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Abstract

Agquaculture serves as an auspicious protein source for the human consumption. To cultivate
aquatic organism proficiently, the prepared feed should have eminence protein constituents.
Feed for aquatic animals contain raw fish as a main product e.g fish oil and fishmeal that gained
from the whole fish and its remains. The fish silage is feasible for using in feed after their
bioconversion or transformation. Feed for aquatic animals includes raw fish as a primary
ingredient, such as fish oil and fishmeal obtained from whole fish and their by-products. Fish
silage can be used in feed after undergoing bioconversion or processing. This impending
ingredient is the main cost effective component of the whole feed of fish. In this review we
discuss the alternative protein sources in the fish feed based on plant or animal, that can reduce
the budget and improved the fish efficacy, effective for the sustainability of aquaculture for
low to high scale farming. Production of aquaculture inflates worldwide to meet the demand
of world for protein (fish, seafood etc.). Hence, investigation on low cost substitute protein
sources of fishmeal was prolific, provide good information that could be helpful for the small
fish farmers.

Keywords: Fishmeal, Morinaga, Nutritional Profile, Rapeseed, Palm Date.

Article History: Received: 20 Jan 2026, Revised: 14 May 2026, Accepted: 19 Aug 2026,
Published: 23 Oct 2026.

Creative Commons License: NUST Journal of Natural Sciences (NJNS) is licensed under
Creative Commons Attribution 4.0 International License.

(SENONN

Introduction

Now aquaculture is well-recognized source
of animal protein for the consumption of
human. In 2013 production of aquaculture
has exceed from the production of beef. [1],
in 2018 provided fish for the consumption
of human were more than 50% [2]. In the
last decades, the evolution and formation of
aquaculture cannot be dissociated with the
improvements in fish nutrition [3]. Protein

is the costly nutrient in the diet of fish, and
insertion level approximately ranges from
30 to 50%. For years, the main protein
source in fish diet is fishmeal, due to its
balanced amino acid profile and high
content of protein. For the consumption of
human, aquaculture and fishery by-
products are produced from the processing
of fish from industrial scale. Protein is the
most expensive nutrient in fish diets, with
inclusion levels typically ranging from 30%
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to 50%. For many years, fishmeal has been
the main protein source in fish diets
because of its balanced amino acid profile
and high protein content [4]. Aquaculture
and fishery by-products are generated
during the industrial-scale processing of
fish for human consumption. After
dispensation,  between  50-70% the
remaining products are considered as
indigestible and classically consist of
appurtenances (i.e., heads, skin, viscera,
blood, and bones). Presently, 20% universal
production of fishmeal is produce from the
by-products of fishery. Nearly 10% of the
fishmeal production is brought for the use
of by-products of aquaculture [5].

Nutritional composition

Contents of nutrients present in fishmeal
depend on type of manufacturing process
and raw material used in its production. As
a whole, produce good quality of fish meal
by using complete fish Contents of
nutrients present in fishmeal depend on
type of manufacturing process and raw
material used in its production. As a whole,
produce good quality of fish meal by using
complete fish that have <12% ash, 66-74%
protein and lipids 6-11% [6]. In contrast,
byproduct produced from fishmeal contains
approximately 7%-14% crude lipids, 12%—

Table 1: Inclusion and substitute of fishmeal.

23% ash and 52%-67% crude protein e.g,
white fishmeal formed from byproducts
comprises 21%—-23% ash, 60%—-67% crude
protein and 7%-11% lipids. In tuna FM
produced from spinoffs covers nearly 57%—
60% crude protein, 12%-21% ash and fat
8%—-14% [7].

The production of fish oil and fishmeal on
the industrial scale contain substantial
investment cost [8] although protracted
efficiency of economy contain a constant
supply of large amount of raw material.
Following factors are significantly
challenge for byproducts and also it can be
unjustifiable for economic condition, when
only small amount of raw material
production taken from remote areas fish-
processing plants [9]. Acceptable, to
completely comprehend the benefits of
using byproducts, get along a strategy is
vital to guarantee the occurrence of suitable
capability substructures, the
accomplishment of financial prudence of
scale, and the obtainability of effectual
transportation systems. To fully understand
the benefits of using by-products, it is
essential to develop a strategy as mentioned
in (Table 1) that ensures the availability of
appropriate infrastructure, achieves
economic efficiency at scale, and provides
effective transportation systems.

