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Abstract

Background. Butyrate is the principal energy substrate of the colonocyte and the most extensively characterised
mediator linking dietary fibre to host physiology. Clinical interest in "butyrogenic" diets is rising rapidly in India, yet
the evidence base underpinning dietary recommendations has been generated almost entirely in Western populations
whose diets, gut microbiota and colonic physiology differ materially from Indian populations.

Objective. To synthesise what is currently known about the three determinants of colonic butyrate production in
Indian adults — substrate, transit, and fermentation capacity — to identify where population-specific data are absent,
and to translate the resulting evidence into a graded framework that Indian nutritionists and physicians can apply.
Methods. Narrative review with a documented literature search strategy. Recommendations were assigned to one of
three evidence tiers: supported by human data; mechanistically plausible but without adequate human data; and
commonly asserted but not currently supportable.

Key findings. Indian diets supply fibre at approximately 1.8% of total energy and 15-20 g/day against a 25-30 g/day
recommendation. Indian colonic transit is approximately half Western duration; faster transit may reduce epithelial
absorption time, which would mean that higher faecal butyrate does not necessarily indicate greater epithelial delivery
— a hypothesis that requires direct testing. No Indian SCFA reference dataset exists. Evidence supports pulses, whole
grains, resistant starch and polyphenol-rich foods but not millets as a butyrogenic category, grain substitution alone,
or stool SCFA interpretation against Western reference intervals.

Conclusions. Butyrogenic dietary advice for Indian patients can be given with confidence for pulses, whole grains,
resistant starch and polyphenol-rich foods. Millet recommendations, grain substitution alone, and Western-reference
stool SCFA interpretation are not evidence-supported."Evidence on oral butyrate delivery, including tributyrin and
microencapsulated preparations, remains limited, particularly in Indian populations". Establishing an Indian SCFA
reference dataset is the highest-priority research need.
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1. Introduction

Butyrate, a four-carbon short-chain fatty acid (SCFA)
produced by bacterial fermentation of fibre and
resistant starch in the large intestine, occupies an
unusual position in nutritional science. It is
simultaneously the preferred oxidative fuel of the
colonocyte and a signalling molecule acting through
histone deacetylase inhibition and the G-protein-
coupled receptors FFAR2, FFAR3 and GPR109A
[1,2,3]. It maintains epithelial tight-junction integrity
and mucus production, modulates mucosal and
systemic immunity, and has been implicated in
conditions ranging from inflammatory bowel disease
to metabolic syndrome [4,5,6]. Few dietary
constituents have a mechanistic story this coherent.
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That coherence has translated rapidly into practice.
“Butyrogenic” dietary advice — recommendations
intended to promote colonic butyrate production — is
now commonplace in Indian clinical nutrition, and
butyrate and butyrate-precursor supplements are
widely marketed. The underlying evidence, however,
was generated almost entirely in North American and
European cohorts. This matters more than is generally
appreciated, because the three proximate determinants
of colonic butyrate production — the quantity and
structure of fermentable substrate reaching the colon,
the metabolic capacity of the resident microbiota, and
the time available for fermentation — all differ
measurably between Indian and Western populations
[7,8,9]. The field has itself concluded that a universal
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scale for a healthy microbiome is untenable and that
population surveys outside industrialised nations are
required [10,11,12].

This review addresses a practical question: what can
an Indian nutritionist or physician legitimately tell a
patient about butyrogenic eating, and what should they
refrain from claiming? To answer it we examine each
determinant in turn, identify where Indian data exist
and where they do not, and translate the result into an
explicitly graded framework. We also address two
questions clinicians increasingly face — how to
interpret a stool SCFA report in an Indian patient, and
which specialties can reasonably invoke butyrate in
patient communication.

2. Evidence identification and grading

2.1 Literature search

This is a narrative review and does not claim the
completeness of a systematic review. Literature was
identified through 22 structured queries executed
against the Consensus research database, which
indexes Semantic Scholar, PubMed, Scopus and
arXiv. Queries were organised in two blocks. The first
addressed butyrate generally — physiological
reference  concentrations,  butyrogenic  dietary
substrates, direct supplementation, health outcomes,
and measurement methodology — and the second
addressed the Indian context specifically: South Asian
gut microbiome composition, fermentable substrate in
Indian foods, the Indian nutrition transition, SCFA
reference data in South Asians, and Indian
gastrointestinal and metabolic disease burden. Both
blocks were supplemented by design-restricted queries
(systematic review and meta-analysis filters), date-
restricted historical queries (publication year < 2015)
and forward queries (publication year > 2021),
together with targeted follow-up queries on colonic
transit and on dietary substrate. Approximately 170
unique records were retrieved and screened after
deduplication; 118 are cited here. Reference lists of
retrieved articles were consulted to confirm
provenance of quantitative values but were not
systematically hand-searched.

2.2 Grading of recommendations

Each dietary recommendation was assigned to one of
three tiers. This scheme is deliberately coarse, and is
intended for clinical communication rather than as a
substitute for formal GRADE assessment. For
practical purposes: Tier 1 requires at least one
adequately powered RCT in an Indian or comparable
South Asian population, or consistent evidence from
multiple RCTs in comparable low- and middle-income
country settings. Tier 2 requires mechanistic
plausibility supported by human or animal data, with
Indian observational data preferred. Tier 3 covers
claims that are contradicted by available evidence or

for which no mechanistic or observational support
exists.
Table 1. Evidence tiers used throughout this review

Tier Definition How a
clinician
should use it

Tier 1 — Supported by May be

Supported  human recommended

intervention or to patients as
observational data  evidence-
with a quantified  based dietary
effect, including advice.
meta-analytic
evidence where
available.
Tier 2 — Mechanistically May be
Plausible coherent and offered as
supported by in reasonable
vitro, animal or general
indirect human dietary
data, but without advice,
adequate direct without
human evidence asserting a
for the specific butyrate-
claim. specific
benefit.

Tier 3 — Commonly Should not be

Not asserted in stated to

supportable practice or patients as

marketing, but fact; several
contradicted by, or of these are
unsupported by, actively
the available misleading.
evidence.
3. Butyrate physiology relevant to dietary
counselling

Three features of butyrate physiology bear directly on
how dietary advice should be framed, and all three are
routinely lost in translation to the clinic.

First, butyrate is not a dietary constituent in any
meaningful sense. With the minor exception of milk
fat, essentially all physiologically relevant butyrate is
synthesised in situ by colonic bacteria from substrate
that escapes small-intestinal digestion [13,14].
Patients frequently understand "butyrate-rich diet" to
mean foods containing butyrate; the correct framing is
foods that deliver fermentable substrate to the colon.

