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Abstract: This study was conducted to evaluate the inclusion of new prebiotics in the diet on performance 

and metabolism (liver protein, glucose and glycogen) of Nile tilapia. For 60 days, 720 Nile tilapia (3.4 ± 0.60 

g) were maintained in 24 polypropylene tanks (280 liters). Fish were fed with experimental diets with addition 

of 2.5 and 5 g kg-1 of dietary fiber of citrus pulp (DFCP), dietary fiber of linseed (DFL) and Actigen. The 

experimental design was completely randomized with a 3x2 factorial arrangement. At the end of the period, 

there was higher final weight of tilapias fed on diets containing DFCP and DFL, and regardless of prebiotic, 

the best results in the final weight and length were observed for inclusion of 2.5 g kg-1. There was higher 

body protein deposition in tilapia fed on diets containing DFCP, without differences from those with inclusion 

of DFL. Total fat deposition was higher for the lowest level of inclusion (2.5 g kg-1). The digestive somatic 

index was higher for the diet with inclusion of DFCP, which did not differ from the diet with inclusion of 

Actigen. There were higher concentrations of liver glycogen in the diets containing DFCP and Actigen. 

Faced with the search for alternative growth promoters, this study confirms the possibility of using the new 

HIGHLIGHTS 
 

 Prebiotic effect of ecofriendly additives. 

 New prebiotic to be studied to expand the options of these additives in aquaculture. 

 Action of DFCP and DFL is equivalent to, or greater than, the commercial prebiotic. 

 This study confirms the possibility of using the DFCP and DFL in fish nutrition. 
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prebiotics (DFCP and DFL) in nutrition of Nile tilapia, because they showed efficiency equivalent to the 

prebiotic Actigen. 

Keywords: additive; citrus pulp pectin; fish; linseed mucilage; nutrition. 

INTRODUCTION 

The per capita consumption of fish has increased sharply in recent decades, from 9.9 kg in 1960 to 19.2 
kg in 2012. It was driven by a combination of population growth, income growth, urbanization, and more 
efficient distribution channels [1]. The consequent increase in production has led to greater susceptibility of 
fish to infectious diseases, usually controlled by the use of antibiotics as growth promoters. Currently, this 
practice is questionable because it poses considerable risks to human and animal health [2]. In this scenario, 
prebiotics are pointed out as an environmentally friendly alternative to prevent diseases and promote the 
growth of animals [3,4]. 

Prebiotics are non-digestible food ingredients that promote the growth and/or fermentative activity of 
beneficial bacteria in the gastrointestinal tract of the host [5], generating volatile fatty acids which may be 
used as a source of energy and promote beneficial changes in the metabolism, physiology and anatomy of 
the digestive tract of animals. Studies have indicated that prebiotics improve nutrient utilization and growth 
performance of several species of fish [6-10].  

Normally, the formulation of commercial prebiotics is based on three major groups of oligosaccharides 
(fructooligosaccharides, mannanoligosaccharides and galactooligosaccharides), this limits the choice of best 
active ingredient, since the results will be influenced by type of prebiotic, levels of addition, time of use, 
characteristics of the animal, diet composition and farming environment [9]. It is believed that a greater 
diversity of prebiotic molecules can offer more options of ecofriendly additives, allowing better responses in 
fish performance. 

In this scenario, pectic substances emerge as a promising alternative because of their differentiated 

chemical-structural composition, formed mostly of -D-(1,4)-galacturonic acid with a fraction of rhamnose 
and small amounts of other sugars [11]. Previous studies have reported that they promote the development 
of bifidobacteria, inhibition of harmful micro-organisms, reduction in the absorption of toxins in digestive tract 
and chelation of heavy metals [12]. In addition, obtaining pectic substances for use as prebiotic agents is 
industrially feasible, economically viable and environmentally correct, since the process can use fruit bagasse 
resulting from the extraction of juice as raw material. 

