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Background: The elderly often have a diet lacking resistant starch (RS) which is thought to lead to gut
microbiome dysbiosis that may result in deterioration of gut colonocytes.
Objective: The primary objective was to assess if elderly (ELD; � 70 years age) had microbiome dysbiosis
compared to mid-age (MID; 30e50 years age) adults and then determine the impact of daily con-
sumption of MSPrebiotic® (a RS) or placebo over 3 months on gut microbiome composition. Secondary
objectives included assessment of stool short-chain fatty acids (SCFA) and inflammatory markers in ELD
and MID Canadian adults.
Design: This was a prospective, placebo controlled, randomized, double-blinded study. Stool was
collected at enrollment and 6, 10 and 14 weeks after randomization to placebo or MSPrebiotic®. Micro-
biome analysis was done using 16S rRNA sequencing of DNA extracted from stool. SCFA analysis of stool
was performed using gas chromatography.
Results: There were 42 ELD and 42 MID participants randomized to either placebo or MSPrebiotic® who
completed the study. There was significantly higher abundance of Proteobacteria (Escherichia coli/
Shigella) in ELD compared to MID at enrollment (p < 0.001) that was not observed after 12 weeks of
MSPrebiotic® consumption. There was a significant increase in Bifidobacterium in both ELD and MID
compared to placebo (p ¼ 0.047 and 0.006, respectively). There was a small but significant increase in the
stool SCFA butyrate levels in the ELD on MSPrebiotic® versus placebo.
Conclusions: The study data demonstrated that MSPrebiotic® meets the criteria of a prebiotic and can
stimulate an increased abundance of endogenous Bifidobacteria in both ELD and MID without additional
probiotic supplementation.MSPrebiotic® consumption also eliminated the dysbiosis of gut Proteobacteria
observed in ELD at baseline.
Clinical Trial Registry Number: NCT01977183 listed on NIH website: ClinicalTrials.gov.
The full trial protocol is available on request from the corresponding author.
Nucleotide sequence accession numbers: The 16S rRNA sequencing data and metadata generated in this
study have been submitted to the NCBI Sequence Read Archive (SRA: http://www.ncbi.nlm.nih.gov/
bioproject/381931).
© 2017 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The human gut microbiome is an interactive ecosystem that
works in harmony with the human gastrointestinal tract providing
key metabolic end-products essential to the host's health and
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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wellbeing [1e7]. The host-microbe metabolic axis described by
Holmes et al. [1] as “… a multidirectional interactive chemical
communication highway.” affects gut integrity, immune function,
bile and lipid metabolism, various organ functions (e.g. heart, liver,
brain, etc.) and susceptibility to gastrointestinal tract infections
[1,2,8e11]. Biagi et al. [12] described humans as “metaorganisms”
undergoing immunosenescence as they age; aging corresponds
with gut microbiome alterations that lead to dysbiosis with ill-
nesses including irritable bowel syndrome, colitis, Crohn's, colo-
rectal cancer, allergy, Coeliac and Clostridium difficile disease
[1,8,11e14]. Claesson et al. [15] suggested that as humans age,
becomemore frail and require institutionalization, their nutritional
status changes and this leads to their gut microbiome becoming
significantly less diverse compared to community dwellers. Indeed
they stated: “… the most plausible interpretation of our data is that
diet shapes the microbiota, which then affects health in older people.”
There are conflicting reports regarding exactly which microbiome
changes account for changes in health but there is agreement that
the gut microbiome is altered. A key question posed by Holmes
et al. [1] is whether dietary supplementation of the elderly with
probiotics, prebiotics or synbiotics could correct the dysbiosis in the
elderly gut microbiome providing improvement in health and
wellbeing.

Priebe et al. [16] stated that the widely used definition of pro-
biotics is; “a live microbial feed supplement which beneficially affects
the host (animal) by improving its intestinal microbial balance”.
Whereas prebiotics have recently been defined by O'Callaghan and
van Sinderen [17] as; “… a non-digestible compound that, through its
metabolism by microorganisms in the gut, modulates composition
and/or activity of the gut microbiota thus conferring a beneficial
physiological effect on host”. It is unclear whether prebiotics or
probiotics alone or in combination can correct gut microbiome
dysbiosis in the elderly and manifest in clinical outcomes that
improve their health and well being.

The number of prebiotics that have been evaluated in human
clinical studies is limited [10,19] but includes inulin, gal-
actooligosaccharides, fructooligosaccharides, and xylooligo-
saccharides [10,19e21]. There have been few clinical studies in
elderly adults [22] to determine if digestion resistant starch could
be an effective prebiotic to modulate the gut microbiome in a
beneficial way.

The primary objective of this clinical study was to evaluate the
impact of daily consumption of MSPrebiotic® (a digestion resistant
starch) over 3 months on the gut microbiome in the elderly (�70
years age; ELD) and test for differences compared to “mid-age”
(30e50 years age; MID) Canadian adults.

2. Materials and methods

2.1. Power analysis and sample size

For the randomized, placebo controlled study design and using
the outcome measures described in the study protocol, the statis-
tical power analysis indicated that a total sample of n ¼ 20 in each
group would have power ¼ 0.80 to detect a Cohen's F effect
size ¼ 0.33. This effect size was selected under the hypothesis that
moderate differences (0.50 S.D.) would be observed between the
placebo and treatment groups for the ELD participants and small
differences (0.20 S.D.) would be observed between the placebo and
treatment groups for theMID participants. It also was hypothesized
that the treatment group of the ELD participants would be observed
to have a less pronounced, but similar (0.2 S.D. difference) response
level than the MID placebo group. Effect sizes were estimated from
published studies using similar outcomemeasures (gastrointestinal
tolerance e.g. flatulence, bloating and abdominal pain in addition to
Please cite this article in press as: Alfa MJ, et al., A randomized trial to det
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serum inflammatory markers such as C-reactive protein). A nomi-
nal a ¼ 0.05 and two-tailed tests were used in the power
calculations.

2.2. Clinical study

This was a prospective, randomized, double-blind, placebo
controlled study. Research and ethics approval was obtained from
the University of Manitoba Research Ethics Board prior to imple-
mentation. The study protocol was authorized by Health Canada
(Submission # 188517; “Notice of Authorization” dated June 5,
2013) and listed on the NIH ClinicalTrials.gov website (Identifier:
NCT01977183). The procedures followed in this clinical study were
in accordance with the ethical standards of Health Canada and the
University of Manitoba. All protocol modifications were reported to
Health Canada and the University of Manitoba Research Ethics
Board for approval prior to implementation of changes. The allo-
cation sequence to either placebo or study product was based on
computer-generated random numbers. The study coordinator and
study nurse were responsible for enrolling participants and
assigning them to placebo or study product based on the list of
computer generated randomized numbers. After assignment to
placebo or study product, trial participants, care providers,
outcome assessors and data analysts were blinded to which arm
participants were assigned. All information collected for the pur-
pose of the study was kept in a locked and secured area. All infor-
mation collected and sent for statistical analyses only had a study
number and no participant identifiers. All participant identifiers
were treated in confidence and in accordance with the Personal
Health Information Act of Manitoba. The University of Manitoba
Office, Research Quality Management unit performed an audit of
the study in a process that was independent from the investigators
and the study sponsors.

