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Effects on growth performance and body composition in Nile tilapia,
Oreochromis niloticus, fry fed organic diets containing yeast extract
and soyabean meal as a total replacement of fish meal without amino
acid supplementation

Kimberly A. Trosvika, Carl D. Webstera*, Kenneth R. Thompsona, Linda A. Mettsa,

Ann Gannamb and Ronald Twibellb

aAquaculture Research Center, Kentucky State University, Frankfort, KY 40601, USA; bU.S. Fish &
Wildlife Service, Abernathy Fish Technology Center, 1440 Abernathy Creek Rd, Longview,
WA 98632, USA

Fish meal (FM) is the main protein source in aquaculture diets owing to its palatability
and quality. Available quantities of FM have remained constant for the past several
decades; however, demand has dramatically increased due to its inclusion in diets used
for the global aquaculture industry. There are various alternative protein sources that
can be used in aquaculture diets, with soyabean meal (SBM) being the most widely
used plant protein ingredient; however, use of SBM as the sole protein source has often
resulted in reduced fish growth. There is a growing segment of consumers who desire
organically grown foods, and since Nile tilapia is one of the most-cultured fish in the
world and has herbivorous/omnivorous feeding habits, Nile tilapia fed an organic diet
may allow producers to enter this rapidly developing market. A feeding experiment
was conducted to evaluate the combination of organic SBM and an organic yeast
extract (YE) as complete replacements for FM. Five isonitrogenous, isocaloric diets
were fed to small (0.1 g) Nile tilapia, Oreochromis niloticus, for 6weeks. Diets
contained various percentages (0%, 10%, 20%, 30% and 40%) of YE, with Diet 1
formulated to be similar to a high-quality commercial diet containing 0% YE and 20%
FM. At the conclusion of the feeding trial, fish fed Diet 1 had statistically significantly
(p , 0.05) higher mean final weight (3.99 g) and specific growth rate (8.48% day21),
and a lower feed conversion ratio (1.40) than fish fed all other diets. Based upon the
data, an organic diet which replaces FM with a combination of SBM and YE appears
promising but further research is needed to refine formulation so as to have similar
growth performance with a FM-based diet.

Keywords: fish meal replacement; Nile tilapia; Oreochromis niloticus; organic diet;
yeast extract

Introduction

Protein is generally the most expensive component in an aquaculture diet; thus, aqua feed

manufacturers attempt to provide the minimum level of protein that will supply essential

amino acids to fish. Fish meal (FM) is considered the most desirable protein ingredient for

fish owing to its high nutritional value and palatability; however, FM is the single-most

expensive macro-ingredient, currently costing US$1400—1700 ton21 (Feedstuffs 2013),

and is highly desired by other livestock industries. With static or declining fish populations

that are used to produce FM, any negative disturbance, supply disruption or availability
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problem, can lead to dramatic increases in the commodity price. Furthermore, the capture

of wild fish used to feed cultured fish is thought to be unsustainable by critics of

aquaculture. Thus, it is essential to reduce or eliminate FM in diets to minimise diet costs.

One approach to reducing FM from diets is to replace it with alternative less expensive

animal or plant protein ingredients, which will allow for continued expansion of the global

aquaculture industry by using renewable ingredients and helping to decrease diet costs.

Soyabean meal (SBM) is the most widely used plant protein source in aquaculture

diets (Freitas et al. 2011) and is known to be a cost-effective alternative for FM in diets for

some aquaculture species because of its high protein content, relatively well-balanced

amino acid composition, reasonable price, consistent quality and steady supply. However,

there are several disadvantages to using high percentages of SBM in diets for some fish,

which include reduced levels of methionine and lysine, the presence of anti-nutritional

factors such as trypsin inhibitors and phytic acid (Francis et al. 2001), and reduced

palatability when used at high percentages (Webster et al. 1992a). Several studies have

evaluated the effects of replacing FM on growth of Nile tilapia (Jackson et al. 1982; Viola

et al. 1988; Shiau et al. 1989; El-Sayed 1999; Nguyen et al. 2009), but complete

replacement of FM with individual plant protein sources has usually resulted in reduced

growth. Webster et al. (1992b), Webster, Yancey et al. (1992) and Webster et al. (1999)

stated that combining plant and animal source proteins with complimentary amino acid

profiles may help avoid any deficiency or limitation that could negatively impact fish

performance when replacing FM in fish diets.

