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Abstract
As part of the broader regenerative agriculture movement, there is increasing energy around the assertion that 
agriculture practices and soil health have a connection to human health. But what does the evidence tell us about 
the connection between agricultural practices and human health? The reality is that the connection between 
agricultural practices and human health is infinitely complex and dynamic. 

This paper explores the evidence connecting agriculture practices to human health outcomes. In reviewing 
this evidence from field to body, we are left with a number of summary reflections, namely that growing 
more nutritious food does influence human health, but that we have a lot of work to do to transform systems 
and maximize the potential that more nutritious food has to offer in the realm of human health. We hope 
that this paper deepens the discussion about the connections between agriculture, food, human health and 
environmental health and positions the burgeoning movement to take strategic action. 

5



The Regenerative Agriculture and Human Health Nexus: Insights from Field to Body

Foreword
As a mom, dietitian, chef, food system professional and 
advocate, I have dedicated 30 years of my personal and 
professional career to transforming food systems. I have 
provided education and led behavior change therapy for 
patients living with food-related chronic illnesses. My business 
has created quality food products that nurtured a regional 
food system. And, most recently, I have been collaborating 
with stakeholders to investigate and develop new pathways for 
regional regenerative foods to enter the market. 

However, we are everyday more aware of the stark and painful 
reality that we need to change both how we grow food and 
how we tend to people’s health and well-being. Food currently 
produced by our flawed system contributes to soaring levels of 
chronic non-communicable diseases, environmental degradation, 
and economic collateral damage. And impoverished communities, 
which are disproportionately Black, Indigenous and communities 
of color, along with rural communities, as ever, bear the brunt.

Basil’s Harvest is a woman-founded and woman-led nonprofit 
that exists to help usher in these much-needed system 
transformations. We are nurturing a more healthy, equitable 
and resilient food system by identifying and highlighting 
the important connections between the health of people, 
farms and soil. Our work connects farmers, institutions, and 
corporations to build just and regenerative supply chains. We 
curate experiential learning programs, oversee collaborative 
research to expand understanding, and work hands-on with 
leaders to support them in building and sustaining a more 
resilient food system. 

The Regenerative Agriculture and Human Health Nexus: Insights from Field to Body

We are nurturing 
a more healthy, 
equitable and 
resilient food 
system by 
identifying and 
highlighting 
the important 
connections 
between the 
health of people, 
farms and soil.
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Forward

In 2019, Basil’s Harvest began the Regenerative Agriculture in the Heartland (RAH) initiative with two purposes: 
to identify institutional supply chain opportunities for small grains and regenerative (and organic) small grain 
farmers in Illinois; and to bring health professionals, farmers, and institutional foodservice providers together  
to reduce fragmentation across the system, create champions for regenerative agriculture, and advance a  
multi-value approach.  

As part of these efforts, Basil’s Harvest partnered with David LeZaks, Ph.D. and Mandy Ellerton to explore what 
the research says about the connections between agriculture and human health. David and Mandy’s collective 
work seeks to bring about a complete transformation of how our healthcare and agriculture systems work,  
with a particular emphasis on making microbiota central to the study and conversation around those systems.  
As leaders in the movement to restore soil and human microbiomes, we were thrilled to engage David and  
Mandy on this particular effort. 

As energy grows around the human health benefits of regenerative agriculture, this paper seeks to answer a 
seemingly simple question: what do we know about the connections between regenerative agriculture and 
human health? In their exploration David and Mandy found a beautifully complex set of findings. I’m left with 
an even stronger conviction that agriculture and human health are, indeed, connected and that it’s time to act 
on what we know. Ultimately, this paper is meant to bring more cohesion and energy to the growing movement 
connecting agriculture and human health and to spark further conversation and action. 

We have a lot to do together. We can’t wait to meet you out there in the fields, across supply chains, in markets 
and neighborhoods, at clinics and hospitals, and my favorite place of all, around kitchen tables over shared meals, 
all doing our part to do better for our families and communities.  

In hope and solidarity,

Erin Meyer, MSFS, RD
Founder and Executive Director, Basil’s Harvest 
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Introduction

* There is vigorous discussion about the definition of “Regenerative Agriculture”, which has become a catch-all phrase, most often referring to 
practices that improve soil health. Other similar agriculture frameworks or modalities include: biodynamic farming, conservation agriculture, agroecology, 
permaculture, agroforestry, managed intensive grazing, holistic management and biological agriculture, to name a few. Definitions of “Regenerative 
Agriculture” are diffuse at best and at worst, neglectful of the Indigenous wisdom they often appropriate. Newton et al. 2020 reviews multiple definitions 
of regenerative agriculture, the majority of which concentrate on environmental and social impacts. The evidence and connections in our report argue for 
a broader definition that is inclusive of positive and negative impacts to human health and that honors Indigenous wisdom. However, in absence of a better 
term, we use the term “Regenerative Agriculture” throughout to refer to agriculture practices that seek to improve the nutritional value of food. 

The assertion that agriculture practices and soil health have a connection to human health is an exciting 
proposition that is gaining energy and attention. Exciting enough that a movement connecting agriculture  
and nutrition is emerging—a movement that envisions transforming our agriculture systems in order to 
transform our health. The implications are staggering. If the connection between agriculture and human  
health is borne out, it could help engender massive transformations across food, agriculture, health and the 
broader environment. 

The possible human health benefits of more nutrient dense food, grown in healthy soil will only ever be one 
part of a larger, holistic case for transforming these systems. There is already robust discussion of the broader 
climate, environmental, human rights and economic benefits of regenerative agriculture.* While we exclusively 
examine the human health dimensions of regenerative agriculture in this paper and wholeheartedly champion 
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Introduction

a greater focus here, we are under no illusions that the human 
health dimensions alone are the full story. 

But what does the evidence tell us about the connection between 
agricultural practices and human health? Despite growing 
assertions that regenerative agriculture,1 in particular, benefits 
human health, as the Rodale Institute “Power of the Plate”2 
paper put it, “this link between soil health and human health is 
largely unexplored and must be advanced.”** The reality is that 
the connection between agricultural practices and human health 
is infinitely complex and dynamic. 

We like to think of the journey from field to body as containing a 
series of metaphorical “levers” and “dials”, each of which can be 
flipped or dialed to improve the chances that food can arrive in 
the hands of people in a maximally nutritious state and perhaps 
sustain or improve someone’s health. There is evidence that 
suggests which levers and dials need to be flipped and moved to 
improve human health. And there is ample opportunity to learn 
more in further research.

What follows is an exploration of the research connecting 
agriculture practices and systems and the relationship to  
human health outcomes. It is not meant to be a comprehensive 
analysis, but an opportunity to spark further conversation.  
We start by outlining some of the leaders and organizations 
who are asserting that soil health is connected to human health 
and what, exactly, they are asserting. We offer a framework 
for categorizing and better understanding different levels 
of nutritional interventions: from the most basic level of 
replacing “unhealthy” foods with “healthy foods” all the way 
to considering nutrient density and interventions that tend to 
human microbiomes. 

The bulk of the paper explores the state of the evidence using 
a framework that organizes the journey from field to body. 
Our exploration actually begins at the end of this journey, 
by discussing our ultimate goal: human health. We then skip 
back to outlining what the evidence tells us about nutritional 

** While this is true of Western science, we assert that it may not be true 
globally. Traditional and Indigenous wisdom from around the world regularly articulates 
firm and foundational understanding about the connection between agriculture and 
human health. 

After reflecting 
on the evidence 
about this 
journey from 
field to human 
body, we are left 
with a number of 
summary
reflections. 

First and 
foremost, we 
are left with the 
conviction that 
growing more 
nutritious food 
does influence
human health.
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dimensions of food and nutrient density. Next we look at the evidence surrounding how food harvesting and 
processing impacts nutrition. We then spend time examining what the evidence says about food access, purchase 
and preparation, with particular time spent discussing race and gender equity dimensions and time spent looking 
at methods to make nutrients more bioavailable. Finally, we look at evidence regarding the body’s ability to digest 
and absorb nutrients. 

After reflecting on the evidence about this journey from field to human body, we are left with a number of 
summary reflections. First and foremost, we are left with the conviction that growing more nutritious food 
does influence human health. And that this nexus of regenerative agriculture and human health calls for an 
inclusive movement made up of a diverse group of organizations and leaders working in concert to improve the 
human condition. But crucially, this movement must center race and gender equity in order to be successful. 
This movement also needs a new vocabulary, because how we talk about nutrition and nutrients does not yet 
adequately capture the complexity and dynamism of food. That very complexity and dynamism also means 
that despite a collective commitment to science and data, we will never definitively understand exactly how 
nutrient density influences human health. Not in any Western scientific sense, anyway. And yet, in embracing the 
unknowns, we must also have the conviction to say that we still know a lot. And we know enough to act. 

It is our sincere hope that this paper engenders a deepening of the discussion about the connections between 
agriculture, food, human health and environmental health. Now let’s dig in.
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The Concept

The Concept

*** Nutrient density is a metric that has been defined by several organizations in different ways to provide a method of comparison between foods 
and their nutritional and energy components. The methodologies behind the usage of those metrics and the types of nutrients that are or are not counted 
can vary widely. In this paper we will use the word “nutrients” to refer to all of the complex compounds found in food: macronutrients (protein, fat, carbo-
hydrates), micronutrients (vitamins, minerals, trace elements and bioactive food components such as antioxidants and polyphenols). We also recognize that 
some constituents of food, such as fiber and bioactive compounds may not be traditionally incorporated into commonly used nutrient density metrics, but 
have nutritional implications for both humans and their microbiota. 

The mantra that “cheap food is actually very expensive” is rooted in the food system’s orientation to 
optimize toward a very small number of outcomes while externalizing social and environmental costs. 
Post-WWII agriculture has focused almost solely on using chemical inputs and breeding to increase the 
quantity, stability, and processing characteristics of agricultural outputs, while reducing the cost of food. 
In many cases this appears to have been at the expense of nutritional quality of the food and increased 
exposures to residues and contaminants, especially for those who produce our food. This transformation 
may have, in fact, increased yield and increased discrete nutrients such as iron or vitamin D, which may 
have had some near-term positive effects. But this agricultural transformation did not consider the 
long-term trade-offs of destructive environmental and health outcomes. Today, nutrients, as broadly 
considered in this paper, are rarely considered in the market value of food. 

Evidence is mounting that regenerative agriculture practices—in particular, strategies that improve soil 
health—have incredible benefits for the climate, biodiversity, water, and building community wealth.3 A 
growing number of voices have also begun to assert human health benefits from eating food grown in 
healthy soil. They assert that healthier soils lead to more nutrient dense*** foods, which leads to healthier 
humans. They see evidence that the microbial health and diversity of soil is connected to the microbial 
health and diversity of humans. Across both agriculture and diet, we understand that diversity is crucial to 
resilience. A diverse set of plants and animals increase the resilience of the landscape and a diverse diet 
improves the resilience of the body and its resident microbiota. 

As the rates of diet-related illness, weakened immunity and mental health issues tick ever upward, with 
concomitant skyrocketing healthcare costs, these voices are seeking to raise consciousness that declining 
soil health, fertility and biodiversity are linked to biome dysbiosis, nutrient loss and poor nutrient 
processing, which disrupts optimal nutrient uptake across the food web. They believe this plays a central 
role in the significant rates of illness and degraded health we see in the modern era. What is more, they 
believe that more fully understanding and incorporating the value of nutrients will reveal the true market 
value of full spectrum nutrition.

There are a number of organizations and leaders who have begun to champion the human health benefits 
of regenerative agriculture, with a variety of different theories of change and approaches. These include: 
Basil’s Harvest, Bionutrient Food Association, the Center for Regenerative Agriculture and Resilient 
Systems at the University of California Chico, Funders for Regenerative Agriculture, Farmer’s Footprint, 
David Montgomery & Anne Biklé, Mark Hyman, Daphne Miller, Jill Clapperton, Stone Barns Center, the 
Periodic Table of Foods Initiative, Weston A. Price Foundation, Brightseed, Teak Origin, Culinary Breeding 
Network, Row 7 Seed Company and the Rodale Institute, which issued a groundbreaking paper in 2020 
entitled The Power of the Plate: the Case for Regenerative Agriculture in Improving Human Health. The 
Nourishment Economies Coalition also brings together social entrepreneurs from around the world that 
have built successful businesses that link the health of people on the land through a variety of economic 



12

The Regenerative Agriculture and Human Health Nexus: Insights from Field to Body

activities.**** There are a number of actors also coming 
together around the “food is / as medicine” moniker.4 

In many ways, the assertion is logical. It stands to reason 
that healthier soil grows healthier crops and animals and 
that humans that eat this healthier food are themselves 
healthier: healthier soil J more nutrient dense food J 
healthier humans. It is also tied to traditional and often 
Indigenous wisdom from a variety of peoples and cultures 
from around the world. We shorthand this logic and 
wisdom as “Regenerative Agriculture J Human Health.”

