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Abstract

The effect of vegetarian diets on faecal microbiota has been explored largely through culture-based techniques. The present study com-
pared the faecal microbiota of vegetarian and omnivorous young women in southern India. Faecal samples were obtained from thirty-two
lacto-vegetarian and twenty-four omnivorous young adult women from a similar social and economic background. Macronutrient intake
and anthropometric data were collected. Faecal microbiota of interest was quantified by real-time PCR with SYBR Green using primers
targeting 16S rRNA genes of groups, including: Clostridium coccoides group (Clostridium cluster XIVa), Roseburia spp.—Eubacterium
rectale, Bacteroides— Prevotella group, Bifidobacterium genus, Lactobacillus group, Clostridium leptum group (Clostridium cluster IV),
Faecalibacterium prausnitzii, Ruminococcus productus—C. coccoides, Butyrivibrio, Enterococcus species and Enterobacteriaceae. The
groups were matched for age, socio-economic score and anthropometric indices. Intake of energy, complex carbohydrates and Ca
were significantly higher in the omnivorous group. The faecal microbiota of the omnivorous group was enriched with Clostridium cluster
XIVa bacteria, specifically Roseburia—E. rectale. The relative proportions of other microbial communities were similar in both groups. The
butyryl-CoA CoA-transferase gene, associated with microbial butyrate production, was present in greater amounts in the faeces of omni-
vores, and the levels were highly correlated with Clostridium cluster XIVa and Roseburia—E. rectale abundance and to a lesser extent
with Clostridium leptum and F. prausnitzii abundance and with crude fibre intake. Omnivores had an increased relative abundance of
Clostridium cluster XIVa bacteria and butyryl-CoA CoA-transferase gene compared with vegetarians, but we were unable to identify the
components of the diet responsible for this difference.
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anaerobic Lactobacillus species(é). On the other hand, a

recent study using molecular techniques has reported that

The advent of the molecular characterisation of intestinal
microbiota has occasioned an increased interest in the

relationship between diet, microbiota and nutrition. Unab-
sorbed dietary carbohydrates form the major energy source
for the colonic microbiota. In turn, the bacteria ferment
these to SCFA which are absorbed and enter the portal
venous system, and contribute to energy in the host. Changes
in gut microbiota have been described in association with
obesity and have been linked to increased energy harvest? =,
Vegetarian diets have been promoted for specific conditions
including induction of weight loss and improvement in insulin
resistance®. The influence of a vegetarian diet on faecal
microbiota remains speculative. In an early study based on
quantitative culture, consumption of meat increased the
counts of Bacteroides, Bifidobacterium, Peptococcus and

young adults had a predominance of Clostridium cluster IV
bacteria in faecal microbiota compared with elderly individ-
uals, with omnivores among the young adults having margin-
ally higher proportions of these bacteria than vegetarians”.
Rural populations in southern India consume a largely veg-
etarian diet. There are two factors that determine whether
these populations eat any meat. The first relates to socio-
economic circumstances as a result of which meat forms a
part of the diet only once or twice per week. The second is reli-
gious persuasion leading to total avoidance of meat intake in
significant sections of these populations. These dietary patterns
are most distinct among women in these populations. The pre-
sent study examined a cohort of young women from a rural
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background studying in a women’s college in southern India,
and reports the dietary intakes, nutritional status and faecal
microbiota of this cohort, with particular reference to the
differences between omnivores and vegetarians.

Methods

A total of thirty-two vegetarian and twenty-four non-
vegetarian young women (aged 18-27 years), all from a
very similar socio-economic background, were recruited
from resident students in a women’s college in Tamilnadu.
The study was preceded by focus group discussions in the col-
lege with the teachers and students where the purpose of the
study was explained and students were invited to participate.
Participants were excluded if they had consumed antibiotics
within the last 1 month or had gastrointestinal symptoms at
the time of the study. A 24h diet recall, together with an
FFQ of commonly used foods ingested over the previous
3 months, was administered by a trained dietitian. Food
quantities were measured according to a standard set of
cups and spoons, and the daily intake of relevant nutrients
was calculated from standard tables for the composition of
Indian foods®. Height and weight were measured and BMI
was calculated. The socio-economic score was calculated
according to the method of Kuppuswami modified for
2007, Each participant provided a sample of freshly passed
stool in the morning, and this was transported to the labora-
tory on ice within 1h and stored in aliquots at —80°C until
DNA extraction. The study was conducted according to the
guidelines laid down in the Declaration of Helsinki and all
procedures involving human subjects/patients were approved
by the Institutional Review Board of the Christian Medical
College, Vellore. Written informed consent was obtained
from all participants.

