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1. INTRODUCTION 

Proper nutrition is fundamental for fish development, feeding efficiencies, and survival (NRC 2011; 

Kandyliari et al. 2020). Nutrient requirements differ among fish species as well as within among life 

stages of the same species (Lall & Dumas 2015; Carter & Codabaccus 2022). Because of the relatively 

large number of commercially-available feeds, including those just recently introduced into the market, 

evaluations of their effects on fish growth and other metrics of rearing performance are essential (Carter 

& Codabaccus 2022).  

Chinook salmon (Oncorhynchus tshawytscha) and other salmonid fish species are globally important 

in aquaculture, commercial harvest, and recreational fisheries (FAO 2020; Albrektsen et al. 2022). 

Although many commercial feeds exist for salmonids, relatively few studies have directly compared 

their rearing performance under similar conditions. Wipf et al. (2021) reported Bio-Oregon BioVita 

resulted in significantly greater growth compared to three other commercial feeds and suggested that it 

was the most appropriate feed stuff for Chinook salmon. In a study comparing Silvercup salmon starter 

and BioVita starter, Chinook salmon fed the BioVita diet exhibited significantly higher growth, 

improved feed conversion ratio, and significantly lower mortality (Kientz et al. 2012). Fletcher and 

Barnes (2008) reported significantly lower individual fish weight and length in fish receiving Bio-

Oregon BioVita compared to those fed the Silvercup soft-moist diet. Other studies involving trout have 

shown significant differences in growth and weight gain among multiple diets (Kindschi et al. 2009; 

Martin et al. 2018; Roduner et al. 2025). However, a similar study found no differences in relative 

performance among three diets in rainbow trout subjected to a bacterial pathogen (Treft et al. 2015).  

In Lake Oahe, South Dakota, fall Chinook salmon have been introduced as a recreational fishery. 

Because this landlocked population cannot reproduce naturally in the reservoir, annual hatchery 

production and stocking are required to sustain the fishery (Hanten 2016; SDGFP 2016). Chinook 

salmon rearing poses several challenges, including possible dietary issues (Fletcher & Barnes 2008; 

Kientz et al. 2012). There is a relative lack of knowledge on the potential effects of different commercial 

feeds on juvenile landlocked Chinook salmon growth and survival, particularly during initial feeding, 
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Abstract: This study evaluated the rearing performance of juvenile landlocked Chinook salmon (Oncorhynchus 

tshawytscha) receiving one of two commercial starter diets, Bio-Oregon BioVita or Optimal AquaFeed Salmon 

in two consecutive trials. The first trial lasted 24 days and used #0 crumble (starter). The second trial using #1 

crumble began immediately after the end of the first trial and lasted 21 days. At the end of the first trial, final 

tank weight and tank gain were significantly greater in tanks receiving Bio-Oregon BioVita compared to tanks 

receiving Optimal AquaFeed Salmon. Percent gain, feed conversion ratio (FCR), specific growth rate (SGR), 

percent mortality and individual fish length, weight, and condition factor were not significantly different 

between the diets. At the end of the second trial, tanks of fish fed Bio-Oregon BioVita were significantly heavier 

than those receiving the Optimal AquaFeed Salmon diet. In addition, individual fish length, weight, and 

condition factor were also significantly greater in fish fed BioVita. Tank gain, percent gain, FCR, percent 

mortality, and SGR were not significantly different between the diets. The results of this study indicate that 

either diet can be used during the rearing of landlocked fall Chinook salmon, although BioVita should be used 

to maximize growth during initial feeding or shortly thereafter. 
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Thus, the objective of this study was to compare the growth, survival, and other rearing performance 

metrics of Bio-Oregon BioVita and Optimal AquaFeed Salmon during the hatchery rearing of fall 

Chinook salmon. 

2. METHODS AND MATERIALS 

This experiment occurred at McNenny State Fish Hatchery, rural Spearfish, South Dakota, USA, using 

aerated well water at a constant temperature of 11 °C (total hardness as CaCO3, 360 mg/L; alkalinity 

as CaCO3, 210 mg/L; pH, 7.6; total dissolved solids, 390 mg/L). Two feed trials were conducted, each 

focused on a specific feed size, with the first trial evaluating #0 starter feeds and the second trial 

evaluating #1 granules. 

