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Microbiome Glossary

• Microbes:	single-cell	microorganisms- includes	bacteria,	archaea,	
fungi,	protists (algae,	amoebas,	slime	molds,	and	protozoa),	and	
viruses	
– 100	trillion	cells	in	our	bodies
– 10-fold	#	of	human	cells
– 100-fold	#	of	human	genes
– Majority	reside	in	gut,	profoundly	influence	nutrition	and	physiology,	

and	are	crucial	for	human	life
• Microbiome:	The	aggregate	genomes	and	genes	found	in	the	

members	of	a	microbiota;	includes	bacteria,	viruses,	fungi,	and	
archaea

• Microbiota:	A	microbial	community;	commonly	referred	to	
according	the	the	habitat	that	it	occupies- e.g.,	the	gut	microbiota

• Phylotype:	a	group	of	microbes
• Metagenomics:	study	of	collective	genomes	of	a	microbial	

community



NIH	Human	
Microbiome Project

• Samples	collected	from	
15	body	sites	in	men	and	
18	body	sites	in	women

• Analyzing	microbial	DNA	
and	conducting	
metagenomic sequencing	
to	study	metabolic	
capabilities	encoded	in	
microbe	genes

• Calculated	that	>10,000	
microbial	species	occupy	
the	human	ecosystem!



Human	Microbiome Project– Characterizing	the	
Gut	Microbial	System	for	Diagnosis	and	Therapy	in	IBD



Human	Microbiome Project-- Microbiome and	Host	Changes	
During	Respiratory	and	Other	Stress	Conditions	in	

Individuals	at	High	Risk	for	T2DM



Human	Microbiome Project	– Integrative	Multi-Omic Analysis	
of	the	Vaginal	and	Related	Microbiomes in	Pregnancy



Microbiota Give New Meaning to the Terms 
Host and Hostess…



Microbiome
‘Fingerprints’

• Personal	microbiomes
contain	enough	
distinguishing	features	to	
identify	an	individual

Franzosa et	al.	(2015).	PNAS,	
doi:10.1073/pnas.1423854112



Human	‘Microbial	
Cloud’

• Humans	emit	106	biological	
particles	per	hour

• Airborne	release,	direct	
contact	with	surfaces,	and	
dust	facilitate	acquisition	
and	exchange	of	microbes

• Study	of	skin,	oral,	and	gut	
microbiome of	cohabitating	
humans	resemble	each	
other- and	even	their	
companion	animals!

• Adults	share	more	microbial	
taxa	with	their	dogs	than	
they	do	with	other	dogs!

Meadow	et	al.	(2015),	Humans	differ	in	their	
personal	microbial	cloud.	DOI	10.7717/peerj.1258



Lifecycle	Microbiome
More	‘Transient	State’	in	Early	Life
More	‘Steady	State’	in	Adulthood





Adult	Gut	Microbiome
Short	Term	Diet	Changes	=	‘Transient	State’	
Long	Term	Diet	Changes	=	New	‘Steady	State’



Each	Body	Surface	Has	Own	Microbiome

• Every	surface	of	the	human	body	has	a	unique,	
specific,	very	complex	microbiome- mouth,	hair,	
eyes,	nose,	ears,	vagina,	lungs,	gut,	skin

• Each	microbiome has	distinct	functions
• The	gut	microbiome has	been	described	as	an	
organ	within	an	organ,	a	super	organ,	and	a	
potent	bioreactor which	controls	numerous	
metabolic	functions- many	of	which	remain	
unrecognized



Eye	Microbiota Changes	
with	Contact	Lenses

• Associated	with	microbial	
keratitis	and	inflammatory	
eye	conditions	

• Wearing	contact	lenses	
changes	eye	microbiota to	
more	similar	to	that	of	
skin	microbiota

• Further	research	is	needed	
to	determine	effect	on	
ocular	infections	and	
diseases

American	Society	for	Microbiology.	
March/April	2016.	7(2):	e00198-16.



