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Abstract 

This 60 day study investigated the effects of organically certified nucleotide 

yeast-derived protein source (Nu-Pro®) on growth, feed efficiency, fillet 

proximate composition and digestive enzymes in rainbow trout (Onchorhyncus 

mykiss). Diets were isonitrogenous and isocaloric. Three experimental diets 

wherein 20%, 40% and 60% of the fish meal content was replaced by Nu-Pro®, 

were compared to the control diet in which the crude protein content was 

anchovy fish meal and corn gluten meal. The rainbow trout (initial weight 27 

g/fish) were fed twice daily in 200-l Aqaria. Live weight gain increase ranged 

from 125-195% in fish fed the experimental diets. Results indicated that up to 

40% fish meal protein can be replaced by Nu-Pro® without compromising 

growth rates, feed efficiency or the fillet biochemical composition in the 

rainbow trout. The effect of the dietary Nu-Pro® supplementation on digestion 

was partly observed by assaying the activity of pepsin, intestinal amylase, 

trypsin and lipase. Apart from amylase activity, results indicated that dietary 

supplementation of nucleotides is beneficial and may also have differential 

effects upon digestive enzyme activities.  
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Introduction 

Fish meal is the major feed ingredient used in aqua feeds for most finfish and crustacean 

species cultured worldwide (Tacon and Metian, 2008). Since fish meal and oil are finite 

resources it is necessary to find cheaper and readily available alternative protein and oil 

sources to be used in aqua feed for sustainable developments in the aquaculture industry 

(Craig and Mclean, 2005; Fountoulaki et al., 2009).  

The search for alternatives to fish meal as a source of protein in aquaculture diets has 

been an important area of research. Much of this research has focused on increasing the 

proportion of plant proteins (Kissil and Lupatch, 2004), in feeds for fish and shrimp. 

Alternative feed ingredients are required to provide the essential nutrients for the growth 

and quality of aquaculture production. Several animal or plant derived materials have been 

tested as alternative protein sources, (Olvera-Novoa et al., 2002; El-Saidy and Gaber, 

2003). Many vegetable proteins have disadvantages, including low nutrient densities, anti-

nutritional factors, high carbohydrate content, imbalanced amino acid and fatty acid 

profiles, low palatability, seasonal variability, and potential mycotoxin contamination 

(Oliva-Teles and Gonçalves, 2001). 

Single cell proteins (SCP) such as yeasts are potentially desirable alternate protein 

sources due to their high nitrogen content (Oliva-Teles, 2006). They have been used as 

dietary supplements in aquafeeds since it has been found that even in small quantities, 

immunostimulants, probiotics, and prebiotics usually improve immunity, feed efficiency, 

growth performance, and enzymatic contribution in the digestion of crustaceans and fish 

(Ganguly et al., 2010).        

One particular product derived from a specific strain of the yeast Saccharomyces 

cerevisiae, and the cell contents, are further processed to produce nucleotides Nu-Pro® in 

which the crude protein content has a 47-50% similarity to fish meal. Yeast extract 

NuPro® is a complex product combining nutritional components, such as protein and 

vitamins, with functional components such as nucleotides and free amino acids therefore 

in feeds it is both nutritious and functional (Fegan, 2006).  

Several studies have shown that yeasts can successfully replace part of dietary fish 

meal for different fish species (Oliva-Teles and Goncalves, 2001; Desale et al., 2008). In a 

series of trials to develop organically certifiable feeds for fish and shrimp, it has been 

shown that complete replacement of fish and soybean meal with Nu-Pro® is possible, 

although the growth rate of cobia, a marine carnivore, decreased at levels of 50% 

replacement and higher (Craig and McLean, 2005). Dietary nucleotides positively affect the 

immune system, hepatic function, lipid metabolism, disease resistance, development of 

small intestine, and growth (Burrells et al., 2001; Li et al., 2005). Nucleotides have been 

tested on growth and feed utilization in rainbow trout but information pertaining to their 

effect on digestive enzyme activity is limited (Staykov et al., 2009 and Güroy et al., 2012).   

