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Abstract 

Recirculation aquaculture system (RAS) is widely used in salmon 

farming because of the high biomass outcome. Besides, it also 

minimizes the ecological impact through nutrient recycling and by 

reducing the discharge of waste water into the environment. Atlantic 

salmon is the dominating species in Norwegian aquaculture, and the 

sustainability of the salmon farming industry has been questioned. 

There are some indicators and methods used for measuring 

sustainability and eco-efficiency of aquaculture productions. For 

example, the simple fish-in-fish-out-ratio, different kinds of nutrient 

retention rates, energy retention rate, marine nutrient dependency ratio 

and forage fish dependency ratio. The energy retention rate has 

developed as a method to measure the energy efficiency of salmon 

production. 

 

Therefore, this study is mainly focused on elements (carbon, nitrogen, 

phosphorous), nutrients (protein, fat, caebohydrate) and energy budget 

in the overflow of the salmon production system. The retention rates 

are calculated by using the typical salmon feed composition and typical 

salmon composition. In the end, a salmon mass balance model was 

made to better understand the efficiency of the salmon farming industry.  

 

Based on the typical salmon feed composition and typical salmon 

composition, the result showed that the retention rate of C, N and P 

were 45%, 36% and 16%, respectively. For protein, fat and 

caebohydrate it was 40%, 93% and 8%, respectively. And for energy, 

it was 60%. In addition, the dry matter retention rate was 38%.  
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Abbreviations 

C: carbon 

Carb: caebohydrate 

DW: dry weight 

EWOS, BioMar and Skretting: the three largest Norwegian feed 

companies  

FCR: feed conversion rate 

N: nitrogen 

P: phosphrous 

Prot: protein 

RAS: recirculation aquaculture system 

TAN: total ammonia nitrogen 

TC: total carbon 

TN: total nitrogen 

TP: total phosphrous 

WW: wet weight 
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1. Introduction 

1.1 Aquaculture production status 

Aquaculture is a fast-growing food Industry. The average annual 

growth rate of world aquaculture production from 2001 to 2015 was 5.9% 

(Zhou, 2017). It is reported that the world population is expected to pass 

10 billion by 2062. With the growing population, there is need of an 

increase in fish production (Clarke and Bostock, 2017, Martins et al., 

2010). Presently, more than 50% of edible fish are produced by 

aquaculture (Ytrestøyl et al., 2015).  

 

 
Figure 1：World aquaculture production of farmed aquatic animals and plants (1990-

2015) (Zhou, 2017). 

 

Atlantic salmon is the dominating species in Norwegian aquaculture 

and 1.2 million tons of salmon were produced in 2017, accounting for 

94.5% of the total Norwegian aquaculture production (Statistisk 

sentralbyrå). However, the sustainability of the salmon farming 

industry has been questioned, partly due to discharge from fish farms, 

disrupting the local ecosystem (Ytrestøyl et al., 2011). 

 

https://www.ssb.no/en/jord-skog-jakt-og-fiskeri/statistikker/fiskeoppdrett/aar
https://www.ssb.no/en/jord-skog-jakt-og-fiskeri/statistikker/fiskeoppdrett/aar
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All food production industry has environmental impact, and the salmon 

production industry is no exception. Among other things, they depend 

on non-renewable energy, such as fossil fuel (Tyedmers, 2000), as well 

as non-renewable sources of phosphorous (Scholz et al., 2013). 

Moreover, for salmon production, the salmon feed is more or less made 

from other fish resource, such as pelagic fish and fish oil. Besides, it 

leads to water pollution by nutrients and phosphates (Torstensen et al., 

2008).  

 

There are several indicators and methods used to measuring the 

sustainability and eco-efficiency of the aquaculture production, such as 

the simple fish-in-fish-out-ratio, different kinds of nutrients retention 

rate, marine nutrient dependency ratio and forage fish dependency ratio. 

All of these methods have their own advantages and disadvantages. No 

simple methods have been developed to measure the sustainability of 

the salmon farming (Ytrestøyl et al., 2011). Therefore, developing a 

model to evaluate if the salmon production is sustainable is needed 

(Ytrestøyl et al., 2014). 

 

This study will calculate the elements (C, N and P), nutrients (protein, 

fat and caebohydrates), energy retention rate and oxygen requirement 

for salmon to make a salmon mass-balance model. The first goal is to 

use the representative nutrients concentration in feed and salmon to 

make a resource budget for salmon farming. The difference between 

what is contained in feed and what is retained in fish is what is released 

into the water. These released nutrients will pollute the water, and 

possibly upset the surrounding ecosystem. Thus, water treatment is 

needed for RAS systems. Particles are mainly removed by filtration 

methods. For TAN removal, biofilter is always used. Aeration is need 



 6 

for keeping gas (CO2 and O2) balance. Moreover, pH value and other 

water properties are considered in the RAS system.  

 

The conclusion in this study can be useful when trying to make a 

strategic decision about future salmon production. For example, using 

less non-renewable phosphorus and less wild marine resources in feed.  

 

       1.2 Aquaculture production system 

There are different types of aquaculture production systems in aquatic 

organism production, from the extensive, semi-intensive and highly 

intensive pattern. For example, the water-based systems (cages and 

pens, inshore/offshore), the land-based systems (rained ponds, flow-

through systems, raceways), the recirculation aquaculture systems and 

the integrated farming systems (agriculture and fish dual use 

aquaculture) (Funge-Smith and Phillips, 2001). 

 

        ⑴ Recirculation aquaculture system (RAS) 

RAS systems, were first introduced in the late 1980’s and have been 

used more and more worldwide during the last 20 years in intensive 

aquaculture farming since it has multiple advantages (Martins et al., 

2010). It cultures fish in high density in order to get high biomass 

outcome. In addition, it minimizes the ecological impact because it 

reuses more than 95% of total water after the water is continuously 

treated (Blidariu et al., 2011, Martins et al., 2010). The table below 

shows the water recirculation rate of different systems: 
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     Table 1：Different degree of recirculation at different intensities (Bregnballe, 2010). 

 
          

RAS systems include much equipment to treat water continuously, such 

as aerator, different kinds of filters, various disinfection equipment, 

automatic PH regulators, heating and cooling equipment, denitrification, 

automatic feed machines etc, depending on the specific requirements 

(Bregnballe, 2010).  

 

 

Figure 2：Principle drawing of a recirculation system (Bregnballe, 2010). 

 

RAS systems enable farmers to fully control most of the parameters in 

the production, such as temperature, oxygen levels, daylight time, PH, 

salinity, and water flow, which will give stable and optimal conditions 
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for fish (Bregnballe, 2010, Liu et al., 2016). So a skilled farmer can take 

good care of the fishes by operating the production system (Bregnballe, 

2010). Note that parasites and obligate pathogens are not controlled by 

this system, and continue to pose a problem in fish farming (Bregnballe, 

2010, Liu et al., 2016). 

 

RAS systems have been used for more than 10 different species 

(Martins et al., 2010).  

 

⑵ Ponds production system 

Convectional ponds system is an extensive culture system, which is an 

inefficient way to culture aquatic organisms. The reason is the low 

capacity, high land requirement and low biomass outcome. In addition, 

the water limit will be a big problem in most places (Funge-Smith and 

Phillips, 2001). Nowadays, the pond culture system includes the 

extensive, semi-intensive and intensive culture system and it is used 

around the world for culturing many species, such as the carp, tilapia, 

catfish, eel, trout, goldfish, salmonids, milkfish and sea bass (Baluyut, 

1989). Pond aquaculture production trends are making the pond 

production more intensive and integrating with other agriculture 

systems (Funge-Smith and Phillips, 2001).  