As we’ll see in subsequent discussion, while logical, this 
assertion is far more complex than it might seem at face 
value. And in fact Regenerative Agriculture J Human 
Health adherents are often asserting different things.  
We find it helpful to start discussions about Regenerative 
Agriculture J Human Health with a framework (developed 
by David LeZaks and Eric Jackson) that categorizes 
nutritional arguments/interventions and how they relate 
to human health into four different “Levels of Nutritional 
Interventions”. All have been used at one time or another 
to argue that Regenerative Agriculture J Human Health. 
Each of these levels are crucial to human health, in some 
cases directly and in others, indirectly. However, the 
list builds from interventions that are currently most 
embraced/least complex (Level 1) to those that are least 
embraced/most complex (Level 4). 

To date, most interventions focus on Levels 1 & 2 
(Replacement & Free From Chemical and Drug Inputs). 
While laudable and necessary, interventions in these 
levels will only return the food system to a baseline state 
where access to fresh, safe, and healthy food is the norm. 
We are still quite far from that baseline. It is clear that 
to regain the nutritional wisdom5–7 that our species once 
had, we must also develop and implement interventions 
across Levels 3 & 4 in order to improve outcomes across 
the interconnected environment, agriculture, food, and 
health systems. 

****  More information about them can be found: https://nourishn.com/affiliates/

Evidence is 
mounting that 
regenerative 
agriculture 
practices—
in particular, 
strategies that 
improve soil 
health—have 
incredible 
benefits for 
the climate, 
biodiversity, 
water, and 
building 
community 
wealth.
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Figure 1: The four levels of nutritional interventions, a framework developed by David LeZaks and Eric Jackson. 

Level 1: Replacement

Interventions in this category seek to replace ultra processed food with “healthy food”, such as unprocessed, 
whole foods like fruits, vegetables, meat, fish, whole grains, healthy fats etc. (though there is still a great deal of 
debate about which of these foods is “healthy”, such as whether or not saturated fats are healthy and whether 
or not red meat or highly processed meat alternatives are healthier). Interventions in this level include CSA 
prescription programs, medically tailored meals and nutrition education initiatives, to name a few. 

Level 2: Free From Chemical and Drug Inputs 

These interventions seek to remove agrichemicals from agricultural and food production due to the 
well-established harmful effects on humans. Most prominently this includes the “Organic” certification/
movement (no industrial pesticides, no sewage sludge, no synthetic fertilizers), efforts to address the 
over-use of antibiotics and resultant antibiotic resistance, and a growing movement to ban the use of 
specific chemical formulations like glyphosate/Roundup (herbicide) and neonicotinoids (insecticide). 
Some of the assertions that regenerative agriculture practices benefit human health have to do with the 
fact that these practices do not rely on agrichemicals, which then reduces water and air pollution, direct 
exposure for farm workers, or residual exposure on/in the foods themselves. In food processing, this can 
extend to food additives, such as flavoring that trick the brain into thinking the body may be ingesting 
nutrients that may not actually be present, as well as food preservatives and colorings. 

The Four Levels of Nutrional Interventions
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Microbiome-centric

Level 2
Free From Chemical and Drug Inputs

Level 1
Replacement
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Level 3: Differentiated Nutrient Density

This refers to the idea that certain agriculture practices, in particular those that improve soil health, can 
improve the nutritional quality of foods. Recent analytical advances have shown that not all carrots, for 
example, are created nutritionally equal—that depending on how they’re grown (soil, management, genetics, 
climate, etc), a carrot can be more or less nutritious.8–12 Evidence shows that at worst, the nutritional quality 
of many foods grown conventionally have declined substantially over time,13–16 and at best there is a wide 
variability in bioactive compounds such as polyphenols.17, 18 There are demonstrated nutritional differences 
between livestock products from pasture raised animals that have better nutrient density — better CLAs, 
omega 3:6, vitamin A and vitamin E levels.19, 20 Climate change is exacerbating this phenomenon as well.21–25 
There is a growing body of evidence suggesting a relationship between health outcomes and eating more 
nutrient dense foods including shifting perceptions of hunger26 and positive impacts to non-communicable 
diseases.27 Companies and researchers are now seeking to elucidate the differentiated nutrient density and 
complex compounds in foods coming from different production systems and plant/animal genetics.

Level 4: Microbiome-centric

This level refers to the power of the soil’s microbiome to directly influence the human microbiome. Deeper 
understanding of the importance of microbes to human health is rapidly unfolding and a societal reckoning 
is beginning, not just about the possible microbial connections to food, but about microbial connections to 
other dimensions of health, including childbirth, antibiotic use, etc. Some Regenerative Agriculture J Human 
Health assertions have to do with the microbial health of the soil and the possibility that these benefits 
transfer to humans. Right now these interventions mostly encompass research and new products asserting 
gut microbiome-influencing properties, but more systemic interventions are likely on the horizon.

The evidence that follows touches on each of these levels to some degree. However, because the evidence 
base for Levels 1 and 2 are well established, we will spend most of our time discussing what evidence exists 
related to Levels 3 and 4. Our intention is not to downplay the importance of Level 1 approaches such as 
food boxes or vegetable prescriptions, as not nearly enough of the population eats sufficient amounts of 
fruits and vegetables.28 We understand that enabling cultures of health requires more holistic approaches 
that encompass value webs in agriculture, food, health and the broader environment. 
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The Evidence

The Evidence
We have attempted to depict the journey from field to body as a way to organize and understand the 
Regenerative Agriculture J Human Health evidence (Figure 1). In this paper we will not delve into all of the 
evidence around which practices create more nutrient dense food as the principles and interventions to 
regenerate soils are well documented elsewhere. Instead, we focus first on the ultimate outcome: “human 
health”, then we go back to the beginning of the journey to discuss “more nutritious food,” and then some of the 
key milestones along the journey from the field to the body. 

Figure 2: The pathway in which nutritious food travels from the field to the body while also acknowledging the body’s ability 
to assimilate and use those nutrients. 

Nutrient dense food
makes its way from the 
field to the person.

Digestion and
 Absorption

Purchase, Access, 
and Preparation

Human HealthMore 
Nutritious Food

Harvest and 
Processing

Person primed to accept 
and assimilate nutrients 
from food.
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Human Health

If Regenerative Agriculture J Human Health is ultimately about human health, let us start there. Rates of chronic 
illness are skyrocketing (as are the healthcare costs associated with treating people with these illnesses).29 It is 
abundantly clear that nutrients and the human microbiome are the building blocks for most bodily functions and 
that insufficient nutrients and disrupted human microbiomes are at the heart of chronic illness. The fundamental 
questions related to nutrition and human health are thus: 

1. What nutrients does someone need? 
2. What enables their body to absorb those nutrients? 

KEY REFLECTIONS

• It’s important to distinguish between what it takes to keep people healthy and what it takes to 
heal those who are already sick. There is also a difference between merely treating symptoms among 
those who are sick and healing their underlying illness altogether, especially when it comes to chronic 
illness and autoimmunity. 

• Nutritional needs change over the course of one’s life.30,31 What an infant needs nutritionally, versus 
an adolescent versus someone in later stages of life are all different, considering that the communities of 
our microbiota are also changing through life stages.32 What is more, a mother’s diet before conception 
and during pregnancy has a strong influence on a child’s later health.33  

• The human microbiome has become the darling of the scientific world—and for good reason. 
New studies continue to emerge that link the human microbiome to key bodily systems including the gut, 
immune and neuroendocrine systems, with cascading levels of complexity. In addition to food-related 
impacts on the human microbiome, there have been larger societal shifts (e.g. sanitation, urbanization, 
novel biocides) that have fundamentally shifted the relationship between human and environmental 
microbiomes.34–36 While there is still much more to learn, the disruption of the human microbiome 
(especially the human gut microbiome) has been linked to issues besides the obvious intestinal issues 
(e.g. inflammatory bowel disease and irritable bowel syndrome): metabolic diseases, hypertension,37 
mental health issues (depression, anxiety),38 neural development challenges,39 cognition and behavior 
issues,40,41 the formation of both type 1 and type 2 diabetes,42–44 non-alcoholic fatty liver disease/insulin 
resistance,45 cardiovascular disease,46 celiac disease,47 to name a few and cite only some of the ample 
evidence. We eat to feed ourselves, but we also eat to feed our microbiome. In particular, there is 
abundant research showing how absolutely critical fiber is to the health of the gut microbiome.48–51 

• Humans need a mix of nutrients to fuel all bodily functions—nutrients that are far more 
numerous and complex than those listed on a nutrition label. All these nutrients come from 
food as well as from microbes, which can also synthesize micronutrients (for example, B vitamins) 
de novo as well. Without sufficient nutrients or nutrient processing by the gut microbiome, human 
health is vulnerable and can fall into a state of infection and/or disease. Research has also indicated that 
without proper micronutrients, genomic damage can occur as well.52–54 New understanding about what 
nutritional compounds may influence human health continue to emerge. For example, polyphenols are 
increasingly thought to play a role in the maintenance of human health.55–63 
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• Food systems, food policy, conventional 
healthcare and conventional dietary guidance 
rely heavily on the idea of “Recommended 
Daily Allowances” (RDAs) for human intake of 
nutrients. However, RDAs are fundamentally 
flawed because what nutrients each person 
needs (and in what form) and which foods 
are most optimal to supply those nutrients 
(see the Digestion and Absorption section 
for more) varies significantly.64 This is the 
idea of “bio-individuality”. For example, some 
microbiome research has demonstrated that 
dietary interventions to heal gut dysbiosis do not 
uniformly work.65 This bio-individuality stems from 
the very complex interactions between: genes, 
microbiome, human metabolome (meaning what 
nutrients and metabolites are already present in 
the body) and even culture and preferences. 

• The idea of bio-individuality could tempt 
healthcare systems further into more reductionist, 
highly targeted, “personalized medicine” 
interventions. While some personalized medicine 
shows promise for reshaping healthcare (as we 
know, one size definitely does not fit all—even 
when it comes to treating the same disease state in 
different people), relying wholly on personalization 
is ultimately futile when we take into account the 
infinite complexity of compounds in foods, the 
genetic makeup of the patient, their microbiome 
and their dynamic metabolome. Some research 
is instead indicating that all people benefit from 
incredibly diverse diets.66 In other words, expose 
people to as many nutrients as possible and 
you may be in the best position to give the 
body what it needs at any given time. 

• The COVID-19 pandemic has also demonstrated the connections between nutritional 
deficiencies and human resilience. Many non-communicable diseases that have increased risk 
factors for COVID-19 are associated with chronic inflammation.67,68 Health disparities, many of which are 
connected to racial and economic inequalities, influenced COVID-19 impacts.69 Treatment and prevention 
of these diseases and their precursors may help reduce complications from COVID-19. More specifically, 
there have been specific connections between the state of the gut microbiome and COVID-19 outcomes, 
with patients suffering from dysbiosis and related diseases suffering severe consequences.70–73 Already, 
as a result of the pandemic, nutrition research has emerged as a top priority to better connect our food 
and health systems and place their joint focus on improving human health outcomes.74,75 This could 
alleviate the outsized impacts of the current pandemic, prepare us for future pandemics, and improve 
the general health of our society.

It is abundantly 
clear that 
nutrients and 
the human 
microbiome are 
the building 
blocks for 
most bodily 
functions and 
that insufficient 
nutrients and 
disrupted human 
microbiomes are 
at the heart of 
chronic illness. 

