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What are Americans eating in 2023?



The Western Diet
(what many, if not most Americans eat)



Healthy Eating Index* 

HEI Score
(maximum = 100)

* From WWEIA/NHANES 2017-2018 and the Dietary Guidelines recommendations

The American diet scores only 58% based on nutrient quality



The Bob Diet
(what few Americans eat)

Salad
for Lunch

Tempeh Reuben
For Dinner

Yogurt with 
Granola for 

Breakfast

Fresh Fruit 
for Snack



Live 
microbes

+ 
prebiotic 

fibers

Apart from sugar, fat, salt, calories, and other 
macro- and micro-nutrients, what’s the main 

difference between these diets?



1. What is the rationale for eating live microbes?

2. If so, which foods are good sources?

3. Does is matter which microbes we eat
(i.e., is one microbe just as good as another?)

The importance of live microbes in the human diet

4. What is the evidence to support the hypothesis? 



“If you don’t like bacteria, 
you’re on the wrong planet. 
This is the planet of the 
bacteria”
Craig Venter, American geneticist, as reported in a 
Los Angeles Times interview, November 2007.

It’s a microbial world



Indeed, there are as many live bacteria in a cup of 
yogurt as there are humans on the planet (ca. 8B)

=



The premise is simple:
Consuming live microbes in foods may 

benefit human health

… in addition to RDAs for nutrients 
and vitamins, dietary guidelines 
should also advise consumers to 
include safe microbes in their diets … 
by recommending increased 
consumption of fermented foods” 

Colin Hill
University College Cork, Ireland

August 2018



Goals of the Live Microbe Panel
1. Estimate consumption of foods containing live microbes
2. Model consumption with disease risk.
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“Eating dirt or moving to a farm are 
theoretical rather than practical ...
However, supplementation with 
Lactobacillus, a dog in the home, 
attendance at day care are factors that 
protect against development of allergies”

1. Why should we be eating live microbes?



Old Friends Hypothesis (aka the Biodiversity Hypothesis)

Microbe, 2012, 7

2019;74:1445–1456

Industrialization

Decline in biodiversity

Disturbed immune 
response

Microbial imbalance 
(dysbiosis)

High risk of 
inflammatory diseases



Asthma Atopic eczema Allergic rhinitis

Prevalence of allergic diseases in Finnish men:
From non-existent in 1960 to major health burden 

Eur Respir J 2020; 56: 1902144

“The changes in environment and lifestyle, 
affecting microbial exposure and immune 
regulation, seem to play a major role in the so-
called post-war allergy epidemic”



Global incidence of Inflammatory Bowel Diseases (IBDs)

Lancet Gastroenterol. Hepatol, 2020, 5, 17-30 and Nature Rev Gastroenterol Hepatol 2021, 18, 56-66

Prevalence rate (per 100,000 population) of IBD in 2017

“… risk factors include urbanisation, hygienic environments, and diets low 
in dietary fibre …”

Epidemiological 
trajectory of IBD

Western world

Newly industrialized countries

Developing countries



Adapted from Marco et al., 2020

Adaptation 
to modern 

life

Exposure 
to safe 

microbes

High diversity

Early human diet

Trained immune 
system

Tolerance

Untrained 
immune system

Inflammation

Industrialized diet

Low diversity

Microbe-rich diet

Restored diversity

Kimchi

Re-trained 
immune system

Tolerance



Adapted from Crittenden, 2006.

The role of beneficial live microbes in the gut

Commensals enriched 
by prebiotic fiber

Contributed by diet

enhance 
gut barrier

bacterocins

degrade fiber 
and cross-feed 
commensals

produce vitamins, 
enzymes, EPS

produce SCFA, AHR, 
BA and other 

signaling molecules

immunomodulation suppress 
inflammation

allergy prevention



First a caveat: Industrialization has plenty of positives 

●Prior to pasteurization, raw milk (among other foods) carried 
M. tuberculosis, Salmonella, and other pathogens 

●Food processing made foods safe, with enhanced shelf-life 
and year-round availability.

●Nonetheless, many dietary microbes have been lost due to 
processing and improved hygiene, reducing microbial diversity



1. Why should we be eating live microbes?

2. If so, which foods are good sources?



● Cross-sectional survey of adults and children for diet, exercise, and health status

● Using NHANES data, it is possible to correlate food consumption to health status

● Data is based on 24-hour recall, collected every other year.

