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Abstract 18 

The quantitative and qualitative characteristics of faecal waste was studied in European sea 19 

bass (Dicentrarchus labrax) fed diets with high inclusion of different feed ingredients (field 20 

peas, PEA; feather meal, FeM; sunflower cake meal, SFM); wheat dried distillers grain with 21 

soluble, WDG; corn gluten meal, CGM and soya protein concentrate, SPC). Each of the test 22 

ingredient was partially replaced with the basal mixture used in the control diet (CON). The 23 

ingredients were chosen for their varying levels of starch, protein, soluble and insoluble non-24 

starch polysaccharide contents. Fish having an initial body weight of 120g were used (20 25 

fish/tank in triplicate groups) in both trials and were fed at 2% of their body weight for 40 days. 26 

Apparent digestibility coefficients (ADC) of dry matter, nutrients (protein, fat, carbohydrate, 27 

ash and phosphorus) of the test diets were significantly altered between groups in trial I, with 28 

SFM showing least ADC for DM, carbohydrate and phosphorus; starch AC was the least in 29 

PEAbut only DM digestibility and phosphorus availability were different in trial II. The 30 

quantity, recovery percentage, physical characteristics, appearance and chemical composition 31 

of the feaces were affected by the test ingredients. Carbohydrate fraction of the diet was the 32 

most influential in affecting the quantity and chemical composition of faeces produced. 33 

Increased inclusion of NSP rich ingredients (WDG, soluble or SFM, insoluble) resulted in 34 

higher faecal recovery percentage, despite higher feaces load. Overall, high inclusion of 35 

alternate ingredients affected quantitative and qualitative characters of the faecal waste in 36 

European sea bass, which has implications for environmental sustainability of European sea 37 

bass aquaculture.  38 

 39 

Key words: European sea bass; alternate ingredients; non-starch polysaccharides; nutrient 40 

digestibility; faecal recovery. 41 
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2. 1. Introduction 43 

To sustain the growth of  aquaculture sector with the limited availability of marine based 44 

ingredients such as fishmeal (FM) and fish oil (FO), alternative ingredients must be included 45 

into aqua feeds (FAO, 2020; Naylor et al., 2009; Tacon and Metian, 2015; Tacon et al., 2010). 46 

Alternate ingredients used to replace FM in aqua feeds are protein sources of plant or animal 47 

origin. Plant origin ingredients include oilseed meals, glutens, protein concentrates etc. 48 

(Glencross, 2020; Glencross et al., 2007; Gomes et al., 1995; Kaushik et al., 1995); whereas, 49 

protein sources of animal origin include rendered animal products mainly of avian or porcine 50 

origin such as well as novel products such as insect meals (Bureau et al., 1999; Henry et al., 51 

2015). Knowledge on the impact of feedstuffs on nutrient digestibility, production performance 52 

and health of the fish has increased over the years (Naylor et al., 2021). However, the impact of 53 

alternate ingredients on the faecal waste produced needs better understanding.  54 

Concerns as regards the management of aquaculture wastes such as suspended solids, soluble 55 

nitrogenous excreta, phosphorus among others  and the possible nutritional strategies have been 56 

put forward since long (Cowey, 1995) and have also been practically implemented at least as 57 

regards the salmonids (Cho and Bureau, 2001). Change in feed composition alters the type of 58 

nitrogen (N), phosphorus (P) and carbon (C) in the feed (Cho and Bureau, 2001). These 59 

changes affect nutrient retention in fish and thus nutrients released as waste in the rearing 60 

system (Schneider et al., 2004). Compared to fishmeal, feed ingredients of plant origin can 61 

contain higher levels of indigestible carbohydrates such as  non-starch polysaccharides (NSPs) 62 

and oligosaccharides, which decrease the digestibility of the feed and increase faecal load to 63 

the water medium (Amirkolaie et al., 2005b; Prabhu et al., 2019). Phytic acid and other anti-64 

nutritional factors can lead to increased excretion of phosphate and nutrients by the fish 65 

(Francis et al., 2001; Kokou and Fountoulaki, 2018). The increased faecal and nutrient load 66 
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will vary depending on the rearing systems and eventually affect the environmental 67 

sustainability of aquaculture (Waite et al., 2014).  68 

Dietary strategies are central to the good industry practices and suggestions of Water 69 

Framework Directive (WFD) and the Marine Strategy Framework Directive (MSFD) in 70 

relation to for mitigation against the impacts of organic enrichment through aquaculture (EC, 71 

2016). Proper management of the faecal waste in aquaculture and consequently the suspended 72 

matter release into the environment requires control over not only the quantity but also the 73 

quality of the faeces produced. The amount of faecal waste produced is determined by the dry 74 

matter (DM) digestibility of the feed. For example, a decrease in DM digestibility from 90% to 75 

80% implies a doubling of the solid waste excreted per kg of feed (Prabhu et al., 2019). In open 76 

aquaculture systems, the physical and chemical characteristics of the faeces respectively 77 

determines the nature (particulate or dissolved) and eutrophication potential of the waste 78 

(Amirkolaie, 2011). In open flow through systems, the biophysical characteristics of faecal 79 

waste (i.e., stability, density, settling velocity etc.) have significant implications for the 80 

deposition and dispersal of solid waste and environmental impact on receiving water bodies 81 

(Reid et al., 2009). In recirculation aquaculture systems, the characteristics of the faecal waste 82 

affects the operational management of the system such as solid removal, bio-filtration, water 83 

refreshment rate etc. Previous studies have shown that physical characteristics of the faeces can 84 

be affected by diet composition in tilapia, carp and trout and thereby alter the effectiveness of 85 

water quality management measures (Amirkolaie et al., 2005b; Brinker et al., 2005; Prabhu et 86 

al., 2019). Possible changes in the consistency and properties of fish faeces can also change 87 

their dispersion and affect the distance over which the effects of aquaculture on sediment are 88 

apparent (Ballester-Moltó et al., 2017; Cripps, 1995; Kelly et al., 1997). For example, dietary 89 

inclusion of guar gum in Nile tilapia, African catfish and rainbow trout has shown to alter 90 

physical properties of faeces thereby affecting the efficiency of solid waste removal 91 
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(Amirkolaie et al., 2005a; Brinker, 2007; Leenhouwers et al., 2007). It is known that specific 92 

dietary components (bulk agents), can significantly affect feed transit time and digestibility in 93 

