
 

 

 
 

 

ΔΡΑΣΗ ΕΘΝΙΚΗΣ ΕΜΒΕΛΕΙΑΣ: 

«ΕΡΕΥΝΩ-ΔΗΜΙΟΥΡΓΩ-ΚΑΙΝΟΤΟΜΩ» 

 

 

 

 

Αξιοποίηση υγρών αποβλήτων για καλλιέργεια μικροφυκών και 

χρησιμοποίηση αυτών προς παραγωγή βιοντίζελ και συμπληρωμάτων 

ιχθυοτροφών 

 

«Alga4Fuel&Aqua» 

 

 

Παραδοτέο 24: Δημοσιεύσεις χρήσης μικροφυκών στις ιχθυοτροφές 

Έκδοση 1.0.: Πρώτη έκδοση που δημιουργήθηκε στις 08-05-2021 

Έκδοση 2.0.: Δεύτερη έκδοση που δημιουργήθηκε στις 08-10-2022 

 

 

 

 

 

Αυτό το έργο χρηματοδοτήθηκε από το Επιχειρησιακό Πρόγραμμα 

«Ανταγωνιστικότητα – Επιχειρηματικότητα - Καινοτομία (ΕΠΑνΕΚ) 2014-2020, 

Δράση Εθνικής Εμβέλειας «Ερευνώ-Δημιουργώ-Καινοτομώ», με  Κωδικό Έργου 

Τ1ΕΔΚ-01580 

 



2 

 

 

Παρ [24]: [Δημοσιεύσεις χρήσης ΜΦ στις ιχθυοτροφές] 

Λεπτομέρειες Έργου: 

Πρόγραμμα: ΕΠΙΧΕΙΡΗΣΙΑΚΟ ΠΡΟΓΡΑΜΜΑ «ΑΝΤΑΓΩΝΙΣΤΙΚΟΤΗΤΑ – 

ΕΠΙΧΕΙΡΗΜΑΤΙΚΟΤΗΤΑ – ΚΑΙΝΟΤΟΜΙΑ (ΕΠΑνΕΚ) 2014-2020 

Τίτλος Έργου: Αξιοποίηση υγρών αποβλήτων για καλλιέργεια μικροφυκών 

και χρησιμοποίηση αυτών προς παραγωγή βιοντήζελ και συμπληρωμάτων 

ιχθυοτροφών 

Ακρωνύμιο Έργου: Alga4Fuel&Aqua 

Αριθμός Πρότασης: Τ1ΕΔΚ-01580 

Συντονιστής: Πανεπιστήμιο Θεσσαλίας 

Διάρκεια: 09/07/2018 – 08/10/2022 

 

Λεπτομέρειες Παραδοτέου 

ΕΕ5: Δοκιμή ΜΦ για διατροφή ιχθύων 

Εργασία ΥΕ 5.3.: Αξιολόγηση θρεπτικής αξίας και μεταβολικών επιδράσεων στους 

εκτρεφόμενους ιχθύες 

 

 

Τίτλος Παραδοτέου: Δημοσιεύσεις χρήσης μικροφυκών στις ιχθυοτροφές 

Υπεύθυνος Φορέας: Πανεπιστήμιο Θεσσαλίας  

Συμμετέχων Εταίρος: BIOMAR 

 

Προθεσμία Παράδοσης: Μήνας  51 

Ημέρα Παράδοσης 08/10/2022 

 

 

 

 



3 

 

 

Παρ [24]: [Δημοσιεύσεις χρήσης ΜΦ στις ιχθυοτροφές] 

Λίστα Περιεχομένων  

1. Περίληψη         4 

2. Εισαγωγή         7 

  



4 

 

 

Παρ [24]: [Δημοσιεύσεις χρήσης ΜΦ στις ιχθυοτροφές] 

1. Περίληψη 

Το Παραδοτέο Π24 «Δημοσιεύσεις χρήσης μικροφυκών στις 

ιχθυοτροφές» εντάσσεται στην Ενότητα Εργασίας ΕΕ5 «Δοκιμή μικροφυκών για 

διατροφή ιχθύων» και περιλαμβάνει συνολικά πέντε (5) δημοσιεύσεις εκ των οποίων 

η μία (1) αποτελεί άρθρο σε επιστημονικό περιοδικό του SCI και οι τέσσερις (4) 

αποτελούν ανακοινώσεις σε διεθνή συνέδρια του κλάδου των υδατοκαλλιεργειών. 

Αξίζει να αναφερθεί ότι τα αποτελέσματα του έργου έχουν παρουσιαστεί στην 

Ημερίδα του Έργου Alga 4 Fuel & Aqua , καθώς  επίσης έχουν δημοσιευθεί στο 

εξαμηνιαίο περιοδικό του ομίλου BioMar που αποτέλεσε συνεργαζόμενο Φορέα στο 

Έργο.  

Συγκεκριμένα, έγιναν οι παρακάτω  δημοσιεύσεις/ανακοινώσεις/παρουσιάσεις: 

 

1. Π24.1  (δημοσίευση σε επιστημονικό περιοδικό) 

Karapanagiotidis I.T., Metsoviti M.N., Gkalogianni E.Z., Psofakis P., Asimaki A., 

Katsoulas N., Papapolymerou G., Zarkadas I. (2022). The effects of replacing 

fishmeal by Chlorella vulgaris and fish oil by Schizochytrium sp. and 

Microchloropsis gaditana blend on growth performance, feed efficiency, 

muscle fatty acid composition and liver histology of gilthead seabream (Sparus 

aurata). Aquaculture 561, 738709, 

https://doi.org/10.1016/j.aquaculture.2022.738709 

 

2. Π24.2 (ανακοίνωση σε διεθνές συνέδριο) 

Gkalogianni E.Z., Psofakis P., Asimaki M., Moustogianni A., Bouras S., Antoniadis 

D., Zarkadas I., Papapolymerou G., Katsoulas N., Karapanagiotidis I.T. (2020). 

Effects of fishmeal replacement by chlorella vulgaris and fish oil replacement by 

Microchloropsis gaditana and Schizochytrium sp. blend on growth and feed 

efficiency of European seabass (Dicentrarchus labrax). European Aquaculture 

Society 2020, 12-15 April 2021 (virtual), pp. 38-39. 

 

3. Π24.3 (ανακοίνωση σε διεθνές συνέδριο) 
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Gkalogianni E.Z., Psofakis P., Asimaki A., Moustogianni A., Papapolymerou G., 

Katsoulas N., Karalazos V., Karapanagiotidis I.T. (2021). Effects of fishmeal 

replacement by chlorella vulgaris and fish oil replacement by Microchloropsis 

gaditana and Schizochytrium sp. blend on whole body proximate composition 

of European seabass (Dicentrarchus labrax). 4th International Congress on 

Applied Ichthyology, Oceanography & Aquatic Environment (HydroMediT), 4-

6 November 2021, virtual, p. 499-500 

 

4. Π24.4 (ανακοίνωση σε διεθνές συνέδριο) 

Gkalogianni E.Z., Karaiskou Μ., Katouni Α.Μ., Psofakis P., Bouras S., Kountrias G., 

Katsoulas N., Papapolymerou G., Zarkadas I., Karalazos V, Karapanagiotidis I.T. 

(2022). Dietary fish oil and fishmeal replacement by a blend of Schizochytrium 

sp. and Microchloropsis gaditana produced with waste streams derived by 

biofuel industry in European seabass (Dicentrarchus labrax). XX International 

Symposium on Fish Nutrition and Feeding, Sorrento (Italy), 5th - 9th June 2022, 

pp. 109-110. 

 

5. Π24.5 (ανακοίνωση σε διεθνές συνέδριο) 

Gkalogianni E.Z., Asimaki A., Neofytou M.C., Psofakis P., Sofoklis Bouras, 

Georgios Kountrias, Antoniadis Dimitrios, Nikolaos Katsoulas, Papapolymerou 

G., Lagos Panos, Karapanagiotidis I.T. (2022). Dietary fish oil and fishmeal 

replacement by a blend of Schizochytrium sp. and Microchloropsis gaditana 

produced with waste streams derived by biofuel industry in gilthead seabream 

(Sparus aurata). XX International Symposium on Fish Nutrition and Feeding, 

Sorrento (Italy), 5th - 9th June 2022, pp. 110-111. 

 

6. Π24.6 (δημοσίευση σε κλαδικό περιοδικό) 

“Τα πρώτα αποτελέσματα του ερευνητικού έργου “Alga4Fuel&Aqua” στο 

οποίο συμμετέχει η BioMar Hellenic δείχνουν ότι ένα μίγμα μικροφυκών των 

ειδών Schizochytrium sp. και Nannochloropsis sp. μπορούν να 



6 

 

 

Παρ [24]: [Δημοσιεύσεις χρήσης ΜΦ στις ιχθυοτροφές] 

αντικαταστήσουν πλήρως τα ιχθυέλαια των τροφών της τσιπούρας”. 

περιοδικό του ομίλου BioMar. 

https://www.biomar.com/el-gr/greece/3/1/sustainable-aquafeed-with-

marine-microalgae/ 

 

7. Π24.7 (παρουσίαση αποτελεσμάτων στο διαδικτυακό συνέδριο του 

Έργου) 

Ι. Καραπαναγιωτίδης, Ε.Ζ. Γκαλογιάννη, Μ. Μετσοβίτη, Π. Ψωφάκης, Α. 

Ασημάκη, Ν. Νεοφύτου, Ι. Ζαρκάδας, Σ. Μπούρας, Γ. Κούντριας, Ν. Κατσούλας. 

«Χρήση των ειδών μικροφυκών Schizochytrium sp. - Microchloropsis sp. - 

Chlorella sp. στα σιτηρέσια της τσιπούρας και του λαβρακιού». Παρουσίαση 

αποτελεσμάτων του Έργου με τίτλο Alga4Fuel&Aqua στο Διαδικτυακό 

Συνέδριο, 29 Σεπτεμβρίου 2022. 

  

https://www.biomar.com/el-gr/greece/3/1/sustainable-aquafeed-with-marine-microalgae/
https://www.biomar.com/el-gr/greece/3/1/sustainable-aquafeed-with-marine-microalgae/
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2. Εισαγωγή 

Οι παραπάνω δημοσιεύσεις/ανακοινώσεις/παρουσιάσεις, είναι διαθέσιμες σε 

πρωτότυπη έκδοση στον κατάλογο δημοσιεύσεων του Π24 που συνοδεύει το 

παραδοτέο με την αντίστοιχη αρίθμηση. 
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The effects of replacing fishmeal by Chlorella vulgaris and fish oil by 
Schizochytrium sp. and Microchloropsis gaditana blend on growth 
performance, feed efficiency, muscle fatty acid composition and liver 
histology of gilthead seabream (Sparus aurata) 

I.T. Karapanagiotidis a,*, M.N. Metsoviti a,b, E.Z. Gkalogianni a, P. Psofakis a, A. Asimaki a, 
N. Katsoulas b, G. Papapolymerou c, I. Zarkadas d 
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b Laboratory of Agricultural Constructions and Environmental Control, Department of Agriculture Crop Production and Rural Environment, University of Thessaly, Fytoko 
Street, Volos 38446, Greece 
c Department of Environmental Studies, University of Thessaly, Larissa 41500, Greece 
d BioMar Hellenic SA, 2nd Industrial Zone of Volos, Velestino 37500, Greece   
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A B S T R A C T   

The present study evaluated the effects of replacing fishmeal protein by Chlorella vulgaris meal and fish oil by a 
blend of Schizochytrium sp. and Microchloropsis gaditana on growth, feed utilization, muscle fatty acid compo-
sition and liver histology of Sparus aurata. Fish were fed twice a day for 12 weeks, six isonitrogenous (52% CP) 
and isoenergetic (21 MJ/Kg) diets at which fishmeal protein of the Control diet was replaced by C. vulgaris meal 
at 10% (CM10), 20% (CM20) and 30% (CM30) and fish oil of the control diet was replaced by a blend of 
Schizochytrium sp. and Microchloropsis sp. at 50% (SM50) and 100% (SM100). It was found that the partial 
replacement of fishmeal protein by C. vulgaris meal up to 30% and the total fish oil replacement by Schizochytrium 
sp. and M. gaditana blend did not exert any adverse effects on the feed intake, SGR, FCR and PER of fish. Graded 
levels of C. vulgaris led to an increased lipid retention and deposition mainly in the liver, but no other diet- 
dependent changes were observed in the whole body and muscle proximate compositions of fish. Microalgae- 
based diets displayed no major hepatic histomorphological effects, but the very few incidences of hydropic 
degeneration and haemorrhage that were observed call for further investigation to reveal any potential histo-
pathological impacts of such dietary strategy. Fishmeal replacement by C. vulgaris increased the levels of 18:2n-6 
and 18:3n-3 in fish muscle, while EPA and DHA levels were not significantly reduced since dietary fish oil 
maintained their deposition. Fish oil replacement by the blend of Schizochytrium sp. and Microchloropsis sp. 
increased the n-6 PUFA and particularly 20:4n-6 and 22:5n-6 in the muscle, while maintained similar EPA and 
DHA levels compared to the Control group. The present study suggests that the blend of dried biomasses of 
Schizochytrium sp. and M. gaditana could totally replace dietary fish oil in fishmeal-based diets formulated with 
soybean oil, without negatively affecting the growth performance, feed efficiency, proximate composition and 
muscle EPA and DHA levels of S. aurata, even if this resulted in a few histomorphological alterations. Moreover, 
replacing fishmeal protein by C. vulgaris meal up to 30% that was the maximum level tested did not adversely 
affect growth performance and feed utilization, even if it resulted in increased lipid retention and deposition in 
the liver.   

1. Introduction 

Although the recent global pandemic of COVID-19 had a major 

negative impact on aquaculture (FAO, 2020), the sector has a constantly 
increased contribution to fish production for human consumption (FAO, 
2020b). One of the high priorities of aquaculture towards sustainability 
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remains the search for suitable dietary alternatives to fishmeals and fish 
oils in aquafeeds. Fishmeals and fish oils originating mainly from wild 
pelagic fish (Cashion et al., 2017) are being incorporated in aquafeeds as 
the main protein and lipid dietary sources, respectively, providing also 
high quality and nutritional standards to the end fish–product (Matos 
et al., 2016), thus creating a dependence on wild fish stocks that has 
been widely criticized (Byelashov and Griffin, 2014). In addition, the 
stagnated global production of these natural resources in parallel with 
their increasing demand raise in long-term their prices (FAO, 2020b), 
thus developing a need for reducing their inclusion levels in aquafeeds. 

For fishmeal replacement in aquafeeds, plant meals are being used as 
the most suitable and cost-effective alternative protein sources, despite 
their own handicaps (Bell and Waagbø, 2008) and sustainability issues 
(Fry et al., 2016). Land monogastric animal proteins are gaining these 
days more attention as protein rich and more sustainable feedstuffs for 
fishmeal replacement (Karapanagiotidis et al., 2019; Psofakis et al., 
2020) especially after their recent re-introduction in the European 
aquafeed chain (ЕC 56/2013). However, the aquaculture sector in some 
European countries is still reluctant in using these ingredients due to a 
negative consumer perception (Shepherd et al., 2017). Furthermore, 
insect proteins are considered as viable and suitable ingredients for 
fishmeal replacement (Henry et al., 2015), but after their recent EU 
approval (EC 893/2017) the sector is still hesitant to incorporate these 
proteins in fish diets due mainly to their currently high trading prices 
(Mulazzani et al., 2021; Rumbos et al., 2021). Fish by-products have a 
growing share of total production of fishmeal, as well as of fish oil, thus 
offering a viable alternative, but it has to been pointed out that these 
products are of lower protein content compared to fishmeals obtained 
from whole-fish (FAO, 2020b). 

