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Legumes in all sizes and shapes



Nutritional composition

▪ Legumes are a good source of amino acids, fiber, folate, iron, magnesium and potassium

▪ Legumes contain antinutrients such as phytates, alkaloids, saponins, tannins, and short chain 

oligosaccharides, which may decrease the bioavailability and absorption of micronutrients, lower 

protein digestibility and cause intestinal discomfort in humans 

▪ Processing legumes alters their nutritional composition



Processing alters nutritional composition
Pulses Kidney beans1 Chickpeas1 Green lentils1 Soybeans2 Peas3

Processing Household 
cooking

Canning Household 
cooking

Canning Household cooking Boiled Raw

Proteins (g/100g) 9.7 6.7 7.8 6.5 8.3 17.6 4.9

Essential AA 4.5 3.2 3.5 2.9 3.4 6.6 1.9

Non-essential AA 5.2 3.6 4.4 3.6 4.9 11.0 3.0

Dietary fibre (g/100g) 11.6 6.5 8.2 6.4 8.5 6.0 5.9

Water-soluble vitamins (µg/100g)

Folate 19.5 21.2 67.6 34.3 26.0 25.0 54.0

Minerals (mg/100g)

Iron 2.3 1.8 1.3 1.3 2.0 5.1 1.8

Magnesium 39.0 26.0 44.0 28.0 32.0 86.0 28.0

Potassium 300.0 250.0 190.0 140.0 230.0 515.0 300.0

Antinutrients(mg/100g)

Phytic acids 627.0 386.0 694.0 526.0 714.0 - -
Saponnins 106.0 119.0 122.0 117.0 174.0 - -
Tannins 6.8 5.4 16.6 16.7 12.5 - -

Environmental impact per kg dry food in 
supermarket4)

Climate impact (kg CO2/kg) 0.6 0.6 0.6 0.6 0.7

Ibsen et al. 2022. Int J Food Design (In press)



Plant-based meat alternatives

▪ Legume flour has been processed into new texturized products to mimic traditional meat-based products 

such as burgers, sausages and nuggets

▪ In these foods, legumes are processed to change the properties of the proteins, creating structures more 

familiar to our current diets, such as fibrous chicken, minced meat or sausages

▪ These formulations often include added sodium, saturated fat, or carbohydrates, while simultaneously 

having a lower content of dietary fiber, vitamins and minerals than home cooked legumes

▪ These products would be defined as ultra-processed foods according to the NOVA classification 



NOVA classification

Food group Extent and purpose of processing Examples

Group 1: Unprocessed or minimally 
processed foods

No processing, or mostly physical processes used to 

make single whole foods more durable, accessible, 
convenient, palatable, or safe

Frozen and dried beans 
and other pulses

Group 2: Processed culinary or food 
industry ingredients

Extraction and purification of components of single 

whole foods, resulting in producing ingredients used 

in the preparation and cooking of dishes and meals 

made 

from Group 1 foods in homes or traditional 

restaurants, or else in the formulation by 
manufacturers of Group 3 foods

Bean flours, and “raw” bean 

pastas and noodles (made 

from flour with the addition 
only of water) 

Group 3: ultra-processed food 
products

Processing of a mix of Group 2 ingredients and 

Group 1 foodstuffs in order to create durable, 

accessible, convenient, and palatable ready-to-eat 

or to-heat food products liable to be consumed as 

snacks or desserts or to replace home-prepared 
dishes

Plant-based meat 

alternatives like plant-
based burgers

Monteiro et al. 2010. Cadernos de Saude Publica



Plant-based vs meat-based products

▪ Meat-based products higher in energy, protein and sodium compared with vegetarian and vegan products

▪ Meat-based products higher in saturated fat and lower in fibre than vegan but not vegetarian options



Plant-based meat 
alternatives
▪ The Danish dietary guidelines note that plant-based meat 

alternatives are less nutrient dense than other forms of 

legumes, and thus these products cannot be the only type of 

legume consumed

▪ Given the time it takes to prepare legumes from their dried 

form, it seems evident that new product development and 

processing will be necessary to improve convenience and 

increase consumption of legumes. 
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Protein myths



For most, getting the “right” protein: not be a concern 

Gardner et al. 2019. Nutr Rev

• All plant foods have all 20 
amino acids

• Should only be concerned 
about complementary 
protein sources when:

• Eat little total protein

• Little dietary variety

• No milk or meat intake

• Average intake of protein in 
the UK: 72 g/day, 16.1% of 
total energy intake in adults 
(per NDNS 2020) 



Likely dietary shifts: not a concern for protein intake

Gardner et al. 2019. Nutr Rev
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Legumes and health



Reference Outcome Legume Dose Comparison n studies Measure of association

Cohort studies

Marventano 

et al. 20171

Cardiovascular disease All types <1 s/d to 3-4 s/d Lowest category of exposure 18 HR 0.94 (0.89, 1.00)

Marventano 

et al. 20171

Coronary heart disease 12 0.90 (0.84, 0.97)

Marventano 

et al. 20171

Stroke 8 1.01 (0.89, 1.14)

Zhu et al 

20151

Colorectal cancer All types Highest category 

of intake

Lowest category of exposure 14 HR 0.91 (0.84, 0.98)

Colorectal cancer Beans 5 1.00 (0.89, 1.13)

Colorectal cancer Soybeans 3 0.85 (0.73, 0.99)

Tang et al. 

