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“Meeting the demand for 
protein, within environmental 
limits, is one of the biggest 
challenges for the global food 
system in the 21st century.”



How much 
protein will 
the world 
need?



Proposed protein intake scenario Change

Entire pop. at level needed for sedentary adult2  13%

Existing pop. at current intake levels,
 pop. at average for developing world

 32%

Existing pop. at current intake levels, 
 pop. at average intake for world 

 33%

Existing pop. at current intake levels, 
 pop. at average for developed world

 43%

Entire pop. at current maximum intake levels3  78%

Impact of Different Consumption 
Scenarios on Annual Global Protein 

Demand at Year 20501

1Assuming a population of 9.6 billion
250 g/d 3103 g/d

Foods 2017, 6, 53
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“Protein intake … regardless of 
demographic and lifestyle factors, was 
consistently ∼16% of total energy, 

suggesting biological control mechanism(s) 
tightly regulate protein intake and, 
consequently, influence intake of other 
macronutrients and food constituents.”

“ … when humans are forced to 
trade-off protein intake against 
that of carbohydrate and fat on 
nutritionally unbalanced diets, 
physiological regulatory 
mechanisms prioritize protein.”

AJCN 112:180, 2020

Obesity Reviews 6:133, 2005



Populations will 
shift in the direction 
of a plant-based diet

Premise

• Environmental

• Ethical• Health
Motivation
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Legumes, pulses, beans

• Low environmental footprint 

• Affordable

• Good sources of protein and fiber



9 Major Legumes

Peanuts     Soybeans

Oilseed legumes 
Non-oilseed legumes 

Undried 
legumes

Pulses

5 most common

Dried, mature seeds

Snap
bean

Snap
pea

Lower fat,
higher fiber Higher fat, lower fiber

Chickpeas    Cowpea Lentils         Dry pea     Dry bean 



Underutilized 
sources of 
nutrition



Region
grams

per day

% total intake

Protein Energy

Oceania 12 2 1

East Asia 4 1 0

Southeast Asia 9 3 1

South Asia 33 11 5

West Asia 19 6 3

Caucasus & Central Asia 1 0 0

Europe 7 2 1

North Africa 19 5 2

Sub-Saharan Africa 33 12 5

Latin America & Caribbean 34 9 4

North America 11 2 1

World 21 6 3

Average per capita 
daily consumption 
of pulses, and its 
contribution to
protein and calorie 
intake, by region, 
2011–13

Rawal, V. & Navarro, D. K., eds. 2019. The 
Global Economy of Pulses. Rome, FAO
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Optimal animal 
to plant protein 
ratio?



Dutch Food-Based 
Dietary Guidelines 
recommend an 
animal to plant 
protein ratio of 1:1



Year

Protein (g/d) Animal: 
PlantAnimal Plant

1909 54 50 1.1

1919 52 45 1.2

1929 51 43 1.2

1939 53 39 1.4

1949 60 34 1.8

1959 64 31 2.1

1969 69 31 2.2

Crude USDA Estimates of Protein 
Intake (disappearance data)

Cancer Res 35: 3246, 1975
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1909 54 50 1.1

1919 52 45 1.2

1929 51 43 1.2

1939 53 39 1.4

1949 60 34 1.8

1959 64 31 2.1

1969 69 31 2.2

2015-16* 51.1 30.2 1.84

Crude USDA Estimates of Protein 
Intake (disappearance data)

Cancer Res 35: 3246, 1975

*NHANES JAMA 2019;322:1178



2015-16

46% of plant 
protein intake from

refined grains

JAMA 322: 1178, 2019



Impact of Consuming
the Recommended Bean 

Intake (1½ cups, 3 
servings per week) on 
the US Animal to Plant 

Protein Ratio



Impact of Adhering to the 
Recommended Bean Intake
on the US Animal to Plant 

Protein Ratio

1.84          1.43

NHANES 2015-16. 23.2 g (1.5 C)/7 = 3.3 
g/d; 51.1 g animal protein;  30.2 g plant 
protein. Assuming bean protein replaces 
animal protein. JAMA 2019;322:1178

1½  cups/week

3.3 g/day protein



Impact of Consuming One 
Serving (½ C) Daily on the US 

Animal to Plant Protein Ratio if 
Replacing Animal Protein 

1 serving/day

7.8 g/day protein
1.84          1.14

NHANES 2015-16. 23.2 g (1.5 C)/7 = 3.3 
g/d; 51.1 g animal protein;  30.2 g plant 
protein. Assuming bean protein replaces 
animal protein. JAMA 2019;322:1178



How likely is 
it that we will 
consume 1 
serving of 
beans daily?



