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Abstract. Soybean has shown over the years to be a reliable plant protein source to excellently substitute the high cost 
fishmeal in aquaculture diets. However, antinutritional factors (ANFs) limit its usage in aquaculture feeds. Therefore, 
the current study was designed to test the efficacy of three substrates containing different microorganisms that are 
capable of reducing soybean ANFs in a 3-month period at a low pH of 2.8. Full fat soybean (USB) was fermented using 
Anaerobic waste extract from Recirculating Aquaculture System sludge trap (RASW); Biocentric® Feed probiotic powder 
(BIOP); Oakland® double cream yoghurt (3x 106 CFU ml-¹) (OY), Control treatment which had no substrate that contained 
fermenting microorganism (SRR). Each treatment was conducted in three replicates at 2.8 pH. The untreated soybean 
granules recorded a numerical protein content of 48.56%. The BIOP fermented soybean recorded significantly higher 
protein content as compared to the other soybean meal fermented with the other substrates. There was also a significant 
decrease in the soybean content of the amino acid lysine upon fermentation with the four treatments. Fermentation of 
the soybean with the four treatments was not significantly different in relation with their soybean lipid content, crude fibre 
content, methionine + cysteine, dry matter content, urease activity and gross energy content (P>0.05). There was an overall 
significant decrease in the ANFs when soybean was fermented with the four treatments, with four out of six analysed ANFs 
parameters content showing a significant decrease upon fermentation (P<0.05). Fermentation of the soybean with RASW 
resulted in a significant decrease of trypsin inhibitor content as compared to the rest of the treatments. The USB recorded 
a numerical value of 43.80 for trypsin inhibitor, whereas RASW fermented soybean recorded least trypsin inhibitor of 
38.15 ± 0.10 mg/g. In conclusion, the current study showed that the fermentation substrates used are capable of reducing 
soybean ANFs, with a slight decrease in soybean protein content.
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Introduction

Over the last three decades, aquaculture production 
has seen significant growth, with fishmeal providing 
dietary protein and other nutrients for a variety of farmed 
aquatic animals. The rising demand of fishmeal, coupled 
with erratic supplies, has resulted in high market prices 
for this commodity.  It is estimated that about 30 million 

metric tons of anchovies, mackerels, sardines and 
other small pelagic species per year are harvested to 
produce a mere 6 million metric tons per year of fishmeal 
for aquaculture (FAO, 2016). Continued reliance on 
fishmeal as a protein source brings into the question the 
sustainability of aquaculture enterprises. Climate change 
and overfishing to satisfy growing demand for fishmeal for 
a rapidly expanding aquaculture industry have negative 
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ecological impacts on marine resources (Ahmed and 
Diana, 2015). Unfortunately, fishmeal demand will keep 
rising unless viable alternatives to fishmeal that can fully 
sustain aquaculture growth are discovered.

Several protein sources such as insect meals (Belghit 
et al., 2018; Nyuliwe et al., 2022), yeasts (Madibana and 
Mlambo, 2019), animal by-products (Wang et al., 2006), 
and plant protein sources (Gatlin et al., 2007) have been 
evaluated as aquafeeds ingredients. Among plant-based 
proteins, soybeans (Glycine max) have been extensively 
researched as alternatives to fishmeal with mixed results, 
often depending on the fish species (Gatlin et al., 2007; 
Wang et al., 2015; Li and Robinson, 2015; Voorhees et 
al., 2019; Nordrum et al., 2000). The attraction to soybean 
is due to its consistent nutritional composition, fairly 
balanced amino acid profile, availability and affordability 
(Storebakken et al., 2000). However, the use of soybean 
meal in fish diets is constrained by the presence of 
antinutritional factors (ANFs), which negatively affect 
health and growth performance of carnivorous fish 
(Baeverfjord and Krogdahl, 1996; Francis et al., 2001; 
Uran et al., 2008; Krogdahl et al., 2015). 

