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Introduction & Global Context
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Feeding a Growing World: The Protein Challenge

Human Health
Unequal access to quality

protein
Malnutrition risk A
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Why Pulses?

Health Benefits Functional & Versatile
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Sustainable Accessible &
Affordable



Pulses and the Sustainable Development Goals (SDGs)

W %‘Eﬁﬁﬁ ﬂ SDG 2 - Zero Hunger: Provides affordable, nutrient-rich protein
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@ ,ﬁﬁ and micronutrients.
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SDG 3 - Good Health & Well-being: Supports heart health,
glycemic control, and overall nutrition.

SDG 8 — Decent Work & Economic Growth: Creates income
and livelihood opportunities for farmers.

SDG 12 — Responsible Consumption & Production: Low
resource footprint; promotes sustainable food production.

SDG 13 — Climate Action: Fixes nitrogen naturally, reducing
fertilizer use and emissions.

SDG 15 - Life on Land: Enhances soil fertility, biodiversity, and
sustainable land use.




Pulse Protein
Characteristics &
Functional Properties
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Pulses as Protein-Rich Seeds
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Lupin: Faba bean: Lentil: Cowpea: Pea:
35-40% ZAsaSU 24-26% 99_25% 21-25%

Common bean: Chickpea: 20- Mung bean: Pigeon pea:
21-23% 22% 23-25% 20-22%



Protein Structure

Protein
composition

Albumins
(10-20%)

Globulins (70—
80%)

Prolamins

7S Globulin

7S Vicilin

trimeric, lacks
cysteine — low
disulfide bonding

Convicilin,
storage protein

supporting seed
development

11S Globulin

11S Legumin

hexameric,

disulfide-linked —
contributes to gel
formation




Protein Structure

Molecular Hierarchy

Secondary Structure Tertiary Structure Quaternary Structure
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flllefetel sheets >Creates e.g., 11S hexamer
sequence - Affects hydrophilic/hydr  vs 7S trimer — key

solubility ophobic zones for texture



Functional Properties

Solubility: Emulsification: Foaming: Gelation: ter
Varies with pH, Surface-active Air entrapment via Heat-induced Binding:
ionic strength, and proteins stabilize flexible protein films network formation Improves texture

processing oil-water interfaces (texture & structure) and mouthfeel



Structure—Function Relationship

; Structural
Protein Aspect == Feature 3 Functional Outcome

Albumins g Water-soluble, compact > High solubility, foaming
Salt-soluble, 7S & Gelation, emulsification, water/oill
Globulins (Vicilin, Legumin) g g
11S oligomers holding
Secondary & tertiary structure —— a-helices, B-sheets, folding » Heat stability, digestibility, texture
Minor prolamins R Hydrophobic regions X Limited functional contribution, seed

storage



ionality

Processing and Funct

Enhancement




Pulse Seed to Functional Protein Ingredients

Pulses seeds Pre-processing Protein extraction Post processing Protein-rich
ingredients
3 Dﬂo ""u <
B = A o = @
D
Protein-rich Cleaning, dehulling, * Wet Extraction « Enzymatic hydrolysis « Concentrates
(20—-40%) milling, optional * Dry Fractionation * Physical treatments * Isolates

thermal treatment  Emerging method  Fermentation » Texturized proteins



Key Preprocessing Steps

@ Preprocessing of pulses is critical to optimize protein yield, functionality, and digestibility.
u 0 It reduces anti-nutritional factors, improves extractability, and modulates protein fractionation.

Cleaning & : - Thermal
Sorting Dehulling Milling Conditioning
« Removes foreign » Reduces fiber * Particle size controls » Causes partial
materials, dirt, and content and protein solubilization protein denaturation,
damaged seeds. antinutritional Kinetics. improving solubility
« Enhances extraction factors. « Smaller particles — and extractability.
efficiency and * Increases protein higher protein yield, * Inactivates trypsin
downstream accessibility for but may affect inhibitors and lectins

processing quality. extraction. functional properties.