Since trout is one of the most valuable fresh water fish cultured in the world this study 

was conducted to evaluate the effect of partial replacement of fish meal with yeast based 

nucleotides, by measuring growth performance, body chemical composition, and digestive 

enzyme activity mainly pepsin, amylase, trypsin and lipase in rainbow trout juveniles.

    

 

Materials and Methods 

Diet formulation and preparation. Three balanced isonitrogenous and isoenergetic diets 

were formulated to contain commercial organic yeast derived nucleotide protein (Nu-Pro® 

Alltech Inc., Nicholasville, KY, USA) replacing the main protein sources of anchovy meal 

and corn gluten in the control group fish meal diet with different concentration of Nu-Pro®, 

20%, 40% and 60% (NP20, NP40 and NP60) levels on a dry matter basis (Table 1). Nu-

Pro® is a functional protein from yeast and contains highly concentrated levels of essential 

and functional nutrients, which are important in the diets of young animals. It is rich in 

nucleotides, inositol, glutamic acid, amino acids and peptides. In all diets in the 

experiment fish oil was the main oil source and dextrin was the carbohydrate source 

(Table 1).  
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Table 1. Formulation (g/kg diet) and chemical composition of the experimental diets. 

 

 
   
 

 

 

 
 
 
 
 

 
 

 

 

The dry ingredients for the diets were mixed in a large bucket for 45 minutes using 

kitchen hand mixers; with the addition of the dietary oil source and water they were mixed 

for an additional 30 minutes. Diets were cold pressed using an electric kitchen meat 

grinder (Arnica, Promeat W1800, Istanbul-Turkey). Feed strands were then dried at room 

temperature and hand-cut into bite size pellets. The dried pellets for each dietary 

treatment were individually packaged and stored at -20 °C until use. They were analyzed 

in duplicate for the proximate compositions using standard methods (AOAC, 1996). 

Experimental Systems and Animals. The experiment was conducted using a semi-closed 

recirculation system consisting of 12 plastic 200-l aquaria. The system was installed in an 

environmentally-controlled laboratory at the fish culture unit in the Faculty of Fisheries, 

Mersin University, where air temperature is maintained at 15-16°C, and the photoperiod at 

12L:12D. Water depth in the tanks was kept at 50 cm throughout the experiment by 

adding fresh water continuously from a reservoir tank following daily siphoning of uneaten 

feed, and feces. All tanks were thoroughly cleaned every 2 weeks after individual fish 

weight increments were recorded. Dissolved oxygen was measured every other day using 

YSI model 58 oxygen meters and kept at, or above, 6 mg/l throughout the experiment 

(Yellow Springs Instrument Company, Yellow Springs, OH). pH was monitored twice 

weekly with an electronic pH meter (pH pen. Fisher Scientific, Cincinnati, OH). Total NO3, 

NO2 and NH4 levels were monitored once a week using a Merck-Spectroquant® Nova 60A. 

Water temperature was recorded daily at 13:00 h using a mercury thermometer 

suspended at 25-cm depth. Average water quality parameters were temperature 

15.5±0.8°C, dissolved oxygen 8.1±0.08 mg/l, pH 8.6±0.25, NO3 0.5±0.1 mg/l, NO2 

0.03±05 mg/l, and NH4 0.07±0.6 mg/l.  

  A total of 500 rainbow trout, average initial body weight of 25 g, were obtained 

from a local trout farm in Gözne-Mersin-Turkey. The trout were acclimated to laboratory 

 Diets 

Control NP 20 (%) NP 40 (%) NP 60 (%) 

Fish meal1 605 501 432 355 

Corn gluten meal  70 100 93 94 

Nu-Pro®2 0 121 242 363 

Fish Oil3 100 108 113 119 

Dextrin3  140 91 55 10 

Binder (CMC)  52 46 32 26 

Mineral Mix.4 20 20 20 20 

Vitamin Mix.4 13 13 13 13 

Proximate Composition (g/kg) 