An overview of the clinical study and primary outcomes mea-
sures is shown in Fig.1. Residents of a long term care (LTC) facility as
well as independent community dwellers were recruited in Win-
nipeg, Manitoba, Canada. The elderly cohort (ELD) consisted of
adults� 70 years old (recruited from LTC and community) andmid-
age participants (MID) were adults aged 30e50 years old (recruited
from community). The study was explained verbally and in written
format to eligible participants. All participants (or authorized third
party) provided written informed consent in compliance with the
University of Manitoba informed consent guidelines. Participants
were informed that they could request to withdraw from the
clinical study at any time without any impact on their clinical care.
To reduce the possibility that any microbiome changes were due to
confounding factors unrelated to consumption of digestion resis-
tant starch (RS), there were a number of exclusion criteria
including: pregnancy, Crohn's disease or any other inflammatory
bowel disease, individuals with systemic lupus erythematosus, or
on cancer chemotherapy, pre-diabetes or diabetes, thyroid disease,
renal disease, hepatic disease, previous gastrointestinal surgery
(intestinal resection, gastric bypass, colorectal surgery), individuals
on probiotics (e.g. probiotic yoghurt), individuals on antibiotics at
time of recruitment or on antibiotics within the previous five
weeks, individuals experiencing dysphagia, subjects using addi-
tional fiber supplements, and individuals on digestants, emetics,
anti-emetics, medications for acid peptic disease or taking antacids.

The digestion RS used for this clinical study was MSPrebiotic®

(MSPrebiotics Inc., Carberry, Manitoba). MSPrebiotic® is an un-
modified natural RS preparation derived from potatoes that is of
Natural Health Product-quality for human food application. It
consists of ~20% amylose (linear glucose polymer with mostly
alpha-1,4 linkages) and 80% amylopectin (branched glucose poly-
mer with alpha-1,4 and alpha-1,6 linkages) that form granules
ermine the impact of a digestion resistant starch composition on the
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Fig. 1. Overview of the MSPrebiotic® Clinical Study
The four arms of the clinical study are shown along with arrows to indicate when stool samples were taken. All participants were on placebo for the first two weeks and then were
randomized to continue on placebo or start consuming MSPrebiotic®.
The primary outcome measures included:
� Tolerability of ingestion of 30 g once/day of MSPrebiotic® with respect to gastrointestinal side effects (i.e. excessive flatulence, changes in bowel movements, abdominal pain and
bloating).
� Microbiome composition (e.g. Firmicutes to Bacteroides ratio above 1.0 [14,35], increase in abundance of Bifidobacteria or Lactobacillus).
Other outcome measures included:
� Levels of short-chain fatty acids (acetate, propionate, butyrate) in feces.
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(15e100 microns in diameter). These RS granules are not digested
in the human stomach or small intestine such that they reach the
colon relatively intact. The active ingredient in MSPrebiotic® is So-
lanum tuberosum extract which is classified as a Natural Health
Product on the Health Canada website [23]. Analytical procedures
have determined that MSPrebiotic® contained 70% RS2. MSPre-
biotic® is to be consumed in fluid or food products that are not
heated. The placebo for this clinical study was Amioca TF (Ingre-
dionTM, Brampton, ON) which is a food-grade corn starch that is
readily digestible. Analytic testing demonstrated that Amioca TF
does not contain any RS. All participants consumed their normal
diet and in addition consumed 30 g of placebo daily for 2 weeks and
then they were randomly assigned to either MSPrebiotic® or pla-
cebo (30 g/day) for the remaining 12 weeks of the study. Both
MSPrebiotic® and placebo were added to either a liquid or other
food product that was not heated. Participants were to consume the
study products anytime during the day 2 h before or after any other
medication they might be taking. In the LTC facility the MSPre-
biotic® or placebo were administered following the standard
administration of medication protocol (2 h before or after receiving
any other medication) using observed consumption as well as
documentation using the daily health-log forms. The general pop-
ulation participants also documented product consumption by
completing the daily health-log forms. In addition the amount of
returned product at the monthly visits was documented by the
study coordinator. To determine acceptability of MSPrebiotic® and
placebo there was a daily health log to track excessive flatulence,
changes in bowel movements, abdominal pain, and bloating. In
addition the daily health log was used to document use of stool
softeners and antibiotics.

Stool samples were collected as shown in Fig.1. Stool was held at
4 �C in the fridge or on ice packs and transported to the laboratory
usually on the same day of collection or within 72 h if collected on
the weekend. The entire stool sample was diluted 1:3 with sterile
reverse osmosis water and thoroughly mixed to create a fecal
slurry. Aliquots of the fecal slurry were frozen at �70 �C for 16S
Please cite this article in press as: Alfa MJ, et al., A randomized trial to det
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rRNA sequencing and for SCFA analysis. Each aliquot was thawed
only once on the day of template extraction or stool SCFA analysis
and any remaining portion was discarded.

2.3. Analysis performed

2.3.1. Stool analysis
Fecal samples were collected at the five collection times indi-

cated in Fig. 1. The frozen fecal slurry aliquots were batched for
short-chain fatty acids (SCFA) and microbiome assessment using
16S ribosomal RNA (rRNA) gene V4 region-based sequencing.

2.3.2. SCFA analysis
The SCFA in feces were determined using Gas Chromatogra-

phy(GC) according to the method of Stewart et al. [24].

2.3.3. 30 m column profile for SCFA analysis
The samples were separated on a DB225MS column (30 m

long � 0.25 mm diameter and 0.25 mm film thickness; Agilent
Technologies Canada Inc., Mississauga, Ontario) using a Varian
450 GC with FID. The temperature programwas 70 �C for 1 min, the
temperature was raised to 180 �C at 25 �C/min, held for 1 min,
raised to 200 �C at 10 �C/min, held for 1 min, and raised to 220 �C at
2 �C/min and held for 10 min and finally raised to 240 �C at 20 �C/
min and held for 6 min. Samples were run with a 20:1 split ratio
and a 1.3ml/min column flow. Hydrogenwas used as the carrier gas
for the method. The temperatures of the injector and detector are
270 �C and 290 �C respectively. Peaks were verified against stan-
dards from Nu-chek Prep Inc. (Elysian, MN).

2.3.4. Microbiome analysis by 16S sequencing
2.3.4.1. Sequencing. Fecal slurries from baseline at the time of
enrollment and at week 14 after 14 weeks of consuming placebo or
after 2 weeks of consuming placebo followed by 12 weeks of
consuming MSPrebiotic® (Fig. 1) were thawed at 4 �C. DNA tem-
plates were isolated in 96-well format using a validated protocol for
ermine the impact of a digestion resistant starch composition on the
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ZR-96 Fecal DNA Kit (Zymo Research, Irvine, CA) with bead-beating.
Templates were prepared as 16S rRNA V4 region PCR amplicons
with custom, dual-indexed-barcodes. These low-diversity, indexed
amplicons underwent quality control, normalization and pooling,
quantification, and final census sequencing on the Illumina MiSeq
platform [25]. Specifically, the wet lab protocol “16S Metagenomic
Sequencing Library Preparation: Preparing 16S Ribosomal RNA Gene
Amplicons for the Illumina MiSeq System - Part # 15044223 Rev. B”
[25] was followed, but with modifications to the manufacturer's
guidelines (primers 515fXT and 806rXT were used to target the V4
region; 18 ml of 10 mM Tris pH 8.5 was added to each well of the
Amplicon PCR plate to elute, with only 15 ml of the supernatant
recovered). Additionally, the final V4 library size was ~420 bp; after
the library size was validated, the libraries were quantitated with
PicoGreen, and pooled in equimolar amounts without using more
than half the volume of any sample (the pool was concentrated
down if needed). The pools were gated to select for 250e650 base-
pair fragments on a BluePippin (Sage Science Inc., Beverly, MA)
with 1.5% cassettes. Thereafter, the pools were quantified by
Qubit™ 2.0 fluorometric quantitation (Thermo Fisher Scientific Inc.,
Waltham, MA) and cleaned with a final bead clean-up with 0.6X
AmpureXP (Beckman Counter Canada, LP, Mississauga, ON). An
Agilent Tapestation analyzer (Agilent Technologies Canada Inc.,
Mississauga, ON) was used to assess the size of the pooled library
and its concentration, and appropriate amounts were denatured to
load. Census sequencing of the 16S V4 amplicons was achieved by
loading ~10 pM (for a DNA cluster density (~800e1000 k/mm2)),
with ~21% PhiX spike-in control DNA. The MiSeq Control Software
included Real Time Analysis software, Version 1.17.28 [25]. Illumina
MiSeq paired-end reads (2 � 300 base-pairs) were acquired
alongside a spike-in known mock community (HM- 782D; BEI
Resources, Manassas, VA) to assess the base calling error rate. The
final data set was comprised of 6 MiSeq runs (2 runs with 24
samples multiplexed; 4 runs with 36 samples multiplexed) for a
total of 188 samples, including replicates.
2.3.4.2. Data processing. Contig assembly (paired read set com-
bined for each sample), quality control, and assignment of taxo-
nomic information were performed with mothur (v.1.34.0)
microbiota survey analysis suite [26,27]. The paired-end reads
(2 � 300 bp) were assembled generating 82,850,256 raw contigs.
Contigs were filtered to exclude any low-quality contigs with
average quality score <20, merged length �315 bp, containing any
ambiguous base calls, containing homopolymers of >8 nucleotides,
or identified as a chimeric artifact. The average number of quality-
filtered contigs per sample was determined to be 110,326 (mini-
mum 10,914; maximum 350,889). Error rates for the sequences
were assessed via the co-sequenced (known) mock community.
Alignment of the quality-improved contigs was performed against
the 16S rDNA SILVA database [28]; reads that differed by a
maximum of 2 nucleotides were clustered in order to reduce
sequencing noise. Operational taxonomic unit (OTU) picking and
taxonomic assignment were performed as described in Forbes
et al., 2016. Briefly, contigs were binned into species-level (�97%
sequence similarity) OTUs via the average neighbor algorithm, and
taxonomically classified according to the SILVA database with Ri-
bosomal Database Project taxonomy [29] and a 60% minimum
bootstrap. Species counts were generated using SPINGO software
Fig. 2. Relative abundance of gut microbiome phyla and genera for Elderly (≥ 70 years
The group mean is shown by the diamond symbol within the box, the median is shown a
samples were analyzed for 42 participants in each of the elderly (ELD) and mid-age (MID) gro
ELD (B) and MID groups (C) are shown for the baseline stool samples. Those phyla and gene
The Firmicutes/Bacteroidetes ratio was 5.12 for ELD and 6.94 for MID at baseline.
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[30] with default parameters and a minimum 60% bootstrap cutoff
for the species level.