Similarly, linseed mucilage, formed of two types of polysaccharides (neutral arabinoxylan and acidic 
pectic-like material) composed of arabinose, xylose, uronic acid, rhamnose, galactose and galacturonic acid 
[13], also arouses interest as an ecofriendly promoter. The use of the grain in natura can lead to antinutritional 
effects in fish and other animals, as a result of the substantial increase of viscosity of digesta, hindering the 
digestion and absorption of nutrients, which will reflect negatively on performance [14]. However, mucilage 
can be extracted from the grain of linseed, concentrated, and applied to rational levels, promoting beneficial 
effects and increasing the availability of prebiotic molecules in animal nutrition.  

With the objective of increasing the options for ecofriendly products  for fish farming, this study focused 
on the effects of new non-commercial prebiotics (DFCP and DFL) extracted from orange bagasse and grains 
of linseed, on performance and metabolism (liver protein, glucose and glycogen) of Nile tilapia (Oreochromis 
niloticus). 

MATERIAL AND METHODS 

Obtaining the new prebiotics 

The residue resulting from the extraction of orange juice was washed in cold water and pressed manually, 
crushed in a multiprocessor, oven-dried (55°C for 24 hours) and ground in a 0.3mm micro mill (Marconi, 
model MA-630/1, 27000rpm). Using the methodology described by Calliari [15], the pectic constituents with 
prebiotic potential were extracted from the residue in aqueous medium, at a concentration of 8% (w∕v), at a 
temperature of 100 ºC for 1 hour. After cooling down, the solution was centrifuged (3500 rpm/10 min) and 
93% ethanol was added to the supernatant at a 1:1 ratio. The solution was left to rest for 24 h at 5 ºC for 
precipitation and separation of the pectic constituents. After recovery, the precipitate was dried at 55 ºC for 
48 hours in an air-circulation oven and ground to 0.3mm. The material resulting from this extraction was 
called DFCP. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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According to the methodology proposed by Goulart and coauthors [16], mucilage was extracted from 
whole grain of linseed (cultivar Normandy) in aqueous medium, at a concentration of 10% (w∕v), under 
temperature between 60 to 80 oC and constant agitation, for 150 minutes. The supernatant was separated 
from the seeds, and 93% ethanol was added to final alcohol concentration of 75%. After recovery, the 
precipitate was dried at 55 ºC for 48 hours in an air-circulation oven and ground to 0.3 mm. The resulting 
material was called DFL. 

Diets 

The diets were isonutritional and formulated in accordance with the nutritional requirements for Nile 
tilapia (Oreochromis niloticus) fingerlings [17]. The six treatments consisted of diets supplemented with 

DFCP, DFL or Actigen (commercial product based on mannanoligosaccharides) at two levels (2.5 or 5 g 
kg-1). 

All the ingredients of the diets were weighed, mixed and pelleted. The pellets were dried in an air-
circulation oven (50 ºC) for 24 h, and the size for consumption was adjusted in accordance with the 
development of the fish. Table 1 shows the ingredients and proximate composition of experimental diets. 

Table 1. Ingredients and proximate composition of experimental diets provided to Nile tilapia. 

Ingredients (g kg-1) 

Diets 

DFCP DFL Actigen 

2.5 5 2.5 5 2.5 5 

Fish meal1 300 300 300 300 300 300 
Maize starch  300 300 300 300 300 300 
Cellulose 57.5 55 57.5 55 57.5 55 
SPC 60%2 200 200 200 200 200 200 
DFCP 2.5 5 0 0 0 0 
DFL 0 0 2.5 5 0 0 

Actigen 0 0 0 0 2.5 5 

Melbond3 25 25 25 25 25 25 

Soybean oil 30 30 30 30 30 30 
Vitamin and mineral mixture4 30 30 30 30 30 30 
Iodized sodium chloride  5 5 5 5 5 5 
Inert5 50 50 50 50 50 50 
BHT6 0.2 0.2 0.2 0.2 0.2 0.2 