The Evidence
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• Both soils and human bodies are complex ecological systems with interdependent microbiota. 
We eat several times a day and the nutritional composition of those meals (good, bad, and otherwise) 
affects short-term outcomes such as satiety and fulfillment. Longer-term dietary patterns and 
the nutritional make-up of those meals affects long-term health outcomes. Persistent use of junk 
food, repeated courses of antibiotics,41,76,77 low-fiber diets and exposure to pesticides can all act as 
perturbations to the gut microbiome. These minor perturbations can add up over time, reducing the 
resilience of the gut microbiome to the point where there is a functional change in the ecology of the gut 
microbiome (dysbiosis) resulting in an increased risk of disease.36,78–80 These same patterns occur within 
agricultural soil microbiomes, plants, insects, animals and each of their microbiomes as well. Manage the 
soil with diverse crop and livestock species, keep it covered, avoid chemical or physical disturbance, and 
the soil will provide numerous benefits. A lack of care for the soil and its microbiota through a series of 
minor perturbations could shift the functioning of the soil into another state that is neither good for the 
plants, animals, or broader environment.81 Both soil and human bodies—in fact all life—need biodiversity 
in order to be resilient.82 For soil, it means diverse plants; for plants, it means diverse soil and diverse 
insects; for people it means a diverse diet of whole foods without residues that harm or deplete the 
diversity of the human microbiome. 
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More Nutritious Food

The mechanisms of how and why food grown in healthy soils is healthier are complex and still under 
investigation. There are an extraordinary number of agricultural variables that could influence the nutrient 
characteristics of food, including crop and livestock genotype, soil type, management history, input usage, water, 
pest, and disease stress, and weather.83 And the diverse array of past and current agricultural practices appear to 
influence a multitude of nutritional compounds, in ways we are beginning to understand more and more. There 
is emerging, but ample evidence that food grown in healthy soil is more nutrient dense. 

KEY REFLECTIONS

• The nutrient levels of foods grown with conventional agriculture appear to have deteriorated 
over time.84 That said, it is extraordinarily hard to compile retrospective datasets, as the methodologies 
change over time, as do other environmental and genetic variables. The specific nutrients that are 
tracked may also not necessarily be able to tell the full story of the changes to our food over time, given 
that these studies have a relatively narrow set of nutrients that are investigated.85

• From a broader perspective, there are few economic signals that emphasize the nutritional 
integrity of a product. Instead, markets have valued shelf-stability, year-round availability, and 
standardization, leading to the proliferation of ultra-processed foods. Reductionist research, dietary 
guidelines and food policy have also tended to undervalue and underemphasize full-spectrum nutrition.86 
These same tools, if redirected could be leveraged to place economic value in the marketplace of not only 
producing safe, nutritious food, but ensuring the delivery of the panoply of nutrients from soil and plant to 
animals and people. 

• If modern economics has influenced the shift of our food systems to prioritize aspects of 
quantity and simplicity (as opposed to quality and diversity), taste and nutrition have also been 
deleteriously affected. As Mark Schatzker pointed out in his book, The Dorito Effect: The Surprising 
New Truth about Food and Flavor,87 600 million pounds of flavorings a year are added to food to 
replace flavors (e.g. nutrients) inherent to food that we have systematically selected against in favor of 
characteristics that serve today’s market needs. The chemicals in these foods confuse our brains and 
dilute our nutritional wisdom, leading us to make choices that in the short-term seem to satiate hunger 
and bring pleasure, but in the long-term lead to overconsumption and may lead to increased probability 
of disease.88 In one study, shifting from a highly-processed, low nutrient dense diet to one that was 
minimally processed and had a higher nutrient density (inclusive of antioxidants and phytochemicals) 
“mitigates the unpleasant aspects of the experience of hunger even though it is lower in calories.”26

• Our vocabulary around nutrients, nutrient density, and nourishment are in a state of rapid 
evolution. These terms cut across medical, agronomic, and policy realms and don’t yet fully capture 
what we know about the amount and quality of various elements, molecules, and compounds that exist 
in food.  

• Generally, data around macronutrients and micronutrients are tracked by USDA, and assumed 
to fall into a discrete range regardless of production or husbandry practices. New science  
is highlighting more variation than previously understood, which in many cases can be tracked to 

The Evidence
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stewardship practices that encourage healthy soil management. Examples in species crops, such as 
oats,89 rhubarb,90 strawberries,91 tomato,92 squash,93 wheat,94,95 spinach,96 kale,97 lettuce,98,99 eggplant,100 
carrot,8 milk,20,101–110 pork,111 chicken / eggs,112–117 beef,19,103,118–126 and cross-species reviews9,127–131 are well 
documented in the literature.

• Studies have shown changes in macro and micronutrients related to specific agronomic 
practices and the changes to the soil as a result of those practices12,94,132–135 There appears to be an 
even stronger linkage between healthy soils and plant secondary compounds127. Interestingly, not only 
do levels of nutrients vary, but the microbial species that colonize the food we eat differ based on the 
management system used. For example a comparison between conventional and organic apples shows 
that organic apples had a more diverse microbiome.136 Studies have shown that exposure to more diverse 
microbiota, from multiple sources, has positive health implications.35,137,138 

• There are also emerging theories and findings about “nutritional dark matter”139,140: not-yet-
well-understood substances in foods that influence signaling between cells by modifying 
genetic expression. Nutritional databases maintained by the USDA track ~150 nutritional components, 
while new analytical approaches have identified more than 26,000 biochemical compounds.140 The 
hypothesis is that agriculture practices may be able to influence these substances as well. 

• Climate change also affects the nutritional quality of foods.21,22 With higher carbon dioxide levels in 
the atmosphere, plants make more sugars, which dilutes the nutrients that they incorporate into their 
tissues and fruits. It is unknown whether changes in plant genetics or improvements in soil health can 
combat the nutritional changes in plants due to increases in atmospheric carbon dioxide. 
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• Relationships between taste and nutrient density have evolutionary origins.141,142 While the original 
quest for energy and nutrients is still present, many of us have lost our nutritional wisdom—in particular 
Black, Indigenous and communities of color—due to colonialism, cultural genocide and systemic 
racism.7 As we emerge from the era of cheap processed food whose flavors have been artificially added, 
there are abundant opportunities to recreate the relationships between taste, cultural and traditional 
wisdom, nutritional quality and short and long-term health outcomes. Research is ongoing between 
the relationship between taste and nutrient density, as there are complex relationships to be better 
understood. For instance, phytonutrients (generally thought to be health-promoting) are often bitter 
in their flavor, a characteristic that is rarely sought after.143 Microbiome research is also uncovering 
relationships between oral microbiota and the responsiveness to different food compounds.144 

• Regenerative organic agriculture practices notably do not use chemical interventions. This reduces 
human chemical exposure both directly from eating the foods and also from contaminated water, air and 
soil.145–151 Substances like glyphosate negatively impact arbuscular mycorrhizal fungi, and other important 
probiotics in the soil, limiting the pathways that nutrients flow from the soil to the plant.152 Regenerative 
agricultural practices also steward soil and don’t disrupt with chemical or physical disturbance. There 
is also a complex relationship between pesticides and plant secondary compounds. Without any pest 
pressure, plants have little reason to use their own defense mechanisms and these defense mechanisms 
actually create compounds that are beneficial to humans. Many pesticides also have a negative impact 
on soil microbiota and related soil flora and fauna.153–155 These dysbiotic conditions can also pave the 
way for pathogen proliferation and antibiotic resistant organisms which can travel from soil to human. 
Additionally, as opposed to regenerative agriculture, in industrial agriculture that relies on synthetic 
fertilizers,156 plants create fewer mutualistic relationships with the soil microbiome, thus diminishing 
nutrient uptake. For example, arbuscular mycorrhizal fungal networks that trade carbohydrates from the 
plant for inaccessible soil nutrients are often significantly reduced in conventional systems. 

The Evidence
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Harvest & Processing

We’ve explored briefly how regenerative agriculture practices can make foods more nutrient dense. We’ve 
explored what it means to be healthy, including critical links between nutrients and disease. However, food 
takes a long journey from the soil to a point where the body has extracted, transformed, and utilized nutrients. 
The next step on that journey is harvesting and processing. Unfortunately, there is minimal research to indicate 
how harvesting, processing and distribution practices affect nutrient qualities, although there is some evidence 
suggesting that just because a nutrient or bioactive compound is present at harvest or collection, doesn’t mean 
that it is present or bioavailable at the time of consumption.157

KEY REFLECTIONS

• There is some evidence that harvest time can influence the nutrient density of food. Such 
studies include those looking at antioxidants in strawberries;158 antioxidants and phenolics in olives:159 
polyphenols in peppers.160 Some produce is picked before it is ripe and is artificially ripened en route to 
its final destination. This process may affect the nutrition in the food when it reaches the consumer. 

• There are other dimensions of harvesting and processing that may have an impact on the 
nutrient density of foods, but have yet to be comprehensively studied. These include: 

 ɥ Grain Processing and Milling: Flour milling using stone mills keeps the bran, germ, and 
endosperm intact, unlike roller-milling which usually removes the germ to increase shelf stability. 
Stone milling has been shown to yield a more nutrient dense product161. Additionally, stone 
milling results in larger particle sizes which are more likely to remain intact until they reach the 
gut, providing food to the gut microbiome.162 
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 ɥ Pasteurization and homogenization: 
There are intense and controversial 
debates about whether or not pasteurizing 
dairy products and honey has an effect on 
nutritional quality163. There is also discussion 
about the degree to which homogenization 
affects the nutritional quality of dairy products. 

 ɥ Refrigeration and freezing: There is some 
evidence that flash freezing or freeze drying 
may preserve nutritional qualities better 
than other methods.164–168 

 ɥ Storage: Conditions before point of sale 
or consumption may influence nutrient 
qualities. Supercritical carbon dioxide 
treatment and storage was found to degrade 
a range of nutrients in apples169 while the length 
of storage for wheat affected polyphenol, 
flavonoid and antioxidant levels.170

 ɥ Ultra-processing: There are many different 
types of processing methods that are used in 
foods, but many have not undergone studies 
of how they impact a range of nutrients that 
may be in the original foods. Examples can be 
drawn from a range of studies that investigate 
nutrients and bioactive compounds and  
changes due heat, pressure, and other forms  
of food processing.171–174

• As we continue to understand the critical role that polyphenols have in maintaining human health, 
it will be especially important to study how these compounds are affected by a variety of processing 
mechanisms in order to maximize their delivery to the body.56,57,63,175–180

 
•  Harvesting and processing look a lot different for home farming operations where the 

distance and timing between harvest, home storage and consumption may be small. 
However, there are likely dimensions of home harvesting and processing that are relevant to 
preserving nutrient quality and should be further explored. 

Just because 
a nutrient 
or bioactive 
compound is 
present at harvest 
or collection, 
doesn’t mean 
that it is present 
or bioavailable 
at the time of 
consumption.

The Evidence
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Access, Purchase & Preparation

After foods have been grown, harvested, processed and distributed, the question then becomes how people 
access and purchase the foods. Obviously this becomes a moot point for the home grower, but the vast majority 
of people purchase their food from someone else—in some cases directly from the grower, but in most cases 
through a third party. The concern is that just because farmers are able to grow incredibly nutritious food, 
doesn’t mean people can access it. Sometimes this is a logistical challenge, but most often it is a racial and 
gender justice issue; Black, Indigenous, People of Color (BIPOC), low income and working class people (ironically 
a lot of rural people and farmworkers, despite their proximity to farmland), along with women and non-binary 
people face systemic barriers that can make it next to impossible to either purchase the food they want or have 
the time, energy and tools to prepare it. This is a highly studied and discussed aspect of human health (e.g. 
discussions regarding social determinants of health181) and so we won’t delve into all of the research here, but it is 
an absolutely critical part of the journey from the soil to the human body and worthy of some discussion.

KEY REFLECTIONS

• Food apartheid is real. This refers to the systemic racism and inequities that make it harder for 
some people, in particular BIPOC and rural people, to access high quality food. That means that in 
some communities, there are very few grocery stores, and even fewer that are accessible with public 
transportation or, in the case of a rural community, without a very long drive. One’s only option for 
buying any kind of food whatsoever is often a convenience store or gas station with very limited fresh 
fruits and vegetables, let alone high-quality foods grown with regenerative practices. According to USDA, 
19.1% of Black households and 15.6% of Hispanic households were food insecure in 2019.182  

• Today, regeneratively grown foods cost more than conventionally grown foods. It is well-
documented that food grown with conventional agricultural practices is artificially cheap due to 
subsidies that artificially drop the prices and due to negative externalities that are not integrated into 
the cost of food but are instead pushed onto the environment and broader society. Until we prioritize 
and protect nutrition for everyone as a resource and right, low-cost, low-nutrition food may be all that 
is accessible for many, especially those people living in poverty, which are disproportionately BIPOC. 
What’s more, social programs like the federal government’s Special Supplemental Nutrition Program 
for Women, Infants and Children (WIC) and Supplemental Nutrition Assistance Program (SNAP) do not 
necessarily provide easy access to regeneratively grown foods.  