Wet Process for Pulse Protein Extraction
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Solubilization Cen-  Isoelectric Drying

trifugation precipitation

Protein isolate: 8%
80-90% purity ~ ®



Dry Fractionation

Mechanism: Physical separation using air classification or electrostatic forces.

Protein-Rich
S i / . Fraction
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A. Air Classfication

) Electrostatic
Separation

1. Cleaning & 2. Milling /
Conditioning Grinding [ A ) 4, Collection:
Protein-Rich Fraction
(~50-60% purity)

Parameters: Particle size, airflow velocity, humidity, charge density.

Protein
concentrates
(~50-60%)



Emerging & Green Extraction Technologies

Optimization requires balancing purity, yield, structure retention, and energy use.

: Technical

Technology Mechanism Advantages Considerations
Enzymt_a-Asmsted Hydrolyze.s cell w_aIIs and + Yield, mild, selective Enzyme gost, process
Extraction matrix proteins time
Ultrasound-Assisted Cavitation — disrupts cells T Extraction efficiency, May induce partial
Extraction P reduced pH/heat denaturation
Membrane Filtration : : :

: i Selective separation Concentrates protein, : e
(Ultrafiltration / . . Fouling, flux limitation

. . based on size preserves native structure

Diafiltration)

High-Pressure or

Supercritical Fluids Solvent-free cell disruption Eco-friendly, selective High capital investment




Protein Functionalization

Goal: Tailor protein ingredients for specific food application (texture, stability, nutrition)

Enzymatic Hydrolysis Physical Treatments

Produces peptides — Ultrasound, extrusion, high-pressure
1 solubility, bioactivity (antioxidant, processing — unfold proteins, expose
antinypertensive). hydrophobic/hydrophilic regions
Fermentation Chemical Modifications

Degrades antinutritional factors — Glycation / acetylation — enhances
improves digestibility and amino acid thermal stability, modifies

availability. emulsifying/gelling properties.







Amino Acid Profile

Essential Amino Acid Composition of Pulses (g/100 g protein)

Amino Acid Pea Chickpea Lentil Mung Bean Lupin Cowpea Faba Bean | Pigeon Pea
Isoleucine 0.4-4.9 0.4-4.1 0.5-5.0 1.0-4.7 1.2-3.2 4.3-4.4 1.1-4.3 4.8
Leucine 1.3-8.4 0.5-7.0 0.8-7.9 1.8-8.4 2.0-7.4 7.1-7.5 2.0-8.2 7.5
Lysine 1.4-7.7 0.9-7.7 0.5-7.2 1.7-4.2 1.2-7.6 3.9-6.6 1.9 4.4
Methionine 0.2-3.3 0.1-1.9 0.1-2.9 0.3-1.9 0.2-0.3 1.2-1.3 0.2-0.8 1.2
Phenylalanine 0.2-8.1 0.4-5.9 0.6-7.8 1.1-5.7 1.0-3.3 4.0-5.6 1.2 3.9
Threonine 0.94.5 0.1-3.6 0.6-3.8 0.8-3.2 1.0-4.3 2.5-3.7 1.0-13.0 2.8
Tryptophan 0.2-1.0 0.2-1.1 0.7-0.8 0.3-1.0 0.2-0.3 0.3-1.1 0.2-1.1 NR
Valine 0.4-5.2 0.4-3.8 0.7-5.3 1.2-5.2 1.1-3.5 4.6-4.9 1.2 4.7
Arginine 1.2-8.7 0.5-10.3 0.9-7.8 1.7-6.3 2.8-10.9 7.3 2.6-10.3 NR
Histidine 0.5-2.8 0.2-3.4 0.4-34 0.7-3.6 0.7-3.1 2.8-3.5 0.9-2.7 4.0




Amino Acid Profile

Non-Essential Amino Acid Composition of Pulses (g/100 g protein)

