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SUMMARY
Microalgae as important sources of bioactive compounds for food and pharmaceutical applications

Microalgae are one of the renewable sources for pharmaceutical compounds

Why the use of microalgae biomass as a food ingredient is really important?

Microalgae as a source of protein and bioactives for food products

Microalgae – a tool for Food Innovation

Major challenges to the incorporation of microalgae in food

SESSION II - Microalgae as important sources of bioactive compounds for food and pharmaceutical applications
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SESSION III - Microalgae as important sources of bioactive compounds for food and pharmaceutical applications

Source of bioactive compunds

MICROALGAE BIOMASS AS A SUSTAINABLE FOOD SOURCE
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Microalgae are one of the renewable sources for pharmaceutical compounds 
https://onlinelibrary.wiley.com/doi/abs/10.1002/cben.201600023

Cyanobacteria (spirulina) - source for antibiotics and pharmacologically active compounds
A large number of antibiotic compounds, many with novel structures, have been isolated
and characterised.

Cyanobacteria – production of antiviral and antineoplastic compounds.

A range of pharmacological activities have also been observed with extracts of microalgae,
however the active principles are as yet unknown in most cases.

Several of the bioactive compounds may find application in human or veterinary medicine
or in agriculture. Others should find application as research tools or as structural models
for the development of new drugs. The microalgae are particularly attractive as natural
sources of bioactive molecules since these algae have the potential to produce these
compounds in culture which enables the production of structurally complex molecules
which are difficult or impossible to produce by chemical synthesis.

https://link.springer.com/article/10.1007/BF00003544

SESSION III - Microalgae as sources of bioactive compounds for pharmaceutical applications
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Sharp population 
growth

Food in the future?

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…

Efficiency of agricultural production systems
Scarcity of water resources and arable land
Climate change

Protein shortage

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

SESSION III - Microalgae as sources of bioactive compounds for food

Why the use of microalgae biomass as a food ingredient is really important?

What is the role of microalgae?
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New perspective: Healthy and sustainable food

SESSION III - Microalgae as sources of bioactive compounds for food
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Microalgae - Food Innovation

CIRCULAR ECONOMY
valorisation of by-products

UNDER-EXPLOITED RESOURCES

Microalgae biomass

Seaweed
other marine resources

(underu3lized species used in food)
Insects

Alternative sources of protein

SESSION III - Microalgae as sources of bioactive compounds for food
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Microalgae - Food Innovation

SESSION III - Microalgae as sources of bioactive compounds for food
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MICROALGAE – FOOD FOR FUTURE?
New colours,
New textures
New flavours 
Positive impact on health
Protein source
Modelling composition -
production conditions

Technological challenge
Technological limit of 
incorpora>on
Sensory limit (consumer)
Overall cost of the product

How to engage the consumers?

Major challenges to the incorporation of microalgae in food

Two distinct approaches with different technological and 
consumer impacts ...

A) Technological approach – Food engineering
B) Artistic Approach – Gastronomic science

SESSION III - Microalgae as sources of bioactive compounds for food
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The consumption of microalgae is an alternative to the lack of food that is expected for the next years, being an excellent
source of protein and functional ingredients
The introduction of microalgae into high-consumption foodstuffs and diversified gastronomic productions is a decisive
contribution to their acceptance by consumers

Microalgae present varied nutri6onal 
profiles, according to their origin and 

growth condi>ons, with different 
possibili>es of incorpora>on into 

culinary prepara>ons

Bioactive compounds with health 
impact

+ 
Complex macromolecules

Impact on physical, nutritional and sensory properties of developed products
Food production costs with microalgae incorporation

MICROALGAE – FOOD FOR FUTURE?

SESSION III - Microalgae as sources of bioactive compounds for food
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Spirulina maxima/ Arthrospira platensis (cyanobacteria)

Health benefits - stimulation of the immune system,
reduction of cholesterol levels and blood pressure, anti-
carcinogenic, detoxifying effect.

Phycocyanin (blue phycobiliprotein): antioxidant, anti-
inflammatory, neuroprotective effect…
High protein content (≈65%) and balanced amino acid
profile
Essential fatty acids (γ-linoleic acid)
High Vitamin B12 and Fe content - vegetarian supplements

Chlorella vulgaris

Health benefits - strengthening of the immune system,
detoxifying - stimulates tissue growth and repair - protection
against UV radiation; retardation of aging phenomena.
Prevention of atherosclerosis, hypercholesterolemia and as an
antitumor agent.

High levels of β-1,3-glucan: active immune stimulator, which
acts in the elimination of free radicals and as a blood lipid
reducer and vitamin B12.

High chlorophyll content

Role of regulators in relation to novel foods ...