European seabass (Dias et al., 1998). Research on FM and FO replacement in fish feeds and 94 

particularly in European seabass feeds has focused much on growth performance, product 95 

quality and health aspects (Glencross, 2020; Kaushik et al., 2004; NRC, 2011; Torrecillas et 96 

al., 2017). Our understanding on the dietary factors that affect the biophysical properties of fish 97 

faeces is limited, and little is known of the consequences of alternative feed ingredients on 98 

waste characteristics, especially for marine fish. Given the importance of inclusion of 99 

increasing levels of cost-effective feed ingredients of plant or animal origins to replace FM, 100 

knowledge on the possible environmental impacts of such changes on waste outputs is 101 

warranted. . The aim of the present study was to evaluate the effect of high inclusion levels of 102 

seven different ingredients in feeds for European sea bass (Dicentrarchus labrax) on nutrient 103 

digestibility, waste production and faeces properties. The ingredients were chosen based on 104 

their nutrient/antinutrient composition and most of them are widely used in aqua feeds.  105 

2. Material and methods 106 

2.1. Test ingredients and experimental diets  107 

Six raw materials differing in their nutrient/antinutrient properties were evaluated in two 108 

separate feeding trials for their effects on nutrient digestibility, faecal properties and waste 109 

production. The ingredients studied were feather meal, high in indigestible protein; peas, high 110 

in starch; sunflower meal and wheat distilled grain from soluble, high in insoluble and soluble 111 

NSP respectively; corn gluten meal and soy protein concentrate high in protein content but 112 

with no starch and NSP. The proximate composition of the ingredients used for feed production 113 

is presented in Table 1. The formulation of the experimental diets used in trials I and II are 114 

presented in Table 2. A fish meal-based diet was formulated and used as a control in both 115 

feeding trials (CON diet). All the test diets contained 70% of a basal ingredient from the 116 

Barra
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control diet and 30% or 25% of the test ingredient in trials I and II, respectively. In trial I, four 117 

raw materials were selected as follows: field peas, having a high starch, but low NSP content 118 

(PEA diet), hydrolysed feather meal, having a high indigestible protein content (FeM diet), 119 

sunflower meal, having a low in starch, but a high insoluble NSP content (SFM diet), wheat 120 

dried distilled grain with soluble, having a low starch, but a high soluble NSP content (WDG 121 

diet). In the second feeding trial, two ingredients were selected according to their high protein 122 

content, low or zero content of starch and NSP. The ingredients evaluated in trial II were corn 123 

gluten meal (CGM diet) and soya protein concentrate (SPC diet), included at 25% to a basal 124 

diet. All diets contained 0.05% yttrium oxide as an inert marker for digestibility evaluation. 125 

The experimental diets were produced by SPAROS LDA (Portugal). In brief, all ingredients 126 

were finely ground, mixed and extruded by means of pilot-scale twin-screw extruder (model 127 

BC45, CLEXTRAL, France) with a screw diameter of 55.5 mm and temperature ranging 109-128 

113°C. Upon extrusion, feeds were dried in a vibrating fluid bed dryer (model DR100, TGC 129 

Extrusion, France). Following drying, pellets were allowed to cool at room temperature and 130 

subsequently, the oil fraction was applied to the extruded pellets by coating under vacuum 131 

conditions (PG-10VCLAB, DINNISEN, The Netherlands). Analysed proximate composition of 132 

the diets are given in Table 3.  133 

2.2. Experimental conditions, feeding and faecal collection 134 

In both trials, European sea bass (Dicentrarchus labrax) juveniles of 120g initial body weight 135 

were used. Triplicate groups of  20 fish were assigned to 15 x 250 L cylindroconical fibreglass 136 

tanks in an open flow through water system kept at 5 L min-1 so that the faeces after being 137 

egested were quickly transferred to the traps (time needed less than 20 sec) in order to avoid 138 

leaching and disintegration of the faeces pellets. Photoperiod was kept at 12:12 h, light: dark 139 

regime and all water physicochemical parameters (dissolved oxygen, temperature etc.) were 140 

checked daily. The conditions regarding the experimental system used were identical in both 141 

Nota
The main characteristics of the selected feedstuffs have already been reported previously (row 110-113). Avoid the repetition 
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experiments, except for water temperature. Water temperature during trial Ι ranged from 20-142 

22°C, whereas in trial II it was 25-27°C. Salinity in both trials was 34-35 ppt. 143 

Each diet was hand-fed to triplicate groups of fish at 2% of their body weight in two meals per 144 

day, the 1st at 9:00 and the 2nd at 16:00, for 40 days. Faeces collection started after 30 days of 145 

rearing and was performed every day over the last 10 days. Faeces were collected in faecal 146 

traps submerged in ice to prevent bacterial decay of the collected faeces, using a modification 147 

of the Guelph method (Cho et al., 1982). The fish were fed at 09.00 h and faeces collection 148 

commenced 2 hours after feeding until late in the afternoon in 100 ml containers. The faeces 149 

collected in the container each day were pooled per tank into an aluminium tray and kept 150 

frozen  in -200C until they were freeze-dried and analysed. Further, freshly ejected faecal 151 

pellets were sieved for 20 min in circular 2 mm mesh placed in the faecal traps and carefully 152 

collected in petri dish for the estimation of dry matter, density, sinking velocity, osmolality, 153 

viscosity and faeces appearance. 154 

2.3. Physical characteristics of the faeces 155 

Dry matter was measured by drying a pre-weighed pooled sample (n=10-20) of freshly 156 

collected faeces pellets at 1050C for 24 hours to constant weight. Density of faecal pellets was 157 

determined by immersing 10-20 pre-weighted faecal pellets in graduated cylinder (0.05 ml) 158 

containing sea water. The water level change was recorded and values were expressed in g/ml. 159 

Sinking velocity was measured using a graduated cylinder (height, 100 cm and diameter, 7.5 160 

cm) filled with sea water. Briefly, freshly collected faecal pellets (n=10) from each 161 

experimental tank were placed on petri dishes and dropped individually into the measuring 162 

cylinder. The time needed for each individual feacal pellet to descend a determined distance 163 

(cm) per second (s) was recorded as the sinking velocity (cm/sec). Viscosity and osmolality 164 

were determined in supernatant of centrifuged stripped faeces (12,000 g for 10min) as 165 

described elsewhere (Leenhouwers et al., 2007). 166 

Nota
Explain the  feeding level applied during the trials. It is quite high (see also http://www.fao.org/fileadmin/user_upload/affris/docs/European_Seabass/English/table_13.htm) for 120g fish and why it was the same for both the temperature. Did the authors carefully discarded or avoid the contamination with the refused pellets before faeces recovery? 
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Osmolality was determined in 0.05ml of supernatant collected after centrifugation (12.000g for 167 

