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Recommended
Current Intake:
Intake: " 25 g/day (females)
12-20 g/day 38 g/day (males)

Ancestral Diet:
>100 g/day
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Industrialization depletes the gut microbiome
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Proposed solution: microbiome restoration using
fibre-based nutritional strategies

High fibre diet

Fibre supplements
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Whole-plant Fibre-enriched foods |

VS.
foods and supplements
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Dietary Fiber Intake Reduces Risk for Colorectal
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Intrinsic and functional fibres distinctly affect
health due to differences In their characteristics

Fiber forms
Intrinsic fibers

Guar gum

. Pectin Cellul Inulin
Examples Henlil.cell.ulose Arabinoxylan . ;SOSG FOS
1gnin _ GOS
B-glucan Psyllium
3D structure i :
: : Varymg degrees ot Mostly nonviscous,
s Fiber mixture e Viscosity -
Characteristics : nonbulking, and
Bound to phytochemicals e Bulking highly f ’ bl
Slowly fermented e Fermentability ighly lermentable
Promote gradual SCFA SCFAs produced across colon SCFAs in

release throughout the colon

Limit nutrient
absorption

Mechanisms of action proximal colon

Delay nutrient
absorption

Annual Review of Food Science and "Technology

'\ ANNUAL
I\ €@l REVIEWS

Walsh SK, Armet AM, et al. Annu Rev Food Sci Technol, 2026 (17), Online ahead of print.



3D cell wall |, &)
structure | «oon e
reduces ! distal {{ 8
. A l' COIOn ¢ ’l dlSta| “
accessibility ' ¢ colon \Of
Slow fiber fermentation Fast fiber fermentation

= SCFA production throughout the
whole colon

= SCFA production primarily in
proximal colon

Adapted from Omary L, Canfora EE, Puhlmann ML, et al. Cell Rep Med. 2025;6:102237.



Isolated or synthetic fibres

Diversity of fibre structures with

' f, —} different physicochemical

properties

Single fibre structure with
certain physicochemical
properties

Figure created in BioRender.com.



Fermentability

Physicochemical
properties Non-fermentable

relevant to health
Fecal bulking/softer stools

Non-viscous
e.g., cellulose

Fecal bulking/softer stools
Cholesterol-lowering
Viscous Reduced glycemia

Viscosity

e.g., psyllium

Gill, S.K., et al. Nat Rev Gastroenterol Hepatol, 2021:18;101-116.



Gut microbiome
Inter-individual
variability

Figure created in BioRender.com.
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Microbiome restoration using fibre-based
nutritional strategies 1 what is the ideal solution?

High fibre diet
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Fibre supplements
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NiMe Diet ™

Non-industrialized
Microbiome Restore Diet
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IS microbiome restoration possible?

>
p g Non-industrialized-
> .
= Hunter/gatherer It LTI Industrial Processed type diet
- food sanitized
5 food
o
S V-4
| ‘ &S Health-promoting
10,000 400 100 Present '@ LOost microbial taxa
years ago years ago years ago

Sonnenburg & Sonnenburg, Cell Metabol 2014;20:7791 786.

Can microbial diversity, specific taxa, and/or microbial
functions be restored? Would this improve human health
In industrialized societies?



Cell

Cardiometabolic benefits of a non-industrialized-
type diet are linked to gut microbiome modulation

Graphical abstract

Lost microbe
Limosilactobacillus reuteri

Non-industrialized-type diet
.'Restore diet"

. .
Randomized controlled feeding trial WM

Restore diet:

L. reuteri persistence
Plant-targeted CAZymes Baseline and

P jecalbchias diet-responsive
( Microbiome diversity
\ Pro-inflammatory taxa predict clinical
~— (e.g., Bilophila) responses

Mucin-targeted CAZymes

= @ Microbiota-derived plasma
s metabolites
“ (e.g., indole-3-propionic acid)
Body weight