 

Tidwell (2012) stated that the majority of fish and crustaceans cultured 

for food are produced in the ponds. China is the largest aquaculture 

products producer in the world, in which 70.4% of the freshwater 

aquaculture were raised in ponds. 
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        ⑶ Cage production system 

The cage production system cultures the fish in a fixed or floating 

enclosed net supported by a framework made of wood or metal. It can 

be built in sheltered, shallow lakes, bays and rivers. The yield of cage 

culture is generally high. There are about 10 fish species that are 

commercially cultured in the cages, such as tilapias, carps, milkfish, 

snakeheads, catfish, salmonids, sea bass, mullet, and snapper. 

Comparing with the pond production systems, it is invented more 

recently (Baluyut, 1989). 

 

The cage production system has spread fast throughout the world. The 

reason is that the cage production system is a flexible, easy-to-move 

production system. Besides, it can be built in many types of open water, 

it has the high biomass outcome and has fewer harvest difficulties 

(Baluyut, 1989). 

 

        ⑷ Flow-through systems 

The flow-through system is an artificial channel for culturing the 

aquatic organism and it is widely used worldwide (True et al., 2004). It 

is a type of intensive culture system when the fish are stocked in high 

density in long and narrow ponds or tanks. In this system, the quantity 

of continuous water flowing through, controls the biomass outcome, not 

the size of the water area (Varadi, 1984). 

 

The flow-through system is a typical production system for rainbow 

trout culture (Varadi, 1984). Many other species are also cultured in this 

system, such as tilapia, shrimp, trout  and salmonid (Otoshi et al., 2003, 

d’Orbcastel et al., 2009, Ayer and Tyedmers, 2009). 
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2. RAS status in the world 

The RAS system is seen as a very eco-friendly production system. 

which has been used widely around world in the recent 20 years 

(Martins et al., 2010). The reason is that it minimizes the ecological 

impact and gains high biomass. In addition, it requires less space and 

land (Ytrestøyl et al., 2015).   

 

In Europe, there were more than 18 European countries with applied 

RAS technology before 2010 (Martins et al., 2010). Table 2 shows the 

grow-out production (MT/year) in RAS from 1986 to 2009 in some 

European countries. 

 

Table 2：The grow-out production (MT/year) in RAS from 1986 to 2009 in European 

countries (Martins et al., 2010).  

 1986 1990 2003 2004 2005 2006 2007 2008 2009 
Belgium     10     
Bulgaria     5    20 
Czech 
Republic 

        235 

Denmark     2000    12000 
Estonia        40  
Finland     130     
France     70    506 
Germany   509 688 657  1257   
Hungary     650    24.5 
Ireland         50 
Lithuania       15   
Netherlands 300 950   9500  9635  9680 
Poland     180     
Norway         20 
Portugal       100 110 112 
Spain     580     
Sweden     490     
United 

Kingdom 

        100 

           

 



 11 

Norway has developed the RAS systems faster than other counties and 

has developed the RAS system as the standard method for smolt and 

post-smolt production. In 2014, they produced 42% of aquaculture 

products in Europe by mass. There were 34 RAS hatcheries and 5 under 

construction before December 2015. Typical unit capacity of current 

projects is 12–20 million smolts per year (Clarke and Bostock, 2017). 

 

China is the largest aquaculture products producer in the world which 

produced 62% of the of the world’s aquatic animals in quantity respect 

both in 2014 and 2015 (Ryder, 2018, Subasinghe and Report, 2017). 

There are currently more than 50 RAS manufacturing enterprises in 

China. However, many companies in China are still at adaption stage of 

this technology since the late beginning of RAS system in China (large-

scale application of the RAS began in 2006) (Ying et al., 2015).  

 

Egypt’s aquaculture production is by far the largest of any African 

country (about 64% share of total production in 2011). However, the 

RAS system contribution in Egypt is lower than 5%, mostly still on 

experimental period (Rothuis et al., 2013). 

 

The US is a big market of farmed Atlantic salmon. It is expected that 

they produced more than 350,000MT in 2014. The US started applying 

RAS for commercial production around 1974 and have shown steady 

growth since late 1980s (Liu et al., 2016).  
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3. The pathway of nutrient and element  

Tracing the nutrient flows can give a better understanding about how 

nutrients allocated in the production process. Furthermore, it can 

provide information about the environmental impact of the aquaculture 

production and efficiency of the resource utilization (Ytrestøyl et al., 

2015). 

 

In salmon production systems, the nutrients flowing begin with the fish 

feed, which usually contains protein, fat, caebohydrate, phosphorus, 

minerals and moisture. The ingested compounds are digested, absorbed, 

metabolized and retained in fish. Besides retention, a small part of them 

are excreted into the water as feces, urine or through the gills (Liu et al., 

2016, Bureau and Hua, 2010). The figure below shows a simple 

nutrient or elemental partitioning scheme (budget) for fish.  

 
Figure 3：Simple nutrient pathway of fish (Bureau and Hua, 2010). 
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4. Resource budget for salmon 

The resource budget shows the flow of the major elements (C, N and P) 

and nutrients (protein, fat and carbihydrte) from feed to the salmon in 

salmon production system (RAS system) (Ytrestøyl et al., 2014).  

 

4.1 Typical salmon feed composition 

4.1.1 Typical dry matter concentration in salmon feed 

The average salmon feed dry weight is 946g/kg feed (Table 3). This 

value is based on the different number of dry weight in literature. 

Ytrestøyl et al. (2014) concluded the average dry matter content of feed 

ingredients was 938g/kg feed in 2012. It is similar to the average value 

calculated here. 

 

Table 3: Typical dry matter content of salmon feed. 

DW (g/kg feed) Reference 

932.0 Espe et al. (2012) 

938.0 Ytrestøyl et al. (2015) 

936.0 Pratoomyot et al. (2010) 

980.0 Wang et al. (2013) 

954.7 Emery et al. (2014) 

955.0 Sajjadi and Carter (2004) 

953.3 Bendiksen et al. (2003) 

931.0 Sørensen et al. (2016) 

960.0 Wang et al. (2012) 

936.0 Silva et al. (2019) 

940.0 Belghit et al. (2018) 

Average :             946.0 

 

Standard deviation: 14.56 
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       4.1.2 Typical C, N and P concentration in feed  

Based on the values in the literature, the average content of TC, TP, TN 

in salmon feed (DW) is typically around 49.31%, 7.61% and 1.26%, 

respectively (Table 4). However, the values vary depending on the 

literature, typically lying in the following range TC (44.32-56.50%), TP 

(0.64-1.62%) and TN (4.66-9.2%). The variation comes from the use of 

different feed,  in the different life stages of the fish. Fry feed is 

relatively lower carbon content and higher nitrogen and phosphrous 

contents.  

 
      Table 4: Typical C, N, P content in salmon feed. 

C (% DW) N (% DW) P (% DW) Reference 

50.9-54.3 5.39-6.2 0.64-1 Wang et al. (2013) 

56.50 8.0 1.33 Wang et al. (2012) 

44.32 ± 0.294 9.2 ± 0.211 1.62± 0.056 Chatvijitkul et al. (2018) 

47.43 

 

7.25 

 

1.36 Chatvijitkul et al. (2018) 

46.46 ± 1.445% 7.67± 0.432% 

 

1.43± 0.153% 

 
Chatvijitkul et al. (2018) 

 7.08 

 

1.26 

 
Hillestad et al. (1998) 

 6.24 

 

 Hillestad et al. (1998) 

 4.656-5.648  Karalazos et al. (2011) 

 5.5-5.6 

 

 Pratoomyot et al. (2010) 

 15.8-17.1 

 

 Espe et al. (2012) 

 5.6-5.728 

 

 Codabaccus et al. (2012) 

Espe et al. (2012) 
 9.02 

 

 Sørensen et al. (2017) 

 6.76 

 

1.41 

 
Davidson et al. (2016) 

 6.77 

 

1.30 

 
Davidson et al. (2016) 

Average : 49.31 7.61 

 

1.26 

 

 

Stand 

deviation:  6.0 

 

0. 9 

 

0. 1 
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Table 5 shows the C, N and P content of the other fish species.The 

average C, N and P content is 42.21%, 6.12% and 1.25%, respectivey.  

