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Abstract 

The forecasted growth of the aquaculture sector requires the use of novel and sustainable 

ingredients in aquaculture feeds. A study was undertaken to evaluate the effect of a 10% 

incorporation of defatted microalgal biomass (DMB) of Tetraselmis sp. CTP4, used at 

the expense of dehulled solvent-extracted soybean meal (SBM), on the growth 

performance, nutrient digestibility and physiological response to confinement stress in 

gilthead seabream juveniles. The trial comprised two dietary treatments: a control diet 

(CTRL) with relatively high levels of marine-derived proteins and 10% SBM; and a test 

diet (DMB10) with the incorporation of 10% DMB at the expenses of SBM, while 

maintaining a fairly constancy of all other ingredients. Triplicate groups of 30 fish, with 

a mean initial body weight of 6.0 ± 0.2 g were fed the experimental diets for 61 days. At 

the end of the trial, fish tripled their initial body weight, but the overall growth 

performance criteria (final body weight, daily growth index, feed conversion ratio and 

protein efficiency ratio), whole-body composition and nutrient retention were not 

significantly affected by the dietary treatments (p>0.05). The DMB10 diet showed a 

significantly higher apparent digestibility coefficients (ADC) of dry matter, energy and 

phosphorus (p<0.05). When measured as an isolated feed ingredient, the DMB had an 

ADC of protein, fat, energy and phosphorus of 87.9, 85.3, 75.5 and 41.4%, respectively. 

After an acute confinement stress test, fish fed with DMB10 diet displayed a significantly 

lower plasma cortisol response (120 ± 23 ng/mL) than those fed with the control diet (160 

± 33 ng/mL) (p<0.05). Overall results showed that DMB, issued from biorefinery 

processes, could potentially spare the use of soybean meal in aquaculture feeds, 

contributing towards a reduction of the current protein deficit in the European market.  

Keywords: Biorefinery; Defatted microalgal biomass; Feed ingredient; Microalgae; 

Soybean; Sparus aurata;
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1. Introduction 

There is increasing interest in large-scale production of microalgal biomass as a 

sustainable lipid feedstock for different biotechnological applications, which include 

human and animal nutrition as well as biodiesel production [1]. However, the downstream 

processing entailing the extraction of lipids from the biomass will generate massive 

amounts of defatted microalgal biomass (DMB) as a co-product. Several reports have 

investigated the suitability of upgrading these DMB into different biofuels to improve the 

net energy ratio of the whole production pipeline such as production of biogas, bioethanol 

and bio-oil (e.g., hydrothermal liquefaction or pyrolysis) in a biorefinery setting [2-5]. 

Although there is a high demand for renewable sources for global fuel supply from the 

market and policymakers, biofuels need to be relatively inexpensive in order to compete 

with fossil fuels. Therefore, to enable the commercial use of microalgae as feedstock for 

the generation of bioenergy, the production and processing costs have to be offset by 

higher-end commodities obtained from DMB and other residues. 

Whole microalgal biomass (WMB) and DMB are feed ingredients not only as a 

solution to meet the high demand for feedstocks required by the feed industry, but also as 

a way to meet future demand caused by the expected growth of the human population in 

the forthcoming decades [6]. Thus far, most studies have focused on the incorporation of 

WMB in feed without any processing, either as an additive or as a macro-ingredient [7-

12]. Overall, most reports show that WMB is a promising feed ingredient with wide 

application in the farming of different livestock. Reports evaluating the applicability of 

DMB as a feed ingredient for land animals have been published [6, 13-15], as well as in 

aquaculture species [16-22]. Indeed, over the last decades, alternative sources (e.g., 

vegetable protein sources, processed animal proteins, insect meals, krill meal) have been 

introduced in aquaculture feeds in order to reduce the dependency of fishmeal on 
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aquafeeds. However, research is still needed for finding and fine-tuning innovative 

sources of feed ingredients for the aquaculture industry in order to decrease its 

dependence on non-sustainable feedstocks and thus ensure the future sustainability of 

commercial fish supply [23]. 

