J. Trop. Resour. Sustain. Sci. 8 (2020): 47-59

Journal of Tropical Resources and Sustainable Science

journal homepage: jtrss.org

A replacement of plant protein sources as an alternative of fish meal ingredient for African
catfish, Clarias gariepinus: A review

Zulhisyam Abdul Kari'*, Muhammad Anamul Kabir?>, Mohammad Khairul Azhar Abdul Razab’, Mohammad
Bodrul Munir*, Po Teen Lim® and Lee Seong Wei'

Faculty of Agro Base Industry, Universiti Malaysia Kelantan, Jeli campus.
2Faculty of Fisheries, Sylhet Agriculture University, Sylhet 3100, Bangladesh.
3Medical Radiations Programme, School of Health Science, Universiti Sains Malaysia, Health Campus, 16150, Kubang Kerian,

Kelantan, Malaysia

4Aquatic Resource Science and Management Programme, Faculty of Resource Science and Technology, Universiti Malaysia Sarawak
SBachok Marine Research station, Institute of Ocean and Earth Sciences, Universiti Malaya

Received 19 December 2019
Accepted 16 March 2020
Online 30 June 2020

Keywords:

Clarias gariepinus, plant protein
sources, fish feed, protein
replacement

Xi*Corresponding author:
Zulhisyam Abdul Kari @
Abdullah, Faculty of Agro Base
Industry, Universiti Malaysia
Kelantan, Jeli campus.

Email: zulhisyam.a@umk.edu.my

1. INTRODUCTION

Recent years have seen a dramatic expansion of

Abstract

Aquaculture is one of the fastest growing industries in the world. This industry supplies half of the
fisheries products consumed annually, and future global demand can only be supplied by increasing
aquaculture production, which, in turn, requires more aquafeed. Alternative ingredients must be
increasingly used to supply significant proportions of protein and energy in aquafeeds, creating
both challenges and opportunities for researchers and industry. Nowadays, there are too many
researches on fish disease, growth and health but less in a fish feed especially a replacement of
protein from plant sources in the fish feed. One of the alternative ways to optimise the growth and
health condition of the fish is provide them a good protein from plant as a replacement in fish meal
with the natural source protein instead of giving a good rearing condition and caring of the fish.
The present article was constructed to highlight a replacement of plant protein sources as an
alternative of fish meal for fish feed in African catfish, Clarias gariepinus that has been done by
researchers. However, the application of replacement from plant protein sources in fish meal is now
gradually gaining importance in commercial aquaculture practices and opened the door for the
researchers to expend of this application, thus more detailed studies on molecular basis should be
looked as to get the quality and enough nutrient fish feed for good production of aquaculture
industry.
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high economic importance in many countries of the world
including Malaysia. Many aqua farming choose this
species because the sale price at the market also giving a

aquaculture feed industry, matched by an intense period of
research into the biology of farmed species. The range of
species cultured is large and growing. According to
National Aquaqulture Sector overview in 2008, African
catfish (Clarias gariepinus) was first introduced in
Malaysia in the early 1980’s and it has been reported as the
second largest contributor in terms of aquaculture
production in Malaysia. The African catfish, is locally
known as Ikan Keli belongs to Clariidae family, omnivores
feeding nature and obligatory air-breathing freshwater fish.
African catfish is a most attractive species for aquaculture
because of its high degree of hardiness, the ability to feed
on variety of feeds, and rapid growth, and survival level in
poorly oxygenated water (Pillay, 1990). This species has

good promising in profit to the farmer as well as its
consumer acceptance and good market in local and global.
Nowadays, there are many products produced from
African catfish such as fresh and frozen whole-dressed
fish, fillets, shank fillets, fillet strips, nuggets, steaks,
breaded fillets and nuggets, marinated fillets, and smoked
fillets (Silva and Dean, 2001) and make this fish are very
valuable and has a high potential to be commercial
entrepreneurship development.

Aquaculture is rising because the quickest growing
food-producing business within the world due to the
increasing demands for fish and seafood. Worldwide, the
aquaculture business has vast at a median rate of 8.9% per
year since 1970 (FAO, 2016; Huang & Nitin, 2019).
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However, aquaculture industries often suffer serious
financial losses that threaten their growth and health
standing, in the main cause of the outbreaks of assorted
diseases (FAO, 2016). Different types of chemical and
drugs are used to control the diseases in aquaculture
industry. Those chemicals and medicines now are
prohibited by the European Union (EU) and others country
because of harmful for human health and environmental
contamination.

Plant protein is currently capturing attention
throughout the world because of the value of fish meal high
price and inconsistency supply in recent years (Shiu, et al.,
2013). It used as a replacement of fishmeal for protein and
energy source for enhanced fish growth and health status.
This plant protein adds further worth to substrates like
improvement of organic compound, probiotics inside the
gut of fish and improve health performance and
additionally to extend economic profits to aquaculture
business (Shimeno, et al., 1993; Sun, et al., 2007). The
constraints associated with the use of plant proteins in
aqua-feed are well reported. The major one is the presence
of anti-nutritional factors (ANFs), such as phytate, which
is the main storage form of phosphate (P) in plant feedstuff
(National Research Council, 2011). The presence of ANFs
such as trypsin inhibitors and lectins are known to inhibit
digestive enzyme activity (Gemede & Ratta, 2014).
Development of bio-processes for bio-remediation and
biological detoxification of agro-industrial residues has
been the main focus of solid state fermentation (SSF)
research to eliminating or reducing by fermentation
process. Fermentation is one promising approach for
reducing anti nutritional factors and improving nutritional
values of plant sources protein of soybean meal and others
plant (Shiu et al. 2013; Azarm & Lee, 2014; Jiang et al.,
2018). For example in the recent years, several studies
have reported on the use of fermented soybean meal in
livestock feed (Rahman et al., 2014) and aquaculture
(Yamamoto et al., 2010; Azarm & Lee, 2014; Jiang et al.,
2018) for replacing fish meal because it is considered as a
new protein source with reduced anti nutritional factors
such as trypsin inhibitor content, and improved nutritional
values such as increased protein, small sized peptide and
free amino acids concentrations ( Shiu et al. 2013).

2. PRESENT STATUS, TRENDS, PROBLEM
AND PROSPECTS IN AFRICAN
CATFISH AQUACULTURE INDUSTRY

The world now is occupied with amount of over
seven billion people and increasing above nine billion by
year 2050. The situation gives us a big challenge to sustain
fish stock and feed according to the increasing of the
population. Fish is one of the important parts of human diet
but when the demands increasing dramatically, resulting
the wild fish stock remained static for the past three

decades as shown in Figure 1 (FAO, 2016). Therefore, one
of the potential industries that can solve the problem with
increasing demands for fish is aquaculture industry (Dauda
et al., 2013). From that, the production of aquaculture has
been increasing dramatically over the past six decades, and
the Food and Agricultural Organization (FAO) has classify
that aquaculture as the fastest growing food production
industry (FAO, 2016; Atanda, 2012).
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Figure 1: World capture fisheries and aquaculture production

As a chronology, the aquaculture industry’s
average annual growth rate for 1970 to 2005 is around 8.9
% while the capture fisheries are only 1.2% growth rate.
Compared with the terrestrially farm meat production is
just only 2.8% with the same time period (Subasinghe,
2005). The new statistic by FAO (2016) reported that from
2009 to 2014 the annual average in aquaculture was
increased with 6% compared to the captured fisheries
industry that showed reduce trend of 0.71%. In 1974, only
7% of total fish was contributed, but it increased
dramatically to 26% in 1994 and 31% after a decade later.
Currently, aquaculture industry contributed a total of
44.14% of fish produced all around the world (FAO, 2016).

In a global aquaculture production, China and
Asia still the top ranking encompasses all sectors namely
finfish, molluscs, aquatic plants, crustaceans, and other
aquatic animals including amphibians, in freshwater,
brackish and marine environments. According to FAO
(2016) reported that 580 species was being farmed and
dominated by finfishes by the total of 362 out of 580
species with the famous cultured of finfish are tilapia,
carps, salmon and catfish (FAO, 2017). For the catfish, the
most cultured and demanded by consumer are Channel
catfish (Ictalurus puncuatus), Stripped catfish (Pangasius
hypophthalmus), Amur catfish (Silurus asotus ) and
African catfish (Clarias gariepinus ) with the percentage
of production of 0.53%, 0.52%, 0.62% and 0.33%
respectively (FAO, 2017).

The aquaculture sector in Malaysia now
consisting of farming both inland and marine fishes, fresh
water, crustaceans, molluscs, diadromous fishes and
aquatic plants (FAO, 2017 & DOF, 2016). The history of
aquaculture industry in Malaysia was started on 1920 with
the culture of Chinese carps in mining pools and after that
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in 1950 there was semi-intensive culture of clams and
freshwater fish in ponds (Liong et al., 1988; Kechik, 1995).
From that, the aquaculture industry has been growing very
well with a total production of 506,465.25 tonnes at the end
of 2015. Now, aquaculture production in Malaysia lead by
aquatic plants (seaweeds) with the value of 51.5% of total
aquaculture in 2015 (DOF, 2016). However, more than 30
finfish species are cultured, with the highest percentage
from African catfish and lower amounts from sea bass, red
(hybrid) tilapia, river catfish (Pangasius sp.), and red
snapper as shown in Figure 2 (DOF, 2016).