Salivary	Microbiome in	Health	and	Disease



Skin	
Microbiome
• Skin	has	myriad	bacteria,	

fungi	and	viruses	linked	to	
health	and	disease

• Great	differences	in	
individuals

• Great	differences	in	
anatomical	region	of	skin

• Critical	barrier	function	for	
immunity

• Dysfunctional	epidermal	
barrier	involved	in	antigen-
driven	skin	disease,	allergic	
disease,	and	psoriasis



Gut	Microbiome- Functions	of	Microbiota

• Preserve	mucosal	barrier	function	(aka	permeability)
• Modulate	intestinal	immunity	
• Maturation	of	gut-associated	lymphatic	tissue	(GALT)
• Secretion	of	IgA	and	antimicrobial	peptides
• Trophic	and	developmental	functions	on	intestinal	mucosa
• Bile	acid	metabolism
• Eiccosanoid synthesis
• Steroid	hormone	synthesis
• Potent	‘bioreactor’	of	indigestible	food	substances-

converting	by	fermentation	to	SCFA,	nutrients,	antioxidants,	
vitamins,	and	productions	of	thousands	of	unique	
substances- many	of	which	remain	unrecognized	



Factors Affecting Gut Microbiome



How	Important	is	Diet	to	the	Microbiome?

• “Of	all	the	environmental	factors	studied	to	
date,	diet	has	the	largest	known	impact	on	the	
gut	microbiota in	healthy	as	well	as	sick	
humans.”

Bengmark,	S.	(2013).	Processed	foods,	dysbiosis,	systemic	inflammation,	and	poor	
health.	Current	Nutrition	and	Food	Science,	9,	113-143.



Diet-Microbiome Pathways	and	Disease	Risk





Microbiome:	Ancestral	vs.	Modern	Western	Diet

• Microbiome differences	between	indigenous	tribes,	rural,	and	
urban/industrialized	individuals- Venezuelan	Amazon,	rural	Malawi,	
African	Burkina	Faso,	Hadza hunter-gatherers	in	Tanzania

• Paleo ancestors	consumed	fresh	greens,	young	leaves,	flowers,	ripe	
and	unripe	fruits,	fresh	and	dried	seeds,	roots,	tubers,	piths,	bark,	
and	insects	(same	diet	as	wild	chimps	today!)

• Asian,	Middle	Eastern,	and	African	diets	still	still	contain	many	foods	
preserved	and	prepared	through	traditional	methods

• Modern	Western	diet- 50%	refined	carbohydrates	cooked	at	high	
temperature- rice,	bread	pasta,	potato,	other	tubers;	30%	animal	
products	and	refined	oils;	only	20%	of	foods	similar	to	ancestors
– Decreased	cooking	with	wood	fire
– Decreased	preservation	of	meat	and	fish	with	wood	smoke	
– Increased	canning	and	refrigeration
– Increased	sterilization	techniques	and	‘controlled	fermentation’

Bengmark,	S.	(2013).	Processed	foods,	dysbiosis,	systemic	inflammation,	and	poor	health.	
Current	Nutrition	and	Food	Science,	9,	113-143.



Western	Versus	Prudent	Diet	Study

• 1	month	crossover	study	
• On	Western	diet	71%	increase	in	plasma	endotoxin
• On	Prudent	diet	31%	decrease	in	plasma	endotoxin

Pendyala,	et	al.	(2012).	A	high	fat	diet	is	associated	with	endotoxemia that	
arises	from	the	gut.	Gastroenterology,	142:	1100-1.



