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Summary

Sharp population growth:  scarcity of water resources and arable land; Climate change; Protein shortage

Importance of finding alternative food sources - microalgae play a decisive role!

Moving from a domestic scale to a large-scale consumption?
3 strategies: low incorporation rates, Chemical and biochemical processes for deodorization and decolorization and 
Gastronomic science/ Disruptive Experiences

Case studies from the 3 different strategies

The impact of adding microalgae on the nutritional profile, texture characteristics, and final appearance of foods.

The importance of food-paring

Chromatographic and empirical approach

Avoid consumers having bad experiences with microalgae-based food
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ALTERNATIVE FOOD SOURCES

Sharp 
population 

growth

Resource scarcity

In the XXI century, food production is scarce and 
food prices assume significant increases

Thomas Malthus (1798) - At that time he 

realized that the supply of food did not keep 

pace with population growth.

FAO estimates the production will have to rise by up to 70%, 

in order to have food available for all…

In 2050 there will be 9 billion people on the planet!

Efficiency of agricultural production systems

Scarcity of water resources and arable land

Climate change

Protein shortage
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96
Sources: Innova Database, Ful, Food Ingredients First

Trend 8. Oceans of Possibilities
The seas are developing into the farms of the future, providing inspiration alongside new, environmentally positive ingredient sources

novel ingredients plant-basedmarine protection

Breathing 

life into our 

planet

Refreshing 

our world

Resource 

Efficient

+42.4%

(Global, CAGR 2020H2-2023H1)

New food and beverage 
launches containing 

microalgae as an 
ingredient

“Diving into untapped 
benefits of microalgae”31 Mar 2023 

Plant-based Natural Sustainable Highly 

nutritious 

It's already possible to find on the market...

It's already possible to find on the market...
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There are some examples of microalgae-containing foods produced at industrial scale, and
even from scientific publications the solution to overcome sensory issues is often the
inclusion of algae at low concentrations.

Moving from a domestic scale to a large-scale consumption?

Take into account food trends
Understand that microalgae have aromas and flavors that are not 
easy to accept

Avoid bad experiences with microalgae

Consumers are not willing to pay for foods that are 
beneficial to health, are nutritionally rich, but are 
sensorial unpleasant!

Sharp increase in microalgae consumption
from domestic scale to industrial food production?...

Are the consumers prepared?

TASTE, FLAVOUR, COLOUR?

Strategies to engage the consumers?

Nutritional 
benefits

Sensorial 
changes

Rheology/ 
texture 
changes

Moving from a domestic scale to a large-scale consumption?
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CHALLENGE: NUTRITIONAL VALUE & SENSORY PROFIILE

Microalgae

HEALTHY, SUSTAINABLE, TASTY and AFFORDABLE food

M.C. Nunes, J. Ferreira, A. Raymundo (2023). Volatile fingerprint impact on the sensory properties of microalgae and development of mitigation strategies. Current
Opinion in Food Science. 101040, ISSN 2214-7993.https://doi.org/10.1016/j.cofs.2023.101040.

Technological developments impacting the sensory traits of microalgae

Typical odors and flavors of microalgae include:
marine, herbaceous, floral, fermented, fruity, sulfuric, woody-spicy and chemical notes

M.C. Nunes, J. Ferreira, A. Raymundo (2023). Volatile fingerprint impact on the sensory properties of microalgae and development of mitigation
strategies. Current Opinion in Food Science. 101040, ISSN 2214-7993.https://doi.org/10.1016/j.cofs.2023.101040.

CHALLENGE: NUTRITIONAL VALUE & SENSORY PROFIILE
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Low inclusion rates

Encapsulation of the biomass

Technological developments impacting the sensory traits of microalgae…

Gastronomic science/ Disruptive Experiences

Chemical and biochemical processes for deodorization and decolorization:

Heterotrophic production & Chemical random mutagenesis

Ethanolic extraction
Ultra-sound extraction + PEF treatment
Enzymatic treatment

CHALLENGE: NUTRITIONAL VALUE & SENSORY PROFIILE

1

2

3

1
Low inclusion ratesExamples in conventional foods

BREAD4% incorporation
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COOKIES

Examples in conventional foods 1
Low inclusion rates

High thermal resistance

Boisen & Fernández. Anim. Feed Sci. Technol. 68 (1997)

No significant difference in IVD between microalgae 

cookies and the control (IVD 87–95%) were found. 