Dry Matter  896.5 904.4 909.1 908.6 

Crude protein 441.7 436.1 448.6 439.3 

Crude lipid  187.3 187.6 187.5 188.9 

NFE5  159.2 168.2 162.8 179.4 

Crude ash  108.4 112.5 110.2 101.0 

Gross energy (MJ kg/DM)6 18.9 19.0 18.9 18.9 

P:E ratio (g /MJ) 23.36 22.95 23.74 23.24 

Calculated TAA Profile (g/kg) 

Arginine 16.46 16.01 15.99 15.87 

Histidine 7.09 7.15 7.27 7.38 

Isoloucine 13.94 14.08 14.35 14.59 

Leucine 24.89 26.67 27.26 28.09 

Lysine 20.86 20.28 20.62 20.75 

Methionine 8.77 8.71 8.73 8.73 

Cystine 2.96 3.26 3.41 3.59 

Phenyalanine 13.00 13.58 13.88 14.23 

Tyrosine 10.53 11.22 11.65 12.12 

Thyreonine 12.32 12.89 13.63 14.33 

Tryptophane 3.22 3.26 3.36 3.45 

Valine 15.52 15.98 16.53 17.06 

 

 

1 Anchovy fish meal and oil. SIBAL 
Black Sea Feed Inc., Sinop, Turkey 

2 Alltech Incorporated, Nicholasville, 
KY,USA. 

3  SUNAR Inc., Adana, Turkey. 

4 Vitamin and mineral premix added 
minimum to NRC recommendations, 
SIBAL Black Sea Feed Inc., Sinop, 
Turkey (NRC,1993) 

5 Nitrogen-Free Extract: Calculated 
as the remainder of crude 

protein+crude lipid+ash. 

6 Calculated based on standard 
physiological fuel values: 19 kJ/g for 
protein, 36 kJ/g for lipid and 15 kJ/g 
for carbohydrate (Smith, 1989). 
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conditions for 2 weeks in two 500-l fiberglass tanks and fed a commercial diet (Crude 

protein: 48%, crude lipid:22%, Çamli Yem-İzmir/Turkey) at a level of 3% of body weight. 

Following the acclimatization period, 144 fish were individually weighed and randomly 

distributed (12 fish/per tank) where they were acclimated to the experimental system for 

2 days without feed. Each of the 4 treatments was replicated 3 times, 1 tank per 

replication. Fish were fed two equal portions of the experimental diets, twice daily (800-

900am and 1600-1700pm) at 3% BW/d. The uneaten feed and feces were siphoned out 30 

minutes after feeding and half of the water in the system was exchanged daily throughout 

the experiment to maintain water quality. Fish from each tank were weighed biweekly and 

daily food rations were adjusted after weighing. 

Proximate composition analysis. From each treatment, 24 fish (2 fish per tank, 6 fish 

per treatment) were randomly chosen from each treatment. Fish fillets were analyzed for: 

moisture, by heating at 60˚C to constant weight; protein, by estimating the Kjeldahl 

nitrogen (×6.25) in an automated distillation unit; lipid, by chloroform/methanol 

extraction; and ash, by incinerating in a muffle furnace at 550˚C for 18 h, (AOAC, 1996). 

All analyses were done in triplicate. 

Digestion enzyme assay. In order to study the effect of yeast based nucleotide digestive 

enzyme activity, six fish were collected from each tank at the end of the study and crude 

enzymatic extracts were prepared (Ding et al., 2004). A crude mixture of intestine was 

obtained by dissection at 4°C, and rinsed with cold NaCl (Sigma) solution (0.9%, w/v). 

Then the total intestinal content was homogenized at 4°C in 50 mm phosphate buffer (pH 

7.4) in a homogenizer. The homogenate was centrifuged at 10000 g for 10 min at 4°C. 

The supernatant was recovered and kept at -80°C; all enzymatic assays were conducted 

within 24 h after extraction.  