‘Bacterial	Penetration	Cycle’	Hypothesis

• Hypothesis	that	dietary	components	may	be	
able	to	cause	a	localized	acquired	bacterial	
clearance	defect

• Leading	to	bacterial	adhesion	and	penetration	
and	subsequent	inflammation	in	the	gut	



Increased	Intestinal	Permeability-
a.k.a.	‘Leaky	Gut’

• Stress
• NSAIDs	and	other	

medications
• Alcohol
• Toxic	exposures
• Food	antigens
• Wheat	proteins-

gluten/gliadin and	
amylase	trypsin	inhibitors	
(ATIs)	

• Inflammation
• Malnutrition
• Low	fiber	diet
• High	intake	processed	

foods
• Emulsifying	agents
• Artificial	sweeteners



Leaky	Gut,	Bacterial	Translocation,	&	Dysbiosis

• Leakage	over	the	membrane	of	various	tissues	of	
damaging
– Microbial	toxins
– Endotoxins
– Food-derived	proteotoxins
– Advanced	glycation endpoints	(AGEs)
– Advanced	lipoxidation endpoints	(ALEs)
– Bacterial	debris	and	whole	dead	or	live	bacteria

Bengmark,	S.	(2013).	Processed	foods,	dysbiosis,	systemic	inflammation,	and	poor	
health.	Current	Nutrition	and	Food	Science,	9,	113-143.



Dysbiosis,	Leaky	Barriers	&	Disease:	Beyond	Leaky	Gut

• Leaky	oral	cavity:	gingivitis,	periodontitis,	and	gingival	
bleeding	bleeding	associated	with	increased	CVD	risk;	
salivary	enzymes	include	lysozomal enzymes	for	
destroying	bacteria	cell	walls

• Leaky	skin:	drug	delivery	effective	and	reliable;	
translocation	of	chemicals	and	microbes	with	intact	
skin	through	hair	follicles;	burn	patients	sepsis	and	
multi-organ	system	failure	via	skin

• Leaky	airways:	endothelial	gaps	leak	plasma	and	
inflammatory	mediator	compounds,	accompanied	by	
leukocyte	influx;	microbiota studies	in	airway	disease	
of	asthma,	CF,	COPD,	ventilated	infants



Dysbiosis,	Leaky	Barriers	&	Disease:	Beyond	Leaky	Gut

• Leaky	placenta:	recent	studies	reveal	pathogens	in	
amniotic	cavity	from	the	mother’s	oral	cavity,	gut	or	other	
sites,	which	contributes	to	preterm	labor	and	birth;	
umbilical	cord	blood	of	healthy	neonates	found	to	have	
bacterial	species;	chorioamnioniontitis inflammatory	
condition	due	to	microbial	invasion

• Leaky	vagina/female	reproductive	tract	(FRT):	FRT	evolved	
with	unique	immune	mechanisms	to	protect	against	
potential	pathogenic	bacterial	and	viral	STDs,	allogeneic	
spermatazoa,	and	immunologically	developing	fetus;	
vaginal	infections

• Leaky	blood	brain	barrier	(BBB):	microvascular
endothelium	tight	junctions	between	BBB,	CSF,	and	CNS;	
dysruption of	these	barriers	results	in	neurodegenerative	
disease,	sepsis,	encephalopathies



Alcohol	Induces	Endotoxemia,	Dysbiosis,	
Leaky	Gut,	and	Gut	Inflammation	



Alcohol,	Circadian	Rhythms,	and	Melatonin	
Abnormalities	Impact	Leaky	Gut

Leaky	gut	=	new	target	for	ALD



Short	Chain	
Fatty	Acids	(SFCA)
• Microbes	liberate	SCFA	from	

indigestible	dietary	fibers
• SCFA	are	an	important	

energy	source	for	intestinal	
mucosa	

• SCFA	are	critical	for	
modulating	immune	
responses	and	
tumorigenesis in	the	gut

• SCFA	play	a	role	in	leptin
secretion,	adipogenesis,	and	
inhibition	of	lipolysis

• Butyrate	is	the	most	
abundant	SCFA	in	the	gut







Impact	of	Nutrient	Fibers	on	Nutrient	Management	and	
Detoxification	Organs:	Gut,	Liver,	and	Kidneys

Kieffer et	al.,	2016	Advances	in	Nutrition





Iron,	Magnesium,	and	Fiber	Gaps,	Oh	My!