A number of different approaches to reduce the 
quantity of ANFs in soybean have been investigated. 
Heat generated from the industrial feed-extrusion 
process is known to reduce the activity of ANFS such 
as lectins and protease inhibitors in soybeans (Gatlin 
et al., 2007; Krogdahl et al., 2010; Bakke et al., 2011). 
However, extruded soybeans tend to be more expensive 
making it unaffordable by resource-poor farmers in South 
Africa (Edwards et al., 2002). Soybean fermentation 
is another common strategy used to improve the feed 
value of soybean for farmed fish. The basic principle of 
fermentation is that microorganisms such as yeast and 
bacteria digest the carbohydrates in soybean as an energy 
source for growth. This results in decreased dry matter 
of soybean and increased microbial biomass and thus 
enhances the protein content of the fermented product 
(Hong et al., 2004; Chen et al., 2010). Indeed, Song et 
al. (2008) reported that fermentation with Saccharomyces 
cerevisae increased soybean protein level from 47% to 
58%. However, Lactobacillus plantarum and Bacillus 
lactis had no effect on protein content of soybean. During 
fermentation, microbial protease activity results in the 
degradation of soybean allergens (Kobayashi, 2005; 
Song et al., 2008). Microbes also produce phytase that 
hydrolyses phytic acid to inositol and phosphoric acid 
(Wang et al., 1980), thereby improving the bioavailability 
of minerals from fermented soybean. Fermentation has 
indeed been hailed as the most affordable technique to 
not only improve the nutritional quality of feedstuff, but 

also increase their overall digestibility (Rahimnejad et al., 
2019). On the other hand, Kavirraj et al. (2013) suggested 
that fermented products have substantially increased 
nutrient digestibility and bioavailability during protein, 
carbohydrate and fat hydrolysis. Several studies indicated 
that the process of fermentation enhances the production 
of both the probiotics and prebiotics, feed palatability and 
in many cases, immune response (Hong et al., 2004; 
Kwon et al., 2011; Zhou et al., 2011).

Despite the nutritional benefits of microbial 
fermentation of soybean, the practice has found little 
favour among South African fish farmers and aquafeed 
producers. This is attributed to the high cost of microbial 
inoculants required to transform soybean into a better-
quality protein source for fish. This study was, therefore, 
designed to evaluate the nutritional value and antinutritional 
factors of fermented soybean with the participation of 
locally available products that harbour some bacterial 
strains that are known to play a crucial role during the 
fermentation process.

Material and methods

Anaerobic fermentation of soybean
Soybean fermentation was carried out at the Marine 

Research Aquarium of the Department of Forestry, 
Fisheries and the Environment (DFFE) in Sea point, 
Cape Town. Full fat soya granules were sourced from 
Afresh Brands® (Pty) Ltd, Cape Town, South Africa. The 
fermentation treatments were as follows: Recirculating 
Aquaculture System sludge trap (RASW); Biocentric® 

Feed probiotic powder (BIOP); Oakland® double cream 
yoghurt (106 X 3 CFU ml-¹) (OY), Control with no substrate 
containing fermenting microorganism (SRR). The full fat 
soybean (USB) was also analysed for nutritional and 
antinutritional factors.

Anaerobic fermentation was carried out in 12 sterile 
5L plastic cans (experimental units) with screw top lids. 
Soybean granules (1 800 g), maize flour (200 g), and 2 L 
of a diluted (30:1) organic acid mixture were added to each 
plastic can. The maize flour served as a carbohydrate 
energy source for the anaerobic microbes while the 
organic acid mixture with a pH of 2.8 served to keep the 
fermentation medium acidic. Three sources (100 ml) of 
microbial inoculants (Oakland® yoghurt (OY), Biocentric® 
probiotic (BIOP), RAS waste sludge trap (RASW)) and 
distilled water (100 ml) were randomly allocated to the 12 
plastic cans (Table 1). The contents of the cans were then 
thoroughly mixed by shaking. The pH of the mixtures was 
confirmed to be 2.8 ± 0.1 as measured by a calibrated 
SAGA® pH pen meter. The waterproof screw caps on the 
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plastic cans were fully closed and then turned open at a 
quarter rotation to allow for the release of metabolically 
produced gas during fermentation. The cans were then 
stored in a dark box (polystyrene) at ambient temperature 

(19.5 - 22°C) for a period of 12 weeks. It was anticipated 
that the low pH (2.8) of the mixture would slow down 
the fermentation process; therefore, a longer incubation 
period is required. 

Table 1. Base ingredients and fermentation substrates mixed with full fat soybean granules.