COUSCOUS

Improved nutritional profile (4% incorporation): protein, 
mineral and antioxidant content
Possibility of nutritional claims

Examples in conventional foods 1
Low inclusion rates

CV10% CV15%CONTROL CV20%

FEED
PORK FRANKFURTERS

CONTROL
white Chlorella

(WC)
Honey Chlorella

(HC). 

3% of incorporation

Incorporation of Chlorella induced the increase of various

essential amino acids.

3% white and honey C. vulgaris modifies frankfurter fatty acid

composition; increased PUFA, more beneficial n-6/n-3 PUFA

and PUFA/SFA ratios.

Antibacterial effect of C. vulgaris microalgae could be a means

to prolong product shelf life during chilled storage.
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Chemical and biochemical processes 
for deodorization and decolorization 2Heterotrophic production & Chemical random mutagenesis

Chlorella vulgaris biomass with different pigmentation: chemically 
random mutagenesis (ethyl methane sulfonate – EMS) was induced in 
order to develop chlorophyll-deficient 

Autotrophic organic
Chlorella vulgaris

Heterotrophic Chlorella vulgaris: Smooth 
Chlorella, Honey Chlorella and White Chlorella.

Examples in nonconventional foods Heterotrophic Chlorella: inhibition
of chlorophyl production

Hummus from with seaweeds and microalgae

Mathues Silva

2
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Parachlorella kessleri (extract)

Hybrid meat products are a trend – reduction of meat in ham (4% wt of algae/extract) 
Alternative microalgae proteins

Examples in unconventional foods

White Chlorella vulgarisHoney Chlorella vulgaris

Hybrid hams with lower protein content and lower aw

Heterotrophic Chlorella and extracts

2

Control (100% meat)

Parachlorella kessleri (extract)

White Chlorella vulgaris

Honey Chlorella vulgaris

0% Microalgae

CohesivenessAdhesivenessFirmness

White Chlorella

vulgaris

Honey Chlorella

vulgaris

Parachlorella

kessleri (extract)

0% MicroalgaeControl

(100% meat)

(%)

31,55±1,05 b32,43±0,84 b36,9±0,89c31,4±0,30 b64,8±1,18aProtein*

10,11±0,10 e9,6±0,04b9,8±0,07 c9,6±0,09b13,4±0,02 aAsh=

61,1±0,66 c61,7±0,10 c61,0±0,17 c63,1±0,30 b78,0±0,19 aHumidity

0,958±0,003 b0,961±0,004 b0,955±0,002 b0,959±0,005 b0,975±0,001 aaW

* Dry Basis

Meat analogues - vegan

Examples in unconventional foods

Starches, fava bean protein, Chlorella, wheat 
fiber and xanthan gum
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Egg replacers

2
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2Ethanolic extraction

Chlorella vulgaris ethanol treated: improves the sensory 
properties to a large extent, dough rheology  - softer texture 
breads with higher volume.

The ethanol treatment intended to eliminate pigment 
inevitably removed the bioactive compounds from the 
breads which is a drawback. 

Chemical deodorization and decolorization

Thank you!

Facebook: www.facebook.com/EEAGrantsPortugal/

LinkedIn: https://www.linkedin.com/company/yum-algae/

Email: yumalgae.eeagrants@gmail.com

Programme operator: Partners:Project promoter:

DoMAR - Development of Microalgae Advanced Resources
PT-INNOVATION-0013

Optimisation of Ultrasound assisted extraction - controlled cell disruption + improvement of the microalgal sensory

profile with a reduced loss of antioxidant components.

Nannochloropsis oceanica

Dunaliella salina

Promote the full recovery of the two fractions
(circular economy)

solid protein-rich 
fraction

liquid bioactive-
rich fraction

US - efficient, easy to implement and 
reproducible. 
Extraction conditions: microalgal concentration 
(1%/5% w/v), ethanol/water proportion 
(96%/60%) and temperature (room 
temperature/50°C). 

US extraction conditions fixed: acoustic 
power density was 1.9 W/mL and 
extraction duration was 5 min. The 
extractions yielded up to 97%. 