2.1. Trial 1 

Trial 1 began immediately after yolk sac absorption on 6 January 2025 and ended after 24 days on 30 

January 2025. At the start of the trial, 30 individual fish were weighed to the nearest 0.01 g and measured 

(total length) to the nearest 0.01 mm. Similar measurements were conducted on five fish per tank each 

week. Approximately 200 (total weight = 0.06 kg) salmon were then placed into each of eight 190-L 

(160-L working volume) semi-square tanks. Flows remained similar for each tank. Feeding commenced 

the day after the fish were placed in the tanks. Feed amounts at or slightly above satiation were derived 

using the hatchery constant method (Butterbaugh & Willoughby 1967) using an anticipated feed 

conversion ratio of 1.1. Feeding amounts were adjusted weekly according to individual fish weights 

obtained as previously described. 

Table 1. Ingredient list for BioVita and AquaFeed Salmon starter (#0) feeds. 

BioVita Starter #0 AquaFeed Salmon #0 

Fish meal Animal protein products 

Wheat gluten Barley 

Fish oil Stabilized fish oil 

Wheat flour Corn protein concentrate 

Krill meal Wheat gluten 

Condensed fish protein digest Corn gluten 

Dried whey Lecithin 

Monoammonium phosphate Lysine 

L-lysine Choline chloride 

Ethoxyquin  Taurine 

Choline chloride DL methionine 

Vitamin E  Mono Di-calcium phosphate 

DL-methionine Calcium L-Ascorbate-2-Monosphosphate  

Calcium L-ascorbyl-2-monophosphate Threonine 

Dried yeast L-Histidine 

Paracoccus pigment Vitamin E supplement 

Yeast extract Magnesium sulfate  

Roughage products Nicotinamide 

Zinc sulfate Inositol 

Ferrous sulfate Propionic acid 

Inositol D-Calcium pantothenate 

Niacin Riboflavin supplement 

Calcium pantothenate Zinc proteinate 

Manganese sulfate Menadione sodium bisulfite complex 

Riboflavin Zinc sulfate 

Mineral oil Pyridoxine hydrochloride 

Pyridoxine hydrochloride Thiamine mononitrate  

Vitamin B12  Copper proteinate  

Menadione sodium bisulfite complex Manganese proteinate 

Copper sulfate Manganese sulfate 

Biotin Folic acid 

Thiamine mononitrate Calcium iodate  

Vitamin A acetate Cobalt sulfate  

Folic acid Vitamin A supplement 

Vitamin D3  Biotin 
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Calcium iodate Vitamin B12 supplement  

Sodium selenite Sodium selenite 

 Vitamin D supplement 

Two commercially available starter diets were used. Four tanks of fish received BioVita #0 granules 

(Bio-Oregon, Longview, Washington, USA), and four received AquaFeed Salmon #0 granules 

(Optimal Fish Food LLC, Omaha, Nebraska, USA). Table 1 is the ingredient list for each feed, and 

Table 2 is the proximate composition. Feed was dispensed for two seconds every hour during daylight 

hours using 0.5-L vibratory feeders (Pentair Aquatic Ecosystems Inc., Apopka, Florida, USA). Tanks 

were cleaned and mortalities recorded daily. At the end of the trial, five fish from each tank were 

weighed to the nearest 0.01 g and measured (total length) to the nearest 0.01 mm. Total tank weights to 

the nearest g were also recorded. 

Table 2. Proximate composition for BioVita and AquaFeed Salmon starter (#0) feeds. 

 BioVita Starter #0 AquaFeed Salmon #0 

Protein (%) 53 53 

Fat (%) 18 18 

Fiber (%) 1 1.5 

Phosphorus (%) 1.2 0.9 

Sodium (%) 1.1 - 

Calcium (%) 2.6 - 

Ash (%) 12 9 

2.2. Trial 2 

Trial 2 began on 31 January 2025 and lasted for 21 days, ending on 20 February 2025. After final data 

collection for Trial 1, fish for each treatment group were pooled (i.e. all four tanks for each diet were 

combined into one tank) and equally allocated back into the eight 190-L (160-L working volume) semi-

square tanks. Because the fish fed BioVita diet had a greater absolute gain than those fed AquaFeed, 

initial tank weights were 108 g for the four BioVita-fed tanks and 94 g for the four AquaFeed-fed tanks. 

Table 3. Ingredient list for BioVita and AquaFeed Salmon #1 granules. 