                                                          Treatments                                                                                 
OY RASW BIOP SRR USB#

Ingredient Measure 
unit

Diluted Foodpro® (30:1)(pH=2.8)* ml 2000 2000 2000 2100 0 
Maize flour g 200 200 200 200 0
Soybean granules g 1800 1800 1800 1800 1800
Oakland® double cream yoghurt (10⁶ × 3 CFU ml-¹)** ml 100 0 0  0  0
Anaerobic waste extract from RAS sludge trap ml 0 100 0 0  0
Biocentric® Feed probiotic powder (36 g + 67 ml water)*** ml 0  0 100  0  0

*Supplier by Super Agriscience (South Africa).

**Supplier by Oakland Dairies (South Africa) (Lactobacillus acidophilus and Bifidobacterium spp).

***BioCentric Technologies (Pty) Ltd (South Africa) (Bacillus cereus strains).

Abbreviations: OY = Oakland® double cream yoghurt (3 X 10⁶ CFU ml-¹); RASW = Anaerobic waste extract from Recirculating 
Aquaculture System sludge trap; BIOP = Biocentric® Feed probiotic powder; SRR = Control with no substrate containing 
fermenting microorganism; USB = Full fat untreated soybean granules. #not part of the statistical analyses as only one sample 
was analysed.

Nutritive value of fermented soybean
Soybean substrates were analyzed at Sonto-Rose 

Solutions (Pty)Ltd (Polokwane, South Africa) for dry 
matter, ash, protein, crude fiber, lipid, gross energy, lysine, 
methionine + cysteine, tannins, saponins, lectins, phytic 
acid, non-starch polysaccharides, trypsin inhibitor, protein 
solubility, and urease activity as follows:

a) Moisture and ash analyses (Dry Matter %)
These parameters were evaluated by general 

procedure as recommended by AOAC International 
(2005).

b) Urease analysis (pH)
The urease test was conducted as described by 

IAENG (2010) whereby the difference between pH of 
test and pH of blank is calculated as an index of urease 
activity.

Quantitative determination of tannin
Quantitative determination of tannin was conducted 

based on methods described by Ezeonu and Ejikeme 
(2016) and the final quantification of tannin was calculated 
as follows:

Where C is the concentration of gallic acid read off 
the graph.

c) Quantitative determination of saponins 
Quantitative determination of saponins was 

conducted as described by Ezeonu and Ejikeme (2016) 
and the saponin content was calculated as percentage 
using the formula:

d)  Trypsin inhibitor assay
Trypsin inhibitor activity was assayed by the method 

of EI-Shemyl et al. (2000) using the substrate benzoyl DL-
arginine-p-nitroanilide (BAP A, Sigma). Trypsin inhibitor 
activity was expressed in arbitrary trypsin inhibitor „U,“ 
TIU g/L of sample. 

e)  Phytic acid 
A  modified method for phytate analysis from EI-

Shemyl et al. (2000) was developed which involved 
concentrating phytic acid on an anion-exchange resin, 
stripping the resin of contaminating inorganic phosphate 
with 0.05M NaCl and elution of the phytate with 0.7M NaCl. 
The final eluate was then digested, the amount of inorganic 
phosphate was measured, and the hexaphosphate 
equivalent was calculated from the amount of hydrolyzed 
phosphate. Phytic acid concentration was determined by 
the method of Latta and Eskin (1980).
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f) Determination of crude fibre
Crude fibre was determined gravimetrically as 

described by AOAC (2005), after chemical digestion and 
solubilisation of other compounds present (i.e. protein, 
starch, and other digestible / carbohydrates) with diluted 
sulphuric acid and sodium hydroxide. 

g) Amino acids 
• Lysine and Methionine
The method used for the analysis of Lysine and 

Methionine involved acid hydrolysis, pre-column 
derivatisation, separation by HPLC and detection using 
a fluorescence detector as reported by Einarsson et al. 

(1983). 