Yeast-based protein is a potential ingredient for use in fish diets. Yeast has a high protein

content and has been used to compensate for amino acid and vitamin deficiencies (Olvera-

Novoa et al. 2002). It can be easily produced on an industrial scale or it can be obtained

during the fermentation process of beer and liquour. It has been reported that up to 50% of

FM can be replaced with yeast protein in diets for sea bass,Dicentrarchus labrax, juveniles

(Oliva-Teles & Goncalves 2001), 40% of FM in diets for juvenile cobia, Rachycentron

canadum (Lunger et al. 2006; Lunger, McLean et al. 2007) and 30–40% of FM in Nile

tilapia, Oreochromis sp., diets (El-Sayed 1999; Olvera-Novoa et al. 2002). Lunger,

McLean, Gaylord et al. (2007) supplemented cobia diets containing yeast extract (YE) with

taurine and were able to achieve 50% replacement of FM with YE with no decrease in

growth. All YE-containing diets in their study also contained supplemental methionine and

tryptophan because of reduced levels of these amino acids in YE when compared with FM.

Organic agriculture is the fastest growing food production industry in many countries

and the sale of organic products was US$62.9 billion in 2011, which represents an increase

of US$4 billion from the previous year (IFOAM 2013). This level of growth is mainly due

to increasing consumer concerns about disease, chemical contaminants and genetically

modified organisms. With recent consumer concerns about the safety of seafood, and the

reduced profitability of some aquaculture enterprises, it is imperative that aquaculture

evaluates all potential markets, such as organically produced fish. However, organic

aquaculture guidelines may differ by country or group of countries. Although there are no

guidelines adopted for the USA currently, the EU has passed organic aquaculture

guidelines (EC 710/2009) which state that ingredients for fish diets must be from certified

organic aquaculture enterprises, certified trimmings or plant ingredients listed in the

guidelines (European Union 2009). Furthermore, the guidelines do not allow for the

addition of crystalline amino acids. Thus, diets must be nutritionally complete using intact

protein and amino acid sources.

Nile tilapia, Oreochromis niloticus, is produced globally with 3.7million metric tons

(MT) in 2010 (FAO 2010) owing to numerous positive characteristics, including tolerance
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to crowding, high fecundity, fast growth and high consumer demand. As Nile tilapia are

generally omnivorous/herbivorous in nature, prepared diets can use high percentages of

plant protein ingredients, such as SBM; however, FM is usually added at high levels to

hatchery diets used to feed newly hatched and small (,5.0 g) Nile tilapia. The objective of

this study was to evaluate growth and body composition of Nile tilapia fry fed organic

diets containing various percentages of SBM and YE as total replacement of FM.

Materials and methods

Experimental diets

Five diets were formulated to meet all nutrient requirements of Nile tilapia (Santiago &

Lovell 1988; Lim andWebster 2006) and contained 36% protein and 7% lipid on an as-fed

basis. One control diet and four experimental diets were formulated. As the digestibility of

organic SBM (OSBM) and YE are not known for Nile tilapia, diets were formulated on an

analysed nutrient basis (Table 1). The control diet was formulated similar to a high-quality

commercial diet with 20% FM and 37.7% OSBM (Organic Unlimited, Atglen, PA, USA),

whereas diets 2, 3, 4 and 5 used OSBM and various (10%, 20%, 30% and 40%)

percentages of a commercially available yeast extract (Alltech. Inc., Nicholasville, KY,

USA) (Table 2).

Dry ingredientswereweighed andmixed together for 1 husing aHobartmixer (A-200T;

Hobart, Troy, OH, USA). Warm tap water was added at 35% of the dry ingredient weight,

Table 1. Composition and amino acid profiles of the feed ingredients menhaden FM, OSBM and
YE.