H Red tilapia

B Pangasiussp
B Cockles
m Red snapper
m Others

Figure 2: Percentage contribution of major aquaculture species
in Malaysia, data sourced from Malaysia, annual fisheries
statistics (Department of Fisheries [DOF], 2016).

According to Csavas (1995) reported that
aquaculture sector was introduced in Malaysia through the
aquaculture industry in Thailand between year of 1986 to
1989. From the reading and file documented, the first
cultured for this species in Malaysia was around year 1987
with total production of 6.46 metric tonnes. Currently,
Malaysia is one of the importers of fish in the global (FAO,
2016). Therefore, aquaculture industry has a great promise
to fill up the gap between supply and demand for fish and
automatically can improving food security and creating
more jobs for the people. According to Wing-Keong
(2009) indicated that until now Malaysia remains as one of
the highest consumers of fish per capita in the world and
expected to be increase from year to year.

A disease is an abnormal condition that negatively
affects the structure or function of organism’s part and it is
the most economic problem in an aquaculture sector
(Grisez & Ollevier, 1995). Nowadays, disease is one of the
serious problems occurred many farms because of the
several factors. In natural condition, when the fry born,
they automatically carry a pathogens and parasites in their
body but in a resistance level and it is becoming active
when reached a certain size due to the several factors from
environment and ecological components. In aquaculture,
the cost operational farm will increase when the fish
affected by the disease and resulting in profit loss in
production. According to Moyle & Cech (2004), the
disease in fish is still not understood very well by
researchers and need to be explore more detail about their

49

mechanism. To control the disease, it is very crucial to
maintain the optimum condition during the growth phase
of the fish.

Good nutrition in animal is very important to a
healthy and high-quality production. In aquaculture
industry, feed represents about 50 — 60% of the production
cost in farm. Nowadays, there are too many researches on
fish disease, growth performance and health status but less
in a fish feed especially a replacement of protein from plant
sources in the fish feed. One of the alternative ways to
optimise growth and health condition of the fish is by
provide them a good protein from plant-based instead of
giving a good rearing condition and caring of the fish. A
details study on fish feed property can make the unwanted
feeds can be minimized, and water quality will be more
effective for the any system for the fish to breed and can
reduced the cost of the maintenance. Application of
chemical in aquaculture industry now is getting common
in used among the farmers. According to Faruk et al.
(2008) stated that the achievement of aquaculture industry
now is depending on the chemicals that has been used in
various methods for centuries. The example of chemical
and drugs application in aquaculture industry are health
management aquatic, soil and water management, pond
construction, improvement of the aquatic productivity,
reproduction, feed formulation, growth performance and
processing proses of the final product (Group of Experts on
the Scientific Aspects of Marine Environmental Protection
[GESAMP],1997; Subasinghe et al., 1996). In aquaculture
industry, some common chemicals used was formalin,
sodium  chloride, methylene  blue, potassium
permanganate, malachite green and glutaraldehyde
(Plumb, 1992).

According to Ali et al. (2014) stated that the usage
of chemical and drugs in aquaculture sometimes lead to
several problems for example of lack of knowledge in
using the chemical in farm. To solve this problems, policy
makers, researchers, academician and scientists should
work together in this issue of chemicals used in aquaculture
to decrease the negative impacts also very important for the
human consumption. Therefore, there is a necessity for
better understanding of chemical uses in aquaculture
management and initiative should be taken both by the
government and private organizations. Instead of using a
drug and chemical in aquaculture industry, the others
alternative is utilizing a source from plant-based used as an
improvement material in aquaculture industries focusing
on feed technology. This alternative is very useful in feed
formulation and can be used as a supplement and it is safe
than using a chemical or drugs.

NUTRIENT REQUIREMENTS AND
VEGETABLE INGREDIENTS IN AFRICAN
CATFISH AQUACULTURE
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Like others living organism, Clarias gariepinus
also need nutrition for growth and health performance.
Nutrition is the series of processes by obtain food
substances and use them to provide energy for growth,
activities and reproduction. Generally, high quality of
nutrient intake in animal production is very crucial to
economically produce a healthy and high quality of product
(Winfree, 1992). As we all known, Clarias gariepinus is
an euryphagic animal means it using a wide type of food to
consume for survive (Schoonbee, 1969; Richter, 1976;
Bruton, 1979; Spataru et al., 1987). African catfish also
known as an omnivore feeding nature and consumed a
variety of food like insects, plankton, snails, plant matter
in the natural water bodies (Bruton, 1979; Uys, 1989). But
sometimes it shows propensity toward a carnivorous
feeding habit and this make it has a relatively high dietary
protein requirement, normally 40-50 % of crude protein on
a dry weight basis. The information above revealed that it
has an ability to digest plant proteins and utilize
carbohydrates as an energy source (Clay, 1979; Van
Weerd, 1995). In a farming perspective, euryphagic give
an advantages and benefit to the farmers because they can
use a variety of feed ingredients including animal and
plant-based origin to formulate feeds that will satisfy the
fish dietary requirements.

The larvae and early juveniles of this species
normally need a protein content around 55 % and 9% of
lipid. For the carbohydrates, it used as high as 21 % of the
diet. According to Kerdchuen (1992) he suggested that a
minimum level of 0.5 — 1 % dietary n-3 fatty acids is
recommended for Heterobranchus longifilis fry. But, there
were still lacking on quantitative information for the
Clarias gariepinus and the suggestion made by Uys (1989)
stated that it will grow better if at least 10 % of the total
lipid consists of fish oil and it is recommended that the
minimum level also suggested by Kerdchuen (1992) is
incorporated into fry feeds. Some work has been done for
requirement of the qualitative amino acid of larvae
(Conceicdo et al., 1998), but for the quantitative
requirements of larvae, except for methionine (Uys, 1987)
are still not clear until now. Similarly, the fatty acid
requirements for this species is still unknown, except that
a 1:1 ratio of n3 and n6 fatty acids is to be optimal for
growth and body condition. Normally, the amino acid
requirements of early juveniles and weight more than 10 g
onwards is better understood. Uys & Hecht, (1987) studied
the pancreatic and foregut amylase activity in Clarias
gariepinus larvae with consumption of dietary
carbohydrate. Their finding was similar with Ali &
Jauncey, (2005) found that intestinal amylase activity
increased with increasing dietary carbohydrate levels.
These findings show that African catfish are capable of
digesting carbohydrates from an early stage until they
reach a matured stage (Uys, 1989).

In the growing phase, which is the market size,
there were some evidence that nutrient composition
requirements changed around 5 gram in weight and remain
constant after that. At this phase, the basic nutritional needs
are range from 40 to 43% of protein, 10 to 12 % of lipid
and 15 to 32 % of carbohydrate used in feed. For this
species, both animal and plant proteins are well digested
and can be used to replace fishmeal and any of them into
the diet. According to Van Weerd (1995) reported that
protein contain between 35 — 38% can reduce the feed
costing and appetite feeding of fish which resulting the
increasing of the profitability for the farmers. In other
study, by using of fish oil as a source of lipid can negatively
affect the growth of the fish (Ng et al., 2003; Ng et al.,
2004), indicates that the species has a certain requirement
for n-6 fatty acids. However, the lipid source does not
affect the whole-body composition or muscle lipid level in
catfish, although fatty acid and alpha-tocopherol levels
generally reflect the fatty acid profile and alpha-tocopherol
concentration of the dietary lipids that are used (Ng et al.,
2003).

From the previous study it is concluded that
average permissible carbohydrate level for this species is
around 27 % and Ali (2001) suggests that this species
cannot utilize dietary carbohydrate levels more than 35 %
above. On the other hand, Pantazis (2005) found that
carbohydrate levels between 26 to 32 % had a significant
protein sparing effect (process by which the body derives
energy from sources other than protein) and he recommend
that carbohydrates level in catfish diet formulation should
be more than as usual. Gross and digestible energy
requirements needed for this species are around 14 kl/kg -
19 kl/kg, respectively, with an average protein to energy
ratio value is around 27 mg/kJ. The protein to energy ratio
is depend on temperature (Henken et al., 1986) and
increases from 25.4 mg/kJ at 24 °C to 34.7 mg/kJ at 29 °C.
For the body composition in Clarias gariepinus, the study
indicated that is not influenced by varying dietary protein
to energy (P/E) ratios (Ali & Jauncey, 2005). At a dietary
protein content of 40 %, it appears that the optimal lipid
and carbohydrate ratio is around 1:2.5.

Until now, the exact amount of vitamin and
mineral requirements of Clarias gariepinus are poorly
understood and some of the farmers just follow their
experience or previous knowledge to implement this in the
feed manufacturer. According to Wilson & Moreau (1996)
reported that the requirement of vitamin and mineral of
channel catfish are more than enough for the needs of
Clarias gariepinus. Under natural conditions, fish
normally obtain their nutrient from the environment
surrounding. An observation by farmers found that adding
vitamin and mineral up to 1% is enough for the growth for
this species. Study by Ng et al. (2001) has shown that
mineral supplementation of feed containing 27 % fishmeal
had no effect on growth of juvenile Clarias gariepinus.
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They suggest that it is not necessary to include a mineral
mix into diets that contain a high proportion of fishmeal.