Second, concentrations fall by three to four orders
of magnitude between the colonic lumen and the
peripheral circulation. Measurements in colonic
contents and in portal, hepatic and peripheral venous
blood established total SCFA concentrations of
approximately 131 mmol/kg in the caecum falling to
80 mmol/kg in the descending colon, against 375
umol/L in portal blood, 148 umol/L in the hepatic vein
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and 79 pmol/L peripherally [15]; SCFAs constitute
roughly two-thirds of the colonic anion concentration
at 70—-130 mmol/L [16]. Hepatic extraction is efficient
enough that rectally administered butyrate produces
essentially no increase in systemic concentration [17].
This gradient explains why butyrate’s effects on
intestinal inflammatory markers are consistent while
effects on peripheral markers are not [18], and it is the
principal reason extraintestinal claims should be made
cautiously (Section 9).

Third, the relationship between butyrate and health
is not monotonic. Butyrate inhibits proliferation in
undifferentiated and neoplastic colonocytes while
supporting it in differentiated cells — the so-called
butyrate paradox [6,19] — and reviews have explicitly
framed butyrate as double-edged, particularly in
obesity [20]. Meta-analytic data bear this out: faecal
butyrate is higher in obesity (standardised mean
difference [SMD] 0.78, 95% C1 0.29-1.27) [21] and in
one South African type 2 diabetes cohort [22], yet
lower in colorectal cancer (SMD —0.59, 95% CI—1.10
to —0.07) [23] and in active inflammatory bowel
disease [24]. "More butyrate is better" is therefore not
a defensible clinical heuristic.

4. Determinant one: fermentable substrate in the
Indian diet

4.1 How much fibre Indians actually eat

India now has dietary exposure data at national scale,
and the picture is unfavourable for colonic
fermentation. The ICMR-INDIAB survey-21 (n =
18,090 adults) characterised Indian diets as high in
low-quality carbohydrate — white rice, milled whole
grains and added sugar — with high saturated fat and
low protein [25]. The ICMR-INDIAB survey-21 (n =
18,090) reported fibre supplying only 1.8% of total
energy [25]. Rising simple-sugar intake — from
10.5% to 20.3% of total carbohydrate between 2014
and 2025 — is documented in urban dietary surveys
[26]. Reported intake is approximately 15-20 g/day
against a recommended 25-30 g/day, with fewer than
10-15% of adults meeting the recommendation [27].
Thirty-year secular analyses document falling intake
of coarse cereals, pulses, fruit and vegetables [28,29],
diets diversifying away from cereals without
compensating gains in micronutrient-rich foods [30],
and household spending on ultra-processed foods
nearly doubling from 6.5% to 12% between 2015 and
2023 against a modest rise in millet consumption from
2.1 to 3.3 kg/capita/year [31,32,33]. The same
trajectory is evident across Asia [34].

4.2 Resistant starch in Indian preparations

India is comparatively well served by food-
composition data on resistant starch (RS), a literature
running from 1994 to the present
[35,36,37,38,39,40,41]. Three findings are consistent
and clinically actionable. Legumes carry substantially

more RS than cereals or tubers, with boiled and
pressure-cooked lentils highest at approximately 5%
on a dry-weight basis [40]. Cooking collapses the RS
of raw rice dramatically — raw Kolam rice at 27.67
g% falls to 0.46 g% when cooked — while cooling and
storage partially recover some of the lost RS through
retrogradation [36]. And among preparation methods,
boiling (dalia, 7.74%) outperforms shallow frying
(parantha, 4.94%) and roasting (chapati, 2.77%), while
deep frying reduces RS [41].

Table 2. Measured resistant starch content of
Indian foods and preparations

Food / RS Source
preparation | content

Raw Kolam  27.67 Raw Nigudkar
rice g% ingredient 2014
Raw Basmati  20.22 Raw Nigudkar
rice 2% ingredient 2014
Whole wheat 0.50 Raw Nigudkar
flour (raw) g% ingredient 2014
Refined 0.65 Raw Nigudkar
wheat flour g% ingredient 2014
(raw)
Whole 4.52 Raw Nigudkar
moong (raw) g% ingredient 2014
Cooked 0.46 Aseaten  Nigudkar
Kolam rice 2% 2014
Khichdi 0.78 Aseaten  Nigudkar
g% 2014
Chapati 0.49 Aseaten  Nigudkar
g% / (two 2014; Kaur
2.77%  studies) 2023
Paratha / 0.61 Aseaten  Nigudkar
parantha g% / (two 2014; Kaur

4.94%  studies) 2023

Dalia (boiled 7.74%  Aseaten  Kaur 2023
cracked

wheat)

Poori (deep 0.47 Aseaten  Nigudkar

fried) g% / (two 2014; Kaur
2.47%  studies) 2023

Plain 1.21- Aseaten  Nigudkar

pressure- 2.16 2017

cooked dhal g%

(4 types)

Aamti (thin  0.42— Aseaten  Nigudkar

dhal 0.69 2017

preparation) g%
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Food / RS Source
preparation | content

Usal, Bengal 2.38 Aseaten  Nigudkar

gram 2% 2017
(kabuli)
Usal, Bengal 1.42 Aseaten  Nigudkar
gram 2% 2017
(brown)
Chole 2.38 Aseaten  Nigudkar
(cooked) 2% 2014
Zunka / 1.23/ Aseaten  Nigudkar
dhirda / 1.48/ 2017
pithle 0.09
g%
Boiled lentils  5.0% Dry- Yadav
(dwb)  weight 2010b
basis
Pressure- 4.9% Dry- Yadav
cooked (dwb)  weight 2010b
lentils basis

*Values derive from studies using different analytical methods and different bases

of expression; they should be used for ranking rather than absolute calculation.

g% = grams per 100 g of the food as analysed; dwb =
dry-weight basis. Values are not directly comparable
across studies because of differences in analytical
method and in whether results are expressed per 100
g as eaten or per 100 g dry matter. Where two values
are shown for the same preparation they derive from
different studies and illustrate this heterogeneity,
clinicians should use them for ranking foods, not for
absolute intake calculation.