• Even if someone can financially afford the more nutritious food, the reality is that the majority 
of regeneratively grown foods are purchased in a whole state, which requires time and energy 
to prepare at home. This is an often-overlooked equity issue as well. There are the extreme cases 
of people living in poverty or near poverty, again disproportionately people who are BIPOC, who are 
working multiple jobs just to make ends meet and thus have very little time for preparing whole foods. 
In addition, gender equity is a major obstacle. With a significant number of women183 participating in the 
labor force in the United States and with women continuing to do the majority of the housework,184 in 
particular meal preparation, women are often tired and looking for meal short-cuts like processed and 
ultra-processed foods. There are programs and companies nibbling around the edges of these problems, 
seeking to improve access for some Black, Indigenous, people of color, people living in poverty and 
women. But it’s not until we achieve true justice that this problem will be resolved. That means living 
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wages, gender and racial pay equity, more affordable housing and more gender equality in housework.  
If we care about more nutrient dense food actually improving human health, the regenerative agriculture 
and nutrition movements must be in solidarity with racial and gender justice movements as well. 

• Access also pertains to accessing foods that are culturally appropriate and values-aligned.  
For example, if you are Jewish and keep kosher, you will need access to kosher foods and if you are 
Muslim and follow Islamic dietary guidelines, you will need access to halal foods. Finding regeneratively 
grown foods that are also kosher or halal may be difficult in most cases. But even beyond these specific 
dietary needs, each of us has cultural traditions and cultural foods. Ideally, every cultural group could 
find access to its special foods regeneratively grown.  

• Beyond questions of access, there are numerous other factors that may influence someone’s food 
purchasing decisions. Although there is not abundant research on the topic, a variety of inputs and 
interventions likely influence consumers in their food purchases, ideally to purchase more 
nutritious foods. Some possible influences include:

 ɥ Marketing techniques, such as marketing terminology, media and frequency of marketing exposure

 ɥ Labeling like “local” or “natural” or “regenerative” and certifications like “organic”

 ɥ Recommended Daily Allowances and Dietary Guidelines for Americans

 ɥ Use of meal planning and shopping lists

 ɥ Knowledge about nutrition

 ɥ Food addiction185

 ɥ Healthcare provider recommendations 

• Humans have been cooking their food for almost two million years.86 Cooking, along with various 
methods of food preparation, helps unlock many types of nutrients from food and increases 
their bioavailabilty.157,187,188 For instance, soaking and cooking beans and other pulses helps remove 
trypsin inhibitors.189 Vegetables and fruits, especially those rich in polyphenols and antioxidants, have a 
varied response to cooking methods, and further research is needed to identify the best preparation 
methods for these products in ways that maximize the delivery of nutrients.190–194 Other food preparation 
methods, such as sprouting grains, generally increase nutrient bioavailability.195–198 

• Foods are most often eaten in combination with other foods. Traditional and Indigenous wisdom, including 
Ayurveda,199 suggest that eating certain foods together can promote health and improve nutrient 
absorption. There is some evidence that combining certain nutrients can enhance absorption. 
For example, meals combining legumes and grains (like rice and beans) are widely understood to make 
a “complete protein” because they contain complementary amino acids. Ascorbic acid has also been 
shown to enhance the body’s ability to absorb non-heme iron.200 Bioaccessibility of phytochemicals in 
foods is typically quite low, but combining with some other foods has been shown to either inhibit or 
enhance their bioaccessibility.201   

• Fermentation has been used over the ages202 around the world not only as a preservation 
method, but also to increase the bioavailability of nutrients203–205 and increase exposure to 
microbes.206 Fermented foods have been shown to have a positive influence on the structure and 
function of the gut microbiome, along with other positive health benefits.207–210 Diets rich in fermented 
foods have been found to increase gut microbiome diversity and decrease markers of inflammation.211 

The Evidence
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Digestion & Absorption

The human digestive system is one exquisite tube, from mouth to, let us say, “tail”. Along this digestive journey 
key moments occur that prepare, extract and absorb nutrients. However, damage to these systems is chronic 
in modern society and is likely a significant cause of chronic illness and disease, in part because a damaged gut 
prevents proper absorption of nutrients, damages the all-important gut microbiome and is notoriously difficult 
to heal. In other words, a food can arrive in a maximally nutritious state to someone’s plate, but if their body is 
not functioning optimally, it may not actually be able to reap the food’s benefits.

KEY REFLECTIONS

• Ingesting a nutrient does not mean that the body will be able to properly digest it or be able to 
use or assimilate it. For example, the majority of polyphenols remain intact until they reach the gut 
and rely on gut microbiota to process them.57 The state of the digestive tract and gut microbiome will 
ultimately affect whether or not many nutrients that are consumed are actually absorbed.  

• The bioavailability of nutrients is often increased when ingested with complementary nutrients. 
For instance, vitamin D facilitates calcium and phosphorus absorption212 and black pepper increases 
the bioavailability of curcumin from turmeric.213 While many studies and initiatives have focused on the 
nutrients and their dynamics within a single food or product, it is the relationship between various foods, 
the mechanisms of the body, and the microbiome that need to be taken into consideration to unlock the 
full-spectrum value of a nutrient.214,215 

• Awareness is building about the centrality of the digestive system in human health. There are cascading 
negative effects when the digestive system is damaged, conditions often referred to as “Leaky Gut”, 
intestinal permeability and dysbiosis. A damaged gut does not properly absorb nutrients.216 

• Digestion begins in the brain217. When a person sees or smells food the brain initiates digestive functions 
by, for example, beginning to salivate and excrete digestive enzymes. That means for proper digestion, 
the food must be not only prepared well, it must also be appealing to the person eating it. This has a 
cultural dimension in that you may find your own culture’s traditional foods more appealing than those 
of the dominant culture’s foods. It may mean that access to traditional foods may have a direct 
effect on the body’s ability to digest.  

• What’s more, the person must be in a parasympathetic state218 (read: calm) in order for the body 
to properly engage its digestive systems. Meaning, if someone is chronically stressed or traumatized 
and thus chronically in a sympathetic nervous state, which disproportionately affects BIPOC and people 
living in poverty, it may be more difficult for them to digest and absorb the nutrients available in the 
food.  

• Leslie Korn’s concept of “Nutrition Trauma” is also relevant here. She defines Nutrition Trauma as 
“the disruptions in access to endemic, natural food resources due to overwhelming forces that make 
inaccessible foods that are bio-culturally and bio-chemically suited to healthy digestion and nutrient 
utilization. Nutrition Trauma occurs when introduced foods overwhelm the capacity of the local 
(indigenous) peoples to digest and metabolize these new foods, which often cause conditions that 
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were unknown or rare before the colonial process. While this definition evolved in response to my work 
with indigenous populations, Nutrition Trauma is applicable to all people whether by choice, addiction, 
or conditions that overwhelm their capacity to digest, thus resulting in chronic illness.”219 The lack of 
access to nutritious and culturally appropriate foods we discussed before takes its toll. And so even 
when more nutrient dense foods are introduced, the body may be in such a state of trauma and 
dysbiosis it can’t properly unlock the nutrients of the food it now has access to.220  

• These challenges of digestion and absorption can compound over generations: 

 ɥ Disruptions to digestion and absorption and the effects that compound over generations of 
unhealed and additional trauma.221 

 ɥ Micronutrient deficiencies can lead to genetic changes that are expressed within the current 
generation in the form of disease or be passed onto the next generation.222

 ɥ Exposure to agricultural chemicals, such as glyphosate, can induce epigenetic changes that have 
been shown to affect future generations more than the generation that was exposed to the 
chemical.223 

• Stomach acid is a commonly misunderstood and too-often maligned part of the digestive process. The 
very word “acid” evokes the image of pain and indigestion in the average person’s mind, due in large 
part to prolific advertising for over-the-counter and prescription medications that neutralize or reduce 
stomach acid or even block its production altogether. In reality, stomach acid is an absolutely critical 
step in the digestive process, and is critical for nutrient absorption in particular.224 Stomach acid 
not only helps break down food, it is also a signal for subsequent digestive processes like bile excretion 
from the gallbladder. Additionally, there are critical bacteria that function optimally at properly low 
pH levels in the stomach. Neutralizing stomach acid can create imbalances in the gut microbiome that 
adversely impact digestion. With the well-documented over-prescription and use of stomach acid 
blocking medications, such as proton pump inhibitors, it leaves many people less able to properly digest 
and unlock the nutrients in their food.225,226 That means that even if someone is eating a highly nutritious 
food, if they lack sufficient stomach acid, they may not be able to break down and absorb the nutrients 
and they may continue to damage their digestive functions. 

• Although beyond the scope of this paper, it is important to note that there are abundant efforts to 
better understand how to heal a damaged gut. It is notoriously challenging to heal damaged or 
“traumatized” digestive systems and gut microbiomes. Some research has found that loss of 
microbial diversity over generations leads to extinctions of certain microbial species and cannot be 
recovered221. That said, there is some emerging promise found in Fecal Microbial Transplants (FMT)227. 
Beyond the extraordinary measure of FMT, there are abundant specialists, diets, products and protocols 
that show some promise in healing dysbiosis. 

S

The Evidence
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Summary Reflections
• Growing more nutritious food influences human health. It’s easy to get caught up in reductionist 

thinking that draws attention only to individual studies or even individual nutrients. And the scale can 
feel so small. A little more magnesium here, a bit more antioxidants there can seem like negligible 
improvements or deficiencies for a food or even for a human body. But, when you zoom out and look 
on an epidemiological level and at the overall patterns in the research, it is clear that the cumulative 
effect of more nutritious food influences human health. The more nutritious and the more diverse our 
diets are, the more we’re epidemiologically loading the dice for decreasing the prevalence of disease in a 
community or population. 

• The relationship between regenerative agriculture and human health is complex. Just because 
something is grown exquisitely and leaves the field with a maximum amount of nutrients doesn’t mean 
that it will arrive at a place of purchase in a maximally nutritious condition, that someone will be able to 
access and purchase it, that it will be prepared in a way that preserves or maximizes the nutrients or that 
the person eating it will be able to properly digest and absorb the nutrients the food has to offer. There 
is a bi-directional relationship between agricultural practices and human health. All along the journey 
from field to human body there are levers and dials we can change and move to maximize the potential 
that the food will have a positive impact on a person’s health. 

• The regenerative agriculture and human health nexus warrants a movement. There are real 
people, real businesses and real organizations working all across the journey from field to body. Some of 
them already care deeply about maximizing nutrition. Some are caught up in the conventional systems 
that prioritize quantity over quality, but will be relieved to find a different way. Some are already working 
in partnership. Others are in competition. In order to bring about this transformation in improving the 
human condition, we need to have actors doing their part to maximize nutrition at every step of the way 
and they often need to work in concert. Not everybody needs to care about everything on the journey 
from field to human body, but the movement needs to consider all of it. 

• Race and gender equity are inextricably linked to the success of this movement. Racism and 
gender oppression are a significant part of the problem: racist and economically unjust systems 
that make nutritious food inaccessible to many BIPOC and low-income people. Women shouldering 
economic burdens alongside household burdens, too often left with the sole responsibility of feeding 
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Summary Reflections

their families, but too exhausted to do the work of preparing more nutritious food. Community after 
community stripped of their cultural traditions and traditional foods. Community after community 
left in a state of compounding trauma. Recognizing and repairing these injustices is a crucial part 
of this movement. But more than that, in order to bring about a Regenerative Agriculture J Human 
Health transformation, we need everyone at every step wholly engaged and included. That means an 
actively anti-racist and inclusive movement with BIPOC and women leaders at the core. A movement 
that recognizes how and when it has been part of the problem. A movement that is willing to do the 
hard work of healing and repairing. 

 
• We need a new vocabulary. As mentioned earlier, the word “nutrient” just doesn’t capture the 

incredible complexity of the compounds found in food. We need a new vocabulary and a new taxonomy. 
There are already calls to better define regenerative agriculture. Among other things, the definition does 
not properly acknowledge the traditional wisdom of Indigenous people who have been tending land and 
growing food in these ways for generations. And working definitions to date have not fully embraced the 
human health benefits of such practices. 

• We’ll probably never know exactly how nutrients in food affect human health. Foods, agriculture 
systems, human bodies, animals and the broader environment are all complex, dynamic systems—not to 
mention the complex microbial systems that co-exist with them. That means it will be nearly impossible 
to demonstrate causality. And there will be dimensions of the Regenerative Agriculture J Human Health 
journey that we will never completely understand, certainly not in any Western scientific sense. We 
should continue to champion research and data, but can’t wait for the one, unifying research study 
to definitively prove that soil health J more nutritious food J human health. The directionality of the 
evidence is clear. Ultimately, we are likely best served by paying closest attention to the overall outcomes 
of our systems and interventions. 