Vegan legume 
intake: 64 g/day*

*~¾ USDA serving. N= 2306 

men, excludes soy products

Am J Clin Nutr 2022



If not beans, 
then what?



Traditional meat 
substitutes such as 
black bean burgers 
have not led to the 
desired shift in the 
animal to plant 
protein ratio



Traditional soyfoods 
may continue to gain 
in popularity but may 
never achieve mass 
appeal to the point 
where they substantially 
contribute to US and 
global protein intake



New 
generation

Plant-based meat 
alternatives made from 
concentrated sources of 
bean protein, such as 
soy and pea, that are 
designed to emulate 
the orosensory 
properties of meat.

May have mass appeal



“Meat substitutes 
could replace 

meat successfully
only if they 

resemble highly 
processed meat 

products  in taste 
and texture ...”

Szenderák et al. Consumer 
Acceptance of Plant-Based Meat 
Substitutes: A Narrative Review. 
Foods 2022, 11,1274.



Category N Percent

PBMA buyers 7,761 100

PBMA and ground 
beef buyers

6,672 86

PBMA buyers only 1,089 14

Results of US Household Scanner Data 
(November 2018 – November 2020)

PBMA, plant-based meat alternatives. Of 38,966 
HHs, 7,761 (19.9%) purchased PBMA at least once

Scientific Reports 2022 12:13062



Plant-based meat 
alternatives make the 
transition to a plant-
based diet easier and 
make it easier to 
maintain one.

Transition and Maintenance Foods



“ … processed meat 
alternatives could be 
seen as a strategy for 
making transitioning to 
healthier eating patterns 
a more reachable goal.”

Trends Food Sci Technol 2022



Beef Bean

Beef

Easier

Harder

Plant-based



“The preparation and consumption 
of meat dishes is linked to cultural 
traditions and norms, collective 
and individual identities, as well 
as to gender relations and 
conceptions of health, purity, or 
naturalness.”

Österreich Z Soziol 46:109, 2021

Transition will not be easy

Meat plays a central role in society



Plant-based meat 
alternatives make the 
transition to a plant-
based diet easier and 
make it easier to 
maintain one.

Transition and Maintenance Foods



Plant-based diet recidivism
(lots of former vegetarians)

Plant-based Alternatives 
as Maintenance Foods





“There is a current trend towards 
eating more highly processed 
plant-based convenience foods, 
which is a concern with regard
to both public health and 
achieving the targets of reducing 
GHG emissions.”

Proc Nutrition Society 2021



Classified by NOVA as ultra-processed foods 

Made using concentrated sources of plant protein (soy, pea, etc.)



• Cardiometabolic 
diseases

• Frailty

• IBS

• Dyspepsia 

• Cancer (overall)

• Breast cancer

Obes Rev 22 (3) e13146, 2021

• Overweight

• Obesity

• All-cause mortality

• Metabolic syndrome

• Depression

• Wheezing

UPF intake associated with risk of:

Meta-analysis Results
•43 observational studies •N = 891,723



Adv Nutr 13: 726, 2022

None of the criticisms of ultra-
processed foods apply to soy-
based meat and dairy alternatives 
more than they do to their 
animal-based counterparts

•  palatability

•  energy density

•  eating rate

•  energy intake rate

•  satiety

•  cost

•  snackability, 
convenience

•  glycemic index 
(milk only)

Criticisms addressed



Plant burger (N=50): 3.9 

Meat burger: 2.9

Nutrients 2019, 11, 2603
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nutritionally to legumes?
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Less about protein, 
and more about the 
micronutrients 
provided by animal 
products



Contribution of Beef 
to the Energy and Nutrient 

Intake of Adults Age 19+

Nutrient Percent

Energy 5.4

Zinc 21

Vitamin B12 20

Protein 14

Choline 11

Niacin 9.4

Vitamin B6 8.3

Iron 7.6

Phosphorus 6.8

Potassium 5.6

Magnesium 3.0

Agarwal & Fulgoni III; 
Nutr Res 2022

2011-18



“ … if beef is eliminated from 
dietary recommendations 
efforts need to be made to 
replace nutrients provided 
by beef …”

Agarwal & Fulgoni III; Nutr Res 2022

2011-18



Notable Nutrients provided 
by Beef and/or Dairy

• Protein

• Calcium

• Iron

• Zinc

• Phosphorus

• Magnesium

• Vitamin B12

• Vitamin A1

• Vitamin D1

• Choline

• Niacin

• Vitamin B6

• Zinc

• Vitamin B12

• Calcium

Shortfall Nutrients 
in Vegan Diets

• Protein2

• Vitamin B62

• Choline2

• Iron2

• Vitamin A2

1Due to fortification 2Conditional

Shift toward a plant-based diet, not a vegan diet



Relevant 
Questions

How do plant-based 
alternatives compare 
nutritionally to meat?