Diets composition (g kg-1) 

Moisture7 46.8 44.4 40.8 44.6 44.5 43.8 
Crude protein7 292.6 303.1 300 298.7 295.3 300.9 
Digestible energy (MJ kg -1)8 12.96 12.96 12.96 12.96 12.96 12.96 
Crude fat7 73 74.9 76.5 73.5 73.8 75.3 
Ash7 161.1 160.2 162.8 161.2 159.3 160.2 
Calcium9 16.9 16.9 16.9 16.9 16.9 16.9 
Phosphor9 6.7 6.7 6.7 6.7 6.7 6.7 
Total dietary fiber7 187.2 200.2 185.7 185.6 201.1 200 

1Fish meal from Copisces Company, Paraná, RS.2Soy protein concentrate, 60% CP; 3Agglutinant calcium and 

magnesium lignosulfonates; 4Vitamin and mineral mixtures - composition/Kg of product: Folic acid: 299.88 mg; Ascorbic 

acid: 15000.12 mg; Pantothenic acid: 3000.10 mg; Biotin: 0.06 mg; Niacin (B3): 9000.32 mg; Hill (B4): 103500.00 mg; 

Vitamin A: 1,000,000. IU; Vitamin B1: 1500.38 mg; Vitamin B2: 1500.00 mg; Vitamin B6: 1500.38 mg; Vitamin D3: 

240000.00 IU; Vitamin E: 10000.00 mg; Vitamin K3: 400.00 mg; Inositol: 9999.92 mg; Iron: 6416.80 mg; Manganese: 

8000.40 mg; Copper: 1000.00 mg; Zinc: 13999.50 mg; Iodine: 45.36 mg; Cobalt: 60.06 mg; Selenium: 60.30 mg; 

Magnesium: 5.10 mg; Chloride: 2.30%; Sulfur: 0.01%;5 Sand;6Antioxidant butylated hydroxytoluene;7 Composition 

determination (Fisheries Laboratory/UFSM);8 Calculated digestible energy: [(Crude protein * 5.65 * 0.85) + (Fat * 9.4 

*0.9) + (Carbohydrates * 4.15 * 0.7)] [18];9 Calculated values based on ingredients composition 

Biological trial 

The experiment was approved by the Animal Research Ethics Committee of the Federal University of 
Santa Maria (no. 23081.009051/2014-53) and conducted in the Laboratory of Fish Farming of this institution. 
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Twenty-four experimental units were used (six treatments with four replications), with total useful volume 
of 280 L, arranged in a water recirculation system, with mechanical and biological filtering. A total of 720 Nile 
tilapia fingerlings were distributed in the structure with mean initial weight of 3.4± 0.60g (30 fish/tank), adapted 
for seven days prior to the start of the experiment. For 60 days of the experiment, the fish were fed three 
times a day (8 am, 12:30 pm and 17 pm) up to apparent satiation.  

Water Quality 

Water quality in the farming system was controlled by cleaning the piping on a regular basis, siphoning 
the waste of each tank twice a day, one hour before feeding (7 am and 16 pm) and performing daily renewal 
of 10% of water from the system. Temperature was measured daily with a mercury thermometer (26.7± 1.46 
ºC in the morning and 27.05± 1.34 ºC in the afternoon). The following parameters were were measured 
weekly with colorimetric kits (Alfa-Tecnoquímica): dissolved oxygen (7.24± 0.73 mg L-1), pH (7.63± 0.35), 
alkalinity (46±12.47 mg CaCO3/L-1), hardness (31.5 ± 23:46mg CaCO3/L-1), ammonia (0.27 0.18mg L-1) and 
nitrite (0.14 ± 0.20mg L-1). For the purpose of analysis, water was collected at the entrance to the biological 
filter. 