FM OSBM YE

Moisture (%) 6.9 6.7 7.1
Crude protein (%)a 66.0 45.3 48.6
Crude lipid (%) 10.9 9.2 7.9
Crude fibre (%)a 1.0 4.1 0.3
Ash (%)a 21.8 6.4 4.7
Total nucleic acids (%) NA NA 5.1
Indispensable amino acids
Arginine 3.6 3.6 2.3
Histidine 1.6 1.2 1.0
Isoleucine 2.6 2.1 2.2
Leucine 4.6 3.6 3.92
Lysine 4.7 2.8 2.8
Methionine 1.7 0.65 0.8
Phenylalanine 2.6 2.3 2.1
Threonine 2.7 1.8 2.2
Tryptophan 0.7 0.7 0.6
Valine 3.0 2.3 2.5

Dispensable amino acids
Alanine 4.1 2.0 2.8
Aspartic acid 5.8 5.3 4.0
Cystine 0.5 0.6 0.6
Glutamic acid 8.2 8.6 8.2
Glycine 3.9 2.0 2.1
Proline 2.8 1.0 2.85
Serine 2.4 2.3 2.3
Tyrosine 2.0 1.5 1.5

aDry-matter basis.
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Table 2. Ingredient (percentage of diet), nutrient, and amino acid compositions of five practical
organic diets for Nile tilapia containing various amounts of YE as total replacement for FM.

Diet

Ingredient 1 2 3 4 5

FMa 20.00 0.00 0.00 0.00 0.00
YEb 0.00 10.00 20.00 30.00 40.00
Soyabean mealc 37.775 59.775 49.80 39.975 30.275
Wheat middlingsc 23.50 9.50 9.50 9.30 9.00
Corn mealc 14.00 14.00 14.00 14.00 14.00
Fish oil 1.00 2.00 2.00 2.00 2.00
Corn oil 2.00 3.00 3.00 3.00 3.00
Dicalcium phosphate 1.00 1.00 1.00 1.00 1.00
Vitamin mixd 0.40 0.40 0.40 0.40 0.40
Mineral mixe 0.10 0.10 0.10 0.10 0.10
Choline chloride 0.15 0.15 0.15 0.15 0.15
Stay Cf 0.075 0.075 0.075 0.075 0.075
Chemical analysis
Moisture (%) 9.98 10.33 10.86 11.43 9.69
Crude protein (%)g 41.55 38.40 37.68 37.33 40.55
Crude lipid (%)g 8.98 14.04 13.76 13.11 13.15
Ash (%)g 8.62 6.02 5.24 4.35 4.77
NFEh 38.47 37.47 39.67 42.06 39.36
AE (kcal g21)i 4.01 4.30 4.33 4.36 4.38
P:Ej 103.65 89.33 86.97 85.71 92.57
Amino acids
Alanine 1.94 1.55 1.58 1.65 1.90
Arginine 2.49 2.33 2.15 2.00 2.10
Aspartic acid 3.80 3.63 3.37 3.18 3.44
Cystine 0.44 0.43 0.40 0.39 0.41
Glutamic acid 6.30 6.32 6.04 5.88 6.53
Glycine 1.99 1.43 1.39 1.38 1.53
Histidine 0.96 0.84 0.80 0.76 0.83
Isoleucine 1.62 1.48 1.43 1.41 1.56
Leucine 2.89 2.66 2.60 2.60 2.89
Lysine 2.44 1.99 1.93 1.88 2.12
Methionine 0.74 0.49 0.49 0.50 0.55
Phenylalanine 1.75 1.63 1.55 1.53 1.67
Proline 2.15 1.78 1.78 1.77 1.98
Serine 1.74 1.70 1.67 1.60 1.79
Threonine 1.51 1.28 1.27 1.27 1.45
Tyrosine 1.06 1.04 1.06 1.05 1.13
Valine 1.85 1.64 1.61 1.61 1.81
TSAAk 1.18 0.92 0.89 0.89 0.96

