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ESTUDOS	DE	CASO
Projetos	de	investigação	em	parceria	com	a	indústria



Industria arrozeira

“Arroz +“	project	n.38749	
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Industria	de	carnes

QREN/ SI I&DT Individual 38593 Snack Nobre –
“Development of a snack based on cured meat by-product”.

Reologia	de	emulsões	– requisites	especiais	de	processamento



Industria	de	lacticínios

Desenvolvimento	de	pão	com	soro	de	leite	fermentado

Desenvolvimento	de	queijo	com	incorporação	 de	microalgas



Panificação

Relação	entre	métodos	fundamentais	e	métodos	empíricos

QREN 23141 DRECHE 2011 – "Technology	to	recover	a	by-
product	of	the	brewing	industry,	BSG,	for	use	in	the	baking	
industry"

Farinografo Brabender Chopin	Alveo-Consistograph

Reologia de	massa de	pão



Chocolate
QREN 33880 

HELATHYBOMBONS 2012–
“Development of bombons with 

functional fillings”

Reologia	de	recheios	de	bombons	hipocalóricos	com	
incorporação	 de	fibras



Honey	industry

Self	financing

Otimização	do	processo	de	pasteurização	do	mel

A	viscosidade	do	mel	um	parâmetro	determinante

Controlo	dos	fenómenos	de	cristalização



Microalgae
Biological active compounds naturally encapsulated in the microalgae cell

Commercially important metabolic pathways in microalgae 
Simplified cellular pathways involved in the biosynthesis of various products derived 

from microalgae.
(adaptated from Rosenberg et al., 2008).

Microalgas como ingrediente alimentar
A2F	– Algae to	Future

Projeto	 financiado	pelo	Research	Council of Norway’s BIONÆR	Programme project no:	267872/E50	



Microalgae production

Growth medium: Sorokin & Krauss medium (Chlorella), Bold Basal medium (Haematococcus),
Spirulina medium (Spirulina), Wallerstein & Míquel medium (Diacronema and Isochrysis)

Airlift bioreactors
• Bubbling air
• Low light conditions (150 µE.m-2.s-1)
• Optimal temperature (18-27ºC)

Outdoors raceway 
ponds

Polyethylene bags

Production:
• Biomass Unit of the Department of Renewable Energies, LNEG (Lisbon) –
Chlorella vulgaris, Haematococcuspluvialisand Spirulina maxima.

• Department of Aquaculture, IPIMA (Lisbon) –
Diacronemavlkianum and Isochrysis galbana.

Harvesting of microalgae during stationary growth phase – centrifugation and
freeze-drying.



Microalgae production
Carotenogenesis

Carotenogenesis process

• Nitrogen starvation

• NaCl addition (30% Chlorella, 2% Haematococcus)

• High luminosity by culture dilution (1000 µE.m-2.s-1)

Chlorella (orange)

Haematococcus

[Gouveia et al (1996) Bioresource Technol 57: 157]
[Gouveia & Empis (2003) Innov Food Sci Emerg Technol 4: 227]

Astaxanthin accumulation 

Green colour - microalgal biomass harvesting should be very early
Orange-red colour - carotenogenesis must progress over time and biomass
harvesting must be performed on a later stage.



Microalgae biomass as a food ingredient
http://ec.europa.eu/food/food/biotechnology/novelfood/nfnetweb/
mod_search/index.cfm?action=mod_search.details&seqfce=45

Arthrospira platensis
Common Names
Spirulina (DE) (SL), blue-green algae (EN), Espirulina (PT) (ES), spirulina (PL) (FI) (CZ), sini-rohevetikas (ET), spirulina alga (HU),
σπιρουλίνα (EL), Spirulīna, zilaļģe (LV)

Description
Spirulina is a blue-green microalga (cyanobacterium) which belongs to the Lichinaceae Family.
Spirulina originates from Latin meaning spiral and its physical appearance resembles thin thread interlocking 

and twining together.

Chlorella pyrenoidosa

Common Names
Chlorella (DE), chlorella zwyczajna (PL), viherlevä (FI), zelená sladkovodní řasa chlorela (CZ), klorella alga (HU), Hlorella 
(LV), Klorela (SL), clorela (PT)

Description
This algae belongs to the Chlorophytae Family and is grown in Japan, China and Taïwan, since 1955. The composition is quite 
similar to the other macroalgae. It is a nutrient-dense unicellular fresh water green alga .