Pepsin activity (E.C.3.4.23.1). Pepsin activity was assayed using 2% human hemoglobin 

in HCl as a substrate (Worthington, 1993). Tissue homogenate (1 ml) in HCl with 5 ml of 

substrate was incubated at 37°C for 10 min. The reaction was terminated using 5% 

trichloroacetic acid (TCA) (Sigma) and left to incubate for 5 min.  The mixture was then 

filtered. Absorbance was measured at 280 nm. One unit renders TCA soluble absorption of 

0.001 at 280 nm per min. at 37˚C from a denatured hemoglobin substrate.   

Trypsin activity (E.C.3.4.21.4). Trypsin activity was measured (Erlanger et al., 1961) 

and the measurements modified using benzoyl-DL-arginin-p-nitroanilide (BAPNA, Sigma) 

as a substrate (Benjakul et al., 1999). A sample (200 ml) with an appropriate dilution was 

added to 200 ml of distilled water and 1000 ml of 50 mM Tris-HCl, pH 8.0 containing 10 

mM CaCl2 (Sigma). To initiate the reaction, 200 ml of BAPNA (2 mg/ml) was added and 

mixed thoroughly. After incubation for 10 min at 25˚C, 200 ml of 30% acetic acid (v/v) 

was added to terminate the reaction. The reaction mixture absorbance was read at 410 

nm.  

Amylase activity (E.C. 3.2.1.1). The amylase activity was assayed by the dinitrosalicylic 

acid (DNS, Sigma®) procedure (Bernfeld, 1955) using 1% soluble starch (Sigma) as a 

substrate. Tissue homogenate (10 µl) was incubated for 30 min at 35°C with 500 μl 

universal buffer and 40 μl soluble starch. The reaction was terminated by adding 100 μl 

DNS (D0550, Sigma) and heating in boiling water for 10 min. The reducing groups 

released from starch by amylase action are measured by the reduction of the color 

reagent, DNS. The boiling water stops amylase activity, catalyzes the reaction of DNS, and 

reduces groups of starch. The absorbance of the solution was recorded at 540 nm.  

 Lipase activity (E.C.3.1.1.3). Tissue lipase activity was measured spectrophotometrically 

(Winkler and Stuckman, 1979) with slight modifications. The substrate solution containing 

10 ml of isopropanol (I9516, Sigma®) and 30 mg of p-nitrophenyl palmitate (N2752, 

Sigma) was mixed with 90 ml of Tris-HCl buffer (50 ml, pH 9.0), containing 0.4% Triton-

X-100 (X100, Sigma) and 100 mg of gum arabic (G9752, Sigma®). Freshly prepared 

substrate solution (2.4 ml) was incubated at 37°C with 25 μl of suitably diluted cell-free 

supernatant for 15 min. After incubation, absorbance was measured at 410 nm by using a 

spectrophotometer (Analytikjena-SPECORD 50, Germany) against a control with heat 

inactivated enzyme.  

All enzyme activities are expressed as specific activity (U/mg protein).Tissue protein 

content was determined according to the method developed by Lowry et al., (1951) using 

bovine serum albumin as standard. 



 Effects of Nucleotide on digestion enzymes in Trout (Onchorchyncus mykiss) 5 

 

Economic Profit Analysis. Taking into account feed price, the cost of feed required to 

produce 1 kg of biomass was also calculated. The parameters of economic conversion ratio 

(ECR) and Economic Profit Index (EPI) were calculated according to Martinez-Llorens et 

al., (2007); ECR (US.$/kg) = Feed cost (US.$/kg) x Feed conversion ratio (kg diet/kg 

fish), The Economic Profit Index [EPI (US$ /fish) = final weight (kg/ fish) x fish sale price 

(US$ /kg)-ECR (US$/kg) x weight increase (kg)]. Rainbow trout sale price used in the 

equation was US$4.99 per kg. 

Statistical analysis. Data were subjected to a one-way analysis of variance (ANOVA). 

After identification of differences among groups Duncan’s new multiple range tests were 

used to make multiple comparisons among means. Differences were considered significant 

at p<0.05. Statistical analyses were performed using SPSS 10.0 for Windows (SPSS Inc., 

Chicago, Illinois). 