SESSION III - Microalgae as sources of bioactive compounds for food
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Tetraselmis chuii

Role of regulators in relation to novel foods ...
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Authorised novel food Conditions under which the novel food may be used Additional specific labelling requirements Other requirements 

Sucromalt Specified food category Maximum levels 1. The designation of the novel food on the 
labelling of the foodstuffs containing it 
shall be ‘Sucromalt’. 

2. The designation of the novel food on the 
labelling shall be accompanied by indi൘
cation that the product is a source of 
glucose and fructose. 

Not specified 

Sugar cane fibre Specified food category Maximum levels 

Bread 8 % 

Bakery goods 5 % 

Meat and muscle products 3 % 

Seasonings and spices 3 % 

Grated cheeses 2 % 

Special diet foods 5 % 

Sauces 2 % 

Beverages 5 % 

Sunflower oil extract Specified food category Maximum levels The designation of the novel food on the 
labelling of the foodstuffs containing it shall 
be ‘Sunflower oil extract’ Food Supplements as defined in Directive 

2002/46/EC 
1,1 g/day 

Dried Tetraselmis chuii 
microalgae 

Specified food category Maximum levels The designation of the novel food on the 
labelling of the foodstuffs containing it shall 
be ‘Dried microalgae Tetraselmis chuii’ or 
‘Dried microalgae T. chuii’ 

Food supplements containing dried 
microalgae Tetraselmis chuii shall bear the 
following statement: ‘Contains negligible 
amounts of iodine’ 

Sauces 20 % or 250mg/day 

Special salts 1 % 

Condiment 250 mg/day 

Food Supplements as defined in Directive 
2002/46/EC 

250 mg/day 

ॽM9

This text is meant purely as a documentation tool and has no legal effect. The Union's institutions do not assume any liability 
for its contents. The authentic versions of the relevant acts, including their preambles, are those published in the Official 
Journal of the European Union and available in EUR-Lex. Those official texts are directly accessible through the links 

embedded in this document 

ॼB COMMISSION IMPLEMENTING REGULATION (EU) 2017/2470 

of 20 December 2017 

establishing the Union list of novel foods in accordance with Regulation (EU) 2015/2283 of the 
European Parliament and of the Council on novel foods 

(Text with EEA relevance) 

(OJ L 351, 30.12.2017, p. 72) 

Amended by: 

Official Journal 

No page date 

ॻM1 Commission Implementing Regulation (EU) 2018/460 of 20 March 
2018 

L 78 2 21.3.2018 

ॻM2 Commission Implementing Regulation (EU) 2018/461 of 20 March 
2018 

L 78 7 21.3.2018 

ॻM3 Commission Implementing Regulation (EU) 2018/462 of 20 March 
2018 

L 78 11 21.3.2018 

ॻM4 Commission Implementing Regulation (EU) 2018/469 of 21 March 
2018 

L 79 11 22.3.2018 

ॻM5 Commission Implementing Regulation (EU) 2018/991 of 12 July 2018 L 177 9 13.7.2018 
ॻM6 Commission Implementing Regulation (EU) 2018/1011 of 17 July 2018 L 181 4 18.7.2018 
ॻM7 Commission Implementing Regulation (EU) 2018/1018 of 18 July 2018 L 183 9 19.7.2018 
ॻM8 Commission Implementing Regulation (EU) 2018/1032 of 20 July 2018 L 185 9 23.7.2018 
ॻM9 Commission Implementing Regulation (EU) 2018/1023 of 23 July 2018 L 187 1 24.7.2018 

02017R2470 — EN — 13.08.2018 — 002.001 — 1

Flavoured pasta, fish soups, sea food 
terns, broth preparations, salt 
crackers, frozen breaded fish; 
Incorporation levels range from 0.5% 
to 1.5%.

SESSION III - Microalgae as sources of bioac;ve compounds for food

Odontella aurita

Euglena gracilis

© Kemin Industries, Inc. and its group of companies 2020. All rights reserved. ® TM Trademarks of Kemin Industries, Inc., U.S.A. Certain statements may not be applicable in all geographical regions.
BetaVia Complete falls under the scope of the EU Novel Food legislation. The Commission Implementing Regulation 2020/1820 authorizing the placing on the market of dried Euglena gracilis as a novel food in the 
European Union was published on December 2 2020
This business to business communication is not intended to be directed to the final consumer. 

EU Regulatory status: Novel Food Approval

Food categories
Maximum use level 

(mg/100g) 

Breakfast, Granola and Protein Bars 625

Yoghurt 150

Yoghurt Beverages 93.75

Fruit juices, smoothies and nectars, vegetable juices 117

Fuit-flavoured drinks 37,5

Foods for total diet replacement for weight control (Adults)* 188 mg per meal 

Foods for total diet replacement for weight control (for 
toddlers, ‘other childrenp and adolescents)

 (from 1 to 18 years)*

Food supplements for adults 375

Food supplements for toddlers, (from 12 to 35 months) 100

Food supplements for « other children » (from 3 to 9 years) 150

Food supplements for adolescents (from 10 to 17 years) 225

75 mg per meal 

Commission Implementing Regulation 2020/1820 of December 2 2020
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Another promising microalgae as food ingredients....