BioVita Starter #1 AquaFeed Salmon #1 

Fish meal Animal protein products 

Wheat gluten Barley 

Fish oil Stabilized fish oil 

Wheat flour Corn protein concentrate 

Krill meal Wheat gluten 

Condensed fish protein digest Corn gluten 

Dried whey Lecithin 

Monoammonium phosphate Lysine 

L-Lysine Choline chloride 

Ethoxyquin  Taurine 

Choline chloride DL methionine 

Vitamin E  Mono Di-calcium phosphate 

DL-methionine Calcium L-Ascorbate-2-Monophosphate 

Calcium L-ascorbyl-2-monophsophate Threonine 

Dried yeast L-Histidine  

Paracoccus pigment Vitamin E supplement 

Yeast extract Magnesium sulfate 

Roughage products Nicotinamide 

Zinc sulfate Inositol 

Ferrous sulfate Propionic acid 

Inositol D-Calcium pantothenate 

Niacin Riboflavin supplement 

Calcium pantothenate Zinc proteinate 

Manganese sulfate Menadione sodium bisulfite complex 

Riboflavin Zinc sulfate 

Mineral oil Pyridoxine hydrochloride 

Pyridoxine hydrochloride Thiamine mononitrate 

Vitamin B12  Copper proteinate 

Menadione sodium bisulfite complex Manganese proteinate 
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Copper sulfate Manganese sulfate 

Biotin Folic acid 

Thiamine mononitrate Calcium iodate 

Vitamin A acetate Cobalt proteinate 

Folic acid Cobalt sulfate 

Vitamin D3  Vitamin A supplement 

Calcium iodate Biotin 

Sodium selenite Vitamin B12 supplement 

 Sodium selenite 

 Vitamin D supplement 

Feeding commenced the day after the fish were placed into tanks. Fish were fed the same brand they 

received in the first trial, with feed size increased to #1 granules. The ingredient list and proximate 

composition for each of the feeds are listed in Tables 3 and 4. Feeding rates, feed dispensing, tank 

cleaning, and data collection at the end of the trial were the same as in the first trial. 

2.3. Equations 

The following equations were used in this study: 

𝐺𝑎𝑖𝑛 = 𝑒𝑛𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑠𝑡𝑎𝑟𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑔𝑎𝑖𝑛 (%) =  
𝑔𝑎𝑖𝑛

𝑠𝑡𝑎𝑟𝑡 𝑤𝑒𝑖𝑔ℎ𝑡
 

𝐹𝑒𝑒𝑑 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 (𝐹𝐶𝑅) =  
𝑓𝑜𝑜𝑑 𝑓𝑒𝑑

𝑔𝑎𝑖𝑛
 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑔𝑟𝑜𝑤𝑡ℎ 𝑟𝑎𝑡𝑒 (𝑆𝐺𝑅) = 100 ∗  
𝑙𝑛 (𝑒𝑛𝑑 𝑤𝑒𝑖𝑔ℎ𝑡)  −𝑙𝑛 (𝑠𝑡𝑎𝑟𝑡 𝑤𝑒𝑖𝑔ℎ𝑡) 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠
 

𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 (𝐾) = 105 ∗  
𝑓𝑖𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡

𝑓𝑖𝑠ℎ 𝑙𝑒𝑛𝑔𝑡ℎ3
 

2.4. Statistical Analysis 

The SPSS (24.0, IBM, Armonk, New York, USA) statistical program was used for data analysis. T-

tests were used for comparisons between treatments. Because the tanks, and not individual fish, were 

the experimental unit, the mean of individual fish data for each tank was used for subsequent statistical 

analysis. Percentage data were log transformed before analysis to stabilize the variances (Warton & Hui 

2011). 

Table 4. Proximate composition for BioVita and AquaFeed Salmon #1. 

 BioVita Starter #1 AquaFeed Salmon #1 

Protein (%) 52 52 

Fat (%) 20 20 

Fiber (%) 1 1.5 

Phosphorus (%) 1.2 0.9 

Sodium (%) 1.1 - 

Calcium (%) 2.6 - 

Ash (%) - 9 

3. RESULTS 

3.1. Trial 1 

At 108 g, ending total tank weight was significantly greater in BioVita-fed tanks compared to the 94 g 

in the AqauFeed-fed tanks (Table 5). Similarly, total tank gain was significantly greater in the BioVita 

group than in the AquaFeed group. Feed conversion ratio, percent mortality, specific growth rate, 

individual fish weight, total length, and condition factor were not significantly different between the 

fish receiving either feed (Table 6).  

Table 5. Mean (SE) final weights, gain, feed conversion ratio (FCR1), and mortality of tanks of Chinook salmon 

receiving either BioVita or AquaFeed starter diets for 24 days starting with initial feeding. Means followed by 

different letters are significantly different (P < 0.05; N = 4). 