For fish oil replacement the search for suitable alternatives is 
restricted by the EPA and DHA scarcity in the potential substitutes. Plant 
oils, although they have lowered the dietary inclusion levels of fish oils 
in last decades, do not contain these fatty acids that are essential for both 
fish nutrition and human health, while animal fats contain trace levels 
that could not satisfy fish requirements (Turchini et al., 2009). Until 
now, fish oils are the unique rich sources of EPA and DHA that are 
commercially available in prerequisite quantities for use in aquafeeds. 
Strategies using finishing diets and oils from seafood processing by- 
products and by-catches are now successfully implemented but cannot 
be considered as complete solutions for fish oil replacement as neither 
an optimal n-3 fish fillet quality is achieved (Turchini et al., 2009) nor 
the produced fish oil amounts would ever be sufficient (Tocher, 2015) 
among other limitations. In this context, the search for other sustainable 
dietary sources of protein and n-3 fatty acids is essential for the further 
development and sustainability of aquaculture production. 

Microalgae are promising feedstuff candidates that could reduce the 
dependency on fish oil and fishmeal in aquafeeds, having attracted 
strong research and business interest. Depending on the species and 
culture conditions, microalgae can contain high levels of protein that 
can reach even 70% of the dry matter in some species, with a good 
amino acid profile that fits the requirements of fish (Becker, 2013; 
Dineshbabu et al., 2019). In addition, certain microalgae species have 
high oil productivity with significant amounts of polyunsaturated fatty 
acids, such as EPA and DHA (Becker, 2013) that are essential in fish 
nutrition. Moreover, they can contain several bioactive compounds such 
as antioxidants and pigments that possess antibacterial, antiviral, anti-
fungal, antioxidative, anti-inflammatory, and antitumor properties 
(Michalak and Chojnacka, 2015). Their culture, either on freshwater, 
brackish water or marine aquatic environments, and their growth either 
photosynthetically or heterotrophically is known to possess several 
sustainable characteristics (Vuppaladadiyam et al., 2018; Dineshbabu 
et al., 2019), so that their use in aquafeeds holds a potential to increase 
the eco-efficiency of aquaculture, in case their market supply becomes 
feasible (Tocher et al., 2019). 

Today, the challenge is to develop scientific know-how and 
economically efficient up-scaling of microalgae mass cultivation (Enzing 

et al., 2014; Dineshbabu et al., 2019). In this context, it is necessary first 
to investigate which species of microalgae are suitable to aquafeeds, to 
what extent they can replace/supplement dietary fish oil and fishmeal 
and if they could improve the lipid nutritional value of farmed fish-food 
for humans. Among the several microalgae species, Schizochytrium sp. 
and Microchloropsis gaditana are of great interest to aquaculture as the 
first is well known as a rich source of docosahexaenoic acid (22:6n-3, 
DHA) and the latter as a rich source of eicosapentaenoic acid (20:5n-3, 
EPA). Schizochytrium, also referred as Aurantiochytrium, is a genus of 
heterotrophic marine microorganisms belonging to the Thraustochy-
triidae family, often considered as non-photosynthetic microalgae, 
which contains high levels of DHA through a biosynthetic pathway that 
involves a polyketide synthase-like machinery (Morabito et al., 2019). 
The marine microalga M. gaditana, previously known as Nannochloropsis 
gaditana (Fawley et al., 2015), is considered as a good photoautotrophic 
producer of high lipid content and EPA (Ma et al., 2016). Therefore, a 
dietary combination of these two species could act as a direct replacer of 
fishoil and provide a more balanced input of essential fatty acids to 
cultured fish. In addition, Chlorella vulgaris is a single-cell species that 
can be easily cultured in outdoor facilities and has received attention in 
fish nutrition due to its high protein content and growth promoting ef-
fects (Kotrbacek et al., 2015; Luo et al., 2018). 

Gilthead seabream (Sparus aurata) is one of the main farmed fish 
species in the Mediterranean area with an annual world production at 
around 280 thousand tonnes (FAO, 2022). Its culture still experiencing 
an expansion and although have proceeded to reductions in fishmeal 
and fish oil inclusion levels in their aquafeeds, is still dependent on a 
significant supply of these marine derived feedstuffs that are coming 
from wild pelagic fish. Therefore, the present study was conducted in 
order to evaluate the effects of fish oil dietary replacement by a blend of 
Schizochytrium sp. and Microchloropsis sp. and of fishmeal dietary 
replacement by C. vulgaris on growth, feed utilization, muscle fatty acid 
composition and liver histology of Sparus aurata. 

2. Materials and methods 

All procedures involving fish were performed by trained scientists 
(following the Federation of European Laboratory Animal Science As-
sociations – FELASA category C recommendations) according to the EU 
guidelines on the protection of animals used for scientific purposes 
(Directive 2010/63/EU). The research complied with the commonly 
accepted ‘3Rs’ and the ARRIVE (Animal Research: Reporting of in vivo 
Experiments) guidelines were endorsed for experiments using live ani-
mals. Before the experimentation, the experimental protocol was pre-
pared by FELASA accredited scientists and was approved by the Ethics 
Committee of the University of Thessaly and the competent public 
authority. 

2.1. Experimental diets 

The tested feedstuffs (Table 1) used for the experimental diets were: 
fishmeal with 660 g/Kg crude protein, fish oil with 20:5n-3 (EPA) at 
7.09% and 22:6n-3 (DHA) at 12.46% of total fatty acids, Chlorella vul-
garis meal with 558 g/Kg crude protein, Schizochytrium sp. dried biomass 
with 97 g/Kg crude protein, EPA at 1.5%, 22:5n-6 (DPA) at 16.4% and 
DHA at 40.7% of total fatty acids, and Microchloropsis gaditana powder 
with 484 g/Kg crude protein, 20:4n-6 (ARA) at 8.2% and EPA at 19.2% 
of total fatty acids. Six isonitrogenous (52% as fed) and isoenergetic (21 
MJ/Kg) diets were formulated in order to study the effects of fishmeal or 
fish oil replacement by microalgae meals (Table 2). An algae-free diet 
was used as the control diet (Control) containing 537 g/Kg of fishmeal 
and 106 g/Kg of fish oil to satisfy the essential amino acid (Kaushik, 
1998) and fatty acid requirements of the species (Houston et al., 2022). 
In the diets CM10, CM20 and CM30 the fishmeal protein of the Control 
diet was replaced by C. vulgaris protein at 10%, 20% and 30%, respec-
tively (fishmeal replacement set of groups), while also contained fish oil 

I.T. Karapanagiotidis et al.                                                                                                                                                                                                                   
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as source of n-3 fatty acids. The 30% was the maximum tested 
replacement level as the C. vulgaris protein, compared to the fishmeal 
protein, is deficient in most essential amino acids, and particularly of 
lysine and methionine that were supplemented in all CM-based diets to 
balance those of the Control diet. As the blend of Schizochytrium sp. and 
M. gaditana provided adequate amounts of EPA and DHA that were even 
higher than those of fish oil, it holds the potential to fully or at least 
substantially replace the dietary fish oil. Thus, in the diets SM50 and 
SM100, the fish oil of the Control diet was replaced by a blend of 
Schizochytrium sp. and M. gaditana at 50% and 100%, respectively (fish 
oil replacement set of groups), while fishmeal levels were kept constant 
among the diets. The blend (SM) of Schizochytrium sp. and M. gaditana 
was as such to contain approximately equal amounts of EPA (0.7% of the 
diet) and DHA (1.0% of the diet) with the Control diet. The SM50 and 
SM100 diets were also isolipidic (16%) to the Control. Corn gluten meal 
was used as the major plant protein source, while wheat meal was used 
as an energy source and filler ingredient. Soybean oil was used as a lipid 
source in the SM diets. All the diets had constant inclusion levels of a 
commercial premix of vitamins and minerals, monocalcium phosphate, 
vitamin Е and vitamin C. The CM diets were supplemented with lysine 
and methionine at such levels to counterbalance the deficiencies arisen 
from fishmeal replacement. All feedstuffs were ground in a grain feed 
mill (KoMo Fidibus, PGS, Germany) and were mixed in a mixer (Max-
ximum MUMXL20G, Bosch). Fish oil, soybean oil and water were then 
added to produce a homogenous stiff dough. The dough was passed 
through a laboratory California Pellet Mill (CL-2, Irmeco GmbH, 
Netherlands) to form pellets of 1.5 mm diameter, which were then dried 

at room temperature for 24 h and kept in sealed plastic bags at − 20 ◦C 
until use. 

2.2. Fish and feeding trial 

S. aurata juveniles were obtained from a licensed commercial fish 
hatchery (Philosofish, Phthiotis, Greece, Breeding Code: 
GR06FISH0008) and transferred to the licensed aquaculture facilities 
((EL-43BIO/exp-01) of the Aquaculture Laboratory of the Department of 
Ichthyology and Aquatic Environment, University of Thessaly, Greece. 
Fish were stocked in 18 glass tanks (125 l) with recirculating seawater 
and were left for 10 days to acclimatize to the culture conditions and 
experimental diets feeding on the Control diet. Then, fish of 1.10 ± 0.14 
g initial mean weight were randomly allocated in triplicate groups (30 
fish/tank, 3 tanks/diet). Fish were hand-fed to apparent satiation, twice 
a day (10:00 and 17:00) for 12 weeks. Special care was given to ensure 
that all feed supplied was consumed. The water quality was monitored 
routinely with water temperature being maintained at 21.0 ± 1.0 ◦C, pH 
at 8.0 ± 0.4, salinity at 33 ± 0.5 ‰, dissolved oxygen at >6.5 mg/L, 

Table 1 
Proximate (g/Kg), amino acid (% of meal) and selected fatty acid (% of total 
fatty acids) compositions of the tested ingredients: fishmeal, fish oil, Chlorella 
vulgaris, Schizochytrium sp., Microchloropsis gaditana.   

Fishmeal Chlorella 
vulgaris 

Schizochytrium 
sp. 

M. gaditana 

Proximate composition (g/Kg) 
Moisture 65.5 58.0 20.9 66.1 
Crude protein 660.0 558.6 97.1 484.7 
Crude lipid 78.1 112.8 484.9 216.0 
NFE1 2.2 218.8 322.1 147.4 
Ash 194.2 51.8 75.0 85.8 
Gross energy (MJ 

kg− 1) 
18.39 22.04 27.34 22.73  

Essential amino acids (% of meal)2 

Arginine 4.43 4.22 1.65 1.87 
Histidine 2.41 1.17 0.24 0.73 
Isoleucine 3.24 2.98 0.40 1.53 
Leucine 5.62 5.27 0.70 5.85 
Lysine 6.53 3.68 0.53 2.66 
Methionine 1.83 0.89 n.a 0.78 
Phenylalanine 3.01 n.a 0.42 1.67 
Threonine 2.78 3.12 0.44 2.25 
Tryptophan 0.63 2.82 n.a n.a 
Tyrosine 1.77 2.75 0.30 0.85 
Valine 3.85 2.59 0.61 2.56    

Fish oil Chlorella vulgaris Schizochytrium sp. M. gaditana 

Selected fatty acids (% of total fatty acids) 
18:2n-6 6.7 30.5 <1.0 6.0 
18:3n-3 <1.0 12.1 <1.0 <1.0 
20:4n-6 <1.0 3.2 <1.0 8.2 
20:5n-3 7.1 – 1.5 19.2 
22:5n-6 <1.0 – 16.4 – 
22:6n-3 12.5 – 40.7 – 

Notes: n.a.: not available. 
1 Nitrogen-free extract (including fibre) = 1000 - (moisture + protein + lipid 

+ ash). 
2 Data for amino acids are given by the producers. 

Table 2 
Formulation and proximate composition (% as fed) of the experimental diets.    

Fishmeal replacement Fish oil 
replacement 

Diets Control CM10 CM20 CM30 SM50 SM100 

Formulation (g/Kg diet) 
Fishmeal1 537 484 430 376 537 529.5 
Chlorella meal2 0 63.5 127 190 0 0 
Corn gluten meal3 245 243 241 239 201 167.5 
Wheat meal4 104 104.4 105.4 106.7 86.7 66 
Fish oil5 106 96 86 75.5 53 0 
Soybean oil6 0 0 0 0 28 56.5 
M. gaditana7 0 0 0 0 55 110 
Schizochytrium sp.8 0 0 0 0 31.3 62.5 
Vit. & min., premix9 3 3 3 3 3 3 
MCP10 3 3 3 3 3 3 
Vitamin Е11 1 1 1 1 1 1 
Vitamin C11 1 1 1 1 1 1 
L-Lysine12 0 1.2 2.3 3.5 0 0 
DL-Methionine13 0 0.4 0.8 1.3 0 0  

Proximate composition (g/Kg) 
Moisture 81.8 81.9 79.9 80.9 79.7 79.5 
Crude protein 527.3 524.8 519.7 519.0 519.9 524.3 
Crude lipid 158.3 147.8 136.2 130.2 158.4 158.7 
NFE14 135.9 156.0 180.8 188.4 133.0 129.4 
Ash 96.8 89.6 83.4 81.5 109.0 108.1 
Gross energy (MJ/Kg) 21.65 21.41 21.40 21.43 21.25 21.45  

1 Köster Marine Proteins GmbH, Germany. 
2 Chlorella vulgaris, Raw Living, Southampton, England. 
3 Glutalys®, Roquette Italia S.p.A, Cassano Spinola, Italy. 
4 Local market. 
5 Inproquisa SA, Madrid, Spain. 
6 Vlachos trading Co SА, Thessaloniki, Greece. 
7 Nannochloropsis gaditana, Algaepiscis premium, AlgaEnergy, S.A., Madrid, 

Spain. 
8 Schizochytrium sp., Algamac 3050, Aquafauna Bio-Marine Inc., California, 

USA. 
9 Vitamin & mineral premix (kg− 1 of mixture): Vitamins: E, 58.3 g; K3, 3.3 g; 

B1, 3.3 g; B2, 6.6 g; B6, 3.3 mg; B12, 10 mg; Folic acid, 3.3 g; Biotin, 100 mg; C, 
33.3 g; Nicotinic acid, 16.6 g; Pantothenic acid, 13.3 g. Minerals: Co, 170 mg; I, 
248 mg (Ca(IO3)2); Mn, 10 g (MnO); Zn, 33 g (ZnO); Ca 235 g; Se 2,5 mg 
(Na2SeO3); Na 247,5 mg (Na2SeO3). 

10 Monocalcium phosphate, Astron Chemicals SA, Attica, Greece. 
11 DSM Nutritional Products Hellas LTD, Athens, Greece. 
12 Ajinomoto Eurolysine S.A.S., Paris, France. 
13 MetAMINO® (DL-Methionine Feed Grade), Evonik Nutrition & Care GmbH, 

Athens, Greece. 
l4 Nitrogen-free extract (including fibre) = 1000 - (moisture + protein + lipid 

+ ash). 