” Fasting glucose
Fasting cholesterol
Inflammatory markers

Highlights
e Therestore diet reduced microbiome diversity but enhanced
L. reuteri persistence

e The diet redressed several microbiome features altered by
industrialization

e The diet induced beneficial changes to microbiota-derived
plasma metabolites

e Cardiometabolic benefits of the diet were predicted by
microbiome features

Li F, Armet AM, et al. Cell 2025;188(5):1226-1247.E18.
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In brief

Is it possible to restore the human gut
microbiome in industrialized settings and
reintroduce microbial species that have
been lost? In healthy adults, Li et al. found
that consuming a diet mimicking non-
industrialized dietary patterns (restore
diet) together with a bacterium rarely
found in industrialized human gut
microbiomes (Limosilactobacillus reuteri)
enhanced persistence of the latter. The
diet also redressed several microbiome
features altered by industrialization,
which was linked to considerable
cardiometabolic benefits.

Open-Access!

Microbiome
Restoration Strategy
In Humans

Lost microbe:
Limosilactobacillus reuteri

Nutritional support:
Non-industrialized-type diet
(NiMe ™ Diet,

AKA restore diet)



L ost microbe: Limosilactobacillus reuter|

A Bacterial species likely negatively impacted
by industrialization

A May beneficially modulate immune system
and inflammation

Abundance of L. reuteri
In the gut microbiome

"
n
[

"
L]
]

A Participants were randomized to consume
one of three treatments:
A L. reuteri originating from rural Papua
New Guinea (PB-W]') Rural ;Dapua m_
A L. reuteri type strain (DSM200167) New GUineans
A Maltodextrin (placebo)

o
en

Relative Abundance (%)
=

Martinez et al., Cell Reports 2015; 11, 5277 538

Lamas, B. et al. Nat Med (2016) 22:6;598-605.
Rothhammer, V. et al. Nat Med (2016) 22:6;586-597.



Nutritional Support: Non-Industrialized-Type Diet

A Based on dietary pattern of

Supplementary Table S1_ Related to Figure 1. Diet of Asaro and Sausi people
based on a dietary survey conducted through interviews with study participants®.

rural Papua New Guineans

A Chose foods that were:
A Readily available in Canada
A Rich in raffinose and stachyose,
growth substrates of L. reuteri

g}

Martinez et al. Cell Reports (2015) 11;527-538.

Asaro

Sausi

Sources of
carbohydrate

Sources of protein**

Fruits, vegetables
and
legumes

1. Sweet potato
(kaukau)

2. Plantain

. Cassava (tapiok)
. Rice

. Sago

o ~w

. Tinned fish

. Pork

. Tinned meat

. Chicken (karkaruk)
. Lamb flaps

O WN =

1. Bush kumu (leafy
green)
2. Aibica (type of

4. Ripe bananas

5. Peanuts

Others: pumpkin
leaves, guava,
pawpaw, tamarillo,
corn, cucumber,
avocado, karuka nuts

| 1. Sweet potato |
2. Taro
3. Banana
4. Cassava
5. Yam
Others: sago, rice,
plantain, pumpkin

1. Pork

2. Fresh fish

3. Chicken

4. Tinned fish

5. Tinned meat
Others: cassowary
(muruk), bandicoot

1. Aibica
2. Bush kumu

3. Tulip (leafy green)
. Pawpaw

Others: pineapple,
coconut, peanuts, aupa,
mango, auava, mon,
cucumber, melon, sago
leaves, pumpkin leaves,
pitpit, cabbage| sugar
cane




Non-Industrialized-Type Diet ( 0r est or e d|

AMinimally-processed, mainly plant-based

ARich in vegetables, legumes, whole grains Eiber Intake
AVery high in fibre . o poon
Al serving animal protein/day -
ANo dairy or wheat F 40-
AMacronutrient distribution: E?’O' I T

60% carbohydrate > L “Z

15% protein 10- /

25% fat ) BL .Day21:‘ BL Day21

Usual Diet Restore Diet

Li F, Armet AM, et al. Cell 2025;188(5):1226-1247.E18.



Controlled Feeding Trial

AAIl meals and snacks prepared in metabolic kitchen.