a Rangen, Inc., Buhl, ID, USA.
bNuProq, Alltech Incorporated, Nicholasville, KY, USA.
cOrganic Unlimited, Atglen, PA, USA.
dVitamin mix was the Abernathy vitamin premix no. 2 and supplied the following (mg or IU kg21 of diet): biotin,
0.60mg; B12, 0.06mg; E (as alpha-tocopheryl acetate), 50 IU; folic acid, 16.5mg; myo-inositol, 132mg; K (as
menadione sodium bisulfate complex), 9.2mg; niacin, 221mg; pantothenic acid, 106mg; B6, 31mg; riboflavin,
53mg; thiamin, 43mg; D3, 440 IU; A (as vitamin A palmitate), 4399 IU; ethoxyquin, 99mg.
eMineral mix supplied the following (g kg21 of diet): zinc, 0.07 g; manganese, 0.02 g; copper, 0.002 g; iodine,
0.010 g; selenium, 0.0003 g.
f Vitamin C (Roche’s Stay C at 35% active).
g Dry-matter basis.
h Nitrogen-free extract calculated by difference using the equation NFE ¼ 100 – [(% protein) – (% lipid) – (%
fibre) – (% ash)].
i Available energy was calculated as 4.0, 4.0 and 9.0 kcal g21 of protein, carbohydrate and lipid, respectively.
j Protein to energy ratio (g protein kcal21).
k TSAA (total sulphur amino acid) requirement is 0.9% of diet (Santiago & Lovell 1988).
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diets were extruded into spaghetti-like strands using a 0.5 cm die, air-dried and ground into

pellets and sieved into appropriate sizes. Fish oil and corn oil were added to the pellets

after grinding and sieving and stored at 2358C until fed.

Each diet was sent for proximate and amino acid analysis to a commercial analytical

laboratory (Eurofins Scientific, Des Moines, IA, USA). Experimental diets were analysed

to determine moisture, lipid, protein and ash. Moisture was determined by drying a 2 g

sample in a convection oven at 1358C for 2 h until constant weight (AOAC 930.15 2005),

protein was determined by combustion (AOAC 990.03 2005), lipid was determined by the

acid hydrolysis method (AOAC 954.02 2005) and ash was determined by placing a 2 g

sample in a muffle furnace at 6008C for 2 h (AOAC 942.05 2005). Proximate analysis and

amino acid composition of diets for the first feeding trial are found in Table 2.

Experimental conditions

The feeding trial was conducted using a rack recirculating aquaculture system (Aquatic

Habitats, Apopka, FL, USA) comprising of 36 units of 10.0 l aquaria. Water temperature,

dissolved oxygen and pH were measured daily using a YSI Model 85 oxygen meter (YSI

Industries, Yellow Springs, OH, USA). Total ammonia, nitrite, alkalinity and chloride

levels were measured three times per week using a DREL 2000 spectrophotometer (Hach

Co., Loveland, CO, USA).

Nile tilapia averaging 0.12 g (SD 0.01) were obtained from a commercial supplier (Til-

Tech Aquafarm, Robert, LA, USA) and randomly stocked at a rate of 20 fish per aquaria

and fed one of five diets randomly assigned to 35 aquaria. There were seven replicates per

treatment. During the first week of the feeding trial, any mortalities were replaced;

however, after the first week, mortalities were not replaced. Nile tilapia were fed three

times daily (08:00, 12:00 and 16:00 h) all they could consume for 30min during the 6

week feeding trial period.

Data collection and statistical analysis

At the conclusion of the feeding trial, all fish in each aquarium were weighed to determine

total weight and counted to determine percent survival. At the conclusion of the feeding

trial, fish were chill-killed by lowering body temperature in an ice-water bath for

proximate and amino acid analysis. Analysis of proximate and amino acid composition

were carried out by a commercial analytical laboratory according to standard methods as

described previously for diets. Growth performance, feed conversion and body analysis

were determined, and data were calculated for final average weight, percentage weight

gain, specific growth rate (SGR), percent survival, feed conversion ratio (FCR) and protein

efficiency ratio (PER), and analysed by analysis of variance (ANOVA). Growth response

parameters were calculated as follows: SGR (% day21) ¼ [(ln Wt 2 ln Wi)/T ] £ 100

whereWt is the weight of fish at time t,Wi is the weight of fish at time 0, and T is the culture

period in days; FCR ¼ total dry diet fed (g)/total wet weight gain (g); and PER ¼ weight

gain (g)/protein fed (g). Differences among means were determined using Least Significant

Difference (LSD) test with p , 0.05 level of significance.

Response data were also subjected to a mixed model ANOVA (PROC MIXED) with

contrasts using Tukey’s studentised range (honestly significant difference) test. Contrast

statements were constructed to compare response variables of the substitution diets (Diets

2–5) with those of the control (Diet 1) as well as among substitution diets. Response data

were also subjected to regression analysis (PROC REG) where dietary YE and OSBM

Organic diets for Nile tilapia 177
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inclusion served as the independent variables. All the statistical analyses were carried out

using Statistical Analysis System version 9.3 (SAS Institute, Cary, NC, USA). Differences

among mean responses were considered significant at the p , 0.05 probability level.

