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Water and circular economy
• Water is an indispensable resource for any 

ecosystem.

• Access to clean water is a recognized human 
right by United Nations  

Reduce
water losses 
by boosting 

water 
efficiency

Reuse 
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minimal 
treatment

Recycle 
resources and 

wastewater

Restore 
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from 
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and put them 
to use

Circular 
water 

management
• Up to 30% increase in global water demand by 

2050 (Boretti et al, 2019)

• 57% of total water withdrawal in Europe was by 
Industrial sector (Aquastat)
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Microalgae cultivation

Nutrients
(P,N)

Lipids

Proteins

biodiesel

Foods & 
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Cosmeceuticals

ü Fast growth rates

ü Highly resilient and
adaptable

ü Versatile product output
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Carotenoids

• Lipophilic compounds
• Anti-inflammatory and antioxidant 

activity

What are they?

Applications

• Natural food colorants
• Dietary supplements
• Cosmeceuticals

Extraction

• Organic solvents are typically required (acetone, ethanol, hexane etc)
• Inert conditions
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Aim and objectives

Ultrasound-assisted

Microwave- assisted

Direct saponification

Extraction methods
HPLC analysis

Extract

Cosmeceuticals

Wastewater

Microalgae
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Materials and methods

• Cultivation medium was a mixture of expired orange juice, brewery wastewater and cheese-whey

• Model microalga was Chlorella vulgaris

• Pigment extraction took place overnight in inert conditions from lyophilized biomass with 
chloroform:methanol (2:1, vol/vol)

• Pigment concentration was determined spectrophotometrically according to equations from Dharma 
et al

𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝑎 𝐶ℎ𝑎 = 16.72 𝐴665.2 − 9.16(𝐴652.4)
𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝑏 𝐶ℎ𝑏 = 34.09 A652.4 − 15.28(A665.2)

𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑟𝑜𝑡𝑒noid content = 1000 A470 − 1.63Cha − 104.96Chb /221
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Results
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Cultivation in wastewater

Wastewater type Composition (%)

Expired orange juice 43.5
Brewery wastewater 31.0

Cheese whey 0.5
Water 25.0

Cultivation medium phycoremediation

!!!
Anagnostopoulou et al

22/06
Room 3, Session XI

13.15-13.30

!!!
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Pigment extraction

ü Spectrophotometric results from 
lyophilized biomass

ü Pigment content was steadily 
increasing 

ü At the end of cultivation, 
pigment content was 270
μg/gDW

ü Preliminary results on wet
biomass with ethanol:hexane
indicate a ~65% extraction 
efficiency.
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HPLC profile

ü Ongoing work

ü More powerful tool for identification 
and quantification of pigments

ü So far, 4 individual pigments have 
been identified: chlorophyll a, 
chlorophyll b, lutein and β-carotene
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Conclusions

• C.vulgaris was cultivated in a mixture of expired orange juice, brewery wastewater and 
cheese-whey

• Phycoremediation of food industry effluents was proven feasible with microalgae

• Pigment content was 270 μg/gDW after 14 days of cultivation

• Preliminary HPLC results indicate the presence of chlorophyll a, chlorophyll b, lutein and 
β-carotene.
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Future steps

• Optimization of carotenoid extraction (pretreatment method, solvents etc)

• Determination of the biological activity (total phenolic content, antioxidant activity etc)

• Skin cream production
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Thank you for your attention!
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