4. REGULATION AND SAFETY
ASSESSMENT OF THE PLANT PROTEIN
USE FOR ANIMAL NUTRITION IN THE
GLOBAL

Mostly plant protein source used by the farmers is
from by-product and also called as food waste. Until now,
many countries including Malaysia do not have a
comprehensive food waste management framework
although some of the frameworks are underway of
planning and in development phases (Thi et al., 2015). In
this case, Malaysia could probably adopt a good models of
food waste management from other countries such as
japan, Taiwan, Thailand and South Korea in efforts of
solving the food waste production problems including for
the aquaculture purposes. South Korea and Taiwan are
countries which have a great demand for animal feeds from
food waste. These countries used around 81 % and 72.1 %
of food waste in animal feed respectively (Kim et al.,
2011). Using a food waste as a feedstock for animal
feeding is not suitable in developing countries because the
management or handling in the countries not implement
very well compared with the developing country. To
manage the food waste management, a good standard
operating procedure (SOP) is very important to avoid from
problem including the environment pollutant, disease
spread and also the excessive of the food waste.

In Malaysia, according to Feed Act (Act 698) (law
of Malaysia, 2009) described that not all of food waste is
suitable to used as animal feed for livestock except for the
sources that is commonly practiced. Normally, food waste
used for animal feed is mostly comes from bone meal,
eggshell, seashells because they are major mineral
supplement source of calcium, phosphorus and more. The
use of waste materials for fish feed formulation has been
practiced for centuries depending on the method that
farmer uses but normally it is depending on the eye
observation not from the scientific way. To the best of our
knowledge, however, food waste is not widely used in the
manufacture of feed pellets or any supplements because
sometimes the farmer just fed the fish with the raw one
especially on the Clarias gariepinus species. This situation
was different in China where the farmers tend to use a
compound pellet feed to maximize the fish growth rather
than use a raw food waste (Alice Chiu et al., 2013). The
study by Zulhisyam et. al. (2020) revealed that fish pellet
coated with plant protein also give a good result of growth
performance for Clarias gariepinus. Currently, swilling
method for fed the pigs is the most popular application of
food waste management. According to Menikpura, et al.,
(2013) stated that the recycling of food waste by swill has
been practice by many Asian country, including Korea,

Japan and Taiwan and until now there has no safety issues
related to the used of food waste for feeding pigs. In
addition, Taiwan start recycling food waste in 2001 about
2000 ton of food waste is recycled daily used as pig swill.

Animal feed is an important element by which
hazards can enter the human body and the safety of the feed
should be confirm very well before feeding the animal.
Safety assessments are often multifaceted, and it is very
important in any aspect. Consideration by both the safety
of animals as the primary of the feed and also safety of
human as a consumer is very important because it is related
to the content of the feed from the animal origin that
consumed by the human. Besides that, the risk of people
that working on the feed also should be assessed. To avoid
any risk to the consumer, a proper feed safety assessment
should be established by providing a guidelines or standard
operating procedure used as a reference source. Normally,
a good evaluation of safety assessment is conducting on a
case-by-case due to the specific characteristics and use of
the ingredient which make up a complete feed. This ranges
from traditional grains, oilseeds and their by-products (e.g.
soybeans and soybean meal), mineral and vitamin
supplements (e.g. copper sulphate and vitamin B12), by-
products of food processing (e.g. dried bakery residue),
viable microbial supplements and fermentation products
either purified or not (e.g. Lactobacillus acidophilus and
dried fermentation soluble), flavouring aids (e.g. aldehyde
C-18), colouring agents (e.g. astaxanthin) and to other
ingredients used to aid the process of manufacturing the
ingredient or the mixed feed (e.g. binding or anti-caking
agents).

S. USING A PLANT PROTEIN SOURCES IN
AQUACULTURE INDUSTRY

Nowadays, agricultural  by-products  are
considered as an alternative feed for aquaculture industry
used as supplement or protein source because of it is easy
to get, low price and excellent of functional properties
(Harjanti et al., 2012; Rahman et al., 2013; Dong et al.,
2005). For example of tofu production in Malaysia, there
are a lots of tofu factories located in urban and peri-urban
areas. Because of the improper regulation and awareness
among the feed manufacture, the soy pulp was thrown
away into the river or burn even some portion was used as
a feed for animal. Normally, the use of soy waste as animal
feed is practicable among the farmers who live near to the
soybean factory or processing place. The price of soy pulp
in Malaysia still at the low-price range around RM 400 per
tonne and sometimes the farmers can get it as a free
material because of the excess of the soy waste produced.
Generally, there are three common method used of soy
waste as an animal feed namely raw soy waste, dry soy
waste and ensiled soy waste with other feeds (Amaha et al.,
1996). Kim et al. (2012) reported that fed the animal with
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35% of raw soybean curd residue can improved the growth
performance of animal without deterioration of meat
quality of the animal. In addition, Harjanti et al. (2012)
indicated that preparing a feed from soybean curd residue
also give a positive effect on nitrogen balance of animal
but the feed was formulated similar energy intake with
commercial one.

Fishmeal is the most expensive ingredients in
commercial feed because it is highly digestible, high
content in amino acid and used by many feeds
manufactures in aquaculture. According to Amaya et al.
(2007) stated that fishmeal now is one of the major dietary
protein sources in aquaculture industry because of its
characteristic. Nowadays, issue of negative impacts on
fishmeal production has been get intention among the
scientist and makes them keen on to identify the best
ingredient as an alternative to replace the expensive
fishmeal for the global aquaculture industry (Peres & Oliva
Teles, 2005; Cheng et al., 2013; Goda et al., 2014). There
a several scientists did not recommend using a fish meal in
the aquaculture feed because of the several factors and
issues (De Francesco et al., 2004; Engin & Carter, 2005;
Bonaldo et al. 2011; Ramachandran & Ray (2007). As an
alternative to replace fish meal, plant protein sources is be
the most suitable candidate because of their characteristic
as described in previous section and the most important
things is it can be used as long as there was no negative
effect on the growth performance and health status of
animal (Espe et al., 2007; Hansen et al., 2011; Lund et al.,
2011; Yun et al., 2012; Daniel, 2017).

The problem involved when using a plant protein
in fish feed are well reported by previous researchers.
Among the constraints, the major one is the availability of
anti-nutritional factors (ANFs) in most of the plant protein
sources. According to Soetan & Oyewole (2009) reported
that ANFs are the compounds that can reducing the nutrient
value of plant products used for both human and animal.
The existing of ANFs is very important indicator to
determine either the plants can be used as a feed or not. The
major compound presence of ANFs in plant such as tannis,
phytate, oxalate, saponins, lectins, alkaloids, protease
inhibitors and cyanogenic glycosides (Habtamu &
Negussie, 2014). According to Habtamu & Negussie
(2014) stated that at a low quantity of ANFs it can give a
beneficial effect on animal health for example of phytate,
lectins, tannins, amylase inhibitors and saponins resulting
to reduce the blood glucose and insulin level in the body.
In addition, there are also ANFs compound that can reduce
the probability of cancer such as phytates, tannins,
saponins, protease inhibitors, goetrogens and oxalates. For
the others ANFs such as a phytic acid, lectins, tannins,
saponins, amylase inhibitors and protease inhibitors, it can
reduce the availability of nutrients and cause a growth
inhibition. Welker et al. (2016) revealed that ANFs
compound sometimes lead to zinc deficiency in fish. In

addition, ANFs such as trypsin inhibitors and lectins are
also known to inhibit digestive enzyme activity (Gemede
& Ratta, 2014).

Development of the agricultural residues get more
interest from various scientist regarding to the method to
remove or reducing ANFs compound in the plant protein.
According to Hamid et. al. (2017) there are several
methods used to remove ANFs namely soaking,
germination, boiling, autoclaving, fermentation, genetic
manipulation and other processing methods without
manipulate the nutritional value of food origin. From that,
one of the most popular and well-practiced by the
aquaculture industries in Malaysia is fermentation process.
Until now, fermentative nutrition in aquatic animals is still
less understood (Esakkiraj et al., 2009) but for the in vitro
processing of plant ingredients by fermentation has been
recommended by several authors to decrease anti
nutritional factors and increase nutrient availability
(Antony & Chandra, 1998; Sahu et al., 2002;
Ramachandran & Ray, 2007). However, in Malaysia the
biological method of fermentation process is still at the
new phase for the detoxification of soybean meal and
increase nutrient bio availability because of the action of
enzymes produced by the microorganisms itself (Khan &
Ghosh, 2012).