 

      Table 5: Typical C, N, P content in other fish feed. 

Species C (% DW) N (% DW) P (% DW) Reference 

 

Channel 

catfish 

 

 

40.07 ± 1.32 

 

5.78 ± 1.04 

 

 

1.21 ± 0.34 

 

Chatvijitkul et al. 

(2017) 

Tilapia 39.16 ± 1.73 4.60 ± 1.34 1.16 ± 0.30 Chatvijitkul et al. 

(2017) 

 

Atlantic 

salmon 

 

 

46.67 ± 3.30 

 

 

7.66 ± 0.80 

 

1.44 ± 0.45 

 
Chatvijitkul et al. 

(2017) 

Rainbow 

trout 

 

43.25 ± 2.61 

 

 

6.88 ± 0.48 

 

1.34 ± 0.11 

 
Chatvijitkul et al. 

(2017) 

Whiteleg 

shrimp 

 

39.27 ± 1.34  

5.33 ± 1.10 

 

1.12 ± 0.31 

 

 

Chatvijitkul et al. 

(2017) 

Trout  7.0  

 

1.2  

 

Koçer et al. 

(2013) 

Grass 

carp 

 

40.51 ± 0.17 

 

4.48 ± 0.11 

 

1.08 ± 0.08 

 

Guo et al. (2018) 

Common 

carp 

45.40 ± 0.32 

 

5.12 ± 0.22 

 

1.25 ± 0.12 

 

Guo et al. (2018) 

Tilapia 43.38 ± 0.334 

 

8.79 ± 0.191 

 

1.67± 

0.139 

 

Chatvijitkul et al. 

(2018) 

Meagre  6.90-6.94 

 

 Chatzifotis et al. 

(2010) 

Nile 

tilapia 

 

 4.80  

 

1.00  

 

White et al. 

(2013) 

 

Average 

 

42.21 

 

6.12 

 

1.25 

 

Standard 

deviation 

2.69         1.34 0.18  
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Different feed composition has been showed in figure 4. Comparing 

with other fish species feed, salmon feed has higher values of TC and 

TN (Figure 5). 

 

 
Figure 4：Average salmon feed composition (left) and average composition of other fish 

feed (right). 

 

Salmon have the higher average C and N concentration than other fish 

species. The average P content is similar in these species (Figure 5) 

 

 
             Figure 5：Average content of C, N, P in the feed. 

 

 

 

 

 

49.31%

7.61%
1.26%

41.82%

Salmon feed composition

C (% DW) N (% DW) P (% DW) Other elements(%DW)
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6.12%
1.25%

50.42%

Other fish feed composition

C N P Other elements



 17 

4.1.3 Typical protein, fat and carbohydrate concentration in 

salmon feed 

Protein, fat and caebohydrate are the three essential nutrients that 

provide the fish with caloric energy. These energy are used to activity 

and bilogical process. The average content of fat, protein and 

carbohydrate are 21.5%, 43.8% and 11.1% of feed (WW), respectively 

(Table 6).  However, it chages with the salmon life stages. For fat, it 

ranges from 17%-30%, the older salmon require more fat content feed. 

For protein it lies on the range 35 - 55% of the total feed (WW). For 

carbohydrate, the content is beteen 10 -12% (Table 6). 

 

           Table 6: Typical protein, fat and carbohydrates composition in salmon feed. 

 Fat Protein Carbonhydrate Reference 
 18 47 11 Belghit et al. (2018) 

 19 46 10 

 17 46 10 

 22 44 12 

 20 44 12 

 20.7 50.2 * Bendiksen et al. (2003) 

 21.4 50.4 * 

 23.51 35.32 * Codabaccus et al. (2012) 

 23.36 35.51 * 

 23.82 35 * 

 23.74 35.87 * 

 27 42.2 * Davidson et al. (2016) 

 26 42.3 * 

 17 55 10  

 

FAO 1, 2 
 20 50 10 

 24 48.1 12 

 30 44 12 

 24 45 12 

Average 21.5 43.8 11.1  

Stand 

deviation 2.9 5.4 0.9 

 



 18 

Figure 6 shows the typical salmon body composition (Protein, fat and 

carbohydrate). Protein account for 43.8% of total feed weight, which 

is the major nutrient in the salmon feed.  

 

 

 Figure 6：Salmon feed composition (protein, fat and carbohydrates). 

 

4.1.4 Typical energy content of salmon feed  

The average content of protein, fat and carbohydrates in salmon feed 

are 43.8%, 23.4% and 11.1% of the wet weight (Table 6). It is meaning 

that the average content of them are 438g, 234g and 111g in 1kg fish 

feed. Then the energy of 1kg salmon feed can be calculated (Table 7). 

  

          Table 7: Typical energy content in salmon feed. 

 

Concertation in 

feed (g/kg feed) 

Energy 

content 

(KJ/g) 

Energy  

(MJ/kg feed) 

 

Reference 

Protein 438 23.7 9.8 Einen and 

Roem (1997) 

Concentration 

is from table 6 

Fat 234 39.5 8.7 

Carbohydrate 111 17.2 1.8 

Total 
783 * 

20.4 

21.5 %

43.8 %
11.1 %

23.6 %

Typical protein, fat and carbohydrate 
composition in salmon feed

 Fat  Protein Carbonhydrates Other nutrients
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       4.2 Typical farmed salmon composition 

4.2.1 Typical salmon dry matter concentration  

The salmon whole body composition is required to calculate the 

nutrients (protein, fat and carbohydrate) retenion rate or elements (C, N 

and P) retention rate. Many factors will influence the fish body 

composition, such as the different feed composition, fish size and 

different life stages of the fish (Reid et al., 2013).  
 

The average salmon dry weight is around 363g/kg salmon from 

different literature (Table 8). It is quite close to the concluded dry matter 

value of 340g/kg salmon (Wang et al., 2012).  

     Table 8: Typical dry weight of salmon. 

 DW (of 1kg salmon) Reference 

 360 Chatvijitkul et al. (2017) 

 412 Ytrestøyl et al. (2015) 

 360 Wang et al. (2013) 

 335 Wang et al. (2012) 

 316 Lerfall et al. (2016) 

 311 Lerfall et al. (2016) 

 350 Hemre and Sandnes (1999) 

 417 Ytrestøyl et al. (2011) 

 412 Ytrestøyl et al. (2014) 

Average 363  

Standard deviation 41  
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4.2.2 Typical C, N and P concentration in salmon and other 

fishes  

The average content of TC, TP, TN in salmon (DW) is around 58.3%, 

7.2% and 0.53%, respectively. The composition varies with the 

different kinds of feed and different life stages of the fish. The literature 

puts it in the following range TC (54-63.5%), TP (6.2-8.8%), TN (0.49-

1.11%) (Table 9).  

 

Table 9: Typical C, N, P content in salmon.  

 C (% DW) N (% DW) P (% DW) reference 

 57.4-63.5 6.2-8.8 0.49-0.89 Wang et al. (2013) 

 60,6 

 

8.22 

 

1,11 Chatvijitkul et al. 

(2017) 

 54   Strain and Hargrave 

(2005)  

  6.48  Ytrestøyl et al. (2011) 

  6.80  Ytrestøyl et al. (2014) 

   0.40 Shearer et al. (1994) 

   0.48 Shearer et al. (1994) 

   0.52 Shearer et al. (1994) 

   0.47 Lyle and Elliott (1998) 

   0.47 Lyle and Elliott (1998) 

   0.45 Lyle and Elliott (1998) 

   0.39 Talbot et al. (1986) 

   0.58 Talbot et al. (1986) 

   0.45 Talbot et al. (1986) 

   0.37 Ebel et al. (2015) 

   0.54 Ebel et al. (2015) 

   0.63 Ebel et al. (2015) 

Average 58.3 7.17 0.53  

Standard 

deviation 

3.77 0.75 0.18  
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Table 10 shows the  C, N and P content in other fish species. The 

concentration of elemtns various among different species. Catfish has 

very high C content, which is around 61%. The P content of tilapia is 

very high, reaching 3.02% of dry weight. Nitrogen content is relatively 

salmilar among them. 