3. Statistical analysis

3.1. Primary outcome markers

The change in SCFAs between the baseline, and week 14 were
compared between the placebo and MSPrebiotic® group via a non-
parametric ManneWhitney test. Data collected in the weekly
health log was assessed via mixed-effect models containing
random slopes and intercepts. All statistical analyses for data not
involving microbiome 16S rRNA sequencing data was performed
using SAS version 9.3.

3.2. Gut microbiome

One outlier in the MSPrebiotic® elderly arm was removed from
microbiome analysis due to unreliable documentation regarding
product consumption and other data in the daily health log.
Microbiome data at the phylum and genus levels were compared
between treatment and age groups using 64-bit R version 3.2.5 (R
Core Team (2016) R Foundation for Statistical Computing, Vienna,
Austria) with the Phyloseq [31] and DESeq2 [32] packages. Phyloseq
was used for data pre-processing, graphing, and the calculation of
alpha diversitymeasures. Average diversity was compared between
groups using analysis of variance (ANOVA). OTU abundance was
compared between groups using DESeq2 [32], a method for dif-
ferential analysis of high-throughput count data based on a nega-
tive binomial regression model. Information was shared across
OTUs through empirical Bayes shrinkage estimation for the relative
abundance variance and ratio estimates, improving stability for
rare OTUs with low counts. DESeq2 [32] also provides protection
against false positives via independence filtering and false discov-
ery rate p value adjustment, which is necessary given the large
number of hypothesis tests conducted for microbiome data. Raw
counts were used for the OTU analysis instead of relative abun-
dance percentages, as the latter loses information on read size and
therefore on statistical uncertainty. Similarly, abundance data were
not rarefied prior to analysis, as this approach is statistically inef-
ficient [31]. These steps are not necessary since different read
sample size is naturally accounted for in the negative binomial
modeling framework. Singletons were removed prior to analysis.
OTU relative abundance comparisons are presented as base 2 log-
arithmic fold change along with their corresponding p values.

4. Results

The clinical study started in September 2013 and enrollment
was completed in May 2015. There were 200 adults screened for
eligibility, 112 participants were enrolled and 84 completed the
study (42 elderly and 42 mid-age). In the elderly age group (ELD)
there were 11 residents of LTC and 31 participants residing in the
community (randomization; 20 to placebo and 22 toMSPrebiotic®),
whereas all the mid-age group (MID) participants were adults
residing in the community (randomization; 21 to placebo and 21 to
MSPrebiotic®). Therewere 25/42 (59.5%) of ELD and 24/42 (57.1%) of
MID participants whowere women. The average age was 78.4 ± 7.7
) and Mid-age (30 to 50 years) groups at baseline
s a cross-bar within the box and the vertical bars represent the standard error. Stool
ups. The phyla results (A) for both ELD and MID groups, as well as the genera results for
ra with less than 0.01% were considered as rare and were grouped together as “Other”.

ermine the impact of a digestion resistant starch composition on the
ttp://dx.doi.org/10.1016/j.clnu.2017.03.025



M.J. Alfa et al. / Clinical Nutrition xxx (2017) 1e116
(range of 70e96) and 41.6 ± 5.61 (range of 32e50) years for the ELD
and MID groups, respectively. The compliance with consuming the
study product was: MID-placebo; 93.5%, MID-MSPrebiotic®; 91.7%,
ELD-placebo; 95.4% and ELD-MSPrebiotic®; 97.2%.

For the microbiome 16S rRNA sequencing analysis the mean
number of reads per sample was 110,138 ± 54,843 (standard de-
viation). There were 6 MiSeq runs performed and the average mock
community base calling error rate for these runs was 0.061%. The
total 434,632 OTUs were filtered by phyloseq [31] to remove all
singletons and this filtered data (60,212 OTUs for baseline data and
56,589 OTUs for week 14 data) was used for the statistical analysis.
Data were excluded if participants took antibiotics during the
course of the study within the 5 weeks before the stool sample was
collected. The baseline and week 14 sequencing data for one MID
and one ELD participant both in the MSPrebiotic® cohort were
removed due to antibiotic consumption. In addition, the week 14
sequencing data for three ELD in the placebo and one ELD in the
MSPrebiotic® cohorts were removed due to antibiotic consumption.

The relative abundance at baseline of the most abundant five
phyla and twenty genera are shown in Fig. 2. At baseline therewere
significant differences at the phylum level between ELD and MID
participants (Table 1). The Firmicutes (with the exception of Meg-
ashaera), Proteobacteria and Verrucomicrobia phyla were all sta-
tistically significantly higher in the ELD compared to MID groups.
Statistically significant differences also were noted at the genus
level at baseline (Table 1).

The alpha diversity plots at baseline and for the four cohorts
after 2 weeks of placebo and an additional 12 weeks on either
MSPrebiotic® or placebo are shown in Fig. 3. There were no statis-
tically significant differences in the diversity plots at baseline.
However, there was a statistically significant difference in the alpha
diversity plots for the Shannon (p ¼ 0.0131) and Inverse Simpson
plots (p ¼ 0.0036) for ELD and MID cohorts on MSPrebiotic®

compared to the placebo at the end of the study (Fig. 3).
Figure 4 shows the relative abundance of different phyla and the

most abundant twenty genera within the four cohorts at the end of
the study. Statistical analysis of the impact of MSPrebiotic® versus
placebo on the microbiome data at the end of the study is shown in
Table 2. In both ELD and MID cohorts there was a statistically sig-
nificant increase in Bifidobacterium after 12 weeks of MSPrebiotic®

consumption compared to the ELD and MID cohorts consuming
placebo.
Table 1
Comparison of gut microbiome phyla and genera in mid-age (MID) versus elderly
(ELD) at baseline.