Data collection and assessed variables 

At 60 days after the beginning of the experiments, data collection was performed in order to evaluate 

fish performance. Fish biometry was performed after 12 h fasting and sedation with benzocaine (Henrifarma 
Produtos Químicos e Farmacêuticos LTDA; Cambuci, SP, Brazil) at a concentration of 100 mg L-1. Eight 
fish/treatment were euthanized by an overdose of benzocaine (250 mg L-1) for the analysis of whole fish 
composition. Eight fish/treatment were euthanized by an overdose of benzocaine (250 mg L-1) for the 
calculation of carcass yield and digestive indices; fish liver was also collected, which was frozen (-18 ºC) for 
further metabolic analysis.  

Zootechnical parameters: Based on the weight and length measurements, the following data were 
gathered: initial weight: IW (g); final weight: FW (g); total length: TL (cm); feed intake: FI (g); apparent feed 
conversion: AFC; protein efficiency ratio: PER; specific growth rate (%/day): SGR= [(ln final weight - ln initial 
weight)/days] * 100, where: ln = neperian logarithm.  

Biometric data collected at 60 days after the beginning of the experiment were used for calculating: 
carcass yield (%): CY= (gutted fish weight/whole fish weight)*100; digestive somatic index (%): DSI= 
(digestive tract weight /whole fish weight)*100; hepatosomatic index (%): HSI= (liver weight/whole fish 
weight)*100; visceral fat index (%): VFI= (visceral fat weight /whole fish weight)*100. 

Body Retention of nutrients: Whole fish samples were analyzed for crude protein [19] and fat [20] for 
subsequent calculation of body retention of these nutrients with the following equations [21]: 

- Total Deposited Crude Protein (TDCP): [Wf * (%BCPf/ 100)] - [Wi * (%PBCi/ 100)]; 
- Total Deposited Fat (TDF): [Wf * (%BFf/ 100)] - (Wi * [%BFi/ 100)]; 
Where: Wf = final weight; Wi = initial weight; BCPf = final body crude protein; BCPi = initial body crude 

protein; BFf = final body fat; BFi = initial body fat. 
Metabolic parameters: In the liver, measurements were made of total protein [22], glucose and glycogen 

[23] levels.  

Experimental design and statistical analysis  

The experimental design was completely randomized with a 3x2 factorial arrangement. The results were 
submitted to the normality test and analysis of variance (2 paths: prebiotics x levels). The means were 
compared by Duncan's multiple range test at 5% level of significance. 

RESULTS 

Zootechnical parameters and body retention of nutrients 

Final weight (FW) was higher for tilapia fed on diets containing non-commercial prebiotics (DFCP and 
DFL) when compared with the commercial product (Table 2). Regardless of prebiotic, the best results for FW 
(W = 0.04) and total length (TL) (P = 0.03) were observed for 2.5g kg-1 of inclusion (Table 2). The action of 
the tested prebiotics showed equivalence for initial weight (IW), total length (TL), feed intake (FI),  protein 
efficiency ratio (PER) and specific growth rate (SGR). 
  

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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Table 2. Growth parameters for Nile tilapia fingerlings fed on diets containing DFCP, DFL or Actigen 1. 

Factor/Variables2 IW (g) 
FW (g) TL (cm) 

FI (g) AFC PER SGR ( % 
/day) 

Source3        

DFCP 3,370.0 62.3112.7a 14.141.0 453.045.8 1.10.0 1,070.0 4.860.1 

DFL 3,370.0 62.3012.6a 14.160.9 456.521.8 1.10.0 1,070.0 4.860.1 

Actigen 3,370.0 59.7312.5b 14.000.9 454.365.5 1.10.0 1,030.1 4.790.1 

Level (g kg-1)4        

2.5 3,380.0 62.4811.9a 14.180.9a 455.185.1 1.10.0 1,060.1 4.860.1 

5 3,360.0 60.4113.2b 14.011.0b 454.104.6 1.10.0 1,060.0 4.820.1 

Source x Level  NS NS    NS 
1 Values were expressed as mean standard deviation. 2 Variables – IW: initial weight; FW: final weight; TL: total length; 
FI: feed intake; AFC: apparent feed conversion; PER: protein efficiency ratio; SGR: specific growth rate. 3 Means 
followed by different letters in the column, differ statistically by Duncan's test (p< 0.05). 4 Means followed by different 
letters in the column, differ statistically by Student's t-test (p< 0.05). NS: non-significant (p>0.05). 