Haematococcus pluvialis

Largest natural source of astaxanthin - accumulation capacity of
about 0.2-2% dry biomass after carotenogenesis

Carotenoids are accumulated and have an important free radical
scavenging effect - a more significant antioxidant effect than β-
carotene, vitamin C and vitamin E

The combination of carotenoids confers special use as antioxidant,
with beneficial effect in the treatment of CNS pathologies

Isochrysis galbana e Diacronema vlkianum

Common in European seas, parGcularly in the North AtlanGc and Irish coast.

Important source of PUFA’s - EPA (20: 5-3) and DHA (22: 6-3), which may be an
alternaGve to fish oils.

Important sources of sterols: sitosterol and tocopherols - an;oxidants

The producGon of these metabolites depends on the growth condiGons of the
microalga…

Already farmed for the producGon of aquaculture feeds.

SESSION III - Microalgae as sources of bioactive compounds for food
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MICROALGAE BIOMASS AS A FOOD INGREDIENT - SUMMARY

Impact of microalgae on the food structure (macromolecules and polysaccharides )
Impact of processing levels (different thermal treatments severity) on the degradation of the bioactive compounds
Food processing has a determinant impact on bioaccessibility and it should be optimised in order to reduce the 
degradation of the bioactive compounds

Important source of bioactive compounds with positive impact on health - healthy diet
Sustainable food source
Important source of protein
Large-scale controlled production facility - reasonable costs

BUT...

From the technological point of view

From the consumer point of view

Colour - colours not common (green bread?)
Flavour - Sea and fish flavour may be relevant
Cost (even)

SESSION III - Microalgae as sources of bioactive compounds for food
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Sharp increase in microalgae consumption
from domestic scale to industrial food production?...

Are the consumers prepared? What can we do to engage the consumer?

SESSION III - Microalgae as sources of bioactive compounds for food
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Technological approach

SESSION III - Microalgae as sources of bioactive compounds for food

NUNES, M.C., FERNANDES, I., VASCO, I., SOUSA, I., RAYMUNDO, A. (2020). Tetraselmis chuii as a sustainable and healthy

ingredient toproducegluten-freebread: Impact onstructure, colour andbioactivity.Foods9 (5) 579;

then at 45 °C until constant weight.
The dry matter (DM), crude protein (CP), and carbohydrate (C) in

vitro digestibility (%) of all pasta samples was calculated from the dif-
ference between the initial biomass and the undigested biomass (after
correction for the blank assay) divided by the initial biomass and
multiplied by 100. Casein (Sigma Aldrich Corp., St. Louis, USA) was
used as the reference material with 100% digestibility. Analyses were
repeated in triplicate.

2.3.8. Sensory analysis
Sensory analysis assays were performed for gluten-free pasta with

both A. platensis biomasses, studied at 2% incorporation level, and with
the control pasta. The assays were conducted in a standardized sensory
analysis room. Each pasta formulation was prepared and cooked ac-
cording to the procedure described earlier and served immediately. An
untrained panel of 31 individuals, 10 males and 21 females, with ages
between 20 and 60, evaluated the cooked pasta samples, in terms of
colour, odour, flavour, extensibility, texture and global appreciation
according to 5 levels from “very unpleasant” to “very pleasant”. The
buying intention was also assessed, from “would certainly buy” to “cer-
tainly wouldn't buy” (5 levels). This analysis will give us the estimation
of the general consumer perception and acceptation, of the newly de-
veloped pasta, against a pasta control without spirulina.

2.4. Statistical analysis

Statistical analysis of the experimental data was performed using
RStudio (Version 1.1.463 – © 2009–2018 RStudio, Inc.), through var-
iance analysis (one-way ANOVA), by the Tukey test – Post Hoc
Comparison at a significance level of 95% (p < 0.05). All results are
presented as mean ± standard deviation (SD).

3. Results and discussion

Samples with at least 10% microalgal biomass incorporation re-
sulted in pasta dough with high adhesiveness and poor manufacturing
abilities, which did not allow pasta lamination. Pasta dough with 4 and
5% microalgae addition was still very difficult to manufacture and had
a strong fishy odour. Besides, these formulations resulted in pasta with
very high cooking loss. Due to both technological and sensorial lim-
itations, most probably due to the high content in protein, responsible
for the high adhesive character and solubility in cooking, the range of
A. platensis incorporation was set between 1 and 3% for both biomasses
(F&M-C256 and Ox Nature) (Fig. 2).

3.1. Cooking quality parameters

The results obtained for the pasta cooking behaviour are presented
in Fig. 3.