Phylum: Order Genus Log2 fold
difference:a

padjusted:b

Firmicutes: �0.44 0.024
Clostridiales Ruminococcaeae �2.01 <0.001
Clostridiales Dialister 1.54 0.078
Clostridiales Megasphaera 7.50 <0.001
Erysipelotrichales Catenibacterium 3.62 0.001

Bacteroidetes: �0.48 0.157
Bacteroidales Prevotella 1.79 0.092
Bacteroidales Bacteroides �1.74 0.006

Actinobacteria: 0.35 0.157
Coriobacteriales Eggerthella �1.15 0.120

Proteobacteria: �2.30 <0.001
Enterobacteriales E. coli/Shigella �3.12 <0.001

Verrucomicrobia: �1.89 0.002
Verrucomicrobiales Akkermansia �1.51 0.040

a Analysis done using DESeq2 package [32] with ELD as the comparator. Negative
values indicate MID (mid-aged; 30e50 years) adults had lower abundance
compared to ELD (elderly; � 70 years) adults. Positive values indicate MID adults
had higher abundance compared to ELD adults.

b Adjusted p value; accounts for multiple testing and controls the false discovery
rate.
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To better understand the Bifidobacteria changes related to
MSPrebiotic®, Table 3 shows the breakdown of the various Bifido-
bacteria species at baseline compared to after 12 weeks of
consuming either placebo or MSPrebiotic®. Analysis of the Rumi-
nococcus genera showed that the predominant species at baseline
for both ELD and MID were Ruminococcus obeum, Ruminococcus
torques and Ruminococcus bromii (35.3%, 23.1%, 16.5% for ELD,
respectively and 26.1%, 30.5% and 17.1% for MID, respectively).
These relative abundances remained essentially unchanged in the
ELD on MSPrebiotic®, whereas for the MID there was an increase in
R. bromii (30.7%), and decreases in R. obeum and R. torques (23.9%
and 24.6%, respectively).

Table 4 shows the relative percentage of SCFAs in the stool of
ELD and MID participants at baseline and after 12 weeks of
consuming either placebo or MSPrebiotic®. The ELD had higher
proportions of acetate and butyrate in their stool at baseline
compared to MID participants, in which propionate represented
�98% of the SCFAs detected.

In both the ELD and MID groups on MSPrebiotic® there was a
statistically significant increase in the abundance of Bifidobacte-
rium at week 14; but only in the ELD group was there a statistically
significant increase in the relative proportion of butyrate and only
for the MSPrebiotic® cohort.

There were no statistically significant differences between pla-
cebo andMSPrebiotic® in either the ELD or MID groups with respect
to; overall health, abdominal pain, bloating, or flatulence (data not
shown). There was no statistically significant difference in the
average number of bowel movements per day over the entire
duration of the study for each group of participants although there
was a trend towards more bowel movements on MSPrebiotic®

(overall average bowel movements per day was 1.80 for ELD-
MSPrebiotic®, 1.49 for ELD-placebo, 1.55 for MID-MSPrebiotic® and
1.28 for MID-placebo). However, there was a statistically significant
reduction over time in the percentage of elderly who used stool
softeners at least once per week in the MSPrebiotic® group
compared to the placebo group (Table 5). None of the MID group
used any stool softeners.

5. Discussion

There is conflicting data on age-related changes in the dominant
gut microbiota [1,10e12,14,15,33e35]. Mariat et al. [35] (population
not specified) and Claesson et al. [14] (Irish elderly) reported that
the Firmicutes/Bacteroidetes ratio was lower in elderly whereas
Biagi et al. [12] did not observe this ratio change in elderly Italians.
Our baseline Canadian data showed a lower Firmicutes/Bacter-
oidetes ratio (5.12) in elderly compared to younger adults (6.94).
However, these ratios were very different from Claesson et al.'s [14]
ratios of 0.7 and 1.4, respectively and more in line with Zhernakova
et al.'s [34] ratio of 7.9 for the general Dutch population. Interest-
ingly MSPrebiotic® reduced the Firmicutes/Bacteroidetes ratio in
both ELD and MID whereas the Placebo increased the ratio in ELD
and decreased the ratio in MID but in all cases the ratio was well
above that reported by Claesson et al. [14]. This suggests both RS
and digestible starch can elicit differences in the Firmicutes/Bac-
teriodetes ratio and determining the ideal ratio requires further
study.

Biagi et al.'s review [12] indicated that there was general
agreement in the increased facultative anaerobes (Proteobacteria)
in elderly adults in various counties. Our data supports Biagi's [12]
data in that we found therewas a statistically significant increase in
Proteobacteria (specifically the Escherichia coli/Shigella group) for
the ELD group compared to MID adults at baseline. Furthermore,
our data extends previous studies by showing this gut microbiome
dysbiosis was not detected after 12 weeks of consuming
ermine the impact of a digestion resistant starch composition on the
ttp://dx.doi.org/10.1016/j.clnu.2017.03.025



Fig. 3. Alpha diversity metrics of gut microbiome of elderly (ELD) and mid-age (MID) adults at baseline and at week 14
There were no significant differences in Alpha diversity metrics for the microbiome of elderly (ELD; � 70 years) and mid-age (MID; 30e50 years) groups at baseline (A). At week 14
(B) there were statistically significant treatment differences for both ELD and MID cohorts on MSPrebiotic® compared to placebo (padjusted ¼ 0.013 for Shannon and padjusted ¼ 0.004
for Inverse Simpson). ACE is an assessment of “richness” (i.e. abundance of OTUs) whereas SHANNON and INV SIMPSON are assessments of both “richness” and “diversity” (i.e.
different types of OTUs).
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MSPrebiotic®. Unlike other studies we did not observe a statistically
significant difference between ELD and MID Canadian adults in the
abundance of the Actinobacteria phylum or the Bifidobacteria
within this phylum at baseline.

The ability of RS to produce increased butyrate in the gut of pigs
[36] and the need for microbe-derived butyrate to regulate energy
Please cite this article in press as: Alfa MJ, et al., A randomized trial to det
gut microbiome in older and mid-age adults, Clinical Nutrition (2017), h
metabolism and prevent autophagy in colonocytes has been re-
ported [37,38]. Recent reviews [38e40] have summarized the
published data supporting the value of probiotic and prebiotic
supplementation to stimulate butyrate in the human colon thereby
improving tight junctions, reducing bacterial translocation, and
stimulating mucin synthesis all of which are key components of
ermine the impact of a digestion resistant starch composition on the
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Fig. 4. Relative abundance of gut microbiome phyla and genera for elderly (ELD) and mid-age (MID) groups after 12 weeks of consuming MSPrebiotic® or Placebo
The relative phyla abundances for elderly (ELD; >70 years) (A) and the relative genera abundances are shown for ELD on placebo (B) or MSPrebiotic® (C). The relative phyla
abundances for mid-age (MID; 30e50 years) (D) and the relative genera abundances are shown for MID on placebo (E) orMSPrebiotic® (F). The group mean is shown by the diamond
symbol within the box and the median is shown as a cross-bar within the box. The Firmicutes/Bacteroidetes ratio was 6.22 and 3.24 for ELD on Placebo orMSPrebiotic®, respectively;
and was 3.94 and 5.68 for MID on Placebo or MSPrebiotic®, respectively.
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ensuring integrity of the gut epithelium. There have been a wide
variety of probiotics but very few prebiotics evaluated [38,39,41].
Furthermore, it is unclear if prebiotic consumption alone is effective
or whether the synbiotic approach (prebiotics combined with
probiotics) is needed. Our data extends Martinez et al.'s [42] data
on RS2 and RS4 maize starch and demonstrated for the first time
that there was a statistically significant increase in the abundance
of Bifidobacterium in both ELD and MID Canadian adults
consuming MSPrebiotic® compared to placebo. B. bifidum, B. den-
tium and B. pseudocatenulatum were the predominant species
identified at baseline. In both ELD and MID age groups the
Please cite this article in press as: Alfa MJ, et al., A randomized trial to det
gut microbiome in older and mid-age adults, Clinical Nutrition (2017), h
percentage of B. ruminantium increased with MSPrebiotic® con-
sumption whereas the percentage of B. dentium decreased. The
percentage of B. pseudocatenulatum also increased with MSPre-
biotic® but only in the ELD age group. The percentage of B. bifidum
and B. brevewas not different between placebo andMSPrebiotic® in
either the ELD or MID age categories. Our data differs from that of
Martinez et al. [42] who reported an increase in Bifidobacterium
adolescentis when maize RS4 (and to a lesser extent maize RS2)
were consumed by mid-age adults. This likely reflects the ability of
B. bifidum, B. pseudocatenulatum (the principal increase in the
MSPrebiotic® ELD group) and B. ruminantium to preferentially
ermine the impact of a digestion resistant starch composition on the
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Table 2
Differences between gut microbiome genera in elderly (ELD) and mid-age groups
(MID) after 12 weeks of consumption of MSPrebiotic® versus Placebo.