I.T. Karapanagiotidis et al.                                                                                                                                                                                                                   



Aquaculture 561 (2022) 738709

4

total ammonia nitrogen at <0.3 mg/L and photoperiod was at 12:12 h 
(light:darkness). 

2.3. Sampling 

Before the initiation of the trial, a pooled sample of 20 fish of the 
initial fish population was taken for whole-body proximate composition 
analysis. At the end of the trial, fish were fasted for 24 h before sampling. 
All live fish remaining were individually weighed after being euthanized 
with an overdose (1.0 mg/L) of 2-phenoxyethanol. Four fish were 
randomly selected from each tank (12 fish/dietary group) for whole- 
body proximate composition. Fish were minced into a meat grinder 
and homogenate subsamples of each fish were obtained. Another four 
fish per tank were taken for muscle tissue and liver analysis. Liver, 
viscera and bile of fish were removed quickly and weighed for the 
determination of hepatosomatic, viscerosomatic and bile indices, 
respectively. Portions of the dorsal muscle tissue of each fish, devoid of 
bones, were dissected avoiding those parts attached to skin and then 
homogenized. For fatty acid analysis, the muscle tissues of two fish per 
tank were taken (6 fish/dietary group). All samples were immediately 

frozen and stored at − 40 ◦C. Another two fish per tank (6 fish/dietary 
group) were sampled for liver histology. Liver samples were collected 
and stored in 10% buffered formalin in sterilized seawater. 

2.4. Proximate composition and amino acid analysis 

Proximate composition was conducted to determine the nutrient 
composition of feedstuffs, diets, whole body, muscle tissue and liver of 
fish samples. Thermal drying to constant weight in an oven at 105 ◦C for 
24 h was applied to determine moisture content. Crude protein content 
was determined by Kjeldahl analyses (N × 6.25; Вehr Labor-Technik, 
Germany). Crude fat was determined by exhaustive Soxhlet extraction 
using petroleum ether (40–60 ◦C, BP) using a Soxtherm Multistat/SX PC 
(Sox-416 Macro, Gerhard, Germany). Ash content was determined by 
dry ashing in porcelain crucibles in a muffle furnace (Nabertherm L9/ 
12/C6, Lilienthal, Germany) at 600 ◦C for 5 h and gross energy content 
was determined adiabatically using an IKA oxygen bomb calorimeter 
(C5000, IKA Werke, Staufen, Germany). The amino acid analyses of the 
diets (Table 3) were performed by Eurofins Steins Laboratorium A/S 
(Vejen, Denmark, http://www.eurofins.dk). Quantification of 

Table 3 
Amino acid (g/100 g of protein) and fatty acid (% of total fatty acids) compositions of the experimental diets.    

Fishmeal replacement Fish oil replacement Min. req.1 

Amino acids Control CM10 CM20 CM30 SM50 SM100  

Essential amino acids (g/100 g of protein) 
Arginine 5.55 5.64 5.76 6.01 5.69 5.95 5.4 
Histidine 2.60 2.55 2.43 2.32 2.67 2.60 1.7 
Isoleucine 4.07 4.06 4.00 3.92 4.24 4.23 2.6 
Leucine 10.17 10.20 10.45 10.89 9.70 9.57 4.5 
Lysine 6.04 6.02 5.90 5.77 6.34 6.49 5.0 
Methionine 2.54 2.57 2.57 2.63 2.52 2.50 2.4 
Phenylalanine 4.75 4.87 4.71 4.56 4.71 4.64 2.9 
Threonine 4.07 4.13 4.27 4.29 4.18 4.27 2.8 
Tryptophan 1.03 1.08 1.18 1.36 1.11 1.10 0.6 
Valine 4.91 5.06 4.98 4.77 5.04 5.18 3.0  

Non-essential amino acids (g/100 g of protein) 
Alanine 7.22 7.29 7.16 7.05 6.80 7.18  
Aspartic acid 8.18 8.34 8.08 7.98 8.32 8.68  
Cysteine 1.21 1.22 1.22 1.22 1.17 1.14  
Glutamic acid 16.56 16.34 16.12 16.09 15.77 15.42  
Glycine 5.57 5.43 5.25 5.25 5.80 5.93  
Proline 6.31 6.28 6.70 7.03 6.28 6.43  
Serine 4.68 4.59 4.75 4.73 4.56 4.54  
Tyrosine 3.85 3.62 3.96 4.15 3.66 3.56   

Fatty acid composition (% of total fatty acids) 
Total saturated2 36.5 31.9 28.8 26.9 32.5 30.4  
Total monoenes3 33.1 35.6 36.2 36.0 28.1 23.8  
18:2n-6 10.85 13.59 14.84 16.65 17.78 25.15  
20:4n-6 0.59 0.81 0.70 0.80 1.16 1.07  
22:5n-6 0.12 0.35 0.35 0.51 1.76 2.71  
Total n-6 PUFA4 13.4 15.6 17.0 19.1 22.4 30.0  
18:3n-3 1.72 3.12 4.51 5.08 2.58 2.45  
20:5n-3 4.93 4.48 3.84 3.53 4.84 4.62  
22:6n-3 6.98 6.26 5.95 5.30 6.93 6.88  
Total n-3 PUFA5 15.7 16.4 16.9 16.4 16.9 15.1  
n-3/n-6 1.17 1.05 0.99 0.86 0.75 0.50   

Fatty acid composition (% of dry mater of diet)6 

EPA 0.72 0.61 0.48 0.43 0.71 0.69 0.7 
DHA 1.02 0.86 0.75 0.64 1.01 1.01 0.6 
EPA + DHA 1.75 1.47 1.23 1.06 1.72 1.70 1.4  

1 Minimum requirements of juvenile S. aurata: for amino acids (Kaushik 1998), for EPA and DHA (Montero et al., 1996) and for EPA + DHA (Houston et al., 2022). 
2 Includes 14:0, 15:0, 16:0, 18:0, 20:0, 22:0 and 24:0. 
3 Includes 16:1n-9, 16:1n-7, 18:1n-9, 18:1n-7, 20:1n-11, 20:1n-9, 20:1n-7, 22;1n-11, 22:1n-9, 24:1n-9. 
4 Includes 18:3n-6, 20:2n-6, 22:4n-6. 
5 Includes 18:4n-3, 20:3n-3, 20:4n-3; 22:5n-3. 
6 Quantified using heptadecanoic acid (17:0) (Sigma Chemical Company, St. Louis, USA) as internal standard. 
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tryptophan was made by alkaline hydrolysis and HPLC (EU 152/2009), 
quantification of methionine and cysteine was made by oxidation, acid 
hydrolysis and IC-UV (ISO 13903:2005) and quantification of the rest 
amino acids was made by acid hydrolysis and IC-UV (ISO 13903:2005). 

2.5. Calculation of growth and nutritional indices 

Survival (%) = 100 × final fish number/initial fish number. 
Weight gain (WG, g/fish) = FBW - IBW. 
Specific Growth Rate (SGR, %/day) = 100 × [(LnFBW – LnIBW)] / 

days. 
Feed Consumed (FC, g/fish) = total amount of feed consumed (g) per 

fish. 
Voluntary Feed Intake (VFI, % BW/day) = 100 × feed consumed (g/ 

fish) / [(IBW + FBW)/2 × days]. 
Feed Conversion Ratio (FCR) = feed consumed (g) / wet weight gain 

(g). 
Protein efficiency ratio (PER) = weight gain (g) / protein intake (g). 
Nutrient retention = 100 × nutrient gain (g) / nutrient intake (g). 
Hepatosomatic index (HSІ, %) = 100 × liver weight (g) / FBW (g). 
Viscerosomatic index (VSI, %) = 100 × visceral weight (g) / FBW (g). 
Bile index (BI, %) = 100 × bile weight (g) / FBW (g). 
Condition factor (CF) = 100 × FBW (g) × TL (cm)− 3. 
where, IBW and FBW are the initial and final body weight, respec-

tively, TL is the total length. 

2.6. Total lipid extraction and fatty acid determination 

The total lipid from feedstuffs, diets and muscle tissue of fish was 
extracted and measured gravimetrically. Each sample was homogenized 
in chloroform: methanol (C:M 2:1, v/v) using an Ultra-Turrax tissue 
disrupter (T 25 digital, IKA-Werke, Staufen, Germany) and/or a vortex 
shaker (MS3, IKA-Werke) and kept on ice for 3 h. Phase separation was 
induced with the addition of an aqueous salt solution (0.88% KCl v/v). 
After removing the upper methanol layer, the lower chloroform layer 
containing the lipids was filtered through a paper filter (Whatman 
paper, No 2) into 25 ml pre weighted glass tubes. Solvents where 
evaporated with a stream of nitrogen until dryness (N-EVAP Organo-
mation, Berlin, USA) and consecutively total lipid content was deter-
mined gravimetrically. Extracted lipids were stored in C:M (2:1, v/v) at a 
final concentration of 20 mg lipid/ml at − 40 ◦C under nitrogen. Solvents 
contained 0.01% (w/v) butylated hydroxyl-toluene (BHT) as an anti-
oxidant agent. 

Fatty acid methyl esters (FAME) were prepared by acid catalysed 
transesterification. Extracted lipid sample containing 1 mg of total lipid 
was evaporated under a stream of nitrogen until dryness. Consecutively, 
2 ml of methylating agent was added containing 1% sulphuric acid in 
methanol and 1 ml of toluene. Vials were flashed with nitrogen and dry 
incubated on a hot block (Kisker-Biotech, Steinfurt, Germany) at 50 ◦C 
for 16 h. Crude FAME were purified by thin layer chromatography (TLC) 
on 20 × 20 glass plates pre-coated with silica gel G (Macherey-Nagel, Sil 
G-25) in isohexane: diethyl ether: acetic acid (90:10:1, v/v) and visu-
alized by spraying lightly the edge of the plate with 1% (w/v) iodine in 
CH3Cl3. FAME were scraped from the plate and eluted with isohexane: 
diethyl ether (1:1, v/v). Purified FAME were re-dissolved in isohexane 
containing 0.01% BHT and stored under nitrogen at − 80 ◦C. 

Separation and quantification of FAME was conducted by gas-liquid 
chromatography with a Perkin Elmer Clarus 680 coupled with a Col- 
Elite FameWax capillary column (30 m × 0.25 mm id, film thickness 
0.25 μm (Perkin Elmer, Waltham, MA, USA) and equipped with a flame 
ionization detector (FID). Hydrogen was used a carrier gas at flow rate of 
1 ml/min. Injector temperature was set at 240 ◦C with a split ratio of 
1:10 at a total flow rate of 5 ml/min. The temperature was programmed 
from 60 ◦C to 190 ◦C at a rate of 20 ◦C/min and maintained for 5 min and 
from 190 ◦C to 240 ◦C at a rate of 5 ◦C/min and maintained for 10 min. 
Identification of individual FAME were conducted by comparison to 

known standards (FAME MIX 37, Sigma-Aldrich, St. Louis, Missouri, 
USA) and chromatograms were analysed using TotalChrom software (v. 
6.3, Perkin Elmer). 

2.7. Liver histological analysis and measurements 

For light microscopy, liver samples were first fixed in 10% buffered 
formalin in sterilized seawater for 24 h at 4 ◦C and then immediately 
dehydrated in a graded series of ethanol, immersed in xylol, and 
embedded in paraffin. Sections were cut to a thickness of 5–7 μm with a 
microtome (SLEE medical GmbH, Mainz, Germany) and after depar-
affinization were stained with haematoxylin and eosin. The sections 
were examined under light microscopy (Bresser Science TRM 301) with 
the use of a digital camera (Bresser MikroCam 5.0 MP). The criteria used 
for the histological changes of the liver were nuclear displacement, 
cytoplasmic vacuolization and peripancreatic fat infiltration and were 
evaluated using a grading scale of 0–3 according to Caballero et al. 
(2004) (0: no changes; 1: few changes; 2: medium changes and 3: severe 
changes). 

2.8. Statistical analysis 

Results are presented as means ± standard deviation. Data for fish-
meal replacement set of groups (Control, CM10, CM20, CM30) were 
analysed separately to the data for fish oil replacement set of groups 
(Control, SM50, SM100). Percentages were arcsine-transformed prior to 
statistical analysis. Data were tested for normality by Shapiro-Wilk’s and 
for homogeneity by Levene’s test and were transformed whenever 
required before being subjected to one-way analysis of variance 
(ANOVA) followed by Tukey’s post-hoc test to rank the groups using 
SPSS 26.0 (IBM SPSS Statistics 26). Differences were regarded as sig-
nificant at P < 0.05. 

3. Results 

3.1. Growth, feed efficiency and proximate composition 

Fish survival, feed intake (FC, VFI), growth (FBW, WG, SGR), feed 
efficiency (FCR, PER, protein retention) and morphometric parameters 
(HSI, VSI, BI, CF) were similar (P > 0.05) among the groups of both sets 
(Table 4), except the lipid retention where the CM20 and CM30 fish had 
significantly higher values than the Control group. It is worth noting that 
all algae-fed groups showed higher values, although not significant, of 
final weight and SGR and a better feed efficiency compared to the 
Control. 

The whole body and muscle proximate compositions of fish were 
unaffected (P > 0.05, Table 5) by the fishmeal and fish oil replacements 
with microalgae meals, except the ash content that was found to be 
lower in CM30 fish compared to that of CM10 fish. On the other hand, 
there was an increasing lipid deposition in the liver of fish feeding on all 
microalgae-based diets that was significant in the CM30 fish, while the 
SM100 fish had significantly higher protein content compared to FM and 
SM50 fish. 

3.2. Muscle fatty acid composition 

The muscle fatty acid profiles of fish were affected by the diet 
(Table 6). In general, the percentages of 14:0 were increased in most 
microalgae fed groups of fish compared to the Control. Both SM-fed 
groups of fish had also increased levels of 16:0 and total saturated 
fatty acids (SFA) and reduced levels of several monounsaturated fatty 
acids (MUFA) such as 18:1n-9, 18:1n-7, 20:1n-9/n-11 and 24:1n-9. The 
lowest MUFA values were observed in the SM100 group of fish. In 
addition, the SM-fed groups had increased levels of total n-6 poly-
unsaturated fatty acids (PUFA), and specifically of 18:2n-6, 18:3n-6, 
20:4n-6, 22:4n-6 and 22:5n-6, with the highest values found in the 
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SM100 fish. Both SM50 and SM100 fish had significantly decreased 
levels of total n-3 PUFA, and specifically of 18:4n-3, 20:4n-3 and 22:5n-3 
compared to the Control group. However, the levels of 20:5n-3, 22:6n-3 
and 18:3n-3 in the SM-fed fish were similar (P > 0.05) to those found in 
the Control. The n-3/n-6 ratios were significantly decreased in the SM- 
fed fish compared to the Control. 