Carcass yield for tilapia was not influenced by the treatments. There was greater deposition of body 
protein in tilapia fed on diets with inclusion of DFCP, similarly to those with addition of DFL (Table 3). Total 
fat deposition was not affected by prebiotics, but it was higher for the lower level of inclusion (2.5 g kg-1). 

Table 3. Carcass yield and nutrient deposition of Nile tilapia fingerlings fed on diets containing DFCP, DFL or Actigen 

1. 

Factor/Variables2 CY ( %) TDCP (g) TDF (g) 

Source3    

DFCP 88.410.96 8.680.61a 5.310.44 

DFL 88.311.01 8.540.71ab 5.160.73 

Actigen 88.391.12 7.930.73b 5.270.41 

Level (g kg-1)4    

2.5 88.340.93 8.500.90 5.460.50a 

5 88.391.11 8.260.53 5.030.48b 

Source x Level NS NS NS 
1 Values were expressed as meanstandard deviation. 2 Variables - CY: carcass yield; TDCP: total deposited crude 
protein; TDF: total deposited fat. 3 Means followed by different letters in the column, differ statistically by Duncan's test 
(p< 0.05). 4 Means followed by different letters in the column, differ statistically by Student's t-test (p< 0.05). NS: non-
significant (p>0.05).  

The digestive somatic index (DSI) was higher in the diet with inclusion of DFCP, a similar result to that 
of the diet with inclusion of the commercial prebiotic (Table 4). The effect of prebiotics on the hepatosomatic 
index (HSI) and the visceral fat index (VFI) was similar. 

Table 4. Relative organ weights of Nile tilapia fingerlings fed on diets containing DFCP, DFL or    Actigen 1. 

Factor/Variables2 DSI ( %) HSI ( %) VFI ( %) 

Source3    

DFCP 3.450.70a 2.380.27 1.880.81 

DFL 2.900.54b 2.400.59 1.740.58 

Actigen 3.110.82ab 2.370.24 1.830.88 

Level (g kg-1)    

2.5 3.250.70 2.430.35 1.780.62 

5 3.050.74 2.330.24 1.850.88 

Source x Level NS NS NS 
1 Values were expressed as meanstandard deviation. 2 Variables - DSI: digestive somatic index; HSI: hepatosomatic 
index; VFI: visceral fat index. 3 Means followed by different letters in the column, differ statistically by Duncan's test (p< 
0.05). NS: non-significant (p>0.05).  
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Metabolic parameters 

Higher concentrations of hepatic glycogen (P = 0.036) were found in the diets containing DFCP and 

Actigen, with no difference between the tested levels (Table 5). For glucose and liver protein, there was no 
difference between the prebiotics, regardless of level of inclusion.  

Table 5. Metabolic responses of Nile tilapia fingerlings fed on diets containing DFCP, DFL or Actigen 1. 

Factor/Variables Glycogen (mmol) Glucose (mmol) Protein (mg) 

Source2    

DFCP 4.250.51a 55.618.16 9.101.85 

DFL 3.660.76b 48.707.44 8.321.32 

Actigen 4.310.95a 52.4211.87 8.621.58 

Level (g kg-1)    

2.5 4.000.74 52.4810.57 8.861.39 

5 4.150.87 52.008.73 8.501.80 

Source x Level NS NS NS 
1 Values were expressed as meanstandard deviation. 2 Means followed by different letters in the column, differ 
statistically by Duncan's test (p< 0.05). NS: non-significant (p>0.05). 