• Iron	deficient	rats	show	significantly	lower	levels	of	
butyrate	and	proprionate and	changes	in	dominant	
microbial	species

• Mg+	is	involved	in	>	300	biochemical	processes,	
including	microbial	multiplication;	mice	deprived	of	
Mg+	for	just	2	days	reveal	significant	reduction	in	gut	
bifidobacteria

• Fiber	gap is	associated	with	decreased	microbial	
diversity	and	number



Global	Dietary	Diversity,	Agricultural	Diversity,	Soil	
Diversity,	and	Microbial	Diversity	
• Compelling	evidence	for	decreased	gut	microbial	diversity	with	

industrialization	is	seen	in	comparisons	of	gut	microbiota of	
individuals	living	in	
– South	America
– New	Guinea
– Africa	
– Europe
– Japan	(Japanese	gene	coding	for	porphyanase enzyme	likely	

transferred	from	seaweed	microbes!)
– USA (In	African	Americans,	change	to	a	traditional	South	African	

diet	with	55g	fiber/d	improved	colon	cancer	markers	in	2	weeks!	
(O’Keefe	et	al.,	2015))

Deehan &	Waters.	(May	2016).	The	fiber	gap	and	the	disappearing	gut	
microbiome:	Implications	for	human	nutrition.	Trends	in		Endocrinology	and	
Metabolism,	27(5),	239-241.



IT’S	ALL	ABOUT	THE	MATERNAL	
AND	PEDIATRIC	BUGS



Obesity	Influences	Maternal	Bacterial	Load	
and	Bacterial	Diversity	in	Pregnancy





‘Microbial	
Bath’
• Just	before	C-section	

mother’s	vaginal	
microbes	collected	with	
sterile	gauze

• Swabbed	all	over	
infant’s	bodies	within	2	
minutes	of	birth	

• Follow-up	at	1,	3,	and	5	
years	old	will	explore	
differences	in	body	
composition,	asthma	
and	allergies



Breastfeeding	the	
Microbiome

• Human	breast	milk	rich	in	human	
milk	oligosaccharides	(HMOs)

• More	than	200	HMOs	identified
• 3rd most		plentiful	ingredient	in	

human	milk	after	lactose	and	fats
• HMOs	can’t	be	digested	in	

stomach	or	SI- HMOs	pass	
through	to	large	intestine/colon!	

• Are	HMOs	food	for	babies,	or	
food	for	microbes?

• B-infantis bacteria	uses	HMOs	to	
produce	SCFA,	adhesive	proteins	
to	decrease	gut permeability,	and	
antiinflammatory molecules

• Human	breast	milk	has	5	x	>	
HMOs	vs.	bovine	milk

The	New	Yorker	July	22,	2016



‘Microbiome Plasticity’	in	Infant	Feeding



Infant	and	Toddler	Microbiome
By	3	Y.O.	Toddler’s	Microbiomes Similar	to	Adult’s





Infant/Toddler	
Gut	Microbiome and	
Autoimmunity

• Bacteria	samples	of	infants	
birth	to	age	3	in	three	
countries

• Lab	tests	and	
questionnaires	on	infant	
feeding,	diet,	allergies,	
infections,	and	family	
history

• Evidence	supports	hygiene	
hypothesis	and	variations	
in	e-coli	and	bacteroides-
derived	LPS	signaling	

Vatanen	et	al.	Cell,	2016.	
doi:10.1016/j.cell.2016.04.007



Role	of	Gut	Microbiome in	Pathogenesis	
and	Prevention	of	Type	I	DM

• A	leaky	gut	has	been	implicated	in	type	1	DM,	where	
altered	microbiota and	disruptions	in	the	immune	
system	promote	autoimmune	islet	cell	destruction.