6. USE OF PROBIOTICS ASSOCIATED WITH
PLANT PROTEIN IN FISH FARMING
INDUSTRY

Nowadays, aquaculture industry is the fastest
growing food production sector in the world, but diseases
especially bacterial infections remain the main problem to
the industry to be develop (El-Haroun et al., 2006; Pieters
et al., 2008; Abd El-rhman et al., 2009). The infection by
microorganism in aquaculture resulting the major problem
facing by the farmer and it is a big challenge for the
industry to sustain the production (Ringo & Birkbeck,
1999). Because of that, the application on vaccines and
antibiotics were used to prevent from disease for decades.
The application of an antibiotics and vaccines in
aquaculture industry for a long period has creates some
problem to the consumers such as the accumulation in the
tissue and immune-suppression (Tukmechi et al., 2007;
Nayak et al., 2007; El-Haroun et al. 2006) and change of
the natural condition at coastal areas due to cultivation of
fish and shellfish (Gildberg et al. 1997). Because of that,
the concern of using a chemical compound in the
aquaculture industry has been increased. The interesting
thing that it is not only in aquaculture, it is also related to
other field like human medicine and agriculture which also
looking for another alternatives method to replace with the
chemical compound involvement (Rollo et al., 2006).
Besides that, application of antibiotics now is got a less
confident among the people because of the several factors
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and it also has been banned in European Union (Angelis et
al., 2000).

According to Panigrahi et al. (2010) stated that to
avoid the usage of antibiotic and vaccines in aquaculture
industry, probiotic now was introduced as one of the
alternatives to replace them. Probiotic used as an animal
feed started from year 1970 for pig, cattle and poultry but
the application in aquaculture industry is still new
(Tukmechi et al., 2007). The research of probiotic in
aquaculture industry is increasing from year to year ahead
because of the demand for environment friendly
aquaculture (Abdelhamid et al., 2009) and the use of eco-
friendly alternatives of antimicrobials (Merrifield et al.,
2010). Probiotics used in aquaculture industry normally
available in two types namely dry and liquid form. Dry
forms are normally having a longest shelf life compared
with the liquid one. For the liquid form of probiotics, it is
directly mix with the feed and normally it is recommended
in egg hatcheries (Decamp & Moriarty, 2007). In addition,
Nageswara & Babu (2006) stated that the liquid forms of
probiotics are much better compared with dry form because
it has a low-density compound.

Generally, the aquatic probiotics are divided into
two categories based on their mode of administration. First
category is probiotic bacteria was mix with feed
supplements function of enhancement of bacteria in the gut
and this category is suitable with plant material used as a
medium to send the probiotic into the fish gut. Second
category involves the addition of probiotics directly into
the water so that the animal can consume nutrients in the
water and inhibit the growth of pathogens. All these
categories of probiotics were used in finfish and shrimp
aquaculture industries (Nageswara & Babu, 2006; Sahu et
al., 2008). According to Chauhan & Singh (2019) stated
that the sources of probiotics can be isolated from many

different sources such as gill, kidney, stomach,
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gastrointestinal tract, gonads and other internal organs
called putative probiotics. Besides that, the probiotics from
the commercial sources (non-putative) also available in the
market. According to review article by Nwanna (2015) the
most famous and frequently used of probiotic in
aquaculture industries are Bacillus, Lactobacillus and
Bifidobacterium genus. In addition, there are many species
of Lactobacillus, Bifidobacterium and Streptococcus that
has been reported for aquaculture industries as probiotics
namely L. acidophilus, L. casei, L. fermentum, L. gasseri,
L. plantarum, L. salivarius, L.rhamnosus, L. johnsonii, L.

paracasei, L. reuteri, L. helveticus, L. bugaricus,
Bifidobacterium  bifidum,  Bifidobacterium  breve,
Bifidobacterium  lactis,  Bifidobacterium  longum,

Saccharromyces boulardii, S. thermophilesand and S.
cremoris species. Besides that, there are several reports
indicated that various aquatic probiotics improve growth
performance, increased the immunity system and against
bacterial pathogen (Chauhan & Singh, 2019; Barths et al.,
2009).

SUMMARY OF PREVIOUS STUDY ON
THE USAGE A PLANT PROTEIN
SOURCES SPECIAL FOCUS ON Clarias
gariepinus

Nowadays, many studies have been conducted by
researchers on the usage a plant protein sources used as a
supplement for feed. A lot of modification that has been
done to optimum growth performance of animal especially
in aquaculture industry. Information regarding the material
(plant sources) used for feed need to be documented very
well and it is very important as a references source to other
researchers. In this literature, special focus on feed used
from plant based for Clarias gariepinus on previous study
was summarized in Table 1.
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Main protein source

Summary

References

Freshwater microalgae: Spirulina Platensis and
Chlorella vulgaris

Bambaranut Meal

Bambaranut

(Voandzeia subterranea) meal and Soybean
(Glycine max) meal

Cashew Kernal Oil, Anacardium occidentale

Mulberry foliage extract

Crickets meal, Gryllus bimaculatus

Soaked Cajanus cajan (L.) Millsp.

Toasted pigeon pea, Cajanus cajan seed

Dried Brewer’s Yeast (Saccharomyces cerevisiae)

Slurry
Pawpaw (Carica papaya) Seed Powder

Marine Fish Viscera-based-diet

Green macroalgae, Ulva lactuca

Red seaweed, Gracilaria arcuata

Cirina butyrospermi caterpillar’s meal

Fluted pumpkin (7elfairia occidentalis) leaf powder

S. platensis, and C. vulgaris can improve the feed efficiency, as well as the growth performance and health status of African
catfish.

Clarias gariepinus does not need high inclusion of fishmeal up to 45% with bambaranut meal substitution for better growth

performance and health status.

The results suggest that Bambaranut meal can partly substitute fish meal and completely replace soybean meal in the diets of
African catfish.

Like other vegetables oils, cashew kernel oil can replace expensive fish oil in fish feed without negatively affecting its growth
performances and can reduced fish production cost.

It is concluded that mulberry foliage extract at the concentration of 7 g kg -! DM is potential dietary antioxidant supplements and
recommended to improve the quality of fish meat.

Practical diet containing 100% cricket meals is appropriate for growth and nutrition utilization of fish.

Soaking C. cajan seed for 24 hours improved the nutritional profile of the ingredients to replace 20% of the soybean protein in
the diet of C. gariepinus with no negative effect on growth and nutrient utilization.

The growth of C. gariepinus was significantly improved by the different inclusion levels of toasted C. cajan in the diets; Cost
analysis revealed that it was economically cheaper to raise the African catfish using toasted C. cajan

Specific growth rate decreased with increasing substitution while the best feed conversion ratio was obtained in the diet devoid
of Dried Brewer’s Yeast meal.

Fish meal could be replaced up to 80% with pawpaw seed powder meal in the diet of Clarias gariepinus fingerlings to encourage
growth

The study indicates that MFV meal can be used up to 30% in formulation fish feed for promotion of Clariasgariepinus rearing
in rural areas.

Diets of 20% and 30% U. lactuca resulted in poor growth and feed utilization compared to control group and 10% of U. lactuca

The results of the experiment revealed that African catfish fed a diet with G. arcuata included in 20 %and 30 % levels showed
poorer growth and feed utilization than the control group and 10 % of red seaweed extract.

The study demonstrates that 50% of fish meal can successfully be replaced with Cirina butyrospermi caterpillar meal in C.
gariepinus fingerlings diet without a negative impact on growth or feed utilization and reduced fish production cost.

The results suggest that dietary supplementation with 7. occidentalis leaf powder improved the growth, feed utilization, and
survival of C. gariepinus fingerlings.

Raji et. al. (2019)

Uchechukwu & Gift, (2019)

Uchechukwu et al. (2017)

Anvo et. al. (2017)

Sheikhlar et. al. (2017)

Taufek et. al. (2017)

Solomon et al. (2017)

Solomon et al. (2017)

Solomon et al. (2017)

Irabor et al. (2016)

Oké et al. (2016)

Abdel-Warith et. al. (2016)

Al-Asgah et. al. (2016)

Anvo, et. al. (2016)

Dada (2015)
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Soybean meal with beniseed (Sesamum indicum)
meal

Sesame seed meal (Sesamum indicum) and
Bambaranut (Voandzeia subterranean) meal

Moringa oleifera leaf meal

Agama lizard meat meal, Agama agama

Cooked and mechanically defatted Sesame (Sesamum

indicum)

Groundnut cake

Bamboo substrate

Mangosteen (Garcinia mangostana L.) extracts

Soy protein concentrate

Mealworm (Tenebrio molitor)

The inclusion of sesame seed meal up to 25% is recommended in the diet of Clarias gariepinus juvenile, since this inclusion
level did not exhibit any negative effect on the fish health.

The cost kg of diet production increased with inclusion of Sesame seed; Results indicate that Sesame seed and Bambaranut
meal alone or in combination are good plant proteins; Inclusions of Sesame seed meal increased body lipid than Bambaranut
meal.

Haematological study showed that 10% of M. oleifera leaf meal can be substituted in catfish (C. gariepinus) diet since it did not
have any adverse effect on the blood and serum enzyme

Agama lizard meal can be included at any level, but it is recommended that 20% inclusion level be used is the best.

Comparable performance in growth nutrient utilization and carcass crude protein deposition in Clarias gariepinus fed diets with
25 and 50 % of Sesame cake/meal showed that these meals could be viable means of improving the cost of fish feeding.