 

         Table 10: Typical C, N, P content in other fish. 

Species C (% DW) N (% DW) P (% DW) reference 

Grass carp  47.52 ± 2.57  9.40 ± 0.73 

 
2.01 ± 0.08 Guo et al. (2018) 

Common 

carp 

47.11 ± 1.78 9.39 ± 0.63 1.87 ± 0.16  
 

Guo et al. (2018) 

Tilapia 50.03 ± 1.47  

 
8.11 ± 0.47 

 
3.17 ± 0.19  

 
Guo et al. (2018) 

Channel 

catfish 

 

61 9.67 

 

2.51 

  
Chatvijitkul et al. 

(2017) 

Tilapia 

 

44.3 

 

8.49 

 

3.02 

 
Chatvijitkul et al. 

(2017) 

Rainbow 

trout 

 

46.81  7.87 1.06 Chatvijitkul et al. 

(2017) 

Whiteleg 

shrim 

 

39.24 

 

9.90  1,10 

 
Chatvijitkul et al. 

(2017) 

Average 49.37 7.84 1.73  

Standard 

deviation 

6.8 0.77 0.93  
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Figuew 7 shows the average body composition of salmon and other fish 

species. Altantic salmon has the highest C proportion of the dry weight 

comparing with all other fish species. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7：Average salmon  body composition (left) and other fish species’ body composition 

(right). 

 
Comparing with the other fish species, salmon has higher values of 

TC, lower values of TP and similar values of TN (Figure 8). 

 

 
               Figure 8：Average content of carbon, nitrogen, phosphorus in fish. 
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4.2.3 Typical protein, fat and carbohydrate concentration in 

salmon 

In salmon, the average protein, fat and carbohydrate content is 17.5%, 

19.9% and 0.88%, respectively (Table 11). Ytrestøyl et al. (2014) 

concluded the content of protein are 17.5%  and 18% in 2010 and 2012, 

the fat content are 22% and 21% in these two years, which is quite 

similar to the values found in the literature.   

 

Table 11: Typical protein, fat and carbohydrates composition in salmon.  

 Protein  

(% WW) 

Fat (% WW) Carbonhydrate 

(% WW) 

Reference 

 18 16.7  Einen and Roem 

(1997) 

 18.2 17.3  Einen and Roem 

(1997) 

   0·1–2·4 Berg and Bremset 

(1998) 

   <0.5 Wik et al. (2009) 

 16.9 22.4  Ytrestøyl et al. 

(2011) 

 17.5 21.3  Ytrestøyl et al. 

(2014)  

 17 22  Ytrestøyl et al. 

(2014)  

Average 17.5 19.9 <0.875  

Stand 

deviation 

0.5 2.4 0.38  

 

4.2.4 Typical energy content of salmon  

The average protein, fat and carbohydrates content in salmon (WW) are 

17.5 %, 19.9% and 0.875%, respectively (Table 11). It means the 

Protein, fat and carbohydrate content in 1 kg salmon are 175g, 199g and 

8.75g, respectively. The result of the salmon energy content is 12.2 

MJ/Kg. 
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Table 12: Typical energy content in salmon. 

 

Concertation in 

feed (g/kg 

salmon) 

Energy 

content 

(KJ/g) 

Energy  

(MJ/kg feed) 

 

Reference 

Protein 175 23.7 4.1 Concentration is 

from Table 11 

Einen and Roem 

(1997) 

Fat 199 39.5 7.9 Concentration is 

from Table 11 

Einen and Roem 

(1997) 

Carbohydrate 8.75 17.2 0.2 Concentration is 

from Table 11 

Einen and Roem 

(1997) 

Total 382.75 * 12.2 Concentration is 

from Table 11 

Einen and Roem 

(1997) 

 
4.3 Retention of element, nutrients and energy in farmed 

salmon—based on the calculation 

Nutrients retention rate is always used to estimate the efficiency of the 

food production system. The rate means the proportion of the nutrients 

and energy that is retained in the animal product (Ytrestøyl et al., 2015).  

The amount (%) of elements, nutrients and energy retained in salmon 

from feed can be calculated by equation below (Ytrestøyl et al., 2014).  

  

Equation 1: Elements/Nutrients/ energy retention (%) 

Elements/Nutrients/ energy retention (%) = (Amount of elements or 

nutrients or energy retained in salmon) / (Amount of elements or 

nutrients or energy in feed) *100 
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The calculation is based on the typical salmon feed composition and 

typical salmon composition. The retention rate for salmon farming 

production is shown in table 13. Assuming the FCR is 1. 

 

Table 13: Retention (%) of elements, nutrients and energy in salmon production. 
 g/kg feed 

intake (WW) 

g/kg salmon 

(WW) 

Retention in 

salmon (%) 

Reference 

Dry matter 946 364.0 38 Concentrations 

are from Table 

3 and 8 

Carbon 466.5 212,2 45 Concentrations 

are from Table 

4 and 9 

Nitrogen 72.0 26.1 36 Concentrations 

are from Table 

4 and 9 

Phosphorus 11.9 1.9 16 Concentrations 

are from Table 

4 and 9 

Protein 438.2 175 40 Concentrations 

are from Table 

6 and 11 

Fat 226.6 199.0 93 Concentrations 

are from Table 

6 and 11 

Carbohydrate 111 8.8 8 Concentrations 

are from Table 

6 and 11 

Energy  20.3 12.2 60 Concentrations 

are from Table 

7 and 12 

 

4.4 The retention of nutrients in the literature 

Previous research and reports have given some values for different 

nutrients and element retention rate. The table 14 below shows the 

retention rate in different literature. The main source is the Nofima 

reports about the Norwegian farmed salmon production in 2009, 2010, 

2012 and 2013. 
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In the literature, the C, N and P retention rate in salmon farming 

production are ranged 38-50%, 36.5-47.1% and 20.42-38.59%, 

respectively. For nutrients, fat retention is highest, from 50.86-64.11%. 

Protein retention rate is lower, between 23.85-38%. Sun et al. (2016) 

concluded that the retention rate is influenced by the feed rate and 

feeding frequency.  

 

However, there is no available values about carbohydrate retention 

rate in these literatures. The reason is partly because of the lack of the 

data from analyses (Ytrestøyl et al., 2011).  
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          Table 14: The retention of nutrients for salmon –based on literature values. 

 Retained in fish 

(%) 

Reference 

 

C 

38 Wang et al. (2013)   

30 Wang et al. (2012)   

50 Yogev et al. (2017) 

 

N 

36.50 ± 1.94 to 47.08 

± 5.23 

Sun et al. (2016) 

43 Wang et al. (2013) 

38 Wang et al. (2012) 

 

 

 

 

P 

20.42 ± 8.05 to 38.59 

± 2.80 

Sun et al. (2016) 

24 Wang et al. (2013)   

30 Wang et al. (2012) 

27 Ytrestøyl et al. (2011) 

30 Ytrestøyl et al. (2014)    

27 Ytrestøyl et al. (2014)    

29 Ytrestøyl et al. (2015) 

37 Mente et al. (2006) 

 

 

Protein 

23.85  ± 0.34 to 32.03 

± 0.78 

Sun et al. (2016) 

38 Ytrestøyl et al. (2015) 

33 Ytrestøyl et al. (2014)  

34 Ytrestøyl et al. (2014)  

 

 

Fat 

50.86 ±  1.13 to 64.11 

±  2.55 

Sun et al. (2016) 

52 Ytrestøyl et al. (2011) 

51 Ytrestøyl et al. (2014)  

51 Ytrestøyl et al. (2015) 

 

 

Energy 

40 Ytrestøyl et al. (2015) 

45 Ytrestøyl et al. (2014)  

37 Ytrestøyl et al. (2014)  

72.40 ± 0.45 to 82.69 

± 0.62 

Sun et al. (2016) 

Dry matter 43.93 Ytrestøyl et al. (2015) 

44.65 Ytrestøyl et al. (2011) 
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4.5 Oxygen requirement for feed oxidation 

One can find what is respired or excreted from the fish by taking the 

difference between what fish digest and what is retained in the fish body 

(Reid et al., 2013). Once the respiratory quotients and the concentration 

of fat, protein and carbohydrates is known, the oxygen requirement can 

be calculated.  