Fig | Protein ingredient Inclusion level Animal model Trail duration Ref
Atlantic salmon
1 | Soybean +20% Rainbow trout 50 days [11, 12]
2 Bioprocessed soybean 30% Rainbow trout 125 days [13]
3 Chlorella + soybean 20% Atlantic salmon 80-100 days [14, 15]
4 | Chlorella 50% Crucian carp 34 days [16]
5 Probiotics + Soybean 20% Atlantic salmon 70 days [12]
6 Moringa 10% Rohu fingerlings 30 days [17]
7 | Water spinach 25% Tilapia 53 days [18]
8 Mulberry 30% Tilapia 35 days [19]
9 Peanut meal 15% Shrimp 30 days [20]
10 | Lupin meal 51% Tilapia 56 days [21]
11 | Cyanobacteria 20% European seabass 93 days [22]
1o | Rapeseed meal, 23-34% Red seabream 56 days [23]
Fermented
13 | Azolla 20% Tilapia 20 days [24]
14 | Poultry by byproduct 24% Japanese seabass 62 days [25]
15 | Silkworm pupae 30% Catla, Rohu 50 days [26]
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These three factors presently aid as
restraints on the consumption of
aquaculture byproducts in some regions
[10].

Fish meal replacement with soybean

Approximately 70% of the overall effective
expenditures can be attributed to the price
of feed, chiefly due to the substantial cost
linked with proteins, which serve as
essential dietary component in intensive or
semi-intensive operations for grow-out
farming. In the chase of successful
aquaculture, a crucial aim is to gain finest
growth by lowering the investment costs.
Approximately 70% of total operational
expenses are attributed to feed costs,
mainly due to the high price of protein,
which is an essential dietary component in
intensive or semi-intensive  grow-out
farming systems [27 - 28]. In successful
aquaculture, a key objective is to achieve
optimal growth while reducing investment
costs.

Fish meal, which is comparatively
expensive, is often regarded as a chief
protein source in aqua-feed production
because of its valuable micronutrients,
consistent amino acid profile, and good
digestible energy [29]. The raised up cost
and unpredictable availability of fish meal
have stimulated the examination of cost-
effective and readily accessible plant-based
feed ingredients like rapeseed meal,
sorghum, soybean, guar, and moong beans
etc. [15, 30]. Among the various plant
protein sources, soybean meal (SBM)
stands out for its exceptional attributes,
including high protein content, a stable
amino acid profile, dependable availability,
and cost-effectiveness. Among various
plant protein sources, soybean meal (SBM)
stands out due to its high protein content,
well-balanced amino acid profile, reliable
availability, and cost-effectiveness [31 -
32].

Various studies have examined replacing

fish meal (FM) with soybean meal (SBM)
in the diets of different fish species,
emphasizing that SBM is globally
recognized as a highly protein-rich source
[33 - 34]. However, the effects of fish meal
(FM) protein substitution with soybean
meal (SBM) on physiological status and
fish growth vary by species and feeding
mechanism [35]. As compared to
carnivorous fish species, omnivorous and
herbivorous fish utilize soybean meal
(SBM) more efficiently. Furthermore, the
full or half substitution of fish meal (FM)
with soybean meal does not have ill effects
on the physiology and growth of numerous
omnivorous and herbivorous fish species
[36]. Replacing fish meal by 75% with
soybean meal (SBM) had no physiological
effect on tilapia (O. niloticus) [32].

increasing the extent of substitution of FM
(fish meal) protein with SBM (soybean
meal) led to alower value of white blood
cells (WBC), red blood cells (RBC) and
hemoglobin  (Hb) in beluga [37].
Improving the dietary value of protein from
plant-based sources, such as by-products of
soybeans, and decreasing the occurrence of
ANFs (anti-nutritional factors) can be
accomplished through the process of
fermentation [38 - 41]. Some studies
showed that for replacing fish meal in
aquaculture [42 - 44] and in feed of other
animal [45] fermented soybean meal were
used. Soybean (SBM) a plant based protein
ingredient with minimum level of anti-
nutritional factors (ANFs) like trypsin
inhibitor, while being rich in crucial
nutritional constituents, including elevated
concentrations of free amino acids, high
protein content, and small peptide sizes
[38].

Feed expenditure represents the significant
part of the overall cost in bearable farming
of fishes, including the carps and African
catfish etc. The price of feed is of supreme
importance because typically it constitutes
30-70% of the total working expenses and
has a substantial effect on the investment
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productivity in aquaculture [46 - 47]. Use
of soybean extract, as mentioned in (Table
2) the extensive convenience and cost-
effectiveness of plant-based proteins,
making them the most useful substitute
[48].