Among the alternatives proposed, soybean meal is one of the most used feedstocks 

for feed manufacturing. Dehulled solvent-extracted soybean meal (SBM) is a high-quality 

protein source with steady supply and competitive costs. This has triggered a significant 

rise in demand for soybean and derivatives (meal and oil) for livestock production and, 

more recently, for biodiesel production as well. However, sustainability concerns have 

been raised [24,25], as extensive and ever-increasing soybean farming areas have become 

a major driver for worldwide deforestation and loss of biodiversity in developing 

countries, along with other environmental and social concerns [26]. According to recent 

European Union (EU) reports [27,28], 60% of the world deforestation is related to the 

production of soybean and derivatives, which are mainly imported and consumed by EU 

countries. The EU animal feed market is highly dependent on protein feed imports and its 

self-sufficiency in soybean meal is extremely low (3%) [29]. This situation makes the 

animal feed sector highly vulnerable to trade distortions, availability and price volatility 

of soybeans [29,30]. A reduction of the EU protein deficit is a priority and requires the 

emergence of novel protein resources such as microalgae. 

In this context, a nutritional study was undertaken to assess the effects of 

incorporating a defatted microalgal biomass (from Tetraselmis sp. CTP4) at the expenses 

of soybean meal, on the growth performance, digestibility and nutrient retention of 

gilthead seabream (Sparus aurata) juveniles. In addition, since microalgal biomass was 

previously suggested to be a promising feedstock with immunomodulatory and anti-stress 
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effects in aquatic animals [16], an acute confinement test was performed to evaluate such 

effect.  

 

2. Materials and methods 

2.1. Defatted microalgal biomass   

A defatted microalgal biomass of Tetraselmis sp. CTP4 was generated upon the 

extraction of lipids directly from wet microalgal paste using an ethanolic extraction. The 

detail procedure used for biomass growth has been previously described by Pereira et al. 

[31]. The methodology used for lipid extraction was based on the protocol of Yang et al. 

[32] with modifications. Briefly, wet microalgal paste was sequentially extracted (three 

times) with absolute ethanol at reflux temperature. After each extraction, the algae cake 

(DMB) was separated from the solvent by centrifugation (2,000 g, 10 min). Upon 

completion of the lipid extraction, DMB was air dried at ambient temperature for 24 

hours. Further drying of the biomass was achieved at 40 °C using a forced air-circulating 

oven until constant weight. The cake was later milled to powder and stored under vacuum 

in a desiccator until the manufacture of the experimental diets. The composition of the 

experimental defatted microalgal biomass of Tetraselmis sp. CTP4 (DMB) and its 

comparison to soybean meal (SBM) and fishmeal (FM) is presented in Table 1. 

 Table 1 - Composition of defatted microalgal biomass (DMB), dehulled solvent-extracted soybean meal 
(SBM) and fishmeal (FM) (values expressed on a fresh matter basis). n.a., not analysed. 

 DMB SBM FM 
Proximate composition    

Moisture, % 0.90 9.20 6.60 

Crude protein, % 40.63 42.04 71.85 

Crude fat, % 1.29 2.00 6.90 

Ash, % 14.57 5.54 13.07 

Total phosphorus, % 0.93 0.60 1.92 

Gross energy, kJ/g  17.10 17.45 19.78 
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Amino acids (%)    

Essential Amino acids (EAA)    

Arginine 3.82 3.22 4.71 

Histidine 0.86 1.14 1.75 

Isoleucine 1.72 1.96 2.54 

Leucine 3.16 3.32 5.10 

Lysine 2.16 2.67 5.96 

Methionine 1.10 0.58 2.61 

Phenylalanine 2.79 2.18 3.38 

Threonine 2.10 1.71 3.50 

Tryptophan n.a. 0.61 0.71 

Valine 1.98 2.07 3.22 

Subtotal 19.67 19.46 33.48 

    

Nonessential Amino acids (NEAA)  

Alanine 2.48 1.89 4.38 

Aspartic acid 3.27 4.89 6.92 

Cysteine 0.37 0.61 0.33 

Glutamic acid 3.76 7.74 8.92 

Glycine 2.28 1.82 5.20 

Proline 1.85 2.21 2.93 

Serine 2.18 2.18 3.15 

Tyrosine 2.00 1.60 2.59 

Subtotal 18.18 22.94 34.42 

Total 37.85 42.40 67.90 

Ratio (NEAA/EAA) 0.92 1.18 1.03 

 