• We know enough to act and we must make changes all across the journey from the field to 
the human body. Much is known about the complex relationships of how regenerative agriculture 
contributes to human health. We can and will know more. But it is not scientific understanding that 
is holding us back. We already know enough to act. In response to skeptics, we must remember that 
absence of evidence is not evidence of absence. Some of these things are knowable, it’s just that no one 
has sought to know them. The economics of food and agriculture systems still value quantity over the 
holistic nutritional quality of food and so, all too often, voices urging us to wait before acting are those 
that benefit from the status quo. They’re terrified that we may finally get the gumption to stand by our 
research, stand by our wisdom and act. 

This paper is not exhaustive nor definitive. It is meant to spark a new kind of conversation about Regenerative 
Agriculture J Human Health. We are at an exciting moment where leaders and organizations are urging 
us to see the connections between regenerative agriculture and human health. Many of these leaders and 
organizations are already flipping levers and turning dials to ensure that our systems can grow nutritious food, 
that it is accessible to everyone in a maximally nutritious state and that bodies are strong enough to unlock 
those nutrients. Together we can build on this momentum to fully explore the complexity of the Regenerative 
Agriculture J Human Health movement. New opportunities for true and just transformation will emerge: new 
partnerships, new research, new experiments, new levers and dials to move. In the future we plan to document 
more about these bright spots—across sectors, across the Four Levels of Nutritional Interventions and across 
the journey from field to body—in order to help usher in a systemic strategy and support this burgeoning 
movement. We hope it helps put us all closer to the vision we all imagine: improving health while improving 
environmental outcomes as well. We look forward to the conversation. And the ensuing transformation. 



30

The Regenerative Agriculture and Human Health Nexus: Insights from Field to Body

Acknowledgements
This report was prepared with support from Basil’s Harvest who is supported by Food:Land:Opportunity. 
Food:Land:Opportunity - Localizing the Chicago Foodshed is a multi-year initiative that aims to create a 
resilient local food economy that protects and conserves land and other natural resources while promoting 
market innovation and building wealth and assets in the Chicago region’s communities. Funded through the 
Searle Funds at The Chicago Community Trust, Food:Land:Opportunity is a collaboration between Kinship 
Foundation and The Chicago Community Trust. This report was designed by Miel Design Studio.

Thankful for the contributions of: 
Anna Aspenson - Croatan Institute
Erin Meyer - Basil’s Harvest
Urvashi Rangan - Funders for Regenerative Agriculture (FORA)
Tina Owens - Danone North America
Athena Owirodu - Croatan Institute 
Carl Rosier - Agroecology Solutions
David Strelneck - Nourish^n



31

Citations

Citations
1. Newton, P., Civita, N., Frankel-Goldwater, L., Bartel, K. & Johns, C. What Is Regenerative Agriculture? A Review of Scholar and Practitioner Definitions Based on 

Processes and Outcomes. Front. Sustain. Food Syst. 4, (2020).
2. Moyer, J. et al. The Power of the Plate:  The Case for Regenerative Organic Agriculture in Improving Human Health. https://rodaleinstitute.org/wp-content/uploads/

Rodale-Institute-The-Power-of-the-Plate-The-Case-for-Regenerative-Organic-Agriculture-in-Improving-Human-Health.pdf (2020).
3. Electris, C., Humphreys, J., Lang, K., LeZaks, D. & Silverstein, J. Soil Wealth: Investing in Regenerative Agriculture across Asset Classes. http://www.croataninstitute.org/

soilwealth (2019).
4. Downer, S., Berkowitz, S. A., Harlan, T. S., Olstad, D. L. & Mozaffarian, D. Food is medicine: actions to integrate food and nutrition into healthcare. The BMJ 369, (2020).
5. Provenza, F. D. Palates link soil and plants with herbivores and humans. Anim. Prod. Sci. 58, 1432–1437 (2018).
6. Provenza, F. D., Anderson, C. & Gregorini, P. We Are the Earth and the Earth Is Us: How Palates Link Foodscapes, Landscapes, Heartscapes, and Thoughtscapes. 

Front. Sustain. Food Syst. 5, (2021).
7. Provenza, F. D. Nourishment: what animals can teach us about rediscovering our nutritional wisdom. (Chelsea Green Publishing, 2018).
8. Bender, I. et al. Organic Carrot (Daucus carota L.) Production Has an Advantage over Conventional in Quantity as Well as in Quality. Agronomy 10, 1420 (2020).
9. Brandt, K. et al. Health promoting compounds in vegetables and fruits: A systematic approach for identifying plant components with impact on human health. 

Trends Food Sci. Technol. 15, 384–393 (2004).
10. Stracke, B. A. et al. Bioavailability and nutritional effects of carotenoids from organically and conventionally produced carrots in healthy men. Br. J. Nutr. 101, 

1664–1672 (2008).
11. Stefanson, A. L. et al. Effect of variety, soil fertility status and agronomic treatments on carrot mineral and phytochemical composition and consumer liking of flavor 

traits. J. Sci. Food Agric. 99, 5457–5474 (2019).
12. Mukherjee, A., Omondi, E. C., Hepperly, P. R., Seidel, R. & Heller, W. P. Impacts of Organic and Conventional Management on the Nutritional Level of Vegetables. 

Sustainability 12, 8965 (2020).
13. Davis, D. R. Declining Fruit and Vegetable Nutrient Composition: What Is the Evidence? HortScience 44, 15–19 (2009).
14. Davis, D. R., Epp, M. D. & Riordan, H. D. Changes in USDA Food Composition Data for 43 Garden Crops, 1950 to 1999. J. Am. Coll. Nutr. 23, 669–682 (2004).
15. White, P. J. & Broadley, M. R. Historical variation in the mineral composition of edible horticultural products. J. Hortic. Sci. Biotechnol. 80, 660–667 (2005).
16. Thomas, D. The Mineral Depletion of Foods Available to US as A Nation (1940–2002) – A Review of the 6th Edition of McCance and Widdowson.  

https://journals.sagepub.com/doi/10.1177/026010600701900205 (2007).
17. Jeffery, E. H. et al. Variation in content of bioactive components in broccoli. J. Food Compos. Anal. 16, 323–330 (2003).
18. Dekker, M. & Verkerk, R. Dealing with variability in food production chains: a tool to enhance the sensitivity of epidemiological studies on phytochemicals. Eur. J. 

Nutr. 42, 67–72 (2003).
19. van Vliet, S., Provenza, F. D. & Kronberg, S. L. Health-Promoting Phytonutrients Are Higher in Grass-Fed Meat and Milk. Front. Sustain. Food Syst. 4, (2021).
20. Benbrook, C. M. et al. Enhancing the fatty acid profile of milk through forage-based rations, with nutrition modeling of diet outcomes. Food Sci. Nutr. 6, 681–700 (2018).
21. Loladze, I. Hidden shift of the ionome of plants exposed to elevated CO2 depletes minerals at the base of human nutrition. eLife 3, e02245 (2014).
22. Loladze, I., Nolan, J. M., Ziska, L. H. & Knobbe, A. R. Rising Atmospheric CO2 Lowers Concentrations of Plant Carotenoids Essential to Human Health: A Meta‐

Analysis. Mol. Nutr. Food Res. 63, 1801047 (2019).
23. Zhu, C. et al. Carbon dioxide (CO2) levels this century will alter the protein, micronutrients, and vitamin content of rice grains with potential health consequences 

for the poorest rice-dependent countries. Sci. Adv. 4, (2018).
24. Chumley, H. & Hewlings, S. The effects of elevated atmospheric carbon dioxide [CO2] on micronutrient concentration, specifically iron (Fe) and zinc (Zn) in rice; a 

systematic review. J. Plant Nutr. 43, 1571–1578 (2020).
25. Jones, G. D. et al. Selenium deficiency risk predicted to increase under future climate change. Proc. Natl. Acad. Sci. 114, 2848–2853 (2017).
26. Fuhrman, J., Sarter, B., Glaser, D. & Acocella, S. Changing perceptions of hunger on a high nutrient density diet. Nutr. J. 9, 51 (2010).
27. Troesch, B. et al. Increased Intake of Foods with High Nutrient Density Can Help to Break the Intergenerational Cycle of Malnutrition and Obesity. Nutrients 7, 

6016–6037 (2015).
28. Dahl, W. J. & Stewart, M. L. Position of the Academy of Nutrition and Dietetics: Health Implications of Dietary Fiber. J. Acad. Nutr. Diet. 115, 1861–1870 (2015).
29. Martin, A. B., Hartman, M., Lassman, D. & Catlin, A. National Health Care Spending In 2019: Steady Growth For The Fourth Consecutive Year. Health Aff. (Millwood) 

40, 14–24 (2020).
30. Maggini, S., Pierre, A. & Calder, P. C. Immune Function and Micronutrient Requirements Change over the Life Course. Nutrients 10, 1531 (2018).
31. Mitchell, P. J., Cooper, C., Dawson-Hughes, B., Gordon, C. M. & Rizzoli, R. Life-course approach to nutrition. Osteoporos. Int. 26, 2723–2742 (2015).
32. Ottman, N., Smidt, H., de Vos, W. M. & Belzer, C. The function of our microbiota: who is out there and what do they do? Front. Cell. Infect. Microbiol. 2, (2012).
33. Schwarzenberg, S. J., Georgieff, M. K. & Nutrition, C. O. Advocacy for Improving Nutrition in the First 1000 Days to Support Childhood Development and Adult 

Health. Pediatrics 141, (2018).
34. Blum, W. E. H., Zechmeister-Boltenstern, S. & Keiblinger, K. M. Does Soil Contribute to the Human Gut Microbiome? Microorganisms 7, (2019).
35. Flandroy, L. et al. The impact of human activities and lifestyles on the interlinked microbiota and health of humans and of ecosystems. Sci. Total Environ. 627, 

1018–1038 (2018).
36. Sonnenburg, E. D. & Sonnenburg, J. L. Starving our microbial self: the deleterious consequences of a diet deficient in microbiota-accessible carbohydrates. Cell 

Metab. 20, 779–786 (2014).
37. Yang Tao et al. Gut Dysbiosis Is Linked to Hypertension. Hypertension 65, 1331–1340 (2015).
38. Maes, M., Kubera, M., Leunis, J.-C. & Berk, M. Increased IgA and IgM responses against gut commensals in chronic depression: Further evidence for increased 

bacterial translocation or leaky gut. J. Affect. Disord. 141, 55–62 (2012).
39. Rogers, G. B. et al. From gut dysbiosis to altered brain function and mental illness: mechanisms and pathways. Mol. Psychiatry 21, 738–748 (2016).
40. Lyte, M., Li, W., Opitz, N., Gaykema, R. P. A. & Goehler, L. E. Induction of anxiety-like behavior in mice during the initial stages of infection with the agent of murine 

colonic hyperplasia Citrobacter rodentium. Physiol. Behav. 89, 350–357 (2006).
41. Fröhlich, E. et al. Cognitive impairment by antibiotic-induced gut dysbiosis: Analysis of gut microbiota-brain communication. Brain. Behav. Immun. 56, 140–155 (2016).