Replacement of fish meal with palm date

In the past few decades, development in
nutritional research in the aquaculture field
have considerably enhanced, which provide
identification of alternative resources for
aquaculture feeds. [58]. At present,
production of aquatic feed mainly relies on
fish oil and fishmeal take out from wild-
caught fish silage. Though, greater the use
of fish silage is unmanageable, because of
given project needs a supplementary 37.4
million tons of aquatic feed by 2025 [59].
Accordingly, certain specialists of fish
nutrition have tried to formulate feed which
will be cost-effective for aquaculture and
also stimulate the growth of farmed fish.
Global, producers of feed have started
efforts on research targeted at substituting
fish oil and fishmeal from feed of

aquaculture [60, 61, 48, 41]. Phoenix
dactylifera, mentioned as date palm or date,
a flowering plant species belonging to the
Arecaceae family. It is primarily grown for
its appetizing, sweet fruits and their
associated seeds [62]. There are about 3000
different kinds of dates everywhere in the
world, and among the cultivated fruit trees
‘palm tree’ is the first place in the world and
it is considered one of the most classic fruits
of the ancient world likewise; the figs and
olives [63].

Cultivation of date

In the withered areas of Middle East, North
Africa and Arabian Peninsula, palm date is
one of the most important crops of fruit.
Over the past 3 centuries, dates have been
introduced to new production areas in
India, South Africa, Australia, Pakistan, the
United States, Mexico and South America
[64]. Some of the researchers used new
palm seed and kernels as energy and protein
source in diet of fish to increase efficiency
of feed utilization [65].

Table 2: Digestibility coefficients of various soybean products [6].

Digestibility Coefficients of Various Soybean Products for Selected Freshwater,
Omnivorous Fish Species
. . Digestibility
Feedstuff Fish specie Coefficient Protein Reference
?&ﬁiilﬂre:é’te q Channel catfish 978 93, 85°
without hulls Silver perch® 95° 1. [49]
2. [50]
Blue tilapia? 942 3. [51]
(SBM) Soybean meal, Channel catfish? 77t 4.[52]
solvent-extracted, Nile tilapia® 913 5. [53]
with hulls Common carp* 925, 70°, 957 6. [54]
Hybrid tilapia* 954 7. [55]
8. [56]
Soybean meal, . 5 5 9. [57]
dehulled, full-fat Silver perch 92
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Nutritional composition

Some studies examined that
pharmacological characteristics of dates
might be characterized by their
compositional component concentration
including potassium, manganese, copper,
magnesium, phosphorus, calcium and iron
[66 - 68]. In (Figure 1), it is mentioned that
palm date meal can be shaped from the
byproduct of date fruit and seed of date can
be collected from the harvesting,
conditioning, storage and processing of
date production [69]. Waste of date comes
in different forms including seed, flesh and
mixture of both [70 - 71]. Date fruits have
decent foundation of sugar content around
70-80 % that also depend on the maturity
stage of fruit specie, like glucose, sucrose
and fructose which are absorbed easily by
the body and provide efficient source of
energy [9]. Typically the protein content
ought to be logged 1.22—-3.30%, ash 1.43—
6.20%, carbohydrates 65.7—88.02%, and fat
0.11-7.33% [72 - 73].

Fiber Source

Enhancing
Fish Quality

Prebiotic
Effects

Antioxidant
Properties

Figure 1: Nutrition profile and role of date
in fish.

Another study reported that the content of
protein decreases throughout the non-
enzymatic tanning and browning stage of
precipitation. Date fruit comprise non-
essential and essential amino acids, mainly
lysine, serine, glutamic acid, proline,
alanine, glycine and aspartic acid. But the
content of fatty acid is (0.2 - 0.5) and also
the content of vitamin was low [74 - 75].

The amount of Vitamin B complex is high
in palm date [76]. The content of dietary
fiber in date fruit is recorded: soluble fiber
6-16% and insoluble fiber 84-94% [77]. A
meal of palm date is considered a good
source of phytochemicals, including
sterols, carotenoids and phenols. Seed of
date comprise good amount of dietary
minerals such as cooper, magnesium,
potassium, cadmium, calcium, zinc, iron,
manganese, lead, phosphorous, cobalt, and
nikal [78, 79, 75, 3].

Study reported that palm date meal were
also utilized in fish feed as an alternative to
carbohydrate. Formulated Diet having palm
date meal given to juveniles of catfish and
their results show enhance feed utilization
and growth rate. Studies have reported that
palm date meal can be used in fish feed as
an alternative  carbohydrate  source.
Formulated diets containing palm date meal
given to catfish juveniles showed improved
feed utilization and growth rate [65].

During fermentation process of palm date
meal, increase of amino acid composition
due to the breakdown of protein and
converted into soluble form that can digest
easily by fish [80].  application of
fermented palm date meal using
Aspergillus oryzae at 103.3 - 164.7 g/kg
diet can enhance the digestive activity,
immune response and growth rate of
Oreochromis niloticus (tilapia) [81].