Faecal DNA was extracted using QiaAmp DNA Stool
Mini Kits (Qiagen). Faecal bacteria were analysed by quantitat-
ive PCR using primers targeted at 16S ribosomal DNA
of  Clostridium  coccoides— Eubacterium  rectale  group
(Clostridium cluster XIVa)'?,  Clostridium leptum group
(Clostridium cluster IVYY | Faecalibacterium pmusnz’tzz’i(lz),
Desulfovibrio species'? | Bacteroides— Prevotella— Porphyro-
monas group?, Enterococcus faecalis'?, Bifidobacterium
genus™™®, Lactobacillus group™™®, Enterobacteria™®, Rumino-
coccus productus—C. coccoides >, Butyrivibrio fibrisolvens 1,
and Roseburia spp.—E. rectale'”. The latter are the principal
butyrate-producing bacteria within  Clostridium  cluster
XIVa. Together with F  prausnitzii that belongs to
Clostridium cluster 1V, they form the major butyrate-producing
bacteria in the intestine. We were particularly interested in
studying butyrate-producing bacteria, and quantified the
butyryl-CoA CoA-transferase gene in the faeces using
BCoATscrF and BCoATscrR primers™®. The specificities of
these primers and the PCR conditions have been reported
earlier. Lactobacillus group primers detected Lactobacillus,
Pediococcus and Leuconostoc group bacteria. The microbial
groups chosen for the study represented numerically or
biologically important constituent classes of faecal bacteria.
Real-time PCR was performed in a Chromo4 system

(Bio-Rad Laboratories) using the Mesa Green quantitative
PCR Mastermix Plus for SYBR Assay (Eurogentec)(m. 16S
(‘universal’) DNA sequences
Domain Bacteria were amplified simultaneously using appro-
priate primers’” and served as the denominator, against
which quantitative amplification of the other 16S ribosomal
DNA amplicons was reported. DNA copy was expressed as
the ‘relative difference’, i.e. the cycle threshold at which
DNA for each target was detected relative to the cycle
threshold at which Domain Bacteria DNA was detected
upon amplification. The reference universal amplicon was
assigned a value of 1, and target microbial groups are
expressed as decimal values in proportion to this.

ribosomal conserved  in

Statistics

All values are presented as medians and interquartile ranges.
Comparisons between the groups were done by f tests using
log-transformed values for the relative difference. Log-trans-
formed values of the transferase gene and of the microbial
communities were used to examine their correlations (Pear-
son) with dietary components and with one another, as well
as for linear regression. Two-tailed P values less than 0-05
were considered to be statistically significant.

Results

In the present study, thirty-two vegetarians and twenty-four
omnivores were enrolled in the study. There were no signifi-
cant differences in age, height, weight, BMI or socio-economic
score between the two groups (Table 1). Total energy intake,
complex carbohydrates and Ca were significantly higher in the
omnivorous group than in the vegetarian group (Table 1).
Faecal levels of the C. coccoides—E. rectale group
(Clostridium cluster XIVa bacteria) were higher in the omni-
vores (relative difference: median 008108, interquartile
range 0:04229-0-1247) compared with the vegetarian group
(median 0-03158, interquartile range 0-00912-0-06229;
P=0-004). This was contributed by significant increases in
Roseburia—E. rectale (P=0-023), whereas R. productus—
C. coccoides and Butyrivibrio were not increased (Fig. 1. All
the other microbial groups tested were similar between the
two groups (Fig. 1). Interestingly, butyryl-CoA CoA-transferase
gene levels were significantly higher in the omnivore group
compared with the vegetarian group (P=0-019, Fig. 1). Log-
transformed levels of the gene were significantly correlated
with C. coccoides—E. rectale (Pearson r 0-607, P<0-0001)
and Roseburia—E. rectale (Pearson r 0-777, P<0-0001) but
not with R. productus—C. coccoides. Transferase gene levels
were negatively correlated with fat intake (»r —0-288,
P=0-032) and showed a trend for a positive correlation with
crude fibre intake ( 0-231, P=0-089). C. coccoides—E. rectale
and R. productus—C. coccoides abundance correlated with
crude fibre intake (r 0-33, P=0-014; r 0-30, P=0-022, respect-
ively). Linear regression with butyryl-CoA CoA-transferase as
the dependent variable and various microbial communities,
crude fibre and fat as independent variables showed that
Roseburia—E. rectale (P=0:000) and C. coccoides—E. rectale
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Table 1. Demographics, anthropometric data and dietary intakes of the study participants

