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ABSTRACT

Fish meal (FM) is a principal dietary protein source in aquafeed. The rapid development of aquaculture resulted
in high demand and a shortage of (FM) supply. The reason mentioned above has led to a search for an alternative
protein sources as (FM) replacement in aquafeeds. Amongst plant protein ingredients, soybean meal (SB) is suggested
as the most nutritive plant protein source but some contains high concentration of anti-nutritional factors. Among
most soybean products compared with FM, soybean protein concentrate (SPC) is most suitable to replace fishmeal
in aquafeed because of its high protein content and better amino acid profile than other soybean products such as
soybean meal (SBM). Moreover, more SPC can be used to fully or partially replace FM as compared to SBM without
adverse effects on growth performance and health condition in fish and crustaceans. This review reveals that SPC
has positive effect on fish and crustaceans performance, gene expression and pathways. This information will help
reduce the use of fishmeal by replacing it with SPC in aquafeed and also help to improve growth and health of fish
and crustaceans.
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INTRODUCTION feed for maximum growth and healthy living in their culturing

environment. Fish meal (FM) is a major dietary source protein for

Production of world aquaculture in 2016 was 110.2 million tonnes  farmed marine fish and shrimp due to its high digestibility and

with estimated value at USD 243.5 billion FAO [1]. This implies
thataquaculture is important and also plays a major role in the world
economy and market. Aquatic animals such as fish and crustaceans
provide high-quality animal protein, selenium, and other essential
nutrients in human and animal diets for healthy living. Despite
their vital contribution to the global human and animal nutrition,
culturing aquatic animals faces many challenges and among them
is the high cost of feed [2], and increasing disease outbreak during
culturing [3]. The price of aquafeed is always determined by the
sources of ingredients and levels of nutritional composition that
the feed possesses. Understanding fish and crustaceans nutrition is
essential to aquaculturists when making decisions because the cost
of the diet represents a large portion of the commercial fish and
shrimp production cost. Similar to other terrestrial animals, these
aquatic organisms requires a certain level of quality protein in their

good amino acid profile Sookying et al. [2]. Most fishes used in FM
production are pelagic fishes from marine waters. FAO [4] reported
that most world fish stocks of pelagic marine fish are either entirely
or over-exploited. FM production experiences shortages from its
raw material resources, decreasing the total FM production capacity
make it difficult sustain the aquaculture industry. Such shortages
cause low supply, which increases FM cost in the formulation of the
aquafeed. High FM in aquafeed increases growth of aquatic animal
but doubles production cost. Whenever this cost reflects on the
selling price of farmed fish or shrimp, consumers are not willing
to buy fish or shrimp product leading to reduced profit margin
and unsustainability or non-expansion of the industry Sookying
et al. [2]. In addition to economic incentives from replacing FM,
significant pressure to improve the environmental sustainability
of aquaculture has affected feed formulation practices in recent
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years. The production of one (1 kg) of shrimp currently requires
an average, 2-3 kg of low fish species (herring, anchovy, horse
mackerel, menhaden, sardine, pilchard, etc.). Aquaculture is
frequently described (attacked) as an industry that merely converts
fishes to fish. This concern has generated considerable research
in aquatic animal nutrition to determine the best plant protein
(PP) or alternative proteins with the same or close nutritional
value to wholly or partially replace FM in aquafeed. Nutritional
research has revealed that after FM, many protein sources can be
obtained from animal and plant origin. Such sources are always
available at a reduced price and can replace FM in aquafeed. For
instance, animal proteins such as poultry by-product, meat, and
bone meal are identified as good replacement FM in aquafeed
Dersjant-Li [5]. Animal products contain good protein sources
with low price thus; such products can be partially used to replace
FM. However, due to animal disease such as bovine spongiform
encephalopathy (BSE), consumers question the feeding practices
on the basis of using animal proteins as raw materials in animal
feed. In certain countries, animal proteins are banned in animal
feed [5]. Therefore, future development of animal feed focuses on
the vegetable-based formulation. Plant proteins are suitable for
replacing FM. Among them, soybean (SB) product is mostly used
in the partial replacement of FM in the aquafeed because of its
availability and low price, better amino acids (AA) profile [6]. SB
production in 2014 extended to 190 million tons and accounted
for 62.5% of oil meals FAO [7]. The leading producers were China
(54 MT), the USA (37 MT), Argentina (29 MT), Brazil (27 MT),
and the European Union-28 (10 MT). The leading exporters were
Argentina and Brazil (Oil World, 2015). The European Union-28
was the utmost importer of SBM (22 MT), followed by Southeast
Asian countries such as Indonesia, Malaysia, Thailand, and the
Philippines (Oil World, 2015). SB product is highly palatable
feedstuff; soybean product is characterized by high protein content
(from 43% to 93%) and low crude fiber content. SB product has
good amino acid balance and contains high lysine, tryptophan,
threonine, and isoleucine, which are often lacking in cereal grains.
Furthermore, SB can resist oxidation and spoilage and is naturally
clean from organisms such as, fungus, viruses, and bacteria
that are unsafe to shrimp Gonzalez-Félix et al. [8]. However, SB
contains several anti-nutritional factors (ANFs) such as trypsin
inhibitors and lectins which requires processing before they can
be used in the feed Zhou et al. [9]. ANFs may limit the usage of
SB products in aquafeed, especially young animals with the still
undeveloped digestive tract. In order to inactivate ANFs in SB,
some techniques of processing were developed to process SB into
other products such as soybean meal (SBM) and soybean protein
concentrate (SPC) [10,11]. Replacements of FM with SB products
present health issues and intestinal changes in aquatic organisms
which affects growth, disease resistance and immune system of the
aquatic animal. Therefore this review aims to discuss the effect of
replacing fishmeal with soybean products such as SBM, and SPC
in fish and crustacean performance such as growth, innate immune
system, and gene expression. This information will be useful for
fish farmers, aquatic nutritionist and other stakeholders in the
aquaculture industry to improve growth performance, profits and
sustainability in the aquaculture industry.