2.2. Formulation of experimental diets    

The growth performance trial comprised two dietary treatments. A control diet 

(CTRL) containing relatively high levels of marine-derived proteins (fishmeal, fish 

hydrolysate and squid meal) and several plant proteins such as soy protein concentrate, 

wheat gluten, corn gluten meal and dehulled solvent-extracted soybean meal (SBM). Fish 

oil was used as the main lipid source. A second diet (DMB10) was formulated with the 

incorporation of 10% DMB at the expenses of soybean meal, while maintaining a fairly 

constancy of all other ingredients. Both diets were supplemented with monocalcium 
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phosphate to avoid the risk of phosphorus imbalance: 0.5% and 0.3% for CTRL and 

DMB10 diets, respectively. Overall, these two diets were isonitrogenous (crude protein: 

58% DM), isolipidic (crude lipids: 16.6% DM) and isoenergetic (gross energy: 18.7 

MJ/kg DM). A part of each experimental diet contained also 1% chromic oxide as an inert 

marker for digestibility measurements. One additional diet (DMB ADC) containing 70% 

of the same basal mixture of the control diet with 1% chromic oxide and 30% of the test 

ingredient (defatted microalgae biomass) was also manufactured to allow the 

measurement of the apparent digestibility of the individual test ingredient, according to 

the methodological approach recommended by NRC [33]. 

Experimental diets were manufactured by SPAROS, Lda. (Olhão, Portugal). 

Ingredients were mixed according to target formulation and ground (< 250 μm) in a 

micropulverizer hammer mill (Hosokawa-Alpine, 1SH, Germany). Powdered ingredients 

and fish oil were mixed in a paddle mixer (MAINCA, RM90, Spain) and the blend 

moisturized with 25% water. Diets were manufactured by low-shear and low temperature 

extrusion (Italplast P55, Italy) at a pellet size of 1.0 mm. Upon extrusion, pellets were 

dried in a vibrating fluid bed dryer (TGC Extrusion, DR100, France). Throughout the 

trial, experimental feeds were stored at room temperature, but in a cool and aerated 

emplacement. Samples of each diet were taken for proximate composition (Table 2). 

Table 2 - Formulation and composition of the three experimental diets (g/100 g): control diet (CTRL), a 
diet with 10% inclusion of defatted microalgal biomass (DMB10) and a diet for the ingredient apparent 
digestibility coefficient calculation (DMB ADC). 

 

 CTRL DMB10 DMB ADC 
Fishmeala 20.00 20.00 14.00 

Fish hydrolysateb 5.00 5.00 3.50 

Fish gelatinc 2.00 2.00 1.40 

Squid meald 12.50 12.50 8.75 

Soy protein concentratee  10.00 10.00 7.00 

Soybean mealf 10.00 - 7.00 
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Defatted microalgal biomassg - 10.00 30.00 

Wheat glutenh 8.00 8.00 5.60 

Corn gluteni 8.00 8.70 5.60 

Wheat mealj 9.50 8.90 6.65 

Fish oilk 12.00 12.10 8.40 

Vitamin and mineral premixl 1.50 1.50 1.05 

Soy lecithinm 0.50 0.50 0.35 

Bindern 0.20 0.20 0.14 

Antioxidanto  0.20 0.20 0.14 

Sodium propionatep 0.10 0.10 0.07 

Monocalcium phosphateq 0.50 0.30 0.35 

Chromic oxide 1.00 1.00 0.70 

    

Dry matter (DM), % 96.5 97.4 97.2 

Crude protein, % DM 58.3 57.8 54.1 

Crude fat, % DM 16.5 16.7 16.0 

Ash, % DM 6.07 6.41 7.89 

Total phosphorus, % DM 1.20 1.20 1.29 

Gross energy, kJ/g DM 18.7 18.8 19.2 

Chromic oxide, % DM 1.28 1.18 1.22 

a Fish meal NORVIK 70: 70.3% crude protein (CP) 5.8% crude fat (CF), Sopropêche, France; b CPSP 90: 83% CP, 9% CF, 
Sopropêche, France; c Fish gelatin: 96% CP, LAPI Gelatine SPA, Italy; d Squid meal: 83% CP, Sopropêche, France; e Soycomil P: 
63% CP, 0.8% CF, ADM, The Netherlands; f Dehulled solvent extracted soybean meal: 46% CP, 2.3% CF, CARGILL, Spain; g 
defatted microalgal biomass from Tetraselmis sp. CTP4: 41% CP, 1.3 CF; h VITAL: 80% CP, 1.7% CF, Roquette Frères, France; I 