32

The Regenerative Agriculture and Human Health Nexus: Insights from Field to Body

42. Wen, L. et al. Innate immunity and intestinal microbiota in the development of Type 1 diabetes. Nature 455, 1109–1113 (2008).
43. Larsen, N. et al. Gut Microbiota in Human Adults with Type 2 Diabetes Differs from Non-Diabetic Adults. PLOS ONE 5, (2010).
44. Kamada, N., Seo, S.-U., Chen, G. Y. & Núñez, G. Role of the gut microbiota in immunity and inflammatory disease. Nat. Rev. Immunol. 13, 321–335 (2013).
45. Aron-Wisnewsky. J. et al. Gut microbiota and non-alcoholic fatty liver disease: new insights. Clin. Microbiol. Infect. 19, 338–348 (2013).
46. Carding, S., Verbeke, K., Vipond, D. T., Corfe, B. M. & Owen, L. J. Dysbiosis of the gut microbiota in disease. Microb. Ecol. Health Dis. 26, 26191 (2015).
47. Caio, G. et al. Effect of Gluten-Free Diet on Gut Microbiota Composition in Patients with Celiac Disease and Non-Celiac Gluten/Wheat Sensitivity. Nutrients 12, 1832 

(2020).
48. Koh, A., De Vadder, F., Kovatcheva-Datchary, P. & Bäckhed, F. From Dietary Fiber to Host Physiology: Short-Chain Fatty Acids as Key Bacterial Metabolites. Cell 165, 

1332–1345 (2016).
49. Holscher, H. D. Dietary fiber and prebiotics and the gastrointestinal microbiota. Gut Microbes 8, 172–184 (2017).
50. Deehan, E. C. & Walter, J. The Fiber Gap and the Disappearing Gut Microbiome: Implications for Human Nutrition. Trends Endocrinol. Metab. 27, 239–242 (2016).
51. Makki, K., Deehan, E. C., Walter, J. & Bäckhed, F. The Impact of Dietary Fiber on Gut Microbiota in Host Health and Disease. Cell Host Microbe 23, 705–715 (2018).
52. Fenech, M. Micronutrients and genomic stability: a new paradigm for recommended dietary allowances (RDAs). Food Chem. Toxicol. 40, 1113–1117 (2002).
53. Ames, B. N. Micronutrients prevent cancer and delay aging. Toxicol. Lett. 102–103, 5–18 (1998).
54. Ames, B. N. DNA damage from micronutrient deficiencies is likely to be a major cause of cancer. Mutat. Res. 475, 7–20 (2001).
55. Bojić, M., Maleš, Ž., Antolić, A., Babić, I. & Tomičić, M. Antithrombotic activity of flavonoids and polyphenols rich plant species. Acta Pharm. Zagreb Croat. 69, 

483–495 (2019).
56. Wan, M. L. Y., Co, V. A. & El-Nezami, H. Dietary polyphenol impact on gut health and microbiota. Crit. Rev. Food Sci. Nutr. 61, 690–711 (2021).
57. Makarewicz, M., Drożdż, I., Tarko, T. & Duda-Chodak, A. The Interactions between Polyphenols and Microorganisms, Especially Gut Microbiota. Antioxidants 10, 188 

(2021).
58. Martel, J. et al. Hormetic Effects of Phytochemicals on Health and Longevity. Trends Endocrinol. Metab. 30, 335–346 (2019).
59. Cardona, F. et al. Benefits of polyphenols on gut microbiota and implications in human health. J. Nutr. Biochem. 24, 1415–1422 (2013).
60. Pandey, K. B. & Rizvi, S. I. Plant polyphenols as dietary antioxidants in human health and disease. Oxid. Med. Cell. Longev. 2, 270–278 (2009).
61. Manach, C., Scalbert, A., Morand, C., Rémésy, C. & Jiménez, L. Polyphenols: food sources and bioavailability. Am. J. Clin. Nutr. 79, 727–747 (2004).
62. Ullah, M. F. & Khan, M. W. Food as Medicine: Potential Therapeutic Tendencies of Plant Derived Polyphenolic Compounds. Asian Pac J Cancer Prev 9, 187–195 (2008).
63. Duthie, G., Duthie, S. & Kyle, J. Plant polyphenols in cancer and heart disease: implications as nutritional antioxidants. Nutr. Res. Rev. 13, 79–106.
64. Achaya, K. T. RDAs: Their Limitations and Application. Econ. Polit. Wkly. 18, 587–590 (1983).
65. Smits, S. A., Marcobal, A., Higginbottom, S., Sonnenburg, J. L. & Kashyap, P. C. Individualized Responses of Gut Microbiota to Dietary Intervention Modeled in 

Humanized Mice. mSystems 1, (2016).
66. Heiman, M. L. & Greenway, F. L. A healthy gastrointestinal microbiome is dependent on dietary diversity. Mol. Metab. 5, 317–320 (2016).
67. Zabetakis, I., Lordan, R., Norton, C. & Tsoupras, A. COVID-19: The Inflammation Link and the Role of Nutrition in Potential Mitigation. Nutrients 12, (2020).
68. Bergmans, R. S. et al. Associations between food security status and dietary inflammatory potential within lower-income adults from the United States National 

Health and Nutrition Examination Survey (NHANES), cycles 2007 to 2014. J. Acad. Nutr. Diet. 118, 994–1005 (2018).
69. Abedi, V. et al. Racial, Economic and Health Inequality and COVID-19 Infection in the United States. medRxiv 2020.04.26.20079756 (2020) doi:10.1101/2020.04.26.

20079756.
70. Segal, J. P. et al. The gut microbiome: an under-recognised contributor to the COVID-19 pandemic? Ther. Adv. Gastroenterol. 13, (2020).
71. Dhar, D. & Mohanty, A. Gut microbiota and Covid-19- possible link and implications. Virus Res. 285, 198018 (2020).
72. Janda, L., Mihalčin, M. & Šťastná, M. Is a healthy microbiome responsible for lower mortality in COVID-19? Biologia (Bratisl.) 76, 819–829 (2021).
73. Walton, G., Gibson, G. & Hunter, K. Mechanisms linking the human gut microbiome to prophylactic and treatment strategies for COVID-19. Br. J. Nutr. 1–9 (2020).
74. Jaggers, G. K., Watkins, B. A. & Rodriguez, R. L. COVID-19: repositioning nutrition research for the next pandemic. Nutr. Res. N. Y. N 81, 1–6 (2020).
75. Leaders call for ‘Moonshot’ on nutrition research. EurekAlert! https://www.eurekalert.org/pub_releases/2020-06/asfn-lcf052720.php (2020).
76. Blaser, M. Stop the killing of beneficial bacteria. Nature 476, 393–394 (2011).
77. Neuman, H., Forsythe, P., Uzan, A., Avni, O. & Koren, O. Antibiotics in early life: dysbiosis and the damage done. FEMS Microbiol. Rev. 42, 489–499 (2018).
78. Costello, E. K., Stagaman, K., Dethlefsen, L., Bohannan, B. J. M. & Relman, D. A. The application of ecological theory toward an understanding of the human 

microbiome. Science 336, 1255–1262 (2012).
79. Relman, D. A. The human microbiome: ecosystem resilience and health. Nutr. Rev. 70 Suppl 1, S2-9 (2012).
80. Das, B. & Nair, G. B. Homeostasis and dysbiosis of the gut microbiome in health and disease. J. Biosci. 44, 117 (2019).
81. Scheffer, M. & Carpenter, S. R. Catastrophic regime shifts in ecosystems: linking theory to observation. Trends Ecol. Evol. 18, 648–656 (2003).
82. Oliver, T. H. et al. Biodiversity and Resilience of Ecosystem Functions. Trends Ecol. Evol. 30, 673–684 (2015).
83. Zhao, X., Rajashekar, C. B., Carey, E. E. & Wang, W. Does Organic Production Enhance Phytochemical Content of Fruit and Vegetables? Current Knowledge and 

Prospects for Research. HortTechnology 16, 449–456 (2006).
84. Erisman, J. W. Nature-based agriculture for an adequate human microbiome. Org. Agric. (2020) doi:10.1007/s13165-020-00304-4.
85. Marles, R. J. Mineral nutrient composition of vegetables, fruits and grains: The context of reports of apparent historical declines. J. Food Compos. Anal. 56, 93–103 (2017).
86. Mozaffarian, D., Rosenberg, I. & Uauy, R. History of modern nutrition science—implications for current research, dietary guidelines, and food policy. BMJ k2392 

(2018) doi:10.1136/bmj.k2392.
87. Schatzker, M. The Dorito effect: the surprising new truth about food and flavor. (Simon & Schuster, 2016).
88. Smeets, P. A. M., Erkner, A. & de Graaf, C. Cephalic phase responses and appetite. Nutr. Rev. 68, 643–655 (2010).
89. Wagner, M. & Omondi, E. Organic Oats More Nutrient Dense than Conventional. Rodale Institute https://rodaleinstitute.org/science/articles/nutrient-density-

comparison-between-organic-and-conventionally-grown-oats/ (2016).
90. Cojocaru, A. et al. Dynamic of Phenolic Compounds, Antioxidant Activity, and Yield of Rhubarb under Chemical, Organic and Biological Fertilization. Plants Basel 

Switz. 9, (2020).
91. Fernandes, V. C., Domingues, V. F., de Freitas, V., Delerue-Matos, C. & Mateus, N. Strawberries from integrated pest management and organic farming: Phenolic 

composition and antioxidant properties. Food Chem. 134, 1926–1931 (2012).
92. Oliveira, A. B. et al. The Impact of Organic Farming on Quality of Tomatoes Is Associated to Increased Oxidative Stress during Fruit Development. PLOS ONE 8, (2013).
93. Zinati, G., Lavanya, R. & Kemper, D. Reduced-Tillage Increases Nutrient Concentrations in Stored Winter Squash: ‐-Carotene, Lutein, Phosphorus and Calcium. 

Rodale Inst. 4 (2019).



33

94. Nelson, A. G. et al. The Soil Microbial Community and Grain Micronutrient Concentration of Historical and Modern Hard Red Spring Wheat Cultivars Grown 
Organically and Conventionally in the Black Soil Zone of the Canadian Prairies. Sustainability 3, 500–517 (2011).

95. Fares, C., Codianni, P. & Menga, V. Effects of organic fertilization on quality and antioxidant properties of hulled wheats. Ital. J. Food Sci. 24, 188–193 (2012).
96. Koh, E., Charoenprasert, S. & Mitchell, A. E. Effect of Organic and Conventional Cropping Systems on Ascorbic Acid, Vitamin C, Flavonoids, Nitrate, and Oxalate in 27 

Varieties of Spinach (Spinacia oleracea L.). J. Agric. Food Chem. 60, 3144–3150 (2012).
97. Thavarajah, D., Siva, N., Johnson, N., McGee, R. & Thavarajah, P. Effect of cover crops on the yield and nutrient concentration of organic kale (Brassica oleracea L. var. 

acephala). Sci. Rep. 9, 10374 (2019).
98. Baslam, M., Garmendia, I. & Goicoechea, N. Arbuscular Mycorrhizal Fungi (AMF) Improved Growth and Nutritional Quality of Greenhouse-Grown Lettuce. J. Agric. 

Food Chem. 59, 5504–5515 (2011).
99. Baslam, M., Esteban, R., García-Plazaola, J. I. & Goicoechea, N. Effectiveness of arbuscular mycorrhizal fungi (AMF) for inducing the accumulation of major 

carotenoids, chlorophylls and tocopherol in green and red leaf lettuces. Appl. Microbiol. Biotechnol. 97, 3119–3128 (2013).
100. Kopczyńska, K. et al. The Profile of Selected Antioxidants in Two Courgette Varieties from Organic and Conventional Production. Antioxidants 9, 404 (2020).
101. Davis, H., Chatzidimitriou, E., Leifert, C. & Butler, G. Evidence That Forage-Fed Cows Can Enhance Milk Quality. Sustainability 12, 3688 (2020).
102. Alothman, M. et al. The “Grass-Fed” Milk Story: Understanding the Impact of Pasture Feeding on the Composition and Quality of Bovine Milk. Foods 8, 350 (2019).
103. Provenza, F. D., Kronberg, S. L. & Gregorini, P. Is Grassfed Meat and Dairy Better for Human and Environmental Health? Front. Nutr. 6, (2019).
104. Akbaridoust, G. et al. Influence of pasture-based feeding systems on fatty acids, organic acids and volatile organic flavour compounds in yoghurt. J. Dairy Res. 82, 

279–286 (2015).
105. Barca, J. et al. Milk fatty acid profile from cows fed with mixed rations and different access time to pastureland during early lactation. J. Anim. Physiol. Anim. Nutr. 