Table 3. Effect of cooking method and storage on
resistant starch

Manipulation | Effect

Three Legumes 4.18% — Yadav
heating/cooling  8.16%; cereals 1.86% 2009
cycles — 3.25%; tubers

1.51% — 2.51%
(dwb). Maximum
increase 114.8%
(pea), minimum
62.1% (sweet potato)

Storage 24 hat Wheat flour +41.4%;  Yadav

4 °C (flours) pea flour +85.4% 2010a
Cooked white  0.64 — 1.30g/100g  Sonia
rice, cooled 10 2015
h at room

temperature
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Manipulation | Effect

Cooked white  0.64 — 1.65g/100g;  Sonia

rice, cooled 24 significantly lower 2015
hat4°Cthen  glycaemic response
reheated
Indian wheat Highest RS of all Kaur
products stored  storage conditions 2023
24 hat4°C tested; lowest
glycaemic index and
load (chapati 43/32.3;
dalia 41.1/28.6)
Boiling vs Boiling increases RS;  Kaur
deep frying deep frying decreases 2023
it
Conventional Pressure cooking Yadav
boiling vs reduced RS relative to  2010b
pressure boiling (maximum
cooking decrease 15%, pea)

4.3 The millet question

Millets occupy a prominent place in Indian nutrition
policy and an increasingly prominent one in clinical
advice. The evidence that they are specifically
butyrogenic, however, is weaker than their profile
suggests. In vitro fermentation of pearl and foxtail
millet fibre fractions by probiotic cultures produced
SCFAs in the order acetate > propionate > butyrate —
that is, millet fibre was not preferentially butyrogenic
in these systems [42,43]. Finger millet has a stronger
mechanistic case, acting through polyphenols and
arabinoxylan on Faecalibacterium, Eubacterium and
Roseburia, with fermentation further releasing bound
phenolics and reducing antinutritional factors
[44,45,46,47]. Critically, almost all of this evidence is
in vitro; no human study measuring SCFA outcomes
after millet feeding was identified. Millets remain a
defensible recommendation on grounds of
micronutrient  density, glycaemic profile and
agronomic sustainability, and their promotion in
Indian nutrition policy (e.g., the National Year of
Millets 2023) is strongly supported on these grounds.
The present review's critique applies specifically to the
butyrate-specific claim: recommending millets as a
butyrogenic category is currently Tier 3, whereas
recommending them for micronutrient density,
glycaemic control and agronomic sustainability
remains entirely appropriate.

5. Determinant two: Indian gut fermentation
capacity

The Indian gut microbiome is well characterised and
demonstrably distinct. It is enriched in Prevotella and
Megasphaera, resembling Bangladeshi more closely
than American profiles [48]; Prevotella-dominant in
fibre- and legume-rich urban cohorts [49,50]; and
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structured internally by geography and altitude [51]. A
national multi-omics catalogue in 110 healthy adults
identified a regional split, with a North-Central plant-
based cohort associated with Prevotella and branched-
chain amino acid biosynthesis enrichment, versus a
Southern omnivorous cohort enriched in Bacteroides,
Ruminococcus and Faecalibacterium with enrichment
of the SCFA biosynthesis pathway [52]. Functionally,
Indian Prevotella copri strains carry more complex
plant-polysaccharide-degrading machinery, including
pullulanase-containing polysaccharide-utilisation loci,
than Western strains [53] — an argument that Indian
microbiomes may be differently capable, not merely
differently  composed. = Urbanisation  depletes
Prevotella [54].

This should predict good butyrogenic responsiveness.
The evidence does not straightforwardly support that
inference. Pooled analysis of fourteen fibre
intervention studies found that pre-intervention
microbiota composition strongly controlled outcomes,
and specifically that initial Prevotella abundance
was negatively associated with the response of
butyrate producers to both inulin-type fructans and
resistant starch [55]. Responder stratification is well
established: in a canonical resistant-starch trial
participants separated into enhanced (+67%),
persistently high and persistently low responders, with
non-responders failing to expand Ruminococcus
bromii or Bifidobacterium adolescentis [56]; only
resistant potato starch reliably raised butyrate among
four substrates tested in 174 adults [57]; and in vitro
fermentation of ten starches across ten donors showed
each microbiome responds to its own subset of
substrates [58,59]. Butyrogenic response is therefore
predicted better by baseline microbiota than by the
substrate ingested [60].

We flag this as a tension requiring direct test in Indian
populations: the Indian microbiome carries enhanced
substrate-degrading capacity, including pullulanase-
containing polysaccharide-utilisation loci that expand
the substrates available to it, yet the enterotype
associated with it has been linked — in European
cohorts only — to poorer butyrate-producer response
to fibre intervention. The European-derived negative
association should not be applied to Indian patients
until directly tested. These observations may reflect
different levels of analysis — gene content versus
community response — a distinction that has not been
tested and that constitutes a first-order question for
Indian nutrition research. Ancillary determinants add
further complexity: colonic pH shifts butyrate yield
several-fold [61], colonic hydrogen concentration
modulates butyrate output [62], and microbial
thiamine biosynthesis was the top microbiome
predictor of faecal butyrate in one large cohort [63].
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6. Determinant three: colonic transit — the
overlooked variable

6.1 Indian colonic physiology differs measurably
from Western

Indian gastroenterologists have documented for over a
decade that Indian bowel physiology does not match
Western norms, to the point that Western radio-opaque
marker protocols are unusable without modification
[64]. Mean total colonic transit time was 15.8 hours in
Indian subjects against a Western mean of 30—40 hours
with an upper normal limit of 70 hours; median mouth-
to-caecum transit was 65 minutes; 99% of Indians pass
at least one stool daily; and mean stool weight in 514
healthy Indians older than 15 years was 311 g/day
[64]. For comparison, median daily stool weight in 220
healthy UK adults was 106 g/day with a whole-gut
transit time of 60 hours, and a stool weight above 200
g/day is diagnostic of diarrhoea in Western practice
[65]. In an eastern Indian population of 1,200 subjects,
median stool frequency was 14 per week and fewer
than 3 stools per week occurred in only 2.6% [66].
Table 4. Butyrate-relevant physiological and
dietary parameters: Indian versus Western
reference populations

Parameter | Indian Western Source
populatio | reference
ns
Mean total 15.8h(n  30-40 h; Ghoshal
colonic =25) upper 2012
transit time normal 70 h

Median 65 min (n  Notdirectly Ghoshal
mouth-to-  =12) compared 2012
caecum

transit

Whole-gut  Not 60 h median Cummin
transit time  establishe (UK, n= gs 1992
datscale 220)

Mean daily 311 g/day 106 g/day Ghoshal

stool (n=514) median 2012;
weight (UK, n= Cummin
220) gs 1992

Global — 72-470 Cummin

stool g/day across gs 1992

weight 20

range populations

Defecation  99% >1 >3 Ghoshal

frequency  stool/day; stools/week  2012;
median considered  Panigrah
14/week normal 12013

Dietary 15-20 Recommend Hebbar

ed 25-30 2026;
g/day

fibre intake g/day;
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Parameter | Indian Western Source
populatio | reference
ns
1.8% of Kapoor
energy 2025
Faecal or No Multiple This
plasma published  reference review
butyrate data datasets
concentrati  identified
on

6.2 Transit is a quantitatively dominant
determinant of fermentation

Transit time is not a nuisance variable. It is named in
the canonical reviews alongside substrate availability
and microbiota composition as one of the three
principal regulators of the amount and type of SCFA
produced [7,8], and recent synthesis identifies
intestinal transit and microbiota composition as the
primary governors of longitudinal SCFA production
[9]. Pharmacological manipulation of transit on a fixed
diet altered colonic microbial mass and stool output,
with a significant correlation between transit time and
bacterial mass [67]. In an in vitro model isolating
transit as the sole variable, transit was the single
largest driver of microbial cell concentration (52% of
variance) and metabolic activity (45%) [68].