LITERATURE REVIEW
SBM and its nutritional value

SBM is the product residual after extracting most oil from whole
SB. Such oil may be removed by solvent extraction or by an expeller
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process in which the beans are heated and squeezed. The standard
process for solvent-extracted SBM production involves a series
of treatments which include cracking, dehulling, flaking, and
extraction, followed by desolventizing and toasting. SBM contains
secondary compounds known as heat liable factors such as tripsin
inhibitors, and lectins [12,13] and heat stable compounds such as
starch polysaccharides, saponins, phytate, phytoestrogens [14-16].
These secondary compounds mentioned above reduce the efficient
utilization of nutrient in the SBM product leading to a reduction
in growth and immune system function in aquatic animals [17].
Oligosaccharide is also a secondary compound found in SB which
is indigestible to finfish [18]. Oligosaccharide content in SB
is about 15% more than in SPC which is 3% [19]. Appropriate
heat treatment in combination with the correct moisture level
destroy some secondary compounds such as the trypsin inhibitors
and lectins [20]. Insufficient heating, or under-processing, of
SBM, negatively affects amino acid digestibility because ANFs
are not adequately destroyed. Moreover, excessive heating or
over-processing negatively affects amino acid digestibility because
a portion of the amino acids either destroyed or tied up as
indigestible, bound compounds [21]. SBM is more in protein and
energy and is one of the most commonly used protein supplements
in aquatic animal diets. Generally, full-fat and defatted (extruded
or solvent-extracted) SBM contain 350-400 and 450-500 gkg!
crude protein, respectively. SBM has poor AA profile than SPC as
compared to FM Gatlin et al. [22]. One best way of comparing the
quality and nutritional composition of other soybean products is
to compare their lysine content. The reason is that lysine is a first
limiting amino acid in non-ruminant animals and its absence may
affect the growth and immune function of the animal such as fish [23].

Soybean protein concentrates (SPC) and its nutritional
value

SPC is a product obtained during the processing of mature SB.
High-quality SB are selected and cleaned as the first step in soybean
product processing. Clean soybeans dehulled, and then the oil is
extracted. The residue, consisting of defatted white flakes, can then
be ground to make soy flour, toasted and grounded to make SBM,
or subjected to further processing to produce value-added soy fiber
and protein concentrate [24]. SPC is a clean protein source, with
up to 65% protein content and a reduced concentration of ANFs
NRC [25]. SPC has good amino acid levels equal to or greater
than FM but deficient in methionine and lysine Drew et al. [19].
This extraction process removes the soluble carbohydrate and
significantly lowers the ANFs, secondary compounds levels such
as of lectins, trypsin inhibitors, glycinin, B-conglycinin, saponins,
and oligosaccharides that are considered ANFs in regular SBM
Drew et al. [21]. Figure 1 below shows processing of soybean into
SBM and SPC, (Tables 1, 2 and 3) below also shows the chemical
composition, amino acids composition, and anti-nutritional factors

of SBM and SPC respectively.