Cooking quality parameters are empirical determinations widely
used to provide important indications about the pasta quality perfor-
mance upon cooking. Pastas prepared with A. platensis present swelling
power higher than the control. This can be explained by the capacity of
the microalgae to absorb water and retain it within the starch-protein
network. These results are confirmed by previous water absorption
trials performed with the same A. platensis biomass [44], in which

considerably higher water absorption (WA: 5.2 g/galga) was obtained in
relation to rice flour (WA: 2.4 g/gflour). Accordingly, water absorption
was also affected (p < 0.05) by the addition of microalgae biomass,
which increased from 42.8% in the control pasta to 54.9–64.5% in
microalgae pastas. These values were also similar to WR water ab-
sorption. In a wheat pasta, the gluten-protein network is responsible for
maintaining the pasta physical integrity during cooking, leading to
generally low cooking loss (CLWR: 1.45%). Although the GF pasta pre-
sented in this study has 64% less protein than WR, its structure, com-
posed of Psyllium gel and rice flour, allows the reinforcement of the
pasta matrix, with a significant (p < 0.05) cooking loss decrease
(−56%), compared to WR. In a GF pasta, starch plays a decisive role as
the main structuring agent, which is supported by the significant ne-
gative correlations (p < 0.05) between carbohydrate content and all
hydration properties of cooked pastas (rWA =−0.64, rswelling =−0.53;
rCL = −0.75).

In the GF pastas developed, rice flour was replaced with A. platensis,
i.e. mainly carbohydrates were removed and protein (+60%) and lipids
(+8%) were incorporated, thus rendering a pasta with significantly
(p < 0.05) more hydration capacity than the control. However, A.
platensis biomasses addition negatively affected pasta cooking loss, as
microalgae formulations presented values ranging from 2.08 to 3.44%.
This results from the weakness of the GF matrix, leading to an easily
ruptured cooked pasta structure, and thus increasing the leached solids
from pasta samples into the cooking water [45]. However, there is a
tendency to cooking loss reduction with higher A. platensis incorpora-
tion level, probably due to the protein increment in the pasta matrix. It
is worth mentioning that these cooking loss values are of the same
magnitude of the ones reported in other works [18,46,47] for semolina
pastas enriched with this microalga, suggesting that the products ob-
tained with Arthrospira platensis present high-quality in terms of
cooking behaviour.

3.2. Colour stability

The results obtained for the pasta colour parameters, lightness (L*),
greenness (a*) and yellowness (b*) can be seen in Table 2.

The two A. platensis biomasses have slightly different impact on
colour, especially in chromatic parameters (a* and b*) at 3% in-
corporation level, which is also evident from Fig. 2.

Regarding raw pasta samples, A. platensis pastas present sig-
nificantly (p < 0.05) lower lightness than control and WR pastas. Also,
a reduction in all colour parameters, i.e. closer to the grey colour, with
increasing algae concentration, can be observed. The results are similar
for both A. platensis studied.

Regarding pasta colour stability upon cooking, all pasta samples
showed significantly colour differences upon cooking (ΔE* = 10.3–17),
meaning that the differences between raw and cooked samples can be
detected by regular human vision [48]. These results also indicate that
a certain degree of leaching could occur, but this should mainly result
from degradation of colour pigments [47]. This is supported by the
greenish tonality of the cooking water, which indicates some de-
gradation of chlorophylls and phycocyanin pigments. However, by in-
creasing A. platensis incorporation level (of both biomasses), a lower
ΔE* was observed which could indicate the resistance of the product to
the thermal procedure applied [18]. Also, another observation is that

Fig. 2. Pasta dough with A. platensis F&M-
C256 (a) and Ox Nature (b) at 1%, 2% and
3% incorporation level.
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(spirulina) incorporationon the rheological andbioactivepropertiesof gluten-free freshpasta.Algal Res., 45, 101743.

Impact of the addition of microalgae on nutritional,
technological, sensory, digestibility and bioactivity properties -
systematic approach

GLUTEN FREE PRODUCTS
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Microalgae biomass as an additional ingredient of gluten-free bread: Dough
rheology, texture quality and nutritional properties
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A R T I C L E I N F O

Keywords:
Microalgae
Functional ingredients
Gluten-free bread
Physicochemical properties
Mixing properties
Sensory evaluation