DISCUSSION 

The results demonstrated that the action of the non-commercial prebiotics DFCP and DFL was 
equivalent to or higher than the prebiotic commercial as regards fish performance. The chemical composition 

and structural organization of the molecules contained in DFCP (predominantly -D-1,4-galacturonic acid) 
and in DFL (neutral arabinoxylan and acidic pectic-like material) are different from those reported for 

Actigen (predominantly mannose). This suggests that the selectivity and degree of fermentability between 
these prebiotics may also be differentiated, reflecting directly on animal performance.  

The promising effect of the lowest level (2.5 g kg-1) of inclusion shows that the appeal of the natural 
product and the lack of bioaccumulation risks in the food chain cannot be linked to excessive use of these 
ingredients in dietary supplements. Thus, it can be said that the widespread use of prebiotics is only possible 
if based on studies that establish reliable levels of inclusion in the diets. Overdosing can lead to adverse 
effects, such as gastrointestinal disorders, with consequent imbalance of microbial population and reduction 
of nutrient absorption, thus directly reflecting on weight gain and animal health [24]. By contrast, the ideal 
dose, which was shown to be the lowest in the present study, promotes beneficial effects combined with the 
lower cost of inclusion. 

Ibrahem and coauthors [25] found satisfactory results for final weight with diets containing 5 g kg-1 of 
inclusion of inulin + vitamin C for Nile tilapia. In comparison, the inclusion of 20 g kg-1 of inulin did not have 
any effect on the growth of Psetta maxima larvae, when compared with supplementation with 20 g kg-1 of 
oligofructose [6]. Torrecillas and coauthors [8] reported that 10 and 20 g kg-1 of MOS did not produce 
significant changes in body composition of sea bass (Dicentrarchus labrax). In a study with rainbow trout, 
growth, feed efficiency and survival of the animals were better in the treatment containing 2 g kg-1 of MOS 
compared with treatments with a basal diet [7]. This information proves that the type of prebiotic, the level of 
inclusion and the study species are factors that directly influence the results. 

As an adaptive strategy, the structure of the gastrointestinal tract of the fish may be changed in response 
to the composition of the diet, increasing the area of contact with food, increasing digestibility and maximizing 
the absorption of nutrients [26]. In the present study, the digestive somatic index (DSI) was higher in diets 

with inclusion of DFCP and Actigen, indicating the possibility of an increase in the thickness of the 
gastrointestinal tract. In a study with larvae of black kingfish (Rachycentron canadum), prebiotics have 
improved the ultrastructure of the small intestine mucosa, interfering positively in the absorption of nutrients 
[27].  

One of the metabolic effects of prebiotics is the generation of energy by means of fermentation, which 
serves as a substrate for the formation of short-chain fatty acids (SCFA). The amount of energy generated 
in this process is variable and depends on the structure and degree of fermentation of the fiber. In the present 

study, the levels of liver glycogen were higher in diets containing DFCP and Actigen (Table 3), which can 
be explained by the less complex chemical structure of these fibers when compared with the structure of 
DFL. In this case, the fermentability of diets containing DFL is slower; energy is gradually made available, 
and there is less storage of surplus energy in the form of glycogen. 
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Although fish fed on diets containing DFL have a lower reserve of glycogen, they did not differ from those 
fed with inclusion of DFCP for final body weight, protein deposition and body fat deposition. Previous studies 
have reported that products of the fermentability of some types of prebiotics can interfere with the production 
of growth and reproduction hormones [28]. DFL may have interfered with hormonal response, because the 
grain of linseed has compounds such as lignans, which can interfere in hormone metabolism of the host, 
when fermented [29].  

CONCLUSION 

The results of the present study lead to the conclusion that the action of non-commercial prebiotics DFCP 

and DFL is equivalent to, or greater than, the commercial prebiotic (Actigen) on the growth of Nile tilapia. 
This finding confirms the possibility of obtaining and using new prebiotics, thus expanding the options for 
ecofriendly additives for fish nutrition. 
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