6.3 A directional conflict that must be
acknowledged

In a crossover study manipulating transit with wheat
bran, senna and loperamide on an unchanged diet in 13
healthy adults, whole-gut transit time correlated
inversely with total faecal SCFA concentration (r =
—0.511, p = 0.001) and with faecal butyrate (r =
—0.577, p < 0.001), and positively with distal colonic
pH (r = 0.359, p = 0.029) [69]: faster transit was
associated with higher faecal butyrate and a more
acidic distal colon. The inverse transit-SCFA
relationship has since been reproduced in healthy
controls and irritable bowel syndrome, where faecal
SCFAs correlated inversely with overall and
segmental colonic transit (all p<0.01) [70]; in subjects
with slow transit, where long distal colonic transit was
negatively associated with faecal SCFA and plasma
acetate [71]; and in diarrhoea-predominant irritable
bowel syndrome, where rapid colonic transit was
associated with higher faecal propionate [72]. Faecal
butyrate proportion also rises, and branched-chain
fatty acid proportion falls, as total SCFA concentration
rises and colonic pH falls [73]. These are consistent
with  the production-minus-absorption = model
described below, though the original manipulation
(laxatives and constipating agents) may have
introduced effects beyond transit speed alone.
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In vitro evidence points the other way on total
production. Slower transit produced higher microbial
population density, greater net carbohydrate
fermentation and increased SCFA production, with
butyrate producers selectively enriched in the
proximal colon at medium rather than fastest transit
[68]; a second in vitro system found that lengthening
transit reduced distal biomass and diversity and shifted
distal fermentation from carbohydrate toward protein
[74].

These observations are reconcilable, and the
reconciliation has clinical consequences. Faecal
concentration represents production minus absorption.
Faster transit affords the colonocyte less time to absorb
what is produced, so higher faecal butyrate at fast
transit may reflect reduced epithelial uptake rather
than increased synthesis. We propose the following
testable hypothesis: the higher faecal butyrate
concentration observed at fast transit may reflect
reduced time for epithelial uptake rather than
increased net production — an interpretation that
remains speculative pending direct testing in Indian
adults. If that interpretation is correct, the Indian
phenotype could appear butyrate-replete on a stool
assay while delivering less butyrate to the epithelium
— a counterintuitive possibility that warrants explicit
consideration. A further complication is that faecal
communities appear adapted to their donor’s habitual
transit, with carbohydrate-to-biomass conversion
efficiency highest in microbiomes from short-transit
donors [68]. A fast-transit Indian microbiome is
therefore not a Western microbiome running faster,
and cross-population inference cannot assume that it
is. Whether transit differences raise or lower effective
butyrate exposure in Indian adults is, at present,
unknown. Three explicit predictions follow from the
production-minus-absorption hypothesis: (i) in Indian
adults, faecal butyrate concentration will be inversely
correlated with transit time; (ii) plasma butyrate
concentration will show no such inverse correlation,
because hepatic extraction and peripheral metabolism
remove the transit-dependent signal; and (iii) the
faecal-to-plasma butyrate ratio will be higher in fast-
transit individuals, directly testing the reduced-uptake
interpretation. These predictions are operationally
falsifiable in a paired transit-SCFA study in Indian
adults.
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Figure 1. Three determinants of colonic butyrate production (Indian values annotated)
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Figure 1. Conceptual schematic of the three
determinants of colonic butyrate production in Indian
adults, with Indian-specific values annotated. Transit
time modulates epithelial absorption: under fast-
transit conditions, the absorption arrow is reduced
(dashed), meaning higher faecal butyrate may not
indicate greater epithelial delivery — the figure
illustrates the production-minus-absorption
hypothesis rather than an established finding.

7. The missing Indian baseline

Despite a well-developed Indian microbiome
literature, a well-developed Indian food-composition
literature and a well-developed Indian dietary survey
literature, we identified no population-representative
dataset reporting measured faecal or plasma SCFA
concentrations in an Indian or South Asian cohort.
Indian multi-omics work reports SCFA biosynthesis
pathway enrichment inferred from metagenomes
rather than quantified metabolite [52]. Reference-
grade datasets are American [63], European [75], or
Thai [76] — the last reporting total faccal SCFA of
34.1 £ 15.3 umol/g and total plasma SCFA of 60.0 +
459 uM in 157 medically confirmed healthy
individuals, of which acetate constituted 93% of
plasma SCFA. Meta-analyses pooling faeccal SCFA
draw on constituent studies that are overwhelmingly
Western [21,23,24,77].

Three considerations make this absence consequential
rather than merely regrettable. Geographic region of
study is a statistically significant source of between-
study heterogeneity in faccal SCFA meta-regression,
alongside immediate post-collection freezing and
antibiotic exclusion [ 78] — pooling across populations
is therefore already known to be problematic. Faecal
and circulating SCFA are not interchangeable:
circulating, not faecal, SCFAs related to insulin
sensitivity, lipolysis and GLP-1 concentrations [75];
concordance between serum and stool is low and
temporal intraclass correlations over six months are
modest, arguing for serial sampling [79,80]; and diet
and microbiome features predict faecal far better than
plasma concentrations [63]. Finally, stable-isotope
tracer work has shown that inulin raised butyrate
production by approximately 44% while faecal
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concentration moved little, and that plasma rather than
faecal concentration correlated with production rate
[81] — a caution issued in the methodological
literature two decades ago and still widely disregarded
[82].

Figure 2. Butyrogenic effect sizes across intervention classes
(pooled meta-analytic estimates)
Resistant starch
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Figure 2. Butyrogenic effect sizes (standardised mean
difference, SMD) across intervention classes from
independent meta-analyses. Each bar represents a
separate meta-analysis with its own population,
substrate, dose and outcome definition; SMD values
are therefore not directly comparable and are shown
for qualitative orientation only. The vertical dashed
line marks the null effect (SMD = 0). Readers should
consult the primary meta-analyses for confidence
intervals and heterogeneity statistics. Probiotics and
dietary fibre show non-significant effects, whereas
resistant starch and polyphenols show significant
increases in faecal butyrate.

8. An evidence-graded framework for Indian
practice

Table 5 translates the foregoing into recommendations
a clinician can apply, with counselling language and
the evidence tier for each. Table 6 addresses
interpretation of stool SCFA testing.