Utilization of SB products in Fish and Crustaceans

Regarding the use of SB in aquafeed, different results are obtained
in different studies. Such results may be related to the following
aspects. First is the quality of SB products. SB products nutritional
values are closely related and sometimes vary due to the source of
SB ingredient and processing procedures. In most studies, ANFs
not analyzed, leading to a difficulty in evaluating the relationship
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Figure 1: Flow chart showing the processes involved in producing SBM
and SPC from soyabean.

?g§112§1ct5 mIZtrtlr pcrgltlji; Crude fat ‘ Crude Crude ash
sources g/kg g/kg ke fiberg/ke  o/ke
(Ssogl'fg‘z 41}:'”211) 896 500 17 86 397
(Ssogf;;‘zg;:ilzp 909 518 47 69 365
Soybean Protein
Concentrate 920 636 5 45
(SPC)
Table 1: The chemical composition of test SBM and SPC (asfed basis)
(24].
Amino acids SBM SPC
Argenine 6.7 6.4
Histidine 24 2.5
Isoleucine 4 4.1
Leucine 6.7 6.6
Lysine 5.1 5.5
Methionine 1.1 1.2
Phenylananine 4.6 4.5
Threonine 3.7 3.5
Tryptophan 1.5 1.3
Valine 4.1 4.1

Table 2: Amino acids composition of SBM and SPC Serensen et al. [26].

Antinutritional factors Raw Soybean meal  Soybean protein

(ANFs) SB (SBM) concentrate (SPC)

Trypsin (mg/g) 50 8 2

Lectins (%) 3.5 <0.1 <0.1

Glycinin (mg/g) 209 50 <0.1
B-conglycinin (mg/¢g) 76 14 <0.1

Stachyose (%) - 4.5 1.4

Raffinose (%) - 1.2 0.2

Table 3: The anti-nutritional factors present in SBM and SPC [27].

between the quality of SB products and growth performance of
animals. Second, is the nutritional balance in aquatic animal
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diets! Different studies have employed different diet formulations,
thereby leading to a difference in amino acid (AA) profile and
essential fatty acid composition. The reduced performance that are
observed in individual studies may be related to nutrient imbalance
of AA or presence of ANFs in SBM [26]. For example, at high
SB product inclusion level, the methionine requirement should
be considered and met by adding a methionine-rich ingredient or
synthetic methionine Gatlin et al. [27]. Limiting of methionine
may partly explain the reduced growth at high SB protein inclusion
levels as observed in previous studies. When replacing FM with SB
products, the nutritional balance in diets should be considered,
including crude fat and minerals, FM and marine animal protein
meals generally, contain more fat and minerals than SB protein.
At high SB protein inclusion levels, mineral supplementation
is also required. Phosphorous is the most severe mineral when
formulating aquafeeds, which is contained a high level of SB
protein (Akiyama, 1988b; Amaya, Davis, & Rouse, 2007). Third,
is the age of aquatic animal. Young animals are more vulnerable
to dietary ANFs that can negatively influence digestion than old
animals [28]. Therefore, only the best ingredients with little ANFs
should be used in starter diets, to ensure a healthy and high growth
rate. Table 4 show the effects of alternative SB products protein
sources used in aquafeed.

Effects of SBM on growth performance in Fish and
Crustaceans performance

Using complementary ingredients is a practice to obtain a balanced
nutrient profile in feeds (that is essential amino acids, fatty acids,
and minerals) and to increase nutrient utilization, and to facilitate
feed processing [29]. In previous studies, FM (100 g/kg diet) was
removed entirely from diets for L. vannamei by combining plant
and animal protein sources (SBM and poultry by-product meal)
or all plant protein sources (SBM in combined with peanut meal,
corn gluten and squid meals) Sookying et al. [2]. Such removals
occur when diets are formulated to contain acceptable nutrient
levels and properly balanced nutrients without any effect on
survival, growth and feed palatability [30]. 45% FM can replace
SBM (reduction in FM from 40% to 22%) without compromising
growth performances, nutrient utilization and body composition
of kuruma shrimp in the laboratory condition. This result can be a
significant step forward to the development of cost-effective diets
for kuruma shrimp [31]. Previous studies done by Abdel Rahman
et al. [32] indicated that replacing FM with SBM up to 40% has no
harmful effects on shrimp growth performance. Replacing FM with
SBM in high levels may present palatability issue in fish. Therefore
in their feed to increase feed intake in fish, attractant such as fish
soluble must be included in the aquafeed Gatlin et al. [22].