As far as the fatty acids profiles of fish fed the CM diets are con-
cerned, all CM-fed fish had reduced levels of 18:1n-7, being significantly 
lower in the CM30 fish compared to the Control. CM20 and CM30 
groups of fish had also reduced levels of 20:1n-9/n-11. All CM-fed fish 
had significantly increased levels of total n-6 PUFA due to their higher 
levels of 18:2n-6 and 18:3n-6 in their tissues. All CM-fed fish had 
decreased levels of total n-3 PUFA, 20:5n-3 and 22:6n-3, though not 
significantly lower than those found in the Control group. On the other 
hand, the levels of 18:3n-3 were gradually increased as the CM inclusion 
level in the diet was increased. All CM-fed fish had similar n-3/n-6 ratios 

to the Control group. 

3.3. Histological study of the liver 

Liver samples of fish from all dietary groups were compared to those 
of the Control group, where no pronounced alterations from normal 
histology were observed. Specifically, in all fish examined, the majority 
of the nuclei appeared in the center of the hepatocytes, having promi-
nent heterochromatin and nucleolus. Lipid droplets were not many and 
small in size indicating no steatosis in any fish. In almost all fish, no 
hemorrhagic symptoms, necrotic areas, inflammation, edema or gran-
uloma were observed. The pancreatic islets contained acinar cells with 
many secretory zymogen granules. One fish (out of 6) of the CM20 group 
showed a bile duct proliferation (Fig 1А), one fish of the SM50 group 
showed haemorrhage and a small area with hydropic degeneration 
(Fig. 1В, Fig. 1C), while hydropic degeneration was also detected in one 

Table 4 
Growth performance, feed utilization and morphometric parameters of S. aurata fed with the experimental diets.    

Fishmeal replacement Fish oil replacement 

Control CM10 CM20 CM30 P SM50 SM100 P 

Survival (%) 88.9 ± 6.9 91.1 ± 6.9 86.7 ± 3.3 91.1 ± 1.9 0.700 93.3 ± 3.3 88.9 ± 1.9 0.441 
FC (g/fish) 14.0 ± 2.1 16.5 ± 1.5 15.6 ± 3.4 15.1 ± 2.8 0.705 17.6 ± 4.1 17.6 ± 2.5 0.318 
VFI (% BW/day) 2.58 ± 0.12 2.31 ± 0.07 2.32 ± 0.22 2.52 ± 0.06 0.092 2.44 ± 0.18 2.35 ± 0.06 0.174 
IBW (g) 1.1 ± 0.01 1.1 ± 0.00 1.1 ± 0.00 1.1 ± 0.01 0.296 1.1 ± 0.00 1.1 ± 0.00 0.572 
FBW (g) 12.4 ± 2.3 16.0 ± 2.3 15.9 ± 4.8 13.2 ± 2.9 0.447 16.5 ± 5.0 17.0 ± 3.0 0.312 
TL (cm) 9.0 ± 0.6 10.0 ± 0.3 9.8 ± 1.1 9.4 ± 0.7 0.420 10.1 ± 1.0 10.1 ± 0.4 0.206 
WG (g/fish) 11.3 ± 2.3 14.9 ± 2.3 14.8 ± 4.8 12.0 ± 2.9 0.445 15.4 ± 5.1 15.9 ± 3.0 0.311 
SGR (%/day) 2.87 ± 0.22 3.18 ± 0.16 3.14 ± 0.40 2.93 ± 0.27 0.470 3.18 ± 0.41 3.24 ± 0.21 0.326 
FCR 1.25 ± 0.07 1.11 ± 0.07 1.09 ± 0.14 1.26 ± 0.08 0.118 1.17 ± 0.15 1.12 ± 0.06 0.338 
PER 1.52 ± 0.08 1.72 ± 0.10 1.79 ± 0.22 1.53 ± 0.10 0.102 1.66 ± 0.20 1.71 ± 0.09 0.272 
Protein retention (%) 23.6 ± 1.9 28.2 ± 1.4 29.0 ± 4.2 26.4 ± 1.6 0.122 27.8 ± 3.4 28.6 ± 1.1 0.080 
Lipid retention (%) 60.6a ± 3.9 71.8ab ± 3.0 79.1b ± 6.8 81.2b ± 3.6 0.009 66.1 ± 6.7 63.9 ± 2.1 0.394 
HSI (%) 1.8 ± 0.5 2.1 ± 0.3 2.2 ± 0.4 1.9 ± 0.3 0.121 1.7 ± 0.4 1.6 ± 0.3 0.543 
VSI (%) 8.3 ± 2.1 6.9 ± 0.7 7.0 ± 1.0 6.6 ± 1.2 0.059 7.2 ± 1.3 6.5 ± 1.3 0.054 
ВІ (%) 0.35 ± 0.11 0.38 ± 0.14 0.41 ± 0.13 0.42 ± 0.17 0.416 0.37 ± 0.15 0.35 ± 0.11 0.875 
CF 1.68 ± 0.11 1.58 ± 0.08 1.67 ± 0.05 1.55 ± 0.07 0.142 1.58 ± 0.04 1.62 ± 0.09 0.432 

Notes: Values represent means ± st. deviation (n = 3). P, significance probability value. Values in the same row bearing different lowercase superscript letters indicate 
statistically significant difference (P < 0.05) among the groups tested for fishmeal replacement. For fish oil replacement set of groups (Control, SM50, SM100) no 
significant differences were observed in all tested parameters. FC, feed consumed, VFI, voluntary feed intake; IBW, initial body weight; FBW, final body weight; TL, 
final total length; WG, weight gain; SGR, specific growth rate; FCR, feed conversion ratio; PER, protein efficiency ratio; HSI, hepatosomatic index; VSI, viscerosomatic 
index; BI, bile index; CF, condition factor. 

Table 5 
Whole body and muscle proximate composition (% on dry weight basis) and energy content (KJ/g) of S. aurata fed with the experimental diets.    

Fishmeal replacement  Fish oil replacement  

Control CM10 CM20 CM30 P SM50 SM100 P 

Whole body composition 
Moisture 68.3 ± 1.3 68.1 ± 1.0 68.0 ± 1.3 67.2 ± 1.0 0.677 67.7 ± 0.6 68.3 ± 0.6 0.636 
Crude protein 51.3 ± 2.2 51.5 ± 2.4 52.7 ± 2.8 52.2 ± 1.6 0.868 52.4 ± 0.3 53.1 ± 1.4 0.412 
Crude lipid 36.5 ± 3.0 35.7 ± 1.7 36.0 ± 2.2 37.7 ± 1.6 0.713 36.0 ± 1.4 34.8 ± 0.5 0.568 
Ash 10.9 ± 0.6 10.9 ± 0.8 11.1 ± 0.6 10.9 ± 1.1 0.979 11.0 ± 0.8 11.1 ± 1.0 0.931 
Gross energy (KJ/g) 26.0 ± 0.7 25.6 ± 0.4 25.7 ± 0.3 26.0 ± 0.6 0.783 25.9 ± 0.4 25.3 ± 0.2 0.237  

Muscle composition 
Moisture 73.4 ± 1.0 73.4 ± 0.9 73.9 ± 1.0 72.7 ± 0.6 0.487 72.5 ± 0.7 73.6 ± 0.5 0.754 
Crude protein 71.6 ± 3.2 71.0 ± 1.7 70.5 ± 3.6 69.7 ± 1.1 0.481 69.9 ± 1.9 72.7 ± 1.6 0.472 
Crude lipid 21.6 ± 2.3 22.4 ± 2.3 24.6 ± 0.6 24.6 ± 2.0 0.299 24.5 ± 2.8 22.0 ± 2.0 0.363 
Ash 4.8ab ± 0.2 5.0a ± 0.1 4.9ab ± 0.3 4.5b ± 0.1 0.052 4.7 ± 0.1 4.9 ± 0.1 0.508 
Gross energy (KJ/g) 25.5 ± 0.7 25.5 ± 0.2 25.4 ± 0.8 25.9 ± 0.4 0.724 26.0 ± 0.4 25.6 ± 0.3 0.974  

Liver composition 
Moisture 64.1 ± 3.3 64.3 ± 1.0 64.0 ± 2.1 58.8 ± 1.7 0.058 63.1 ± 1.6 63.6 ± 1.2 0.543 
Crude protein 35.7A ± 0.8 34.9 ± 1.9 36.2 ± 2.2 35.0 ± 1.1 0.908 36.4A ± 0.6 40.5B ± 1.0 0.013 
Crude lipid 40.9a ± 2.4 42.5ab ± 1.1 43.2ab ± 2.5 48.0b ± 2.9 0.028 45.0 ± 1.1 43.8 ± 1.0 0.056 

Values represent means ± st. deviation (n = 3). P, significance probability value. Values in the same row bearing different lowercase superscript letters indicate 
statistically significant difference (P < 0.05) among the groups tested for fishmeal replacement. Values in the same row bearing different capital superscript letters 
indicate statistically significant difference (P < 0.05) among the groups tested for fish oil replacement. 
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fish of the SM100 group (Fig. 1D). 

4. Discussion 

4.1. Fishmeal replacement by Chlorella vulgaris 

The present study revealed that all groups of seabream juveniles fed 
on C. vulgaris meal diets had similar feed intake, growth and feed utili-
zation parameters with the Control group, indicating that the partial 
replacement of fishmeal protein by C. vulgaris meal up to 30%, that was 
the maximum tested level, was successful. C. vulgaris meal has been 
successfully used to replace fishmeal protein in diets of other fish species 
such as Sciaenops ocellatus (up to 15%, Patterson and Gatlin, 2013) and 
Oreochromis niloticus (up to 50%, Badwy et al., 2008) and of crustaceans 
such as Macrobrachium rosenbergii postlarvae (up to 8% by Maliwat et al., 
2017 and up to 50% by Radhakrishnan et al., 2015) and Litopenaeus 
vannamei (up to 100%, Pakravan et al., 2017). In omnivorous fish, such 
as Carassius auratus, Chlorella meal has been used successfully in dietary 
mixtures with other plant proteins such as rapeseed and soybean meals 
(Shi et al., 2017a, 2017b). Interestingly, Chlorella meal has been re-
ported to even have a growth promoting effect by totally replacing di-
etary fishmeal in C. auratus (Shi et al., 2016) or at lower replacements 
levels in Paralichthys olivaceus (Rahimnejad et al., 2017). But also in 
carnivorous species, such as Salmo salar the protein quality and amino 
acid digestibility of C. vulgaris meal has been proved to be high (Tibbetts 
et al., 2017). 

The partial replacement of fishmeal protein by C. vulgaris meal up to 
30% did not alter the proximate composition of the whole body and 

muscle tissue of S. aurata juveniles. However, a trend of a higher lipid 
deposition in the liver tissues of fish was observed with the increase of 
C. vulgaris inclusion level in the diet, which resulted in a significantly 
higher lipid retention in their body. The C. vulgaris meal had a higher 
lipid content (112 g/Kg) compared to the fishmeal (78 g/Kg) (Table 1), 
but the three Chlorella-based diets had lower lipid levels compared to the 
control one (Table 2) due to the lower inclusion level of the fish oil in 
order to balance the diets as isoenergetic. Thus, the higher lipid reten-
tion and deposition in the liver tissues of Chlorella-fed fish reveals that 
C. vulgaris lipid was not efficiently catabolised by S. aurata, although this 
did not exert any adverse effect on growth and feed efficiency. Badwy 
et al. (2008) showed that even a low (10%) dietary fishmeal replace-
ment by C. vulgaris meal can significantly alter the whole body compo-
sition of O. niloticus and similar findings have been reported for 
M. rosenbergii (Maliwat et al., 2017). Luo et al. (2018) reported a growth 
promoting effect of C. vulgaris meal even at low dietary inclusion levels 
(up to 4%) without altering, however, the body nutrient composition of 
crucian carp (C. auratus), while in the same species significant alter-
ations in proximate composition occurred when fishmeal was replaced 
totally by Chlorella meal (Shi et al., 2016). 

Dietary protein manipulations are known to affect the functionality 
of the digestive system (Martínez-Llorens et al., 2012). A functional 
digestive system is a prerequisite for the optimal growth of fish with 
liver being the main organ of nutrient deposition and metabolism. 
Therefore, studying any possible alterations in the liver histomorphol-
ogy is fundamental for the evaluation of microalgae as dietary feed-
stuffs. The inclusion of C. vulgaris meal at all fishmeal replacement levels 
did not have any adverse effects on liver histology of S. aurata juveniles, 

Table 6 
Fatty acid composition (% of total fatty acids) of the muscle tissue of S. aurata fed with the experimental diets.    

Fishmeal replacement  Fish oil replacement  

Fatty acid Control CM10 CM20 CM30 P SM50 SM100 P 

12:0 0.1 ± 0.0 0.1 ± 0.1 0.1 ± 0.0 0.1 ± 0.1 0.394 0.1 ± 0.0 0.2 ± 0.2 0.255 
14:0 2.3 ab/A ± 0.2 3.0 a ± 0.3 2.6 ab ± 0.4 2.2 b ± 0.5 0.018 3.3 B ± 0.0 2.9 AB ± 0.4 0.012 
15:0 0.3 ± 0.0 0.3 ± 0.0 0.3 ± 0.0 0.3 ± 0.0 0.771 0.3 ± 0.0 0.3 ± 0.1 0.852 
16:0 18.3 A ± 0.8 19.3 ± 1.6 17.9 ± 1.0 19.5 ± 1.2 0.314 21.1 B ± 1.2 19.0 AB ± 0.1 0.033 
18:0 5.4 ± 0.6 4.8 ± 0.4 5.0 ± 0.8 5.4 ± 0.6 0.368 4.8 ± 0.4 5.3 ± 0.9 0.526 
20:0 0.2 ± 0.0 0.2 ± 0.0 0.2 ± 0.1 0.2 ± 0.0 0.817 0.2 ± 0.0 0.2 ± 0.0 0.410 
22:0 0.1 ± 0.0 0.1 ± 0.0 0.2 ± 0.1 0.1 ± 0.0 0.321 0.2 ± 0.0 0.2 ± 0.0 0.206 
SFA 26.3 A ± 0.5 28.0 ± 2.1 26.2 ± 0.9 27.7 ± 1.5 0.317 30.2 B ± 2.2 28.1C ± 0.6 0.001 
16:1n-9 0.8 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.2 0.767 0.6 ± 0.0 0.6 ± 0.2 0.353 
16:1n-7 4.8 ± 0.3 5.2 ± 0.5 4.9 ± 0.3 4.8 ± 0.7 0.331 4.9 ± 0.5 4.1 ± 0.8 0.272 
18:1n-9 28.2 A ± 1.1 26.7 ± 2.3 25.7 ± 1.0 26.4 ± 1.2 0.247 23.8 B ± 0.7 19.3C ± 0.6 2 × 10− 4 

18:1n-7 3.6 a/A ± 0.3 3.5 a ± 0.1 3.3 ab ± 0.1 3.1 b ± 0.2 0.005 3.4 A ± 0.3 2.4 B ± 0.1 0.004 
20:1n-9/n-11 1.5 a/A ± 0.1 1.5 a ± 0.1 1.3 b ± 0.1 1.4 ab ± 0.1 0.012 0.8 B ± 0.2 0.5C ± 0.1 5 × 10− 5 