  

Results 

Optimum growth was reached on NP40% diet, whereas the control diet produced the 

lowest growth rate. Final fish weight, weight gain (%), daily weight gain increase and 

specific growth rate increased significantly (P<0.05) with increased dietary nucleotide 

levels however more than NP40% replacement of fish meal resulted in decreased  

measured growth parameters.  

 
Table 2. Growth performance, feed utilization data and muscle proximate composition of trout 
fed with different levels of nucleotide supplementation on feeding trial (n=3). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 There were no significant changes in survival among the different treatments. The lowest 

FCR was obtained at 40% NP supplementation. Fish fed the control diet showed a higher 

FCR. On the other hand, nucleotide supplementation improved nutrient utilization; 

moreover, fish fed 40% NP supplementation diet showed highest PER. Nucleotide 

supplementation significantly affected muscle fish composition except for moisture and 

ash, which did not differ among the dietary treatments. Nucleotide yeast supplementation 

appeared to increase the protein and decrease the lipid content in the muscle tissue of 

trout significantly (P<0.05). The level of dietary nucleotide yeast supplementation also 

significantly (P<0.05) affected the ECR and EPI values calculated for the investigation 

(Table 3). 
 
Table 3. Results of for bio-economical analysis for the production of 1 kg reared rainbow trout 

 

 

Parameters Control NP 20 NP 40 NP 60 

FCR 1.99±0.02a 1.88±0.02b 1.52±0.02c 1.63±0.04d 
Feed Cost(US$/kg) 1.90 1.93 2.03 3.47 
ECR 3.78±0.03a 3.62±0.05ab 3.09±0.04c 3.47±0.08b 

EPI 0.18±0.01a 0.19±0.09a 0.24±0.02b 0.21±0.04c 

 Diets 
Control NP 20 NP 40 NP 60 

Initial weight 

(g) 

27.74±0.18a 27.48±0.27a 27.92±0.30a 27.89±0.28a 
Final weight (g) 62.69±0.50a 65.52±0.02b 82.59±0.55c 75.81±0.60d 

%LWG (g) 125.80±2.70a 138.46±2.24b 195.83±1.63c 171.91±4.82d 

DWG (g) 0.58±0.01a 0.64±0.04b 0.91±0.05c 0.79±0.01d 

SGR1 1.36±0.02a 1.45±0.01b 1.81±0.01c 1.66±0.03d 

FCR2 1.99±0.02a 1.88±0.02b 1.52±0.02c 1.63±0.04d 

PER3 0.79±0.01a  0.86±0.06b 1.24±0.07c 1.09±0.02d 

Proximate Composition (g/kg) 

Moisture  73.46±0.64a 76.34±0.62a 74.68±1.75a 72.84±1.45a 
Crude protein 23.05±0.41a 22.10±0.76a 22.75±0.12a 24.77±0.18b 

Crude lipid
  

8.32±0.17a  6.25±0.83b  5.75±0.16b 5.52±0.04b 

Crude ash 2.23±0.02a 2.03±0.03a 2.05±0.04a 2.19±0.20a 
  

* Different letters within a same line denote significant differences (P<0.05).  
Values are expressed  SEM of three replicates in each groups 
1SGR= [(loge average final weight-loge average initial weight)/number of days] × 100 
2FCR= Feed consumption (g)/wet weight gain (g) 
3 PER= Weight gain (g)/Protein intake (g) 

 

 

*Different letters within a same  
line denote sig. diff. (P<0.05).  
Values are expressed SEM of  

three replicates in each group. 
Economic Conversion Ratio(ECR)  
Economic Profit Index(EPI). 
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After the fish were fed different amounts of nucleotide supplementation for 60 days, 

the mean digestive enzyme activities (with the exception of amylase activity) of all 

treatment groups were significantly different from that of the control (Figs.1A, B, C, D).  