AHighly precise and standardized

ADiet provided to participants for three weeks, based on their
calculated caloric (energy) requirements.

hNRU ] UNIVERSITY
Human Nutrition Res § OF ALBERTA



Study Design
57} 7}
S VWV 0 T S VRV
—_—

3-wk Restore Diet oo 3-wk Usual Diet

3 weeks 3 weeks
Randomize
=0 T Wl s |
Washout : Washout
3-wk Usual Diet e 24 3-WK Restore Diet omesmmms
BMI: 20-30 kg/m? 3 weeks 3 weeks
StudyDay 0 4 6 8 12 16 21 42 46 48 50 54 58 63 84

Crossover design: non-industrialized-type diet (Restore Diet); n=30

Parallel design: lost microbe (L. reuteri) ‘ J' E

« PB-W1 n=9;
. DSM200167 n=11; Fasted blood  Fecal L. reuteri
R Placebo: n=10 sample sample or placebo

Li F, Armet AM, et al. Cell 2025;188(5):1226-1247.E18.



L. reuteri persistence enhanced by the restore diet
but gut microbiome diversity reduced

Abundance of L. reuteri (quantitative culture)

Day -4 Day 0 Day 2 Day 4 Day 8 Day 12 Day 17 Day 38 Shannon index (ASVs)
@ 107
o faqg 02 =
£ & e ” -2 Diet: p <0.001
2 l . % O ~ Day: p = 0.048
8 a a _E " 0.0- 3
2 ﬁ . S B
o { .
2 2—-- - ---- - - - - - -- Jﬁ - - -l l -- -o- - e e - . - e w- LoD E ‘.g _0 2_
8 T
- 0 A 9, B, A o) R A pe) B A D, A O, A A o) 9, = &

e, G B e G % @ K % e, % % O % % B B % e B % B 2 % b4

Y e, % T T, % T, % % T, Y Ty, %t %, % e, %, 4 8 0.4-

%6 » 6 %6 » %6 » %6 » %6 » 6> %% » oA -o- Restore
: . <
. Restore diet Usual diet -0.6 =

T T T T T T
4 6 8 12 16 21

Days of diet intervention

L. reuteri had no effect on
microbiome or host

Li F, Armet AM, et al. Cell 2025;188(5):1226-1247.E18.



The restore diet shifted Shifts in Genera

Bifidobacterium =

| | -
Faecalibacterium =
Ut micropliome
Lachnospiraceae ND3007 group =
Lachnospira=]

Lachnospiraceae UCG-001 =

|} [
Lachnospiraceae UCG-004 =
I I Haemophilus =
NK4A214 group =
Monoglobus =

I
._|

Eubacterium eligens group =
Eubacterium ruminantium group =4

U Increased abundance of ucesto

potentially health-promoting taxa

(e.g. Bifidobacterium, P T

Alistipes =

Faecalibacterium, Lachnospira) — ssceum i o

Unclassified Lachnospiraceae =
Eubacterium coprostanoligenes group =
Clostridium sensu stricto 1=
Ruminococcaceae Incertae Sedis =
Parasutterella =

U Decreased abundance of R g

Catenibacterium =

potentially pro-inflammatory taxa =i

(e.g., Bilophila, Alistipes, s e

Bacteroides =

Parabacteroides =

Streptococcus, Collinsella)

Blautia =
| Collinsella—
Fusicatenibacter =

ddSVIdONI

d3asv3iyo4dd

| | || || || ] | HIEARA s
20 15 1.0 -05 0.0 0.5 1.0 4
A in % relative abundance
(Restore Day 8 - BL)

Li F, Armet AM, et al. Cell 2025;188(5):1226-1247.E18.