(Median values and interquartile ranges)

Vegetarians (n 32)

Omnivores (n 24)

Median Interquartile range Median Interquartile range P
Age (years) 19 18-19 19 18-20 0-7896
Height (cm) 155 154-157 155 154-159 0-9065
Weight (kg) 48 45-53.7 53:5 44-58 01977
BMI (kg/m?) 20-0 18:3-22-6 21.9 18-9-23-2 0-2454
Socio-economic score 20 17-22 18 14-22 0-4199
Dietary intakes
Energy (kJ/d) 5380 4807-6112 5983 5493-6706 0-0153
Simple carbohydrate (g/d) 295 17.5-36-5 25.5 14-36-5 0-3368
Complex carbohydrates (g/d) 225 192-239 246 222-279 0-0149
Protein (g/d) 30 26-33 32 27-36 0-218
Fat (g/d) 215 19-25.5 20-5 18-25 0-2764
Non-haem Fe (mg/d) 8 6-7-9 8-68 7-6-8-9 0-3794
Ca (mg/d) 195 138-235 250 154-360 0-0348
Fibre (g/d) 2-90 2-24-3-30 2.95 2.68-34 0-4411

* P values from Mann—Whitney U tests for the assessment of significant differences between the median values.

(P=0-044) were the only variables that independently corre-
lated with log abundance of the transferase gene.

Discussion

The present study evaluated differences in faecal microbiota
that could be related to a vegetarian or omnivore diet in a
well-matched population of young women in southern
India, and found increases in Clostridium cluster XIVa bacteria
in the omnivore group compared with the vegetarian group.
This was accompanied by an increase in the genes coding
for a key enzyme involved in butyrate production.

The two groups of participants were very well matched,
being within a narrow age range, of the same sex, all from
the same geographical area and all accustomed to food pre-
pared in a typical southern Indian style. The vegetarians in
this group consumed small amounts of cows’ milk on a
daily basis, in keeping with traditional practices in southern
India, and were not vegans. Vegetarian diets are associated
with lower BMI, lower overall cancer rates and a lower risk
of death from THD®®. In the present study, BMI of the partici-
pants in the vegetarian group did not significantly differ from
that of the participants in the omnivorous group. The intake of
Ca, normally quite low among women in India, was particu-
larly low in the vegetarian group compared with the omnivore
group.

Dietary preferences play a major role in shaping the intesti-
nal microbiota. Unabsorbed dietary carbohydrate, consisting
of amylase-resistant starch and NSP, is the major energy
source for the microbiota. The latter, in turn, helps the host
by salvaging otherwise ‘lost’ energy through fermentation of
unabsorbed carbohydrate and production of SCFA which
contribute to energy in the human host. There are only a
few studies of the faecal microbiota of vegetarians in the
molecular era. A recent study has used molecular (PCR-
denaturing gradient gel electrophoresis) analysis of the
faecal microbiota of vegetarians and omnivores but failed to

show significant differences in faecal microbiota; however,
the authors noted a tendency for Clostridium cluster IV bac-
teria and F. prausnitzii (belonging to the same cluster) to be
found more frequently in the faeces of omnivores compared
with vegetarians'”.