Guiden,	Wong,	&	Wen.	2015.	The	gut	microbiota and	Type	I	diabetes.	Clinical	Immunology,	159(2):	143-153	



‘Microbial	Mood’- Temperament	in	Toddlers	



Childhood	Undernutrition- ‘Microbial	Immaturity’



Nasal	Microbiome
• A	study	of	children	with	

unexplained	fevers	
compared	nasal	
microbiome samples

• Feverish	children	had	5x		
more	viral	DNA,	and	viral	
DNA	from	a	wider	range	
of	species	vs.	kids	
without	fever

• Rapid	tests	for	viral	loads	
may	help	avoid	
inappropriate	antibiotic	
treatment	that	harms	the	
healthy	microbiome



Nurture	Trumps	Nature	in	
Oral	Bacteria	of	Twins

• A	long	term	study	of	
identical	and	fraternal	
twins	found	oral	
microbiota is	driven	
more	by	environmental	
factors	than	heritability

• Salivary	microbiome
changed	the	most	
during	adolescence

• Hormones	or	lifestyle	
changes	at	this	age	may	
play	a	role

Stahringer et	al.	Genome	
Research,	2012.	



Microbiota of	Very	Low	Birth	Weight	Neonates





MICROBIOME IN	
GASTROINTESTINAL	

DISEASE



Functions of Small and Large Intestine
in Relation to Microbial Density

Annick V. Hartstra et al. Dia Care 2015;38:159-165

©2015 by American Diabetes Association





Simple	Carbs	Associated	with	Prevotella Bacteria,
Protein	and	Animal	Fats	with	Bacteroides Bacteria



Bacteria	Associated	with	IBD



Diet	Influences	Gut	Microbiota in	IBD





Microbiota May	Activate	Innate	Immunity	
and	Inflammation	in	Celiac	Disease



Oats	Reduce	Leaky	Gut	in	ALD	Rat	Studies



Lactobacillus	GG	Reduces	Leaky	Gut	in	ALD



Lactobacillus	GG



MICROBIOME AND	OBESITY



Obesogenic
Microbiome

• Diet	influences	microbiome
• Brain	gut	axis	signaling	

influences	satiety	(De	Vadder
et	al.,	2014)

• Increased	permeability	
allows	excess	nutrient	
absorption	and	weight	gain	
(Moran	&	Shanahan,	2014)

• Obesogenic microbiome
more	efficient	at	extracting	
energy	from	food	
(Turnbaugh et	al.,	2006)

• Adipogenesis control	linked	
to	gut	bacteria	through	
endocannabinoid system	
Muccioli et	al.,	2010)

Discovery	Medicine.	(2015).	19(103):	81-8.





Probiotics and	Prebiotics
Mechanisms	Supporting	Use	In	Obesity

• Reduce	intestinal	permeability	
• Inhibit	bacteria	translocation
• Improve	insulin	sensitivity
• Decrease	inflammation
• Decrease	endotoxemia



Fecal	Microbial	Transplant	(FMT),	Obesity,	
and	BMI	of	FMT	Donors



MICROBIOME AND	
CARDIOVASCULAR	DISEASE	(CVD)





Rethinking	Diet	and	Lipid	Levels

“Our	studies	suggest	the		gut	
microbiome plays	an	important	
role	in	variation	in	BMI	and	lipids	
independent	of	age,	gender,	and	

host	genetics”.



Gut TMAO  Increases Clotting 
and Heart Disease Risk



Microbiota and	Cardiovascular	Disease	(CVD)

• Microbial	metabolism	of	dietary	phosphatidylcholine into	
the	proatherosclerotic metabolite	trimethylamine-N-
oxide	(TMAO)

• TMAO	levels	are	associated	with	increased	risk	for	CVD	
and	cardiac	events

• Vegan	diets	are	associated	with	low	TMAO	levels
• Omnivorous	and	carnivorous	diets	are	associated	with	

higher	TMAO	levels
• TMAO	is	associated	with	toxic	products	of	sulfate-

reducing	bacteria,	such	as	hydrogen	sulfide,	which	is	
toxic	for	colon	cells	and	inhibits	phagocytosis,	
bactericide,	and	butyrate	utilization