 

 
 

Figure 1.  Pepsin (A), Trypsin (B), Amylase (C) and Lipase (D) activity (U/mg protein) in 
intestinal tissues of rainbow trout fed different levels of nucleotide supplementation. Each 
value represents the mean±SEM. (n=6). The different letters indicate significant (P<0.05) 
difference between diet groups 

 

Pepsin activity (Fig. 1A) was significantly higher in fish fed 60% NP diet. The lowest 

activity was observed in fish fed the control diet. Trypsin activity (Fig. 1B) was, however, 

significantly higher in fish fed 40%NP and 60%NP diets. Amylase activity in fish fed 

40%NP and 60%NP increased but differences were not significant (Fig. 2C). Lipase activity 

was significantly lower in the fish fed control diet. All fish in nucleotide supplemented 

dietary treatments showed significantly increased lipase activity compared to fish fed 

control diet (P<0.05) (Fig. 2D).  

 

Discussion 

The present study demonstrated that growth rates were positively affected when fish meal 

was replaced with nucleotides of NP20%, NP40% and NP60%. Fish fed the NP40% diet 

showed significantly higher growth rates (P<0.05) and higher weight gain than with other 

treatments. Weight gain in all nucleotide supplemented groups was higher than the 

control. Live weight gain (%) ranged from 125%-195% and was significantly affected by 

the yeast based protein source. The present investigation demonstrated that up to 40% of 

the fish meal component in trout diets could effectively be replaced by a yeast-based 

protein source without compromising fish growth performance. No negative effects could 

be seen when 30-50% yeast-based products were included in fish meal diets fed to lake 

trout (Rumsey et al., 1990), sea bass (Oliva-Teles and Goncalves, 2001), cobia (Lunger, 

2006) and trout (Güroy et al., 2012). 

The inclusion of yeast based prebiotics in diets promotes the health of epithelium as 

well as the microvilli of the gut providing a large surface area for nutrient absorption 

(Staykov et al., 2009). Improved gut morphology, digestion, absorption and assimilation 

of the food intake may have occurred due to the inclusion of nucleotides in the diet.  

Growth rate also increased and FCR was significantly lowered in nucleotide fed groups 

compared with the control group (Sang and Fotedar, 2010). The findings of the current 

study may help to explain improved growth performance and feed utilization fish fed with 

nucleotide supplementation. In addition the PER results indicate that nucleotide 

supplementation significantly improves protein utilization in trout. Nu-Pro® is a rich source 

of compounds such as nucleotides and free amino acids known to be potent feeding 

stimulants and attractants. Nu-Pro® contains significant amounts of glutamic acid, 

glutamate and active nucleotides such as 5'-IMP (Inosine monophosphate) and 5'-GMP 



 Effects of Nucleotide on digestion enzymes in Trout (Onchorchyncus mykiss) 7 

 

(Guanosine monophosphate) which are known to enhance flavor (Diehl, 2004). Diet 

supplementation with amino acids and nucleotides stimulated feed intake in Japanese eel 

(Anguilla japonica) as well as enhanced growth performance (Takeda and Takii, 1992). 

Although there are no detailed studies to date on the specific effects of NuPro® as an 

attractant or palatability enhancer, trout which are fed diets containing Nu-Pro® have 
better FCR (Tahmasebi-Kohyani et al., 2011) than the control groups. This may be 

correlated with nucleotide palatability. 

In the present study muscle proximate composition analysis, specifically crude 

protein content, appeared to be greatly influenced by the dietary nucleotide 

supplementation. Muscle protein composition significantly improvement after nucleotide 

supplementation especially in fish fed with NP 60%. Muscle lipid composition significantly 

decreased in fish fed with all NP supplemented diets. In shrimp fed with nucleotides, whole 

body protein level increased when compared with the control (Li et al., 2007). Muscle lipid 

levels decreased in tilapia fed Nu-Pro® supplemented diets compared with control group 

(Craig, and McLean, 2005). Dietary nucleotides may influence the protein biosynthesis by 

regulating the intracellular nucleotide pool. The addition of yeast supplements plays a role 

in increasing fish appetite and hence feed intake with a subsequent improvement of fish 

growth and feed utilization due to improved diet and protein digestibility, and 

enhancement of body composition or nutrient deposition (Waché et al., 2006). This study 

also demonstrated that muscle moisture and ash contents were not significantly influenced 

by the dietary treatments supporting results reported in other studies (Li et al., 2005; 

Güroy et al., 2012). Nu-Pro® significantly increased protein level and reduced muscle lipid 

levels in the edible component of the fish, thereby providing a leaner and potentially 

healthier product. 