Regressions were considered significant when both R 2 . 0.25 and p , 0.05 and were

used to analyse possible linear relationships between growth parameters and YE and SBM

inclusion. Before statistical analysis, all percentage and ratio data were transformed to

arcsine values (Zar 1984).

Results

Water quality and growth performance

Water quality for the feeding trial was optimal for growth and well-being of Nile tilapia

and averaged (^SD) for the following parameters: water temperature, 28.15 ^ 1.778C;
dissolved oxygen, 7.13 ^ 0.50mg l21; pH, 8.35 ^ 0.39; total ammonia nitrogen,

0.21 ^ 0.17mg l21; nitrite, 0.13 ^ 0.12mg l21 and alkalinity, 92 ^ 24mg l21.

At the conclusion of the feeding trial, Nile tilapia fed Diet 1 (control diet with 20%

FM) had significantly higher mean final weight and SGR than fish fed all other diets

(Table 3). Fish fed Diet 1 (20% FM) also had a significantly lower FCR than fish fed the

other diets. Among the diets containing YE, Diet 5 (40% YE) had significantly higher final

weight and SGR than Diet 2 (10% YE), Diet 3 (20% YE), or Diet 4 (30% YE). Diets 3 and

4 were not significantly different from each other in final weight and SGR; however, both

were significantly higher than Diet 2 with regard to both final weight and SGR. PER was

highest in Diet 1 compared with fish fed all other diets. Fish fed Diet 2 had significantly

lower PER than fish fed all other diets (Table 4). There was no significant difference in

percentage survival of fish fed any of the diets and averaged 98.7%.

Body composition

Whole-body composition of Nile tilapia fed the various diets showed no discernible patterns

(Table 4). Fish fed Diets 2 and 4 had higher (p , 0.05) percentages of moisture (90.8% and

91.0%, respectively) than fish fed Diets 1 and 5; fish fed Diets 1 and 5 had higher (p , 0.05)

percentagewhole-body protein thanfish fedDiets 2 and 4; andfish fedDiet 1 had significantly

higher (p . 0.05) percentage ash than fish fed Diets 2, 3 and 4. There was no significant

difference in percentage whole-body lipid in fish fed any diet and this averaged 3.24%.

Whole-body of Nile tilapia fed a diet containing 20% FM (Diet 1) had significantly

higher levels of all amino acids compared with fish fed a diet containing OSBM and 30%

Table 3. Effects (mean ^ SE) of total replacement of dietary FM with OSBM and YE on growth
performance, feed utilisation, and survival of Nile tilapia, Oreochromis niloticus, fry.

Diets

1 2 3 4 5

Final individual
wt (g)

3.99^ 0.26 a 1.26^ 0.08 d 1.67^ 0.13 c 1.68^ 0.22 c 2.52^ 0.21 b

Weight gain (%) 3439^ 148 a 908^ 53 d 1359^ 103 c 1371^ 92 c 2216^ 123 b
SGR (% day21) 8.48^ 0.28 a 5.48^ 0.34 d 6.35^ 0.43 c 6.37^ 0.43 c 7.46^ 0.33 b
FCR 1.40^ 0.13 d 3.75^ 0.22 a 2.90^ 0.54 b 2.89^ 0.37 b 2.30^ 0.17 c
PER 1.93^ 0.18 a 0.77^ 0.05 c 1.06^ 0.22 b 1.06^ 0.12 b 1.19^ 0.08 b
Survival (%) 98.6 a 100 a 97.7 a 97.1 a 100.0 a

Note: Means in the same row not followed by the same letter differ significantly ( p , 0.05).
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YE (Diet 4), and generally higher ( p , 0.05) than those found in fish fed a diet containing

10% YE (Diet 2), but generally were not higher ( p . 0.05) than fish fed a diet containing

20% YE (Diet 3) and 40% YE (Diet 5; Table 5).