Probiotics- Proposed	
Mechanisms	for	
Lowering	Cholesterol
• Deconjugation of	bile	via	

bile	salt	hydrolase	activity
• Binding	of	cholesterol	to	

probiotic	cellular	surface	
and	incorporation	into	
bacteria	cell	membrane

• Production	of	SCFAs	from	
oligosaccharides

• Co-precipitation	of	
cholesterol	with	
deconjugated bile

• Cholesterol	conversion	to	
coprostanol

Ishimwe et	al.	(2015)	
Molecular	Nutrition	and	Food	
Research, 58(1),	94-105.



MICROBIOME AND	MALIGNANCY











GUT-BRAIN	AXIS

Role	of	the	Microbiome in	
Brain,	Stress,	Psychiatric,	&	Sleep	Disorders





Mounting	evidence	suggests	the	
gut	microbiome modulates	brain	

development,	function	and	
behavior	by	immune,	endocrine,	

and	neural	pathways	of	the	
brain-gut	microbiome axis







Gut	Bacteria	
Eat Brain	Chemicals

GABA	major	inhibitory	NT
Low	levels	of	GABA	
associated	with	depression
GABA	producing bacteria	
identified
GABA	consuming bacteria	
identified
Research	team	found	fewer	
GABA	producers	in	cohort	
of	depressed	individuals

ASM	Microbe	2016	Meeting





Psychobiotics- New	
Frontier	Psychiatry?

• Study	of	B-longum strain	
for	4	weeks	followed	by	
matching	placebo	capsule	
for	4	weeks	in	22	men

• Measured	cortisol	output,	
standardized	stress	and	
neuropsychological	scales,	
resting	EEG

• Results:	reduction	in	
cortisol,	less	perceived	
stress	and	anxiety, subtle	
improvement	on	visual	
memory	task, and	altered	
EEG	output

Society	for	Neuroscience	
2015	Annual	Meeting



Fecal	Microbiota Transplant:	New	Bacteria,	New	Behavior

• ‘Melancholic	microbes’
• Rats	that	got	FMT	from	depressed	humans	show	
signs	of	depression	and	anxiety.	Rats	that	got	
FMT	from	humans	without	depression	showed	
no	change	in	behavior.

• Floods	in	Walkerton	Canada	contaminated	town’s	
water	supply	with	e-coli	and	campylobacter	in	
2000.	Many	fell	ill.	Years	later	spike	in	depression	
among	townspeople	attributed	to	infections.

Science	News,	April	2,	2016.	p.	23.



Microbes	Need	Sleep,	Too?	
Gut	Clock,	Sleep,	Light-Dark	
Cycles,	and	the	Microbiome

• Microbiome circadian	rhythmicity	
and	‘chronodisruption’	being	
studied

• Altered	microbial	communities	
and	dysbiosis seen	in	shift	
workers	and	jet-lagged	individuals	

• Interaction	with	light-dark	cycle	
and	high	fat,	high	sugar	diet	in	
animal	studies

• High	fat	diet	in	obstructed	sleep	
apnea	(OSA)	worsened	OSA	
hypertension	and	altered	gut	
microbiota,	including	decreasing	
SCFA	butyrate	in	animal	studies





THE	MICROBIOME &	
REPRODUCTIVE	HEALTH

The	Vaginal	Microbiome





Colonizing	the	transfer	catheter	tip	with	lactobacillus	at	time	of	embryo	transfer!



Dietary	Supplements	for	Vaginal	Health



Dietary	Supplements	for	Vaginal	Health



Dietary	Supplements	for	Vaginal	Health
*Vaginal	Suppository- Drug,	Not	Dietary	Supplement



Dietary	Supplements	for	Vaginal	Health
*Vaginal	Suppository- Drug,	Not	Dietary	Supplement



ROLE	OF	DIET	
IN	THE	MICROBIOME

What’s	An	RDN	to	Do?



