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SESSION 5
The Future of Food:
Ancient Wisdom Meets Innovation

Presented by: Chris Vogliano MS, RDN
& Kate Geagan MS, RDN

Photo Credit: Sharon Palmer

Learning objectives

1 List three ways agriculture systems interact with planetary 
boundaries. 

2 Define two future forms of agricultural production, and one 
benefit and drawback to each.

3 Identify two foods that have emerged using advancements in 
technology, and their potential impact on future food systems.

“Food systems are under increasing pressure to produce sufficient food 
for the global population, decrease environmental impacts of food 

production, and buffer against complex global change”
- Bioscience, 2016
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How do we feed a planet 
with 10 billion people in 

2050?

“Slow/Low Tech Orientation”

• Whole plant foods: Beans, legumes, 
nuts + seeds.

• Expand biodiversity, crop variety, 
heirlooms, wild foods. 

• Work within Nature: Kelp farms, cricket 
protein, ocean restoration, wild foods

• Preserve Nature: Regenerative ag, local 
food, CSAs.

• Traditional Methods: canning, 
fermenting, drying

“High Tech Orientation”

• Cellular Agriculture
• Biotechnology + 

bioengineering (CRISPR)
• Plant Based innovation to 

create meat and dairy 
alternatives

• Vertical Farming
• Closed-Loop systems
• Packaging

The Food Innovation Ecosystem

Photo Credit: KindEarth.Tech

Photo Credit: KindEarth.Tech
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Socio-cultural
• Gender equity
• Food security
• Culturally appropriate 
• Indigenous peoples
• Animal welfare

Planetary Health
• Land use change
• Biodiversity loss
• Greenhouse gas 

emissions (GHGe)
• Food loss and waste

Economic
• Profits & revenue
• Jobs
• Fair wages
• Affordability 

Nutrition
• Triple burden of 

malnutrition
• Access to diverse 

foods  
• Food Safety

Agriculture Impacts all 
4 Dimensions of Sustainable Diets

World health organization, 2019; BCFN 2015

Agriculture
And Planetary Health

Planetary Boundaries
Stockholm Resilience Centre

Conventional vs. Organic 
A systematic review

Nature, 2016
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Organic Agriculture and 
Planetary Boundaries

Climate Change

• Organic farming practices sequester significantly 
more carbon in the soil, (Science, 2004, Rodale 
Institute 2011) 

• Organic farming reduces fossil fuel consumption and 
releases 40% fewer carbon emissions (AAP 2012, 
Rodale Institute 2011)

• Organic farming outperforms conventional practices 
in years of drought, and are more resilient to 
temperature extremes (HEN 2014)

Freshwater

• 15-20% more water percolates through organic 
systems, replenishing ground table and helping crops 
perform well in extreme temperatures (Rodale 
Institute  2011)

Biodiversity

• Pollinator Services (PLoS One, 2014)

• Enhance soil fertility, enhance soil microbial activity and 
abundance (Applied Ecology, 2019, PLoS One, 2017)

• Crop Rotation and Cover Crops (USDA NOP, 2015)

Nitrogen and Phosphorus

• Healthy soil more efficiently recycles Nitrogen and 
Phosphorus (Sustainable Agriculture Research, 2014)

• Organic farming practices reduces pesticide, fertilizer and 
other chemical runoff, protecting local land and 
waterways (HEN, 2014)

Organics : Evidence of 3 primary benefits

Pesticide exposure, food safety and human health:
(AAP 2012, HEN, 2014, PLoS Med 2018)

• Pesticide exposure. Organic produce consistently has 
lower pesticide levels than conventional produce. 
Pregnant and nursing women, infant and young children 
are at potentially greater risk from organophosphate 
pesticides, due to rapidly dividing cells, smaller body 
weights and the establishment of critical metabolic, 
hormonal and cognitive pathways. 

• Antibiotic-resistant bacteria. Choosing organic foods can 
help reduce risk of exposure to antibiotic resistant 
bacteria, and could contribute to a reduction in the 
threat of human disease by drug-resistant organisms.

• Farmworkers/farmworker community exposure.  linked 
with numerous adverse health outcomes (cognitive, 
neurologic, respiratory). 

Hunger and Environmental
DPG, 2014

American Academy of Pediatrics, 2012

American Academy of Pediatrics 

Organic Foods: Health and 
Environmental Advantages and 
Disadvantages

Joel Forman, Janet Silverstein, 
COMMITTEE ON NUTRITION and 
COUNCIL ON ENVIRONMENTAL 
HEALTH

ABSTRACT: The US market for 
organic foods has grown from $3.5 
billion in 1996 to $28.6 billion in 
2010, according to the Organic Trade 
Association. Organic products are 
now sold in specialty stores and 
conventional supermarkets. Organic 
products contain numerous  . . . 