22:1n-9/n-11 0.3 ± 0.1 0.3 ± 0.1 0.4 ± 0.0 0.3 ± 0.0 0.829 0.1 ± 0.1 0.1 ± 0.1 0.133 
24:1n-9 0.6 A ± 0.1 0.4 ± 0.1 0.4 ± 0.1 0.5 ± 0.1 0.113 0.2 B ± 0.2 0.1 B ± 0.0 0.046 
MUFA 40.6 A ± 1.2 39.4 ± 2.3 36.9 ± 1.3 37.4 ± 2.1 0.071 33.8 B ± 0.4 27.5C ± 0.8 2 × 10− 7 

18:2n-6 10.2 a ± 0.7 11.4 ab ± 1.1 11.9 b ± 0.8 12.0 b ± 0.3 0.021 14.0 B ± 0.7 19.4C ± 2.1 3 × 10− 4 

18:3n-6 0.4 a/AB ± 0.0 0.4 a ± 0.1 0.7 b ± 0.1 0.6 ab ± 0.1 0.007 0.4 A ± 0.0 0.5 B ± 0.0 0.013 
20:2n-6 0.4 ± 0.0 0.4 ± 0.0 0.4 ± 0.0 0.4 ± 0.0 0.544 0.4 ± 0.1 0.3 ± 0.1 0.205 
20:3n-6 0.4 ± 0.0 0.5 ± 0.1 0.0 ± 0.1 0.0 ± 0.2 0.428 0.4 ± 0.1 0.5 ± 0.0 0.176 
20:4n-6 1.0 A ± 0.0 0.9 ± 0.2 0.9 ± 0.2 0.9 ± 0.2 0.589 1.1 B ± 0.2 1.5C ± 0.0 3 × 10− 5 

22:4n-6 0.1 ± 0.0 A 0.1 ± 0.1 0.1 ± 0.0 < 0.1 0.399 0.3 B ± 0.1 0.6C ± 0.1 2 × 10− 4 

22:5n-6 0.5 ± 0.0 A 0.5 ± 0.2 0.4 ± 0.1 0.5 ± 0.2 0.744 1.4 B ± 0.3 3.4C ± 0.0 3 × 10− 6 

n-6 PUFA 13.1 a/A ± 0.7 15.1 b ± 0.9 15.5 b ± 0.5 14.8 b ± 0.4 0.003 17.9 B ± 2.6 25.6C ± 1.5 3 × 10− 6 

18:3n-3 1.7 a ± 0.2 2.3 b ± 0.2 3.0 c ± 0.1 3.2 c ± 0.4 5 × 10− 6 1.8 ± 0.2 1.7 ± 0.3 0.922 
18:4n-3 0.5 A ± 0.0 0.6 ± 0.2 0.8 ± 0.1 0.6 ± 0.2 0.184 0.3 B ± 0.1 0.3 B ± 0.0 0.008 
20:3n-3 0.2 ± 0.0 0.2 ± 0.0 0.3 ± 0.1 0.2 ± 0.0 0.289 0.1 ± 0.1 0.2 ± 0.0 0.180 
20:4n-3 0.6 A ± 0.1 0.6 ± 0.1 0.6 ± 0.0 0.6 ± 0.0 0.644 0.4 B ± 0.0 0.4 B ± 0.0 0.024 
20:5n-3 4.8 ± 0.3 3.9 ± 0.9 3.9 ± 0.8 3.8 ± 0.3 0.156 4.8 ± 0.6 4.4 ± 0.6 0.409 
22:5n-3 2.0 A ± 0.2 1.8 ± 0.4 1.8 ± 0.2 1.8 ± 0.4 0,782 1.3 B ± 0.0 1.3 B ± 0.1 0.003 
22:6n-3 10.4 ± 0.6 9.6 ± 0.8 8.6 ± 1.0 8.2 ± 0.7 0.116 10.1 ± 0.4 10.1 ± 1.3 0.951 
n-3 PUFA 20.3 A ± 0.2 19.8 ± 1.5 19.6 ± 1.5 18.2 ± 0.4 0.554 18.8 B ± 0.8 18.3 B ± 1.8 1 × 10− 4         

3 × 10− 4 

n-3/n-6 1.6 A ± 0.1 1.4 ± 0.1 1.4 ± 0.0 1.4 ± 0.0 0.106 1.0 B ± 0.1 0.8C ± 0.1  

Note: P, significance probability value. Values represent means ± st. deviation (n = 6). Values in the same row bearing different lowercase superscript letters indicate 
statistically significant difference (P < 0.05) among the groups tested for fishmeal replacement. Values in the same row bearing different capital superscript letters 
indicate statistically significant difference (P < 0.05) among the groups tested for fish oil replacement. SFA, total saturated fatty acids; MUFA, total monounsaturated 
fatty acids; PUFA, total polyunsaturated fatty acids. 
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except a case of bile duct proliferation observed in one fish out of 18 in 
total, indicating a nutrient metabolism similar to that of dietary fish-
meal. The incidence of bile duct proliferation needs further investigation 
and whether this hepatic cellular reaction is a random effect or not. It is 
known, though, that high dietary levels of Chlorella meal may cause 
some histopathological changes such as karyopyknosis, enlarged hepa-
tocyte size and necrosis in the liver of crucian carp (C. auratus) (Shi et al., 
2016; Shi et al., 2017b). 

The lipid contents of C. vulgaris do not contain EPA and DHA, that are 
essential for the nutrition of a marine species such as S. aurata, but they 
are characterised by high levels of 18:2n-6 and 18:3n-3, while also 
contain substantial amounts of 20:4n-6. Therefore, the fishmeal 
replacement by C. vulgaris meal may poses the risk of not providing the 
adequate amounts of the essential fatty acids, while also may reduce the 
long-chain n-3 PUFA and n-3/n-6 ratios in fish tissues, thus lowering 
their lipid nutritive value for the consumer. Indeed, the tested diets 
containing C. vulgaris meal had decreased levels of EPA and DHA 
(Table 3) and in fact did not satisfy the minimum requirement (Montero 
et al., 1996; Houston et al., 2022) for either EPA or EPA + DHA of the 
juvenile stage of the species. However, this inadequacy did not nega-
tively affect the feed efficiency and the fish growth performance as 
mentioned previously. All CM-fed fish had lower EPA and DHA in their 
muscle, but these levels were not different (P > 0.05) to those of the 
Control fish indicating an insignificant deterioration of the muscle lipid 
value. The CM-based diets had also increased levels of 18:2n-6 and 
18:3n-3 compared to the Control diet resembling the fatty acid profiles 
of C. vulgaris. Since S. aurata has a limited ability to biosynthesize the 
long-chain n-3 PUFA from 18:3n-3 substrate (Monroig et al., 2011; 
Ofori-Mensah et al., 2020), the use of fish oil in CM-diets, although in 
reduced inclusion levels, maintained the EPA and DHA in fish tissues. 

This is also supported by the fact that dietary DHA is favoured for se-
lective retention in S. aurata (Fountoulaki et al., 2009). Moreover, the 
dietary 18:3n-3 from C. vulgaris meal was not efficiently converted to 
EPA and DHA as it is known to be the preferential substrate for 
β-oxidation in S. aurata when is feeding on diets rich in this fatty acid 
(Ofori-Mensah et al., 2020). Furthermore, the increased levels of both 
18:2n-6 and 18:3n-3 in the fish fed the CM-diets generated a ratio of n-3/ 
n-6 not significantly different than that of the Control group of fish. 
Pakravan et al. (2017) also found increased levels of 18:2n-6 and 18:3n- 
3 in the whole body of L. vannamei when fed increased dietary levels of 
C. vulgaris meal, in the cost of fishmeal. In that study, however, signif-
icantly higher levels of EPA and DHA were found in L. vannamei when 
fed the CM-diets that were attributed mainly to the higher inclusion 
levels of dietary fish oil. 

4.2. Fish oil replacement by Schizochytrium sp. and Microchloropsis sp. 

Both fish groups fed on the blend of Schizochytrium sp. and Micro-
chloropsis sp. had a slight improvement, although insignificant, in 
growth performance and feed utilization compared to the Control group. 
This finding suggests that dietary DHA from Schizochytrium sp. and di-
etary EPA from Microchloropsis sp. are both utilized efficiently for the 
productive performance of S. aurata, thus indicating the great potential 
that has a blend of these two species providing EPA + DHA for the total 
fish oil replacement. These results are consistent with the findings in 
other fish species, such as P. olivaceus (Qiao et al., 2014), Pagrus major 
(Seong et al., 2021a) and Oncorhynchus mykiss (Sarker et al., 2020a) in 
which fish oil was totally replaced by a blend of SM without causing any 
growth and feed efficiency retardation, while in O. niloticus an SM blend 
significantly improved fish growth (Sarker et al., 2020b). On the other 

Fig. 1. Histopathological lesions in livers of S. aurata fed the experimental diets: A, bile duct proliferation (indicated by star), fish fed the CM20 diet; B, haemorrhage 
(indicated by arrow), fish fed the SM50 diet; C, hydropic degeneration (indicated by circle), fish fed the SM50 diet; D, hydropic degeneration (circle), fish fed the 
SM100 diet. 

I.T. Karapanagiotidis et al.                                                                                                                                                                                                                   



Aquaculture 561 (2022) 738709

9

hand, Serrano et al. (2021) reported a gradual reduction in growth and 
feed efficiency of O. mykiss as fish oil replacement level was increased by 
a blend of SM (1:1 ratio). Certainly, parameters such as the dietary in-
clusion levels and sources of fish oil and algal meals/oils as well as their 
provided EPA/DHA levels and ratios in the various algal and control 
diets among the studies, may have a major effect on the findings. Having 
mention this, it is worth noting that in the present study the successful 
total fish oil replacement, in terms of growth and feed efficiency, was 
achieved in fishmeal-based diets by replacing 106 g/Kg of fish oil by a 
blend of 62.5 g/Kg of Schizochytrium and 110 g/Kg of Microchloropsis 
dried biomasses and that the algal diets provided similar amounts of EPA 
and DHA to the Control one satisfying the known minimum re-
quirements of juvenile S. aurata (Table 3). 

Schizochytrium sp. and Microchloropsis sp. have been used as single 
dietary ingredients for the fish oil replacement in the diets of several 
species. Watson et al. (2013) reported that the total fish oil replacement 
by a blend of Schizochytrium biomass and soybean oil in a fishmeal-free 
diet had a significantly better growth and feed utilization in S. aurata 
juveniles. On the other hand, Ganuza et al. (2008) testing Schizochytrium 
biomass in S. aurata microdiets by totally replacing dietary fish oil re-
ported a similar growth to the control group, but the authors pointed out 
the necessity of dietary EPA sources when Schizochytrium sp. is 
completely replacing the marine-derived dietary lipids. The necessity of 
dietary supplementation of EPA along with dietary DHA from the ma-
rine dinoflagellate Crythecodinium cohnii has also been suggested for 
promoting S. aurata larval performance (Eryalçın et al., 2013). 

The successful fish oil replacement by Schizochytrium sp. in terms of 
fish growth and feed efficiency, has been reported in many other species 
such as S. salar (Carter et al., 2003; Miller et al., 2007; Kousoulaki et al., 
2015, 2016; Tibbetts et al., 2020), O. niloticus (Sarker et al., 2016; Bri-
gnol et al., 2019), L. vannamei (Wang et al., 2017a; Kumar et al., 2018; 
Guimarães et al., 2019), Ictalurus punctatus (Li et al., 2009), Ctenophar-
yngodon idellus (Xing et al., 2020) and Scortum barcoo (Van Hoes-
tenberghe et al., 2016) signifying the potential of this microalgae species 
as an efficient DHA provider in fish diets. On the other hand, it has been 
claimed that a possible lower palatability, feed intake and digestibility 
of Schizochytrium sp. may impair fish growth and feed efficiency as it has 
been shown in some species (Sarker et al., 2016; García-Ortega et al., 
2016; Sarker et al., 2020a; Seong et al., 2021b). In the present study, the 
feed intake of S. aurata fed on the SM diets was similar to that of the 
Control fish indicating a high palatability of the algal meals, including 
Schizochytrium sp., and similar findings have been reported in other 
studies using Schizochytrium sp. as single ingredient (Carter et al., 2003; 
Miller et al., 2007; Li et al., 2009) or in blend with Microchloropsis sp. 
(Qiao et al., 2014; Seong et al., 2021a). 

Microchloropsis sp. has been used in several studies either as single 
dietary ingredient (Patterson and Gatlin, 2013; Sarker et al., 2018) or in 
blends with other microalgae species (Walker and Berlinsky, 2011) 
mainly for fishmeal replacement or as a dietary supplement (Cerezuela 
et al., 2012; Pascon et al., 2021) pointing the benefits of such nutritional 
strategy. Nevertheless, studies using this microalgae species as single 
ingredient or in mixture with other species for dietary fish oil replace-
ment are limited. Eryalçın et al. (2015) observed a reduced growth of 
S. aurata when Microchloropsis sp. totally replaced the dietary fish oil, 
while Eryalçın and Yıldız (2015) observed that the successful replace-
ment of fish oil in S. aurata was achieved only when a blend of Micro-
chloropsis sp. with other microalgae species was supplemented by 
Schizochytrium sp. Haas et al. (2016) and Adissin et al. (2019) achieved a 
substantial fish oil replacement without compromising growth in 
Dicentrarchus labrax and in Marsupenaeus japonicus, respectively, using 
dried biomasses of Microchloropsis sp. However, when Microchloropsis sp. 
was included in the form of lipids these were not as effective (Adissin 
et al., 2019). 

The fish oil replacement by the blend of Schizochytrium sp. and 
Microchloropsis sp. did not substantially alter the proximate composi-
tions of the whole body, muscle tissue and liver of S. aurata juveniles 

indicating a similar nutrient metabolism of the SM blend to that of the 
dietary fish oil. Similar findings have been reported with the use of SM 
blends in other species (Qiao et al., 2014; Sarker et al., 2020b; Seong 
et al., 2021a), while increased body protein contents have been 
mentioned in O. mykiss (Sarker et al., 2020a). The fish oil replacement 
by the SM blend also did not reveal any major histomorphological al-
terations in the liver of S. aurata. However, the very few incidences of 
hydropic degeneration and haemorrhage that were observed call for 
further investigation to reveal any potential histopathological impacts of 
such dietary strategy. Several studies have pointed a normal histo-
morphology of the digestive organs of other species using either an SM 
blend (Serrano et al., 2021) or these two microalgae species as single 
dietary ingredients (Navarro and Sarasquete, 1998; Kissinger et al., 
2016; Haas et al., 2016; Valente et al., 2019). Serrano et al. (2021) stated 
that the increasing dietary levels of a mixture of SM meal led to a 
decrease in vacuolar degeneration of hepatocytes in O. mykiss. Never-
theless, other studies have observed distinct morphological changes in 
the intestines of fish fed Schizochytrium sp. (Kousoulaki et al., 2015; 
García-Ortega et al., 2016) or Microchloropsis sp. (Gong et al., 2020), 
such as increased goblet cell production, loss of tissue integrity and cell 
proliferation. 