What food consumption data base to use? 
National Health and Nutrition Examination Survey 

● Large number of participants (> 70,000)



Step 1. Estimating live microbes in foods
● The NHANES database has 9,388 food codes for individual products  

Low < 104 CFU/g

● These were divided roughly in half among two teams of experts (two per team)

● Each team ranked each product for microbe content where:

Medium = 104 – 107 CFU/g

High > 107 CFU/g

● Experts worked independently, reconciling differences when needed

● Experts relied on published literature, including primary studies and reviews

Arbitrary categories, but it was 
not possible to be more precise



Lots and lots of foods to assess mostly Lo 



Lo Lo Lo



Med HiMed



Results: Estimates of live microbes in 9,388 foods

Low: <104 CFU/g

Medium: 104 - 107 CFU/g

High: >107 CFU/g

Processed/heated foods

284 (3%)

106 (1%)

8,998 (96%)

Unheated fermented foods

Fresh fruits and vegetables

This Photo by Unknown Author is licensed under CC BY-NC



Marco et al., J Nutrition 2022, 152, 7, 1729–1736

Observation #1. About 2/3 of the population are consumers
of microbe-containing foods (but 1/3 are not)
Note, probiotic supplement consumption is less than 3%

Adults ( ≥ 19 y)
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Marco et al., J Nutrition 2022, 152, 7, 1729–1736

Children and adolescents (age 2-18 y) Adults ( ≥ 19 y)

Observation #2. We eat 90 g/day (children and adolescents) to
120 g/day (adults) of microbe-containing foods
Note, that’s < 25% of the total amount of food consumed/day



Per capita consumption of live-microbe foods*

Age, y n
Percent 

consumers

2 - 8

19 - 50

≥ 51

11,626

25,071

9 - 18 16,749

21,020

63

65

56

70

Consumption

(g/day)

89

119

83

139

* In the MedHi aggregated category

Live microbes

(CFU/day)

> 2.7 x 108

> 2.0 x 108

> 2.9 x 108

> 2.9 x 108

Marco et al., J Nutrition 2022, 152, 7, 1729–1736

Observation #3. Consumers of live microbe foods
consume more than 108 (100 million) microbes/day

Most (>90%) are from fermented foods



Trends in Microbiology June 2015, 23 “orally ingested strains from fermented 
foods and probiotics ranges between 
108 and 1012 CFU per day.” 

PeerJ 2014, 2:e659

The typical American diet provides 
only 106 CFU per day: the “USDA” 
diet plan provides 109 CFU per day

International Journal of Food Microbiology 2015, 213, 139 “Transient microorganisms, provided 
mostly through food, can reach 1010 to 
1011 viable bacteria ingested per day,

Comparing our results with other values in the literature

estimated

estimated

calculated



Ultimately, the number and types of microbes we consume 
depends on diet and provenance

Per capita
consumption 

(kg/person/year)

1010-11

cheese

36

27

11

yogurt

olives

Netherlands

Albania

France

Korea 35kimchi

108-9

109-10

Daily
consumption

Microbes
consumed/day 

(est.)

100 g

75 g

30 g

96 g

Product Country

Germany 5fermented meats 107-814 g

Japan 5miso 107-814 g

108-9

Rezac, Kok et al., 2018, Front. Microbiol. 9, 1785



Thus, the “high microbe” diet (e.g., a Bob-type diet) 
could deliver more than 10 billion microbes 

Salad, 150 g @ 106 CFU/g

Yogurt 120 g @ 108 CFU/g

Reuben w/50 g sauerkraut @ 108 CFU/g 

Fresh fruit, 150 g @ 106 CFU/g

1010 CFU

108 CFU

108 CFU

109 CFU

> 1010 CFU

Food Live microbes

Daily amount consumed:



Diseases and health indicators:
• Anemia
• Cardiovascular disease
• Diabetes
• Environmental exposures
• Eye diseases
• Hearing loss
• Infectious diseases
• Kidney disease
• Nutrition
• Obesity
• Oral health
• Osteoporosis
• Physical fitness
• Reproductive history
• Respiratory disease
• Sexually transmitted diseases
• Vision

● Cross-sectional survey of US adults and children

● Using NHANES data, it’s possible to correlate food consumption to 
health status

● Data is based on 24-hour recall

● Large number of participants (> 70,000)

National Health and Nutrition Examination Survey 

● The survey also includes interviews, physical 
exams, and health assessment data 

Can microbe-rich diets affect 
human health?



Conclusions: To our knowledge, this study is the first to quantify, in a nationally 
representative data set of American adults … associations of dietary intakes of live 
microbes with a variety of outcomes…. Our findings suggest that foods 
with higher microbial concentrations are associated with 
modest health improvements across a range of outcomes.

March 2023



Regression analyses were used to assess the relationship between 
consumption of foods with live microbes with physiological parameters. 
Two covariate sets were utilized for each analysis: 

Covariate set 1 included age, gender, ethnicity, physical activity, 
poverty income ratio, smoking status, and alcohol intake.
Covariate set 2 was the same but also included the anthropometric 
variables (BMI, waist circumference, and weight), switching them 
from being outcomes to being covariates

Statistical Analysis
(Developed and implemented by Prof. Dan Tancredi, UC Davis, 

and Dr. Vic Fulgoni, Nutrition Impact, LLC) 



Hill, Tancredi, et al, 2023. Results adjusted for covariate set 1.