Corn gluten meal: 61% CP, 6% CF, COPAM, Portugal; j Wheat meal: 10.2% CP; 1.2% CF, Casa Lanchinha, Portugal; k Fish oil, 
Savinor UTS, Portugal; l PREMIX Lda, Portugal (IU or mg kg-1 diet): DL-alpha tocopherol acetate, 100 mg; sodium menadione 
bisulphate, 25 mg; retinyl acetate, 20000 IU; DL-cholecalciferol, 2000 IU; thiamin, 30 mg; riboflavin, 30 mg; pyridoxine, 20 mg; 
cyanocobalamin, 0.1 mg; nicotinic acid, 200 mg; folic acid, 15 mg; ascorbic acid, 1000 mg; inositol, 500 mg; biotin, 3 mg; calcium 
panthotenate, 100 mg; choline chloride, 1000 mg, betaine, 500 mg. Minerals (g or mg kg-1 diet): cobalt carbonate, 0.65 mg; copper 
sulphate, 9 mg; ferric sulphate, 6 mg; potassium iodide, 0.5 mg; manganese oxide, 9.6 mg; sodium selenite, 0.01 mg; zinc sulphate,7.5 
mg; sodium chloride, 400 mg; calcium carbonate, 1.86 g; excipient wheat middlings; m Lecico P700IPM, LECICO GmbH, Germany; 
n Guar gum: Seah International, France; o Paramega PX, KEMIN EUROPE NV, Belgium; p Sodium propionate: Disproquimica, 
Portugal; q MCP: 22% P, 18% Ca, Fosfitalia, Italy. 
 

2.3. Growth trial 

All trials were performed at the experimental research facilities of SPAROS 

(Olhão, Portugal), and conducted by trained scientists (following category C FELASA 

recommendations) according to the European guidelines on protection of animals used 

for scientific purposes (Directive 2010/63/UE of European Parliament and of the 

European Union Council). 
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Gilthead seabream (Sparus aurata) juveniles, originated from a commercial 

hatchery (CUPIMAR, Cádiz, Spain), were adapted to the experimental conditions over a 

period of 15 days. Homogenous groups of 30 fish each, with a mean initial body weight 

of 6.0 ± 0.2 g, were stocked in 6 sub-square fiberglass tanks (volume: 60 L; water-flow 

rate: 3.5 L/min), supplied with thermo-regulated seawater, with 200% water renewal/hour 

(temperature: 20.3 ± 1.1 °C; dissolved oxygen: 6.0 ± 0.5 mg/L; salinity: 35‰). A 

12L:12D photoperiod was maintained with daybreak set at 7.00 h. Each dietary treatment 

was tested in triplicate tanks over 61 days. Fish were fed to apparent satiety, by hand, 

three times a day (9.30 am, 2.00 pm and 5.00 pm) and utmost care was taken to avoid 

feed wastage and allow a precise quantification of feed intake. Light anesthetized fish (25 

mg/L of MS-222, Germany) were group weighed at the start of the trial, at day 30 and 

day 61 for estimation of tank biomass. At the start of the trial, a pool of 15 whole fish 

from the initial stock and a pool of 5 whole fish per tank at the end of the trial were 

sampled and stored at -20 °C for subsequent analysis of whole-body proximate 

composition. 

 

2.4. Acute confinement stress test  

At the end of the growth trial and two days after all associated samplings, the 

remaining fish (average body weight: 20.8 ± 0.4 g) were subjected to an acute 

confinement stress test. Eight fish from each replicate tank were transferred from the 60 

L tanks with a rearing density of 10 kg/m3, to a plastic container at a density of 60 kg/m3. 

The water level was maintained at a minimum, forcing dorsal fin exposure, and the test 

was carried out for 15 minutes. Afterwards, a sample of blood (1 mL) was collected from 

all fish by puncture of the caudal vein with a heparinized syringe. Blood was placed in 

cooled 1.5 mL plastic tubes and centrifuged at 6,000 g for 5 min at 4 °C. Upon 
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centrifugation, supernatant plasma was transferred to Eppendorf tubes, snap-frozen in 

liquid nitrogen and stored at -80 °C until subsequent analysis of cortisol. 