As expected, the muscle fatty acid profiles of S. aurata were affected 
by the SM blend. The fish oil replacement by the SM blend resulted in 
increased n-6 PUFA including 18:2n-6, 20:4n-6 and 22:5n-6. The latter 
fatty acid is sourced from Schizochytrium sp. (Table 1) that contains 
substantial amounts of it and this effect has been reported in several 
studies using this microalgae species in fish diets (Miller et al., 2007; 
Ganuza et al., 2008; Li et al., 2009; Van Hoestenberghe et al., 2016; 
Sarker et al., 2016; Cortegano et al., 2019; Sarker et al., 2020b). On the 
other hand, the increased amounts of 18:2n-6 are due mainly to the 
dietary soybean oil, which is by far richer in this fatty acid compared to 
the fish oil and the two microalgae species. This effect, in turn, is due to 
the formulation strategy adopted in the current study for fish oil 
replacement, which used increasing inclusion levels of soybean oil to 
have isoenergetic and isolipidic diets and thus balance the lower lipid 
contents of the dried microalgae biomasses. This finding reveals that 
when dried biomasses of Schizochytrium sp. and Microchloropsis sp. are 
used for fish oil replacement then the use of a dietary plant oil, as filler 
lipid source, will result in increased 18:2n-6 in fish body. Furthermore, 
the increased levels of 20:4n-6 in fish fed the SM blend are sourced either 
from the inclusion of Microchloropsis sp., which is a rich source of this 
fatty acid (Table 1), and/or from a possible retro-conversion from 22:5n- 
6 of Schizochytrium sp., as it has been suggested for other fish species 
(Miller et al., 2007) and for S. aurata (Ganuza et al., 2008). The physi-
ological role of 22:5n-6 remains unclear, but it may include some anti- 
inflammatory activity (Nauroth et al., 2010). These increases in n-6 
PUFA were mainly responsible for the significantly lower n-3/n-6 PUFA 
ratios in fish fed the SM diets compared to the Control. 

The main question, though, is whether dietary Schizochytrium sp. and 
Microchloropsis sp. deliver the growth and health promoting EPA and 
DHA to fish body. Several studies have demonstrated the dietary effect 
of Schizochytrium sp. on increasing the DHA levels (Carter et al., 2003; 
Miller et al., 2007; Li et al., 2009; Kousoulaki et al., 2015; Sarker et al., 
2016; Wang et al., 2017b; Kumar et al., 2018; Brignol et al., 2019; 
Cortegano et al., 2019; Tibbetts et al., 2020; Seong et al., 2020; Xiao 
et al., 2021) and of Microchloropsis sp. on increasing the EPA levels 
(Eryalçın et al., 2015; Camacho Rodríguez et al., 2018; Gbadamosi and 
Lupatsch, 2018; Adissin et al., 2019; Gong et al., 2020) in fish and 
crustacean tissues. In the current study, the levels of these two fatty acids 
were unaffected by fish oil replacement signifying the effectiveness that 
has a blend of Schizochytrium sp. with Microchloropsis sp. for the lipid 
nutritional value of fish in parallel with supporting growth performance 
and feed efficiency. This is consistent with findings in P. olivaceous (Qiao 
et al., 2014) and P. major (Seong et al., 2021a), which demonstrated the 
effectiveness of SM blend on the assimilation of both EPA and DHA 
levels in fish body. On the other hand, studies in O. niloticus (Sarker 
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et al., 2020b) and O. mykiss (Serrano et al., 2021) have shown that a SM 
dietary blend can maintain or even increase the DHA deposition in fish 
tissues, but the EPA levels are depleted indicating that the Micro-
chloropsis sp. might not be a good source of dietary EPA. Similarly, Haas 
et al. (2016) reported significantly reduced EPA levels in D. labrax when 
dietary fish oil was replaced partially or totally by Microchloropsis sp. It 
has been claimed that the reduced EPA assimilation in fish body may be 
due to the tough cell wall and to a low apparent lipid digestibility of 
Microchloropsis sp. (Skrede et al., 2011; Sevgili et al., 2019). Due to this 
fact, it has been supported that dietary fish oil and fishmeal (Serrano 
et al., 2021) or a retro-conversion of DHA from Schizochytrium sp. into 
EPA (Kousoulaki et al., 2015) may cover the EPA requirements of fish 
when Microchloropsis sp. is included in the diet. Furthermore, Sarker 
et al. (2020a) found that both DHA from Schizochytrium sp. and EPA 
from Microchloropsis sp. were not well metabolized resulting in lower 
levels of these fatty acids in O. mykiss fillet. The authors stated that the 
most effective combination for DHA absorption and deposition in fish 
body was that of Schizochytrium sp. with Isochrysis sp., the latter being a 
better substitute for fishmeal and fish oil than Microchloropsis sp. due to 
its less hard cell wall structure and better nutrient digestibility. Isochrysis 
sp. has been poorly studied as fish oil replacer in aquafeeds, but the 
species has a great interest as a rich source of lipids and DHA (Tibaldi 
et al., 2015). 

5. Conclusions 

In conclusion, Schizochytrium sp. and M. gaditana dried biomasses are 
promising alternatives for fish oil replacement, and C. vulgaris for fish-
meal replacement in the diet of S. aurata juveniles. The present study 
suggests that the blend of dried biomasses of Schizochytrium sp. and 
M. gaditana could totally replace dietary fish oil in fishmeal-based diets 
formulated with soybean oil, without negatively affecting the growth 
performance, feed efficiency, proximate composition and muscle EPA 
and DHA levels of S. aurata, even if this resulted in a few histo-
morphological alterations that need further investigation. Moreover, the 
results have shown that replacing fishmeal protein by C. vulgaris meal up 
to 30% that was the maximum level tested did not adversely affect 
growth performance and feed utilization, even if it resulted in increased 
lipid retention and deposition in the liver. Graded levels of C. vulgaris 
meal in the diet increased the muscle tissue levels of 18:2n-6 and 18:3n- 
3 and reduced those of EPA and DHA, not significantly though. 
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Introduction
The need for dietary replacement of marine-origin resources by suitable alternatives still remains a major issue for 
aquaculture. Microalgae are regarded as promising alternatives that could potentially reduce dependence on conventional 
raw materials, thus ensuring sustainability standards in aquaculture (Shah et al. 2018). Microchloropsis gaditana and 
Schizochytrium sp. are rich sources of n-3 essential fatty acids, while Chlorella vulgaris is a rich in protein microalgae 
species. The present study evaluated the effects of fishmeal substitution by C. vulgaris and fish oil substitution by a blend 
of M. gaditana and Schizochytrium sp. on the diet of European seabass (Dicentrarchus labrax).

Materials and Methods
Juvenile seabass of 2.85±0.01 g initial mean weight were obtained from a commercial fish hatchery, transferred to our 
departmental facilities and then distributed after an acclimatization period of 10 days in triplicate to 18 closed seawater 
circulation system tanks (120L) (35 individuals/tank, 3 reps/dietary group). The groups were fed six different isoenergetic 
(21 MJ/Kg) and isonitrogenous (52% CP) diets, at which fishmeal protein of the Control diet was replaced by C. vulgaris 
meal at 10% (CM10), 20% (CM20) and 30% (CM30) and fish oil by a M. gaditana and Schizochytrium sp. blend at 50% 
(SM50) and 100% (SM100). Fish were hand-fed to apparent satiation twice a day for 11 weeks.

(Continued on next page)
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Results and Discussion
Both SM-fed groups had significantly (P<0.05) higher feed intake, final body weight, weight gain, SGR and survival, and 
a lower FCR, although not significant, compared to the Control group (Table 1). This indicated that the dietary fish oil can 
be replaced totally by the M. gaditana and Schizochytrium sp. blend in the diet of juvenile seabass, leading to even better 
growth performance and feed utilization. M. gaditana and Schizochytrium sp. have not been tested comprehensively in sea 
bass. Haas et al. (2016) found that fish oil can be successfully replaced not more than 50% by Microchloropsis sp. in the 
diet of juvenile D. labrax. Studies with other microalgae species, such as Isochrysis sp., Tisochrysis lutea and Tetraselmis 
suecica have shown that 36% of fish oil replacement is achievable in the diet of seabass without adversely affecting fish 
growth performance (Tibaldi et al. 2015, Cardinaletti et al. 2018). Schizochytrium sp. has been tested with great success 
fully replacing fish oils in the diets of other fish species such as the carnivore Salmo salar (Tibbetts et al. 2020) and the 
omnivore Oreochromis niloticus (Sarker et al. 2016). It is worth mentioning that a blend of M. gaditana and Schizochytrium 
sp. that leads to a balanced EPA and DHA content, as used in the present study, have also been proved successful in Sparus 
aurata (Metsoviti et al. 2018) and Paralichthys olivaceus (Qiao et al. 2014).

As far as the use of C. vulgaris is concerned, our study showed that all CM-fed groups had similar (P>0.05) survival, feed 
intake, growth performance and feed utilization with the Control group (Table 1), suggesting that up to 30% fishmeal 
protein substitution by C. vulgaris is attainable for a carnivorous species such as D. labrax. The protein quality of C. 
vulgaris has been proved to be high also in the carnivore Salmo salar (Tibbetts et al. 2017). Nevertheless, C. vulgaris has 
been proved that could be used in higher dietary inclusion levels in omnivorous species such as O. niloticus (Badwy et al. 
2008). The study suggests that C. vulgaris, M. gaditana and Schizochytrium sp. are promising alternatives for fishmeal and 
fish oil replacement in the diet of D. labrax.
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Abstract 
The present study was conducted in order to evaluate the effects of dietary fishmeal replacement by Chlorella 
vulgaris meal and of fish oil replacement by M. gaditana and Schizochytrium sp. blend on whole body proximate 
composition of seabass (Dicentrarchus labrax) juveniles. The results showed that whole body composition of fish 
did not significantly differ among dietary treatments, thus indicating a normal utilization of these algae meals. 
Keywords: Chlorella vulgaris, Microchloropsis gaditana, Schizochytrium sp., Dicentrarchus labrax, proximate 
composition 
*Corresponding author: Elli Z. Gkalogianni (egkalogianni@uth.gr) 

1. Introduction 
 The need for dietary replacement of marine-origin resources by suitable alternatives still remains a major 
issue for aquaculture. Microalgae are regarded as promising alternatives that could potentially reduce dependence 
on conventional raw materials, thus ensuring sustainability standards in aquaculture (Shah et al. 2018). 
Microchloropsis gaditana and Schizochytrium sp. are rich sources of n-3 essential fatty acids, while Chlorella 
vulgaris is a rich in protein microalgae species. The present study evaluated the effects of fishmeal substitution by 
C. vulgaris and fish oil substitution by a blend of M. gaditana and Schizochytrium sp. on the whole body proximate 
composition of European seabass (Dicentrarchus labrax). 

2. Materials and Methods 
 A total number of 630 juvenile seabass of 2.85±0.01 g initial mean weight were randomly distributed in 
triplicate groups (35 fish tank⁻¹, 3 tanks dietary treatment⁻¹) after an acclimatization period of 10 days to 18 closed 
seawater circulation system tanks of 125L capacity (T 21.0±1.0°C, pH 8.0±0.4, salinity 30±0.5 g/L, DO>6.5/L 
and total ammonia–nitrogen <0.1 mg/L). The groups were fed six different isoenergetic (21 MJ/Kg) and 
isonitrogenous (52% CP) diets, three of them identified as CM10, CM20 and CM30 were prepared by including 
C. vulgaris meal to replace approximately 10, 20 and 30% of fish meal protein from the Control diet. Two 
additional test diets were formulated substituting 50 and 100% of fish oil, based on the Control diet, by M. gaditana 
and Schizochytrium sp. dried biomass blend (SM50 and SM100). Over the entire experimental period of 11 weeks, 
fish were fed six days a week by hand to apparent satiation, twice per day. 
 At the end of the trial, fish were fasted for a period of 24 h before sampling. All fish were individually 
weighed after being euthanized with an overdose (1.0 mg L⁻¹) of 2-phenoxyethanol. Four fish were randomly 
selected from each tank (12 per treatment) and proximate composition was conducted to determine the nutrient 
composition of whole body of fish samples. Fish were minced into a meat grinder and homogenate subsamples of 
each fish were obtained. Thermal drying to constant weight in an oven at 105 °C for 24 h was applied to determine 
the moisture content. Crude protein content was determined by Kjeldahl analyses. Crude fat was determined by 
exhaustive Soxhlet extraction using petroleum ether. Ash content was determined by dry ashing in porcelain 
crucibles in a muffle furnace at 600 °C for 5 h and gross energy content was determined adiabatically using an 
oxygen bomb calorimeter. 
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3. Results and Discussion 
 Partial replacement of FM protein by C. vulgaris meal up to 30% and total FO replacement by M. 
gaditana and Schizochytrium sp. did not affect the whole body proximate composition of D. labrax juveniles 
(P>0.05) with the exception of the moisture content which was significantly higher in the CM-fed groups (P<0.05, 
Table 1). These results indicate that protein and lipids of the tested microalgae species are metabolized and utilized 
to a similar extent as fishmeal and fish oil denoting their nutritional suitability for D. labrax. Similar findings have 
been reported for fishmeal substitution by dietary C. vulgaris biomass up to 30% and total fish oil replacement by 
M. gaditana and Schizochytrium sp. in Sparus aurata diets by Metsoviti et al. (2018). Other studies with D. labrax 
have also indicated that even a total FO replacement by Nannochloropsis sp. or Pavlova viridis did not affect the 
moisture, lipid, protein and ash content of the fish (Haas et al. 2016). Although the same could not be said for 
omnivorous species such as Oreochromis niloticus and Paralichthys olivaceus, in which C. vulgaris, M. gaditana 
and Schizochytrium sp. have been shown to significantly alter the nutrient composition of the fish (Badwy et al. 
2008; Qiao et al. 2014). 
 There was observed a reduced lipid content in the CM-fed groups, although not significant, compared to 
the Control that is attributed to the significantly lower moisture contents in these groups. Seong et al. (2019), 
reported a decreased lipid content in of Pagrus major with fishmeal and fish oil replacement by Schizochytrium 
sp. Overall, these findings suggest that C. vulgaris, M. gaditana and Schizochytrium sp. are promising alternatives 
for fishmeal and fish oil substitution in the diet of D. labrax which are complementary to our findings that the 
growth performance of D. labrax fed the tested microalgal diets was better to the fishmeal-fish oil control diet 
(Gkalogianni et al. 2020). 