Rachelle RIVIERE 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

  

 

  

 

Nannoch loropsis oceanica Dunaliella salina 

Rachelle RIVIERE 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

  

 

  

 

Nannoch loropsis oceanica Dunaliella salina 

Programe operator: Promotor Partner:

2
US assisted extraction
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Thank you!

Facebook: www.facebook.com/EEAGrantsPortugal/

LinkedIn: https://www.linkedin.com/company/yum-algae/

Email: yumalgae.eeagrants@gmail.com

Programme operator: Partners:Project promoter:

Thank you!

Facebook: www.facebook.com/EEAGrantsPortugal/

LinkedIn: https://www.linkedin.com/company/yum-algae/

Email: yumalgae.eeagrants@gmail.com

Programme operator: Partners:Project promoter:

YUM ALGAE aims to improve the overall sensory quality of microalgal ingredients by using 
enzymes, which will target two of the major organoleptic bottlenecks: the fish-like smell 
associated to volatile compounds and the green dark color from the microalgal pigments. 

YUM ALGAE – Let's make algae yummy! 

29/09/2022
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Results from ATI1 - ISA
ATI3: Chemical Trait Analysis

Freeze dried

Bead milling+Spray dried

M. gaditana 2-hexadecanol

pentadecane

9-hexadecenoic acid

docosane

2,5-dimethylpyrazine

Results from ATI1 - ISA

ATI3: Chemical Trait Analysis

2,3-dihydrofuran

1-Penten-2-ol
Hexanal

Chemical
Compounds

C. vulgaris T. chuii P. tricornutum N. oceanica
N. gaditana

freeze dried spray dried

Alcohols 7.20 6.53 7.56 7.90 15.60 45.57

Aldehydes 6.79 14.19 2.31 14.21 2.73 39.38

Ketones 2.65 7.93 2.62 1.05 4.26 0.22

Carboxylic Acids 12.83 2.25 0.32 2.67 0.27 0.07

Alkanes/Alkenes/Alkynes 10.95 1.21 2.37 1.61 16.83 0.64

Terpenes 0.53 0.57 0.81 1.45 0.19 0.07

N-compounds 3.23 11.55 21.68 20.28 0.31 0.20

O-heterocyclic compounds 55.65 11.57 62.31 50.79 59.81 13.85

S-compounds 0.19 44.20 0.02 0.04 0.02 0.00

Bis-(methylthio)methane

4-methyl-pyrimidine

2,5-dimethylpyrazine

1-pyrroline

1,2-propanediol
β-lonone

9-octadecenoic acid

dodecane

β-cyclocitral

Dimethylsulfide
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IST – Participation in Tasks

T2.5. Enzyme profiling and characterization under application conditions 

Assessment of enzyme robustness in aqueous solution (T and pH profile) and under desiccation conditions (i.e. low water activity).

T2.6. Pilot fermentation and purification of top sensory enzymes for application test

The purified enzymes will be delivered to IST for biokinetic studies (T3.2) and application of the microalgae as substrate (T4.1).

ATI2: SENSORY ENZYME DISCOVERY PIPELINE (IST - 15%)

kinetic parameters and 

characterization of enzyme behavior
development of bioreactors for the 

conversion of volatile compounds 

such as gas-solid fluidized bed 

reactors or two-phase stirred reactors

analytical procedure 

allowing the monitoring of 

substrates and products

Enzymes
Substrate(s)

Scale-up

IST – Participation in Tasks

T3.1. Establish an analytical procedure for efficient monitoring of TMA and chlorophyll enzymatic conversion

An effective analytical procedure allowing the monitoring of TMA and other VOCs in the gas phase of bioreactors during bioconversion by GC-
MS and/or GC-FID will be developed at IST. Solid phase microextraction (SPME) techniques will be tested and the most suitable phase to
extract TMA, while allowing the direct injection of the sample, will be used.

T3.2. Obtaining a profile of fingerprint volatile compounds in fresh microalgae biomass (IST).

The volatile organic compounds (VOCs) in the headspace and in the biomass of algal cultures, produced in T1.1, will be determined by
coupling SPME with GC-MS analysis at IST.

T3.3. Activity assessment of the TMA converting enzymes (IST and NORCE).

The best reaction conditions for selected enzymes (T2.4) will be implemented and the kinetic parameters of the enzymatic conversion of TMA
will be determined.

ATI3: CHEMICAL TRAIT ANALYSIS (IST - 90%)

29/09/2022
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IST – Participation in Tasks

T3.2. Obtaining a profile of fingerprint volatile compounds in fresh microalgae biomass (IST).