Phylum: Order Genus Log2 fold
changea

padjusted:b

ELD GROUP (age; ≥ 70 years) Comparison: MSPrebiotic®/Placebo
Actinobacteria Bifidobacteriales Bifidobacterium 1.83 0.047
Bacteroidetes Bacteroidetes Prevotella 3.27 0.004

Bacteroidetes Alistipes 1.19 0.047
Proteobacteria Desulfovibrionales Desulfovibrio 5.67 <0.001
Firmicutes Clostridiales Mogibacterium 2.72 0.024

Clostridiales Sporobacter 3.01 0.020
MID GROUP (age; 30 to 50 years) Comparison: MSPrebiotic®/Placebo
Actinobacteria Bifidobacteriales Bifidobacterium 1.81 0.006

Coriobacteriales Olsenella 2.54 0.042
Firmicutes Erysipelotrichaceae Coprobacillus �2.19 0.006

Lactobacillales Lactobacilllus �1.96 0.042

a Analysis done using DESeq2 package [32] with placebo as the comparator (ie.
demoninator). Negative values indicate adults consuming MSPrebiotic® had lower
abundance compared to adults consuming placebo. Positive values indicate adults
consuming MSPrebiotic® had higher abundance compared to adults consuming
placebo.

b Adjusted p value; accounts for multiple testing and controls the false discovery
rate.

Table 3
Relative distribution of gut microbiome Bifidobacterium species.

Species Percent of each species within the
Bifidobacterium genusa

Baseline Placebo MSPrebiotic®

MID ELD MID ELD MID ELD

B. adolescentis 1.05 0.86 2.30 1.15 5.07 4.32
B. animalis 0.00 0.17 0.00 0.00 0.00 0.00
B. bifidum 65.57 42.29 72.94 48.85 66.67 44.14
B. boum 0.00 0.17 0.00 1.72 0.00 0.00
B. breve 2.33 3.25 1.76 4.89 3.12 4.63
B. catenulatum 0.00 0.00 0.00 0.00 0.19 0.00
B. dentium 25.82 46.23 13.67 34.20 15.59 29.32
B. longum 0.72 2.05 3.25 1.72 1.36 4.63
B. mongoliense 0.16 0.00 0.00 0.00 0.58 0.00
B. pseudocatenulatum 3.30 4.79 4.74 4.89 2.53 10.49
B. ruminantium 0.80 0.17 1.08 2.59 4.87 2.47
B. stellenboschense 0.08 0.00 0.00 0.00 0.00 0.00
B. saguini 0.00 0.00 0.14 0.00 0.00 0.00
B. tsurumiense 0.16 0.00 0.14 0.00 0.00 0.00
Total Frequency: 1243 584 739 348 513 324

a Analysis using SPINGO package [30] to provide the total number of each species
using a minimum 60% bootstrap. The percentages shown are based on the total
frequency of species within the Bifidobacterium genera for each group (MID; 30e50
years and ELD; � 70 years).

Table 4
Relative abundance of Short-chain Fatty Acids in stool at baseline and after 12 weeks
of consumption of MSPrebiotic® or Placebo.

SCFA: Baseline: 12 weeks of:

placebo MSPrebiotic® placebo MSPrebiotic®

ELD Group: Mean percent of total SCFA content (standard deviation)
C3: Acetate 25.8 (21.1) 20.5 (13.8) 24.6 (19.1) 21.3 (12.1)
C4: Butyrate 1.8 (1.2) 1.8 (1.4) 1.5 (0.7) 2.2 (1.6)a

C5: Propionate 72.5 (21.4) 79.8 (15) 75.2 (19.5) 79.7 (14.3)
MID Group: Mean percent of total SCFA content (standard deviation)
C3: Acetate 1.4 (2.1) 2.3 (5.9) 0.7 (0.6) 0.8 (0.9)
C4: Butyrate 0.1 (0.1) 0.1 (0.1) 0.4 (1.0) 0.3 (1.1)
C5: Propionate 98.5 (2.1) 97.7 (5.9) 98.9 (1.3) 98.9 (1.4)

a Statistically significant increase in the C4 proportion-change of SCFAs from
baseline to end of treatment in the Elderly-MSPrebiotic® group compared to the
Elderly-placebo group (p ¼ 0.022 using the ManneWhitney non-parametric test).

Table 5
Use of stool softeners in elderly (ELD) adults at baseline and once
randomized to placebo or MSPrebiotic®.

Weeka: ELDb

placebo MSPrebiotic®

1 10.5 27.3
2 10.5 30.0
3 15.8 36.4
4 16.7 33.3
5 15.8 36.4
6 10.5 31.8
7 5.9 30.0
8 5.6 20.0
9 10.5 23.8
10 5.6 16.7
11 10.5 22.2
12 17.7 23.8
13 11.1 30.0
14 15.8 30.0

a Note: for week 1 and 2 ALL participants were on placebo,
subsequently at the beginning of week 3 participants were ran-
domized to receive placebo or MSPrebiotic®.

b There was a statistically significant reduction in the use of
stool softeners over time in the ELD-MSPrebiotic® group
compared to the ELD-placebo group (Group � time interaction:
p ¼ 0.048).
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ferment RS2 potato starch [4]. This ability to increase levels of
endogenous Bifidobacteria in mid-age and elderly adults indicates
that MSPrebiotic® could be used alone as a nutritional supplement
without the need to add a probiotic to achieve this beneficial in-
crease. Given populationmicrobiome differences, caution is needed
if extrapolating this finding to other geographic locations.

There was a small but statistically significant increase in the
ratio of butyrate within SCFAs for MSPrebiotic® compared to pla-
cebo in the elderly. However, at baseline (despite randomization of
participants) the predominant SCFAs were very different between
ELD (average of 76.2% propionate, 23.2% acetate) and MID (average
of 98.1% propionate, 1.9% acetate) adults. Furthermore, the SCFA
abundance in our MID participants differed from data published for
the general population where acetate was predominant
[20,36,40,43]. Although our data fit with published results [2]
showing that RS consumption increased the relative ratio of fecal
butyrate levels in ELD, further studies are needed to determine if
Please cite this article in press as: Alfa MJ, et al., A randomized trial to det
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this is due to poor utilization of butyrate in ELD (i.e. colonocytes
already damaged) since absorption of butyrate in the gut occurs
very rapidly and only 5% is excreted in feces [41]. This rapid
adsorption is seen for all SCFAs and may account for some of the
differences we observed. A limitation of our data is that we
compared relative abundance as opposed to quantitative levels,
however recent reviews [40,41] indicate that there are no well
defined “normal levels” of SCFAs and relative proportions are as
relevant as quantitative levels.