Table 5. Evidence-graded butyrogenic dietary
recommendations for Indian adults

Recommen | Evidence Tier Suggested
dation counsellin
g point
Increase Highest Tier 1  "Pulses
pulses and measured are the
legumes RS among most
(dhal, chana, Indian reliable
rajma, staples; way to
lentils) boiled/press feed the
ure-cooked bacteria
lentils ~5% that make
dwb; butyrate.
cooked dhal Aim to
1.21-2.16 include
g% as eaten them
daily."
Prefer whole Whole- Tier |  "Whole
grain over grain (=75 grains
refined grain  g/day) vs raise
refined (<10 butyrate
g/day) diet measurabl
significantly y — but
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Recommen

dation

Increase
resistant
starch as a
food class

Include
polyphenol-
rich foods

Do not rely

on probiotics

to raise
butyrate

Cook and
cool rice or

Evidence

increased
faecal
butyrate in a
randomised
crossover
trial (p =
0.015)

Pooled RS
supplement
ation raised
faecal
butyrate
(SMD 0.61,
95% CI
0.32-0.89)
and lowered
faecal pH;
clinical trial
doses
typically >8
g/day

Polyphenol
supplement
ation raised
butyrate
across 50
RCTs
(SMD 0.48,
95% CI
0.32-0.64)
approximate
ly double
the general
fibre effect
(SMD 0.24)

No
significant
effect on
faecal
butyrate in
healthy
individuals
(SMD 0.07,
95% CI
—0.16 to
0.30)

Retrogradati
on reliably
raises RS,

Tier

Tier 1

Tier 1

Tier 1
(negati
ve)

Tier 2

Suggested

counsellin
g point

only if
they
replace
refined
grain
rather than
adding to
it."

"Resistant
starch has
the
strongest
evidence
of any
fibre type
for raising
butyrate."

"Colourful
vegetables
, spices,
tea and
fruit act on
butyrate
through a
separate

route from
fibre."

"Probiotic
s have
other uses,
but they
will not
raise your
butyrate."

"It helps a
little and
costs

Recommen
dation

wheat before
eating

Prefer boiled
preparations
(dalia) over
fried

Include
finger millet

(ragi)

Include
traditionally
fermented
foods

Target 25—
30 g/day
total dietary
fibre
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Evidence Tier

but from a
low base
(cooked rice
0.64 — 1.65
/100 g);
magnitude
1s small
relative to
trial doses

Dalia 7.74%
RS vs poori
2.47%:; no
clinical
outcome
data

Tier 2

Mechanistic  Tier 2
and in vitro
support via
polyphenols
and
arabinoxyla
n acting on
Faecalibacte
rium,
Eubacteriu
m7
Roseburia;
no human
SCFA data

Fermentatio Tier 2
n releases
bound
phenolics
and reduced
antinutrition
al factors in
finger
millet;
SCFA
evidence is
1n vitro
Recommen  Tier 2
dation is

well

founded,

but fibre —

SCFA is not
univocal:

44-study

review

found no

Suggested

counsellin
g point

nothing —
but it is
not a
substitute
for pulses
and whole
grains."

"Boiling
preserves
more
resistant
starch than

frying."

"Good
food on
several
grounds;
we cannot
yet
promise a
butyrate
effect
specificall

y'H

"Reasonab
le to
include;
the
butyrate
evidence
is not yet
in
humans."

"Worth
doing for
many
reasons;
the
butyrate
response
varies a lot
between
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Recommen

dation

"Millets are

butyrogenic"

Grain
substitution
alone will
lower
diabetes risk

A
Prevotella-
rich Indian
gut will
respond well
to fibre

Evidence Tier

consistent
SCFA
increase;
+25 g/day
for 2 weeks
shifted
microbiome
without
changing
faecal
SCFA

In vitro Tier 3
millet fibre
fermentatio

n favoured

acetate >

propionate

> butyrate;

no human

SCFA data

Replacing Tier 3
refined
cereal with
whole
wheat or
millet flour
without
reducing
carbohydrat
€ quantity
was NOT
associated
with lower
T2D risk
(OR 0.94,
95% CI
0.57-1.56)
in 18,090
adults

High
baseline
Prevotella
was
negatively
associated
with
butyrate-
producer

Tier 3

Suggested

counsellin
g point

individual
s n

Recomme
nd millets
on
micronutri
ent,
glycaemic
and
sustainabil
ity
grounds
—not as a
butyrate
claim.

"Swapping
the grain
is not
enough on
its own —
the total
carbohydr
ate load
matters
more."

Do not
assume
responsive
ness;
expect
substantial
interindivi
dual
variation.
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Recommen

dation

Evidence Tier

response to
both inulin-

Suggested

counsellin
g point

type
fructans and
resistant
starch
"Higher Higher in Tier3 Do not
faecal obesity interpret a
butyrate is (SMD 0.78) high stool
better" and in one butyrate as
T2D cohort; reassuring
lower in in
colorectal isolation.
cancer
(SMD
—0.59) and
active IBD
Oral Four weeks Tier3 Do not
butyrate of oral recommen
supplementa  sodium d oral
tion for butyrate butyrate to
hypertension increased hypertensi
daytime ve patients
systolic BP pending
by 9.63 further
mmHg evidence.
(95% CI
2.02-17.20)
and
diastolic by
5.08 mmHg
in
hypertensiv
e patients

*Effect sizes are drawn from independent meta-
analyses with heterogeneous populations, substrates,
doses and outcome measures; they are provided for
contextual illustration only and are not directly
comparable across rows. Evidence tiers are assigned
on the basis of study quality, population relevance and
consistency of findings, not on effect-size magnitude.
Green rows = Tier 1 (supported); amber rows = Tier
2 (plausible); red rows = Tier 3 (not supportable).
Sources for each row are given in the corresponding
sections of the main text. Counselling language is
illustrative and should be adapted to the patient. Note:
effect sizes shown in the table are drawn from
independent meta-analyses  with  heterogeneous
populations, substrates, doses and outcome measures,
and are provided for contextual illustration only; the
evidence tiers are assigned on the basis of study
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quality, population relevance and consistency of

findings, not on effect-size magnitude.