How do plant-based 
alternatives compare 
nutritionally to legumes?



“This study found several 
beneficial effects and no 
adverse effects from the 
consumption of plant-
based meats.”

Am J Clin Nutr 112: 1188, 2020

Study with Appetizing Plantfood-
Meat Eating Alternative Trial 

(SWAP-MEAT)



Plant products Animal products

Burger1 Burger

Beef crumbles1 Ground beef

Breakfast sausage1 Good morning pork 
breakfast sausage

Hot Italian sausage1 Hot Italian sausage

Brat sausage1 Pork bratwurst

Grilled chicken strips2 Chicken breast

Lightly seasoned 
chicken strips2 Chicken breast

1Pea protein based 2Soy protein-pea protein based.
AJCN 112: 1188, 2020. Cross-over design, 8 wk/phase

Study Products 
Provided 25% 
of Total Calories 

and 50% of 
Total Protein 

(SWAP-MEAT)



Outcome Animal Plant

TMAO (uM)2 4.7  0.9 2.7  0.3

LDL-C (mg/dL) 120.7  4.5 109.9  4.5

Weight (kg) 79.6  3.0 78.7  3.0

1Final values, mean  SEM 2Trimethylamine oxide

All values statistically significant

No effects on IGF-1, insulin, glucose, HDL, TG, BP

Effects of Consuming 2.5 Servings Daily of Plant-based
vs Meat-based Products on Selected Outcomes1

AJCN 112: 1188, 2020

• N = 36  14 

• Age: 50  14 

• Cross-over

• 8 weeks per phase



“ … the occasional*
replacement of animal meat 
with PBMA [plant-based meat 
alternative] products seen in 
flexitarian dietary patterns 
can promote positive changes 
in the gut microbiome …”

*Approximately 5x/wk, mostly
made using pea protein

Foods 2021, 10, 2040



Relevant 
Questions
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alternatives compare 
nutritionally to meat?
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Beans provide:

• Protein

• Fiber

• B vitamins

• Iron

• Potassium



Bean phenolics

• Chlorogenic acid

• Gallic acid

• p-hydroxy benzoic
acid

• Caffeic acid

• Protocatechuic
acid

• p-coumaric acid

• Rosmarinic acid

• Ferulic acid,

• Sinapic acid

• Ellagic acid

• Ellagic acid

• Epicatechin

• Catechin

• Gallocatechin gallate

• Epigallocatechin

• Gallate

• Quercetin

• Hesperidin

• Rutin





Plant-based meat 
alternatives have 
the potential to be 
fortified with shortfall 
nutrients in plant-
based diets and can
be tailored to specific 
populations



Fortificants added to one 
popular soy-based meat 
alternative

• Zinc

• Iron

• Thiamin

• Niacin

• Vitamin B2

• Vitamin B6

• Vitamin B12



Potential to eliminate some compounds in legumes 
that may be objectionable to some consumers – such 

as oligosaccharides which may cause flatulence.

Source (% En protein) Percent

Soybeans (42) 78

Soy protein concentrate (65) 86

Soy protein isolate (90) 95

True Fecal Digestibility in 
Humans of Soy Protein

Gilani et al. JAOAC Int 2005; 88:967-87



Research 
Opportunities



Need data on the bioavailability of nutrients 
in plant-based meat and dairy alternatives



Calcium Bioavailability from Soy



Modified SWAP-MEAT 
(Study With Appetizing Plantfood-Meat Eating 

Alternative Trial)

Plant-based meat alternatives 
vs legumes



Plant-Based Alternatives as Transition 
and Maintenance Foods

• Global protein needs will increase substantially by 2050

• Necessary shift in the direction of a plant-based diet

• Legumes are good sources of protein but are likely to 
play only a minor role in this shift

• Plant-based meat alternatives that emulate the 
orosensory properties of meat may gain mass appeal

• Through fortification alternatives can compare 
nutritionally with animal products

Summary



Thank You

Mark.Messina@SNIGlobal.org

www.SNIGlobal.org

mailto:Mark.Messina@SNIGlobal.org