Groundnut cake supplemented with at least 0.45kg each of lysine & methionine per 100kg of feed is suggested for fish feed

The study indicated bamboo poles as substrate for periphyton was a superior alternative to improve catfish production under
pond conditions.

Feeding fish with 0.5 % of mangosteen extracts for 35 days has no adverse effect on growth and enhanced the hematological
parameters of African catfish fingerlings.

Results indicated that 75% of fish meal protein in catfish diets can be replaced with soy protein concentrate for growth
performance and health status.

Results indicated that mealworm was an acceptable alternative protein source for the African catfish.

Ochang et al. (2014)

Enyidi et al. (2014)

Dienye & Olumuji, (2014)

Tiamiyu et al. (2013)

Jimoh & Aroyehun (2011)

Davies & Ezenwa (2010)

Amisah et al. (2008)

Soosean et al. (2010).

Fagbenro et al. (2004)

Ngetal. (2001)
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8. CONCLUSION

In fish feed, the nutritive value of fish diet is
depending on the quality of the protein ingredients. Protein
is the most expensive components in fish feeds and the fish
meal is the major source of protein in fish feed. To date,
fish meal is not only expensive but also a limited source
due to its large demand in animal and fish feed industries.
The replacement of plant protein sources in fish meal is
growing fast and it has also attracted many nutritionists to
explore a new thing to replace the protein sources even
from other sources as long as giving a good promising and
follow the ethics. In conclusion, the application of protein
replacement from plant source in fish meal should be
strengthening to obtain a good quality of fish feed and put
this industry at a high level.

9. ACKNOWLEDGEMENT

This research was support by the Niche Research Grant
Scheme (NRGS) (Grant no.: R/NRGS/A07.00/00387A/
006/2014/000152).

REFERENCES

Abd El-Rhman, A. M., Khattab, Y. A. E., & Shalaby, A. M. E. (2009).
Micrococcus luteus and Pseudomonas species as probiotics for
promoting the growth performance and health of Nile tilapia,
Oreochromis niloticus. Fish Shellfish immunology, 27(2), 175-180.

Abdelhamid, A. M., Mehrim, A. I, El.barbary, M. I, Ibrahim, S. M., &
Abd El-wahab, A. I. (2009). Evaluation of a new Egyptian probiotic
by African catfish fingerlings. Journal of Environmental Science
and Technology, 2(3),133-145.

Abdel-Warith, A.-W. A., Younis, E.-S. M. I, & Al-Asgah, N. A. (2016).
Potential use of green macroalgae Ulva lactuca as a feed
supplement in diets on growth performance, feed utilization and
body composition of the African catfish, Clarias gariepinus. Saudi
Journal of Biological Sciences, 23(3), 404-409.

Abdel-Warith, A.-W. A., Younis, E.-S. M. I, & Al-Asgah, N. A. (2016).
Potential use of green macroalgae Ulva lactuca as a feed
supplement in diets on growth performance, feed utilization and
body composition of the African catfish, Clarias gariepinus. Saudi
Journal of Biological Sciences, 23(3), 404-409.

Al-Asgah, N. A., Younis, E.-S. M., Abdel-Warith, A.-W. A., & Shamlol,
F.S.(2016). Evaluation of red seaweed Gracilaria arcuata as dietary
ingredient in African catfish, Clarias gariepinus. Saudi Journal of
Biological Sciences, 23(2), 205-210.

Ali, M. M., Rahman, M. A., Hossain, M. B., & Rahman, M. Z. (2014).
Aquaculture drugs used for fish and shellfish health management in
the Southwestern Bangladesh. Asian Journal of Biological
Sciences, 7(5), 225-232.

Ali, M. Z. (2001). Dietary protein and energy interactions in African
catfish Clarias gariepinus (Burchell, 1822). Doctoral dissertation,
University of Stirling, 273 pp.

Ali, M. Z., & Jauncey, K. (2005). Effect of dietary lipid to carbohydrate
ratios in body composition, digestive enzyme activities and blood
plasma components in African catfish Clarias gariepinus
(Burchell, 1822). Journal of Aquaculture in the Tropics, 20(1), 57-
70.

Ali, M. Z., & Jauncey, K. (2005). Effect of dietary lipid to carbohydrate
ratios in body composition, digestive enzyme activities and blood
plasma components in African catfish Clarias gariepinus
(Burchell, 1822). Journal of Aquaculture in the Tropics, 20(1), 57-
70.

Amabha, K., Sasaki, Y., & Segawa, T. (1996). Utilization of tofu (soybean
curd) by products as feed for cattle. Food and Fertilizer
Technology. Available at:
<http://www.agnet.org/htmlarea_file/library/20110716100439/eb4
19.pdf>. Accessed on 7 Disember 2019.

Amaya, E., Davis, D. A. & Rouse, D. B. (2007). Alternative diets for the
Pacific white shrimp Litopenaeus vannamei. Aquaculture, 262 (2-
4),419-425.

Amisah, S., Adjei-Boateng, D., & Afianu, D. (2008). Effects of bamboo
substrate and supplementary feed on growth and production of the
African catfish, Clarias gariepinus. Journal of Applied Sciences
and Environmental Management, 12(2), 25-28.

Angelis, D. M., Siragusa, S., Berloco, M., Caputo, L., Settanni, L.,
Alfonso, G., Amerio, M., Grandi, A., Ragni, A., & Gobbetti, M.
(2006). Selection of potential probiotic Lactobacilli from pig faeces
to be used as additives in pelleting feeding. Research in
Microbiology, 157(8), 792-801.

Antony, U., & Chandra, T. S. (1998). Antinutrient reduction and
enhancement in protein, starch and mineral availability in
fermented flour of finger millet (Eleusine coracana). Journal of
Agricultural and Food Chemistry, 46(7), 2578-2582.

Anvo, M. P. M., Aboua, B. R. D., Compaore., I, Sissao, R., Zoungrana-
kabore, C. Y., Kouamelan, E. P., & Toguyeni, A. (2017). Fish meal
replacement by Cirina butyrospermi caterpillar’s meal in practical
diets for Clarias gariepinus fingerlings. Aquaculture Research,
48(4), 5243-5250.

Anvo, M.P.M., Toguyéni, A., Otchoumou, A. K., Zoungrana-Kaboré¢, C.
Y., & Kouamelan, E. P. (2016). Evaluation of Cirina butyrospermi
caterpillar’s meal as an alternative protein source in Clarias
gariepinus (Burchell, 1822) larvae feeding. International Journal of
Fisheries & Aquatic Studies, 4(6), 88-94

Atanda, A. N. (2012). Fish species diversification in Agriculture for the
success of the agriculture transformation agenda: The role of tilapia
production; Fisheries Society of Nigeria (FISON) annual public
lecture, Lagos, Nigeria.

Azarm, H. M., & Lee, S.M. (2014). Effects of partial substitution of
dietary fish meal by fermented soybean meal on growth
performance, amino acid and biochemical parameters of juvenile
black sea bream, Acanthopagrus schlegeli. Aquaculture Research,
45,994-1003.

Azarm, H. M., & Lee, S.M. (2014). Effects of partial substitution of
dietary fish meal by fermented soybean meal on growth
performance, amino acid and biochemical parameters of juvenile
black sea bream, Acanthopagrus schlegeli. Aquaculture Research,
45,994-1003.

Barth, S., Duncker, S., Hempe, J., Breves, G., Baljer, G., & Bauerfeind,
R. (2009). Escherichia coli Nissle 1917 for probiotic use in piglets:
Evidence for intestinal colonization. Journal of Applied
Microbiology, 107(5), 1697-1710.

Bonaldo, A., Luca, P., Luciana, M., Rubina, S., Ramon, F., et al. (2011).
Increasing dietary plant proteins affects growth performance and
ammonia excretion but not digestibility and gut histology in turbot
(Psetta maxima) juveniles. Aquaculture, 318(1), 101-108.

Bruton, M. N. (1979). The food and feeding behavior of Clarias
gariepinus (Pisces: Clariidae) in Lake Sibaya, South Africa, with
emphasis on its role as a predator of cichlids. Transactions of the
Zoological Society of London, 35, 47-114.

Chauhan, A., & Singh, R. (2019). Probiotics in aquaculture: A promising
emerging alternative approach. Symbiosis, 77(2), 99-113.

Cheng, W., Chiu, C. S, Guu, Y. K., Tsai, S.T. & Liu, C. H. (2013).
Expression of recombinant phytase of Bacillus subtilis E20 in
Escherichia coli HMS 174 and improving the growth performance
of white shrimp, Litopenaeus vannamei, juveniles by using
phytase-pretreated soybean meal - containing diet. Aquaculture
Nutrition, 19, 117-127.

Clay, D. (1979). Population biology, growth and feeding of African
catfish (Clarias gariepinus) with special reference to juveniles and
their importance in fish culture. Archiv fur Hydrobiologie, 87(4),
453-482.

eISSN Number: 2462-2389 © 2020
UMK Publisher. All rights reserved.