In the present study, the faecal microbiota contained signifi-
cantly greater numbers of the C. coccoides—E. rectale group
(belonging to Clostridium cluster XIVa)
women compared with vegetarian women. Bacteria belonging
to Clostridium clusters XIVa and IV are noted for their ability
to ferment carbohydrate to SCFA. SCFA, especially butyrate,
important effects on the colonic
epithelium and on host metabolism. Dominant butyrate-
producing bacteria including Roseburia species, E. rectale,
Ruminococcus species and Butyrivibrio species®? belong to
Clostridium cluster XIVa. Using appropriate primer pairs, we
have shown that the faecal microbiota of omnivores was
enriched with Roseburia—E. rectale compared with veg-
etarians, whereas R. productus—C. coccoides and Butyrivibrio

in omnivorous

have physiologically

were not significantly different between the two groups.
Butyryl-CoA CoA-transferase is an enzyme involved in buty-
rate synthesis by the microbiota’®?", and its gene levels cor-
related with the levels of both the Roseburia—E. rectale group
and cluster XIVa bacteria as a whole, possibly indicating
that these microbial groups are the predominant butyrate-
producing bacteria in this population. Quantitative PCR was
the only tool used to assess the abundance of subgroups
and showed an increased relative abundance of Clostridium
cluster XIVa bacteria (C. coccoides—E. rectale) generally and
specifically of the Roseburia—E. rectale group within this clus-
ter. Although differences in the abundance of the subgroups
may be compensated by other microbial groups that provide
the same metabolic capacity, we also found a difference in
metabolic capacity (i.e. in butyryl-CoA CoA-transferase gene
numbers) for producing butyrate, which suggests that the
difference in subgroups between vegetarians and omnivores
is relevant. The reason for the increased abundance of
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Fig. 1. Composite figure showing the individual groups, genera or species quantified by quantitative PCR (QPCR) with SYBR Green and primers targeting 16S
rRNA gene sequences specific for the microbial communities of interest. Specificity of amplification was examined by amplicon size as well as melting curve anal-
ysis. The y-axis is logarithmic and the box and whisker plots show the medians, interquartiles and total ranges of the relative difference of each group relative to
the universal Domain Bacteria sequence that was amplified in parallel with the same qPCR. (d) Values were significantly different (P=0-008). (e) Values were
significantly different (P=0-037). (f) Values were significantly different (P=0-045). [J, Vegetarians; 03, omnivores.

Roseburia—E. rectale in omnivores was not clear. Although
crude fibre intake and fat intake correlated with the abun-
dance of specific microbial communities in the group as a
whole, they did not explain the differences between veg-
etarians and omnivores. It is possible that dietary constituents
not measured in the study or complex nutrient—microbiota—
microbiota interactions are responsible for this observation.

In conclusion, comparison of the faecal microbiota of
lacto-vegetarian and omnivorous young women showed that
Clostridium cluster XIVa bacteria and butyrate-producing bac-
teria were significantly more abundant in the faecal microbiota
of omnivores. Identifying the reason for this phenomenon
may require more detailed approaches involving metage-
nomic and metabonomic analysis.

ssaud Ans1anun abpruquie) Ag auljuo paystignd z9e9001 LS L LZ000S/£L0L 0 L/BIo 10p//:sd1y


https://doi.org/10.1017/S0007114511006362

o

British Journal of Nutrition

Faecal microbiota of vegetarians 957

Acknowledgements

J. K. was supported by a Senior Research Fellowship from the
Indian Council of Medical Research. This study was supported
by grants from the Department of Biotechnology, New Delhi.
J. K. was responsible for the conception, design, sample anal-
ysis, data analysis and writing of the manuscript; R. S. D. was
responsible for participant recruitment and dietary analyses;
R. R. M. was responsible for conception and participant
recruitment; B. S. R. was responsible for the conception,
design and writing of the manuscript. The authors have no
conflicts of interest to report.

References

1.

10.

Turnbaugh PJ & Gordon JI (2009) The core gut microbiome,
energy balance and obesity. J Physiol 587, 4153—4158.
Jumpertz R, Le DS, Turnbaugh PJ, et al. (2011) Energy-
balance studies reveal associations between gut microbes,
caloric load, and nutrient absorption in humans. Am J Clin
Nutr 94, 58-65.

Balamurugan R, George G, Kabeerdoss J, et al. (2009) Quan-
titative differences in intestinal Faecalibacterium prausnitzii
in obese Indian children. Br J Nutr 103, 335—338.
Thedford K & Raj S (2011) A vegetarian diet for weight
management. / Am Diet Assoc 111, 816-818.