 

2.5. Digestibility measurements   

Following the growth trial and the acute confinement stress test, the apparent 

digestibility of nutrients and energy of the test ingredient and of the experimental diets 

was measured by the indirect method. The remaining fish (n=25 per tank) were 

maintained in the 60 L tanks equipped with a faeces settling column. Each group of fish 

was fed the same diet and reared under identical water conditions as those described for 

the growth trial. Fish were fed once a day (9.00 am) by hand in slight excess. Upon a 

thorough cleaning of the rearing tanks from any feed residues, faeces were collected daily 

for 10 consecutive days by means of a faeces decantation column (Guelph system). 

Faeces were collected approximately 18 hours after the meal. After removal of excess 

water, daily faeces were frozen at -20 °C. Pooled faeces from each group of fish were 

freeze-dried prior to subsequent analysis. 

Apparent digestibility coefficients (ADC) of dietary nutrients and energy in the 

experimental diets were calculated according to NRC [33]: 

 

ADC(%) = 100− &
%  marker  diet 

%  marker  faeces ×
%  nutrient  faeces

%  nutrient  diet ) 

 

Subsequently, the apparent digestibility coefficients of the test ingredient were calculated 

according to NRC [33]: 
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ADC Test Ingredient (%) = ADCTD + (ADCTD - ADCRD) x (0.7 x NRD) / (0.3 x NTI) 

  

ADCTD: ADC of test diet (%) 

ADCRD: ADC of reference diet (%) 

NRD: Nutrient content in the reference diet (% or kJ/g) 

NTI: Nutrient content in the test ingredient (% or kJ/g)   

 

2.6. Chemical analysis  

The proximate composition analysis of the test ingredient, experimental diets, 

whole fish and feces was performed using the following analytical methods. Dry matter 

after drying at 105 °C for 24 h; total ash by combustion (550 °C during 6 h) in a muffle 

furnace (Nabertherm L9/11/B170, Germany); crude protein (N×6.25) by a flash 

combustion technique followed by a gas chromatographic separation and thermal 

conductivity detection (LECO FP428); total lipids were quantified by a modified Bligh 

and Dyer [34] method, as described in Pereira et al. [35]; total phosphorus was determined 

according to the ISO/DIS 6491 method, using the vanado-molybdate reagent; gross 

energy in an adiabatic bomb calorimeter (Werke C2000, IKA, Germany); chromic oxide 

in feeds and feces was determined by spectrometry (SpectrAA 220 FS, Varian) according 

to Bolin et al. [36] after perchloric acid digestion. The amino acid profile was determined 

by ultra-performance liquid chromatography (UPLC) as reported by Aragão et al. [37]. 

The concentration of cortisol in the plasma was evaluated by a radioimmunoassay as 

described in Rotllant et al. [38].  
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2.7. Statistical analysis  

Growth performance data and ADC were expressed as means ± standard deviation 

of three replicates. Statistical analyses were performed with R computing software [39]. 

Parameters expressed as percentage were subjected to arcsine square root transformation. 

Statistical significance was tested using a Student's t-test at a 0.05 probability level. 

 

3. Results and discussion 

3.1. Growth performance 

The overall growth performance of fish fed with the experimental diets over a 

period of 61 days is presented in Table 3. At the end of the growth trial, fish showed a 3-

fold increase of their initial body weight. No significant differences were found among 

the two dietary treatments in terms of final body weight (FBW), daily growth index 

(DGI), feed conversion ratio (FCR), protein efficiency ratio (PER) or survival (p>0.05). 

However, fish fed the DMB10 diet showed a slight decrease in the daily feed intake (FI, 

p=0.018). 

 Table 3 - Growth performance and whole-body composition of fish (IBWa=6.0 ± 0.2 g), fed both 
experimental diets: a control diet (CTRL) and a diet with 10% inclusion of defatted microalgal biomass 
(DMB10). Values are means ± standard deviation (n = 3). 
 

 CTRL DMB10 p-value 
FBWb, g 20.9 ± 0.27 20.7 ± 0.54 0.60 

FIc, %ABW/d 2.59 ± 0.03 2.50 ± 0.02 0.02 

DGId  1.56 ± 0.02 1.55 ± 0.04 0.54 

FCRe 1.42 ± 0.02 1.40 ± 0.06 0.67 

PERf 1.26 ± 0.02 1.29 ± 0.06 0.45 

Survival, % 97.8 ± 1.92 94.4 ± 6.94 0.64 

    

Whole-body composition (%, wet weight)    

Moisture 69.4 ± 0.33 68.9 ± 0.34 0.18 

Ash 3.01 ± 0.34 2.99 ± 0.43 0.83 
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Protein 15.3 ± 0.57 15.2 ± 0.30 0.38 

Fat 8.09 ± 2.71 8.01 ± 2.67 0.77 

Phosphorus 0.64 ± 0.03 0.61 ± 0.04 0.21 

a Initial mean body weight. 
b Final mean body weight. 
c Feed intake per day: crude feed intake/Average body weight/61 days. 
d Daily growth index: (FBW1/3 – IBW1/3)/61 days) × 100. 
e Feed conversion ratio: wet weight gain/dry feed intake. 
f Protein efficiency ratio: wet weight gain/crude protein intake. 