A B S T R A C T

Microalgae have been widely used as a source of functional ingredients such as pigments, antioxidants, vitamins,
and omega-3 polyunsaturated fatty acids. They also represent a promising alternative source of protein. The
objective of this study was to evaluate the impact of the addition of two green microalgae species
(Nannochloropsis gaditana L2 and Chlamydomonas sp. EL5) on the techno-functional and nutritional properties of
gluten-free bread. Microalgae biomass was added in the amounts of 1.0 and 3.0 g/100 g of flour. The behavior of
the dough during the mixing as well as the physicochemical properties of the prepared breads were investigated.
Gluten-free bread with N. gaditana L2 and Chlamydomonas sp. EL5 presented significantly higher protein and
higher levels of lipids and ash, compared with the control bread. The incorporation of 3% microalgae biomass
revealed a 100% increase in iron and calcium contents. The fatty acid profile of supplemented bread changed in
a species-specific manner with a particular increase in linolenic acid (18:3 ω3) and a decrease in ω3/ω6 ratio.
Besides, due to its original biochemical composition, mainly the highly protein content, microalgae in-
corporation was found to bring an overall structuring effect on the gluten-free bread texture. However, the
dough mixing properties were not affected significantly by microalgae addition. A significant change in color
was recorded in doughs, breads, crusts and crumbs. This was caused by the presence of pigment in microalgae
biomass, which turned into more intense green-yellow tonalities. A sensory analysis revealed that the supple-
mented breads scored highest for nearly all the sensory parameters with the 3% N. gaditana L2 bread as the
preferred one in terms of global appreciation. This innovative approach gives new insights of the possibility of
improving gluten-free products, structurally and nutritionally, using only microalgae as a natural and a sus-
tainable food ingredient.

1. Introduction

Gluten is a complex mixture of insoluble proteins comprising the
gliadins and glutenins in wheat and equivalent proteins in barley and
rye. Gluten is responsible for the viscoelastic behavior of the dough and
the chewiness of foods made from wheat flour [21]. Recently, the
gluten-free products market has registered a remarkable growth driven
by the rapid rise of the global incidence of pathologies related to gluten
intake, namely wheat allergy, celiac disease, and non-celiac gluten
sensitivity, combined with the growing belief that gluten-free products
are associated with a healthier life style [10,50]. In all cases, a lifelong

gluten-free diet is the only treatment currently available [40]. Thus, a
gluten-free product with a good sensory and nutritional quality remains
the biggest wish of individuals with gluten disorders. Gluten-free bread,
more than any other gluten-free product, has received a lot of attention
from researchers and food technologists. Some recent studies have in-
vestigated techniques that can improve the characteristics of the final
product [32]. Interesting results were reported by Clark and Aramouni
[16], who used breadfruit (Artocarpus altilis) as a wheat flour replace-
ment. Maize [9], vegetables [54], bee pollen [17], dietary fibers [32],
and acorn flour [8] are also other functional ingredients that have been
used in gluten-free bread formulations in order to increase their

https://doi.org/10.1016/j.algal.2020.101998
Received 16 February 2020; Received in revised form 1 July 2020; Accepted 2 July 2020
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Abstract: Crackers are widely consumed snack foods and there is an increasing trend in adding
functional ingredients to their composition. In the present work, the dried biomasses of four microalgae
strains—Arthrospira platensis F&M-C256, Chlorella vulgaris Allma, Tetraselmis suecica F&M-M33,
and Phaeodactylum tricornutum F&M-M40—were used as a source of proteins, antioxidants, and
other bioactive molecules in artisanal wheat crackers. Two incorporation levels were tested: 2% (w/w)
and 6% (w/w). The impact of microalgae addition was evaluated in terms of physical properties,
biochemical composition, antioxidant activity, in vitro digestibility, and sensory characteristics.
Microalgae crackers presented stable color and texture throughout eight weeks of storage. Microalgae
crackers were slightly thinner and lighter than the control but presented a similar density in agreement
with scanning electron microscope images, indicating that gas retention was not greatly a↵ected by
microalgae addition. Regarding biochemical composition, 6% A. platensis and C. vulgaris crackers
presented a significantly higher protein content (13.2–13.5%), for which they could be claimed to be a
“source of protein” according to the Regulation (EC) No. 1924/2006. A. platensis crackers showed the
highest antioxidant activity and attained better sensory analysis scores. T. suecica and P. tricornutum
crackers showed high phenolic content and antioxidant activity but attained low sensory scores
mainly because of their unattractive fishy o↵-flavor.

Keywords: crackers; microalgae; physical properties; antioxidants; phenolics; proteins; digestibility;
sensory analysis

1. Introduction

The world snack food market has been projected to reach USD 639 billion by 2023, growing
at a compound annual growth rate (CAGR) of 5.8% from 2018 to 2023 [1]. In recent years, a major
market trend has been the introduction of new products containing health-promoting ingredients
associated with a growing demand for healthy snacks due to the consumer mind set changing taste
and preference. In particular, savory snacks, namely, salted crackers, are growing at a greater rate than
sweet snacks [2]. Crackers are considered popular snack products which have appreciable demand
amongst consumers [3,4]. Crackers are generally defined as dry, thin, and crisp bakery products [5]
usually made of wheat flour, fat (or shortening), salt, and leavening agents (yeast, chemical leaveners,
or a combination of both). In general, there are three major types of crackers: saltine (soda crackers),
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A B S T R A C T

Gluten-free foods are generally nutritionally deficient and are the source of serious technological constraints.
This work aimed to evaluate the technological performance of addition of two spirulina biomasses: Arthrospira
platensis F&M-C256 and Ox Nature (resulting from different drying procedures) to gluten-free pastas, in terms of
mechanical properties, antioxidant capacity, in vitro digestibility and sensory analysis.