8.1 Supplementation strategies: what the delivery
form changes and what it does not

Clinicians are increasingly asked about butyrate
supplements, and the question deserves a factual
answer rather than either endorsement or dismissal.
The starting point is the physiology set out in Section
3: Dbacterially produced butyrate is delivered
continuously, at the mucosal surface, at millimolar
luminal concentrations, and is largely consumed by the
colonocyte before reaching the portal circulation
[15,17]. No oral preparation reproduces that profile.
Butyrate salts are absorbed rapidly in the stomach and
proximal small intestine, so the pharmacologically
relevant question about any product is not how much
butyrate it contains but where that butyrate is released;
clinical results should accordingly be attributed to
specific preparations and release profiles rather than to
butyrate as a class [83]. This is not a theoretical
distinction. When 1 g sodium butyrate tablets labelled
with carbon-13 were given to 12 healthy subjects and
12 patients with Crohn’s disease, a hydroxypropyl
methylcellulose and shellac coating delayed release by
two to three hours relative to uncoated tablets and
shifted it to the ileo-caecal region and colon, and the
between-subject variability in release was explained
by variability in intestinal transit time [84]. That last
observation carries a specific Indian implication: if
release site depends on transit, and Indian transit is
substantially faster than the Western values against
which such formulations were developed (Section
6.1), a coating validated in European cohorts cannot be
assumed to release at the same site in Indian patients.
No published study has tested this.

The largest body of human evidence concerns sodium
butyrate, increasingly in microencapsulated form. In
irritable bowel syndrome, 300 mg/day added to
standard therapy in 66 patients reduced the frequency
of pain on defaecation at four weeks and of urgency
and disordered bowel habit at 12 weeks, without a
significant reduction in symptom severity [85]. A
randomised, double-blind trial of a microencapsulated
sodium butyrate, probiotic and short-chain fructo-
oligosaccharide mixture in 120 adults with irritable
bowel syndrome found a higher rate of adequate
symptom relief at four weeks (64.7% versus 42.0%, p
= 0.023) but no difference in symptom severity score
or quality of life at 12 weeks [86]. In inflammatory
bowel disease, a double-blind placebo-controlled pilot
in 49 patients found that two months of
microencapsulated sodium butyrate increased short-
chain fatty acid-producing taxa, Lachnospiraceae in
ulcerative colitis and Butyricicoccus in Crohn’s
disease, with the authors stating explicitly that the
clinical significance of the finding required further
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investigation [87]. A multicentre, double-blind,
randomised trial of 600 mg/day as add-on therapy in
98 adults with mild-to-moderate ulcerative colitis
subsequently reported clinical improvement in 51% (p
= 0.005), clinical remission in 31.4% (p = 0.004) and
endoscopic improvement in 25.5% (p = 0.006) [88].
Against these, a randomised placebo-controlled
multicentre trial of 300 mg/day for 12 weeks in 72
children and adolescents with newly diagnosed
inflammatory bowel disease found no difference
between groups in remission rate, disease activity or
faecal calprotectin [89]. Where benefit has been
observed it has been local, adjunctive and within a
defined disease. No trial has tested supplementation in
healthy adults, and none has been conducted in an
Indian population.

Tributyrin, the triglyceride of butyrate present
naturally in milk fat, was developed as a butyrate
prodrug on pharmacokinetic grounds: it s
comparatively stable in gastric acid and is hydrolysed
by pancreatic lipase, and oral administration in rats
raises butyrate concentrations in the portal vein [90].
Human data remain limited and are drawn largely from
oncology  dose-finding  rather  than  from
gastroenterology or nutrition. A phase I study
escalated tributyrin from 50 to 400 mg/kg/day in 13
patients with solid tumours: peak plasma butyrate
ranged from 0 to 0.45 mmol/L, occurred between 15
minutes and three hours after dosing, and had
disappeared from plasma by five hours, with grade 3
nausea, vomiting and myalgia among the toxicities
recorded [91]. A successor study using 150 to 200
mg/kg three times daily in 20 patients achieved a
median butyrate concentration of 52 micromol/L with
considerable interpatient variability and no dose-
limiting toxicity [92]. Most recently, an open-label
target-engagement study of 500 mg three times daily
for 30 days in 14 patients with Parkinson’s disease and
three controls reported a reassuring safety profile with
high adherence and, on carbon-11 butyrate positron
emission tomography, organ-specific changes in
butyrate uptake [93]. That orally administered short-
chain fatty acid triglycerides can raise systemic
butyrate is not in doubt: a double-blind placebo-
controlled crossover trial in men with overweight or
obesity demonstrated dose-dependent postprandial
increases in plasma butyrate and hexanoate [94]. What
does not exist is a randomised placebo-controlled trial
of tributyrin against a clinical endpoint in any
gastrointestinal, metabolic or inflammatory indication.
Microencapsulation of tributyrin has so far been
characterised in laboratory models rather than in
patients. In a simulated digestion and fermentation
system, whey protein isolate-based and gamma-
cyclodextrin-based microcapsules both released
approximately 75% of their butyrate during the small-
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intestinal phase, with the cyclodextrin-based capsules
generating significantly more butyrate during the
subsequent fermentation phase (p < 0.001) [95]. A
simulation of a commercial tributyrin capsule and
softgel estimated that 40.9% and 48.7% of the
administered dose respectively were hydrolysed to
butyrate in the small intestine, leaving 59.1% and
51.3% available to enter the colon, and reported
increased butyrate concentrations and altered
community composition after three weeks in a
dynamic gut model [96]. These are model outputs
rather than measurements in people, and the
distinction should be preserved whenever such figures
are quoted to prescribers or patients. Two further
cautions apply in the Indian context: in vitro digestion
models are parameterised to Western transit times and
pH profiles, which Section 6 shows do not describe
Indian colonic physiology, and no published study has
measured the colonic delivery of any tributyrin
preparation in Indian subjects. Formulation work in
this area is under way in India, including at
Thirdbiome and Aecon Formulations Pvt Ltd, with
which the corresponding author is affiliated (see
Competing interests); no human data from any Indian
microencapsulated tributyrate preparation have been
published, and none are reported here.

Two findings temper any general recommendation.
First, oral supplementation does not reliably move the
measurement a clinician is most likely to order: 4
g/day of sodium butyrate for four weeks altered
plasma and faecal concentrations of other short-chain
fatty acids but left plasma and faecal butyrate
unchanged [97]. A rise in stool butyrate should
therefore not be expected as confirmation that a
supplement is working, and its absence does not
establish that it is not. Second, in a double-blind
randomised placebo-controlled trial in 23 patients with
hypertension whose antihypertensive medication had
been withdrawn, four weeks of oral sodium butyrate
increased daytime 24-hour systolic blood pressure by
9.63 mmHg (95% CI2.02 to 17.20) and diastolic blood
pressure by 5.08 mmHg (95% CI 1.34 to 8.78) relative
to placebo, with plasma but not faecal butyrate rising
[98]. The placebo in that trial was an equivalent dose
of sodium chloride, so the effect cannot be attributed
to the sodium load alone.