Tetraselmis chuiiwas recently been approved (2014), but has to be produced by a Spanish 
company. It is not already on the general list of approved ingredients.

http://ec.europa.eu/food/safety/novel_food/authorisations/list_authorisations/index_en.htm

•Tetraselmis chuii , 4 March 2014 (Spanish Consumer Affairs, Food Safety and Nutrition Agency)



•Oxidation products – an enhanced
resistance to oxidation (lower peroxide
index) was evidenced by emulsions
containing microalgae, particularly
Haematococcus.

[Raymundo et al., Food Res Int, 2005, 38, 961.]

Microalgae emulsions

• Colour (CIELAB system) and texture
stability (6 weeks).

[Gouveia, et al, Eur Food Res Technol, 2006, 222, 362.]

0.25% 
Hp

0.25% 
Cv

0.50% 
Hp

0.75% 
Hp

0.50% 
Cv

0.75% 
Cv

2% Cv
50% oil

2% Cv
55% oil

2% Cv
60% oil

0% Cv
65% oil 2% Cv

65% oil

•Structural characterization (rheology
and droplet size distribution) - the
addition of microalgal biomass
improves the structural properties of the
emulsions – it is observed a “fat
mimetic” effect.

astaxanthincanthaxanthin

Chlorella and Haematococcus
• Pea protein isolate: 5% (w/w)
• Microalgal biomass: 0.25 - 0.75% (w/w)
• sunflower oil: 65% (w/w)



Microalgae gels

Chlorella,Haematococcus, Spirulina, Diacronema

• Evaluate the stability of the microalgal
biomass in gelled systems after thermal
treatment at 75º-90ºC for 5 min.

• Total colour differences (DE*<5) and total
pigment losses (carotenoids) (5-10%) during
gel thermal processing were relatively small.

• Good profile in essential fatty acids – GLA (g-
linolenic, 18:3w6) for Spirulina, EPA (20:5w3)
and DHA (22:6w3) for Diacronema.

[Gouveia et al (2008) Nutrition and Food Science, 38(5)
Batista  et al (2010) Food Hydrocolloids, in Press]High resistance

Natural encapsulation



Microalgae biscuits

[Gouveia et al (2008) J Sci Food Agric, 88, 891]
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Isochrysis galbana • Colour (CIELAB system) and texture stability 
(3 months).

• The biscuits with Isochrysis galbana biomass
presented a high content of PUFA’s
(EPA+DPA+DHA): 100-320 mg/100g biscuit (DDR
= 500 mg/day)

• In spite of the drastic thermal processing (high
temperatures) during biscuits manufacturing,
the addition of microalgal biomass leads to the
presence of ω3 fatty acids (absent in control
biscuits)

Thermal resistance of fatty 
acids should be due to its 
presence in an encapsulated 
form, inside the microalgae 



• Wheat semolina: 70 % (w/w)
• Microalgal biomass: 0.5 – 2.0 % (w/w)

Microalgae pastas

Chlorella vulgaris

•Microalgae pastas present higher optimal 
cooking time, swelling indexes and water 
absorption values than the control pasta, 
but no    significant differences (p<0.05) for 
cooking losses.

• The addition of microalgae resulted in a 
increase of pasta firmness, comparing to 
the control sample, and there is a general 
tendency for an increase of raw pasta 
firmness with microalgae concentration.  

FRADIQU E, M., BATISTA, A. P., N UNES, M. C., GOUVEIA, L., BANDARRA, N ., R AYMUND O, A. (2010). Incorporation of Chl orell a
vulgaris and Spiruli na maxima biom ass i n pas ta products . Part 1: Pr epar ati on and eval uati on. Journal of the Sci ence of Food and
Agriculture, 90: 1656–1664.
FRADIQU E, M., BATISTA, A.P., NU NES, M.C ., GOU VEIA, L., BAN DARR A,N ., R AYMU NDO, A. (2013) . Isochrysis galbana and
Diacronema vlkianum biomass incorporation in pasta products as PUFA’s source. LWT - Food Science and Technology. 50: 312 -319.



Ciências	gastronómicas…

Hidrocolóides
Mundo	das	texturas
Espumas,	emulsões	e	géis	tomam	uma	nova	dimensão....

A	Reologia	como	ferramenta	para	o	design	de	novos	alimentos!

Mestrado	em	Ciências	Gastronómicas

OBRIGADA		PELA	ATENÇÃO!