The increased abundance of Bifidobacteria after MSPrebiotic®

consumption cannot explain the increase in the relative ratio of
butyrate within the SCFAs in the elderly participants since Bifido-
bacteria do not produce butyrate. Topping et al. [2] reviewed a
number of in vitro studies and summarized that substantially more
butyrate was formed from fermentation of potato starch and other
RS2 starches than was created from fermentation of RS3 and maize
starch. Wang et al. [44] tested a wide variety of bacteria and re-
ported that Bifidobacteriawere among the bacteria with the highest
growth and degradation rates for amylopectin (digestion resistant
starch). None of the Proteobacteria or Lactobacilli tested and only
limited Firmicutes could utilize resistant starch [44]. So what is the
explanation for improved gut health when there is an increase in
Bifidobacteria in the gut? A number of studies have shown (not
ermine the impact of a digestion resistant starch composition on the
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surprisingly) that the gut microbiome is complex and interactive.
The published data regarding “cross-feeding” [2e7,17,39,40] indi-
cated that when resistant starch was broken down primarily by
Actinobacteria (e.g. Bifidobacteria) that the end-products acetate
and lactate can then act as substrates for butyrate-producing Fir-
micutes. An associative relationship between our observed increase
in Bifidobacterium abundance and increased butyrate may be
related to microbiota cross-feeding as elegantly reviewed by Riv-
iere et al. [39] and Covian et al. [40]. R. bromii has been shown to be
pivotal in initiating breakdown of resistant starch in vitro [3,42]
even under conditions in which itself cannot grow (i.e. enzymes
released from this bacterium start the initial resistant starch
granule degradation process). Our data confirmed that R. bromii
was one of the predominant Ruminococcus species present in both
MID and ELD Canadian adults at baseline, supporting its proposed
role in helping Bifidobacterium initiate resistant starch degradation.
Subsequently the lactate and acetate produced by Bifidobacterium
can then cross-feed butyrogenic strains of Firmicutes (e.g. Rose-
buria, Eubacterium, Ruminococcus and Anaerostipes which are key
butyrate-producing genera within the Firmicutes phyla)
[4e6,39,40]. Our data would suggest that resistant starch most
likely has a type 2 cross-feeding pattern as defined by Riviere et al.
[39]. A limitation of our study was that it was not designed to
dissect the specifics of cross-feeding.

In conclusion, our clinical study is the first to demonstrate that
the resistant starch MSPrebiotic® at 30 g/day is well tolerated and
does fit the current definition of a prebiotic [17]. Our data
demonstrated thatMSPrebiotic® modulated the gut microbiome (to
increase Bifidobacterium, and alter the Firmicutes to Bacteriodetes
ratio). MSPrebiotic® intake produced a small but statistically sig-
nificant increase in relative abundance of butyrate in the elderly as
well as a statistically significant reduction in the use of stool soft-
eners over time. These findings support the value of this RS as a
nutritional supplement that could benefit the gut health of both
elderly and mid-age adults. Further studies are needed to elucidate
the mechanisms of the Bifidogenic and butyrogenic effects of
MSPrebiotic®.

Authors contributions

MJA designed the research project, was involved in data anal-
ysis, wrote the paper and had primary responsibility for final
content.

DS provided medical oversight for the clinical study, and
participated in the data analysis and writing of the manuscript.

PT was involved in the development of overall research plan and
was the clinical coordinator responsible for enrolment and
informed consent for general population participants.

MGwas involved in the overall research plan, provided essential
materials, analyzed data and participated in writing of the
manuscript.

GVD was involved in the overall research plan, provided
essential materials, analyzed data and participated in the writing of
the manuscript.

JDF provided essential materials, analyzed data, provided
hands-on conduct of experiments and data collection and partici-
pated in the writing of the manuscript.

VL provided essential materials, provided hands-on conduct of
experiments and data collection.

NO was involved in the overall research plan, conducted hands-
on experiments and data collection, contributed to data analysis
and writing of the manuscript.

PD was involved in the overall research plan, conducted hands-
on experiments and data collection, contributed to data analysis
and writing of the manuscript.
Please cite this article in press as: Alfa MJ, et al., A randomized trial to det
gut microbiome in older and mid-age adults, Clinical Nutrition (2017), h
DB was involved in the overall research plan, conducted hands-
on experiments and data collection, contributed to data analysis
and writing of the manuscript.

BLS was involved in the overall research plan, conducted hands-
on experiments and data collection, contributed to data analysis
and writing of the manuscript.

BD analyzed the microbiome data and performed the statistical
analysis and was involved in writing of the manuscript.

LML provided oversight for the microbiome statistical analysis
and was involved in writing of the manuscript.

Disclaimers/conflicts

MSPrebiotics Inc paid for printing of posters and for flight and
accommodation for MJA to attend a conference for poster presen-
tation. There are no disclaimers or conflicts of interest for any of the
other authors.

Sources of support

The funding for this clinical trial was provided by MSPrebiotics
Inc., Carberry, MB and the National Research Council Canada. The
Natural Health Products-quality packages of MSPrebiotic® and
Amioca were provided by MSPrebiotics Inc. The Public Health
Agency of Canada's National Microbiology Laboratory's Genomics
and Bioinformatic Cores, Winnipeg, MB provided laboratory, tech-
nical and analytics infrastructure support “in kind” for this project.

Acknowledgements

Brett Hiebert, programmer/Statistical Analyst, Cardiac Sciences
Program, Asper Cinical Research Building, Winnipeg, MB, provided
the statistical analysis for data not involving microbiome 16S data.
The statistical analysis for 16S data of the gut microbiome was
provided by Brenden Dufault, Biostatistician, Data Sciences Plat-
form, George & Fay Yee Centre for Healthcare Innovation, Univer-
sity of Manitoba. Denis Laboissiere, Department Lab Technologist,
Dept of Human Nutritional Sciences, University of Manitoba per-
formed the short-chain-fatty-acid analysis. The outstanding sup-
port and assistance from all the Deer Lodge staff (particularly
Michael Kaan, Daryl Dyck, Jo-Ann Lapointe-Mckenzie, and Jean
Helps) for oversight of the initial participant screening, product
administration and stool sample collection is acknowledged. The
key role of Nila McFarlane and Betty Smith in completing the
informed consent and enrollment of participants from Deer Lodge
is acknowledged. We thank all the study support staff and partic-
ipants for their enthusiasm.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.clnu.2017.03.025.

References

[1] Elaine Holmes, Kinross J, Gibson GR, Burcelin R, Jia W, Pettersson S, et al.
Therapeutic modulation of microbiota-host metabolic interactions. Sci Transl
Med 2012;4. http://dx.doi.org/10.1126/scitranslmed.3004244. 137rv6.

[2] Topping DL, Clifton PM. Short-chain fatty acids and human colonic function:
roles of resistant starch and nonstarch polysaccharides. Physiol Rev 2001;81:
1031e64.

[3] Ze X, Duncan SH, Louis P, Flint HJ. Ruminococcus bromii is a keystone species
for the degradation of resistant starch in the human colon. ISME J 2012;6:
1535e43.

[4] Belenguer A, Duncan SH, Calder AG, Holtrop G, Louis P, Lobley GE, et al. Two
routes of metabolic cross-feeding between Bifidobacterium adolescentis and
butyrate-producing anaerobes from the human gut. Environ Microbiol
2006;72:3593e9. http://dx.doi.org/10.1128/AEM.72.5.3593-3599.2006.
ermine the impact of a digestion resistant starch composition on the
ttp://dx.doi.org/10.1016/j.clnu.2017.03.025

http://dx.doi.org/10.1016/j.clnu.2017.03.025
http://dx.doi.org/10.1016/j.clnu.2017.03.025
http://dx.doi.org/10.1126/scitranslmed.3004244
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref2
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref2
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref2
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref2
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref3
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref3
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref3
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref3
http://dx.doi.org/10.1128/AEM.72.5.3593-3599.2006


M.J. Alfa et al. / Clinical Nutrition xxx (2017) 1e11 11
[5] Flint HJ, Scott KP, Duncan SH, Louis P, Forano E. Microbial degradation of
complex carbohydrates in the gut. Gut Microbes 2012;34:289e306.