 BioVita  AquaFeed P 

Weight start (kg) 0.06 0.06 - 
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Weight end (kg) 0.108 (0.003) x 0.094 (0.004) y 0.048 

Gain (kg) 0.048 (0.003) x 0.034 (0.004) y 0.048 

Gain (%) 79.2 (5.5) 56.7 (7.3) 0.061 

Feed fed (kg) 0.108 0.108 - 

FCR1 2.31 (0.16) 3.36(0.49) 0.085 

Mortality (%) 6.19 (1.29) 3.36 (0.49) 0.097 

1FCR = food fed/gain 

Table 6. Mean (+SE) final individual fish total length, weight, specific growth rate (SGR)1, and condition factor 

(K)2 of Chinook salmon receiving either BioVita or AquaFeed starter diets for 24 days starting with initial feeding. 

Means followed by different letters are significantly different (P < 0.05; N = 4). 

 BioVita  AquaFeed P 

Length start (mm) 33.87 33.87 - 

Length end (mm) 42.35 (0.57) 40.21(0.68) 0.052 

Weight start (g) 0.30 0.30 - 

Weight end (g) 0.54 (0.04) 0.46 (0.02) 0.111 

SGR1 2.42 (0.29) 1.74 (0.22) 0.111 

K2 0.71 (0.02) 0.70 (0.03) 0.910 

1Specific Growth Rate (SGR) = 100 * (ln (end weight) − ln (start weight))/(number of days)  
2Condition Factor (K) = 105 * (fish weight)/(fish length)3 

3.2. Trial 2 

Gain, percent gain, feed conversion ratio, and percent mortality were not significantly different between 

the treatment groups (Table 7). Individual fish weight and total length were significantly greater in fish 

fed BioVita, at 55.81 mm and 1.47 g, respectively, compared to the fish fed AquaFeed that had a mean 

total length of 49.99 mm and weight of 1.03 g (Table 8). Specific growth rate and condition factor were 

not significantly different in fish fed either of the feeds.  

Table 7. Mean (SE) final weight, gain, feed conversion ratio (FCR1), and mortality of tanks of Chinook salmon 

receiving either BioVita or AquaFeed #1 granule diets from 24 to 45 days after initial feeding. Means followed 

by different letters are significantly different (P < 0.05; N = 4). 

 BioVita  AquaFeed P 

Weight start (kg) 0.11 (0.00) x 0.09 (0.00) y 0.021 

Weight end (kg) 0.25 (0.01) x 0.20 (0.02) y 0.021 

Gain (kg) 0.14 (0.01) 0.11 (0.02) 0.060 

Gain (%) 133.88 (4.83) 111.44 (16.86) 0.226 

Feed fed (g) 0.108 0.108 - 

FCR1 1.46 (0.05) 1.83 (0.29) 0.264 

Mortality (%) 2.50 (0.81) 2.91 (1.91) 0.883 

1FCR = food fed/gain 

Table 8. Mean (SE) individual fish total length, weight, specific growth rate (SGR)1 and condition factor (K)2 of 

Chinook salmon receiving either BioVita or AquaFeed #1 granule diets for 24 to 45 days after initial feeding. 

Means followed by different letters are significantly different (P < 0.05; N = 4). 

 BioVita  AquaFeed P 

Length start (mm) 42.35 (0.00) 40.21 (0.00) - 

Length end (mm) 55.81 (0.40) x 49.99 (1.19) y 0.004 

Weight start (g) 0.54 (0.00) 0.46 (0.00) - 

Weight end (g) 1.47 (0.03) x 1.03 (0.09) y 0.021 

SGR1 4.77 (0.09) 3.78 (0.40) 0.053 

K2 0.85 (0.00) x 0.82 (0.01) y 0.046 

1 Specific Growth Rate (SGR) = 100 * (ln (end weight) − ln (start weight))/(number of days)  
2Condition Factor (K) = 105 * (fish weight)/(fish length)3 

4. DISCUSSION 

The results of this experiment indicate improved growth in juvenile Chinook salmon fed BioVita at 

initial feeding compared to those fed the AquaFeed Salmon diet. However, after the fish were switched 

from #0 (starter) to #1, the results are much more ambiguous. It is difficult to isolate the possible reason 
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or reasons for any differences between the diets because of the number of differences in ingredients 

between the two feeds. For example, the primary ingredient in the BioVita feeds is fish meal, whereas 

the primary ingredient in the AquaFeed feeds is animal protein products. Krill meal, shrimp meal, blood 

meal, varieties of insect meal, fish silage, hydrolyzed feather meal, and poultry by-product meal have 

been used as animal protein products in fish diets (El-Sayed 1998; Nwanna et al. 2004; Turker et al. 