The results of digestive tract enzyme activity revealed that diets supplemented with 

nucleotides increased gastric pepsin activity, intestinal trypsin, and lipase but did not 

influence the amylase enzyme activity significantly. The effects of diets supplemented with 

nucleotides on digestive enzymes in rainbow trout are unknown. Some studies have shown 

that with the addition of nucleotides in diets some animal gastric pepsin enzymes 

increased and intestinal mucosa sucrose activity was significantly enhanced (Sato et al., 

1999; Lee et al., 2007).  Digestive enzymes enhance efficiency of feed utilization in fish 

and characterization of these enzymes provides information as to the digestive capacity of 

fish to hydrolyze carbohydrate, protein and lipid of feed ingredients (Lemieux et al., 1999). 

Information regarding the extracellular enzymes produced by intestinal bacteria and their 

biochemical significance is limited. Probiotics stimulate the growth and activity of beneficial 

bacteria in the intestine and can activate the innate immune responses of cultured 

organisms when used as dietary supplements. Prebiotics have also increased the efficiency 

of the digestive tract in many organisms by regulating gut viscosity (Ganguly et al., 2010). 

It is well known that dietary nucleotides have multiple beneficial effects on gastrointestinal 

(GI) tract function in vertebrates, including positive physiological, morphological and 

microbiological influences. Some studies on GI tract morphology of humans and other 

terrestrial animals have reported that dietary nucleotides increase villus height, jejunum 

wall thickness and villus cell number and gut mucosa (Bueno, 1994). However, limited 

studies investigating the effects of nucleotide supplementation on GI tract morphology in 

fish reported an increment in the proximal intestine fold height. Dietary nucleotides have 

also been shown to enhance lateral branching of the intestinal folds, and may have 

resulted in increased total gut surface area in salmon and red drum (Burrells et al., 2001, 

Cheng et al., 2011). In accordance with those findings, data from the present experiment 

also showed significantly increased (P< 0.05) digestive enzyme activity which appears to 

be correlated to nucleotide supplementation in the diets. Digestive enzyme activity may be 

enhanced by supplemented nucleotide levels due to the increased gut villi density (Sang 

and Fotedar, 2010).  

The possible effect of nucleotide yeast (Nu-Pro®) supplementation on cost production 

was also calculated. The lowest ECR and highest EPI values were obtained on fish fed 40% 

dietary nucleotide supplemented rainbow trout. The best FCR was obtained on NP40 

supplemented groups thereby significantly lowering final cost of production compared to 

the control diet. Calculated ECR in trout fed with NP40 supplemented feed (US$3.09/kg) 

would represent a saving of US$0.69/kg (18.3%) compared to the control diet (US$3.78/ 

kg). Between 40-50% of the variable cost of rainbow trout production is attributed to feed 
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(Vandenberg and Moccia, 1998). Therefore 18.3% reduction in the feed price per kg would 

represent a 7.3-9.2% saving in production costs per year. 

The replacement of fish meal by nucleotide protein sources increased digestive activity 

in trout. Our data indicated that the replacement of fish meal with up to 40% nucleotide 

based protein may be economically viable using the protein sources tested in this study. 

Future studies should further investigate the distribution of enzymes on various parts of 

intestinal tract to further understand nutrient digestion in this species. The use of 

nucleotides in aquaculture diets and the effects of nucleotide supplementation on digestive 

enzyme activity in rainbow trout is an area for further investigation.  
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