[6] Cecchini DA, Laville E, Laguerre S, Robe P, Leclerc M, Dore J, et al. Functional
metagenomics reveals novel pathways of prebiotic breakdown in human gut
bacteria. PLoS One 2013;8:e72766. http://dx.doi.org/10.1371/
journal.pone.0072766.

[7] Pokusaeva K, Fitzgerald GF, van Sinderen D. Carbohydrate metabolism in
Bifidobacteria. Genes Nutr 2011;6:285e306. http://dx.doi.org/10.1007/
s12263-010-0206-6.

[8] Brown K, DeCoffe D, Molcan E, Gibson DL. Diest-induced dysbiosis of the
microbiota and the effects on immunity and disease. Nutrients 2012;4:
1095e119. http://dx.doi.org/10.3390/nu4081095.

[9] Malaguarnera A, Leggio F, Vacante M, Motta M, Giordano M, Biondi A, et al.
Probiotics in the gastrointestinal diseases of the elderly. J Nutr Health Aging
2012;16:402e10.

[10] Toward RE, Montandon SL, Walton GE, Gibson GR. Effect of prebiotics on the
human gut microbiota of elderly persons. Gut Microbes 2012;3:57e60. http://
dx.doi.org/10.4161/gmic.19411.

[11] Hardy H, Harris J, Lyon E, Beal J, Foey AD. Probiotics, prebiotics and immu-
nomodulation of gut mucosal defences: homeostasis and immunopathology.
Nutrients 2013;5:1869e912. http://dx.doi.org/10.3390/nu5061869.

[12] Biagi E, Candela M, Fairweather-Tait S, Franceschi C, Brigidi P. Aging of the
human metaorganism: the microbial counterpart. AGE 2012;34:247e67.
http://dx.doi.org/10.1007/s11357-011-9217-5.

[13] Antharam VC, Li E, Ishmael A, Sharma A, Mai V, Rand KH, et al. Intestinal
dysbiosis and depletion of butyrongenic bacteria in Clostridium difficile
infection and nosocomial diarrhea. J Clin Microbiol 2013. http://dx.doi.org/
10.1128/JCM.00845e13.

[14] Claesson MJ, Cusack S, O'Sullivan O, Greene-Diniz R, de Weerd H, Flannery E,
et al. Composition, variability, and temporal stability of the intestinal micro-
biota of the elderly. PNAS 2011;108:4586e91. http://dx.doi.org/10.1073/
pnas.1000097107.

[15] Claesson MJ, Jeffery IB, Conde S, Power SE, O'Connor EM, Cusack S, et al. Gut
microbiota composition correlates with diet and health in the elderly. Nature
2012;488:178e85. http://dx.doi.org/10.1038/nature11319.

[16] Priebe MG, Vonk RJ, Sun X, He T, Harmsen MJM, Welling GW. The physiology
of colonic metabolism. Possibilities for interventions with pre- and probiotics.
Eur J Nutr 2002;41(Suppl 1). http://dx.doi.org/10.1007/s00394-002-1101-8.

[17] O'Callaghan A, van Sinderen D. Bifidobacteria and their role as members of the
human gut microbiota. Front Microbiol 2016. http://dx.doi.org/10.3389/
fmicb.2016.00925.

[19] Patel R, DuPont HL. New approaches for bacteriotherapy: prebiotics, new-
generation probiotics and synbiotics. CID 2015;60(S2):S108e21.

[20] Kleesen B, Dykura B, Aunft H-J, Blaut M. Effects of inulin and lactose on fecal
microflora, microbial activity and bowel habit in elderly constipated persons.
Am J Clin Nutr 1997;65:1397e402.

[21] Delzenne NM, Neyrinck AM, Cani PD. Modulation of the gut microbiota by
nutrients with prebiotic properties: consequences for host health in the
context of obesity and metabolic syndrome. Microb Cell Factories
2011;10(Suppl 1):S10. http://dx.doi.org/10.1186/1475-2859-10-S1-S10.

[22] Kolanowski A, Mulhall P, Yevchack A, Hill N, Fick D. The triple challenge of
recruiting older adults with dementia and high medical acuity in skilled
nursing facilities. J Nurs Scholarsh 2013;45:397e404.

[23] Health Canada Natural Health Product website: (http://webprod.hc-sc.gc.ca/
nhpid-bdipsn/ingredReq.do?id¼6482&lang¼engSolanumTuberosumExtract).

[24] Stewart ML, Nikhanj SD, Timm DA, Thomas W, Slavin JL. Evaluation of the
effect of four fibers on laxation, gastrointestinal tolerance and serum markers
in health humans. Ann Nutr Metab 2010;56:91e8. http://dx.doi.org/10.1159/
000275962.

[25] Illumina 16S Sequencing Laboratory Protocol: http://support.illumina.com/
content/dam/illumine-support/documents/documentation/chemistry_
documentation/16s/16smetagenomic-library-prep-guide-15044223-b.pdf.

[26] Schloss PD, Westcott SL, Ryabin T, Hall JR, Hartmann M, Hollister EB, et al.
Introducing mothur: open- source, platform-independent, community-
Please cite this article in press as: Alfa MJ, et al., A randomized trial to det
gut microbiome in older and mid-age adults, Clinical Nutrition (2017), h
supported software for describing and comparing microbial communities.
Appl Environ Microbiol 2009;75:7537e41.

[27] Kozich JJ, Westcott SL, Baxter NT, Highlander SK, Schloss PD. Development of a
dual-index sequencing strategy and curation pipeline for analyzing amplicon
sequence data on the MiSeq Illumina sequencing platform. Appl Environ
Microbiol 2013;79(17):5112e20.

[28] Pruesse E, Quast C, Knittel K, Fuchs BM, Ludwig W, Peplies J, et al. SILVA: a
comprehensive online resource for quality checked and aligned ribosomal
RNA sequence data compatible with ARB. Nucleic Acids Res 2007;35:
7188e96.

[29] Wang Q, Garrity GM, Tiedje JM, Cole JR. Naïve Bayesian classifier for rapid
assignment of rRNA sequences into the new bacterial taxonomy. Appl Environ
Microbiol 2007;73:5261e7.

[30] Allard G, Ryan FJ, Jeffery IB, Claesson MJ. SPINGO: a rapid species-classifier for
microbial amplicon sequences. BMC Bioinforma 2015;16:324. http://
dx.doi.org/10.1186/s12859-015-0747-1.

[31] McMurdie PJ, Holmes S. Phyloseq: an R package for reproducible interactive
analysis and graphics of microbiome census data. PLoS One 2013;8:e61217.

[32] Love MI, Huber W, Anders S. Moderated estimation of fold change and
dispersion for RNA-Seq data with DESeq2. Genome Biol 2014;15:550. http://
dx.doi.org/10.1186/s13059-014-0550-8.

[33] Arumugam M, Raes J, Pelletier E, L-Paslier D, Yamada T, Mende DR, et al.
Enterotypes of the human gut microbiome. Nature 2011;473:174e80. http://
dx.doi.org/10.1038/nature09944.

[34] Zhernakova A, Kurilshikov A, Bonder MJ, Tigchelaar ET, Schirmer M,
Vatanen T. Population-based metagenomics analysis reveals markers for gut
microiome composition and diversity. Science 2016;352:565e9. http://
dx.doi.org/10.1126/science.aad3369.

[35] Mariat D, Firmesse O, Levenez F, Guimaracs VD, Sokol H, Dore J, et al. The
Firmicutes/Bacteroidetes ratio of the human microbiota changes with age.
BMC Microbiol 2009;9:123.