The effect of a palm diet meal on Pacific
white shrimp as a substitute for
carbohydrate. The study demonstrated that
the diet showed a good effect on the
performance of the species. For production
of fish, growth rate is the main factor to be
seen [82]. Different studies demonstrated
the possibility of application of palm meal
diet as a substitute to fish meal for aquatic
animal diet including African catfish
[65],white shrimp of pacific region and
common carp [14, 82-86].Using formulated
feed having 200g/kg PDM decreased the
growth of Oreochromis niloticus. PDM

Evaluating the influences of fishmeal replacement on growth, immune and nutritional

performance in aquaculture



DOI: 10.53992/njns.v11i3.344 NUST Journal of Natural Sciences, Vol. 11, Issue 3, 2026

(palm date meal) have high ANF and fiber
content that cause negative effect on growth
and efficacy of feed [81]. High levels of
DSM (date seed meal) in the diet can
decrease weight by increasing energy
expenditure and metabolic energy rate,
which also decreases digestibility due to its
ANF content, including catechin, tannin,
caffeine and monomers. DSM (date seed
meal) have been discovered to put their
effect upon the blend edge, where they
interact with digestive enzymes that leads
to reduce weight gain and feed utilization.
[65, 86]. where they interact with digestive
enzymes, leading to reduced weight gain
and feed utilization

In one study, fermented DSM (date seed
meal) was suggested, and date seed meal
was indicated to be a low-cost ingredient
that should be used in the aquaculture
industry. Another study indicated that using
PDM in the diet of common carp can
increase growth performance [83]. Fish
feed formulated with palm date meal shows
higher arginine levels (4.3-4.6%), which
are important for increasing intestinal
enzyme activity and changing the
composition and activity of the fish gut
microbiota [58].

Besides arginine, palm date meal produces
a good quantity of glutamic acid; its
offshoots, glutamate and glutamine, play an
important role in moderating the structure
of the intestine and also provide protection
from oxidative harm [58, 87]. Application
of palm date meal in fish diet can enhance
the hematological parameters as compare to
the control group treatment of Oreochromis
niloticus[57, 86]. Fermented date seed meal
enhanced the blood quality and immunity.
He also described that the valuerys of
earthrocytes increased (i.e. RBC, Hb,
MCV, PCV, MCHC, and MCH) by using
0.5% palm date seed in fish feed.
Fermented date seed meal improved blood
quality and immunity. It was reported that
using 0.5% palm date seed in fish feed
increased erythrocyte values (RBC, Hb,

MCV, PCV, MCHC, and MCH) . The
mucosal immune markers like lysozyme,
immunoglobulin, ALP and protease can
enhance fry of common carp when fed with
date palm fruit extract [84].

Replacement of fish meal with Moringa

Moringa oleifera is one of the most
important emerging protein sources that
can used in diets of aquaculture [88].
Chiefly it is an important plant that can be
widely cultivated, and belongs to the genus
Moringa, this genus of family Moringaceae
comprising leaves which have high protein
content Primarily, it is an important plant
that can be widely cultivated and belongs to
the genus Moringa of the family
Moringaceae, with leaves that are high in
protein content (251 g/kg DM) but low anti
nutritional compound and tannins content
[89].

In Table 3, the nutritional profile of leaves
of Moringa shows that they are a rich
source of protein; their amount varies from
25% to 35% [90]. Because of a high level
of soluble nitrogen (82-91%), a high level
of protein is available for good digestion,
due to a higher level of soluble nitrogen,
pepsin and a low amount of insoluble
protein acid detergent (1-2%) [91].

Table 3: Nutritional profile of Moringal
olefera.

Dry
Nutrients leaf Dry | Fresh Ref
leaves | leaves
powder
Protein (g) 27.1 29.4 6.7
Fiber (g) 19.2 125 0.9
92
Fats (g) 2.3 5.2 1.7
(Cg"’;rb"hydrates 382 | 412 | 125

The protein contain good amount of sulphur
containing AA (amino acid) that associate
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well with soybean, which can be considered
as a good quality plant based protein [93].
Moringa leaves are important source of
minerals, iron, ascorbic acid and
carotenoids. Past studies on moringa
oleifera concluded that it is a vital source of
protein in the diet of fish [94]. Moringa
leaves are the rich source of nutrient
components including crude fat, gross
energy and crude protein [95]. Moringa is a
significant source of soluble protein and
high pepsin consider as an alternative
source of fish meal used in aquaculture
[96].