 
Table 1. Whole body proximate composition (g kg⁻¹ on dry weight basis) and energy content (MJ kg⁻¹) of 
D. labrax fed the experimental diets  
Parameters/dietary groups Control CM10 CM20 CM30 SM50 SM100 
Moisture  65.29 ± 1.30ª 66.99 ± 2.32ᵇ 67.36 ± 2.38ᵇ 67.94 ± 1.09ᵇ 64.60 ± 2.08ª 64.89 ± 1.56ª 
Crude protein  49.24 ± 3.00 49.67 ± 2.69 49.93 ± 2.78 50.82 ± 2.67 46.52 ± 2.04 47.34 ± 3.15 
Crude lipid  36.25 ± 2.97 33.48 ± 2.58 34.35 ± 3.19 32.22 ± 2.29 36.22 ± 2.74 40.26 ± 2.54 
Ash  11.32 ± 1.09 11.31 ± 0.88 12.32 ± 1.38 12.38 ± 0.70 11.07 ± 0.89 10.33 ± 0.58 
Gross energy (MJ kg⁻¹) 25.78 ± 0.73 25.59 ± 1.31 25.31 ± 1.37 24.17 ± 0.61 25.54 ± 1.14 25.85 ± 0.85 
Note: Values represent means ± standard deviation of quadruplicates and triplicates. Values within each row not 
sharing a common superscript letter are significantly different (P < 0.05). 
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T05
REGULATION OF GROWTH, LIPID METABOLISM 
AND ENDOPLASMIC RETICULUM STRESS BY 
DIETARY LIPID SOURCE IN JUVENILE BLACK 
SEABREAM (ACANTHOPAGRUS SCHLEGELII)
Y. Shen 1, T. Zhu 1, X. Li 1, Y. Bao 1, Z. Wu 1, L. Jiao 1, 
Q. Zhou 1, M. Jin 1
1Laboratory of Fish and shellfish Nutrition, 
School of Marine Sciences, Ningbo University, 
Ningbo 315211, China

This study aimed to evaluate the mechanism 
of dietary lipid source on the regulation of 
lipid metabolism, endoplasmic reticulum 
stress, inflammation and apoptosis in juvenile 
black seabream fed a high fat diet. A 4-week 
feeding trial was conducted in black seabream 
(Acanthopagrus schlegelii) with an initial body 
weight of 0.88 ± 0.01g fed four isonitrogenous 
diets including FO (control), fish oil diet; PO, 
palm oil diet; LO, linseed oil diet and SO: soybean 
oil diet. Results showed that weight gain (WG) 
and feed efficiency (FE) in fish fed FO diet were 
significantly higher than those in SO group. The 
lowest hepatic lipid contents were recorded in fish 
fed dietary FO. Similarly, the lowest triacylglycerol 
and cholesterol concentrations in serum were 
recorded in fish fed dietary FO. LO and SO groups 
strongly suppressed the expression level of silent 
information regulator 1 (sirt1) and, consequently, 
down-regulated the expression of lipid 
peroxisome proliferator activated receptor alpha 
(ppar) and up-regulated the expression of sterol 
regulatory element-binding protein-1(srebp-1). 
All parameters related to endoplasmic reticulum 
stress (ERS) increased in fish fed with dietary LO 
and SO, which stimulated the expression levels of 
key genes including nuclear factor kappa B (nf-
b) and c-Jun N-terminal kinase (jnk), triggering 
inflammation and apoptosis. These findings 
provide further insight and understanding of 
physiological responses to different dietary lipid 
sources, suggesting that fish fed with LO and SO 
diets can aggravate hepatic steatosis and ERS, 
stimulate inflammation and apoptosis.
 

T06
DIETARY FISH OIL AND FISHMEAL 
REPLACEMENT BY A BLEND 
OF SCHIZOCHYTRIUM SP. AND 
MICROCHLOROPSIS GADITANA PRODUCED 
WITH WASTE STREAMS DERIVED BY 
BIOFUEL INDUSTRY IN EUROPEAN SEABASS 
(DICENTRARCHUS LABRAX)
E. Gkalogianni 1, M. Karaiskou 1, A. Katouni 1, P. 
Psofakis 1, S. Bouras 4, G. Kountrias 4, N. Katsoulas 
4, G. Papapolymerou 3, I. Zarkadas 2, V. Karalazos 
2, I.T. Karapanagiotidis 1
1Aquaculture Laboratory, Department of 
Ichthyology and Aquatic Environment, 
University of Thessaly, Volos, Greece
2BioMar Hellenic SA, Velestino, Greece
3Department of Environmental Sciences, 
University of Thessaly, Larissa, Greece
4Laboratory of Agricultural Constructions 
and Environmental Control, Department 
of Agriculture Crop Production and Rural 
Environment, University of Thessaly, Volos, 
Greece

The need for dietary replacement of marine-
origin resources by suitable alternatives 
still remains a major issue for aquaculture. 
Microalgae are regarded as promising and 
sustainable alternatives that could promote both 
growth and n-3 lipid value of farmed fish (Shah 
et al. 2018). Their production on wastewater and 
industrial waste streams can produce nutrient-
rich renewable feedstuffs for high-quality feeds 
and thus support nutrient recycling and circular 
economy (Yarnold et al. 2019). This study evaluated 
the effects of dietary FO and FM replacement by a 
blend of Schizochytrium sp. and Microchloropsis 
gaditana, cultured on biofuel waste streams, on 
the growth of European seabass (Dicentrarchus 
labrax). Schizochytrium sp., rich source of DHA, 
and Microchloropsis gaditana., rich source of 
EPA, were cultured in open ponds using crude 
glycerol and biogas digestate effluent and 
their dried biomasses were used in fish diets. 
Three isoenergetic (21 MJ/Kg), isonitrogenous 
(50%) and isolipidic (15%) diets with the Control 
diet containing 7% of FO and 25% of FM. In the 
SMwD diet the FO and FM of the Control diet 
were replaced at 15% and 16%, respectively, 
by Schizochytrium sp. and M. gaditana blend 
produced using waste streams, while in the 
SMcD diet the FO and FM of the Control 
were replaced at 15% and 16%, respectively, by 
Schizochytrium sp. and M. gaditana blend from 
commercially available products. The diets were 
given at satiation twice a day for 12 weeks to fish 
of 6.5 g mean weight, distributed in triplicates to 
a closed seawater recirculation system. All diets 
were well accepted by the fish, resulting in similar 
(P>0.05) feed intake, growth and feed utilization 
among groups. These findings reveal that 
Schizochytrium sp. and M. gaditana produced 
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by using biofuel waste streams are promising 
alternatives for FO and FM partial substitution 
and thus could enhance a sustainable circular 
aquaculture industry.
This study was funded by T1EDK-01580 project 
under “Research–Create–Innovate, Operational 
Programme Competitiveness, Entrepreneurship 
and Innovation”
References
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T07
DIETARY FISH OIL AND FISHMEAL 
REPLACEMENT BY A BLEND 
OF SCHIZOCHYTRIUM SP. AND 
MICROCHLOROPSIS GADITANA PRODUCED 
WITH WASTE STREAMS DERIVED BY BIOFUEL 
INDUSTRY IN GILTHEAD SEABREAM (SPARUS 
AURATA)
E. Gkalogianni 1, P. Psofakis 1, A. Asimaki 1, 
M.C. Neofytou 1, S. Bouras 4, G. Kountrias 4, D. 
Antoniadis 4, N. Katsoulas 4, G. Papapolymerou 
3, P. Lagos 2, I.T. Karapanagiotidis 1
1Aquaculture Laboratory, Department of 
Ichthyology and Aquatic Environment, 
University of Thessaly, Volos, Greece
2BioMar Hellenic SA, Velestino, Greece
3Department of Environmental Sciences, 
University of Thessaly, Larissa, Greece
4Laboratory of Agricultural Constructions 
and Environmental Control, Department 
of Agriculture Crop Production and Rural 
Environment, University of Thessaly, Volos, 
Greece

Microalgae are regarded as promising and 
sustainable alternatives to fish oils (FO) and 
fishmeals (FM) that could support fish production 
and a health-promoting end-product (Shah et 
al. 2018). Biofuel waste streams can be used as 
nutrient media for microalgae culture (Mayers 
et al. 2017) that in turn can be used as nutrient-
rich renewable feedstuffs in fish diets and thus 
support nutrient recycling and circular economy 
(Yarnold et al. 2019). This study evaluated the 
effects of dietary FO and FM replacement by a 
blend of Schizochytrium sp. and Microchloropsis 
gaditana, cultured on biofuel waste streams, 
on the growth of gilthead seabream (Sparus 
aurata). Schizochytrium sp., rich source of DHA, 
and Microchloropsis gaditana., rich source of 
EPA, were cultured in open ponds using crude 
glycerol and biogas digestate effluent and 
their dried biomasses were used in fish diets. 
Three isoenergetic (21 MJ/Kg), isonitrogenous 
(50%) and isolipidic (15%) diets with the Control 
diet containing 7% of FO and 25% of FM. In the 
SMwS diet the FO and FM of the Control diet 
were replaced at 15% and 16%, respectively, 
by Schizochytrium sp. and M. gaditana blend 
produced using waste streams, while in the SMcS 
diet the FO and FM of the Control were replaced 
at 15% and 16%, respectively, by Schizochytrium 
sp. and M. gaditana blend from commercially 
available products. The diets were given at 
satiation twice a day for 12 weeks to fish of 3.2 g 
mean weight, distributed in triplicates to a closed 
seawater recirculation system. All diets were 
well accepted by the fish, resulting in similar 
(P>0.05) feed intake, growth and feed utilization 
among groups. These findings reveal that 
Schizochytrium sp. and M. gaditana produced 
by using biofuel waste streams are promising 
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alternatives for the partial substitution of FO and 
FM and thus could enhance a sustainable circular 
aquaculture industry.
This study was funded by T1EDK-01580 project 
under “Research–Create–Innovate, Operational 
Programme Competitiveness, Entrepreneurship 
and Innovation”
References
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Yarnold et al. 2019. Trends in Plant Science 24, 959-
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T08
EFFECTS OF DIETARY INCLUSION OF 
HERMETIA ILLUCENS LARVAE OIL ON GROWTH 
PERFORMANCE AND PLASMA METABOLITES 
OF GILTHEAD SEABREAM (SPARUS AURATA) 
JUVENILES
S. Moutinho 1, A. Oliva-Teles 2, Ó. Monroig 3, H. 
Peres 1
1CIIMAR, Interdisciplinary Centre of Marine and 
Environmental Research, University of Porto, 
Portugal
2Departamento de Biologia, Faculdade de 
Ciências, Universidade do Porto, Portugal
3Instituto de Acuicultura Torre de la Sal, Consejo 
Superior de Investigaciones Científicas (IATS-
CSIC), Castellón Spain

Insects have emerged as a sustainable alternative 
ingredient for aquafeeds. However, up to date 
most of the research has been focused on the use 
of insect meal as a protein source and very limited 
information is available regarding the use of insect 
lipids. Therefore, this study aimed to evaluate the 
effects of dietary inclusion of Hermetia illucens 
larvae oil (HIO) as a replacement for vegetable 
oils (VO) in diets for gilthead seabream juveniles. 
For that purpose, a control diet was formulated 
to include 18% lipids (6% from fish oil; 12% from 
vegetable sources with 10% from VO mix of 50% 
linseed, 30% palm, 20% rapeseed oil) and 3 other 
diets were formulated similar to the control but 
replaced 33, 66, and 100% of the VO mix. Two 
other diets were formulated similar to 100% diet 
but supplemented with 0.5% bile acids (BA) or 
0.5% BA + 0.2% lipase (BA+L). The trial lasted 70 
days and the fish’s initial body weight was 62g. 
At the end of the trial fish weight averaged 151g 
and growth performance was not affected by diet 
composition. Further, replacing more than 66% 
VO with HIO improved feed efficiency (FE) while 
dietary supplementation with BA+L reduced FE. 
Results showed a decreasing trend for plasma 
lipids and triglycerides content and an increase 
for HDL with increasing dietary HIO levels. Also, 
dietary BA+L inclusion led to an increase in 
plasma glucose and a decrease in cholesterol level 
when compared to fish fed the BA diet. Overall, 
the results indicate that gilthead seabream 
efficiently utilizes HIO as a lipid source without 
compromising growth performance. Further, 
compared to a VO mix, dietary inclusion of HIO 
contributed to an improvement of FE.
Acknowledgments: This work was supported 
by the R&D&I project “ATLANTIDA - Platform 
for the monitoring of the North Atlantic Ocean 
and tools for the sustainable exploitation of the 
marine resources”, reference NORTE-01-0145-
FEDER-000040, funded by the North Portugal 
Regional Operational Program for Norte’s Regional 
Operational Program (NORTE2020), through the 
European Regional Development Fund (ERDF) 
and S.M. was supported by the Portuguese 
Foundation for Science and Technology (FCT) 
(SFRH/BD/138224/2018).
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Ι. Καραπαναγιωτίδης, Ε.Ζ. Γκαλογιάννη, Μ. Μετσοβίτη, Π. Ψωφάκης, 

Α. Ασημάκη, Ν. Νεοφύτου, Ι. Ζαρκάδας, Σ. Μπούρας, Γ. Κούντριας, Ν. Κατσούλας

Χρήση των ειδών μικροφυκών 

Schizochytrium sp. - Microchloropsis sp. - Chlorella sp. 

στα σιτηρέσια της τσιπούρας και του λαβρακιού



Ανάγκη παραγωγής περισσότερων & βιώσιμων τροφίμων

αυξανόμενος ανθρώπινος πληθυσμός

ανάγκη για παραγωγή περισσότερων τροφίμων      Vs διατήρηση φυσικών πόρων & περιβάλλοντος



Ο ρόλος των ιχθυοκαλλιεργειών στην προσφορά τροφίμων - ιχθυηρών

➢ Ο κλάδος γίνεται ο κύριος προμηθευτής ιχθυηρών για τον άνθρωπο (ανάπτυξη 3,2% / έτος)

➢ Παγκόσμια ιχθυοκαλλιεργητική παραγωγή ανήλθε σε 82 εκ. τον. (2018) – 250 δις $

Πηγή: FAO 2020



Πηγή: FAO 2020

➢ Ο κλάδος συνεχίζει να εντατικοποιείται

➢ Αυξανόμενη ζήτηση για ιχθυοτροφές

➢ ≈ 40 εκατ. τόνοι/έτος, 50-63 δις $ (2020)

➢ 4,3 -7,2% ρ. ανάπτυξης/έτος έως 2027

Πηγές: Alltech, GVR, Rabobank, Markets & Markets



Κατάλληλη πηγή πρωτεϊνών και ω-3 λιπαρών οξέων στη διατροφή των ιχθύων

απαραίτητοι αλλά και πεπερασμένοι φυσικοί πόροι

Πηγή: Kok et al. 2020

Πηγή: IFFO 2022

Ιχθυάλευρα - ιχθυέλαιαφυσικά ιχθυοαποθέματα υποπροϊόντα φιλλετοποίησης

Επιτακτική ανάγκη εύρεσης αειφόρων εναλλακτικών πρώτων υλών 



ΑΕΙΦΟΡΕΣ ιχθυοτροφές - ΑΕΙΦΟΡΕΣ πρώτες ύλες

Αειφόρα ιχθυάλευρα - ιχθυέλαια

Φυτικά άλευρα-έλαια Χερσαίες ζωικές πρωτεΐνες

( LAPs )
Πρωτεΐνες εντόμων

Μικροφύκη

http://www.google.gr/imgres?imgurl=http://www.springhalen.dk/Chlorella.JPG&imgrefurl=http://www.springhalen.dk/akvaristik.htm&usg=__lc471K2nVKR9huVzWoEvpeuWyVw=&h=1600&w=1200&sz=468&hl=el&start=17&um=1&itbs=1&tbnid=vaQBRvUaaQ0h9M:&tbnh=150&tbnw=113&prev=/images%3Fq%3DChlorella%2Bvulgaris%26um%3D1%26hl%3Del%26sa%3DN%26rlz%3D1T4ADBF_enGR249GR250%26tbs%3Disch:1