Regression analysis

Results of regressing different growth parameters with respect to YE and SBM inclusion

are shown in Table 6. Nile tilapia exhibited decreasing FCR and increasing final average

weight, SGR and PER with increasing YE and decreasing SBM. Neither YE nor SBM

content had any effect on survival. Regressing amino acid content of fish in the first

feeding trial with respect to YE and SBM inclusion found no significant differences for

any amino acid measured which corresponded to the results using ANOVA and least

significant difference test.

Discussion

Although organic aquaculture will not provide the majority of cultured food fish to

consumers, it could be a highly profitable niche market for producers. It is estimated that

by 2030, 1.2million MT of seafood products will be organically grown, representing 0.6%

of the estimated global aquaculture production (Mente et al. 2011). However, if organic

production guidelines constrain implementation or are too rigorous to be of practical

importance, production could be hampered and limited. The United States Department of

Agriculture does not currently have regulations in place concerning organic labelling of

aquacultured seafood in the USA; however, in a market survey of US consumer

preferences, 70% of respondents expressed interest in buying organically grown seafood

products, 50% responded that they would change their shopping location to purchase

organic seafood products, whereas 69% indicated their willingness to pay more for

certified organic seafood products (O’Dierno et al. 2006). Thus, a specialised aquaculture

market for fish and crustaceans could be developed and sustained in the US. If this is to

occur, organic diets will need to be formulated for aquaculture species that do not include,

or use very limited inclusion levels of, FM and/or marine fish oils. Although formulation

of these diets may be difficult for carnivorous fish, Nile tilapia are ideal species that can be

fed grow-out diets with high levels of plant-protein ingredients and no FM. However,

as newly hatched and small fry, Nile tilapia still require high-protein starter diets and these

diets have high levels of FM since the protein requirements of small fish are higher than

those for larger fish. It would seem that small fish that were fed a non-organic diet could

not be labelled and sold as “organic”. Thus, fish would need to be fed organically certified

diets from the time of first feeding until harvest.

Table 4. Effects (mean ^ SE) of total replacement of dietary FM with OSBM and YE on whole-
body proximate composition (wet-weight basis) of Nile tilapia, Oreochromis niloticus, fry.

Diet Moisture Protein Lipid Ash

1 (20% FM) 86.57^ 2.79 b 8.80^ 1.87 a 3.10^ 0.74 a 1.61^ 0.38 a
2 (10% YE) 90.83^ 1.78 a 5.62^ 0.56 b 3.02^ 0.75 a 0.86^ 0.10 c
3 (20% YE) 88.98^ 2.08 ab 7.15^ 1.02 ab 3.52^ 0.78 a 1.07^ 0.21 bc
4 (30% YE) 91.02^ 1.26 a 5.38^ 0.79 b 2.62^ 0.44 a 0.83^ 0.09 c
5 (40% YE) 86.62^ 2.21 b 7.84^ 1.31 a 3.96^ 0.79 a 1.29^ 0.20 ab

Note: Means in the same column not followed by the same letter differ significantly ( p , 0.05).
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It has been shown that growth of fish is adversely affected when SBM is used as the

sole protein source (Shiau et al. 1987), possibly due to limiting sulphur amino acid content

and presence of anti-nutritional factors such as trypsin inhibitors and anti-vitamins

(Francis et al. 2001). Anti-nutrients in organic crops may be a more significant problem

than in modern agriculture crops because of the prohibition on use of solvent extraction

and chemical processing. In this study, the levels of trypsin inhibitors were all less than

2000 TIU g21, which has been shown to be below the level that causes reduced fish growth

in blue catfish, Ictalurus furcatus (Webster, Yancey et al. 1992) and channel catfish,

Ictalurus punctatus (Webster et al. 1991). Furthermore, Santigosa et al. (2010) reported

growth, FCR and intestinal histology were not affected in sea bream, Sparus aurata, fed

diets containing 2 and 4 g kg21 soyabean trypsin inhibitor (20,000 and 40,000 TIU,

respectively) for 30 days. Yeasts are known to have high levels of nucleic acids, which

produce elevated plasma uric acid with resulting toxicological effects including metabolic

disturbances when fed to most monogastric animals (Rumsey et al. 1992). However,

previous research has shown that fish are able to tolerate higher levels of dietary nucleic

acids than terrestrial animals (Rumsey et al. 1992; Oliva-Teles et al. 2006).