10min) from a pooled sample of freshly collected faeces pellets (n=10-20). The measurement 168 

was performed by a cryoscopic osmometer (OSMOMAT 030 Gonotec GmbH Berlin) and 169 

expressed as osmol/kg. Viscosity measurements were performed in feed and faeces 170 

(Leenhouwers et al., 2007). Briefly, 1g of feed sample and 3 ml of distilled water was added 171 

and left to incubate in a centrifuge tube for 30 min at 380C. Later, the tube was subjected to 172 

centrifugation at 10000 rpm for 10 min at room temperature (RT), and the supernatant was 173 

used for viscosity measurements. In the faeces, a sample of freshly collected faeces was 174 

centrifuged at 12000 rpm for 10 min at RT and the supernatant was used for viscosity 175 

measurements. Subsequently, the viscosity was measured in the collected supernatant 176 

immediately using a Brookfield LVDV-I+ cone/plate viscometer (Brookfield Engineering 177 

Laboratories, Inc., Middleboro, USA). All measurements were done at 250C at a shear rate of 178 

2.25-750 s-1 Absolute viscosity was expressed in centipoise (cP) at a shear rate of 750 s-1.2.4. 179 

2.4. Biochemical analysis 180 

Ingredients and feed samples were ground using a 1 mm screen before analysis. Freeze-dried 181 

faeces from each tank were ground and thoroughly homogenised to obtain representative sub-182 

samples. All chemical analyses were performed in triplicate. Proximate composition of feeds 183 

and freeze-dried faeces was determined according to standard laboratory methods (AOAC, 184 

2005) as follows: Dry matter after drying at 1050C until a constant weight was obtained. Ash 185 

content by incineration in a muffle furnace for 12 h at 5500C (AOAC, 2005. Crude protein 186 

(Nx6.25) according to the Kjeldahl method (Kjeltec Auto Tecator, Foss Tecator). Total fat in 187 

extruded feeds was determined by first hydrolysing the sample with HCl followed by ether 188 

extraction in a Soxhlet apparatus (SOXTEC SYSTEM HT, 1043 Extraction unit Foss Tecator). 189 

Total lipid in faeces by the phosphovanillin method (Nengas et al. 1995). Starch by an 190 

enzymatic method (Megazyme Total Starch Assay kit  (AA/AMG), Megazyme International, 191 

Evidenziato
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Ireland) (McCleary et al., 1994), using thermostable α-amylase and amyloglycosidase. For the 192 

raw materials, a slight modification of the dimethylsulphoxide methodology was followed in 193 

order to achieve better solubilisation of starch. This included incubation of the pea samples for 194 

15 min in dimethylsulphoxide in a boiling water bath under continuous stirring. Total non-195 

starch polysaccharides (NSP) were determined spectrophotometrically with a modification in 196 

the calculation of the total NSP content (Englyst et al., 1994). The content was calculated using 197 

a standard curve derived from a standard sugar solution, consisting of 4.01 g/l of arabinose, 198 

9.92 g/l of glucose and 3.56 g/l of galacturonic acid. The modified standard solution was based 199 

on the actual sugar proportions found in raw materials from literature (Knudsen, 1997). 200 

Carbohydrate content of faeces and diets was also calculated by difference [DM-(crude 201 

protein+crude fat+ash)]. Phosphorus in both feeds and faeces was determined using the 202 

vanado-molybdate method after sample combustion at 5500C and digestion with acid (Aspila et 203 

al., 1976). Yttrium was determined by ICP-MS method. Briefly, samples were homogenized, 204 

and microwave digested with nitric acid in a closed vessel (microwave digester; CEM 205 

Marsxpress). The resulting digestate was then diluted to volume with ultrapure water and 206 

analyzed for yttrium. Volatile fatty acids (VFA) were measured in the digesta as an indicator of 207 

the occurrence of fermentation in the intestine of the fish. Fresh collected faeces (0.5 g) were 208 

added to 1 ml distilled water and 50 μl of 85% phosphoric acid mix and stored at -200C until 209 

analysis. The analysis was based on the method described by García-Villalba et al. (2012), by 210 

GC-MS on a Hewllet-Packard 6890 GC-MSD system. A DB-WAXetr (30mX0.25mm, 0.25μm 211 

film thickness) analytical column was used and the oven temperature program was: initially 90 212 

oC, then increased to 150 oC at 15 oC/min, to 170 oC at 5 oC /min and finally to 250 oC at 20 213 

oC/min and kept at this temperature for 2 min.  214 

2.5. Calculations and statistical analysis 215 

2.5.1. Digestibility  216 
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The apparent digestibility coefficient (ADC) of dry matter, crude protein, crude fat, starch, 217 

carbohydrates and phosphorus was estimated by an indirect method using yttrium oxide as the 218 

inert marker by the equation (Cho and Kaushik, 1985):  219 

ADC% = 100 * (1-(Fnutr * Dy) / (Dnutr * Fy));  220 

where, Fnutr= nutrient concentration in faeces, Dnutr= nutrient concentration in diet, Dy = 221 

yttrium concentration in diet and Fy =yttrium concentration in faeces.  222 

2.5.2. Faeces recovery measurements 223 

During the last 10 days of the experiment, fish were fed their daily ration of feed (g) and then 224 

faeces were quantitatively collected dried and weighted. The percentage of faeces recovery was 225 

calculated using the total amount of yttrium in excreted faeces and the total amount of yttrium 226 

in the consumed feed (Amirkolaie et al., 2005a), where the total amount of yttrium in the 227 

excreted faeces is the amount in DM of collected faeces multiplied by the yttrium 228 

concentration in the faeces. The total amount of yttrium oxide of consumed feed is the total 229 

amount of consumed feed in DM multiplied by the yttrium concentration in the feed. 230 

2.5.3. Particle size distribution of faeces 231 

The faeces were collected as previously described by sieving through a 2 mm mesh. Samples 232 

were measured in length (mm) and weighed individually to 1 mg accuracy. The purpose of 233 

these measurements was to determine if the different raw materials used in the diets affected 234 

the appearance of faecal pellets and to check if there was a correlation between faeces length 235 

and faeces weight. The appearance of the faeces was performed by an Image analysis software 236 

(Digital Image Systems, Athens, Greece).    237 

2.5.4. Amount of waste produced 238 

The total faecal waste produced consists of the recovered faeces plus the non-recovered faeces. 239 

The total amount of faeces produced was calculated based on the dry matter digestibility. The 240 
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,