Texture properties of GF pasta was not significantly (p < 0.05) altered by the incorporation of A. platensis
biomass. The different drying methods applied to A. platensis biomasses had an impact on the bioactive com-
pounds and the in vitro digestibility of the gluten-free pastas. Both A. platensis biomasses provided a significant
(p < 0.05) supplementation of phenolic compounds, chlorophylls and carotenoids to the gluten-free pastas, that
resulted in significantly (p < 0.05) higher antioxidant activity when compared to control (without A. platensis)
and wheat pasta. Between the new gluten-free developed pastas, consumers preferred the one supplemented
with 2% A. platensis F&M-C256 biomass. Knowing the contribution of A. platensis biomass addition on pasta
properties is fundamental to extend the utilization of this cyanobacterium for novel foods development. These
results indicate that A. platensis biomass is a suitable ingredient to enhance the nutritional quality of pasta,
without affecting its cooking and texture quality properties, with a favourable sensory evaluation.

1. Introduction

Pasta, traditionally produced with durum wheat semolina, is a
widely consumed food product, due to its palatability, low cost and easy
preparation. Although dry pasta market represents most of the world's
pasta consumption, fresh pasta market share is continuously growing,
associated with the consumer's subconscious belief in the close re-
lationship between freshness and artisanal production [1]. Fresh pasta is
a recognized vehicle for food fortification (e.g., fibre, vegetables, pulses
and microalgae) and has received much attention from the scientific
community [2,3].

Gluten-free (GF) product development presents major challenges for
the food industry in terms of organoleptic, technological and nutritional
characteristics. The GF food market is continuously growing, with es-
timated market share sales worldwide of 18% gluten-free pasta in 2022,
with an annual growth rate of 7.4% [4]. Nowadays, target audience for
GF foods stretches beyond coeliac sufferers. In 2015, only 9% of US
gluten-free consumers followed a GF diet due to a celiac disease, while

others were adopting a GF lifestyle because it made them feel healthier
(12%) or wanted to lose weight (7%) [5].

In response to consumer's needs, more and more gluten-free pro-
ducts, such as pasta, have appeared on the market. However, these
products often do not satisfy the nutritional deficiencies of these con-
sumers in terms of dietary fibre, vitamins (B12, D), and minerals (iron,
calcium, zinc) [6]. However, consumers consider GF diet hard to follow
due to low availability, lack of variety, texture problems, poor palat-
ability and high prices of the GF products [7].

Psyllium husk is a functional ingredient with a health claim ap-
proved by FDA [8] for reducing the risk of coronary heart disease.
Underlying this approval is Psyllium's high soluble fibre content that
translates into high water absorption and gelling ability, making it
possible to use Psyllium as a structure builder that mimics the gluten
matrix [9]. Our research group has already explored Psyllium techno-
logical functionality in the production of biscuits [10]. In this work we
intend to take advantage of both of Psyllium's mentioned features in
order to develop a GF functional pasta.

https://doi.org/10.1016/j.algal.2019.101743
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Development of new microalgae-
based sourdough “crostini”: 
������������ơ��������Arthrospira 
platensis (spirulina) addition
Alberto Niccolaiͷ, Manuel Venturi͸ȗ, Viola Galliͷ, Niccolò Piniͷ, Liliana RodolƤͷǡ͹, 
Natascia Biondiͷ, Massimo D’Ottavioͷ, Ana Paula Batistaͺ, Anabela Raymundoͺ, Lisa Granchiͷ 
& Mario R. Trediciͷ

�������������������������������������������ƪ���������Arthrospira platensis�	Ƭ�Ǧ�͸ͻͼ�ȋ���������Ȍ�
incorporation on the nutritional and functional properties of “crostini”, a leavened bakery product 
largely consumed in Italy and Europe. Sourdough was used as leavening and fermentation agent and 
three concentrations of A. platensis�	Ƭ�Ǧ�͸ͻͼ������������ǣ�͸άǡ�ͼά�����ͷͶά�ȋ�Ȁ�ȌǤ�����������������
volume increase compared to the control, the A. platensis�	Ƭ�Ǧ�͸ͻͼ�ǲ��������ǳ������������������
���������������������������������������������������Ǥ���������������������������ǡ���������Ƥ�����
��ơ������������������������������������������������������Ǥ�A. platensis�	Ƭ�Ǧ�͸ͻͼ�ǲ��������ǳ��������
higher protein content compared to the control. Considering the European Commission Regulation on 
������������������ǡ�ǲ��������ǳ�������������������ͼά�����ͷͶά��������������������������������“source 
of protein”. Six and ten percent A. platensis�ǲ��������ǳ���������������������Ƥ��������������������������
����������������������Ǥ��������Ƥ����������������������in vitro dry matter and protein digestibility 
between A. platensis�	Ƭ�Ǧ�͸ͻͼ�ǲ��������ǳ��������������������������Ǥ���������������������������
decreased with increasing A. platensis�	Ƭ�Ǧ�͸ͻͼ���������Ǥ��������������������������������������
addition and the sourdough technology led to the development of a novel microalgae-based bakery 
product with nutritional and functional features.