2005; Arunlertaree & Moolthongnoi 2008; Mohd Din et al. 2012; Alegbeleye et al. 2012; Chor et al. 

2013; Adewole & Olaleye 2014; Hernandez et al. 2014; Sing et al. 2014; Madage et al. 2015; Yones & 

Metwalli 2015; Yu et al. 2015; Gong et al. 2016; Srour et al. 2016; Rapatsa & Moyo 2017; Mohd Taufek 

et al. 2018; Belghit et al. 2019). Many of these animal protein products vary in nutritional value and 

lack some of the essential amino acids required for fish (Tran et al. 2015; Rapatsa & Moyo 2017; 

Luthada-Raswiswi et al. 2021). 

BioVita Starter and AquaFeed Salmon feeds have similar proximate analysis. Specifically, the crude 

protein levels for BioVita and AquaFeed were exactly the same. Both protein percentages sufficiently 

meet nutrient requirements for Pacific salmon (Oncorhynchus spp.) as suggested by the National 

Research Council (2011). The protein sources may have affected the results of these trials. Fish meal is 

an excellent protein for salmon; it is highly digestible and contains all essential amino acids in the 

proportions that fish require (Lall & Dumas 2015; Barrows et al. 2023). The BioVita diets also contain 

krill meal, krill-based additives (e.g., Paracoccus pigment), and fish protein hydrolysate which enhance 

palatability, provides pigments and nutrients, and may support immunity (Barnes et al. 2006; Gong et 

al. 2016; Mahdy et al. 2022). In Chinook salmon, partial replacement of fish meal by animal protein 

products did not result in impaired growth, however, higher replacement percentages resulted in 

decreased growth (Fowler 1991) and digestibility (Hajen et al. 1993). Consistent results have been 

observed in other Oncorhynchus species (Bransden et al. 2016; Lee et al. 2001; Yanik et al. 2003; Burr 

et al. 2012; Hajen et al. 1993; Gunathilaka et al. 2025). Similarly, decreased growth rates have been 

observed in high percentages of fish meal replacement by plant-protein sources in Chinook salmon 

(Higgs et al. 1982; Bureau et al. 1998; Fowler 2011) and other salmonids (Collins et al. 2013; Pierce et 

al. 2008; Egerton et al. 2020). Animal protein products may be suitable for fish meal replacement, 

however, due to the high variability of nutritional content, it’s considered unreliable as a primary protein 

source in fish diets (NRC 2011; Hardy 1996). Thus, the differences in protein sources and other 

ingredients may provide a possible explanation for the performance differences observed. 

Yeast ingredients may have also influenced significant growth differences in this study. BioVita feeds 

contained dried yeast and yeast extract, whereas Aquafeed salmon feeds did not. Yeast is considered a 

valuable component of aquaculture feeds due to its beneficial effects on both nutrition and immune 

function (NRC 2011; Barnes & Durben 2010; Mahdy et al. 2022). When included as a feed additive, 

yeast has improved growth and reduced mortality in Chinook salmon (Barnes et al. 2006) as well as 

other fish species (Barnes & Durben 2010; Mahdy et al. 2022; Barnes et al. 2006; Staykov et al. 2007; 

Lara-Flores et al. 2010; Cook et al., 2003; Li & Gatlin 2003; Li & Gatlin 2003; Ghosh et al. 2005). 

Yeast also has immunostimulatory properties (Staykov et al. 2007; Li & Gatlin 2004; Pooramini et al. 

2009).  

The results from this study may have been influenced by uneven feed dispersal. The AquaFeed feed 

appeared to have an excessive oil topcoat, often clumped, and frequently interfered with the automatic 

feeders. This uneven distribution may have reduced consumption and increased waste. BioVita did not 

clump and visibly appeared to have less waste in the tank. The consistently lower feed conversion ratio 

observed with BioVita suggests improved palatability and feed utilization (NRC 2011; Lall & Dumas 

2015).  

The two trials in this study had a relatively short duration at only 24 and 21 days. The National Research 

Council (2011) recommended feed trials be a minimum of 56 days. However, Weatherup and 

McCracken (1999) stated that trials must only endure long enough for significant differences to be 

observed.  

Lastly, commercial feed formulations are proprietary and subject to change. Thus, these results may 

only be applicable to feeds used during this study. However, the results from this experiment suggest 

that Bio-Oregon BioVita should be used during initial feeding of juvenile landlocked Chinook salmon 

to maximize growth. After switching to #1, either feed may be appropriate. 
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