Evidenziato

Evidenziato



11 
 

amount of non-recovered faeces is the difference between the faeces recovered from the 241 

settling tanks and the calculated amount of total faeces produced. 242 

2.5.5. Statistical analysis 243 

All results were introduced in a data-base (MS-Excel®) and mean and standard deviations of 244 

each treatment were calculated. All data were checked for normal distribution using the One-245 

Sample Kolmogorov-Smirnov test and for homogeneity of variances using Levene’s test. 246 

Differences between diets were determined by a one-way ANOVA using SPSS 16.0® at 0.05 247 

significant levels. The figures were made in GraphPad Prism v8.  248 

3. Results  249 

3.1. Digestibility 250 

Apparent digestibility coefficient (ADC) values from experiments I and II are provided in 251 

Table 4 and 5, respectively. In trial I, the results showed that ADCs of nutrients were 252 

significantly affected by the raw materials added in the diet (p<0.001). Control diet (CON diet) 253 

exhibited the highest ADC values for dry matter, protein and fat. ADC values for protein and 254 

fat were high for all diets (>91%), except for the FeM diet that gave the lowest values (91.5%, 255 

91% respectively) significantly different from all other diets. PEA diet showed the lowest ADC 256 

value for starch (78.7%) significantly different from all other diets while the SFM diet showed 257 

the lowest dry matter digestibility (64.1%) which was significantly different from all other 258 

diets. Phosphorus digestibility in the SFM diet (57.1%) was significantly lower than all other 259 

diets. FeM diet showed the higher value (72.5%) significantly different from all other diets 260 

except WDG diet (67.4%) while values for the CON and the PEA were intermediate (66.9 and 261 

66.3% respectively). In trial II, dry matter digestibility was significantly higher in the CON and 262 

CGM diet compared to the SPC diet (p<0.05). Protein, fat and starch ADC’s were high for all 263 

diets and no significant differences were found. Phosphorus digestibility was significantly 264 

higher in CON and CGM diet, 40.0% and 41% respectively (P<0.01), while SPC diet gave the 265 
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lowest value (26.8%). Comparison of ADC values for the CON diet between experiments I and 266 

II showed that values for all nutrients, except fat, were significantly lower in the II trial, 267 

reflecting the impact of temperature (20-22 versus 25-27°C) on nutrient digestibility (p< 0.01). 268 

The highest difference was observed on phosphorous ADC (66.9% vs. 40%, p<0.000).  269 

3.2. Faecal composition 270 

The proximate composition of the faecal waste in both feeding trials is summarised in Tables 6 271 

and 7. In trial I, the proximate composition of the faecal waste was strongly affected by diet fed 272 

to sea bass (p<0.001). The ash fraction represented the largest fraction of the faecal waste. 273 

However, it should be noticed that this is related to the drying of the wet faeces which includes 274 

sea water. The second largest fraction was the carbohydrate fraction. PEA diet fed group, 275 

contained the highest starch (16%), while carbohydrate content other than starch was the 276 

highest in the SFM diet (39.2%). Faeces from the FeM diet had the highest crude protein and 277 

fat content and the lowest carbohydrate content. Faecal phosphorus content was significantly 278 

higher in the CON group compared to all others. In trial II, the largest fraction in the faecal 279 

waste (on DM basis) was that of carbohydrate same for all diet groups. The next largest 280 

fraction was ash, which was significantly higher in both the SPC and CON diets (32.5 and 281 

31.4% respectively) compared to the CGM diet. Starch content in faeces differed between diets 282 

(p<0.01) being higher in the CON and CGM group (22.2% and 20.2% respectively). No 283 

differences were apparent in protein, fat and phosphorus content of the faeces. Faecal waste 284 

composition from fish fed the CON diet between the experiments I and II showed minor 285 

differences for dry matter, crude protein, fat and phosphorous. Starch and ash content in the 286 

faeces showed significant differences between the two trials. Faecal starch content was 287 

significantly higher (22.2% vs 2.8%, p <0.001 trial II and I respectively) and ash content was 288 

lower (31.4% vs 46.3%, p <0.000 trial II and I respectively). The analysis of total volatile fatty 289 

acids (VFA) in faecal waste in the present study indicate the occurrence of microbial 290 



13 
 

fermentation in the intestine (Fig. 3). The only VFA produced was acetic acid and significant 291 

differences were evident between the CON and the SFM diet while no difference occurred with 292 

the rest of diets. The highest value was given by SFM diet (4.54μmol/g) and the lowest by the 293 

CON diet (2.6 μmol/g).  294 

3.3. Characteristics of faecal pellets 295 

The results on faeces characteristics from the measurements performed on the faecal pellets 296 

from trial I and II are respectively given in Table 8 and 9. In trial I, faeces density was similar 297 

for all the diets, ranging from 1.15 to 1.27g/ml. Dry matter of faecal pellets was significantly 298 

affected by the test ingredients (p<0.001). Faecal pellets from fish fed the CON and WDG diets 299 

had the highest and lowest values respectively DM (19.8 vs. 15.5%, p<0.001), while the other 300 

groups had intermediate values and did not differ significantly between them. Sinking velocity 301 

of the faecal pellets was similar for all diets (P>0.05). Osmolality showed significant 302 

differences among diets. CON and WDG groups had the highest and lowest values (1.26 and 303 

1.15 Osmol/kg respectively (P<0.05)). Viscosity measurements in faeces ranged from 2.42 - 304 

3.62cP and faeces pellets from fish fed the WDG diet was significantly more viscous than all 305 

other groups (P<0.001). In trial II, dry matter of the faecal pellets was significantly affected by 306 

the dietary treatments being lower for the SPC fed group (13.3%) compared to the CON and 307 

CGM (15.8 and 16.1% respectively). Density, osmolality, viscosity and sinking velocity of the 308 

faecal pellets did not differ between the three experimental groups.  309 

Concerning the measurements of the faecal pellets in length and weight, a high variability was 310 

exhibited, making difficult to draw reliable data. Faeces appearance was evaluated by an image 311 

analysis and therefore, representative images were taken (Plate 1). The large variability in 312 

faeces appearance hampered the classifications of the faeces into a large and small fraction 313 

(expressed in %). Qualitative observations suggested that faecal pellets from the CON diet 314 

tended to be longer and firmer, being followed by faecal pellets from the WDG diet and SFM 315 
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diet. On the contrary faecal pellets of the fish fed the PEA and FeM diets were shorter in length 316 

and appeared to be disintegrated. Faeces appearance was evaluated but as in trial I, no reliable 317 

data could be extracted. In general, faeces pellets were smaller and appeared to be disintegrated 318 

in all diet groups. When comparing the faecal pellets of the CON diet between trial I and II, 319 

those in trial II appeared to be more fragile and disintegrated easier. 320 

3.4. Faeces recovery 321 

Total amount of faces produced, recovered and non-recovered in absolute quantities and their 322 

proportion from trial I and II are presented in Figure 1 and 2, respectively. In trial I, faeces 323 

produced per kg of feed (on DM basis) was significantly high in SFM fed fish, WDG and PEA 324 

groups were intermediate, while CON and FeM fed fish had the lowest (Fig. 1A, p<0.001). The 325 

amount of recovered faeces in g kg-1 feed (on DM basis) was the highest in SFM followed by 326 