Body composition of initial fish (% wet weight): 70.9% Moisture; 3.30% Ash; 15.4% Protein; 8.46% Fat; 
0.33% Phosphorus;   

 

Patterson and Gatlin [17] reported the inclusion of DMB from Navicula sp., 

Chlorella sp. and Nannochloropsis salina at the expense of fishmeal and soy protein 

concentrate in diets for juvenile red drum (Sciaenops ocellatus). The authors suggested a 

safe inclusion level of DMB up to 10% of dietary protein without affecting significantly 

the fish performance, since higher incorporations of DMB in the experimental diets led 

to decreased survival, weight gain and feed intake. Similarly, Ju et al. [16] tested the 

replacement of fishmeal by H. pluvialis DMB on the Pacific whiteleg shrimp Litopenaeus 

vannamei. In this study, it was shown that a dietary inclusion of DMB up to 12.5% did 

not affect the growth parameters as compared to those of the CTRL feed. More recently, 

it was reported that an inclusion level up to 20% of Desmodesmus sp. DMB and 10% 

Nannochloropsis oceania DMB in the feeds of Atlantic salmon did not affect the growth 

performance and health parameters [19,21]. In addition, inclusion levels up to 15% of 

different whole microalgal biomasses in striped bass did not impact the growth 

performance [40]. 

The dietary inclusion of DMB at the expense of SBM had no significant effect on 

the whole-body composition of fish in terms of moisture, protein, fat, ash, phosphorus 

and energy (p>0.05; Table 3). Values of whole-body composition are in accordance with 
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those obtained in other experiments with seabream [41-44]. This absence of effects of 

dietary DMB inclusion on the whole-body composition of fish has been observed in 

several other studies [16,17,21,45]. Nonetheless, it is interesting to note that a reduction 

of whole-body fat associated with the dietary inclusion of microalgae, when used as 

whole biomasses, has been described in Japanese flounder [46], common carp [47,48], 

Atlantic salmon [48] and gilthead seabream [49]. The mechanisms underlying this lipid-

lowering effect are not completely understood. Commonly, these algal biomasses contain 

liposoluble carotenoids (e.g., fucoxanthin in Phaeodactylum tricornutum) which have 

been associated with lower accumulation of abdominal white adipose tissue in rodents, 

due to a depression of lipogenic enzymes activities and an increase on fatty acid oxidation 

[50-52]. Conversely, lipid extraction process applied to the current microalgal biomass of 

Tetraselmis sp. CTP4 may probably result in the removal of these carotenoids and 

therefore eliminate such effect. 

Based on data from feed intake and whole-body composition of fish, nutrient and energy 

retention (expressed as percentage of intake) were calculated (Figure 1). Dietary 

treatments had no significant effect on the protein, fat, phosphorus and energy retention 

(p>0.05). Similar findings have been reported by Valente et al. [45] in European seabass 

fed graded levels of a defatted Nannochloropsis sp. biomass. Conversely, it was 

previously reported that the retention of protein and energy was significantly reduced in 

experimental diets fed to Sciaenops ocellatus containing 10% of DMB [17]. 
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Figure 1 - Nutrient and energy retention in juvenile gilthead seabream, fed both experimental diets: A 
control diet (CTRL) and a 10% inclusion of defatted microalgal biomass (DMB10). 

 

3.2. Digestibility of test ingredient (DMB) and experimental diets   

Test ingredient, DMB from Tetraselmis sp. CTP4, showed apparent digestibility 

coefficients (ADC) of protein, fat and energy of 87.0, 85.3 and 75.5%, respectively (Table 

4). A direct comparison with previously reported ADC values for SBM in Sparus aurata 

[53] shows that DMB had a similar protein digestibility and a slightly higher energy 

digestibility (72% in SBM). In gilthead seabream, the DMB from Tetraselmis sp. CTP4 

showed a moderate phosphorus digestibility (41.4%). Data on the phosphorus 

digestibility of microalgae biomasses is extremely scarce, but this value of phosphorus 

ADC in Tetraselmis sp. is higher than values previously reported for SBM in European 

seabass (36.1%), Senegalese sole (27.6%) and rainbow trout (22%) [54-56]. 