J. Trop. Resour. Sustain. Sci. 8 (2020): 47-59

Conceigdo, L. E. C, Ozério, R. O. A., Suurd, E. A., & Verreth, J. A. J.
(1998). Amino acid profiles and amino acid utilization in larval
African catfish (Clarias gariepinus): Effects of ontogeny and
temperature. Fish Physiology and Biochemistry, 19, 43-48.

Csavas, 1. (1995). Status and perspectives of culturing catfishes in East
and South-East Asia. Proceeding of the International Workshop on
the Biological Basis for Aquaculture of Siluriformes, May,
Montpellier, France 8, 2-10.

Dada, A. (2015). Use of fluted pumpkin (Telfairia occidentalis) leaf
powder as feed additive in African catfish (Clarias gariepinus)
fingerlings. International Journal of Biological & Chemical
Sciences, 9(1), 566-569.

Daniel, N. (2017). Status of aquaculture with respect to nutrition and feed.
International Journal of Fisheries & Aquatic Studies, 5(1), 333-345.

Dauda, A. B., Folorunso, L. A., & Dasuki, A. (2013). Use of Probiotics
for Sustainable Aquaculture Production in Nigeria. Journal of
Agriculture & Social Research, 13(2), 35-45.

Davies, O. A., & Ezenwa, N. C. (2010). Groundnut cake as alternative
protein source in the diet of Clarias gariepinus fry. International
Journal of Natural Sciences, 1(1), 73-76.

De Francesco, M., Parisi, G., Médale, F., Lupi, P., Kaushik, S. J., & Poli,
B. M. (2004). Effect of long-term feeding with a plant protein
mixture-based diet on growth and body/fillet quality traits of large
rainbow trout (Oncorhynchus mykiss). Aquaculture, 236(1), 413-
429.

Decamp, O., & Moriarty, D. (2007). Aquaculture species profit from
probiotics. Feed Mix, 15(1), 20-23.

Department of Fisheries [DOF] (2016). Annual Fisheries Statistics 2015.
Department of Fisheries, Malaysia, Ministry of Agriculture and
Agro-based Industries, Putrajaya.

Dienye, H. E., & Olumuji, O. K. (2014). Growth performance and
haematological response of African mud catfish Clarias gariepinus
fed dietary levels of Moringa oleifera leaf meal. Net Journal of
Agricultural Science, 2(2), 79-88.

Dong, N. T. K., Elwinger, K., Lindberg, J. E., & Ogle, R. B. (2005). Effect
of replacing soybean meal with soya waste and fish meal with
ensiled shrimp waste on the performance of growing crossbred
ducks. Asian-Australasian Journal of Animal Sciences, 18(6), 825-
834.

El-Haroun, E. R., A-S Goda, A. M., Kabir Chowdhury, M. A (2006).
Effect of dietary probiotic Biogen supplementation as a growth
promoter on growth performance and feed utilization of Nile tilapia
Oreochromis niloticus (L.). Aquaculture Research, 37,1473-1480.

Engin, K., & Carter, C. G. (2005). Fish meal replacement by plant and
animal by-products in diets for the Australian short-finned eel,
Anguilla australis (Richardson). Aquaculture Research, 36(5), 445-
454.

Enyidi, U.D., Pirhonen, J., & Vielma, J. (2014). Effects of sesame seed
meal and bambaranut meal on growth, feed utilization and body
composition of juvenile African catfish Clarias gariepinus. Iranian
Journal of Fisheries Sciences, 13(4), 998-1013.

Esakkiraj, P., Immanuel, G., Sowmya, S.M., Iyapparaj, P., & Palavesam,
A. (2009). Evaluation of protease-producing ability of fish gut
isolate Bacillus cereus for aqua feed. Food Bioprocess Technology,
2(4), 383-390.

Espe, M., Lemme, A., Petri, A., & El-Mowafi, A. (2007). Assessment of
lysine requirement for maximal protein accretion in Atlantic
salmon using plant protein diets. Aquaculture, 263(1),168-178.

Fagbenro, O. A., & Davies, S. J. (2004). Use of high percentages of soy
protein concentrate as fish meal substitute in practical diets for
African catfish, Clarias gariepinus (Burchell 1822). Journal of
Applied Aquaculture, 16(1-2), 113-124.

FAO (2016). The State of World Fisheries and Aquaculture-Contributing
to food security and nutrition for all. Fisheries and Aquaculture
Department, Food and Agriculture Organization of the United
Nations, Rome pp: 200.

FAO (2017). Fishery and Aquaculture Statistics. Global aquaculture
production 1950-2015 (Fish stat J). In: FAO Fisheries and
Aquaculture Department. Rome.

Faruk, M. A.R., Ali, M., & Patwary, Z. P. (2008). Evaluation of the status
of use of chemicals and antibiotics in freshwater aquaculture
activities with special emphasis to fish health management. Journal
of Bangladesh Agricultural University, 6(2), 381-390.

Gemede, H. F. & Ratta, N. (2014). Anti-nutritional factors in plant foods:
potential health benefits and adverse effects. International Journal
of Nutrition and Food Sciences, 3(4), 284-289.

Gemede, H. F. & Ratta, N. (2014). Anti-nutritional factors in plant foods:
potential health benefits and adverse effects. International Journal
of Nutrition and Food Sciences, 3(4), 284-289.

GESAMP (1997). Towards safe and effective use of chemicals in coastal
aquaculture. GESAMP Reports and Studies No. 65.
IMO/FAO/UNESCO-I0OC/WMO/WHO/IAEA/UN/UNEP,  Joint
Group of Experts on the Scientific Aspects of Marine
Environmental Protection, FAO, Rome, Italy, pp: 1-40.

Gildberg, A., Mikkelsen, H., Sandaker, H., & Ringo, E. (1997). Probiotic
effect of lactic acid bacteria in the feed on growth and survival of
fry of Atlantic cod (Gadus Morhua). Hydrobiologia, 352, 279-285.

Goda, A.M.A.S., Saad, A., Wafa, M. & Sharawy, Z. (2014). Complete
substitution of dietary wheatbran with Duckweed Lemna species
supplemented with exogenous digestive enzymes for freshwater
prawn, Macrobrachium rosenbergii (De Man1879) postlarvae. In:
The International Conference and Exposition of Aquaculture
Europe 2014. Kursaal in San Sebastian, SPAIN.

Grisez, L., & Ollevier, F. (1995). Comparative serology of the marine fish
pathogen Vibrio anguillarum.
Microbiology, 61(12), 4367-4373.

Habtamu F. G., & Negussie, R. (2014). Antinutritional factors in plant
foods: Potential health benefits and adverse effects. International
Journal of Nutrition & Food Sciences, 3, (4), 284-289.

Hamid, H., Thakur, N. S., & Pradeep, K. (2017). Anti-nutritional factors,
their adverse effects and need for adequate processing to reduce
them in food. AgricINTERNATIONAL, 4(1), 56-60.

Hansen, A. C., Hemre, G., Karlsen, @., Koppe, W., & Rosenlund, G.
(2011). Do plant-based diets for Atlantic cod (Gadus morhua L.)
need additions of crystalline lysine or methionine? Aquaculture
Nutrition, 17(2), 362-371.

Harjanti, D.W., Sugawara, Y., Al-Mamun, M., & Sano, H. (2012). Effects
of replacing concentrate with soybean curd residue silage on
ruminal characteristics, plasma leucine and glucose turnover rates
in sheep. Journal of Animal Science Advances, 2(4), 361-374.

Henken, A. M., Machiels, M. A. M., Dekker, W., & Hogendoorn, H.
(1986). The effect of dietary protein and energy content on growth
rate and feed utilization of the African catfish, Clarias gariepinus
(Burchell 1822). Aquaculture, 58(1-2), 55-74.

Huang, K., & Nitin, N. (2019). Edible bacteriophage based antimicrobial
coating on fish feed for enhanced treatment of bacterial infections
in aquaculture industry. Aquaculture 502, 18-25.

Irabor, A. E., Ekokotu, P. A., & Nwachi, O. F. (2016). Effects of pawpaw
seed powder as an additive on growth of catfish fingerlings reared

Applied & Environmental

in an indoor tank. Journal of Northeast Agricultural University, 23
(4), 55-60.

Jiang, Y., Zhao, P.F., Lin, S.M., Tang, R.J., Chen, Y. J., & Luo, L. (2018).
Partial substitution of soybean meal with fermented soybean
residue in diets for juvenile largemouth bass, Micropterus
salmoides. Aquaculture Nutrition, 24(5), 1213 222.

Jimoh, W. A., & Aroyehun H. T. (2011). Evaluation of cooked and
mechanically defatted sesame (Sesamum indicum) seed meal as a
replacer for soybean meal in the diet of African catfish (Clarias
gariepinus). Turkish Journal of Fisheries and Aquatic Sciences,
11(2), 185-190.

Kechik, I. A. (1995). Aquaculture in Malaysia. In: Flores EEC (editors),
Towards Sustainable Aquaculture in Southeast Asia and Japan:
Proceedings of the Seminar-Workshop on Aquaculture
Development in Southeast Asia, Iloilo City, Philippines: Bagarinao
TU

eISSN Number: 2462-2389 © 2020
UMK Publisher. All rights reserved.