• Cystine
The method used for the analysis of cystine/cysteine 

involved oxidization of cystine/cysteine to cysteic acid, 
acid hydrolysis, pre column derivatisation, separation by 
HPLC and detection using a fluorescence detector as 
reported by Gehrke et al. (1985).

h) Lipid content
As described by Praveenkumar et al. (2012), the 

bean powder was extracted with methanol: chloroform 
mixture (2:1 v/v) for 20 min under continuous shaking. The 
mixture was filtered to separate cell-free organic phase, 
washed with water, vortexed and centrifuged to remove 
the upper aqueous phase. The lower organic phase 
was rinsed twice with equal volume of methanol:water  
(1:1 v/v). Finally, the extracted lipid was collected from the 
solvent phase, evaporated under vacuum and weighed.

i) Non-Starch Polysaccharides Analysis
Following the methods described by Englyst and 

Hudson (1996) and Englyst et al. (1994), Non-Starch 
Polysaccharides identification and quantification was 
conducted.

j) Crude Protein 
Crude protein was determined using the Dumas 

Combustion method, which was approved by the AOAC 
(2005). The sample was combusted at ± 1100°C–1350°C 
and 10 cm3 of the sample gas was analysed. A thermal 
conductivity cell detected the difference in thermal 
conductivity caused by the presence of Nitrogen. Total 
protein is calculated N x 6.25 (principle: 16% N in protein).

k) Protein Solubility in potassium hydroxide (KOH)
As described by Căpriţă et al. (2010), soybean 

protein solubility in KOH was performed. The solubility of 
the protein, expressed as a percentage, was calculated by 
dividing the protein content of the KOH extracted solution 
by the protein content of the original soybean sample.

l) Lectin Determination
Lectin determination was performed following the 

method by Maenz et al. (1999).

m) Gross Energy (GE)
As described by Latta and Eskin (1980), the GE 

was measured with an adiabatic calorimeter bomb. 
Benzoic acid was used as a standard, for calibration of 
the calorimeter system with a known caloric value (26.4 
MJ/Kg).

Statistical analysis 
The effect of microbial inoculants on the chemical 

composition and biophysical indices of fermented soybean 
substrates was analysed using a one-way ANOVA (SPSS 
14.0, 2006) according to the following statistical linear 
model:

 

ijiij EDY ++=m
 ,

Where, Yij= dependent variable, µ = population mean, 
Di = effect of the substrate, and Eij = random error 
associated with observation ij, assumed to be normally 
and independently distributed. For all statistical tests, 
significance was declared at P < 0.05. Least squares 
means were compared using Tukey’s-b option in the Post 
Hoc Multiple Comparisons of SPSS.

Results

Untreated soybean had 48.6% protein content, 
which was significantly (P<0.05) reduced after 12 weeks 
of fermentation (Table 2). The OY fermented soybean 
had the least protein (40.7%) content when compared 
to soybean substrates fermented by the other three 
inoculants. The BIOP fermented soybean had higher 
protein content compared to other fermented substrates. 
There was also a significant reduction in the soybean 
content of amino acid lysine content upon fermentation 
with the four treatments. Untreated soybean (USB) had 
3.6% lysine content while the lowest value (1.4%) was 
observed in RASW fermented soybean substrate. Among 
the fermenting substrates, OY fermented soybean had 
the highest lysine content (1.8%). Protein solubility in 
potassium hydroxide was the highest (P<0.05) in OY 
fermented soybean (85.6%), an increase of 1% above 
that of untreated soybean and 2.62% higher than the SRR 
treatment. All substrates plus the control (SRR) produced 
fermented soybean with similar dry matter, lipid, crude 
fibre, methionine + cysteine, gross energy content as well 
as urease activity (P> 0.05).
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Table 2. Chemical composition, protein solubility of fermented and unfermented soybean meal granules

Treatments Protein 
(%)

Protein 
solubility (%)

Lysine 
(%)

Met + Cyst 
(%)

Crude fibre 
(%)

Lipid 
(%)

Dry matter  
(%)

Ash 
(%)

Urease activity 
(pH unit 
change)

Gross energy  
(Kcal/Kg)

SRR 40.87 ± 03.3a 83.02 ± 5.30ab 1.77 ± 0.02b 0.90 ± 0.06a 4.31 ± 0.69a 6.73 ± 0.35a 93.17 ± 0.19a 5.55 ± 0.33a 0.07 ± 0.04a 2626.60 ± 107.74a

BIOP 45.11 ± 0.94b 71.25 ± 0.08a 1.73 ± 0.07b 0.89 ± 0.01a 3.53 ± 0.05a 6.33 ± 0.98a 93.83 ± 0.42a 5.81± 0.12a 0.16 ± 0.04a 2721,30 ± 34.79a