Amino : i Mung i Faba Pigeon
Acid Pea Chickpea Lentil Bean Lupin Cowpea Bean Pea
Alanine 0.8-4.8 0.3-4.8 2.0-4.2 3.5-4.4 0.9-2.8 3.7-4.3 1.0-4.2 45
Asa"’cai':'c 2.1-11.9 0.6—11.4 1.1-11.3 8.4-13.5 2.8-8.4 7.8-11.9 3.1 8.2
Cystine 0.4-1.6 1.3-2.3 0.0-1.0 0.8-1.8 0.3-0.6 1.0-1.8 0.4-1.9 2.2
G'gg:"c 2.9-18.5 1.7-17.3 2.4-15.1 6.1-21.7 6.2—26.1 6.0-18.5 4.6-13.0 6.2
Glycine 0.8-4.8 0.3-4.1 1.0-4.8 4.1-4.3 1.0-3.7 4.1-4.2 1.2-4.2 4.6
Proline 0.8-4.6 0.2-4.6 0.9-3.8 2.8-4.2 1.1-4.3 2.8-3.6 1.2-3.9 3.0
Serine 0.8-5.7 0.1-4.9 1.1-4.9 2.5-5.0 1.3-6.0 2.6-5.6 1.3 2.7
Tyrosine 0.6-3.8 0.2-3.7 0.5-3.2 3.3-3.4 1.0-4.3 3.2-5.0 0.9 3.2




Key Takeaways: Amino Acid Balance in Pulses

Strengths

High Lysine,
Arginine, Aspartic
& Glutamic acids.

Limitations

Methionine &
Cystine

Combining legumes with grains enhances essential amino acid balance,
improving the nutritional adequacy and sustainability of plant-based diets.



Protein digestibility

How efficiently the body breaks down and absorbs amino acids from
pulse proteins?

Digestibility is affected by:

« Antinutritional factors (e.g., tannins, trypsin inhibitors, phytic acid, lectins)
* Protein structure and degree of denaturation

* Processing methods (e.g., soaking, cooking, extrusion, fermentation)
 Interactions with other food components (fiber, starch, polyphenols)



Digestibility and Quality Metrics

Isolate

Pea

Chickpea

Lentil

Mung bean

Lupin

Cowpea

Faba bean

Pigeon pea

Digestibility (%)

90-95

88-92

90-93

90-95

92-96

88-92

89-93

88-91

PDCAAS

0.82-0.89

0.80-0.87

0.81-0.88

0.83-0.88

0.88-0.93

0.78-0.85

0.80-0.86

0.78-0.84

DIAAS

0.78-0.85

0.75-0.82

0.77-0.84

0.79-0.85

0.84-0.90

0.73-0.80

0.76-0.82

0.73-0.80

Digestibility: ~88—96%
PDCAAS: 0.78-0.93
DIAAS: 0.73-0.90




Challenges in Determining Protein Digestibility of Pulses

——  Model limitations

 In vivo: Accurate but costly and variable
* In vitro: Faster but depends on enzyme system, pH, digestion time
* Ex vivo: Intermediate realism

—— Method dependency

 Different labs use different protocols — inconsistent results




Anti-Nutrients and Their Effect on Digestibility

Antinutrients

!

Phytic acid
o

0 HO-P-0
-P-0 o

Reduces metals
reduces
availability,
causes iron and
zinc deficiency

!

Gallic acid
O._OH

HO z OH

OH

l

Decreases the
bio-availability
of amino acids

—

Bowman Birk inhibitor of Soybean

Reduces protein
absorption of

vitamin A, E and

Reduction Strategies

» Processing: Soaking, blanching, fermentation,

enzymatic hydrolysis, heat treatment (roasting,
extrusion)

» Modern breeding (low-phytate, low-tannin

varieties)



Allergenicity & Pulse Proteins

« Some pulse storage proteins (vicilins, legumins) can trigger allergic

Oriai < reactions.
rgin » Cross-reactivity reported with soy and peanut allergens.

 True pulse allergies remain relatively uncommon.

A

* Breeding: Selection of low-allergen genotypes and protein profile
modification.