Oxygen requirement can also be calculated by respiratory quotient (RQ) 

which is the sum of the oxygen needed per CO2 produced by 

metabolism of nutrients. The RQ for protein, fat and carbohydrate are 

0.95, 0.7 and 1, respectively (Reid et al., 2013). The average carbon 

content in protein, fat and carbohydrate are 51%, 75,7% and 40.7%, 

respectively (Table 15).  

 Table 15: Carbon content in protein, fat and carbohydrates. 

 C content (% nutrients) Reference 
Protein 53 Chatvijitkul et al. (2017) 

 

50 Craig et al. (2017) 

 

50 Strain and Hargrave (2005) 

Average C content in 

protein 

51 * 

Fat 77.2 Chatvijitkul et al. (2017) 

70 Strain and Hargrave (2005) 

80 Reid et al. (2013) 

Average C content in 

fat 

75.7 * 

Carbohydrates 

 

40 Chatvijitkul et al. (2017) 

40 Strain and Hargrave (2005) 

42 Reid et al. (2013) 

Average C content in 

carbohydrates 

40.7 * 
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The oxygen demand for salmon is 533.7g/kg feed based on the 

calculation (table 16).  

 

  Table 16: Oxygen demand for fish. 

 Protein Fat Carbohydrate Total Reference 
Content in feed 

(g/Kg feed) 

438 215 111 764 Content 

from table 6 

Retained in fish 

(g/Kg feed) 

175 199 8.8 * Table 13 

Contnt used for 

Respiration/excretion 

(g/Kg feed) 

263.1 16 102.1 369.5 Reid et al. 

(2013) 

C content in 

nutrients (%) 

51 75.7 40.7 * Table 15 

respirated C contrnt 

in nutrients (mol) 

11.2 1.0 3.5 15.7 C: 12g/mol 

RQ 0.95 0.7 1 * Reid et al. 

(2013) 
Oxygen reqirement 

(g/kg feed) 

376.6 46.1 111.0 533.7 Reid et al. 

(2013) 

 

5.    Discussion 

5.1 Retention rate of different substrates 

Previous research gives similar values for the retention rates of P, N, 

C and dry matter as the ones given in this thesis Table 14. 

However, the calculated fat retention rate of 93% is much higher than 

the literature values. The reason is partly because some fat is produced 

from non-fat precursors (Ytrestøyl et al., 2011). Fat is not only ingested 

from feed but can also be synthesized from carbohydrates (ter Horst and 

Serlie, 2017). However, the calculations in this thesis are based on the 

assumption that all the fat gain in salmon is from the salmon feed.  
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The previous studies put the energy retetion rate in a wide range: 37%, 

40%, 45% and 72.40 ±  0.45 to 82.69 ±  0.62% (Ying et al., 2015, 

Ytrestøyl et al., 2014, Ytrestøyl et al., 2011, Sun et al., 2016). Sun et al. 

(2016) stated that different feeding rate and feeding frequency will lead 

to different energy retention rate, with higher feeding frequencies 

giving a higher energy retention rate. Besides, the different energy 

content in feed and fish culture density might also influence the energy 

retention rate, causing some of these variations.  

 

The literature does not include the retention rate of carbohydrate in the 

overview of the nutrients flow. Part of the reason is the lack of data 

(Ytrestøyl et al., 2014). The value of the carbohydrate retention rate 

given in this thesis is most likely highly innacurate as well. This is due 

to the fact that carbohydrates are quicly metabolized, leaving very little 

in the fish body. The calculations are based on an equation that does not 

account for metabolism of carbohydrates. Hence, the real value is most 

likely higher than the calculated one. 

 

The calculated energy content of salmon feed (20.8 MJ/Kg ) is very 

similar to the energy content in many other literature so it is most likely 

right. The calcuted salmon energy content (12.2 MJ/Kg) in this study is 

similar to the value that Ytrestøyl et al. (2014) gave (12.6 MJ/Kg). 

Jonsson and Jonsson (2003) concluded that the energy content of the 

salmon will change with differen life stages because of the different 

body forms. In addition, he sataed sexs of salmon will also leads to the 

different energy content.  

 

 



 31 

The calculated oxygen demand is higher than the literature value of 

455.29±86.24 g/ kg growth (Reid et al., 2013). A possible reason for 

this is that different feed composition will lead to different oxygen 

requirement. The feed that the calculations are based on, might differ 

from the feed used by Reid et al. (2013), leading to a higher oxygen 

demand. 

 

5.2 Water treatment in RAS system 

The elements (C, N and P) and nutrients (protein, fat and carbohydrate) 

that are not retained in the fish, will be released into the water. This will 

influence the water quality in the tank. As such, water treatmet will be 

very important in order to keep the water conditions optimal.  

 

5.2.1 Particle removal 

The calculations show that the dry matter retention rate is 38%. This 

means that 62% is released into the water. Solids (practicles and 

suspended solids) including feces, fine feed, uneaten feed and sloughed 

biofilm, should be removed from the culture system as soon as possible, 

otherwise the water quality in the culture tank will deteriorate quickly 

(Badiola et al., 2012). A lot of methods are used to remove the solids in 

water, such as the gravitational method, by filtration and by screening 

process (Piedrahita et al., 1996).  

 

For example, drum filters are widely used in aquaculture, where the 

solids are filtered through a micro-screen (Dolan et al., 2013). A foam 

filter can also be used to remove the small particles (Cripps and 

Bergheim, 2000). It is based on the difference in the affnities of 

components in a gas interface of a foam.The design of a foam 



 32 

fractionator aims to maximize air surface area and dwell time. The 

bubble should be as small as possible as they have a relatively larger 

surface area and they raise slower through the water column. For certain 

organic compounds, such as protein, fat, carbohydrate and amino acids, 

foam filtration can remove them (Lockwood et al., 1997).  

 

5.2.2 TAN removal 

 The retention rate of N was calculated to be 36%, meaning that 64% of 

the nitrogen in the feed is released into the water. Biofiltration is 

commonly used to remove nitrogen in RAS systems. The majority of 

the biofilters are designed to facilitate the growth of the nitrifying 

bacteria, which oxidize ammonia to nitrite and nitrate. By doing this, 

the ammonia levels can be kept low, thus preventing the concentration 

form reaching a point that would be toxic for the fish (van Rijn and 

Rivera, 1990). 

 

5.2.3 Aeration, oxygenation and degassing 

The calculation showed that the oxygen demand was 533.7g/kg feed. If 

the oxygen levels get to low, this will reduce fish growth and increase 

fish mortality (Summerfelt et al., 2001). On the other hand, if the gas 

content in water is too high (super-saturation), the fish will be likely to 

suffer from gas bubble disease (Lekang, 2013). To avoid super-

saturation of water, and oxygen deficiency, an aerator should be used. 

In some cases, the water might contain a high concentration of carbon 

dioxide, which will reduce the pH. These cases require a specially 

designed aerator for removing the carbon dioxide (Moran, 2010).  
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5.5.4 pH adjustment 

The carbon dioxide from respiration will lower the water pH, which 

lead to sub-optimal conditions for survival and growth of fish. The pH 

can be raised by liming materials, such as CaCO3 (Allan and Burnell, 

2013). 

 

6.    Conclusion and future perspectives 

6.1 Typical composition of salmon feed and salmon 

Typical dry matter, TC, TN, TP, protein, fat, carbohydrate and energy 

content in salmon feed and salmon are in the table 17.  

 

The C is the highest content element in both feed and salmon, 

accounting for almost half of the feed. The P is the lowest content 

element among these three elements in both feed and salmon.  