Adjusted associations of dietary intake (per 100 g) of foods with medium 
or high microbial concentrations with physiological parameters in adults

Outcome N Regression Coefficient (95% CI) p-value

BP diastolic (mean rdg mm hg) 40,898 -0.131 (-0.228, -0.034) 0.009

BP systolic (mean rdg mm hg) 41,077 -0.405 (-0.523, -0.287) <0.001

Body Mass Index (kg/m**2) 41,697 -0.217 (-0.273, -0.160) <0.001

C-reactive protein (mg/dL) 31,439 -0.017 (-0.023, -0.012) <0.001

Glucose, plasma (mg/dL) 18,509 -0.535 (-0.780, -0.291) <0.001

HDL-cholesterol (mg/dL) 40,313 0.578 (0.425, 0.732) <0.001

Insulin (uU/mL) 18,163 -0.428 (-0.563, -0.294) <0.001

Triglyceride (mg/dL) 18,327 -2.068 (-3.374, -0.762) 0.002

Waist Circumference (cm) 40,804 -0.554 (-0.679, -0.428) <0.001

Weight (kg) 41,847 -0.440 (-0.604, -0.275) <0.001



Adjusted associations of dietary intake (per 100 g) of fermented 
foods with with physiological parameters in adults

Outcome N Regression Coefficient (95% CI) p-value

BP systolic (mean rdg mm hg) 41,077 -0.768 (-1.136, -0.399) <0.001

Body Mass Index (kg/m**2) 41,697 -0.309 (-0.465, -0.154) <0.001

HDL-cholesterol (mg/dL) 40,313 0.696 (0.294, 1.098) <0.001

Insulin (uU/mL) 18,163 -0.644 (-0.995, -0.292) <0.001

Triglyceride (mg/dL) 18,327 -4.844 (-7.674, -2.014) <0.001

Waist Circumference (cm) 40,804 -0.793 (-1.166, -0.421) <0.001

Weight (kg) 41,847 -0.621 (-1.156, -0.087) 0.023

Hill, Tancredi, et al, 2023. Results adjusted for covariate set 1.



Main outcomes and caveats

●Consumption of foods that contain high levels of live microbes is 
associated with a range of improved health benefits

●Health benefits can be achieved by modest changes in diet, 
i.e., adding servings of yogurt and fresh fruits and vegetables

●Many live microbe foods are also good sources of vitamins, 
minerals, fibers, phytochemicals, and other nutrients 

●This study does not prove causality, RCTs are needed



Nutrients, Han and Wang, 2022

Main Result:
High dietary live 
microbe intake was 
associated with reduced 
prevalence of stroke and 
heart attack. 

0.01

0.01



Reminder: Which foods contained live microbes?

Low: <104 CFU/g

Medium: 104 - 107 CFU/g

High: >107 CFU/g

Processed/heated foods

Unheated fermented foods

Fresh fruits and vegetables

This Photo by Unknown Author is licensed under CC BY-NC



News Flash: Fruits and vegetables are good for health
More fruits and vegetable are 
consumed, the longer you live

Am J Clin Nutr 2021;114:605–616

Diets rich in fruits and vegetables 
also increase microbial diversity

Xia Wang, Yingying Ouyang, Jun Liu, Minmin Zhu, Gang Zhao, Wei Bao, 
Frank B Hu

BMJ 2014;349:g4490

Dose-response relation between fruit and vegetable 
consumption and risk of all cause mortality

Fruit and vegetable consumption (servings/day)

Hazard 
ratio (%CI) 

of all 
cause 

mortality

! diversity



1. How to distinguish between the contribution of live microbes versus 
those nutrients ordinarily present in the food matrix?

● How to assess health benefits derived from the live microbes?

Outstanding challenges to address

(Medium: 104 - 107 CFU/g)
Fresh fruits and vegetables

This Photo by Unknown Author is licensed under CC BY-NC

● These foods are richsources of vitamins, minerals, protein, and fiber, 
and their consumption is associated with positive health outcomes.



Mol. Nutr. Food Res. 2015, 59, 1004–1008

Nutrition Research 31 (2011) 436–443

Ann Nutr Metab 2013;63:111–119

Food Funct., 2018, 9, 5323–5335

Designing RCTs with suitable 
controls:
Directly compare fermented
foods to non- fermented 
versions (or heat processed)



1. Why should we be eating live microbes?

2. If so, which foods are good sources?

3. Does is matter which microbes we eat (i.e.,
is one microbe just as good as another?)



The microbes we eat
Good, Bad, and Very Bad

Bacillus

Micrococcus

Staphylococcus

Enterococcus

EscherichiaSalmonella

VibrioShigella

Yersinia

Klebsiella

Haemophilus

Campylobacter
Gluconobacter

Pseudomonas

Acetobacter

Erwinia

Alcaligenes

Proteobacteria
(Pseudomonadota)

Firmicutes
(Bacillota)

LAB

Mold

Yeast

Fungi



Abadias, M., et al., 2008. Int. J. Food Microbiol. 123, 121–129.