Approximately 70% of the total phosphorus in plant feedstuffs is present in the form of 

phytic acid (myo-inositol 1,2,3,4,5,6-hexakisphosphate) and is largely indigestible by fish 

(NRC, 2011). Moreover, phytic acid has a strong binding affinity to other dietary minerals 

(e.g., calcium, iron, zinc) and proteins, inhibiting their absorption and therefore is 

generally considered as an antinutritional factor in fish [57]. Little information exists on 

the phosphorus forms present in microalgae [58-59]. Although requiring a thorough 



 

16 
 

evaluation, there are indications that microalgae predominantly store inorganic 

phosphorus in vacuoles as polyphosphate granules, with variable positions of the 

phosphate groups on the inositol ring [59], and therefore may be more bioavailable for 

gastric liberation and intestinal absorption than phytic acid. Moreover, microalgae show 

the potential for tailoring their properties, and Erpel et al. [60] recently reported the 

development of a Chlamydomonas reinhardtii mutant that expressed phytase activity that 

could contribute to enhance phosphorus digestibility in monogastric animals. 

In the experimental diets (Table 4), the ADC of dry matter varied between 69 and 

72%, with fish fed diet DMB10 presenting a significantly higher digestibility, than those 

fed the CTRL diet (p<0.05). Similarly, the ADC of energy for DMB10 (88%) was also 

significantly higher when compared to that of the CTRL diet (86.5%; p<0.05). A similar 

result was previously reported for Navicula sp. DMB, where the ADC of energy of the 

diet containing 10% DMB was higher than the reference diet [17]. However, other studies 

have also shown that the inclusion of DMB or whole microalgal biomasses tend to reduce 

energy digestibility in fish [21,22,45,61,62]. This reduction of energy digestibility in 

microalgae-rich diets is often associated to an increase of dietary levels of complex 

carbohydrates, and particularly of non-starch polysaccharides [45,61,62]. Most of these 

studies targeted a scenario of replacing fishmeal by microalgal meals that consequently 

results on an increase of dietary non-starch polysaccharides levels. Although the starch 

content of DMB was not analysed in the present work, the whole microalgal biomass of 

Tetraselmis sp. CTP4 is known to be a source of starch-like polysaccharides [63], which 

can justify the slight increase in the ADC of energy in the DMB diet. Protein digestibility 

was similar in both CTRL and DMB10 diets, 94.9 and 95.3%, respectively (p>0.05). The 

ADC of protein obtained in the present work was higher compared to previous reports 

(80-85%) using DMB from Navicula sp. in red drum [17], Nannochloropsis sp. and 
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Desmodesmus sp. in salmon [22] and a blend of Tisochrysis lutea and Tetraselmis suecica 

in Dicentrarchus labrax [64]. Fat digestibility ranged 88.0% in both diets (p>0.05). 

Phosphorus digestibility was significantly enhanced in fish fed the DMB10 diet (p<005). 

The exact mechanisms underlying this effect are unknown, but as mentioned before there 

are indications that, even though microalgae are photosynthetic organisms, they might 

show an arrangement of phosphate groups around the inositol ring with a higher 

bioavailability than phytic acid [59]. 

 

ADC (%) CTRL DMB10 p-value  DMB30 

Dry matter  69.4 ± 0.4 72.0 ± 0.3 0.001  25.3 ± 2.7 

Protein  94.9 ± 0.2 95.3 ± 0.4 0.280  87.9 ± 0.4 

Fat  87.9 ± 0.5 88.0 ± 0.1 0.860  85.3 ± 1.8 

Energy  86.5 ± 0.8 88.0 ± 0.2 0.036  75.5 ± 5.4 

Phosphorus  73.8 ± 0.2 75.9 ± 0.8 0.017  41.4 ± 2.9 

  

The comparative carcass analysis combined with data on the ADC of both diets, 

allowed the calculation of the nitrogen and phosphorus mass balance (Figure 2). 