2020

Type 2 diabetes All types Highest category 

of intake

Lowest category of exposure 7 HR 0.95 (0.79, 1.14)

Total soy 9 0.83 (0.68, 1.01)

Soymilk 5 0.89 (0.71, 1.11)

Tofu 4 0.92 (0.84, 0.99)

Pearce et al. 

2021

Type 2 diabetes All types 20 g/day higher 20 g/day lower and higher of 

other foods

27 IRR 1.02 (1.01, 1.04)

Pulses1 13 1.02 (1.00, 1.03)

Total soy 10 1.02 (0.99, 1.04)

Randomized controlled trials

Bazzano et 

al. 2011

Total cholesterol2 Pulses3 80-440 g/day Spaghetti, wheat, carrots or 

matched

10 MD -11.8 (-16.1, -7.5)

LDL cholesterol2 -8.0 (-11.4, -4.5)

HDL cholesterol2 0.9 (1.6, 3.3)

Triglycerides2 -18.9 (-38.9, 0.1)

Jayalath et al. 

2014

Systolic blood pressure4 Pulses3 81-275 g/day Fatty fish, wheat, potato 

flakes or matched

8 MD -2.3 (-4.2, -0.3)

Diastolic blood pressure4 -0.7 (-1.7, 0.3)

Mean arterial pressure4 -0.8 (-1.4, -0.1)

Sievenpiper 

et al. 2009

Fasting blood glucose Non-oil-seed 

pulses5

16-377 g/day Spaghetti, wheat, potato 

flakes, oat bran, rice or 

carrots 

11 SMD -0.8 (-0.9, -0.1)

Fasting blood insulin 9 -0.5 (-0.9, 0.0)

HOMA-IR -0.4 (-1.0, 0.1)

Ibsen et al. 2022. Int J Food Design [in pres]

Overall, legumes seems to be 

related to lower risk of disease
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Ultra-processed foods and plant-based 

meat alternatives



Hall et al. 2019. Cell Metab

n = 20

Food processing can have a big impact 

on health



Juul et al. 2021. JACC

Ultra-processed foods are associated with 

greater risk of disease

Srour et al. 2020. JAMA Int Med



In the short-term, plant-based meat alternatives compared 

with meat products show favorable health benefits

Crimarco et al. 2020. Am J Clin Nutr



In the short-term, plant-based meat alternatives compared 

with meat products show favorable health benefits

Bianchi et al. 2021. Am J Clin Nutr
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Legumes and environmental impact



Major climate gains when replacing 
meat with legumes
▪ Legumes are generally considered to have low climate impact per kg food, compared to animal-based products, such

as meat, milk and dairy products. However, carbon footprints depend on the type of product and the resources used
during processing and supply chain steps.

▪ Plant-based products, such as tofu, will often be an environmentally good alternative to meat, although replacing
meat with less processed legumes will usually be even better in terms of climate footprint

▪ Plant-based protein sources like green peas, yellow peas, dry bean, broad beans, chickpeas and dry lentils have 
carbon footprint of 0.5-0.8 kg CO2/kg food

▪ In comparison, different types of beef have a carbon footprint between 10-45 kg CO2/kg food 

▪ Plant-based meat alternatives like tofu and tempeh, soy-based, Quorn and pea-protein products lie between these two
extremes, with carbon footprints of 2.2-2.7 kg CO2/kg food, depending on the level of refinement and processing
history

▪ One study estimated that 9 meals based on lentils could be consumed at the same climate impact of 1 meal based 
on beef in a Danish dietary context 

▪ The climate impact of the average Swedish diet would be reduced by 20% and land use by 23% if meat
consumption in Sweden was reduced by 50% and the meat was replaced with regionally grown legumes
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Future foods

How to re-design current dietary 

patterns to include greater 

consumption of legumes



Ibsen et al. 2022. Int J Food Design (In press)



A major challenge will be to change 
our food culture

Lourenco et al. 2019. Cereal Foods World



A major challenge will be to change 
our food culture

Lourenco et al. 2019. Cereal Foods World



But it won’t be that “easy” this time

▪ The increase in whole grain consumption in Denmark was based on the advantage that grain-based 
products already were a significant part of the Danish diet and food culture, and habits including 
replacing refined grain for whole grain products were relatively easy for consumers to adopt 

▪ Legumes do not have this advantage. New food products, such as plant-based meat alternatives, are 
important innovations, however, foods like plant-based burgers still enforce a food context which may 
include highly processed side dishes such as fries and sugar-sweetened drinks

▪ To enable the transition towards healthy and sustainable diets, we not only need to reformulate foods, but 
also entire dietary patterns

▪ Solutions could be to co-create and re-invent popular dishes to contain legume-based ingredients, or to re-
introduce more traditional dishes with legumes; all replacing more unhealthy and unsustainable foods, like red 
meat, with legumes

▪ We will need to design new dishes and products based on convenience and taste preferences

▪ It will be critical to consider the broader consequences of the implementation of these new healthy food 
products in our society, ensuring that they can be affordable and equitable
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To be or not to be?

• To increase the consumption of legumes in our diets, we need to 

design new legume-based product

• There are substantial research gaps at the intersection between 

health, climate and processing technology

• Without the right information on all aspects of the food system it 

will be challenging to design the best food for the future

• Our prediction is that there will be a balance in the use of minimally 

processed – to be – and more processed – not to be – legume 

products in our diets.



▪ Novel foods are those from new 

production technologies or that are 

under novel regulatory frameworks 

such as cell-culturing technologies or 

where production capacity could scale

up like insects and spirulina

▪ Optimized diets

▪ OMN = omnivore

▪ VEG = vegan

▪ NFF = new novel foods