* Processing: Heat, fermentation, enzymatic hydrolysis reduce
allergenic potential, though not fully eliminate it.

Mitigation <

N

« Complete allergen declaration

Labelling <  Transparency in multi-protein blends and novel isolates.




Fiber amount varies by

product

Isolates: Minimal fiber
(<2%)

~

Concentrates:
Moderate fiber (~5—
10%)

Less refined
powders: Higher fiber
(10-15%)

Fiber Content and Effects in Pulse Proteins

Nutritional effects

Promotes gut health
and beneficial
microbiota

Functional effects in foods

Can increase
viscosity in liquids

/

Enhances satiety and

may improve glycemic
response

May affect texture and
mouthfeel in
formulations

Contributes to dietary

fiber intake in plant-
based diets

Insoluble fiber may
reduce clarity in
beverages




Heavy Metals in Pulse Proteins

0 Sources: Absorbed from soil (cadmium, lead,
mercury); may concentrate during processing.

O Health relevance: Commercial pulse protein
powders are generally safe; risks occur only with

high-dose consumption or contaminated sources.

Mitigation:
» Source ingredients from tested, low-metal soils

» Monitor and optimize processing

Online discussions often amplify concerns, creating
disproportionate fear despite low measured levels.

FORTUNE

Home News Fortune 500 Tech Finance Leadership Lifestyle Rankings Multimedia

i
£

HEALTH- PERSONAL HEALTH, FITNESS, AND WELLNESS

The protein craze is heavy
metal, literally: bombshell
investigation finds unsafe
lead amounts in two-thirds
of top powders for sale

=<

Your Daily Protein Shake Might Be Exposing You . .
to Lead, Consumer Reports Finds Protein Powders and Shakes Contain
D T —— High Levels of Lead

Protein supplements are wildly popular, but CR's tests of 23 products found
that more than two-thirds of them contain more lead in a single serving than
our experts say is safe to have in a day




Health Benefits

Muscle
Maintenance &
Growth

Rich in
BCAAs
(leucine,

isoleucine,
valine) —
supports
muscle

synthesis

Cardiometabolic

Health

Lowers
cholesterol

High arginine
— improves
vascular
function

Modulates
glycemic
response

Weight & Satiety

( )

High protein—
enhances
satiety
hormones
(GLP-1, PYY)

Supports
reduced
energy intake

\_ J

Digestibility &

Hypoallergenicity

( )

Naturally free
from dairy,
soy, gluten,

nuts

Isolates
reduce anti-
nutrients —

better
digestibility

Additional
Functional
Benefits

\_ /

Bioactive
peptides —
antioxidant,

antihypertensi
ve, immune
support




Pulse Proteins in Balanced Diets

g o 2
B b
G’)\'EG[;‘:‘ =
0 VEG

Vegan/ Sport Athletes Allergy / Gluten-Free/low
Vegetarian Intolerance Carb Diet

Infant / Early Senior Nutrition
Nutrition



Market Insights into Pulse
Proteins in Food Systems

3

A

s @
> o ‘ ,’;" «
v by Y ”y . ),
o & .;j\“,"
= ‘88 %
(“6 ;.‘:9‘ p

_ LoE

'|= . : Vs
O
ULG 2, &0

¥ “g N0

L A
: \ 3 3
R ’
S 3 !
: v’w": AR
d
#

e DT D
Z? o\ B PR ?" .
) v h g ‘ 7 o
\. & ol 2 /
b

/7 X ¥
Y S - P v & )
(! \ £ L S s 5
(1 SR i g e \
QY g oW« P QAL A 2
o 3 - (g7 V| 22 ‘i_’.’ %
P k) st “. 4 ’1 \
N B ! 77 -
3.
-



Evolution of Pulse Ingredients Use in Food Lunches

> From 2000 to 2024: 291,644 food products made with pulses

30000

26,743

25000

20000

15000

# of product launches

10000

5000

2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
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Region

256%

3.30%

5.16 %

6.52 %

18.07 %

2.13%

25.10 %

37.17 %

B west Europe
- Asia
I North America
East Europe
B Latin America
I Australasia
B viddle East
I Africa
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Country