Μικροφύκη: πολλά υποσχόμενη εναλλακτική

➢ Κάποια είδη – η πλούσια πηγή EPA & DHA (ω-3 ΛΟ) στη φύση

- Schizochytrium sp.: ως και 49% DHA

- Nannochloropsis gaditana: ως και 35% EPA (Becker, 2013)

➢ Πλούσια σε πρωτεΐνες (ως και 70%) και απαραίτητα αμινοξέα

- Chlorella sp.: ως και 60%

➢ Πλούσια σε βιοδραστικές ουσίες (αντιοξειδωτικές ουσίες, αντιβακτηριακές κ.λπ.) (Michalak & Chojnacka, 2015)

➢ Καλλιέργεια τους έχει πολλά στοιχεία αειφορίας (Dineshbabu et al., 2019)

http://www.google.gr/imgres?imgurl=http://www.springhalen.dk/Chlorella.JPG&imgrefurl=http://www.springhalen.dk/akvaristik.htm&usg=__lc471K2nVKR9huVzWoEvpeuWyVw=&h=1600&w=1200&sz=468&hl=el&start=17&um=1&itbs=1&tbnid=vaQBRvUaaQ0h9M:&tbnh=150&tbnw=113&prev=/images%3Fq%3DChlorella%2Bvulgaris%26um%3D1%26hl%3Del%26sa%3DN%26rlz%3D1T4ADBF_enGR249GR250%26tbs%3Disch:1


Σκοπός του “Alga 4 Fuel & Aqua”

Chlorella sp. – πηγή πρωτεΐνης

Schizochytrium sp. πηγή DHA

Nannochloropsis sp. πηγή EPA

i) εμπορικά σκευάσματα

ii) καλλιέργεια με υγρά απόβλητα βιομηχανίας

βιοκαυσίμων (γλυκερόλη, εκροές βιοαερίου κλπ)

ιχθυάλευρο

ιχθυέλαιο



Υλικά και Μέθοδοι

Συνολικά 4 διατροφικά πειράματα

Παρασκευή τροφών

- Πελλέτα 1.5 mm California Pellet Mill

Εκτροφή ιχθύων

• S. aurata, D. labrax 1-5 g αρχικό βάρος

• ενυδρεία (125 L), RAS system

• Σίτιση 2 φορές/ημέρα (σε κορεσμό)

• Διάρκεια κάθε πειράματος 12 εβδομάδες



Υλικά και Μέθοδοι

Αναλύσεις θρεπτικής σύστασης ψαριών και τροφών

• Υγρασία: 24h στους 105 °C
• Ολικές πρωτεΐνες Kjeldahl ( Ν * 6.25 )

• Ολικά λίπη: εκχύλιση κατά Soxhlet

• Τέφρα: 3h στους 600 °C
• Ολική Ενέργεια: αδιαβατικό θερμιδόμετρο

• Λιπαρά οξέα

• Αμινοξέα

Ιστολογική εξέταση

• σε ήπαρ και έντερο

Στατιστική ανάλυση

• ANOVA, P=0.05



τσιπούρα (S. aurata) 1ο πείραμα – εμπορικά σκευάσματα μικροφυκών

  Fishmeal Chlorella 

vulgaris 

Schizochytrium 

sp. 

M. gaditana 

Proximate composition (g/Kg) 

Moisture 65.5 58.0 20.9 66.1 

Crude protein 660.0 558.6 97.1 484.7 

Crude lipid 78.1 112.8 484.9 216.0 

NFE1 2.2 218.8 322.1 147.4 

Ash 194.2 51.8 75.0 85.8 

Gross energy (MJ kg-1) 18.39 22.04 27.34 22.73 

     

Essential amino acids (% of meal)2 

Arginine 4.43 4.22 1.65 1.87 

Histidine 2.41 1.17 0.24 0.73 

Isoleucine 3.24 2.98 0.40 1.53 

Leucine 5.62 5.27 0.70 5.85 

Lysine 6.53 3.68 0.53 2.66 

Methionine 1.83 0.89 n.a 0.78 

Phenylalanine 3.01 n.a 0.42 1.67 

Threonine 2.78 3.12 0.44 2.25 

Tryptophan 0.63 2.82 n.a n.a 

Tyrosine 1.77 2.75 0.30 0.85 

Valine 3.85 2.59 0.61 2.56 

     

 Fish oil Chlorella 

vulgaris 

Schizochytrium 

sp. 

M. gaditana 

Selected fatty acids (% of total fatty acids) 

18:2n-6 6.7 30.5 <1.0 6.0 

18:3n-3 <1.0 12.1 <1.0 <1.0 

20:4n-6 <1.0 3.2 <1.0 8.2 

20:5n-3 7.1 --- 1.5 19.2 

22:5n-6 <1.0 --- 16.4 --- 

22:6n-3 12.5 --- 40.7 --- 

 1 

Σκοπός

1) υποκατάσταση πρωτεΐνης του ιχθυαλεύρου από Chlorella κατά 30%

2) πλήρης αντικατάσταση του ιχθυελαίου από το μίγμα Schizochytrium + Nannochloropsis



Karapanagiotidis et al. (2022). Aquaculture 561, 738709

τσιπούρα (S. aurata) 1ο πείραμα – εμπορικά σκευάσματα μικροφυκών

- Τα μικροφύκη ήταν εύγεστα & αποδεκτά από τα ψάρια

- Δεν επέφεραν διατροφικές θνησιμότητες

- Όλοι οι δείκτες ανάπτυξης των ψαριών, θρεπτικής σύστασης των

ψαριών, και αξιοποίησης των τροφών ήταν παρόμοιοι (P>0,05) μεταξύ

των ομάδων

✓ Επιτυχής η υποκατάσταση του ιχθυαλεύρου από Chlorella κατά 30%

✓ Επιτυχής η πλήρης αντικατάσταση του ιχθυελαίου από το μίγμα

Schizochytrium + Nannochloropsis



Karapanagiotidis et al. (2022). Aquaculture 561, 738709

τσιπούρα (S. aurata) 1ο πείραμα – εμπορικά σκευάσματα μικροφυκών

- Τα μικροφύκη επηρέασαν σημαντικά το προφίλ ΛΟ στη σάρκα των ψαριών

Π.χ. Chlorella => ↑ LA, LNA

Schizochytrium + Nannochloropsis => ↑ARA, DPA

- Ωστόσο, τα πολύτιμα EPA, DHA διατηρήθηκαν στα ίδια επίπεδα με τον μάρτυρα

✓ Η υποκατάσταση των ιχθυελαίων/ιχθυαλεύρων από μικροφύκη δεν μειώνει τη

λιπιδική αξία της τσιπούρας

✓ Ούτε επέφεραν κάποια σημαντική ιστομορφολογική αλλοίωση



τσιπούρα (S. aurata) 2ο πείραμα – μικροφύκη υγρών αποβλήτων

 

 Ιχθυοτροφές ControlS SΝoS SΝcS 

Σύσταση (g kg-1 Ξ.Ο)    

   Ιχθυάλευρο1 250 210,2 232,6 

   Σιτάρι, άλευρο2 100 46,6 89,4 

   Ηλιάλευρο3 55,5 44,0 58,5 

   Γλουτένη σίτου4 183,5 198,9 183,5 

   Σογιάλευρο (SPC)5 252 248,6 252 

   Ιχθυέλαιο6 70 59,5 59,5 

   Σογιέλαιο7 60 60 60 

   Schizochytrium limacinum (Own culture) 0 51,5 0 

   Nannochloropsis oculata (Own culture) 0 50,5 0 

   Πρόμιγμα βιτ. & αν. στοιχείων8 4 4 4 

   Φωσφορικό μονοασβέστιο9 14 14 14 

   Βιταμίνη C10 0,5 0,5 0,5 

   Βιταμίνη Ε11 0,5 0,5 0,5 

   Λυσίνη12 3 4,2 3 

   Μεθειονίνη12 7 7 7 

   Nannochloropsis gaditana13 0 0 25 

   Schizochytrium sp. 14 0 0 10,5 

    

Χημική σύσταση    

   Υγρασία (g kg-¹) 97 96,7 95,9 

   Ολικές αζωτούχες ουσίες (g kg-¹) 493,2 496 492,1 

   Ολικές λιπαρές ουσίες (g kg-¹)  149,8 147,5 150,7 

   Υδατάνθρακες (g kg-¹) 198,2 191,6 193,6 

   Τέφρα (g kg-¹) 61,8 68,1 67,6 

   Ενέργεια (MJ kg-1) 20,75 20,78 20,79 

Σκοπός

1) υποκατάσταση του ιχθυελαίου κατά 15% από το μίγμα Schizochytrium +

Nannochloropsis (από υγρά απόβλητα)

2) Σύγκριση αποδοτικότητας μικροφυκών

υγρών αποβλήτων VS εμπορικών σκευασμάτων 



τσιπούρα (S. aurata) 2ο πείραμα – μικροφύκη υγρών αποβλήτων

- Τα μικροφύκη υγρών αποβλήτων αποδείχθηκαν εύγεστα & αποδεκτά από την τσιπούρα

- Δεν επέφεραν διατροφικές θνησιμότητες

- Όλοι οι δείκτες ανάπτυξης των ψαριών, θρεπτικής σύστασης των ψαριών, και

αξιοποίησης των τροφών ήταν παρόμοιοι (P>0,05) μεταξύ των ομάδων

✓ Τα μικροφύκη υγρών αποβλήτων μπορούν επιτυχώς να υποκαταστήσουν μερικώς

το ιχθυέλαιο στο σιτηρέσιο της τσιπούρας

Gkalogianni et al. (2022) ISFNF  p. 109-110



τσιπούρα (S. aurata) 2ο πείραμα – μικροφύκη υγρών αποβλήτων

- Τα μικροφύκη των υγρών αποβλήτων οδήγησαν σε ελαφρώς μειωμένα επίπεδα

EPA, DHA στη σάρκα των ψαριών

✓ Αλλά αυτή η τάση ήταν μη σημαντική (P<0,05)

✓ Μελλοντικές έρευνες να στοχεύσουν στην αύξηση της περιεκτικότητας των

μικροφυκών σε EPA, DHΑ κατά την καλλιέργεια τους σε υγρά απόβλητα



Λαβράκι (D. labrax) 3ο πείραμα – εμπορικά σκευάσματα μικροφυκών

Σκοπός

1) υποκατάσταση πρωτεΐνης του ιχθυαλεύρου από Chlorella κατά 30%

2) πλήρης αντικατάσταση του ιχθυελαίου από το μίγμα Schizochytrium + Nannochloropsis



Λαβράκι (D. labrax) 3ο πείραμα – εμπορικά σκευάσματα μικροφυκών

- Οι τροφές που περιείχαν Schizochytrium + Nannochloropsis

καταναλώθηκαν περισσότερο από τα ψάρια

- η πλήρης αντικατάσταση του ιχθυελαίου από το μίγμα

Schizochytrium + Nannochloropsis οδήγησε σε μεγαλύτερη

ανάπτυξη των λαβρακιών

- Η θρεπτικής σύσταση των ψαριών δεν επηρεάστηκε από τα

μικροφύκη

✓ Επιτυχής η υποκατάσταση του ιχθυαλεύρου από Chlorella κατά

30%

✓ Επιτυχής η πλήρης αντικατάσταση του ιχθυελαίου από το μίγμα

Schizochytrium + Nannochloropsis
Gkalogianni et al. (2021). HydroMediT 2021, p. 499-500.



Λαβράκι (D. labrax) 1ο πείραμα – εμπορικά σκευάσματα μικροφυκών

- Τα μικροφύκη επηρέασαν σημαντικά το προφίλ ΛΟ στη σάρκα των ψαριών

Π.χ. Chlorella => ↑ LNA

Schizochytrium + Nannochloropsis => ↑ARA, DPA

- Ωστόσο, τα πολύτιμα EPA, DHA διατηρήθηκαν στα ίδια επίπεδα με τον μάρτυρα

✓ Η υποκατάσταση των ιχθυελαίων/ιχθυαλεύρων από μικροφύκη δεν μειώνει τη

λιπιδική αξία του λαβρακιού

✓ Ούτε επέφεραν κάποια σημαντική ιστομορφολογική αλλοίωση Gkalogianni et al. (2021). HydroMediT 2021, p. 499-500.



Λαβράκι (D. labrax) 4ο πείραμα – μικροφύκη υγρών αποβλήτων

Σκοπός

1) υποκατάσταση του ιχθυελαίου κατά 15% από το μίγμα Schizochytrium +

Nannochloropsis (από υγρά απόβλητα)

2) Σύγκριση αποδοτικότητας μικροφυκών

υγρών αποβλήτων VS εμπορικών σκευασμάτων 



Λαβράκι (D. labrax) 2ο πείραμα – μικροφύκη υγρών αποβλήτων

- Τα μικροφύκη υγρών αποβλήτων αποδείχθηκαν εύγεστα & αποδεκτά από τα ψάρια

- Δεν επέφεραν διατροφικές θνησιμότητες

- Όλοι οι δείκτες ανάπτυξης των ψαριών, θρεπτικής σύστασης των ψαριών, και

αξιοποίησης των τροφών ήταν παρόμοιοι (P>0,05) μεταξύ των ομάδων

✓ Τα μικροφύκη υγρών αποβλήτων μπορούν επιτυχώς να υποκαταστήσουν

μερικώς το ιχθυέλαιο στο σιτηρέσιο του λαβρακιού

Gkalogianni et al. (2022) ISFNF  p. 111-112



Λαβράκι (D. labrax) 2ο πείραμα – μικροφύκη υγρών αποβλήτων

✓ Τα μικροφύκη των υγρών αποβλήτων διατήρησαν τα πολύτιμα EPA και DHA στη σάρκα του λαβρακιού



Συμπεράσματα

- H Chlorella μπορεί επιτυχώς να υποκαταστήσει μερικώς τα ιχθυάλευρα

- Το μίγμα Schizochytrium + Nannochloropsis μπορεί επιτυχώς να αντικαταστήσει πλήρως τα ιχθυέλαια στα σιτηρέσια της τσιπούρας και του λαβρακιού

- Χωρίς να επιφέρει αρνητικές επιδράσεις στην παραγωγική απόδοση των εκτροφών και τη θρεπτική αξία των ψαριών

✓ Τα υγρά απόβλητα μπορούν να χρησιμοποιηθούν για την καλλιέργεια μικροφυκών

✓ που με τη σειρά που μπορούν επιτυχώς να χρησιμοποιηθούν στη διατροφή των ιχθύων αντικαθιστώντας τα ιχθυέλαια/ιχθυάλευρα 

✓ ενισχύοντας έτσι την περιβαλλοντική αειφορία της ιχθυοκαλλιέργειας 



Ι. Καραπαναγιωτίδης, Ε.Ζ. Γκαλογιάννη, Μ. Μετσοβίτη, Π. Ψωφάκης, 

Α. Ασημάκη, Ν. Νεοφύτου, Ι. Ζαρκάδας, Σ. Μπούρας, Γ. Κούντριας, Ν. Κατσούλας

Χρήση των ειδών μικροφυκών 

Schizochytrium sp. - Microchloropsis sp. - Chlorella sp. 

στα σιτηρέσια της τσιπούρας και του λαβρακιού


