sr

. 

no

. 

Tehsils Tribal 

populati

on sex 

ratio 

1991 

Non-

Tribal 

populatio

n sex 

ratio 1991 

Tribal 

population 

sex 

ratio2001 

Non-

Tribal 

population 

sex 

ratio2001 

Tribal 

population 

sex 

ratio2011 

Non-

Tribal 

population 

sex 

ratio2011 

1 Navapur 1006 930 1006 929 1023 940 

2 Nandurbar 1015 939 1010 938 1022 928 

3 Talode 1014 954 1008 934 1014 946 

4 Akkalkuwa 1010 873 1021 674 997 601 

5 Dhadgaon 1003 929 1013 917 1001 958 

6 Shahade 984 933 998 938 1008 949 

 Nandurbar 

District 

1005 926 1009 988 1010 910 

Source: Census of India, Nandurbar and Dhule district census handbook 1991, 2001, and 2011. 
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In this above map according to the 2011 census the highest non-tribal population sex ratio occur 

in Dhadgaon tehsil while lowest non-tribal population occur in Akkalkuwa tehsil. 
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