United States
United Kingdom
China

India

Germany
France

Japan
Netherlands
Italy

Spain

. FEE

N 05,829
e 18,516
N 18,222
N 15,646
N 14,933

N 10,401

I o 565

I 5,490

N 5,378

0 5000 10000 15000 20000 25000 30000

# of product launches

35000

40000

45000 50000
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Pulse sources

Last 5 years: 122,408 Products

3.17 % \
3.25% ’_\

3.43%
471% —
553%
7.44 % """"

11.32 %

17.86 %

\

12.18 %

- Pea

- Pea Protein

- Bean
Chickpea

| Chickpea Flour

- Green Bean

B Lentil

- Green Pea

B Black Bean

" Red Bean

%% INNOVA
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Pulse ingredients

8.36 % \

14.16 % ‘

19.88 % ’f'

36.54 %

37.03 %

Beans

Peas

Pulses Proteins

Pulses Flours

Lentils

%% INNOVA
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Key Food Applications: Focus on last 5 years

Last 5 years: 122,408 Products

1.65% \
1.66 %

2.35%

:

/ 18.01 %

2.80%

2.92%
3.11% /

3.18%

334% f[

13.38 %

3.49%

3.66 %
9.85 %

4.28 %

4.79 %

[

8.18 % 8.66%

| Ready Meals & Side Dishes
I Pet Food
I snacks
Fruit & Vegetables
| Bakery
I Meat Substitutes
| Baby & Toddlers
| Sports Nutrition
B Hot Drinks
Meat, Fish & Eggs
| Spreads
Cooking Sauces & Seasonings
- Dairy
- Soup
M cereals
Il Desserts & Ice Cream
| Confectionery
I Soft Drinks
Supplements
I Table Sauces & Dressings
I Alcoholic Beverages
| Sugar & Sweeteners

ue® INSIGHTS




Sensory & Formulation Challenges

Color & Solubility &
Flavor Dispersibility

Functional
Variability




Color & Flavor

Color: Natural pigments (carotenoids, flavonoids)
influence visual appeal in neutral matrices

Off-Flavor:
« Naturally present: Beany, earthy notes
inherent to some pulses.
* Process-induced: Lipid oxidation, Maillard
reactions, or enzymatic activity can create off-
flavors.

Mitigation strategies:
« Bleaching
* Enzymatic treatment
« Fermentation
« Masking agents or flavoring




Solubility & Dispersibility

Challenge: Pulse proteins are globular; aggregation can
occur during extraction or thermal processing.

\ 4

Impact: Limits solubility in agueous systems, affecting
clarity, viscosity, and protein delivery.

¥

Current solutions:

« Enzymatic hydrolysis (partial, controlled)

*  Optimized pH, temperature, and shear during
processing




Texture & Processing Sensitivity

Denaturation: Enhances binding in meat analogues but
may reduce solubility in beverages.

Matrix interactions: Protein interacts with starch, fibers,
lipids; affects gelation, emulsification, and mouthfeel.

\/
Current strategies: Controlled thermal treatment, co-

formulation with hydrocolloids or fibers, tailored
extrusion/gelation protocols.

IN BEVERAGE

PROTEI
PROTOCOL

DENUURATION: OPTIMIZAON  DENURATION: ENEMY OR ALLY?




Functional Variability

Composition variability: Commercial pulse proteins
have variable protein content, amino acid profile, and

functional properties.

v

Implication: Functional performance differs in
emulsions, gels, beverages, and meat analogues.

v

Solution:
» Ingredient standardization
» Blending different pulse proteins for target
functionality
» Formulation-specific optimization for solubility,
gelation, or emulsification




Environmental Aspects
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Low Greenhouse Gas Emissions

Greenhouse gas emissions per 100 grams of protein Our World

Emissions are measured in carbon dioxide-equivalents’ .