Bakery products are a staple presence of the diet worldwide. !is category includes di"erent food products such 
as bread, cakes, pastries, biscuits and breakfast cereals. In Italy, many bakery goods are obtained through sour-
dough technique that is used both for artisanal and industrial productions1–4. Sourdough is typically de#ned as 
a mixture of water and $our fermented by lactic acid bacteria (LAB), primarily responsible for acidi#cation, and 
yeasts, that promote the leavening process5,6. Sourdough LAB are mainly heterofermentative species belonging 
to Lactobacillus, while typical yeasts associated with this food matrix are Saccharomyces cerevisiae, Candida mill-
eri and Issatchenkia orientalis5. !e microbial populations are kept stable, with a LAB/yeast ratio between 1:10 
and 1:100, and active through daily refreshments2,4,7. In addition to traditional products (e.g. typical breads and 
sweet leavened cakes), sourdough is being used for di"erent baked goods: snacks, crackers, “grissini”, leading to 
the development of novel products. Indeed, the use of sourdough is recognized to improve rheological, sensory, 
technological and nutritional features of the #nal products, conferring peculiar and distinctive characteristics8. 
Sourdough fermentation lowers the glycaemic index by reducing starch digestibility, increases the bioavailability 
of mineral salts by reducing phytate content, and promotes proteolysis by activating endogenous cereal proteases 
and through LAB peptidases9–13. Some LAB strains can also produce bioactive molecules with nutraceutical prop-
erties such as amino acid derivatives (e.g. γ-amino butyric acid)14, bioactive peptides15–17, or exopolysaccharides 
with prebiotic potentialities18,19.

In order to further enhance bakery products overall quality, the addition of functional ingredients has 
been proposed: pseudo-cereals, legumes, sprouted cereals, wheat germ, fibers, microalgae, spices, herbs, 

ͷDepartment of Agriculture, Food, Environment and Forestry (DAGRI), University of Florence, Florence, Italy. 
͸FoodMicroTeam S.r.l, Florence, Italy. ͹Fotosintetica & Microbiologica S.r.l, Florence, Italy. ͺLEAF – Linking 
Landscape, Environment, Agriculture and Food, Instituto Superior de Agronomia, Universidade de Lisboa, Lisboa, 
Portugal. *email: manuel@foodmicroteam.it
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A2F- A ReVeaUcKeU PURMecW SURSRVaO ZLWKLQ WKe ReVeaUcK CRXQcLO Rf NRUZa\¶V BION�R PURgUaPPe 

ALGAE TO FUTURE (A2F) 
 FURm FXQdameQWal Algae ReVeaUch WR ASSlied IQdXVWUial PUacWice 

 
 
 
 

 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

1.  ReleYaQce UelaWiYe WR Whe call fRU SURSRVal: 
A2F LQcOXdeV WKePaWLc aUeaV Rf WKe BION�R 

SURgUaPPe VXcK aV agULcXOWXUe aQd QaWXUe-baVed 
YaOXe cKaLQV, aV ZeOO aV VeafRRd aQd PaULQe bLRPaVV, 
fURP UaZ PaWeULaOV aUe WaNeQ RXW Rf WKe Vea XQWLO WKe\ 
UeacK WKe cRQVXPeUV LQ a bLRecRQRP\ fUaPeZRUN (see 
concept figure below). A2F ZLOO deYeORS QRYeO fRRdV 

fURP WKe ORZeVW SRVVLbOe aTXaWLc WURSKLc OeYeO, b\ 
cUeaWLQg a NQRZOedge aQd WecKQRORg\ SOaWfRUP fRU 
QRYeO PLcURaOgae SURdXcWLRQ ZLWKLQ agULcXOWXUe 
(SURWRW\Se FROYeQgaaUd), SURceVV LQdXVWU\ 
(PLcURaOgae SLORW MRQgVWad) aQd UeVeaUcK (NIBIO, 
ULB, UQL ReVeaUcK, NORD, NMBU, NRfLPa) LQ 

cRQWLQXRXV dLaORgXe ZLWK UeOeYaQW cRPPeUcLaO- aQd 
LQWeUQaWLRQaO SaUWQeUV. TKe fLQaQcLaO cRQWULbXWLRQ 
fURP SaUWQeUV aPRXQWV WR abRXW 25% Rf WKe WRWaO 
SURMecW bXdgeW. TKe SURSRVed YaOXe-cKaLQ fROORZV 
WaUgeWed SURWeLQ, faWW\ acLdV aQd VWaUcK-ULcK 
PLcURaOgae bLRPaVVeV fURP OabVcaOe deYeORSed 