102, 620–629 (2018).
106. Mitani, T., Kobayashi, K., Ueda, K. & Kondo, S. Discrimination of “grazing milk” using milk fatty acid profile in the grassland dairy area in Hokkaido. Anim. Sci. J. 87, 

233–241 (2016).
107. O’Callaghan, T. F. et al. Quality characteristics, chemical composition, and sensory properties of butter from cows on pasture versus indoor feeding systems. J. Dairy 

Sci. 99, 9441–9460 (2016).
108. O’Callaghan, T. F. et al. Effect of pasture versus indoor feeding systems on raw milk composition and quality over an entire lactation. J. Dairy Sci. 99, 9424–9440 (2016).
109. Payling, L. M., Juniper, D. T., Drake, C., Rymer, C. & Givens, D. I. Effect of milk type and processing on iodine concentration of organic and conventional winter milk at 

retail: Implications for nutrition. Food Chem. 178, 327–330 (2015).
110. Średnicka-Tober, D. et al. Higher PUFA and n-3 PUFA, conjugated linoleic acid, ‐ -tocopherol and iron, but lower iodine and selenium concentrations in organic milk: 

a systematic literature review and meta- and redundancy analyses. Br. J. Nutr. 115, 1043–1060 (2016).
111. Fatty Acid Comparisons of Grain and Forage-Fed Pork. Practical Farmers of Iowa https://practicalfarmers.org/research/fatty-acid-comparisons-of-grain-and-forage-

fed-pork/ (2018).
112. Ponte, P. I. P. et al. Influence of pasture intake on the fatty acid composition, and cholesterol, tocopherols, and tocotrienols content in meat from free-range 

broilers. Poult. Sci. 87, 80–88 (2008).
113. Anderson, K. E. Comparison of fatty acid, cholesterol, and vitamin A and E composition in eggs from hens housed in conventional cage and range production 

facilities. Poult. Sci. 90, 1600–1608 (2011).
114. Heflin, L. E., Malheiros, R., Anderson, K. E., Johnson, L. K. & Raatz, S. K. Mineral content of eggs differs with hen strain, age, and rearing environment. Poult. Sci. 97, 

1605–1613 (2018).
115. Dal Bosco, A. et al. Transfer of bioactive compounds from pasture to meat in organic free-range chickens. Poult. Sci. 95, 2464–2471 (2016).
116. Sales, J. Effects of access to pasture on performance, carcass composition, and meat quality in broilers: A meta-analysis. Poult. Sci. 93, 1523–1533 (2014).
117. Średnicka-Tober, D. et al. Composition differences between organic and conventional meat: a systematic literature review and meta-analysis. Br. J. Nutr. 115, 

994–1011 (2016).
118. Chail, A. et al. Legume finishing provides beef with positive human dietary fatty acid ratios and consumer preference comparable with grain-finished beef. J. Anim. 

Sci. 94, 2184–2197 (2016).
119. Daley, C. A., Abbott, A., Doyle, P. S., Nader, G. A. & Larson, S. A review of fatty acid profiles and antioxidant content in grass-fed and grain-fed beef. Nutr. J. 9, 10 (2010).
120. Weill, P. et al. Effects of Introducing Linseed in Livestock Diet on Blood Fatty Acid Composition of Consumers of Animal Products. Ann. Nutr. Metab. 46, 182–191 (2002).
121. Provenza, F. D., Meuret, M. & Gregorini, P. Our landscapes, our livestock, ourselves: Restoring broken linkages among plants, herbivores, and humans with diets that 

nourish and satiate. Appetite 95, 500–519 (2015).
122. Cherfaoui, M. et al. A grass-based diet favours muscle n-3 long-chain PUFA deposition without modifying gene expression of proteins involved in their synthesis or 

uptake in Charolais steers. animal 7, 1833–1840 (2013).
123. Van Elswyk, M. E. & McNeill, S. H. Impact of grass/forage feeding versus grain finishing on beef nutrients and sensory quality: The U.S. experience. Meat Sci. 96, 

535–540 (2014).
124. Freitas, A. K. de et al. Nutritional composition of the meat of Hereford and Braford steers finished on pastures or in a feedlot in southern Brazil. Meat Sci. 96, 

353–360 (2014).
125. Mezgebo, G. B. et al. Fatty acid, volatile and sensory characteristics of beef as affected by grass silage or pasture in the bovine diet. Food Chem. 235, 86–97 (2017).
126. Patino, H. O., Medeiros, F. S., Pereira, C. H., Swanson, K. C. & McManus, C. Productive performance, meat quality and fatty acid profile of steers finished in 

confinement or supplemented at pasture. Animal 9, 966–972 (2015).
127. Barański, M. et al. Higher antioxidant and lower cadmium concentrations and lower incidence of pesticide residues in organically grown crops: a systematic 

literature review and meta-analyses. Br. J. Nutr. 112, 794–811 (2014).
128. Barański, M., Rempelos, L., Iversen, P. O. & Leifert, C. Effects of organic food consumption on human health; the jury is still out! Food Nutr. Res. 61, 1287333 (2017).
129. Brandt, K., Lietz, G., Kobæk-Larsen, M. & Christensen, L. P. A systematic approach for identifying plant components with impact on human health. in Acta 

Horticulturae vol. 744 93–100 (International Society for Horticultural Science, 2007).
130. Dangour, A. D. et al. Nutritional quality of organic foods: a systematic review. Am. J. Clin. Nutr. 90, 680–685 (2009).
131. Kaur, S. & Suseela, V. Unraveling Arbuscular Mycorrhiza-Induced Changes in Plant Primary and Secondary Metabolome. Metabolites 10, 335 (2020).
132. Agnolucci, M. et al. Health-Promoting Properties of Plant Products: The Role of Mycorrhizal Fungi and Associated Bacteria. Agronomy 10, 1864 (2020).
133. Gianinazzi, S. et al. Agroecology: the key role of arbuscular mycorrhizas in ecosystem services. Mycorrhiza 20, 519–530 (2010).
134. Baslam, M., Garmendia, I. & Goicoechea, N. Enhanced Accumulation of Vitamins, Nutraceuticals and Minerals in Lettuces Associated with Arbuscular Mycorrhizal 

Fungi (AMF): A Question of Interest for Both Vegetables and Humans. Agriculture 3, 188–209 (2013).

Citations



34

The Regenerative Agriculture and Human Health Nexus: Insights from Field to Body

135. Garcia-Mier, L. et al. Strategies that Influence the Production of Secondary Metabolites in Plants. in Nutritional Quality Improvement in Plants (eds. Jaiwal, P. K., 
Chhillar, A. K., Chaudhary, D. & Jaiwal, R.) 231–270 (Springer International Publishing, 2019). doi:10.1007/978-3-319-95354-0_9.

136. Wassermann, B., Müller, H. & Berg, G. An Apple a Day: Which Bacteria Do We Eat With Organic and Conventional Apples? Front. Microbiol. 10, (2019).
137. Ottman, N. et al. Soil exposure modifies the gut microbiota and supports immune tolerance in a mouse model. J. Allergy Clin. Immunol. 143, 1198-1206.e12 (2019).
138. Nurminen, N. et al. Nature-derived microbiota exposure as a novel immunomodulatory approach. Future Microbiol. 13, 737–744 (2018).
139. Bland, J. S. The Dark Matter of Nutrition: Dietary Signals Beyond Traditional Nutrients. Integr. Med. Clin. J. 18, 12–15 (2019).
140. Barabási, A.-L., Menichetti, G. & Loscalzo, J. The unmapped chemical complexity of our diet. Nat. Food 1, 33–37 (2020).
141. Cordain, L. et al. Origins and evolution of the Western diet: health implications for the 21st century. Am. J. Clin. Nutr. 81, 341–354 (2005).
142. Breslin, P. A. S. An Evolutionary Perspective on Food and Human Taste. Curr. Biol. 23, R409–R418 (2013).
143. Drewnowski, A. & Gomez-Carneros, C. Bitter taste, phytonutrients, and the consumer: a review. Am. J. Clin. Nutr. 72, 1424–1435 (2000).
144. Cattaneo, C. et al. New insights into the relationship between taste perception and oral microbiota composition. Sci. Rep. 9, 3549 (2019).
145. Cimino, A. M., Boyles, A. L., Thayer, K. A. & Perry, M. J. Effects of Neonicotinoid Pesticide Exposure on Human Health: A Systematic Review. Environ. Health Perspect. 

125, 155–162 (2017).
146. Alavanja, M. C. R., Hoppin, J. A. & Kamel, F. Health Effects of Chronic Pesticide Exposure: Cancer and Neurotoxicity. Annu. Rev. Public Health 25, 155–197 (2004).
147. Van Bruggen, A. H. C. et al. Environmental and health effects of the herbicide glyphosate. Sci. Total Environ. 616–617, 255–268 (2018).
148. Gasnier, C. et al. Glyphosate-based herbicides are toxic and endocrine disruptors in human cell lines. Toxicology 262, 184–191 (2009).
149. Ingaramo, P., Alarcón, R., Muñoz-de-Toro, M. & Luque, E. H. Are glyphosate and glyphosate-based herbicides endocrine disruptors that alter female fertility? Mol. Cell. 

Endocrinol. 518, 110934 (2020).
150. Muñoz, J. P., Bleak, T. C. & Calaf, G. M. Glyphosate and the key characteristics of an endocrine disruptor: A review. Chemosphere 270, 128619 (2021).
151. Kim, K.-H., Kabir, E. & Jahan, S. A. Exposure to pesticides and the associated human health effects. Sci. Total Environ. 575, 525–535 (2017).
152. Druille, M., Omacini, M., Golluscio, R. A. & Cabello, M. N. Arbuscular mycorrhizal fungi are directly and indirectly affected by glyphosate application. Appl. Soil Ecol. 72, 

143–149 (2013).
153. Aristilde, L. et al. Glyphosate-Induced Specific and Widespread Perturbations in the Metabolome of Soil Pseudomonas Species. Front. Environ. Sci. 5, (2017).
154. Wang, X. et al. Fungicide azoxystrobin induced changes on the soil microbiome. Appl. Soil Ecol. 145, 103343 (2020).
155. Zaller, J. G. et al. Herbicides in vineyards reduce grapevine root mycorrhization and alter soil microorganisms and the nutrient composition in grapevine roots, 

leaves, xylem sap and grape juice. Environ. Sci. Pollut. Res. 25, 23215–23226 (2018).
156. Reid, T. E. et al. Inorganic Chemical Fertilizer Application to Wheat Reduces the Abundance of Putative Plant Growth-Promoting Rhizobacteria. Front. Microbiol. 12, 

(2021).
157. Melse-Boonstra, A. Bioavailability of Micronutrients From Nutrient-Dense Whole Foods: Zooming in on Dairy, Vegetables, and Fruits. Front. Nutr. 7, (2020).
158. Ariza, M. et al. Effect of harvest time on functional compounds and fruit antioxidant capacity in ten strawberry cultivars. J. Berry Res. 5, 71–80 (2015).
159. Özcan, M. M. et al. The effect of harvest time and varieties on total phenolics, antioxidant activity and phenolic compounds of olive fruit and leaves. J. Food Sci. 

Technol. 56, 2373–2385 (2019).
160. Oney-Montalvo, J. E., Avilés-Betanzos, K. A., Ramírez-Rivera, E. de J., Ramírez-Sucre, M. O. & Rodríguez-Buenfil, I. M. Polyphenols Content in Capsicum chinense Fruits 

at Different Harvest Times and Their Correlation with the Antioxidant Activity. Plants 9, (2020).
161. Cappelli, A., Oliva, N. & Cini, E. Stone milling versus roller milling: A systematic review of the effects on wheat flour quality, dough rheology, and bread characteristics. 