Placed on the grading used in Table 5, colon-targeted
sodium butyrate as an adjunct in ulcerative colitis and
irritable bowel syndrome is Tier 2: supported by
randomised trials, but trials of modest size,
inconsistent across age groups, and none conducted in
India. Tributyrin and microencapsulated tributyrin are
Tier 3 for every clinical endpoint, not because the
pharmacokinetic rationale is weak but because the
confirmatory human trials have not been performed;
the accurate statement to a patient or a colleague is that
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colonic delivery is plausible and clinical benefit is
unproven. Supplementation of any form in healthy
adults for general wellbeing is Tier 3. None of this
displaces the central recommendation of this review:
dietary substrate remains the only intervention shown
to raise butyrate production continuously and at the
mucosal surface where the concentration gradient
described in Section 3 shows it acts, and it is the only
butyrogenic intervention for which the evidence in
Table 5 reaches Tier 1. Because the corresponding
author has a declared commercial interest in a
microencapsulated  butyrate  preparation  (see
Competing interests), no proprietary product is named
in this section and the evidence tier assigned to
tributyrin is the tier its published human evidence
supports.

9. Interpreting stool short-chain fatty acid testing
in Indian patients

Commercial stool SCFA and "gut health" panels are
increasingly ordered in Indian practice, and a rapid
clinical assay for faecal butyrate has now been
validated with an analytical measurement range of
4.30-3030 puM [99]. The interpretive framework,
however, has not kept pace. Table 6 summarises the
practical position.

Table 6. Practical guidance for stool SCFA testing
in Indian patients

Is there a No. No study measuring faecal
validated or plasma SCFA in an Indian or
Indian South Asian cohort was
reference identified. Laboratories reporting
interval? against a "normal range" are

applying a Western or
unspecified reference.

Can a Western ~ Not safely. Geographic region is

reference a significant source of

range be heterogeneity in faecal SCFA

applied? meta-regression, and Indian
transit and stool output differ
substantially from the
populations from which
reference data derive.

What does a Production minus absorption,

faecal expressed per unit stool mass. In

concentration  a population with ~15.8 h transit

actually and ~311 g/day stool output, this

measure? is not the same physiological
quantity as the identical number
in a population with 60 h transit
and 106 g/day output.

What should At minimum: stool form (Bristol

be measured scale), stool frequency, and

alongside? faecal pH. Faecal pH has been
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Question Current position

shown to be a reasonable proxy
for faecal SCFA abundance.
Where feasible, add transit
assessment and branched-chain
fatty acids.

Is a high result  Not necessarily. Faecal butyrate

reassuring? is higher in obesity and, in one
cohort, in type 2 diabetes; it is
lower in colorectal cancer and
active IBD. Direction of
abnormality is condition-
dependent.

Is blood It answers a different question.

testing better?  Circulating, not faecal, SCFAs
relate to insulin sensitivity,
lipolysis and GLP-1; serum—
stool concordance is low. Plasma
is dominated by acetate (~93%),
so circulating butyrate is low
single-digit pM.

How Modest. Six-month temporal
reproducible is  intraclass correlations are

a single generally low, and intra-

sample? individual coefficient of variation

for total faeccal SCFA over three
consecutive days is
approximately 17%. Serial
sampling is preferable for any
clinical decision.

Do pre- Substantially. Immediate post-

analytical collection freezing is a

factors matter?  significant heterogeneity source;
lyophilisation improves stability
and removes water-content bias;
no single extraction method is
optimal for all SCFAs; and mill-
homogenisation of frozen faeces
reduced replicate variability from
20.4% to 7.5%.

When is the When used alone, against an

test imported reference range, on a

uninformative? = single sample, without stool
form, output or pH. Under those
conditions it should not drive
management.

Supporting evidence for Table 6 is drawn from
Sections 6 and 7 and from references
[21,23,24,63,64,65,75,76,78,79,80,100,101,102,103].
Note: rows marked with § derive from non-Indian
cohorts (obesity, colorectal cancer, IBD, healthy
adults in Europe, North America and Southeast Asia).
tGuidance is extrapolated from those populations and

should be applied to Indian patients with appropriate
caution until population-specific data are available.
10. Specialty-relevant considerations

10.1 Gastroenterology

This is where the evidence is strongest. Butyrate
supports colonocyte energetics, tight-junction and
mucus integrity, and mucosal immune regulation
[2,4,5]. In inflammatory bowel disease, faccal SCFAs
including butyrate are significantly reduced across
disease subgroups, most markedly in active disease,
and dietary intervention raised butyrate with the
largest effect of any SCFA (SMD 1.03) [24];
butyrogenic diets including germinated barley
foodstuff and oat bran increase faecal butyrate and
reduce disease activity, although butyrate enemas have
shown mixed effects [104]. IBD incidence in India is
rising sharply, with second-generation Indian
immigrants showing Western-equivalent incidence
[105]. In irritable bowel syndrome, faeccal SCFAs
correlate with colonic transit and a low-FODMAP diet
reduced faecal propionate [70,106]. Colorectal cancer
incidence remains comparatively low in India but is
rising in urban populations, and the Indian CRC
microbiome carries a distinctive signature [107,108].
Clinicians should also note that Indian colonic transit
protocols require modification from Western
standards [64].

10.2 Endocrinology and diabetology

The mechanistic case is reasonable and the clinical
case is mixed. Animal and in vitro evidence for
butyrate on body weight, inflammation and insulin
resistance translates inconsistently to humans because
of differences in absorption and metabolism [109].
Oral sodium butyrate at 4 g/day improved peripheral
and hepatic insulin sensitivity in lean but not metabolic
syndrome subjects, without changing plasma or faecal
butyrate [97]; 20 mg/kg/day improved BMI, waist
circumference, insulin and HOMA-IR in paediatric
obesity [110]; and 1875 mg/day supported weight loss
in obesity without diabetes and improved triglycerides
and time-in-tight-range in type 2 diabetes [111].
Against this, elevated faecal SCFAs have been
associated with increased adiposity [21,77,112]. For
Indian practice the most directly relevant finding is the
ICMR-INDIAB result that grain substitution without
carbohydrate reduction did not lower diabetes risk
[25]. If elevated faecal SCFAs reflect reduced
epithelial absorption rather than increased systemic
exposure (Section 6.3), the observation that Indian
populations characteristically show high faeccal SCFA
does not predict increased adiposity — a resolution of
the apparent contradiction between the obesity—SCFA
association in Western populations and the Indian
thin-fat phenotype.