Two	Key	Questions	About	Microbiome Practice	Applications

1. Can	we	predict disease	by	monitoring	changes	in	the	
microbiome? If	standardized	measures	for	microbial	species	
existed	and	could	link	variations	to	the	onset	of	disease,	could	this	
information	be	used	in	the	same	way	changes	in	blood	pressure	
are	used	to	measure	cardiovascular	disease	risk?	Although	
detailed	knowledge	of	microbiome composition	and	its	functional	
significance	may	be	out	of	reach,	can	surrogate	markers	of	
microbiome health	and	disease	risk	be	defined	and	validated?

2. Can	we	prevent disease	by	manipulating	the	microbiome
(molecular	gene	targeting)? If	the	presence	of	specific	
communities	of	microbes	could	be	linked	with	healthy	outcomes,	
could	probiotics,	prebiotics,	dietary	interventions,	narrow-
spectrum	antibiotics,	and	fecal	microbiome transplantation	(FMT)	
be	used	as	an	intervention	in	the	same	way	micronutrients	
prevent	deficiency-related	disease?	



Recommendations	for	Healthy	Microbiome

1. Restrict	foods	rich	in	IGF-1	such	
as	dairy	and	insulinotrophic
foods

2. Restrict	highly	inflammatory	
fructose	(<25g/d)

3. Restrict	milk	powder,	butter,	
and	cheese	high	in	SFA,	
hormones,	and	IGF-1,	and	high	
fat	meat

4. Restrict	foods	heated	above	100	
degrees	Celsius	high	in	AGE’s	
ALE’s

5. Restrict	chemical	and	
pharmaceutical	exposure

6. Restrict	exposure	to	microbe-
derived	endotoxin	in	aged	
meats

7. Minimize	intake	of	proteotoxin-
rice	foods	such	as	casein,	
gluten,	and	zein (corn)

8. Increase	dramatically	fresh	and	
raw	greens,	seeds,	fresh	spices	
and	vegetables

9. Increase	antioxidant-rich,	high	
fiber,	low-calorie	‘ancient’	
grains	not	manipulated	by	
industry

10. Supplement	vitamin	D	and	
omega-3	(as	needed)

Bengmark,	S.	(2013).	Processed	foods,	dysbiosis,	systemic	inflammation,	and	poor	
health.	Current	Nutrition	and	Food	Science,	9,	113-143.



Avoid	
Negative	Effect	on	Gut	Microbiome

• Western	diet
• High	calories	(êdiversity)
• Frequent	snacking	(êdiversity)
• Sugar	sweetened	soda	

(êdiversity)	
• High	fat	milk	(êdiversity)	
• High	dietary	carbohydrates	

(êdiversity)
• Low	dietary	diversity
• Fast	food
• High	intake	of	alcohol	(U-

shaped	curve)

• Red	and	processed	meats
• Animal	fat
• Excess	omega-6’s	and	long	

chain	fatty	acids
• Emulsifiers
• Gums
• Maltodextrin
• Simple	sugars
• Artificial	sweeteners	(*gut	

motility	and	microbiome)
• Metformin	
• PPIs

Science,	April	29,	2016.	352(6285),	565-569;
British	Jrnl Nutr (2015),	113,	S1-S5



A	‘must	read’!



Recommend
Positive	Effect	on	Gut	Microbiome

• Breastfeeding
• Plant	based	diet
• High	dietary	diversity
• High	vegetable/fruit	intake
• Fiber
• Resistant	starch	
• Fermented	foods
• Omega-3s

• Leafy	greens
• Seaweeds
• Coffee	(édiversity)
• Tea	(édiversity)
• Red	wine	(édiversity)
• Chocolate	(édiversity)
• Buttermilk	(édiversity)
• Intermittent	fasting	
• Longer	nighttime	fasting	

duration	and	circadian	
alignment

Science,	April	29,	2016.	352(6285),	565-569;
British	Jrnl Nutr, (2015),	113,	S1-S5







Use	of	Low	FODMAP	Diet	in	IBS	and	SIBO

• While	a	low	FODMAP	diet	may	decrease	symptoms	
of	IBS,	it	should	not	be	used	long	term

• Low	FODMAP	diet	long	term	can	have	a	negative	
effect	of	the	microbiome

• Gut	fermentation	is	a	good	thing	in	the	right	
amounts!	Treat	SIBO,	then	reintroduce	high	FODMAP	
carbs!	