Trends Food Sci. Technol. 97, 147–155 (2020).
162. Sonnenburg, J. & Sonnenburg, E. The good gut: taking control of your weight, your mood, and your long-term health. (Penguin Books, 2015).
163. Liang, L., Qi, C., Wang, X., Jin, Q. & McClements, D. J. Influence of Homogenization and Thermal Processing on the Gastrointestinal Fate of Bovine Milk Fat: In Vitro 

Digestion Study. J. Agric. Food Chem. 65, 11109–11117 (2017).
164. Sablani, S. S. et al. Effects of Air and Freeze Drying on Phytochemical Content of Conventional and Organic Berries. Dry. Technol. 29, 205–216 (2011).
165. Asami, D. K., Hong, Y.-J., Barrett, D. M. & Mitchell, A. E. Comparison of the Total Phenolic and Ascorbic Acid Content of Freeze-Dried and Air-Dried Marionberry, 

Strawberry, and Corn Grown Using Conventional, Organic, and Sustainable Agricultural Practices. J. Agric. Food Chem. 51, 1237–1241 (2003).
166. Valadez-Carmona, L. et al. Effects of microwaves, hot air and freeze-drying on the phenolic compounds, antioxidant capacity, enzyme activity and microstructure of 

cacao pod husks (Theobroma cacao L.). Innov. Food Sci. Emerg. Technol. 41, 378–386 (2017).
167. Harguindeguy, M. & Fissore, D. On the effects of freeze-drying processes on the nutritional properties of foodstuff: A review. Dry. Technol. 38, 846–868 (2020).
168. Bhat, R. & Stamminger, R. Impact of Combination Treatments of Modified Atmosphere Packaging and Refrigeration on the Status of Antioxidants in Highly 

Perishable Strawberries: Preservation of Strawberries. J. Food Process Eng. 39, 121–131 (2016).
169. Marszałek, K. et al. Enzymatic, physicochemical, nutritional and phytochemical profile changes of apple (Golden Delicious L.) juice under supercritical carbon dioxide 

and long-term cold storage. Food Chem. 268, 279–286 (2018).
170. Zhang, Y., Truzzi, F., D’Amen, E. & Dinelli, G. Effect of Storage Conditions and Time on the Polyphenol Content of Wheat Flours. Processes 9, 248 (2021).
171. Patras, A., Brunton, N. P., Da Pieve, S. & Butler, F. Impact of high pressure processing on total antioxidant activity, phenolic, ascorbic acid, anthocyanin content and 

colour of strawberry and blackberry purées. Innov. Food Sci. Emerg. Technol. 10, 308–313 (2009).
172. Yu, Y. et al. Effect of ultra-high pressure homogenisation processing on phenolic compounds, antioxidant capacity and anti-glucosidase of mulberry juice. Food 

Chem. 153, 114–120 (2014).
173. Ioannou, I., Hafsa, I., Hamdi, S., Charbonnel, C. & Ghoul, M. Review of the effects of food processing and formulation on flavonol and anthocyanin behaviour. J. Food 

Eng. 111, 208–217 (2012).
174. Decker, E. A., Rose, D. J. & Stewart, D. Processing of oats and the impact of processing operations on nutrition and health benefits. Br. J. Nutr. 112, S58–S64 (2014).
175. Debelo, H., Li, M. & Ferruzzi, M. G. Processing influences on food polyphenol profiles and biological activity. Curr. Opin. Food Sci. 32, 90–102 (2020).
176. Visioli, F. & Davalos, A. Polyphenols and Cardiovascular Disease: A Critical Summary of the Evidence. Mini Rev. Med. Chem. 11, 1186–1190 (2011).
177. Sun, A. Y., Simonyi, A. & Sun, G. Y. The ‘French Paradox’ and beyond: neuroprotective effects of polyphenols. Free Radic. Biol. Med. 32, 314–318 (2002).
178. Ding, S., Jiang, H. & Fung, J. Regulation of Immune Function by Polyphenols. J. Immunol. Res. (2018).
179. Scarano, A., Chieppa, M. & Santino, A. Plant Polyphenols-Biofortified Foods as a Novel Tool for the Prevention of Human Gut Diseases. Antioxidants 9, 1225 (2020).
180. Selma, M. V., Espín, J. C. & Tomás-Barberán, F. A. Interaction between Phenolics and Gut Microbiota: Role in Human Health. J. Agric. Food Chem. 57, 6485–6501 (2009).
181. Solar O, I. A. A conceptual framework for action on the social determinants of health: debates, policy & practice, case studies. World Health Organ. (2010).
182. Food Insecurity In The U.S. By The Numbers. NPR.org https://www.npr.org/2020/09/27/912486921/food-insecurity-in-the-u-s-by-the-numbers.
183. Employment status of the civilian noninstitutional population by age, sex, and race. U.S. Bureau of Labor Statistics https://www.bls.gov/cps/cpsaat03.htm.



35

184. Employment : Time spent in paid and unpaid work, by sex. OCED https://stats.oecd.org/index.aspx?queryid=54757.
185. Oginsky, M. F., Goforth, P. B., Nobile, C. W., Lopez-Santiago, L. F. & Ferrario, C. R. Eating ‘Junk-Food’ Produces Rapid and Long-Lasting Increases in NAc CP-AMPA 

Receptors: Implications for Enhanced Cue-Induced Motivation and Food Addiction | Neuropsychopharmacology. Neuropsychopharmacology 41, 2977–2986 (2016).
186. Wrangham, R. Catching Fire. (Basic Books, 2009).
187. Fardet, A. & Richonnet, C. Nutrient density and bioaccessibility, and the antioxidant, satiety, glycemic, and alkalinizing potentials of fruit-based foods according to the 

degree of processing: a narrative review. Crit. Rev. Food Sci. Nutr. 60, 3233–3258 (2020).
188. Platel, K. & Srinivasan, K. Bioavailability of Micronutrients from Plant Foods: An Update. Crit. Rev. Food Sci. Nutr. 56, 1608–1619 (2016).
189. Khattab, R. Y. & Arntfield, S. D. Nutritional quality of legume seeds as affected by some physical treatments 2. Antinutritional factors. LWT - Food Sci. Technol. 42, 

1113–1118 (2009).
190. Zhang, D. & Hamauzu, Y. Phenolics, ascorbic acid, carotenoids and antioxidant activity of broccoli and their changes during conventional and microwave cooking - 

ScienceDirect. Food Chem. 88, 503–509 (2004).
191. Cai, Y., Luo, Q., Sun, M. & Corke, H. Antioxidant activity and phenolic compounds of 112 traditional Chinese medicinal plants associated with anticancer. Life Sci. 74, 

2157–2184 (2004).
192. Wachtel-Galor, S., Wing Wong, K. & Benzie, I. F. F. The effect of cooking on Brassica vegetables - ScienceDirect. Food Chem. 110, 706–710 (2008).
193. Faller, A. L. K. & Fialho, E. The antioxidant capacity and polyphenol content of organic and conventional retail vegetables after domestic cooking. Food Res. Int. 42, 

210–215 (2009).
194. Şengül, M., Yildiz, H. & Kavaz, A. The Effect of Cooking on Total Polyphenolic Content and Antioxidant Activity of Selected Vegetables. Int. J. Food Prop. 17, 481–490 

(2014).
195. Vidal-Valverde, C. et al. New functional legume foods by germination: effect on the nutritive value of beans, lentils and peas. Eur. Food Res. Technol. 215, 472–477 

(2002).
196. Ibrahim, S. S., Habiba, R. A., Shatta, A. A. & Embaby, H. E. Effect of soaking, germination, cooking and fermentation on antinutritional factors in cowpeas. Food Nahr. 

46, 92–95 (2002).
197. Zhang, Q. et al. Optimizing soaking and germination conditions to improve gamma-aminobutyric acid content in japonica and indica germinated brown rice. J. 

Funct. Foods 10, 283–291 (2014).
198. Komatsuzaki, N. et al. Effect of soaking and gaseous treatment on GABA content in germinated brown rice. J. Food Eng. 78, 556–560 (2007).
199. Rastogi, D., Gupta, S., Rastogi, R. & Rastogi, R. Diet and Nutrition Concepts in Ayurveda: Gleaming into Opportunities for Evidence-Based Applications in Health 

Care. in Evidence-Based Practice in Complementary and Alternative Medicine: Perspectives, Protocols, Problems and Potential in Ayurveda (ed. Rastogi, S.) 51–66 
(Springer, 2012). doi:10.1007/978-3-642-24565-7_3.

200. Teucher, Olivares, & Cori. Enhancers of Iron Absorption: Ascorbic Acid and other Organic Acids. Int. J. Vitam. Nutr. Res. 74, 403–419 (2004).
201. Shahidi, F. & Pan, Y. Influence of food matrix and food processing on the chemical interaction and bioaccessibility of dietary phytochemicals: A review. Crit. Rev. 

Food Sci. Nutr. 0, 1–25 (2021).
202. McGovern, P. E. et al. Fermented beverages of pre- and proto-historic China. Proc. Natl. Acad. Sci. 101, 17593–17598 (2004).
203. Di Cagno, R., Coda, R., De Angelis, M. & Gobbetti, M. Exploitation of vegetables and fruits through lactic acid fermentation. Food Microbiol. 33, 1–10 (2013).
204. Septembre-Malaterre, A., Remize, F. & Poucheret, P. Fruits and vegetables, as a source of nutritional compounds and phytochemicals: Changes in bioactive 

compounds during lactic fermentation. Food Res. Int. 104, 86–99 (2018).
205. Gobbetti, M. et al. Novel insights on the functional/nutritional features of the sourdough fermentation. Int. J. Food Microbiol. 302, 103–113 (2019).
206. Parvez, S., Malik, K. A., Ah Kang, S. & Kim, H.-Y. Probiotics and their fermented food products are beneficial for health. J. Appl. Microbiol. 100, 1171–1185 (2006).
207. Heinen, E., Ahnen, R. T. & Slavin, J. Fermented Foods and the Gut Microbiome. Nutr. Today 55, 163–167 (2020).
208. Sivamaruthi, B., Kesika, P. & Chaiyasut, C. Impact of Fermented Foods on Human Cognitive Function—A Review of Outcome of Clinical Trials. Sci. Pharm. 86, 22 

(2018).
209. Tamang, J. P., Shin, D.-H., Jung, S.-J. & Chae, S.-W. Functional Properties of Microorganisms in Fermented Foods. Front. Microbiol. 7, (2016).
210. Kapp, J. M. & Sumner, W. Kombucha: a systematic review of the empirical evidence of human health benefit. Ann. Epidemiol. 30, 66–70 (2019).
211. Wastyk, H. C. et al. Gut-microbiota-targeted diets modulate human immune status. Cell S0092867421007546 (2021) doi:10.1016/j.cell.2021.06.019.
212. DeLuca, H. F. Overview of general physiologic features and functions of vitamin D. Am. J. Clin. Nutr. 80, 1689S-1696S (2004).
213. Prasad, S., Tyagi, A. K. & Aggarwal, B. B. Recent Developments in Delivery, Bioavailability, Absorption and Metabolism of Curcumin: the Golden Pigment from Golden 

Spice. Cancer Res. Treat. Off. J. Korean Cancer Assoc. 46, 2–18 (2014).
214. Moughan, P. J. Holistic properties of foods: a changing paradigm in human nutrition. J. Sci. Food Agric. 100, 5056–5063 (2020).
215. McAuliffe, G. A., Takahashi, T. & Lee, M. R. F. Applications of nutritional functional units in commodity-level life cycle assessment (LCA) of agri-food systems. Int. J. 

Life Cycle Assess. 25, 208–221 (2020).
216. Van Der Hulst, R. R. W. J. et al. Gut Permeability, Intestinal Morphology, and Nutritional Depletion. Nutrition 14, 1–6 (1998).
217. Zafra, M. A., Molina, F. & Puerto, A. The neural/cephalic phase reflexes in the physiology of nutrition. Neurosci. Biobehav. Rev. 30, 1032–1044 (2006).
218. Rogers, R. C., McTigue, D. M. & Hermann, G. E. Vagovagal reflex control of digestion: afferent modulation by neural and ‘endoneurocrine’ factors. Am. J. Physiol.-

Gastrointest. Liver Physiol. 268, G1–G10 (1995).
219. Korn, L. & Ryser, R. Burying the umbilicus: Nutrition trauma, diabetes and traditional medicine in rural west Mexico. Indig. Peoples Diabetes Community Empower. 

Wellness 231–277 (2006).
220. Krajmalnik-Brown, R., Ilhan, Z.-E., Kang, D.-W. & DiBaise, J. K. Effects of Gut Microbes on Nutrient Absorption and Energy Regulation. Nutr. Clin. Pract. Off. Publ. Am. 

Soc. Parenter. Enter. Nutr. 27, 201–214 (2012).
221. Sonnenburg, E. D. et al. Diet-induced extinctions in the gut microbiota compound over generations. Nature 529, 212–215 (2016).
222. Stover, P. J. & Caudill, M. A. Genetic and Epigenetic Contributions to Human Nutrition and Health: Managing Genome–Diet Interactions. J. Am. Diet. Assoc. 108, 

1480–1487 (2008).
223. Kubsad, D. et al. Assessment of Glyphosate Induced Epigenetic Transgenerational Inheritance of Pathologies and Sperm Epimutations: Generational Toxicology. Sci. 

Rep. 9, 6372 (2019).
224. Wright, J. V. & Lenard, L. Why Stomach Acid Is Good for You: Natural Relief from Heartburn, Indigestion, Reflux and GERD. (Rowman & Littlefield, 2001).
225. Ksiądzyna, D., Szeląg, A. & Paradowski, L. Overuse of proton pump inhibitors. Pol. Arch. Med. WEWNĘTRZNEJ 125, 289–298 (2015).
226. Kassarjian, Z. & Russell, R. M. Hypochlorhydria: A Factor in Nutrition. Annu. Rev. Nutr. 9, 271–285 (1989).
227. Claytor, J. D. & El-Nachef, N. Fecal microbial transplant for inflammatory bowel disease. Curr. Opin. Clin. Nutr. Metab. Care 23, 355–360 (2020).

Citations



36

The Regenerative Agriculture and Human Health Nexus: Insights from Field to Body

COMMISSIONED BY

PRODUCED BY