Kahleova H, Matoulek M, Malinska H, et al. (2011) Veg-
etarian diet improves insulin resistance and oxidative stress
markers more than conventional diet in subjects with type
2 diabetes. Diabet Med 28, 549—559.

Reddy BS, Weisburger JH & Wynder EL (1975) Effects of high
risk and low risk diets for colon carcinogenesis on fecal
microflora and steroids in man. J Nutr 105, 878—884.

Liszt K, Zwielehner J, Handschur M, et al. (2009) Character-
ization of bacteria, clostridia and Bacteroides in faeces of
vegetarians using qPCR and PCR-DGGE fingerprinting.
Ann Nutr Metab 54, 253-257.

Gopalan C, Rama Sastri BV & Balasubramanian SC (2004)
Nutritive Values of Indian Foods. New Delhi: Indian Council
of Medical Research.

Kumar N, Shekhar C, Kumar P, et al. (2007) Kuppuswami’s
socioeconomic status scale — updating for 2007. Indian ]
Pediatr 74, 1131-1132.

Matsuki T, Watanabe K, Fujimoto ], et al. (2002) Develop-
ment of 16S rRNA-gene targeted group-specific primers for

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

the detection and identification of predominant bacteria in
human feces. Appl Environ Microbiol 68, 5445-5451.
Matsuki T, Watanabe K, Fujimoto J, et al. (2004) Use of 16S
rRNA gene-targeted group-specific primers for real-time
PCR analysis of predominant bacteria in human feces. Appl
Environ Microbiol 70, 7220—-7228.

Balamurugan R, Janardhan HP, George S, et al. (2008)
Molecular studies of fecal anaerobic commensal bacteria in
acute diarrhea in children. J Ped Gastroenterol Nutr 46,
514-519.

Sokol H, Pigneur B, Watterlot L, et al. (2008) Faecalibacter-
ium prausnitzii is an anti-inflammatory commensal bacter-
ium identified by gut microbiota analysis of Crohn disease
patients. Proc Natl Acad Sci U S A 105, 16731-16736.
Ahmed S, Macfarlane GT, Fite A, et al. (2007) Mucosa-
associated bacterial diversity in relation to human terminal
ileum and colonic biopsy samples. Appl Environ Microbiol
73, 7435-7442.

Malinen E, Rinttild T, Kajander K, et al. (2005) Analysis of the
fecal microbiota of irritable bowel syndrome patients and
healthy controls with real-time PCR. Am J Gastroenterol
100, 373-382.

Balamurugan R, Aarthi CM, Chittaranjan SP, et al. (2009)
Molecular detection of the ruminal bacterium, Butyrivibrio
Sibrisolvens, in feces from rural residents of southern India.
Microbial Ecol Health Dis 21, 38—43.

Ramirez-Farias C, Slezak K, Fuller Z, et al. (2009) Effect of
inulin on the human gut microbiota: stimulation of Bifido-
bacterium adolescentis and Faecalibacterium prausnitzii.
Br ] Nutr 101, 541-550.

Louis P & Flint HJ (2007) Development of a semiquantitative
degenerate real-time PCR-based assay for estimation of num-
bers of butyryl-coenzyme A (CoA) CoA transferase genes in
complex bacterial samples. Appl Environ Microbiol 73,
2009-2012.

Suzuki MT, Taylor LT & DeLlong EF (2000) Quantitative
analysis of small-subunit rRNA genes in mixed microbial
populations via 5'-nuclease assays. Appl Environ Microbiol
66, 4605—4614.

Craig WJ, Mangels AR & American Dietetic Association
(2009) Position of the American Dietetic Association: veg-
etarian diets. J Am Diet Assoc 109, 1266—1282.

Louis P, Young P, Holtrop G, et al. (2010) Diversity of human
colonic butyrate-producing bacteria revealed by analysis
of the butyryl-CoA:acetate CoA-transferase gene. Environ
Microbiol 12, 304—314.

ssaud Ans1anun abpruquie) Ag auljuo paystignd z9e9001 LS L LZ000S/£L0L 0 L/BIo 10p//:sd1y


https://doi.org/10.1017/S0007114511006362