 

As for nutrients, protein is the main part of the salmon feed, around 

43.8% of the total feed. Followed by fat and carbohydrate. In salmon, 

the fat content is similar to the protein content (Table 17) 

 

Table 17: The average values of the dry matter, TC, TN, TP, protein, fat, 

carbohydrate and energy in salmon feed and salmon. 

 DW 

(g/kg) 

TC 

(g/kg) 

TN 

(g/kg) 

TP 

(g/kg) 

Protein 

(g/kg) 

Fat 

(g/kg) 

Carbohydrate 

(g/kg) 

Energy 

(MJ/Kg) 

Feed 946.0 466.5 72.0 11.9 438.0 215 111.0 20.8 

Salmon 364.0 212.2 26.1 1.9 175.0 199 <8.75 12.2 

       

6.2 Retention rate of elements, nutrients and energy 

The retention rate of dry matter, elements (C, N, P), nutrients (protein, 

fat, carbohydrate) and energy are shown in figure 9. 
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Figure 9：The retention rate of substances in salmon farming. 

 

The fat retention rate is the highest, reaching 93%, while the 

carbohydrate retention rate is the lowest, around 8%. The dry matter,  

carbon, nitrogen and protein retention rate are all around 40%.  

In addition, the P retention rate is very low compared to the other two 

elements (C, N), which is only 16%.  

The calculated oxygen demand for fish is 533.7g to respirate for 1 kg 

feed based on the respiratory quotients and the concentration of fat, 

protein and carbohydrates. 

 

       6.3 Necessary water treatment in RAS system 

Based on the calculation of elements and nutrients retention rate, the 

water treatment is necessary in the RAS systems to improve the water 

quality, such as filter, biofilter, areation, pH adjustment and so on.  
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In the future, a better understanding of aquaculture feed and water 

treatment systems is very important for aquaculture industry production. 

To increase the sustanbility of the aquaculture production, raising the 

fish feed efficiency and improving water treatment will become more 

important in RAS system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 36 

Reference 

Allan, G. and Burnell, G. eds., 2013. Advances in aquaculture hatchery 

technology. Woodhead publishing series in food science, techonology 

and nutrition, Number: 24, pp.6-8.  

 

Ayer, N.W. and Tyedmers, P.H., 2009. Assessing alternative 

aquaculture technologies: life cycle assessment of salmonid culture 

systems in Canada. Journal of cleaner production, 17(3), pp.362-373. 

 

Badiola, M., Mendiola, D. and Bostock, J., 2012. Recirculating 

Aquaculture Systems (RAS) analysis: Main issues on management and 

future challenges. Aquacultural Engineering, 51, pp.26-35. 

 

Baluyut, E. A. 1989. Aquaculture systems and practices: a selected  

review. 

 Retrieved from http://www.fao.org/3/t8598e/t8598e00.htm                                

 

Belghit, I., Liland, N.S., Waagbø, R., Biancarosa, I., Pelusio, N., Li, Y., 

Krogdahl, Å. and Lock, E.J., 2018. Potential of insect-based diets for 

Atlantic salmon (Salmo salar). Aquaculture, 491, pp.72-81. 

 

Bendiksen, E.Å., Berg, O.K., Jobling, M., Arnesen, A.M. and Måsøval, 

K., 2003. Digestibility, growth and nutrient utilisation of Atlantic 

salmon parr (Salmo salar L.) in relation to temperature, feed fat content 

and oil source. Aquaculture, 224(1-4), pp.283-299. 

 

Berg, O.K. and Bremset, G., 1998. Seasonal changes in the body 

composition of young riverine Atlantic salmon and brown 

trout. Journal of Fish Biology, 52(6), pp.1272-1288. 

 

Blidariu, F. and Grozea, A., 2011. Increasing the economical efficiency 

and sustainability of indoor fish farming by means of aquaponics-

review. Scientific Papers Animal Science and Biotechnologies, 44(2), 

pp.1-8. 

 

Bregnballe, J., 2010. A guide to recirculation aquaculture: an 

introduction to the new environmentally friendly and highly productive 

closed fish farming systems. Retrieved from http://www.fao.org/3/a-

i4626e.pdf 

 

 



 37 

Bureau, D.P. and Hua, K., 2010. Towards effective nutritional 

management of waste outputs in aquaculture, with particular reference 

to salmonid aquaculture operations. Aquaculture Research, 41(5), 

pp.777-792. 

 

Chatvijitkul, S., Boyd, C.E., Davis, D.A. and McNevin, A.A., 2017. 

Pollution potential indicators for feed-based fish and shrimp 

culture. Aquaculture, 477, pp.43-49. 

 

Chatvijitkul, S., Boyd, C.E. and Davis, D.A., 2018. Nitrogen, 

phosphorus, and carbon concentrations in some common aquaculture 

feeds. Journal of the World Aquaculture Society, 49(3), pp.477-483. 

 

Chatzifotis, S., Panagiotidou, M., Papaioannou, N., Pavlidis, M., 

Nengas, I. and Mylonas, C.C., 2010. Effect of dietary lipid levels on 

growth, feed utilization, body composition and serum metabolites of 

meagre (Argyrosomus regius) juveniles. Aquaculture, 307(1-2), pp.65-

70. 

 

Clarke, R. and Bostock, J., 2017. Regional review on status and trends 

in aquaculture development in Europe-2015. Food and Agriculture 

Organisation of the United Nations. Retrieved from 

http://www.fao.org/3/a-i6865e.pdf 

 

Codabaccus, B.M., Carter, C.G., Bridle, A.R. and Nichols, P.D., 2012. 

The “n− 3 LC-PUFA sparing effect” of modified dietary n− 3 LC-

PUFA content and DHA to EPA ratio in Atlantic salmon 

smolt. Aquaculture, 356, pp.135-140. 

 

Craig, S., Helfrich, L.A., Kuhn, D. and Schwarz, M.H., 2017. 

Understanding fish nutrition, feeds, and feeding. Retrieved from 

https://vtechworks.lib.vt.edu/bitstream/handle/10919/80712/FST-

269.pdf?sequence=1 

 

Cripps, S.J. and Bergheim, A., 2000. Solids management and removal 

for intensive land-based aquaculture production systems. Aquacultural 

engineering, 22(1-2), pp.33-56. 

 

d’Orbcastel, E.R., Blancheton, J.P. and Aubin, J., 2009. Towards 

environmentally sustainable aquaculture: Comparison between two 

trout farming systems using Life Cycle Assessment. Aquacultural 

Engineering, 40(3), pp.113-119. 

 



 38 

Davidson, J., Barrows, F.T., Kenney, P.B., Good, C., Schroyer, K. and 

Summerfelt, S.T., 2016. Effects of feeding a fishmeal-free versus a 

fishmeal-based diet on post-smolt Atlantic salmon Salmo salar 

performance, water quality, and waste production in recirculation 

aquaculture systems. Aquacultural engineering, 74, pp.38-51. 

 

Dolan, E., Murphy, N. and O’Hehir, M., 2013. Factors influencing 

optimal micro-screen drum filter selection for recirculating aquaculture 

systems. Aquacultural engineering, 56, pp.42-50. 

 

Ebel, J.D., Leroux, S.J., Robertson, M.J. and Dempson, J.B., 2015. 

Ontogenetic differences in Atlantic salmon phosphorus concentration 

and its implications for cross ecosystem fluxes. Ecosphere, 6(8), pp.1-

18. 

 

Einen, O. and Roem, A.J., 1997. Dietary protein/energy ratios for 

Atlantic salmon in relation to fish size: growth, feed utilization and 

slaughter quality. Aquaculture Nutrition, 3(2), pp.115-126. 

 

Emery, J.A., Smullen, R.P. and Turchini, G.M., 2014. Tallow in 

Atlantic salmon feed. Aquaculture, 422, pp.98-108. 