Moringa olefera leaf meal

Leaves of moringa were attained and
soaked all night in the tank for removing
anti-nutritional factors and saponins.
Moringa leaves were collected and soaked
overnight in a tank to remove anti-
nutritional factors and saponins. Then the
dried leaves were grinded to form powder
and then stored in plastic zipper bags in the
room temperature [97]. Moringa leaves are
widely studied as a substitute for fish meal
in the diet of fish, and it seems to be an
important ingredient of protein sources.
Moringa leaf could be partially replaced as
a predictable source of feed that don’t cause
any decline in the growth rate of tilapia
Moringa leaves have been widely studied as
a substitute for fishmeal in fish diets and
appear to be an important protein source.
They can partially replace fishmeal as a
reliable feed ingredient without causing any
decline in the growth rate of tilapia (O.
niloticus) [98 - 99]. Moringa olifera leaf
meal (MOLM) can be replaced at 0, 10, 20,
30%. They concluded that fish digestibility
is high at 10% replacement of fish meal for
fingerlings of Labeo rohita [17].

Fish meal with chlorella

A new single-celled plant-based protein
microalgae has now received substantial
attention in the aquafeed industry because
of its high protein, polyunsaturated fatty

acids (PUFAS), polysaccharides,
microelements and vitamins [100 - 101].
Chlorella is a widely distributed single-
celled microalga that can be easily cultured
outside the pond and is an important source
of protein [7]. Due use of chlorella as a
dietary source of protein and have rich
nutritional value, it is considered as helpful
ingredient for improving carcass quality
and weight of marine and fresh water fish
[40, 102].

In one study, 50% of fish meal was replaced
with chlorella meal; this supplementation
improved feed utilization and growth rate in
crucian carp [16]. Other studies report that
heavy use of plant-based substitutes for fish
meal can reduce crucian carp growth [103].
Replacing 100% fish meal with chlorella
meal can enhance growth rate and feed
utilization in crucian carp. Crucian carp
have no stomach. In the intestine, digestion
takes place, in which different enzymes of
the intestine are involved, including pepsin,
trypsin, lipase and amylase [51]. The use
of chlorella meal as a substitution for fish
meal can increase the activity of amylase
but did not see any enhancement in the
activity of lipase and trypsin in crucian
carp’s intestine. Fishmeal in fish diets
appears to be an important protein source.
They can partially replace fishmeal as a
reliable feed ingredient without causing any
decline in the g rowth rate of tilapia [102].

Replacement of fishmeal with Azolla

Industry of aquafeed is predominantly
relies on fish meal because of its good
protein, high nutrient digestibility and
efficient amino acid profile in the
formulation of feed [24]. Currently, the
supply of fishmeal decrease in the market
because of the decreasing of natural
resources of fishery. So it is an important
need to used alternate source of non-
predictable aquatic plant sources of protein
that can decrease the cost of feed.
Therefore, it is important to use alternative,
reliable aquatic plant protein sources that
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can reduce feed costs.

In this context Azolla microphylla meal can
be used as an efficient substitute due to its
greater nutritive value and productivity,
which can include 13-30% (dry weight
basis) of crude protein, vitamins, minerals
and essential amino acids profile. These
nutrients can improve growth performance,
metabolic rate, immune function and
digestive system. [104 - 107].

Addition of nearly 20% Azolla enhances
the growth of Tilapia (Oreochromis
niloticus) [24]. Increasing the inclusion of
Azolla in the fish diet can decrease the
growth performance[103]. Poor
performance was attributed to higher azolla
concentrations, which can reduce protein
digestibility in  Oreochromis niloticus
[109]. Replacing fish meal with 25%
alternative source Azolla meal in the diet of
Tilapia can be cost effective [19]. use 20%
Azolla meal in the Orechromis niloticus
diet showed rate effective [110].

Importance of Azolla

Azolla efficiently contain protein, growth-
supporting mediators and minerals like
magnesium, copper, phosphorus,
potassium, calcium and ferrous, etc
vitamins (vitamin A, vitamin B12, beta-
carotene) and essential amino acids. Azolla
contain 7-10% a mixture of amino acid,
bio-polymers and bio-active substances,
10-15% minerals and 25-35% protein
[111].

The free-floating aquatic fern, Azolla
cristata, is considered a super plant due to
its high efficiency, which may be the reason
for its large attention for use as a dietary
source of nitrogen for herbivorous fish
when used as a nitrogen fertilizer [112].
The protein content of Azolla is consider
nearly 20-30% and it is found as optimum
for good growth of fish [112, 24).

In addition with good source of protein, it is

also rich in minerals, several probiotics,
vitamins and biopolymers [113]. It is
reported that Azolla is used in feed of carps
that can convert the raw plant into eatable
form of animal protein [114 - 115]. It is
reported that processed Azolla and dried
feeding enhance the feed utilization and
growth rate in common carps, mrigal, Nile
tilapia, rohu and Mozambique tilapia [104].