WDG group whereas the lowest was observed in FeM (Fig 1A, P<0.001). The quantity of non-327 

recovered faeces was significantly high in PEA and FeM groups, followed by SFM and the 328 

lowest in CON and WDG group (P<0.001). The highest recovery percentage as shown in 329 

Figure 1B, was observed in CON, SFM and WDG diets fed fish (88%, 76% and 85%, 330 

respectively), FeM and PEA fed fish exhibited significantly lower recovery percentage of 60 331 

and 53% respectively. In trial II, the total amount of faeces produced was significantly higher 332 

in CGM fed fish diet compared to CON and SPC (Fig. 2A). The amount of recovered faeces 333 

did not differ significantly between groups; however, the amount of non-recovered faeces was 334 

significantly higher in the CGM diet (P<0.01). Consequently, percentage faeces recovery was 335 

the lowest in CGM diet fed group (52.2%, p<0.05) while the highest was found in SPC (72%), 336 

followed by CON (60%) (Fig. 2B). Differences were significant only between the SPC and 337 

CGM diets. Total faeces production in CON fed fish diet was significantly lower in trial I than 338 

in trial II (208 vs. 281g DM/kg feed DM), as faeces recovery percentage was significantly 339 

Nota
It is supposed that this observation was made in trial II
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lower (60% vs 87.5) in trial II compared to trial I, thus resulting in increased non-recovered 340 

faeces at higher temperature. 341 

  342 

4. Discussion 343 

The management of waste discharged from fish farms is one of the major concerns for the 344 

further development and environmental sustainability of aquaculture (Naylor et al., 2021, 345 

2009). Diet related strategies to manage aquaculture waste have predominantly focused on 346 

reducing waste production through improved feed conversion and/or nutrient digestibility 347 

(Gatlin III et al., 2007; Sales, 2009). In addition, dietary effects on the physical properties of 348 

fish faeces have gained significance as a waste management strategy, especially in closed 349 

systems (Meriac et al., 2014; Prabhu et al., 2019).  Highly digestible feeds maximise fish 350 

production and minimise waste released to the environment. In this study, all diets exhibited 351 

high ADC values for protein, fat and significant differences were evident only with the CON 352 

diet. Values were similar with those reported in literature for other species, where different 353 

plant raw materials were used at high inclusion levels in common carp (Prabhu et al., 2019) 354 

and Nile tilapia (Amirkolaie et al., 2005b). In European sea bass, digestibility values for 355 

protein and fat reported using two different types of corn distillers dried grains fed diets were 356 

similar with those reported in the present study (Magalhães et al., 2015). The SFM diet 357 

containing the highest carbohydrate level (34% starch included) mostly as insoluble NSP 358 

showed the lowest dry matter (DM) digestibility compared to the rest of the diets affecting the 359 

quantity as well as the recovery % of the solid waste produced. In rainbow trout, different types 360 

of carbohydrate fractions affected DM digestibility of the diet, starch having the least effect, 361 

whereas NSPs like cellulose and pectin significantly reduced DM digestibility (Glencross et al., 362 

2012). In Nile tilapia, dietary soluble NSPs reduced nutrient digestibility and faeces recovery, 363 

whereas insoluble NSPs decreased carbohydrate digestibility, but increased faeces recovery 364 
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(Amirkolaie et al., 2005b). Feeding an SFM diet to carp, the reduction of DM digestibility by 365 

10% in comparison to the other diets (PEA, WDG, FEM) lead to a 50% increase in total faeces 366 

and a two-fold increase in non-recovered solids/kg feed consumed (Prabhu et al., 2019). In the 367 

SFM diet, the NSPs account for more than half of the carbohydrate content (Knudsen, 1997), 368 

consisting mainly of non-soluble fractions like cellulose (42%), pectins (24%), 369 

glucuronoxylans and uronic acids (24%), (gluco)mannans (5%) and fucoxyloglucans (4.5%) 370 

(Düsterhöft et al., 1992). In the present study, the major increase observed in total and non-371 

removed faeces when fed SFM diet could be attributed to the non-soluble NSPs as found in 372 

carp (Prabhu et al., 2019). Phosphorus digestibility values in fish have been reported to have a 373 

wide range 8-75% depending on its source (Cheng and Hardy, 2002; Sugiura et al., 1998). In 374 

European seabass, the ADC of phosphorus of animal feedstuffs (fish protein hydrolysate, blood 375 

meal, meat meal) averaged 81% whereas that of soybean meal was 38% (Oliva-Teles, 1998). In 376 

trial I, replacement of FM with 30% SFM showed the lowest phosphorus digestibility, similar 377 

to our study in carp (Prabhu et al., 2019), where lower values were found in SFM based diet 378 

when compared to the other diets (34.5%). In both experiments of this study, it can be seen that 379 

the SFM diet exhibited also the lowest dry matter digestibility. NSP’s content in SFM is high 380 

and consists mainly of insoluble fractions as described above. Non-soluble NSP have been 381 

reported to reduce not only dry matter digestibility but also phosphorus availability (Francis et 382 

al., 2001; Prabhu et al., 2019). The same pattern was observed in the second trial where the 383 

addition of SPC at levels of 30% exhibited the lowest values both in dry matter digestibility as 384 

well as phosphorus digestibility. The lower phosphorus ADC values of the SPC compared to 385 

the control and CGM diet is attributed to the higher phytic acid content in SPC (Storebakken et 386 

al., 2000, 1998). On the contrary, phosphorus ADC form CGM was lower compared to SPC in 387 

European seabass, nevertheless the authors attributed it to the overall poor digestibility of 388 