 

Espe, M., Ruohonen, K. and El‐Mowafi, A., 2012. Effect of taurine 

supplementation on the metabolism and body lipid‐to‐protein ratio in 

juvenile Atlantic salmon (Salmo salar). Aquaculture Research, 43(3), 

pp.349-360. 

 

FAO 1, Feed formular (ingredient composition) and proximate 

composition of commomly used formulated feed for different life 

stages og Atlantic salmon in intensive farming system. Retrieved form 

http://www.fao.org/fileadmin/user_upload/affris/docs/Atlantic_Salmo

n/table_3.htm. 

 

FAO 2, Aquaculture feed and fertilizer resource information system. 

Retrieved form http://www.fao.org/fishery/affris/species-

profiles/atlantic-salmon/faqs/en/. 

 

Funge-Smith, S. and Phillips, M.J., 2001. Aquaculture systems and 

species. Retrieved from http://www.fao.org/3/AB412E/ab412e07.htm 

 

 

 



 39 

Guo, X.T., Liu, F. and Wang, F., 2018. Carbon, Nitrogen, And 

Phosphorus Stoichiometry of Three Freshwater Cultured Fishes in 

Growth Stage. Turkish Journal of Fisheries and Aquatic 

Sciences, 18(2), pp.239-245. 

 

Hemre, G.I. and Sandnes, K., 1999. Effect of dietary lipid level on 

muscle composition in Atlantic salmon Salmo salar. Aquaculture 

Nutrition, 5(1), pp.9-16. 

 

Hillestad, M., Austreng, E., Johnsen, F. and Asgard, T., 1998. Long-

term effects of dietary fat level and feeding rate on growth, feed 

utilization and carcass quality of Atlantic salmon. Aquaculture 

Nutrition, 4(2), pp.89-98. 

 

Jonsson, N. and Jonsson, B., 2003. Energy density and content of 

Atlantic salmon: variation among developmental stages and types of 

spawners. Canadian Journal of Fisheries and Aquatic Sciences, 60, 

pp.506-516. 

 

Karalazos, V., Bendiksen, E.Å. and Bell, J.G., 2011. Interactive effects 

of dietary protein/lipid level and oil source on growth, feed utilisation 

and nutrient and fatty acid digestibility of Atlantic 

salmon. Aquaculture, 311(1-4), pp.193-200. 

 

Koçer, M.A.T., Kanyılmaz, M., Yılayaz, A. and Sevgili, H., 2013. 

Waste loading into a regulated stream from land-based trout 

farms. Aquaculture Environment Interactions, 3(3), pp.187-195. 

 

Lekang, O.I., 2013. Aquaculture hatchery water supply and treatment 

systems. In Advances in Aquaculture Hatchery Technology, pp.3-22.  

 

Lerfall, J., Bendiksen, E.Å., Olsen, J.V., Morrice, D. and Østerlie, M., 

2016. A comparative study of organic-versus conventional farmed 

Atlantic salmon. I. Pigment and lipid content and composition, and 

carotenoid stability in ice-stored fillets. Aquaculture, 451, pp.170-177. 

 

Liu, Y., Rosten, T.W., Henriksen, K., Hognes, E.S., Summerfelt, S. and 

Vinci, B., 2016. Comparative economic performance and carbon 

footprint of two farming models for producing Atlantic salmon (Salmo 

salar): Land-based closed containment system in freshwater and open 

net pen in seawater. Aquacultural engineering, 71, pp.1-12. 

 



 40 

Lockwood, C.E., Bummer, P.M. and Jay, M., 1997. Purification of 

proteins using foam fractionation. Pharmaceutical Research, 14(11), 

pp.1511-1515. 

 

Lyle, A.A. and Elliott, J.M., 1998. Migratory salmonids as vectors of 

carbon, nitrogen and phosphorus between marine and freshwater 

environments in north-east England. Science of the Total 

Environment, 210, pp.457-468. 

 

Martins, C.I.M., Eding, E.H., Verdegem, M.C., Heinsbroek, L.T., 

Schneider, O., Blancheton, J.P., d’Orbcastel, E.R. and Verreth, J.A.J., 

2010. New developments in recirculating aquaculture systems in 

Europe: A perspective on environmental sustainability. Aquacultural 

engineering, 43(3), pp.83-93. 

 

Mente, E., Pierce, G.J., Santos, M.B. and Neofitou, C., 2006. Effect of 

feed and feeding in the culture of salmonids on the marine aquatic 

environment: a synthesis for European aquaculture. Aquaculture 

International, 14(5), pp.499-522. 

 

Moran, D., 2010. Carbon dioxide degassing in fresh and saline water. 

II: Degassing performance of an air-lift. Aquacultural 

engineering, 43(3), pp.120-127. 

 

Otoshi, C.A., Arce, S.M. and Moss, S.M., 2003. Growth and 

reproductive performance of broodstock shrimp reared in a biosecure 

recirculating aquaculture system versus a flow-through 

pond. Aquacultural engineering, 29(3-4), pp.93-107. 

 

Piedrahita, R.H., Zachritz, W.H., Fitzsimmons, U.K. and Brckway, C., 

1996. Evaluation and improvements of solids removal systems for 

aquaculture. Successes and Failures in Commercial Recirculating 

Aquaculture, editors Northeast Regional Agricultural Engineering 

Service (NRAES). NRAES-98, 1, pp.141-150. 

 

Pratoomyot, J., Bendiksen, E.Å., Bell, J.G. and Tocher, D.R., 2010. 

Effects of increasing replacement of dietary fishmeal with plant protein 

sources on growth performance and body lipid composition of Atlantic 

salmon (Salmo salar L.). Aquaculture, 305(1-4), pp.124-132. 

 

 

 

 



 41 

Reid, G.K., Chopin, T., Robinson, S.M.C., Azevedo, P., Quinton, M. 

and Belyea, E., 2013. Weight ratios of the kelps, Alaria esculenta and 

Saccharina latissima, required to sequester dissolved inorganic 

nutrients and supply oxygen for Atlantic salmon, Salmo salar, in 

integrated multi-trophic aquaculture systems. Aquaculture, 408, pp.34-

46. 

 

Rothuis, A.J., van Duijn, A.P., Roem, A.J., Ouwehand, A., van der Pijl, 

W. and Rurangwa, E., 2013. Aquaculture business opportunities in 

Egypt (No. 2013-039). Wageningen UR. 

 

Ryder, J., 2018. Aquaculture and Trade. FAO Aquaculture Newsletter, 

(58), pp.II-III. Retrievevd from 

http://www.fao.org/3/i9200en/I9200EN.pdf.  

 

Sajjadi, M. and Carter, C.G., 2004. Effect of phytic acid and phytase on 

feed intake, growth, digestibility and trypsin activity in Atlantic salmon 

(Salmo salar, L.). Aquaculture Nutrition, 10(2), pp.135-142. 

 

Scholz, R.W., Ulrich, A.E., Eilittä, M. and Roy, A., 2013. Sustainable 

use of phosphorus: a finite resource. Science of the Total 

Environment, 461, pp.799-803. 

 

Shearer, K.D., Åsgård, T., Andorsdöttir, G. and Aas, G.H., 1994. Whole 

body elemental and proximate composition of Atlantic salmon (Salmo 

salar) during the life cycle. Journal of Fish Biology, 44(5), pp.785-797. 

 

Silva, M.S., Sele, V., Sloth, J.J., Araujo, P. and Amlund, H., 2019. 

Speciation of zinc in fish feed by size exclusion chromatography 

coupled to inductively coupled plasma mass spectrometry–using 

fractional factorial design for method optimisation and mild extraction 

conditions. journal of Chromatography B, 1104, pp.262-268. 

 

Sørensen, M., Berge, G.M., Reitan, K.I. and Ruyter, B., 2016. 

Microalga Phaeodactylum tricornutum in feed for Atlantic salmon 

(Salmo salar)—Effect on nutrient digestibility, growth and utilization 

of feed. Aquaculture, 460, pp.116-123. 