Regarding the nitrogen mass balance, values for daily nitrogen gain (428 to 446 mg N/kg 

ABW/day) were not affected by dietary treatment. On the other hand, a 10% diet inclusion 

of DMB reduced fish total nitrogen losses (faecal and metabolic) when compared to fish 

fed with the CTRL diet, although only the faecal nitrogen losses were significantly lower 

(p<0.05). These results are linked to a slightly lower nitrogen intake allied with a slightly 

higher nitrogen digestibility, resulting in a lower faecal loss of fish fed DMB10 

experimental diet. Regarding phosphorus mass balance, no significant differences were 

observed on phosphorus gain (115 and 105 mg P/kg ABW/Day, respectively), as well as 

the metabolic and faecal losses in fish fed with CTRL and DMB10 diets. The high faecal 

losses here obtained can be related with an excess of the total phosphorus supplied in both 

Table 4 - Apparent digestibility coefficients (ADC) of control (CTRL) and 10% diet inclusion of 
defatted microalgal biomass (DMB10). Values are means ± standard deviation (n = 3). 

. 
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experimental diets [65]. Although this mineral is of the outmost importance for fish 

development (e.g., synthesis of phospholipids and nucleic acids), excess addition on the 

diets and consequent losses through faeces can lead to negative impacts in the 

environment (e.g., eutrophication). 

 

Figure 2 - Daily nitrogen and phosphorus balance in gilthead seabream fed experimental diets: control diet 
(CTRL) and a diet with 10% inclusion of defatted microalgal biomass (DMB10). Bars are means ± standard 
deviation (n = 3). N/P Gain: (final carcass N/P content − initial carcass N/P content)/ABW/Days. Faecal 
N/P loss: crude N/P intake (mg/kg ABW/day) × (100−ADC Nitrogen/Phosphorus). Metabolic N/P losses: 
N/P gain – N/P faecal losses. * represent significant differences. 

 

 

3.3. Acute confinement stress   

The basal cortisol values and response after an acute confinement stress of fish 

fed with both diets is presented in Figure 3. The basal cortisol values (black bars) of both 

treatments in the tanks that were not subjected to the acute confinement stress were 

similar (~10 ng/mL), and the values obtained were within those normally observed for 

seabream [66,67]. However, after the acute confinement stress, an effective cortisol 

response with significant differences (p<0.05) between both treatments was observed. 

Fish fed with DMB10 displayed a lower cortisol response (120 ± 23 ng/mL) compared to 

* 
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those fed with the control diet (160 ± 33 ng/mL). Nath et al. [68] also reported a slight 

decrease in cortisol values of guppy fry (Poecilia reticulata) fed with Parietochloris 

incisa compared to the CTRL diet after an acute confinement stress. Plasma cortisol 

values are normally used in fish physiology to study the effect of stress events, since 

cortisol is responsible for various physiological processes and is the main stress 

(corticosteroid) hormone in fish [69]; therefore, increased levels of plasma cortisol 

indicates higher physiological stress level. Even though significant differences were 

observed between both treatments, the analysis of a single hormone is not sufficient to 

claim a stress-protecting activity. However, the results here obtained are a preliminary 

indication that the DMB of Tetraselmis sp. CTP4 might reduce the stress in juvenile 

gilthead seabream. In fact, microalgae have previously been reported to contain anti-

inflammatory and anti-stress bioactivities that seem to promote the health of aquatic 

animals [16]. 

 

4. Conclusions 

In conclusion, the replacement of 10% SBM by DMB from Tetraselmis sp. CTP4 did 

not affect overall growth performance, whole-body composition and nutrient retention in 

Figure 3 - Changes in plasma cortisol of seabream exposed to an acute confinement stress, fed with 
CTRL (control) and DMB10 (10% inclusion of defatted microalgal biomass) experimental diets. Black 
bars represent the basal values of cortisol in the plasma, while grey bars represent the cortisol response 
of stressed fishes. 

* 
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gilthead seabream juveniles. In addition, the ADC of protein, fat and energy in DMB were 

also similar to those previously published for SBM. Therefore, if large-scale production 

of microalgae alongside with usage of edible oils or biofuels becomes a reality, DMB can 

be considered as a promising alternative to complement soybean usage. The use of DMB 

in the aquafeed sector appears to be a promising solution to decreasing the demand for 

soybean in the EU market, contributing to a higher sustainability of the aquaculture 

industry. 
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