SURWRcROV, L.e. UeVeaUcK-
baVed LQQRYaWLRQ, WR SLORW 
VcaOe SURdXcWLRQ Rf 
PLcURaOgae LQ a QeWZRUN Rf 
SKRWRbLRUeacWRUV aQd 
cRPPeUcLaO acWRUV, ZLWK 
PLcURaOgae bLRPaVV XVed LQ 
bUead, feUPeQWed beYeUage 
aQd fLVK SURdXcWLRQ aV caVe 
VWXdLeV. FXUWKeUPRUe, A2F 
LQWegUaWeV e[SeUWLVe RQ 
PLcURaOgae cXOWLYaWLRQ aQd 
RSWLPLVaWLRQ aW Oab- aQd SLORW 
VcaOeV, bLRUefLQLQg, baNLQg 
aQd bUeZLQg WecKQRORg\, 
fLVK feed deYeORSPeQW, fRRd 
TXaOLW\ aQd VafeW\, 
bLRecRQRP\, bURadcaVW 
MRXUQaOLVP aQd aQLPaWLRQ LQ 

a cR-LQQRYaWLRQ fUaPeZRUN. B\ WaUgeWLQg PLcURaOgae, 
A2F LQWeQdV WR e[SORUe WKeLU SRWeQWLaO WR be ORZ-
caUbRQ-fRRWSULQW KeaOWK\ LQgUedLeQWV fRU fXWXUe fRRd 
aQd feed. FLYe PKDV aQd PRVW DRcV ZLOO be LQYROYed 
LQ A2F; aW OeaVW VL[ PRbLOLW\ acWLYLWLeV ZLOO be 
XQdeUWaNeQ (Vee aOVR VecWLRQ 3.7)

A2F¶s Yision is Wo la\ Whe foXndaWion for indXsWrial microalgae prodXcWion in NorZa\, XWili]ing 
naWXral resoXrces and ZasWe sWreams from e[isWing prodXcWion lines ZiWhin agricXlWXre, aqXacXlWXre 
and process indXsWr\.  

x A2F addUeVVeV ke\ challeQgeV WhaW WRda\ limiW VXVWaiQable aQd SURfiWable XVe Rf micURalgae 
baVed WechQRlRgieV.   

x NRUZa\ haV VSecial QaWXUal UeVRXUceV aQd faYRXUable cRQdiWiRQV fRU cXlWXUiQg micURalgae, 
bXW alVR VSecial QeedV fRU SURWeiQV aQd faWW\ acidV fRU VXVWaiQable fiVh faUmiQg aQd 
agUicXlWXUe iQdXVWUieV  

x A VXcceVVfXl A2F Zill demRQVWUaWe Whe SRWeQWial fRU fXWXUe deYelRSmeQW Rf a Zide UaQge Rf 
QRYel fRRd aQd feed, SURdXced iQ a VXVWaiQable aQd eQYiURQmeQWall\ fUieQdl\ Za\.   

x The poƚenƚial benefiƚƐ ƚo ƐocieƚǇ aƌe conƐideƌable ǁhen pƌodƵcing high ƋƵaliƚǇ pƌoƚeinƐ and 
faƚƚǇ acidƐ͕ aƐ ǁell aƐ oƚheƌ bioacƚiǀe molecƵleƐ͕ aƚ ƚhe loǁeƐƚ poƐƐible ƚƌophic leǀel ǁiƚhoƵƚ 
need foƌ aƌable land͘ 

A2F brings Algae Wo Whe FXWXre b\ inWegraWing FXndamenWal Algae Research and Applied IndXsWrial 
PracWices. A2F enYisages WhaW Whe knoZledge and Wechnolog\ plaWform proYided b\ Whe projecW Zill 
creaWe a Yiable microalgae indXsWr\ as a parW of Whe neZ NorZegian bio econom\ ZiWhin Whe ne[W 10 
Wo 15 \ears. 
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Gastronomic approach

SESSION III - Microalgae as sources of bioactive compounds for food

https://www.thelocal.se/20180329/ikea-develops-new-mealworm-meatballs-and-dogless-hotdogs

Strategies do engage the consumers...
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The role of Gastronomic science to engage the consumers
Food of the world
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SESSION III - Microalgae as sources of bioactive compounds for food
Tasting Menu with Chlorella vulgaris…
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M assages  to  take  hom e

Microalgae are rich in bioactive compounds, which make 
them extremely important for food and pharmaceutical 
industries.

The use of microalgae as a food ingredient requires 
consumer engagement.

The use of gastronomic science techniques allows the 
creation of structures and flavors that are decisive for 
increasing the acceptance of microalgae in food. 

MICROALGAE BIOMASS AS A 
SUSTAINABLE FOOD SOURCE
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