Beef (beef herd) 49.89 kg
Lamb & Mutton 19.85 kg

Prawns (farmed) 18.19 kg

Beef (dairy herd) 16.87 kg

Cheese

Milk

Pig Meat
Fish (farmed)
Poultry Meat
Eggs

Grains

Pulses emit <1 kg CO,-eq/kg protein,
compared with >25 kg CO,-eq for beef

Tofu

Groundnuts

Other Pulses

Peas | 0.44 kg

Nuts I 0.26 kg

Source: Joseph Poore and Thomas Nemecek (2018). Additional calculations by Our World in Data.
OurWarldinData.org/environmental-impacts-of-food « CC BY



Water Use

Freshwater withdrawals per 100 grams of protein Our World

Freshwater withdrawals are measured in liters per 100 grams of protein.

Cheese 25391

Nuts 2,531L
Prawns (farmed) 2,380 L

Milk

Fish (farmed)

Beef (dairy herd)

Pig Meat

Lamb & Mutton

Beef (beef herd)

Groundnuts

Wheat & Rye 531 L

Water footprint often 5-10 times lower
Eggs 521L

Poultry Meat than that of animal-derived proteins.

Other Pulses 204 L

Peas 178 L

Tofu 93L

Source: Joseph Poore and Thomas Nemecek (2018). Additional calculations by Our World in Data.
OurWorldIinData.org/environmental-impacts-of-food « CC BY




Land use
Global agricultural land use by major crop type

Global land area used for agricultural production, by major crop category, measured in hectares.

BB Table l~ Line ! Bar

800 million ha
—— Cereals
700 million ha W
600 million ha
500 million ha

400 million ha
Oilcrops, Qil Equivalent

W ~| Coarse Grain
300 million ha

200 million ha
Pulses

100 million ha ] ‘ Roots and tubers

— _—\f_’__/_\i I+ Fruit

- Vegetables
Ohas : : | : ‘ T Treenuts
1961 1970 1980 1990 2000 2010 2023 Citrus Fruit
p Play time-lapse 1961 @ ® 2023

Data source: Food and Agriculture Organization of the United Nations (2025) - Learn more about this data
OurWorldinData.org/land-use | CC BY

Pulses occupy ~10

times less land than

cereals



Nitrogen Fixation & Soil Health

Host Rhizobium bacteria in root

nodules — convert atmospheric N,
into bioavailable forms.

Reduce synthetic fertilizer use,
lowering nitrous oxide (N,O)
emissions.

Enhance soil organic matter and
microbial biodiversity.

Improve soil structure and
fertility.

CARBOHYDRATES

N : N
NITROGEN IN THE AIR

Microbes “fix”
nitrogen in nodules
on the roots of the
pulse crop.




Pulses in Crop Rotation Systems
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» Break pest and disease cycles.
» Enhance nutrient cycling and yield stability of following crops.
» Diversify farmer income streams and reduce production risks.

» Support agroecosystem resilience under climate stress.



Conclusion




Pulses: Simple seeds with big impacts

» High-quality plant protein, essential amino acids, supports muscle,

Nutrition cardiometabolic health, and weight management

 Solubility, gelation, emulsification, foaming; can be tailored via

Functionality enzymatic, physical, fermentation, or chemical methods

* Low environmental footprint, nitrogen fixation, reduced land & water

Sustainability use, supports climate-friendly diets

« Emerging extraction technologies, protein fractionation,

Innovation functionalization, plant-based food applications

P A P



Pulse Protein Outlook: Intelligence Meets Innovation

Al & Scientific Breakthroughs

* Al-driven extraction & formulation
* ML predicts functionality & consumer acceptance
« Smart bioprocessing boosts yield & digestibility

Agricultural Innovations

* Precision farming & Al analytics
* Resilient cultivars for drought & pests
* Blockchain traceability from seed to shelf

Food Applications

* Next-gen meat & dairy alternatives
» Hybrid protein systems for better nutrition
* Functional & clean-label foods




Thank you for your attention!

Fatma Boukid
Email: fooukid@clonbioeng.com
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