[36] Nofrarias M, Martinez-Puig D, Pujols J, Majo N, Perez JF. Long-term intake of
resistant starch improves mucosal integrity and reduces gut apoptosis and
blood immune cells. Nutrition 2007;23:861e70.

[37] Donohoe DR, Garge N, Zhang X, Sun W, O'Connell TM, Bunger MK, et al. The
Microbiome and butyrate regulate energy metabolism and autophagy in the
mammalian colon. Cell Metab 2011;13:517e26. http://dx.doi.org/10.1016/
j.cmet.2011.02.018.

[38] Patel S, Goyal A. The current trends and future perspectives of prebiotics
research: a review. 3 Biotech 2012;2:115e25. http://dx.doi.org/10.1007/
s13205-012-0044-x.

[39] Riviere A, Selak M, Lantin D, Leroy F, De Vuyst L. Bifidobacteria and butyrate-
producing colon bacteria: importance of strategies for their stimulation in the
human gut. Front Microbiol 2016;7:979. http://dx.doi.org/10.3389/
fmicb.2016.00979.

[40] Rios-Covian D, Ruas-Madiedo P, Margolles A, Gueimonde M, de los Reyes-
Gavilan CG, Salazare N. Intestinal short chain fatty acids and their link with
diet and human health. Front Microbiol 2016;7:185,. http://dx.doi.org/
10.2289/fmicb.2016.00185.

[41] Verbeke KA, Boobis Ar, Chiodini A, Edwards CA, Franck A, Kleerebeem M,
et al. Towards microbial fermentation metabolites as markers for health
benefits of prebiotics. Nutr Res Rev 2015;28:42e66. http://dx.doi.org/
10.1017/S095442241/415000037.

[42] Martinez I, Kim J, Duffy PR, Schlegel VL, Walter J. Resistant starches types 2
and 4 Have differential effects on the composition of the fecal microbiota in
human subjects. PLOS One 2010;5(11):e15046. http://dx.doi.org/10.1371/
journal.pone.0015046.

[43] McOrist AL, Miller RB, Bird AR, Keogh JB, Noakes M, Topping DL, et al. Fecal
butyrate levels very widely among individuals but are usually increased by a
diet high in resistant starch. J Nutr 2011;141:883e9.

[44] Wang X, Conway PL, Brown IL, Evans AJ. In Vitro utilization of amylopectin
and high-amylose maize (amylomaize) starch granules by human colonic
bacteria. Appl Environ Microbiol 1999;65:4848e54.
ermine the impact of a digestion resistant starch composition on the
ttp://dx.doi.org/10.1016/j.clnu.2017.03.025

http://refhub.elsevier.com/S0261-5614(17)30116-4/sref5
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref5
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref5
http://dx.doi.org/10.1371/journal.pone.0072766
http://dx.doi.org/10.1371/journal.pone.0072766
http://dx.doi.org/10.1007/s12263-010-0206-6
http://dx.doi.org/10.1007/s12263-010-0206-6
http://dx.doi.org/10.3390/nu4081095
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref9
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref9
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref9
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref9
http://dx.doi.org/10.4161/gmic.19411
http://dx.doi.org/10.4161/gmic.19411
http://dx.doi.org/10.3390/nu5061869
http://dx.doi.org/10.1007/s11357-011-9217-5
http://dx.doi.org/10.1128/JCM.00845&ndash;13
http://dx.doi.org/10.1128/JCM.00845&ndash;13
http://dx.doi.org/10.1128/JCM.00845&ndash;13
http://dx.doi.org/10.1073/pnas.1000097107
http://dx.doi.org/10.1073/pnas.1000097107
http://dx.doi.org/10.1038/nature11319
http://dx.doi.org/10.1007/s00394-002-1101-8
http://dx.doi.org/10.3389/fmicb.2016.00925
http://dx.doi.org/10.3389/fmicb.2016.00925
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref19
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref19
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref19
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref20
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref20
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref20
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref20
http://dx.doi.org/10.1186/1475-2859-10-S1-S10
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref22
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref22
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref22
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref22
http://webprod.hc-sc.gc.ca/nhpid-bdipsn/ingredReq.do?id=6482&amp;lang=engSolanumTuberosumExtract
http://webprod.hc-sc.gc.ca/nhpid-bdipsn/ingredReq.do?id=6482&amp;lang=engSolanumTuberosumExtract
http://webprod.hc-sc.gc.ca/nhpid-bdipsn/ingredReq.do?id=6482&amp;lang=engSolanumTuberosumExtract
http://webprod.hc-sc.gc.ca/nhpid-bdipsn/ingredReq.do?id=6482&amp;lang=engSolanumTuberosumExtract
http://webprod.hc-sc.gc.ca/nhpid-bdipsn/ingredReq.do?id=6482&amp;lang=engSolanumTuberosumExtract
http://dx.doi.org/10.1159/000275962
http://dx.doi.org/10.1159/000275962
http://support.illumina.com/content/dam/illumine-support/documents/documentation/chemistry_documentation/16s/16smetagenomic-library-prep-guide-15044223-b.pdf
http://support.illumina.com/content/dam/illumine-support/documents/documentation/chemistry_documentation/16s/16smetagenomic-library-prep-guide-15044223-b.pdf
http://support.illumina.com/content/dam/illumine-support/documents/documentation/chemistry_documentation/16s/16smetagenomic-library-prep-guide-15044223-b.pdf
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref26
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref26
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref26
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref26
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref26
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref27
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref27
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref27
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref27
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref27
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref28
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref28
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref28
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref28
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref28
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref29
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref29
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref29
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref29
http://dx.doi.org/10.1186/s12859-015-0747-1
http://dx.doi.org/10.1186/s12859-015-0747-1
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref31
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref31
http://dx.doi.org/10.1186/s13059-014-0550-8
http://dx.doi.org/10.1186/s13059-014-0550-8
http://dx.doi.org/10.1038/nature09944
http://dx.doi.org/10.1038/nature09944
http://dx.doi.org/10.1126/science.aad3369
http://dx.doi.org/10.1126/science.aad3369
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref35
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref35
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref35
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref36
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref36
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref36
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref36
http://dx.doi.org/10.1016/j.cmet.2011.02.018
http://dx.doi.org/10.1016/j.cmet.2011.02.018
http://dx.doi.org/10.1007/s13205-012-0044-x
http://dx.doi.org/10.1007/s13205-012-0044-x
http://dx.doi.org/10.3389/fmicb.2016.00979
http://dx.doi.org/10.3389/fmicb.2016.00979
http://dx.doi.org/10.2289/fmicb.2016.00185
http://dx.doi.org/10.2289/fmicb.2016.00185
http://dx.doi.org/10.1017/S095442241/415000037
http://dx.doi.org/10.1017/S095442241/415000037
http://dx.doi.org/10.1371/journal.pone.0015046
http://dx.doi.org/10.1371/journal.pone.0015046
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref43
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref43
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref43
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref43
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref44
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref44
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref44
http://refhub.elsevier.com/S0261-5614(17)30116-4/sref44

	A randomized trial to determine the impact of a digestion resistant starch composition on the gut microbiome in older and m ...
	1. Introduction
	2. Materials and methods
	2.1. Power analysis and sample size
	2.2. Clinical study
	2.3. Analysis performed
	2.3.1. Stool analysis
	2.3.2. SCFA analysis
	2.3.3. 30 m column profile for SCFA analysis
	2.3.4. Microbiome analysis by 16S sequencing
	2.3.4.1. Sequencing
	2.3.4.2. Data processing



	3. Statistical analysis
	3.1. Primary outcome markers
	3.2. Gut microbiome

	4. Results
	5. Discussion
	Authors contributions
	Disclaimers/conflicts
	Sources of support
	Acknowledgements
	Appendix A. Supplementary data
	References