 

Sørensen, M., Gong, Y., Bjarnason, F., Vasanth, G.K., Dahle, D., 

Huntley, M. and Kiron, V., 2017. Nannochloropsis oceania-derived 

defatted meal as an alternative to fishmeal in Atlantic salmon 

feeds. PloS one, 12(7), p.e0179907, pp.3-8. 

 



 42 

Statistisk sentralbyrå. Retrieved from https://www.ssb.no/en/jord-

skog-jakt-og-fiskeri/statistikker/fiskeoppdrett/aar. 

 

Strain, P.M. and Hargrave, B.T., 2005. Salmon aquaculture, nutrient 

fluxes and ecosystem processes in southwestern New Brunswick. 

In Environmental Effects of Marine Finfish Aquaculture, pp. 29-57. 

 

Subasinghe, R., 2017. World aquaculture 2015: a brief overview. FAO 

Fisheries and Aquaculture Report, (1140). Retrived from 

http://www.fao.org/3/a-i7546e.pdf. 

 

Summerfelt, ST., Bebak-Williams, JU. and Tsukuda, S.C, 2001. 

Controlled systems: water reuse and recirculation. Fish Hatchery 

Management, Second Ed.. American Fisheries Society, Bethesda, MD, 

pp.285-310. 

 

Sun, G., Liu, Y., Qiu, D., Yi, M., Li, X. and Li, Y., 2016. Effects of 

feeding rate and frequency on growth performance, digestion and 

nutrients balances of A tlantic salmon (S almo salar) in recirculating 

aquaculture systems (RAS). Aquaculture research, 47(1), pp.176-188. 

 

Talbot, C., Preston, T. and East, B.W., 1986. Body composition of 

Atlantic salmon (Salmo salar L.) studied by neutron activation 

analysis. Comparative biochemistry and physiology. A, Comparative 

physiology, 85(3), pp.445-450. 

 

ter Horst, K. and Serlie, M., 2017. Fructose consumption, lipogenesis, 

and non-alcoholic fatty liver disease. Nutrients, 9(9), p.981. 

 

Tidwell, J.H., 2012. Aquaculture production systems. Oxford, UK: 

Wiley-Blackwell. pp. 16-25. Retriveved from 

https://www.academia.edu/36260785/Aquaculture_Production_Syste

ms 

 

Torstensen, B.E., Espe, M., Sanden, M., Stubhaug, I., Waagbø, R., 

Hemre, G.I., Fontanillas, R., Nordgarden, U., Hevrøy, E.M., Olsvik, P. 

and Berntssen, M.H.G., 2008. Novel production of Atlantic salmon 

(Salmo salar) protein based on combined replacement of fish meal and 

fish oil with plant meal and vegetable oil blends. Aquaculture, 285(1-

4), pp.193-200. 

 



 43 

True, B., Johnson, W. and Chen, S., 2004. Reducing phosphorus 

discharge from flow-through aquaculture I: facility and effluent 

characterization. Aquacultural Engineering, 32(1), pp.129-144. 

 

Tyedmers, P., 2000. Salmon and sustainability: the biophysical cost of 

producing salmon through the commercial salmon fishery and the 

intensive salmon culture industry (Doctoral dissertation, University of 

British Columbia). Retrieved from 

https://open.library.ubc.ca/cIRcle/collections/ubctheses/831/items/1.0

099686 

 

van Rijn, J. and Rivera, G., 1990. Aerobic and anaerobic biofiltration 

in an aquaculture unit—nitrite accumulation as a result of nitrification 

and denitrification. Aquacultural Engineering, 9(4), pp.217-234. 

 

Varadi, L., 1984. Design and construction of raceways and other flow 

through systems. Inland Aquaculture Engineering. Lectures Presented 

at the ADCP Inter-Regional Training Course in Inland Aquaculture 

Engineering, pp.343-52. 

 

Wang, X., Andresen, K., Handå, A., Jensen, B., Reitan, K.I. and Olsen, 

Y., 2013. Chemical composition and release rate of waste discharge 

from an Atlantic salmon farm with an evaluation of IMTA 

feasibility. Aquaculture environment interactions, 4(2), pp.147-162. 

 

Wang, X., Olsen, L.M., Reitan, K.I. and Olsen, Y., 2012. Discharge of 

nutrient wastes from salmon farms: environmental effects, and potential 

for integrated multi-trophic aquaculture. Aquaculture Environment 

Interactions, 2(3), pp.267-283. 

 

White, P., 2013. Environmental consequences of poor feed quality and 

feed management. On-farm feeding and feed management in 

aquaculture, FAO Fisheries and Aquaculture Technical Paper, (583), 

pp.553-564. 

 

Wik, T.E., Lindén, B.T. and Wramner, P.I., 2009. Integrated dynamic 

aquaculture and wastewater treatment modelling for recirculating 

aquaculture systems. Aquaculture, 287(3-4), pp.361-370. 

 

Ying, L., Baoliang, L., Ce, S. and Guoxiang, S., 2015. Recirculating 

Aquaculture Systems in China-Current Application and 

Prospects. Fisheries and Aquaculture Journal, pp. 1-3. 

 



 44 

Yogev, U., Sowers, K.R., Mozes, N. and Gross, A., 2017. Nitrogen and 

carbon balance in a novel near-zero water exchange saline recirculating 

aquaculture system. Aquaculture, 467, pp.118-126. 

 

Ytrestøyl, T., Aas, T.S. and Åsgård, T., 2015. Utilisation of feed 

resources in production of Atlantic salmon (Salmo salar) in 

Norway. Aquaculture, 448, pp.365-374. 

 

Ytrestøyl, T., Aas, T.S. and Åsgård, T., 2014. Resource utilisation of 

Norwegian salmon farming in 2012 and 2013. Nofima report 

36/2014.Retrieved from https://nofima.no/wp 

content/uploads/2014/11/Nofima_report_resource_utilisation_Oct_20

14.pdf 

 

Ytrestøyl, T., Aas, T.S., Berge, G.M., Hatlen, B., Sørensen, M., Ruyter, 

B., Thomassen, M.S., Hognes, E.S., Ziegler, F., Sund, V. and Åsgård, 

T.E., 2011. Resource utilisation and eco-efficiency of Norwegian 

salmon farming in 2010. Nofima rapportserie. 

Retrieved from http://www.nofima.no/filearchive/rapport-53-

2011_4.pdf 

 

Zhou, X., 2017. An overview of recently published global aquaculture 

statistics. FAO Aquaculture Newsletter, (56), p.6. 

 

 



 

 

 


	Table of Contents
	List of figures
	List of tables
	Acknowledgement
	Abstract
	Abbreviations
	1. Introduction
	1.1 Aquaculture production status
	1.2 Aquaculture production system

	2. RAS status in the world
	3. The pathway of nutrient and element
	4. Resource budget for salmon
	4.1 Typical salmon feed composition
	4.1.1 Typical dry matter concentration in salmon feed
	4.1.2 Typical C, N and P concentration in feed
	4.1.3 Typical protein, fat and carbohydrate concentration in salmon feed
	4.1.4 Typical energy content of salmon feed

	4.2 Typical farmed salmon composition
	4.2.1 Typical salmon dry matter concentration
	4.2.2 Typical C, N and P concentration in salmon and other fishes
	4.2.3 Typical protein, fat and carbohydrate concentration in salmon
	4.2.4 Typical energy content of salmon

	4.3 Retention of element, nutrients and energy in farmed salmon—based on the calculation
	4.4 The retention of nutrients in the literature
	4.5 Oxygen requirement for feed oxidation

	5.    Discussion
	5.1 Retention rate of different substrates
	5.2 Water treatment in RAS system
	5.2.1 Particle removal
	5.2.2 TAN removal
	5.2.3 Aeration, oxygenation and degassing
	5.5.4 pH adjustment


	6.    Conclusion and future perspectives
	6.1 Typical composition of salmon feed and salmon
	6.2 Retention rate of elements, nutrients and energy
	6.3 Necessary water treatment in RAS system


	Reference