J. Trop. Resour. Sustain. Sci. 8 (2020): 47-59

Kerdchuen, K. (1992). L'alimentation artificielle d'un silure africain,
Heterobranchus longifilis (Teleostei: Clariidae). Incidence du

mode d'alimentation et premiére estimation des besoins
nutritionnels. (Doctoral dissertation University Paris). Dissertation
Abstract International, 6, 182 pp.

Khan, A., & Ghosh, K. (2012). Evaluation of phytase production by fish
gut bacterium, Bacillus subtilis for processing of Ipomea aquatic
leaves as probable aquafeed ingredient. Journal of Aquatic Food
Product Technology, 22(5), 508-519.

Kim, K. H., Kim, S. J., Jeon, B. T., Kim, D. H., Oh, M. R., Park, P. J.,
Kweon, H. J., Oh, B. Y. Hur, S. J., & Moon, S. H. (2012). Effects
of dietary soybean curd residue on the growth performance and
carcass characteristics in Hanwoo (Bostaurus coreanae) steer.
African Journal of Agricultural Research, 7(30), 4331-4336.

Kim, M. H., Song, Y. E., Song, H. B., Kim, J. W., & Hwang, S.J. (2011).
Evaluation of food waste disposal options by LCC analysis from
the perspective of global warming: Jungnnang case, South Korea.
Waste Management, 31(9-10), 2112-2120.

Law of Malaysia (2009). FEED ACT (Act 698). Retrieved on May 24,
2019
http://www.agc.gov.my/agcportal/uploads/files/Publications/LOM
/EN/Act%20698%20-%20Feed%20Act%202009.pdf.

Liong, P. C., Hanafi, H. B., Merican, Z. O., & Nagaraj, G. (1988).
Aquaculture development in Malaysia. In Juario JV, Benitez LV
(Eds,). Perspective in Aquaculture Development in Southeast Asia
and Japan: Contribution of the SEAFDEC Aquaculture Department
(pp- 316). Proceedings of the on Aquaculture
Development in Southeast Asia. Philippines.

Lund, I., Dalsgaard, J., Rasmussen, H. T., Holm, J., & Jokumsen, A.
(2011). Replacement of fish meal with a matrix of organic plant
proteins in organic trout (Oncorhynchus mykiss) feed, and the
effects on nutrient utilization and fish performance. Aquaculture,
321(3), 259-266.

Menikpura, SN.M., Sang-Arun, J., & Bengtsson, M. (2013). Integrated
solid waste management: An approach for enhancing climate co-
benefits through resource recovery. Journal of Cleaner Production,
58,34-42.

Merrifield, D. L., Dimitroglou, A., Foey, A., Davies, S. J, Baker, R. M.
T., Bogwald, J., Castex, M., & Ringo, E. (2010). The current status
and future focus of probiotic and prebiotic applications for
salmonids. Aquaculture, 302(1-2), 1-18.

Moyle, P.B., & Cech, J. J. (2004). Fishes: An introduction to ichthyology.
Prentice Hall, Upper Saddle River, NJ. USA: Nature.

Nageswara, P. V., & Babu, D. E. (2006). Probiotics as an alternative
therapy to minimize or avoid antibiotics use in aquaculture. Fishing
Chimes, 26(1), 112-114.

National Research Council (2011). Nutrient Requirements of Fish and
Shrimp. Washington DC: National Academy Press, 392 pp.

Nayak, S. K., Swain, B., & Mukherjee, S. C. (2007). Effect of dietary
probiotic and vitamin C on the immune response of India major
carp Labeo rohita (Ham). Fish Shellfish Immunology, 23(4), 892-
896.

Ng, W. K., Liew, F. L., Ang, L. P. & Wong, K. W. (2001). Potential of
mealworm (Tenebrio molitor) as an alternative protein source in
practical diets for African catfish, Clarias gariepinus. Aquaculture
Research, 32(1), 273-280.

Ng, W. K., Lim, P. K., & Boey, P. L. (2003). Dietary lipid and palm oil
source affects growth, fatty acid composition and muscle alpha-
tocopherol concentration of African catfish, Clarias gariepinus.
Aquaculture, 215(1-4), 229-243.

Ng, W. K., Wang, Y., Ketchimenin, P. & Yuen, K. H. (2004).
Replacement of dietary fish oil with palm fatty acid distillate
elevates tocopherol and tocotrienol concentrations and increases
oxidative stability in the muscle of African catfish, Clarias
gariepinus. Aquaculture, 233(1-4), 423-437.

Nwanna, L. C. (2015). Use of probiotics in aquaculture. Journal of
Applied Tropical Agriculture, 15(2), 76-83.

Ochang, S. N., Ugbor, O. N. & Ezeonwu, K. C. (2014). Effect of
replacement of soybean meal with beniseed (Sesamum indicum)

from

Seminar

meal on the growth and haematology of African catfish (Clarias
gariepinus). Nigerian Journal of Fisheries, 11(1-2), 762-769.

Oké, V., Abou, Y., Adité, A., & Kabré, J. A. T. (2016). Growth
performance, feed utilization and body composition of Clarias
gariepinus (burchell 1822) fed marine fish viscera-based-diet in
earthen ponds. Fish Aquaculture, 7(4), 2-7.

Panigrahi, A., Kiron, V., Satoh, S., & Watanabe, T. (2010). Probiotic
bacteria Lactobacillus rhamnosus influences the blood profile in
rainbow trout Oncorhyncus mykiss (walbaum). Fish Physiological
Biochemistry, 36(4), 969-977.

Pantazis, P. A. (2005). Protein to energy ratios in African catfish fed
purified diets is Clarias gariepinus an ordinary carnivore. Archives
of Polish Fisheries, 13(2), 157-170.

Peres, H. & Oliva Teles, A. (2005). The effect of dietary protein
replacement by crystallinne amino acid on growth and nitrogen
utilization of turbot Scophthalmus maximus juveniles. Aquaculture,
250(3-4), 755-764.

Pieters, N., Brunt, J., Austin, B., & Lyndon, A. R. (2008). Efficacy of in-
feed probiotics against Aeromonas bestiarum and Ichthyophthirius
multifiliis skin infections in rainbow trout (Oncorhynchus mykiss,
Walbaum). Journal of Applied Microbiology, 105(3), 723-732.

Pillay, T. V. R. (1990). Aquaculture Principles and Practices. Oxford:
Fishing News Books

Plumb, J. A. (1992). Disease Control in Aquaculture. In Shariff, .M., R.P.
Subasinghe and J.R. Arthur (Eds.), Disease in Asian Aquaculture
(pp- 3-17). Philipines: Fish Health Section, Asian Fisheries Society.

Rahman, M. M., Abdullah, R. B., Wan Khadijah, W. E., Nakagawa, T.,
& Akashi, F. (2013). Feed intake, digestibility and growth
performance of goats offered Napier grass supplemented with
molasses protected palm kernel cake and soya waste. Asian Journal
of Animal & Veterinary Advances, 8(3), 527-534.

Rahman, M. M., Nakawaga, T., Abdullah, R. B., Emong, W. K. W., &
Akashi, R. (2014). Feed intake and growth performance of goats
supplemented with soy waste. Pesquisa Agropecuaria Brasileira,
49(7), 554-558.

Raji, A. A., Junaid, Q. O., Oke, M. A., Taufek, N. H. M., Muin, H., Bakar,
N.H. A, Alias, Z., Milow, P., Simarani, K., & Razak, S. A. (2019).
Dietary Spirulina platensis and Chlorella vulgaris effects on
survival and haemato-immunological responses of Clarias
gariepinus juveniles to Aeromonas hydrophila infection. AACL
Bioflux, 12(5), 1559-1577.

Ramachandran, S. & Ray, A. K. (2007). Nutritional evaluation of
fermented black gram (Phaseolus mungo) seed meal in compound
diets for rohu, Labeo rohita (Hamilton), fingerlings. Journal of
Applied Ichthyology, 23(1), 74-79.

Richter, C. J. J. (1976). The African catfish, Clarias lazera (C. and V.), a
new possibility for fish culture in tropical regions? In E.A.
Huisman, (Ed,). Aspects of fish culture and fish breeding (pp. 51-
71). Wageningen, Netherlands: Miscellaneous Papers of the
Landbouwhogeschool.

Ringo, E., & Birkbeck, T. H. (1999). Intestinal microflora of fish larvae
and fry. Aquaculture Research, 30(2), 73-93.

Rollo, A., Sulpizio, R., Nardi, M., Silvi, S., Orpianesi, C., Caggiano, M.,
Cresci, A., & Carnevali, O. (2006). Live microbial feed supplement
in aquaculture for improvement of stress tolerance. Fish Physiology
& Biochemistry, 32(2), 167-177.

Sahu, A. K., Sahoo, S. K., & Giri, S. S. (2002). Efficacy of water hyacinth
compost in nursery ponds for larval rearing of Indian major carp,
Labeo rohita. Bioresource Technology, 85(3), 309-311.