Sheeno and Sahu [116] determined that
utilization of protein of rohu fry was
reduced after feeding a diet having good
enclosure level of Azolla. Furthermore, it
is reported by some workers that azolla
meal should be consider as qualitively
substitute of fishmeal in the feed of fish that
are cultured significantly such as 45% in
Cirrhinus mrigala fry [117], 10%-20%
fishmeal can be substituted in the feed of
Genetically improved form of tilapia
(GIFT) [24] and 20% in O. niloticus [118].

Azolla named as aquatic fern booming at a
good rates in the bodies of freshwater,
uncertainly protein amount is 19-31% relay
on the growing media, strain and source
[119]. Our research results explore in-
sufficiency by replacing the FM (fish meal)
100% with Azolla (water fern) in the diet of
C. carpio var. communis fingerlings. Our
findings are consistent with the results that
increase the level of aquatic plants
ingredients can decrease the growth rate of
fish [19, 120]

It is concluded that using higher level of
azolla increase the level of energy
expenditure and metabolic rate which can
decrease the weight gain, and also
digestibility due to its ANF content [83, 24,
86]. Water fern (azolla) can be used as an
alternate source of fishmeal in herbivorous
fish species due to its paired profile of
digestive enzymes and the existence of ®-6
fatty acids from feed of Azolla. Fish feed
containing Azolla as a supplemented diet
can increased the utilization of glycogenic
amino acids, protein conversion and
mobilization.  More  or  additional
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supplementation of Azolla can decreased
the protein digestibility due high fiber
content, reduce conversion efficiency and
growth of fish [121].

O. mozambicuss and O. niloticus showed
better growth rate when using 20-42% of
dietary Azolla [108]. Report suggested as
mentioned in (Table 4), the level of Azolla
inclusion in the diet of species belonging to
Caprinidae family can enhanced utilization
of feed and growth performance in feed of
rohu 10%-50% Azolla meal. [114, 107, 61]
while Orange fin labeo [104], Catla [122],
silver carp and mrigal [61] and grass carp
[123] reported 10-25% enclosure level in
their diet [124].

Table: 4 %age of Azola use in different feed
of various fish species.

Fig | Azolla% Species Ref
1 20% O. niloticus [24]
2 25% O. niloticus [125]
3 20% O. niloticus [110]
4 45% Cirrhinus mrigal | [69]
5 | 10-20% GIFT Tilapia | [24]
6 20% O. niloticus [36]
7 20-42% | O. mozumibiques | [108]
8 10-50% Labeo rohita [107]
9 10-25% Catla catla [122]
10 | 10-25% Silver [61]
11 10-25% Grass carp [123]

Replacement of fish meal with rapeseed

In 2016, aquaculture sector approximately
consumed 69% of worldwide production of
fishmeal [2]. Different articles emphasized
that, replace fish meal with their substitute
source of protein to confirm its cost
effectiveness and sustainability in the

sector of aquaculture production [126, 59,
128 - 129].

These chosen qualities remain unaffected
till today various plant based source of
protein have been examined as replacement
of fishmeal in various species of fish due
their universal availability and less in cost
over past decades. The substitute that are
used as a plant based protein source is pea,
[130], wheat [131], corn, [132] rapeseed,
[10, 133], lupine, [134, 132] soy, [135]
sunflower, [136] and others.

By-product of oil-industry, rapeseed a plant
based source of protein is considered as
capable protein for feed formed in
aquaculture [137, 138]. Rapeseed meal is
the repercussion in the industry of oil that is
one of the imported exported protein after
soybean meal [139]. Factor of anti-nutritive
content in rapeseed cake meal and
insufficiency of some amino acids e.g
lysine which can reduced the growth and
health of fish when add in aqua feed [140].
Over the last decades various techniques of
processing were applied, devoted to
decrease in the content of anti-nutritive
factors in rapeseed protein product and to
raise the protein content [141]. Anti-
nutrient and nutrient configuration of
rapeseed seeds vary, strain and origin
dependent. 17-18% weight of seed is
consider as hull [142] and nitrogen present
nearly 90% as napin and cruciferin two
important storage protein in rapeseed [143].

Yellow-seeded rapeseed lines are linked
with lower tannin and fibre content, along
with level of protein increased. Variety in
the composition of seed and different
method of processing lead to enormous
alteration in protein of rapeseed. [144].
Figure 2 clearly shows that the availability
of nutrients increases from the fermentation
of rapeseed meal [23, 47, 145], besides
enhancing the crude protein and amino acid
content, whereas it decreases the content of
tannin and phytate in rapeseed meal [145 -
146].
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Source of
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Figure 2: Nutritional effects of rapeseed in
fish.

Products of processed rapeseed protein as
shown in (Table 5) give immense
difference in the digestibility with the same
fish species. On the other hand the
digestibility difference is due to using of
various method and direct evaluations
between studies had been evaded in the
subsequent section. Variation in the energy
digestibility and in protein had been linked
with occurrence of anti-nutritive factors e.g
proteinase inhibitors, phenolic compounds
and phytic acid, along with indigestible
carbohydrates [10, 140, 147 - 151].