Aerobic Mesophiles
(CFU/g)

LAB
(CFU/g)

Psychrotrophs
(CFU/g)

Lactic acid bacteria are often out-numbered > 1000 to 1 in fresh vegetables



Microbes in spinach and lettuce:
Mostly Pseudomonadota and Bacillota, with relatively few LAB 

Rosberg et al., 2021. Food Microbiol. 94, 103667.

Relative abundance (by Phylum)Lettuce, springLettuce, fallSpinach, spring Spinach, fall Lettuce, springLettuce, fallSpinach, spring Spinach, fall

Spinach,
spring

Spinach,
fall

Lettuce,
spring

Lettuce,
fall

Firmicutes
Proteobacteria

Actinobacteria
Bacteroidetes

Lettuce, springLettuce, fallSpinach, spring Spinach, fall Lettuce, springLettuce, fallSpinach, spring Spinach, fallRelative abundance (by Family)

Spinach,
spring

Spinach,
fall

Lettuce,
spring

Lettuce,
fall



2023

Relative abundance (by Family) Live microbes by plate counting

LAB

Aerobes

Live microbes by plate counting

The live microbes in salad greens are typical
phyllosphere-associated microbes (epiphytes)



● Salad greens contain about 106 - 107 microbes/g

● Most are common plant-associated microbes

● Unclear if these live plant microbes influence gut health

● Indeed, many don’t even make it into the GI tract

Role of the ‘Medium’ category microbes

But this does not preclude an immunological impact



Fermented Foods

Sources of Live Dietary Microbes

Food CommensalsKimchi

This Photo by Unknown Author is licensed under CC BY-ND

Probiotics

Probiotic Bar

Probiotic 
Smoothie

L. acidophilus
+ B. longum

Miso
Kombucha

Probiotic
Kefir



January 2021

Q. What is the difference between fermented foods and probiotics?

By definition, “the term ‘probiotic’ should only be used when there is a 
demonstrated health benefit on the host that is conferred by well-
defined and characterized live microbes.”

In contrast, fermented foods often contain uncharacterized, undefined 
microbes, for which a health benefit has not been established 

Fermented Foods Probiotics≠



Implications

● Except for fermented foods, LABs are not numerically dominant in 
Med foods

● Any potential role for these plant and environmental commensal 
microbes in human health is not clear and needs further study

● Indeed, the main microbes in non-fermented fresh foods include 
non-LAB firmicutes, proteobacteria, yeast and molds, 



Coming attractions and opportunities

● More RCTs are needed to address the role of live microbes on health

● Need to distinguish between nutrients and microbes

● Epidemiologic data can still be very useful. Remember that fiber 
recommendations were initially developed based on these studies

● Such studies can lead to consumer awareness of the benefits of live 
microbes as well as dietary recommendations for live microbe intake  



Live Microbes: 
A *New* USDA Global 

Branded Food 
Products Database 
Product Attribute

Institute for the Advancement of 
Food and Nutrition Sciences



The Branded Foods Database is Part of USDA’s FoodData Central 
Location: fdc.nal.usda.gov



• Fields made available in October 2021
• The Partnership will be holding an instructional webinar in 

4Q 2022 to address detailed questions – open to all. 

Offers a non-competitive, objective, and transparent 
mechanism for stakeholders to understand live microbe 

intake and eventually link intake to health outcomes!

Live Microbe Fields are Now Available to Populate



● Total live microbes, minimum value (CFU/g)*

● Total live microbes, maximum value 
(CFU/g)*

● Live Microbes Method of Analysis 

■ Aerobic plate count, flow cytometry, other

● Contains Microbes 

■ Select all that apply from list*

*Database submission instructions include thresholds to indicate for Min and Max values for those 
wanting to indicate a generic “High,” “Medium,” or “Low” number of live microbes in their products.

Live Microbes Attribute Inputs

Entering data into FoodData Central



58

Connect

Collaborate

Catalyze

https://www.linkedin.com/company/
iafns-science

iafns.org

• IAFNS advances food and nutrition science for 
public benefit - through collaboration

• Questions about the Gut Microbiome Committee, 
the Live Dietary Microbes Subcommittee or the 
USDA Database? 

Contact: Marie Latulippe, mlatulippe@iafns.org



“Fermented foods, including those that contain 
live microorganisms, should be included as part 

of a healthy diet”

Maybe we’re not far from the following:

miso

Adapted from Hutkins 2021, Microbiology and Technology of Fermented Foods
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