Feeding	the	Microbiome:	Fermented	Foods

• Yogurt,	kefir,	and	
buttermilk

• Cultured	coconut	milk	
and	coconut	water

• Sauerkraut
• Pickles	and pickled	
beets,	radish,	garlic,	and	
cucumbers

• Kimchi

• Fermented	meat,	fish	
and	eggs

• Miso,	natto,	tempeh,	
and	soy	sauce

• Kvass
• Lassi
• Beer
• Kombucha



Closing	the	Fiber	Gap	with	Supplements

• Grain,	nut, seed,	legume,	
and	vegetable-based	
whole	food	fiber	
supplements	

• Arabinoxylan
• Beta-glucan
• Cellulose
• Inulin/oligosaccharides
• Galactooligosaccharide/x

ylooligosaccharide

• Polydextrose
• Soluble	corn	fiber
• Alginate
• Pectin	(apple,	citrus)
• Gums	(arabic,	acacia,	

guar)

Trends	in	Endocrinology	&	Metabolism,	May	2016,	Vol 27,	No	5



Resistant	Starch	Trial	of	Raw	Unmodified	
Potato	Starch	to	Increase	Gut	Butyrate

• Day	1- 12g	raw	potato	
starch	mixed	in	cold	water

• Day	2- 12g	raw	potato	
starch	mixed	in	cold	water
twice	daily	(total	24g/day)

• Day	3- 24g	raw	potato	
starch	mixed	in	cold	water	
twice	times	daily	(total	
48g/day)

• Days	4-10	24g	raw	potato	
starch	mixed	in	cold	water	
twice	times	daily	(total	
48g/day)

*	Bob’s	Red	Mill	brand	used	in	
study;	
*	Raw	potato	starch	is	~50%	
resistant	starch	by	weight

Venkataraman et	al.	Microbiome (2016)	4:33	DOI	10.1186/s40168-016-0178-x	



Optimizing	the	Microbiome with	Optimal		Digestion

• Completemastication
• Salivary	enzymes	(amylase,	lysozyme,	lingual	
lipase)

• HCl and	pepsin
• Cholecystokinin	and	bile	acids
• Pancreatic	and	brush	border	enzymes
• Parasympathetic	tone	(controls	peristalsis)
• Intact	intestinal	barrier



Probiotics,	Prebiotics,	&	Symbiotics-
An	Emerging	Science



Prebiotics:	Three	Criteria

1. Resistance	to	gastric	acidity,	hydrolysis	by	
enzymes,	and	gastrointestinal	absorption	

2. Fermentation	by	intestinal	microflora
3. Selective	stimulation	of	the	growth	and/or	

activity	of	beneficial	intestinal	bacteria
– Prebiotics	that	fulfill	these	criteria:	
fructooligosaccharides,	galactooligosaccharides,	
lactulose,	non-digestible	large	polysaccharides	(inulin,	
resistant	starches,	cellulose,	hemicellulose,	pectins,	
and	gums),	some	oligosaccharides	that	escape	
digestion,	and	unabsorbed	sugars	and	alcohols.	



MICROBIOME RESOURCES	



Subscribe	to	Health	News	for	Latest	Research!

• ‘The	Daily	News’	(Academy	Knowledge	Center)
• Medical	News	Today
• Medline	Plus
• Science	Daily
• NIH	Human	Microbiome Project



Consumer	Resources	



Consumer	Resources	



Consumer	Resources	



Consumer	Resources	



Got	A	Question?

Ask Me!
DelegateDIFM@gmail.com