Effects of SBM on innate immune system and gene
expression in Fish and Crustaceans

According to De Jests Becerra-Dorame et al. [33], hemolymph
metabolite found in aquatic organisms such as shrimp signifies
nutritional, morphological and immune stress indicators. Most
aquatic organisms relies on the innate immune system to fight
against pathogens because they has no adaptive immunity [34,35].
A study done by Hosseini, Khajepour and Biswas et al. [36,37]
reported that hematological parameters and growth performance
were reduced when SBM was used to replace fishmeal in beluga.
These results may be linked to the present of ANFs in SBM which
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affected digestibility and bioavailability of nutrient in fish. Feed
intake and apparent digestibility were not affected when SBM diet
was used to feed fish. This is because low level SBM diet does not
affect palatability but high SBM diet affected feed intake by the fish
[38]. When SBM diet was used to feed fish, denteritis was observed
in fish gut, also lysozyme and IgM was increased in the fish mid
gut and intestinal mucosa as compared to SPC [39]. Even in low
SBM diet, physiological changes in fish intestine will occur which
might affect growth and immune system of the fish [40]. Huang
[41], suggested that supplementation of mineral in SBM diet is vital
to improve growth, metabolic activities in shrimp. Without the
supplementation of minerals in SBM diet, growth performance,
immune system, and mineral composition will be affected
negatively because SBM lack some minerals such as calcium and
selenium. Moreover, Baeverfjord & Krogdahl [42], confirmed that
high SBM inclusion in fish diet causes pathological changes in fish
gut such as acute enteritis in the gut. This may affect fish growth
and increase mortality in fish. The results above suggest that
replacement of FM with high SBM diet may negatively affect growth
performance, and immune system of the aquatic animal because
of high content of ANFs in SBM [15,43,44]. Hepatic insulin-like
growth factor-I (IGF-I) is a type of gene that contribute to muscle
growth in fish [45]. There is a decrease in IGF-I axis genes when FM
is replaced with SBM. SBM has positive correlation on IGF-I axis
genes and this is because increasing inclusion of SBM in aquafeed
reduces IGF-I axis genes thereby reducing growth performance
in fish Kumar et al. [46]. Replacement of FM with SBM, leads to
inflammation in fish gut [47,48]. Important immune factors that
are linked to inflammation in fish gut include interleukins (ILs),
and interferon regulatory factors (IRFs) [49]. Miao et al. [50],
observed that replacement of FM with SBM up-regulated (IL-1B,
IL-10 and IL-17F) in fish. This suggests that replacement of FM
with SBM can lead to inflammation in fish gut leading to high risk
of diseases in fish.