Webster et al. (1992a, 1992b) and Webster, Yancey et al. (1992) suggested that the use

of two or more complimentary protein sources would be advantageous for use in fish diets

which had little or no FM. Results from the this study indicate that as YE inclusion

increased, the final weight and SGR of fish fed those diets increased and FCR decreased,

suggesting that SBMwas not as palatable as YE for Nile tilapia fry, or that Nile tilapia could

have been adversely affected by the non-starch polysaccharides (NSP) content of OSBM.

Final weight, FCR, PER and survival of Nile tilapia fed Diet 1 (control diet with FM) were

similar to the values reported in Olvera-Novoa et al. (2002) and Lara-Flores et al. (2003).

Yeasts are a good source of protein for fish (Appelbaum 1979; Cheng et al. 2004;

Barnes and Durben 2010) and can be used to supplement essential amino acid deficiencies.

Olvera-Novoa et al. (2002) stated that weight gain in small (306mg) Nile tilapia,

Oreochromis mossambicus, fed diets containing various (22–35%) percentages of torula

yeast as partial replacement of FM was similar to fish fed a diet containing 64% anchovy

meal. However, yeast is deficient in sulphur amino acids but can be nutritionally improved

when supplemented with crystalline methionine (Ozorio et al. 2009). However, crystalline

amino acids were not added to the diets in the current feeding trial because the EU has

approved guidelines for organic aquaculture that prohibit the inclusion of synthetic amino

acids. Thus, it was decided to evaluate organic diets that would meet the EU criteria for

organic aquaculture production.

Whole-body proximate composition of small Nile tilapia fed diets containing SBM

and various percentages of YE as total replacement for FM were similar to the control

except for the percentage ash in which larger fish tended to have more ash, presumably due

to higher bone mass of the larger fish at the conclusion of the study. Whole-body

composition of fish in this study was similar to those in other published reports using

similar-sized fish (Olvera-Novoa et al. 2002; Lara-Flores et al. 2003).

As the aim of this study was to determine the inclusion of an organic yeast product and

OSBM as a total replacement for FM, the amino acid compositions of the diets varied. Diet

1 (control) had higher levels of non-essential and essential amino acids than the

experimental diets. Whole-body amino acid compositions of fish fed their respective diets

tended to mimic dietary amino acid compositions of the test diets, with fish fed Diets 2 and

4 having the lowest levels of amino acids, and fish fed Diets 1 and 5 having similar whole-

body amino acid compositions. It is not known why the levels of amino acids in whole

body of fish fed Diet 4 were consistently lower than in fish fed Diet 1; however, levels in
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fish fed Diet 4 were not different from fish fed any diet containing YE. Interestingly, fish

fed Diets 3 and 5 had similar whole-body amino acid compositions to fish fed Diet 1 yet

had reduced growth, as did fish fed Diets 2 and 4. This is in contrast to the report by

Mamauag et al. (2011) who fed juvenile Japanese flounder diets containing reduced amino

acid levels and reported reduced growth, similar to this study; however, they reported no

differences in whole-body amino acid compositions of fish among the various treatments.

Zhang et al. (2012) reported that rainbow trout, Oncorhynchus mykiss, fed diets containing

lupin and pea protein concentrate as partial replacement for FM had similar growth and

whole-body amino acid compositions among treatments even though amino acid

compositions varied by 9–12% among diets. Results from this study indicated that dietary

amino acid composition is reflected in the whole-body amino acid composition of small

(,5 g) juvenile Nile tilapia and may be an indicator of growth performance

Results indicate that diets containing 40% protein and formulated to contain 0% FM

and various percentages of OSBM and YE resulted in reduced growth and feed efficiency

of small Nile tilapia. However, fry fed a diet containing 0% FM, 40% YE and 30% OSBM

had 63% of the final weight of fish fed a diet containing 20% FM. Thus, inclusion of

OSBM and YE may have promise for use as a replacement for FM in practical diets for

Nile tilapia fry. The identification and use of organically certified ingredients as feasible

protein sources for fish diets increases the potential for future organic certification and

expansion of the organic aquaculture industry by reducing the reliance on FM in diets;

however, further study is warranted as diets with high percentages of SBM led to reduced

growth and increased FCR values.
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