ORGANIC 
TALKING 
POINTS

Hunger and Environmental Nutrition 
DPG, 2014

CDC, 2020
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Organics: 
Areas Requiring Further Research

Nutrition, Cost and More….
• Nutrient composition and clinical importance (AAP, 

2012, HEN 2014, Environmental Health, 2017).
• Relationship with Allergic Disease (British Journal of 

Nutrition, 2008).
• Cost (Hartman, 2020, AAP 2012)
• Potential harm of people avoiding nutrient rich fruits 

and vegetables out of fear of pesticides that meet US 
regulations (Food and Chemical Toxicology, 2012).

• EPA thresholds: do they adequately account for 
potential synergistic exposure to a mixture of pesticides 
or low-level toxicity? (Environmental Health 
Perspectives, 2015).

Is this Ethics (values based)?
OR

Is this Evidence (science based)?
-

Photo: Chris Vogliano

USDA Agricultural Resources and Environmental Indicators, 2019

Fresh produce, plant-based diets get a lot of attention in sustainability. 
That’s good. 

But packaged and prepared foods, beverages and snacks are also important places 
where positive shifts toward sustainability can happen.
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Soil: An Essential Ingredient to Healthy Food and Nutrition

FAO, 2015

Global State of Degraded Soils

FAO, 2015

The Path to Sustainability: Through the Ground 
“Healthy soil is he cornerstone of life on earth, facilitating ecosystem biodiversity, ample food 
production, effective water filtration and storage, and carbon sequestration. Healthy soils can 

deliver tangible economic and environmental benefits for farmers, businesses and 
communities for generations to come.”

The Nature Conservancy, 2016

16

17

18



5/19/2020

7

Cover Crops

Support Planetary Boundaries (Union of 
Concerned Scientists, 2013)

• Climate change
• Biodiversity
• Phosphorus and nitrogen
• Freshwater 

Nutrient Dense ingredients  (USDA NRCS, 
2019)

• Cover crops including sorghum, oat, 
cereal rye, hemp, mustard, radish

• Nitrogen fixing “regenerative 
proteins” legumes, peanuts, peas

USDA Agricultural Resources and Environmental Indicators, 2019

Photo credit: USDA

Photo credit: Alpha Food Labs

Is there a connection between 
Soil Microbes & Human Health?

• Proximity to Amish farming systems is 
associated with reduced rates of allergies 
and asthma compared to modern farms 
(NEJM, 2016).

• Children on traditional dairy farms had 
1/10th risk of developing asthma compared 
with other rural children. Exposure for 
pregnant women may also be beneficial to 
reduce allergies in offspring (Journal of 
Immunology, 2014)  

• Environmental biodiversity in surroundings  
of subjects’ homes significantly influenced 
the composition of the bacterial classes on 
their skin. (PNAS, 2012).

Photo Credit: Sharon Palmer

19

20

21



5/19/2020

8

Complexity is KEY!

-

Photo: Chris Vogliano

The Soil-Microbiome Connection

Post-Harvest Functional Attributes 

• Root and soil microbes can increase nutritional 
quality of food/crop, including vitamins, 
mineral content, antioxidants, and other 
secondary metabolites beneficial for human 
health (Microorganisms, 2019).

• Symbiotic plant microbes and high species 
richness in soil have been shown to reduce 
storage-induced pests on staple crops such as 
potatoes (Trends in Plant Science, 2018).

• Exposure of bees to glyphosate can perturb 
their beneficial  gut microbiota of honey bees, 
potentially affecting bee health and their 
effectiveness as pollinators ( PNAS, 2018).

Photo Credit: Sharon PalmerOjai Farmers Market, Sharon Palmer 

OUTCOMES BASED:
Measuring results on 

the land

Livestock as a solution?

LIVESTOCK AS A TOOL:
regenerate soil, nutrient 

cycling, restore 
grasslands, sequester 
carbon, biodiversity

GOAL:
Bring land back to full 
ecosystem function, 

feeding people 
nutritious food, boosting 

ranch revenue

CONTEXTUALIZED:
For country

COLLABORATION:
Rancher & Scientists

Photo by Chris Vogliano

Regenerative 
Grazing:

THE NEW MODEL
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Regenerative Agriculture: 
Net Positive Results While Meeting Human Needs

Charts Courtesy of: The Rodale Institute

High Tech Harvests
“By 2030, vertical farms, indoor hydroponic 
systems, robotics harvested farms, and other 
high-tech agricultural innovations will 
increase the supply of fresh local fruits, 
vegetables, grains and herbs. Premium 
grocery retailers will open branded indoor 
farms to offer consumers fresh picked 
freshness.”