Effects of SPC on growth performance in Fish and
Crustaceans

It is crucial to further understand the potential for SPC in
aquafeed, particularly regarding palatability and ANFs. SPC can
be made to have less taste issues than SBM and may have greater
flexibility in some species than SBM [51]. In replacing FM with
SPC, amino acids and energy requirements need to be considered
GonzalezFélix et al. [8]. For example, methionine concentration
in high SPC inclusion diet should be well balanced. In other to
achieve a balanced nutritional composition in aquafeed, a diverse
selection should be available when choosing feed ingredients. A
mixture of feed ingredients can provide more balanced nutrients
than only using limited feed ingredients to formulate aquafeed.
Price of SPC is higher than FM depending on its supply, but given
the instabilities and uncertainty in supply of FM, it is expected
that SPC will be cost effective relative to the FM as aquaculture
industry continues to advance. SPC feed formulations for pacillc-
white shrimp seem to work across many culture technologies (clear
water research systems, outdoor tank systems, and research ponds)
and a range of densities in outdoor ponds [52]. Given the range of
culture systems and densities, an SPC feed formulation for aquatic
animals are acceptable and appropriate for commercial production.
In shrimp, the partial replacement of FM by SPC results in good
growth performance, indicating an economic profit. Small shrimps
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are more sensitive to ANFs in SBM than large ones. Moreover,
up to 120 g/kg of SPC can be used in high SB diets under
outdoor production conditions without affecting the production
performance of shrimp [53]. Sa et al. [28], tested 31% FM
replacement for SPC including 20g of fish oil per kg of feed. The
results indicated that replacing 33% of the FM in the shrimp diet
with SPC, including 25.1g of marine lipids added per kg feed, does
not harm shrimp performance. Therefore, for small shrimp, SPC
can be a good substitute protein source for marine animal protein
because of its high nutritional values of SPC as characterized by
the high digestibility of amino acids and low ANFs. An experiment
done by Bureau et al. [14] observed that salmon fed SPC obtained
high weight gain in salmon fed SPC diet. This result suggests SPC
improves growth as compared to SBM. As said by Yang [54],
replacing 33% of FM with SPC on L. vannamei is possible by using
a diet containing 40% of crude protein and 30% FM. For large
shrimp, combined SPC and SBM can be used to replace marine
animal protein in diets. Also growth performance such as specific
weight gain, and feed conversion ratio was improved when SPC
was used to replace FM at 40% [55]. A linear trend was found for
final weight, weekly weight gain, total weight gain, and feed intake
as replacement of FM by SPC increased. This implied that 75%
FM replaced by SPC did not affect shrimp growth Soares et al.
[56]. Biswas [57], reported that replacement of fishmeal with SPC
at up to 70% without amino acid supplementation and attractant
improves growth performance and digestibility in fish. Digestibility
is an important criterion in evaluating the efficiency and utilization
of replacing fishmeal with other plant proteins. Moreover low
digestibility and ANFs are some of the factors influence the
replacement of fishmeal with SPC Gatlin et al. [22]. Low ANFs and
improved amino acids profile in SPC compared to SBM may be the
reason for improved growth performance, digestibility, utilization,
palatability in aquatic organisms Biswas et al. [58].

Effects of SPC on innate immune function and gene
expression in Fish and Crustaceans

Nonspecific immunity exhibits a beneficial role in defense of the
immune system in aquatic animals. Schleder et al. [59], reported
that in a bacterial challenge test, shrimp fed 33% and 66% SPC
showed low mortality rate linking it to the improved immune
system of the shrimp as a result of SPC inclusion in aquafeed.
Digestibility was improved, hematological parameters such as AST
and ALT were not affected when FM was replaced by SPC at 70%
in fish Biswas et al. [57]. These results imply the health of the fish is
improved so therefore farmer is assured of good harvest, and a high
profit. Wang et al. [60], reported that SPC can totally replace FM
in yellow croaker diet with without any adverse effect on growth
and immune system. Hepatic insulin-like growth factor-I (IGF-I) is
an important anabolic agent that can contribute to muscle growth
in finfish [61]. There was no significant difference the expression
of (IGF-I) when FM was replaced with SPC at 25% but higher
inclusion of SPC in fish diet reduced the, IGF-I expression. These
suggest that replacement of FM with SPC can increase growth and
disease resistance in fish. Target of rapamycin (TOR) is a vital
nutrient sensitive pathway which is able regulates gene expression
[62] and protein turn-over [63,64]. There was also a decrease in
TOR expression in the liver of yellow croaker at higher inclusion of
SPC in fish diet this implies the fish can tolerate culture condition
Wang et al. (60). This implies that replacement of FM with SPC can
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affect the expression of genes in aquatic animals. To the best of our
knowledge little study has been done about replacing fishmeal with
plant protein especially SPC on gene expression is available. So
therefore, this review suggests that more studies needs to be done
on the replacement of FM with SB products on gene expression in
aquatic animals.

CONCLUSION AND RECOMMENDATIONS

This review reveals that SPC is an excellent protein source for
aquafeeds than other soybean product such as SBM with the reason
being that SPC contains high crude protein content and better
amino acid profile than SBM. Moreover, more SPC quantities can
be used to substitute FM as compared to SBM without any adverse
effects on growth performance and also it improves the immune
structure and function in fish and crustaceans when added to their
feed. Thus, this makes SPC a suitable alternative protein source
in the aquaculture industry. Increasing collaboration among feed
producers, ingredient suppliers, fish producers, and research
organizations can also be instrumental in improving the quality
and significance of aquatic nutrition research in recent years. Such
an improved collaboration can also set the stage for the significant
reduction of FM levels in commercial aquafeeds. Therefore, as
the use of SPC becomes widespread in aquafeeds and as market
prices become economical, aquafeed formulation can lessen its
dependence on or become entirely independent of FM. This will
increase profit, improve the aquaculture industry and also help
curb overfishing in our oceans and seas.
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