ATI3: CHEMICAL TRAIT ANALYSIS (IST - 90%)

Cont rol-1

Freezing- 1

Freezing-2

Glass balls-1

Glass balls-2

Osmot ic Shock -1

Osmot ic Shock-2

Control- 2
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0
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00
00
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00
00
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00
00
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00
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Solvent

Iso_POH

Acetone

ACN

EAcetate

Ethanol

Low amount of biomass, splitless injection Larger amount of biomass, split injection

IST – Participation in Tasks

T4.1. Enzymatic processing of microalgal ingredients for its application

The conversion of TMA and of pigments will be determined at IST. In collaboration with ISA, the IST team will adjust the bioprocess to allow
the use of the treated microalgal biomass in food products. Particular attention will be given to the formulation of the enzymes to allow their
removal from the biomass (e.g. by using enzymes immobilized in magnetic particles) or their inactivation (e.g. by temperature or radiation).

ATI4: PROOF OF APPLICATION AND SENSORY QUALITY TESTING OF THE END FOOD PRODUCTS (IST - 25%)

Presence of enzymes allowed in food?

Will enzymes from g.m.o. prevent the 

addition of treated microalgae to food?

Project supported by EEA.BG.CALL4.006.2020

Future perspectives

2
Enzymatic treatment

Gastronomic science/ Disruptive Experiences 3
Surprinsing food

Food pairing is a culinary technique that involves combining foods based on the chemical 
compounds they contain. The idea behind food pairing is that ingredients that share similar 
aromatic and flavor compounds are more likely to taste good when paired together. 
By identifying the chemical compounds that give different foods their characteristic flavors
and aromas, chefs and food scientists can create new and interesting combinations of 
ingredients that complement each other.

Pairings for strawberry based on aromatic connections

https://www.foodpairing.com/how-does-the-foodpairing-tool-work/

FOOD PAIRING
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Mixture of carefully selected ingredients to mitigate or to assume the taste of the 
microalga

Gastronomic science/ Disruptive Experiences 3
Surprinsing food

Air [Fresh cheese 
spread with Chlorella, 
cream, oyster 
essence]

Mousse [fresh cheese 
with Chlorella, cream, 
sugar, cinnamon, 
orange flavor]

Spherification [whey 
cheese with Chlorella, 
herbs from Provence]

Spiral [whey cheese 
with Chlorella, cream, 
garam masala spices]

Spaghetti [cream cheese 
spread with Chlorella, 
cream, pumpkin powder]

Innovative experiences with microalgae-cheese

Different pairing solutions for Chlorella cheese...
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Chlorella Food Pairing

Chlorella vulgaris

Ginger

Citric: lemon, lime, orange White and dark chocolate

Peach

Basil
Pistachio

Bread

Rose petals

Butter

Peas
Potato

Cheese

Parsnip

Oyster

Pinion

Gastronomic science/ Disruptive Experiences 3
Surprising foods3D printing  - texture creation tool

Printed doughs 

Baked snacks 

2%         6%         12%      18%       24%Control

5,7

5,9

5,3

6,2

5,9

6,0

5,6

6,0

5,5

6,1

6,0

6,2

5,5

5,9

5,9

5,9

4,6

4,7 1,0

2,0

3,0

4,0

5,0

6,0

7,0

Color

Appearance

Aroma

Texture

Flavor

Global appreciation

Control 2% Cv 6% Cv

Hedonic analysis (7-point Likert scale)

2% Cv snack  presented the highest global appreciation 

scores, were the most preferred snack (53%) and  highest 

purchase intention value (5.4)
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Other ways of printing!

Applications in conventional foods have associated acceptance 

issues in terms of aroma, color and flavour – FOOD PAIRING

It is important to develop strategies to reduce the fishy flavor to 

increase consumer acceptance, to make the production of 

microalgae-foods on a large scale viable.

INTERDISCIPLINARY WORK IS ESSENTIAL!

Messages to take home…

Microalgae are an important source of bioactive compounds 

and macromolecules (proteins).

But…

if microalgae foods are not tasty, nutritional factors and 

health benefits lose relevance!!!

Microalgae as a food ingrediente – good sensory 
experiences are crutial

PROTECT CONSUMER TO BAD EXPERIENCES WITH MICROALGAE