CGM due to bigger particle size (Dias et al., 2005).  The comparison of ADC values for the 389 
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CON diet between trials I and II showed that ADC values for all nutrients, except fat, were 390 

significantly lower in trial II. The only difference between the two experiments was water 391 

temperature (20-22 vs 25-27°C) (p< 0.01). The highest difference was observed on 392 

phosphorous ADC (63% vs. 40%, p<0.000) suggesting that water temperature can affect 393 

phosphorus digestibility. Temperature has been shown in previous studies to affect nutrient 394 

digestibility in fish (Arnesen et al., 1993; Azevedo et al., 1998; Jobling, 1997), however in 395 

salmonids, this effect is unclear (Bendiksen et al., 2003; Ng et al., 2004). Some authors found 396 

decreased nutrient digestibility at reduced temperatures in Atlantic Salmon, rainbow trout, and 397 

yellowtail (Azevedo et al., 1998; Bendiksen et al., 2003; Miegel et al., 2010), whilst others 398 

found no effect of temperature on nutrient digestibility in rainbow trout (Austreng, 1978; Cho 399 

and Kaushik, 1990). Dry matter, protein and energy digestibility were not affected by diet or 400 

temperature in European seabass, nevertheless the ADC of starch was higher at 25 °C than at 401 

18 °C (Moreira et al., 2008). Despite water temperature being the only plausible explanation to 402 

the differences in ADC of DM and starch, faeces recovery and thus solid waste, as well as 403 

faecal physical characteristics in European sea bass between the two experiments, the influence 404 

of other factors cannot be overruled. 405 

In the present study the chemical composition of the faeces varied strongly when fed diets 406 

having a different ingredient composition. In general, the major fraction of the faeces consisted 407 

mainly of carbohydrates, followed by ash, protein and fat. A large variability in the 408 

carbohydrate and ash fraction was observed similar to the findings in common carp (Prabhu et 409 

al., 2019), nevertheless, higher than the values of the present study. Fat content in faeces was 410 

generally low, but significantly higher in FeM diet due to the low fat digestibility (Bureau et 411 

al., 1999; Prabhu et al., 2019). The crude protein content of the faeces was significantly higher 412 

in FeM diet which was a result of the high dietary crude protein level, as observed in common 413 

carp (Prabhu et al., 2019). The chemical composition of faeces is related to digestibility, thus 414 

Nota
The sentence should be refrased as the nutrient digestibility affects the quantity and quality of the faeces.
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by improving nutrient digestibility the quantity and composition of the faeces can be altered. 415 

The dietary inclusion of exogenous enzymes like phytase and xylanase in diets containing raw 416 

materials rich in either insoluble or soluble NSP, has been shown to improve nutrient and DM 417 

digestibility in Nile tilapia (Maas et al., 2018) and sea bass (Fountoulaki et al. unpublished 418 

data). In this way, NSP rich raw materials in fish feeds can still be used with minimal effect to 419 

the composition of the solid waste produced. 420 

The analysis of total Volatile Fatty Acids (VFA) in faecal waste in this study showed that the 421 

only VFA produced was acetic acid indicating the occurrence of microbial fermentation in the 422 

intestine in European sea bass. In previous studies with African catfish and Nile tilapia, the 423 

major VFA produced was acetic acid (Amirkolaie et al., 2006; Leenhouwers et al., 2007). The 424 

highest value was found in faecal pellets of fish fed the SFM diet which however, differed 425 

significantly only from the control diet. It has been suggested that high digesta viscosity might 426 

stimulate intestinal fermentation activity as in Nile tilapia and African catfish (Amirkolaie et 427 

al., 2006; Leenhouwers et al., 2007). However, this was not observed in the present study in 428 

European sea bass, where VFA concentrations remained constant in the gastrointestinal tract 429 

(Schrama et al., 2005). Properties such as density, sinking velocity, osmolality and viscosity of the 430 

faeces determines the removal efficiency and the type of waste associated, dissolved or solid (Unger 431 

and Brinker, 2013). Concerning the physical characteristics of faecal pellets, in both the  trials, density 432 

was unaffected by the inclusion of different raw materials. Furthermore differences in water 433 

temperature in both experiments did not show any affect in the feacal density of the CON diet. In the 434 

present study, due to the great variability in faecal sizes, it was not possible to find a relationship 435 

between faeces pellet size and sinking velocity (Magill et al., 2006). In salmonids, faecal mass is 436 

reported as a poor predictor of settling rate, whereas density appears to be of greater significance with a 437 

positive relationship between sinking speed and density (Chen et al., 2003; Moccia et al., 2007; 438 

Ogunkoya et al., 2006). The results of the present study showed no differences concerning the 439 
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viscosity of faecal pellets for all diets except for significantly higher viscosity when fed WDG 440 

containing soluble NSP’s. High viscosity values have been previously reported in the digesta of Nile 441 

tilapia fed on diets containing soluble NSP’s as starch or guar gum and in African catfish fed a basal 442 

diet containing soluble NSP (guar gum), or grains in order to obtain a range of dietary viscosities in 443 

soluble and insoluble forms (Amirkolaie et al., 2006; Leenhouwers et al., 2006, 2007). Fish fed the 444 

WDG diet were found to have the lowest dry matter possibly due to an increase in digesta viscosity 445 

driven reduction in the dry matter content of digesta (Leenhouwers et al., 2007; Refstie et al., 1999; 446 

Storebakken and Austreng, 1987). Faeces recovery as an indicator of faeces stability showed to be 447 

affected by the raw materials used in the experimental diets in sea bass in line with results reported in 448 

literature for Nile tilapia (Amirkolaie et al., 2006, 2005b), rainbow trout (Brinker, 2007; Meriac et 449 

al., 2014) and common carp (Prabhu et al., 2019). The measured recovery percentage ranged from 450 

low (52.6% FeM diet) to high (87.5% CON diet). Both insoluble and soluble NSP’s content in diets 451 

SFM and WDG respectively, increased faeces recovery in comparison to PEAS and FeM diet. 452 

Moreover WDG diet containing soluble NSP’s exhibited the highest recovery in accordance with 453 

Prabhu et al. 2019 in carp, rainbow trout (Brinker, 2007; Brinker and Friedrich, 2012) and contrary 454 

to the reduced faeses recovery in Nile Tilapia fed cellulose, an insoluble NSP’s (Amirkolaie et al., 455 

2005b). Different species respond differently to dietary ingredients, consequently in order to achieve a 456 

better faecal stability and an effective solid waste recovery especially in land-based systems more 457 

research is needed in this direction.  458 

To conclude, different raw materials at 30% inclusion level significantly affected nutrient ADC 459 

values in European sea bass. The largest variability between diets was due to the carbohydrate 460 

fraction and, diets rich in NSPs in soluble or insoluble form resulted in higher recovery 461 

percentage. Soluble NSP’s resulted in higher DM digestibility and thus higher recovery 462 

percentage. Differences in faecal physical characteristics were observed in sea bass attributed 463 

to different test ingredients. Waste reduction strategies through dietary ingredient manipulation 464 

for marine fish aquaculture, land based or sea cages, is of primary importance and in 465 
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combination with cost effectiveness of the feed, will contribute towards environmental and 466 

economical sustainability of aquaculture. 467 
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Table 1. Proximate composition of the raw materials used in diet formulations for both 679 

feeding trials (as fed basis, %). 680 

 681 

 