Sahu, M. K., Swarnakumar, N. S., Sivakumar, K., Thangaradjou, T., &
Kannan, L. (2008). Probiotics in aquaculture: Importance and
future perspectives. Journal of Industrial Microbiology &
Biotechnology, 48(3), 299-308.

Schoonbee, H. J. (1969). Notes on the food habits of fish in Lake
Baberspan, western Transvaal, South Africa. Verhandlungen der
Internationalen Vereinigung fur Theoretische und Angewandte
Limnologie, 17(2), 689-701.

eISSN Number: 2462-2389 © 2020
UMK Publisher. All rights reserved.


http://www.agc.gov.my/agcportal/uploads/files/Publications/LOM/EN/Act%20698%20-%20Feed%20Act%202009.pdf
http://www.agc.gov.my/agcportal/uploads/files/Publications/LOM/EN/Act%20698%20-%20Feed%20Act%202009.pdf

J. Trop. Resour. Sustain. Sci. 8 (2020): 47-59

Sheikhlar, A. Goh, Y. M., Alimon, R., & Ebrahimi, M. (2017).
Antioxidative effects of mulberry foliage extract in African catfish
diet. Aquaculture Research, 48(8), 4409-4419.

Shimeno, S., Mima, T., Yamamoto, O., & Ando, Y. (1993). Effects of
fermented defatted soybean meal in diet on the growth, feed
conversion, and body composition of juvenile yellowtail. Nippon
Suisan Gakkaishi. 59(11), 1883-1888.

Shiu, Y. L., Wong, S.L., Guei, W.C., Shin, Y.C., Liu, C. H. (2013).
Increase in the plant protein ratio in the diet of white shrimp,
Litopenaeus vannamei (Boone), using Bacillus subtilis E20-
fermented soybean meal as a replacement. Aquaculture Research,
46(2), 382-394.

Soetan K. & Oyewol O. (2009). The need for adequate processing to
reduce the antinutritional factors in plants used as human foods and
animal feeds: A review. African Journal of Food Science, 3(9), 223-
232.

Solomon, S. G., Ataguba, G. A., & Itodo, G. E. (2017). Performance of
Clarias gariepinus fed dried brewer’s yeast (Saccharomyces
cerevisiae) slurry in replacement for soybean meal. Journal of
Nutrition & Metabolism, 2017(1), 1-8.

Solomon, S. G., Okomoda, V. T., & Oda, S. O. (2017). Nutritional value
of toasted pigeon pea, Cajanus cajan seed and its utilization in the
diet of Clarias gariepinus (Burchell, 1822) fingerlings.
Aquaculture Reports, 7,34-39.

Solomon, S. G., Okomoda, V. T., & Onah, R. E. (2017). Nutritional
profile of soaked Cajanus cajan (L.) Millsp. and its utilization as
partial replacement for soybean meal in the diet of Clarias
gariepinus (Burchell, 1822) fingerlings. Journal of Applied
Ichthyology, 33(3), 450-457.

Soosean, C., Marimuthu, K., Sudhakaran, S., & Xavier, R. (2010). Effect
of mangosteen (Garcinia mangostana 1. extracts as a feed additive
on growth and hematological parameters of African catfish (Clarias
gariepinus) fingerlings. European Review for Medical &
Pharmacological Sciences, 14(7), 605-611.

Spataru, P., Viveen, W., & Gophen, M. (1987). Food composition of
Clarias gariepinus (Clarias lazera) (Cypriniformes, Clariidae) in
Lake Kinneret (Israel). Hydrobiologia, 144, 77-82.

Subasinghe, R. P. (2005). Epidemiological approach to aquatic animal
health management: opportunities and challenges for developing
countries to increase aquatic production through aquaculture.
Preventive Veterinary Medicine, 67(2-3), 117-124.

Subasinghe, R. P., Barg, U., & Tacon, A. (1996). Chemicals in Asian
Aquaculture: Need, Usage, Issues and Challenges. In Arthur, J.R.
(Ed.), Use of Chemicals in Aquaculture in Asia (pp: 1-6). Iloilo,
Philippines: Southeast Asian Fisheries Development Centre.

Sun, M., Kim, Y. C., Okorieo, O. E., Lee, S., Devnath, S., Yoo, G., Jo, Y.
K., & Bai, S. C. (2007). Use of fermented fisheries by-products and
soybean curd residues mixture as a fish meal replacer in diets of
juvenile olive flounder, Paralichthys olivaceus. Journal of World
Aquaculture Society. 38(4), 543-549.

Taufek, N. M., Muin, H., Raji, A. A., Md Yusof, H., Alias, Z., & Razak,
S. A. (2017). Potential of field crickets meal (Gryllus bimaculatus)
in the diet of African catfish (Clarias gariepinus). Journal of
Applied Animal Research, 46(1), 541-546.

Thi, N. B. D., Kumar, G. & Lin, C. Y. (2015). An overview of food waste
management in developing countries: current status and future
perspective. Journal of Environmental Management, 157, 220-229.

59

Tiamiyu, L. O., Ataguba, G. A., & Jimoh, J. O. (2013). Growth
Performance of Clarias gariepinus Fed Different Level of Agama
agama meal diets. Pakistan Journal of Nutrients, 12(5), 510-515.

Tukmechi, A., Morshedi, A., & Delirezh, N. (2007). Changes in intestinal
microflora and humoral immune response following probiotic
administration rainbow trout oncorhyncus mykiss. Journal of
Animal & Veterinary Advances, 6(10), 1183-1189.

Tukmechi, A., Morshedi, A., & Delirezh, N. (2007). Changes in intestinal
microflora and humoral immune response following probiotic
administration rainbow trout oncorhyncus mykiss. Journal of
Animal & Veterinary Advances, 6(10), 1183-1189.

Uchechukwu, E., & Gift, O. (2019). Effects of Substitution of Fishmeal
with Bambaranut Meal on Growth and Intestinal Microbiota of
African Catfish (Clarias gariepinus). Aquaculture Studies, 19(1),
09-23.

Uchechukwu, E., Juhani, P., Juhani, K., & Jouni, V. (2017). Effect of feed
protein: Lipid ratio on growth parameters of African catfish, Clarias
gariepinus after fish meal substitution in the diet with bambaranut
(Voandzeia subterranea) meal and soybean (Glycine max) meal.
Fishes, 2(1), 2-11.

Uys, W. (1989). Aspects of the nutritional physiology and dietary
requirements of juvenile and adult sharptooth catfish, Clarias
gariepinus (Pisces; Clariidae). (Doctoral dissertation Rhodes
University) Grahamstown, South Africa, Rhodes University, 190

pp-
Uys, W., & Hecht, T. (1987). Assays on the digestive enzymes of
sharptooth catfish, Clarias gariepinus (Pisces: Clariidae).

Aquaculture, 63(1-4), 301-313.

Uys, W., Hecht, T., & Walters, M. (1987). Changes in digestive enzyme
activities of Clarias gariepinus (Pisces: Clariidae) after feeding.
Aquaculture, 63 (1-4), 243-250.

Van Weerd, J. H. (1995). Nutrition and growth in Clarias species — a
review. Aquatic Living Resources, 8(4), 395-401.

Welker, T., Barrows, F, Overturf, K., Gaylord, G., & Sealey, W. (2016).
Optimizing zinc supplementation levels of rainbow trout
(Oncorhynchus mykiss) fed practical type fishmeal-and plant-based
diets. Aquaculture nutrition, 22(1), 91-108.

Wilson, R. P., & Moreau, Y. (1996). Nutrient requirements of catfish
(Siluroidei). Aquatic Living Resources, 9(5), 103-111.

Winfree, R. A. (1992). Nutrional and Feeding of Tropical Fish. In
Gratzek, J.B. (Ed.), Aquariology: The Science of fish health
management (pp: 197-206). Morris Plains, New Jersey: Tetra Press.

Wing-Keong, N. B. (2009). The currents status and future prospects for
the aquaculture industry in Malaysia. World Aquaculture, 40(3),
26-30.

Yamamoto, T., Iwashita, Y., Matsunari, H., Sugita, T., Furuita, H.,
Akimoto, A., Okamatsu, K., & Suzuki, N. (2010). Influence of
fermentation conditions for soybean meal in a non-fish meal diet on
the growth performance and physiological condition of rainbow
trout Oncorhynchus mykii. Aquaculture, 309(1-4), 173-180.

Yun, B., Ai, Q., Mai, K., Xu, W., Qi, G., & Luo, Y. (2012). Synergistic
effects of dietary cholesterol and taurine on growth performance
and cholesterol metabolism in juvenile turbot (Scophthalmus
maximus L.) fed high plant protein diets. Aquaculture, 324, 85-91.

Zulhisyam, A. K., Kabir, M. A., Munir, M. B., & Wei L. S. (2020). Using
of fermented soy pulp as an edible coating material on fish feed
pellet in African catfish (Clarias gariepinus) production. AACL
Bioflux, 13(1), 296-308.

eISSN Number: 2462-2389 © 2020
UMK Publisher. All rights reserved.



	1. INTRODUCTION
	2. PRESENT STATUS, TRENDS, PROBLEM AND PROSPECTS IN AFRICAN CATFISH AQUACULTURE INDUSTRY