10.3 Colorectal and general surgery
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Meta-analysis of experimental animal studies found
that butyrate administration significantly increased
anastomotic strength and collagen synthesis and
reduced early anastomotic leakage (OR 0.37, 95% CI
0.15-0.93), although the optimal form, dose and route
remain undefined and no clinical trials were identified
[113]. Low stool weight and slow transit are associated
with colorectal cancer risk in Western populations
[65,114]; Indian populations characteristically show
higher stool weight and faster transit (Section 6),
which may confer protection through different
mechanisms. Whether the protective effect of high
stool weight in Indians involves butyrate at all, or
involves a different pathway such as luminal dilution
of carcinogens, has not been established. Butyrate’s
relationship to  colorectal carcinogenesis is
concentration- and context-dependent rather than
uniformly protective [6,19].

10.4 Where the evidence does not currently support
clinical claims

In the interest of accurate communication, it should be
stated plainly that no human evidence was identified
supporting butyrate-specific claims in dermatology,
ophthalmology, orthopaedics, gynaecology or
rheumatology, and that neurological and psychiatric
claims remain overwhelmingly preclinical. A
systematic review of butyrate for depression identified
only two human randomised trials against thirty-two
animal studies, with one human trial finding no
measurable effect [115]. Colonic  butyrate
administration at 5.28 g/day for one week raised serum
butyrate and modulated fear memory at the subjective
level only, without altering neuroendocrine responses
to acute stress [116].

The physiological reason for this caution is set out in
Section 3: the lumen-to-plasma concentration gradient
means extraintestinal tissues are exposed to butyrate at
low micromolar concentrations, and hepatic extraction
is efficient enough that rectally administered butyrate
produces essentially no rise in systemic concentration
[15,17,18]. Claims that depend on butyrate reaching a
distant tissue at a physiologically active concentration
are therefore not currently supportable in humans.
Clinicians in these specialties may reasonably discuss
gut health, dietary fibre and the general importance of
colonic fermentation with patients. They should not
attribute specialty-specific outcomes to butyrate, and
they should not describe animal or in vitro findings as
though they were clinical evidence. Where a patient
raises such a claim, the accurate response is that the
mechanism is plausible, the human data are absent,
and the dietary advice in Table 5 stands on its own
merits regardless.

11. Research agenda

We propose the following priorities, in order.

[JDDT Volume 16 Issue 85s 2026

1. An Indian SCFA reference cohort that
measures butyrate alongside transit, stool
output and faecal pH. Measuring faecal
concentration alone in a fast-transit, high-output
population would produce a number that cannot
be interpreted. The study should be regionally
stratified given documented within-India
heterogeneity [51,52], and should report both
concentration and daily excretion.

2. Direct testing of the transit-butyrate
relationship in Indian adults. Human and in
vitro evidence currently conflict on direction
[68,69]. Paired measurement of transit, faecal
and plasma butyrate would resolve whether fast
transit raises faecal concentration while
reducing epithelial exposure, and would provide
the data needed to interpret stool SCFA results
against a population-specific reference.

3. Prospective testing of the Prevotella tension.
Whether enhanced polysaccharide-utilisation
gene content [53] offsets the negative
association between baseline Prevotella and
butyrate-producer response [55] is directly
testable in an Indian fibre intervention with pre-
stratification by enterotype.

4. Human feeding studies of Indian butyrogenic
preparations. Millet and fermented-food
evidence is almost entirely in vitro
[42,43,46,47]. Controlled feeding of dhal, dalia,
ragi and cooked-and-cooled rice with SCFA
endpoints would move several Tier 2
recommendations to Tier 1 or 3.

5. Harmonisation of units and pre-analytical
protocol for Indian laboratories. Values are
reported variously as mmol/kg wet weight,
pmol/g dry weight and molar proportion, often
without  sufficient detail to  convert
[101,102,103]. A minimum reporting standard
agreed between Indian laboratories would make
national datasets poolable from the outset.

6. Evaluation of substrate—microbiome
matching as a precision-nutrition strategy. In
vitro evidence indicates each microbiome
responds to its own subset of substrates [58];
SCFA-production potential can be predicted
from sequencing data [117]; and personalised
nutrition  programmes measurably  alter
butyrate-producing genera [118]. Whether
matching substrate to baseline enterotype
outperforms generic fibre advice is untested in
any population.

12. Limitations

This is a narrative review and is subject to the
corresponding limitations. The literature search,
although documented, was not systematic and did not
follow PRISMA; selection of included studies
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involved author judgement and is susceptible to
selection bias. The search was conducted through a
single aggregating database indexing Semantic
Scholar, PubMed, Scopus and arXiv; Indian work
published in regional journals not indexed in these
sources, in institutional theses, or in Indian Council of
Medical Research and National Institute of Nutrition
technical reports would not have been retrieved. The
central claim that no Indian SCFA measurement
exists should therefore be regarded as provisional
pending manual searching of IndMED, Shodhganga
and ICMR publication listings; we recommend that
readers treat it as a strong indication rather than a
definitive absence.

Quantitative values are reported as published and have
not been converted between units, because the
necessary information to do so is frequently absent
from source publications. Resistant starch values in
Table 2 derive from studies using different analytical
methods and different bases of expression and should
be used for ranking rather than absolute calculation.
The evidence tiers in Table 5 are a pragmatic scheme
for clinical communication and are not equivalent to
formal GRADE assessment. Finally, several key
inferences — particularly the proposed reconciliation
of the transit-butyrate directional conflict in Section
6.3 — are hypotheses generated by this review rather
than established findings, and are presented as such.
13. Conclusions

Butyrogenic dietary advice for Indian patients rests on
a partially assembled evidence base. Substrate
composition of Indian foods is well characterised;
Indian gut microbiota are well described
taxonomically; Indian dietary intake is quantified at
national scale; and Indian colonic physiology has been
shown to differ substantially from the Western
populations in which the butyrate literature was
generated. What is missing is the metabolite itself. No
population-representative measurement of faecal or
plasma butyrate in an Indian cohort was identified in
the literature searched, and the physiological
differences documented here — transit approximately
half the Western duration, stool output approximately
threefold higher — give specific reason to expect that
imported reference values may not transfer.

For practice, this supports a clear division. Pulses,
whole grains in place of refined grains, resistant starch
and polyphenol-rich foods can be recommended on
evidence. Cooking-and-cooling, boiled preparations,
finger millet and fermented foods are reasonable but
should not carry a butyrate-specific promise. Millets
as a butyrogenic category, grain substitution as a
standalone strategy, the assumption that Indian
microbiomes will respond well to fibre, reading high
faecal butyrate as reassuring without considering
transit context, and oral butyrate in hypertension are
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not currently supportable. Establishing an Indian
reference dataset that measures butyrate alongside
transit, stool output and faecal pH would convert much
of this uncertainty into guidance, and is the field’s
most pressing need. In the absence of such a dataset,
continued reliance on Western reference intervals will
produce systematic misinterpretation of stool SCFA
results in Indian  patients, and dietary
recommendations will continue to be extrapolated
without validation.
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