Fish 

meal 

Field 

Peas 
FeM1 SFM2 WDG3 CGM4 SPC5 

Moisture 7.40 6.80 7.00 7.60 6.30 6.5 5.0 

Ash 17.00 4.70 2.60 6.80 5.50 0.9 0 

Protein 67.80 24.40 83.90 34.60 32.80 82.1 64.7 

Fat 7.50 0.70 7.40 1.90 7.10 1.3 1.0 

Starch 0 41.6 0 1.00 1.00 7.4 0 

NSP 0 8.3 0 41.16 44.2 1.0 3.5 
1 Hydrolyzed feather meal, 2 Sunflower meal, 3 Wheat DDGS, 4 Corn gluten meal, 5 Soy protein 682 

concentrate. 683 

 684 

 685 

 686 

 687 

  688 
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Table 2. Formulation of the experimental diets used in trial I and II (on as fed basis) 689 

Ingredient, %  Trial I Trial II 

 CON PEA FeM SFM WDG SPC CGM 

Fishmeal, >68% 32.00 22.40 22.40 22.40 22.40 24.00 24.00 

Soybean meal, 48 12.00 8.40 8.40 8.40 8.40 9.00 9.00 

Wheat 20.25 14.16 14.16 14.16 14.16 15.17 15.17 

Wheat gluten 6.00 4.20 4.20 4.20 4.20 4.50 4.50 

Corn gluten meal, 60 12.00 8.40 8.40 8.40 8.40 9.00 9.00 

Fish oil  6.00 4.20 4.20 4.20 4.20 4.50 4.50 

Rapeseed oil 9.00 6.30 6.30 6.30 6.30 6.75 6.75 

Vitamins & mineral1 

premix 1 
1.00 0.70 0.70 0.70 0.70 0.75 0.75 

NaH2PO4 H2O 0.80 0.56 0.56 0.56 0.56 0.60 0.60 

L-Lysine 0.90 0.63 0.63 0.63 0.63 0.68 0.68 

Field peas  30.00      

Hydrolyzed feather meal   30.00     

Sunflower meal    30.00    

Wheat DDGS     30.00   

Soy protein concentrate      25.00  

Corn gluten meal, 60       25.00 

Yttrium oxide 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

CON=control diet, common for both experiments; PEA=Pea diet; FeM=Feather meal 690 

diet; SFM=Sunflower cake diet; WDG=Wheat distillers grain diet. SPC soy protein 691 

concentrate diet; CGM corn gluten meal diet.  692 
1 Vitamin & mineral premix contained (mg/kg diet): vitamin A 6; vitamin D 0.05; vitamin E 693 

100;vitamin K 25; Thiamine 30; Riboflavin 30; pantotenic acid 100; nicotinic acid 200; 694 

pyridoxine 20; folic acid 15; vitamin B12 0.1; vitamin C 1000; inositol 500; choline 1000; 695 

betaine 500; Co 065; Cu 9; Fe 6; I 0.5; Mn 9.6; Se 0.01; Zn 7.5; Ca 18.6%; Cl 2.41%. 696 

 697 

 698 

  699 
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Table 3. Proximate composition (%) of the experimental diets used in trials I and II (on 700 

dry matter basis) 701 

Ingredient, %  Trial I Trial II 

 CON PEA FeM SFM WDG SPC CGM 

Dry matter, % 93.6 90.7 91.1 94.2 89.3 96.8 95.0 

Ash, %  8.49 7.06 7.12 8.34 7.88 7.19 5.62 

Protein, % 46.55 40.55 58.52 41.39 43.73 51.58 52.3 

Fat, % 19.74 13.98 15.95 14.49 16.42 17.98 20.92 

Starch, % 14.1 20.0 9.2 8.9 8.2 10.27 13.47 

Rest carb, % 7.32 10.74 7.83 15.45 15.72 ND ND 

Phosphorus, % 1.04 0.79 0.78 0.87 0.82 0.71 0.66 

Energy MJ/Kg 23.14 21.74 23.30 21.68 22.34 23.30 24.26 

Yttrium, mg/100g 42 41 41 41 39 44 43 

CON=control diet, common for both experiments; PEA=Pea diet; FeM=Feather meal 702 

diet; SFM=Sunflower cake diet; WDG=Wheat distillers grain diet. SPC soy protein 703 

concentrate diet; CGM corn gluten meal diet. NFE (Nitrogen free extract). NSP, non-704 

starch polysaccharides; ND, not determined. Rest carb, includes carbohydrates other 705 

than starch (NSP, Fibre, etc). 706 

 707 
 708 

 709 

  710 
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 711 

Table 4. Nutrient digestibility (ADC) values (in %) of feeds in trial I with European sea 712 

bass 713 

 714 

 CON PEA FeM SFM WDG 
P-

value 

Dry matter 79.0±1.4c 70.7±1.3b 75.7±1.95c 64.1±1.1a 71.5±1.0b *** 

Crude protein 94.3±0.5c 92.3±0.2b 91.5±0.4a 93.5±0.01bc 92.8±0.2b *** 

Fat 95.8±0.2d 94.4±0.8c 91.0±0.6a 92.7±0.4b 94.0±0.1bc *** 

Starch 96.13±0.3c 78.67±1.3a 97.88±0.9d 94.45±0.4b 96.04±0.3c *** 

Phosphorus 66.9±1.0b 66.3±0.6b 72.5±3.1c 57.1±2.1a 67.4±2.2bc ** 

CON=control diet; PEA=Pea diet; FeM=Feather meal diet; SFM=Sunflower cake diet; 715 

WDG=Wheat distillers grain diet. ns=not significant P>0.1; *P<0.05; **P<0.01; ***P<0.001. 716 

Means along a row lacking a common superscript letter differ significantly, P<0.05. 717 

.  718 

 719 

  720 
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Table 5. Nutrient digestibility (ADC) values (in %) of feeds used in trial II with European 721 

sea bass 722 

 723 

 CON SPC CGM P-value 

Dry matter 71.9±1.9a 68.1±1.5b 71.7±1.0a * 

Crude protein 92.2±0.5 91.7±0.7 92.5±0.3 ns 

Fat 95.2±1.0 91.8±1.8 93.1±1.2 ns 

Starch 82.48±4.1 85.71±0.4 81.53±1.34 ns 

Phosphorus 40.0±2.6b 26.8±4.1a 41.0±1.7b ** 

CON=control diet; SPC, soy protein concentrate ; CGM, corn gluten meal. ns=not significant 724 