The restore diet enhanced fibre fermentation

Shifts in CAZymes  Plant-Targeted CAZymes Total SCFAs Acetate
GH43_22 - p =0.021 e = &5
GH43_27 - " 2.5 160~ ~ :

GH121 o . S
GH13_3 g 207 . o 1204 ° e o
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_ p - c 404 1 71
GPE:E: - s 0.5+ -0.2 E' 2 ‘l> 8 20 g
c
GH29 ] 0.0 00 B 0 o0 &
030 -0.15 0.00 015 030 o2 ©® J .50 B
A in % relative abundance ' @
(Restore Day 8 - BL) Usual Restore Usual Restore L0 ® Usual Restore
: Fecal pH
GHZ29: Mucin-targeted CAZyme Fecal o p=02  peoom
8

active enzymes (CAZymes) Fecal 6. :

Baseline i Usual Diet @ Baseline i Restore Diet
_ pH ¥
O Day 211 Restore Diet

Day 211 Usual Diet

1 Plant-targeted carbohydrate- SCFAs 7_}%_}%
8

Usual Restore
Li F, Armet AM, et al. Cell 2025;188(5):1226-1247.E18.
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BMI LDL cholesterol

p=0002 p=0.003

30-

The restore diet
improved several E%Ifjfi T JHL
= 'I'_ |

risk markers of !
[

[ |
N B
o o

[ [
"o o
o
(%) abueyo

|
o
(%) ebueys
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Glucose CRP -
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500
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Day 21 — Usual Diet L 20 N T_-zo E: N N )
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LDL cholesterol

p =0.003

5_
%3- k/ i e e
14 =06 8o -
N y >
: l ,— | 50 S|m||ar v CIinicLI response
A v responses
CRP dClroSsS
0 T individuals

Baseline and diet-
responsive microbiome
features predict certain

Q

| 0 o
=

20 8

1. = clinical responses
sSua estore
-14.0%

Li F, Armet AM, et al. Cell 2025;188(5):1226-1247.E18.



NiMe Diet ™
Non-industrialized
Microbiome
restore diet

ANiMe™ diet redressed several
microbiome features altered by
iIndustrialization, despite reducing
microbiome diversity.

0 Reduced pro-inflammatory microbes
0 Reduced mucus degradation potential
o Increased fibre fermentation

ARisk markers of chronic diseases
were significantly improved.

ADiet-induced changes to microbiome
are linked to cardiometabolic benefits.

Li F, Armet AM, et al. Cell 2025;188(5):1226-1247.E18.



Isolated fibre supplements

Alberta FYBER Study
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Single fibre structure with
certain physicochemical

. How do distinct fibre
structures affect the
gut microbiome and

(j\ Sl human health?

Are health effects
linked with individual

Gut microbiome microbiome
inter-individual sighatures?
variability



T h e A I b e rta vHvﬁfwltgﬁlnfgggsé iS?iJ 2, n=195

Parallel-arm study design | Randomized, stratified by sex

FYBER Study R m

L
Vs

Acacia Gum (AG) Days 1-2 Six-week intervention
Low-viscosity, soluble, fermentable Dailv 2
Agrigum International, UK aily ? 12.5¢ 25¢g

fiber o
Resistant Starch Type IV (RS4) Baseline Week 6
Low-viscosity, insoluble, fermentable ‘
MGP Ingredients, USA

Microcrystalline Cellulose (MCC) .

CONTROL Non-viscous, insoluble, non-fermentable ~  ="====mmmmmmmgmmmmmmmmsssmmmmsmesmmmmm s nnn e g mmmm o m T
Blanver Farmoquimica LTDA, Brazil ‘Stool sample 6Blood sample 'Anthropometrlcs

Armet AM, Li F, et al. medRxiv, 2025 (preprint). Figure created in BioRender.com.



Distinct fermentables fibres induce selective microbiome shifts

Shifts in Microbiome Composition  Shifts in Fermentation Capacity
(Abundance of MAGS) (Abundance of CAZymes)  shifts in Short-Chain Fatty Acids

Not linked with health outcomes!

Non-fermentable MCC
had no significant effects
on microbiome features

Within Group Change

Wilcoxon test, FDR-corrected )
* p<0.01 = Acacla gum

*x p<0.001 = Resistant starch type 4
Armet AM, Li F, et al. medRxiv, 2025 (preprint). MCC — MicrocrySta”ine Ce||U|Ose



