Investigation into the Differences in Nitrogen Metabolism between Rainbow Trout and Atlantic Salmon of Different age classes
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Introduction

Studies have highlighted significant differences between rainbow trout (Oncorhynchus mykiss) and Atlantic salmon (Salmo salar) in terms of digestible nitrogen retention efficiency (NRE, N gain / digestible N intake).  Azevedo et al. (1998) found that Atlantic salmon retained a greater proportion of digestible protein than rainbow trout of similar size growing at similar rates and fed similar diets.  Refstie et al. (2000) reported that despite poorer nitrogen digestibility, Atlantic salmon showed greater nitrogen retention and feed efficiency than rainbow trout of similar size fed same diet.  Fish size also appears to affect the efficiency of amino acid utilization.  A very significant decrease in efficiency of N retention was observed as rainbow trout grew while Atlantic salmon showed no differences (Azevedo et al. Unpub.).

Most of the nitrogenous waste excreted by fish originates from the catabolism of amino acids.  Improvement of the efficiency of utilization of dietary amino acids may reduced the impact of waste products on the environment and reduce production costs.  Regulation of amino acids utilization is a poorly understood issue in fish nutrition.  There is a need to investigate the regulation of the main metabolic pathways of amino acid utilization.  The present project aim is to study the metabolic differences between Atlantic salmon and rainbow trout in order to gain a better understanding of the metabolic mechanisms involved in differences in the efficiency utilization of dietary amino acids between fish species.  This information could then be translated into the development of methodologies for genetic selection or metabolic and nutritional modulation.

Materials and Methods

A 16-week growth trial was conducted using rainbow trout (40 and 382g initial weight) and Atlantic salmon (2.5 and 270g initial weight) reared at 15°C.  Age class (0+ & 1+) and specie (AS & RT) were the factors compared.  Additionally, two planes of nutrition were compared with the younger fish (near satiety (S) and 50% feed restriction (R)).  An extruded open formulae feed (MNR-02HS) was used as the sole diet.  Carcass samples were taken at 8-week intervals for carcass composition analyses.  Liver samples were also taken at 8-week intervals, snap-frozen in liquid nitrogen, and stored at -80°C until analyzed.  Glutamate dehydrogenase (GDH) and aspartate aminotransferase (AST) were determined according to standard methodology.  All data were analyzed using a factorial ANOVA.

Results

Growth performance is reported in Table 1.  Growth rate (expressed as thermal-unit growth coefficient, TGC) and feed efficiency (gain:feed) were significantly different between species, age classes, and planes of nutrition.  Nitrogen (N) retention efficiency (N gain/N intake) was affected by species and age class, and energy retention efficiency (energy gain/ energy intake) was affected by species and plane of nutrition.  GDH activity was only affected by plane of nutrition in Atlantic salmon.  AST was significantly higher in Atlantic salmon compared to rainbow trout at the two age classes.  A significant positive correlation was found between AST and N retention efficiency (p<0.05).

Table 1 – Growth performance of rainbow trout and Atlantic salmon fed an extruded open formulae feed for 112 days at 15°C.

	
	IBW
g/fish
	Gain
g/fish
	FE1

	TGC2
	NRE3
	ERE4

	A. salmon 0+
	R
	2.4
	11.7
	1.49
	0.065
	55.9
	47.6

	
	S
	2.6
	25.6
	1.49
	0.100
	57.0
	51.0

	R. trout 0+
	R
	40.7
	143.7
	1.42
	0.135
	54.1
	48.2

	
	S
	40.4
	249.0
	1.28
	0.190
	53.5
	54.9

	Specie
	
	***
	***
	***
	*
	*

	Plane
	
	***
	**
	***
	NS
	**

	Spe*Plane
	
	***
	**
	***
	NS
	NS

	A. salmon 1+
	S
	270.0
	520.9
	1.24
	0.159
	50.6
	51.8

	R. trout     1+
	S
	382.5
	512.4
	0.93
	0.135
	35.5
	46.3

	Specie
	
	**
	**
	**
	**
	NS

	Age
	
	***
	**
	NS
	**
	NS

	Spe*Age
	
	**
	NS
	***
	*
	NS


1. Gain/feed; 2. Thermal-unit growth coefficient = 100×[(FBW1/3-IBW1/3)×(sum T×D)-1]; 3. Nitrogen retention efficiency (%, N intake/total N Intake); 4. Energy retention rfficiency (%, gross energy gain/ gross energy intake)

Figure 1 – Enzyme activities for GDH and AST. (Columns with different letters are significantly different) (Means ±SEM).
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Discussions

The results from the present study agree well with the results of Azevedo et al. (1998) who observed significantly higher N retention efficiency in Atlantic salmon compared to rainbow trout.  The significant difference in nitrogen utilization observed between age classes in rainbow trout is also consistent with results from previous studies (Azevedo et al. Unpub.).  The increase in GDH activity with feed restriction is similar to what was observed by Walton and Cowey (1982) who interpreted this as a strategy for compensation in energy metabolism.  AST was higher in Atlantic salmon compared to rainbow trout.  AST was positively correlated with NRE.  Determination of the activity of other amino acid catabolizing enzymes, assessment of gene expression, and nutrient flux studies are needed to better understand differences between species and age classes in terms of amino acid utilization.
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