Table 5: Rapeseed inclusion in different forms [144].

Rapeseed
Processing of cake and meal
Protein extraction 346 Filtration 234 Precipitation 1.5
Advantages

Amplified amount of
protein . . .
Removed soluble sugars Highly ra!sed content of protein, Highest increase of

; : In extraction solution reduced salt .
oligosaccharides . . protein content

. content, reduced anti-nutritive factor
glucosinolates, and
phenolics
Protein content
Rapeseed Rapeseed | Rapeseed | Rapeseed | Rapeseed
seed cake meal concentrate isolate Ref
17.5-24.6 29.4-38.4 | 30.0-60.6 | 48.3-80.6 | 81.2-98.7
Amino Acid Composition %

p 2.6- 1.[10]

Histidine 35 2.5 1.6-5.4 2.0-3.9 2.4-2.9
— 2. [18]
Arginine 5.6-7.3 5.6 3.1-84 3.4-7.6 6.7-7.7
Isoleucine 3.9-5.6 3.6 2.6-4.5 3.4-4.4 3.7-5 [1?5-3]
Leucine 6.3-9.5 6.4 3.8-9.2 6.7-8 6.4-8.9
Tryptophan 1.3 1.4 0.6-1.6 1.4 1.5-1.6 [11'1]
Cysteine 2.3-2.8 2.2 1.2-2.9 4.2-5.2 1.2-4.1
5.

Methionine 1.8-2.1 1.9 0.6-2.4 1.9-2.1 1.7-2 [152]
Lysine 5.8-6.8 5 3.4-6.9 4.8-7.9 3.3-54 6. [4]
Valine 4.9-7 4.7 2.3-6.1 3.7-5.4 4.5-5.9
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Replacement of fish meal with peanut
meal (PNM)

Compared to soybean meal PNM (peanut
meal) contain small amount of methionine
ad lysine and have low quality of protein,
yet it is used in aquaculture feed due to
presence of high crude protein. In the world
it is the 4™ largest crop of oilseed and it is
cultured approximately in 60 different
countries. Nearly 35 million tonnes,
production it gives annually [20].

Pulp of peanut that obtained after the
withdrawal can be utilized in the feed of
animals as a source of protein for pigs
[153], fish [154] and poultry [155]
mentioned in (Figure 3). It is expected that
the low level of methionine and lysine in
the peanut meal could show poor growth
rate, but recent study showed that the use of
PNM (peanut meal) nearly 20% in the diet
of fish as a substitute of fishmeal donot
show any opposing effect on the
performance of growth [156].

Peanut (Protein Source): Peanut meat a byproduct of oil extraction
is rich in protein providing energy for fish.

Essential Nutrients: Peanuts provide amino acids, vitamins (such as
Vitamin E), and minerals (like Magnesium and Phosphorus) that are
vital for fish growth and reproduction.

Figure 3: Profile of peanut.

Replacement of fish meal with water
spinach

Water spinach comprises significant
amounts of organic acids, polyphenols,
amino acids and non-essential amino acids
[157]. In recent report it is observed that,
good growth performance was seen in fish

because diet containing 5% water spinach
[158].

Water spinach (Ipomoea aquatic) have
good  nutritive  composition,  give
information in (Figure 4) with significant
numbers of fatty acids, organic acids and
polyphenols, macro and micro salts crude
fibers; essential amino acids, nonessential
amino acids, [157], the leaves of Ipomoea
aquatic are quite composed with vital
vitamins [159]. The most plentiful
constituents of essential amino acids were
Tyrosine + phenylalanine (1124 mg/100 g),
threonine (606 mg/100 g), leucine (1365
mg/100 g) and lysine (682 mg/100 g) [160].

Spinach

Rich in Micronutrients

Pigment Enhancer
Growth Promotors

Immune Booster

Improved Gut Health

Improved the Fatty acid profile and
antioxidant levels in fish fillets

Figure 4: Nutritional details of spinach

Leaves of water spinach is full with vital
vitamins e.g pyridoxine, phylloquinone,
thiamine, a- tocopherol, niacin, riboflavin,
cyanocobalamin, and ascorbic acid [161,
159]. Tilapia (Oreochromis niloticus) were
fed with diet which contain 25% water
spinach as an alternate of fishmeal and their
results show significant on growth
performance [162].