P>0.1; *P<0.05; **P<0.01; ***P<0.001. Means along a row lacking a common superscript 725 

letter differ significantly, P<0.05. 726 

 727 

 728 

 729 

 730 

 731 

 732 

 733 

 734 

  735 
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Table 6. Proximate composition (%) of faecal waste from European sea bass fed different 736 

diets in trial I  737 

 738 

 CON PEA FeM SFM WDG 
P-

value 

Dry matter 95.9±0.7a 96.1±0.4ab 96.6±0.4ab 97.2±0.3b 96.9±0.3ab * 

Crude protein 12.7±0.4c 10.0±0.5b 20.6±1.3d 7.5±0.2a 11.0±0.3bc *** 

Fat 4.2±0.5b 3.2±0.4a 5.4±0.4c 3.1±0.2a 3.9±0.1ab *** 

Starch 2.8±0.2b 16.1±0.3c 0.9±0.3a 1.45±0.1a 1.3±0.1a *** 

Rest carb 27.1±1b 21.6±0.9a 20.2±1.2a 34.7±1.9d 39. 2±0.8c *** 

Ash 46.3±1.2b 33.4±0.4a 47.0±2.7b 33.3±1.8a 33.9±1.0a *** 

Phosphorus 2.0±0.3b 1.0±0.03a 1.0±0.1a 1.1±0.1a 1.1±0.1a *** 

 ns=not significant P>0.1; *P<0.05; **P<0.01; ***P<0.001. Means along a row lacking a 739 

common superscript letter differ significantly, P<0.05. Rest carb, includes carbohydrates other 740 

than starch (NSP, Fibre, etc) 741 

 742 
 743 

  744 
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Table 7. Proximate composition (%) of the faecal waste from European sea bass fed 745 

different diets in trial II 746 

 747 

 CON SPC CGM P-value 

Dry matter 94.9±0.5a 96.1±0.4b 96.6±0.4b ** 

Crude protein 13.0±0.5 13.1±0.6 14.1±1.7 ns 

Fat 4.1±0.6 4.5±0.8 5.2±1.3 ns 

Starch 22.2±3.8b 11.2±0.6a 20.2±1.3b ** 

Rest carb 27.4±1.6 37.4±0.7 30.0±2.6 ns 

Ash 31.4±1.2b 32.5±0.5b 28.9±0.6a ** 

Phosphorus 1.8±0.2 1.4±0.4 1.7±0.5 ns 

ns=not significant P>0.1; *P<0.05; **P<0.01; ***P<0.001. Means along a row lacking a 748 

common superscript letter differ significantly, P<0.05. Rest carb, includes carbohydrates other 749 

than starch (NSP, Fibre, etc) 750 

 751 

 752 

 753 

 754 

 755 

 756 

 757 

 758 

 759 

 760 
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Table 8. Properties of faeces from European sea bass in trial I 762 

 763 

  CON PEA FeM SFM WDG 
P-

value 

Density, g/ml 1.2±0.2 1.3±0.2 1.2±0.2 1.2±0.1 1.2±0.2 ns 

Dry matter, % 19.8±0.3c 17.0±0.3b 16.8±0.3b 16.8±0.3b 15.5±0.3a *** 

Sinking 

velocity, cm/sec 
4.5±0.4 4.8±0.5 4.8±0.5 5.3±0.2 4.7±0.6 ns 

Osmolality, 

Osmol/kg 
1.26±0.04b 1.23±0.05ab 1.23±0.03ab 1.19±0.05ab 1.15±0.09a * 

Viscosity, cP 2.61±0.38a 2.42±0.22a 2.59±0.16a 2.55±0.14a 3.62±0.16b *** 

ns=not significant P>0.1; *P<0.05; **P<0.01; ***P<0.001. Means along a row lacking a 764 

common superscript letter differ significantly, P<0.05. 765 

 766 
 767 

 768 

  769 
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Table 9.  Properties of faces from European sea bass in trial II 770 

 771 

 CON SPC CGM P-value 

Density, g/ml 1.1±0.1 1.1±0.1 1.2±0.1 ns 

Dry matter, % 15.8±2.1b 13.3±0.7a 16.1±1.8b * 

Sinking velocity, cm/sec 4.6±0.6 4.2±0.3 4.3±0.4 ns 

Osmolality, Osmol/kg 1.2±0.02 1.2±0.05 1.2±0.03 ns 

Viscosity, cP 2.1±0.3 2.1±0.3 1.8±0.3 ns 

ns=not significant P>0.1; *P<0.05; **P<0.01; ***P<0.001. Means along a row lacking a 772 

common superscript letter differ significantly, P<0.05. 773 

 774 

  775 
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 776 

 777 

 778 

 779 

 780 

Figure 1. Faeces production (Α) and % recovery (Β) in diet groups of trial I  781 

 782 

Legend: Total amount of faeces produced (entire bar), recovered (black) and non-recovered 783 

(white) in each dietary group presented as g kg-1 DM feed (Fig. 1A). Recovery percentage as a 784 

proportion of total faeces produced (Fig. B). Different superscripts (lower case) labelled within 785 

black and white bars indicate dietary difference for recovered and non-recovered faeces 786 

(p<0.05). Different superscripts (upper case) labelled above the bars indicate dietary différence 787 

for total faeces produced (p<0.05).  788 
 789 
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 797 

 798 

 799 

 800 

 801 

 802 

 803 

 804 

 805 

Figure 2. Faeces production and recovery in different diet groups of trial II 806 

 807 

Legend: Total amount of faeces produced (entire bar), recovered (black) and non-recovered 808 

(white) in each dietary group presented as g kg-1 DM feed (Fig. A). Recovery percentage as a 809 

proportion of total faeces produced (Fig. B). Different superscripts (lower case) labelled within 810 

black and white bars indicate dietary difference for recovered and non-recovered faeces 811 

(p<0.05). Different superscripts (upper case) labelled above the bars indicate dietary difference 812 

for total faeces produced (p<0.05). 813 
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 818 

 819 

Figure 3 Volatile fatty acids of faecal waste in trial I 820 

Legend: Volatile fatty acids in faces collected by stripping expressed as micromole per gram 821 

units. Different superscripts labelled above the bars indicate dietary differences (p<0.05). Units, 822 

µmol per g of wet facees. 823 
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Plate 1: Appearance of faeces pellets (collected by the faecal trap) from European seabass fed the different deits in trial I and trial II 826 

 827 
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