RASW 41.77 ± 0.86a 78.92 ± 2.16ab 1.42 ± 0.06a 0.72 ± 0.06a 3.44 ± 0.07a 6.73 ± 0.47a 92.73 ± 0.84a 6.64 ± 0.86a 0.20 ± 0.01a 2779.97 ± 65.17a

OY 40.70 ± 0.75a 85.64 ± 0.30b 1.80 ± 0.08b 0.98 ± 0.08a 4.08 ± 0.63a 6.13 ± 0.41a 92.76 ± 0.20a 6.20 ± 0.38a 0.31 ± 0.20a 2806.10 ± 4.54a

USB# 48.56 84.6 3.58 1.14 3.47 12.00 93.01 5.98 0.15 2836.5

Significance * * * NS NS NS NS NS NS NS

Means along the same column with different superscripts denote significant differences (P<0.05), NS: P>0.05; *P<0.005. 
Abbreviations: OY = Oakland® double cream yoghurt (3 X 10⁶ CFU ml-¹); RASW = Anaerobic waste extract from Recirculating 
Aquaculture System sludge trap; BIOP = Biocentric® Feed probiotic powder; SRR = Control with no substrate containing 
fermenting microorganism; USB = Full fat untreated soybean granules. #not part of the statistical analyses as only one sample 
was analysed.

Table 3. Selected anti-nutritional factors of fermented and unfermented soybean meal granules

Treatments
Tannin 
(mg/g)

Saponin 
(%)

Lectins 
(mg/g)

Phytic acids 
(%)

Non starch  
polysaccharides (%)

Trypsin inhibitor 
(mg/g)

SRR 33.34 ±1.25a 2.03 ± 0.64a 1.88 ± 0.06a 1.51 ± 0.03a 15.40 ± 0.03a 42.06 ± 0.20d

BIOP 43.98 ±2.56b 1.17 ± 0.15a 2.11 ± 0.11a 1.88 ± 0.02c 15.69 ± 0.01b 39.15± 0.35b

RASW 35.77 ± 0.89a 1.27 ± 0.19a 2.09 ± 0.04a 1.69 ± 0.03b 15.39 ± 0.03a 38.15 ± 0.10a

OY 34.74 ± 2.00a 1.03 ± 0.19a 1.93 ± 0.02a 1.94 ± 0.04c 15.51 ± 0.07a 40.56 ± 0.24c

USB# 39.35 2.1 2.56 2.23 15.98 43.80

Significance * * * NS NS NS
Means along the same column with different superscripts denote significant differences (P<0.05), NS: P>0.05; *P<0.005. 
Abbreviations: OY = Oakland® double cream yoghurt (3 X 10⁶  CFU ml-¹); RASW = Anaerobic waste extract from Recirculating 
Aquaculture System sludge trap; BIOP = Biocentric® Feed probiotic powder; SRR = Control with no substrate containing 
fermenting microorganism; USB = Full fat untreated soybean granules; #not part of the statistical analyses as only one sample 
was analysed.

There was an overall significant decrease in the 
ANFs (Table 3) when soybean was fermented with the 
four treatments, with four out of six analysed ANFs content 
showed a significant effect by the four fermentation 
treatments on soybean (P<0.05) (Table 2). Fermentation 
of soybean with RASW resulted in a significant decrease 
of trypsin inhibitor content as compared to the rest of the 

treatments. 
The USB recorded a numerical value of 43.80 for 

trypsin inhibitor, whereas RASW fermented soybean 
recorded least trypsin inhibitor of 38.15±0.10 mg/g. The 
NSP, tannin, phytic acid and soybean content are the other 
three ANFs that fermentation had a significant impact on 
(Table 2).

Discussion 

In contradiction with previous studies, results from 
the current study showed that soybean protein content 
was generally reduced upon fermentation, irrespective of 
the substrate used. Indeed, Hong et al. (2004), Song et 
al. (2008) and Chen et al. (2010) reported that microbial 
fermentation of soybean resulted in substrate with lower dry 
matter, higher microbial weight, and higher protein content. 
Probiotic fermented soybean (BIOP) had higher protein 
content compared to untreated soybean. Disregarding 
the raw untreated soybean protein content, a significant 