Mintel, 2020

Vertical Farming 
for the Future
Holds promise to solve several challenges, 
but more research needed, and may have 
unintended consequences:
• Brings food production closer to populations.

• Removes seasonality of growing season

• Uses less space, land and water (more energy).

• Precision ag, pesticide free, contaminant free.

• Potential to increase kcal/nutrient/acre

• Reduce food miles and storage times.

• Can increase heirloom varietals (biodiversity) 

• “Just picked” freshness and flavor

• Resilience in climate change or extreme weather

• Future: hyper-individualized approaches to 
health

• Cost, unclear impact of a soil-free environment

25

26

27



5/19/2020

10

High-tech solutions to fighting food waste

Apeel Sciences
forms a thin “peel” of edible plant material on the 
surface of the fruit that slows down water loss and 

oxidation — the factors that cause spoilage.

Lean Path
Collects food wastage data which is used 
to identify trends and patterns, ultimately 

leading to less food waste. 

CRISPR, the Disruptor

A fast emerging technology
• What it is: selective gene-editing technique

• What it is NOT: Transgenic engineering 
(GMOs)

• Currently requires regulations and labeling in 
EU but not US.

• Potential pros: Holds promise to remove 
allergens (gluten), adapt to climate change, 
boost flavor, nutrition and yields.

• Potential cons: Ethical, unknowns (safety, 
health), and sustainability.

(Global Food Security, 2018)

Insect Protein

Key Attributes

• Etymology-eating insects-is common for 2 
billion people in 130 countries.

• Cultural and nutritional value.

• Significantly less land, water GHG

• High feed/conversion efficiency ratio

• Ethical and humane 

• Low risk of zoonotic infections

• Versatility across food system

• Food security, access + affordability

(FAO, 2013, Nature, 2018) 
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Regenerative 
Aquaculture

Sea kelp, sea vegetables, 
bivalves

• Regenerate ocean water and 
coastal ecosystems.

• A variety of nutrient-dense, 
sustainable foods.

• Revitalizing livelihoods  for fishing 
communities.

• Familiar Food: 32% of Americans 
have eaten seaweed in the past 
month. (Changing Tastes, 2019)

Protein Innovation: 
Cell-Meat & Plant-Based

Meeting the Growing Demand for Protein

• Global Middle class forecasted to grow 
67% by 2030 (The Brookings Institution, 
2017).

• 2050 consumption of beef up 65% , pork 
43%, poultry 220%, and eggs 64% (UN FAO 
2012)

• Rising incomes and urbanization is linked 
with significant increases in beef 
consumption (AJAS, 2017). 

• How do we meet this demand without 
exceeding planetary boundaries?

Photo credit: Gates Notes

Global Demand for Meat
2005 vs. 2050 (tons)

65% 92% 43% 64%220%
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Cell-Based Meat
A Fast-Emerging Sector

• What it is: stem cells from animal muscle fibers and grow 
in nutrient-rich mediums (Harvard Business School, 2015)

• Language and regulatory framework still being developed 
by USDA and FDA (American Meat Institute, 2019)

• What it is NOT: Plant-based meat
• Potential pros: significantly reduce environmental and 

ethical impact of livestock, use of hormones, antibiotics 
(Harvard Business School, 2015).

• Potential cons: consumer acceptance, industry disruption, 
cost.

• Related innovation happening across animal foods, 
including seafood, collagen, milk, eggs and chicken.

Photo credits: JUST

Friends of the Earth US, 2018

SPINS and Good Food Institute, 2020
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How are Consumers Responding?

Diet type A lower percentage of omnivores (44%) 
have tried a plant alternative to animal meat 
compared with vegetarians (72%), “sometimes” 
vegetarians (77%), vegans (76%) and pescatarians 
(75%).
Income The likelihood of trying a plant alternative 
to animal meat increased as income rose. Those 
making over $120,000 were the most likely 
consumers (72%) and those making less than 
$40,000 were the least likely consumers (35%).
Age More common among the younger 
population, with those under 45 years of age being 
the most likely consumers (62%).
Gender Men (53%) were more likely consumers 
than women (44%).
Education Those with a college degree (62%) were 
more likely consumers than those without a 
college degree (37%).

International Food Information Council, 2019

3 Ways to Take Action

1 Advocate for agricultural systems that support human 
health and planetary boundaries.

2
Help clients, patients and the public identify solutions 
that fit across their day, including packaged and prepared 
food, snacks and beverages. 

3
Keep up with emerging “high tech” and “low tech” 
solutions, help translate what we know and where there 
are gaps. 
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