enhanced protein content with BIOP fermentation (L. 
cereus) as compared with the SRR treatment is inconsistent 
with Song et al. (2008) who reported a slight increase in 
protein content when fermenting soybean with L. plantarum 
and B. lactis. The discordance between findings in the 
current study and the aforementioned previous studies 
could be due to differences in the type and dosage of 
fermenting microbes and the soybean variety used. In a 
previous study, lysine content decreased when soybean 
meal was fermented with Bacillus subtilis after 24 hours and 
exponential increase of lysine content after 48 hours (Kim et 
al., 2010). Fermenting soybean with the current substrates 
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containing different bacterial species resulted in significantly 
different soybean lysine content. Lysine content (3.6%) of 
the control soybean in the current study was significantly 
reduced upon fermentation. Kim et al. (2010) recorded 
5.2% of lysine from unfermented soybean lysine content 
which was significantly reduced upon fermentation to 2.9% 
(24 h), then an increase to 8.3% after 48 h fermentation. Our 
fermentation lasted for a period of 3 months uninterrupted  
at a pH of 2.8, whereas the study of Kim et al. (2010) shows 
that most of their buffers added to the fermentation process 
were at a pH between 6.5 to 8. The effect of time and pH 
of the fermentation process may explain the contradictory 
results between the two studies. On the other hand, Frias 
et al. (2008) recorded an increase in sulphur amino acids 
(Methionine + Cysteine), Phenylalanine, Tyrosine, Lysine, 
and Threonine in L. plantarum fermented soy flour. Our 
current results were inconsistent with the aforementioned 
findings as there was a slight and insignificant decrease of 
soybean methionine + cysteine content upon fermentation.

Results in this study show that fermentation reduced 
soybean phytic content by up to 54% (with RASW) which 
is in agreement with Egounlety and Aworth (2003) who 
reported a reduction in phytic acid content (30.7%) of 
soybean fermented with Rhizopus oligosporus for 36 
hours. Duration of the fermentation does not seem to be 
an important factor that influences the final content of phytic 
acid in soybean. Egounlety and Aworth (2003) reported 
an 82.2% reduction in trypsin inhibitor content of soybean 
upon fermentation, where only 12.9% reduction with RASW 
was the highest in the current study. Fermentation of raw 
soybean with different strains of lactic acid bacteria strains 
resulted in 3-72% reduction in saponin levels (Miyamoto 
et al., 1999). This was corroborated by findings in the 
current study where up to 51.0% reduction in saponins was 
observed when soybean meal was fermented with OY.

There are probably already thousands of soybean 
fermentation studies aiming to remove ANFs, involving 
various microorganisms; however ANFs such as saponin 
continue to be a stumbling block when incorporating 
soybean in most carnivorous aquaculture fish diets as 
described in the introductory section. It is important to 
reiterate that proteins are major organic materials in fish 
tissue, constituting about 65 to 75% of the dry weight 
basis, making them the most important nutrient in fish feed 
(Wilson, 1989). ANFs such as phytic acid have the ability to 
form protein-phytate or protein-phytate-protein complexes, 
which are more resistant to digestion than proteolytic 
enzymes, thus, utilization of dietary protein is reduced which 
will subsequently negatively affect fish growth (Hossain and 
Jauncey, 1993). So, it is imperative to find affordable ways 
to deactivate or eliminate these ANFs.

The current study was seeking to add to ANFs 
fermentation knowledge database, by using the most 
affordable and basic substrates that contain important 
microorganisms that are capable of reducing ANFs in 
soybean. Most of the previous studies were conducted 
over a short period of time not exceeding 72 hours. The 
current fermentation of soybean over an extended period 
of time and at a lower pH would allow small scale start up 
farmers to fully prepare their enterprise before they can 
utilise the fermented soybean if short time fermentation 
period will not suit their operations. The most important 
aspect of any method used to reduce the ANFs in soybean 
is to make sure that the process does not affect negatively 
the nutritional integrity of the soybean. The lowest soybean 
protein content was recorded when fermenting with OY 
(40.70%), which is relatively sufficient and satisfies many 
aquaculture fish protein needs. Overall, based on the 
results, the substrates used for fermentation in the current 
study are recommended for further testing as signs of 
reduction in ANFs were observed.

Conclusion 

The reduction of major soybean ANFs such as 
saponins by the OY substrate is a major boost for the future 
incorporation fermented soybean in fish diets. Saponins 
have been regularly cited as responsible for most of the gut 
enteritis that develops in fish when soybeans are included 
in the diets. More studies using a variety of affordable 
substrates are encouraged.
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