Replacement of fish meal with Garlic

Allium sativum (garlic) is from the family
Liliaceae [163]. It has been used for long
time as a herbal medicine and might be
applicable in the feed of aquaculturedue to
its properties of immunostimulant [164].
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Allicin (diallyl thiosulfate) a compound
present in garlic that is responsible for its
medicinal properties and pungent smell
[163] and further bioactive complexes,
including flavonoids (phenolic acids),
minerals (phosphorus, potassium,
magnesium,  calcium, iron, sodium,
germanium and selenium), vitamins
(riboflavin, thiamine and ascorbic acid)
[165], and amino acids [166]. It is reported
that the powder of garlic can enhance the
growth of (Oncorhynchus mykiss) rainbow
trout [167] and japanses seabass
(Lateolabrax japonicus) [168] also known
to use for the improvement in the body
composition of Salmo caspius (brown
trout) [169].

Dietary garlic powder has revealed a
promising effect on phagocytic activity,
blood total protein and albumin, in rainbow
trout [170], the plant of garlic can amplified
the capacity of fish resistance to the stress
of ammonia [171]. From garlic powder it is
seen that it improved the immunoglobulins
in European seabass (Dicentrarchus
labrax) [172].

Replacement of fishmeal with meat meal

By-product from slaughterhouses of meat
cause meat meal (MM) of animals. It is
reasonable in price and rich in protein and
can use extensively in production of fish
(173, 174, 175]. (Sato, T and Kikuchi
1977) shows that 60% of white fishmeal
should be certainly relieved with pet-grade
MM (80% crude protein and 12% crude
lipid) for the supply of the important amino
acids of lysine, methionine, and tryptophan.

Replacement of fish meal with
zooplankton

Protein is the most lavish constituent
required for the diets of aquatic species. one
of the most basic and essential issues in
aquaculture industries over the world,
specifically in Egypt and other developing
countries, cost, the availability,

mismanaged treatment of protein and
adulteration during the manufacturing of
diet (GAFRD, 2012). As compare to the
formulated diet of fish live feed is more
stable and a good option for growth and
survival [176]. For larvae, planktons appear
to be a good source of exogenous enzymes
and immune. The nutritional value of
planktons vary and it play a good role in
making great quality of larvae of fish, fry
and juveniles [177]. Reviewing the
community of zooplanktons within the
farm system of fish is an effective method
for measuring the effectiveness of
ecosystem of aquaculture [178 - 179].

Copepods and rotifers organized the
community of zooplanktons and together
they form 95.9%. [180 - 181]. The diet
were formulated and contain 42% crude
protein. Zooplankton, soybean meal and
fishmeal used as protein source. Fish oil
(3%), yellow corn (15%) and wheat (10%)
used as source of energy. 2% vitamin and
mineral premixes were used in the
experimental diet. In earthen pond
community of zooplankton were grown,
that can be used as nutritional unit of crude
protein (73-79%), which can facilitate in
the rearing and nursing of fish larvae and
juveniles. Food conversion ratio, growth
rate and good weight gain were seen in
Dicentrarchus labrax from the 100%
replacement of fishmeal with zooplanktons
[182].

Replacement of fishmeal with Mulberry

Morus Alba (Mulberry) plant is a
significant alternative source of fishmeal,
its leaves contain good amount of protein
(21.1%) and it is cultured in the sericulture
industry. Usually mulberry is cultivated in
sericulture industry for gaining leaves that
can be used as feed of silkworm (Bombyx
mori). From sericulture farm good amount
of leaves can be taken in low price for fish
feed preparation. Sting fish is a hardy fish
which can breathe air was selected for the
experiment, good fish which is high in
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market demand for food [72].

For biomass production and light
harvesting mulberry is more efficient than
grass, for underground nutrients as
mentioned in (Figure 5), and water
retention their roots play vital role in it
[183]. Mulberry have worthy composition
regarding nutritionally and chemically, and
have crude protein level considerably
above from 20% [184].

Q Improving intestinal
health

7" Strengthening antioxidant

MY # ability
_‘* " Improving digestive and
o respiratory function

Improving growth: Mulberry leaf powder can
improve the growth performance of fish

Figure 5: Mulberry.

(MLM) Mulberry leaf meal can be used as
an alternative source of fish meal in
Heteropneustes fossilis sting fish feed
[185] for gaining good performance and
fingerlings survival [68] it is also reported
that nearly 30% substitute diet of mulberry
were given to tilapia [19].

Digestible protein value of mulberry leaf
meal was higher than manicoba [186 - 187]
and leucena [186]. Compared with
conventional sources of protein, MLM
contain half of the digestible protein present
in poultry offal and soybean [188]
compared to fishmeal, depending on the
source [88], which can reach values ranging
from half to a little less than half the value
it delivers to Oreochromis niloticus (Nile
tilapia).

Replacement of fishmeal with silkworm

Plant-based protein source diets for

aquaculture species were considered a good
alternative, but some of the problems that
couldn’t be neglected include anti-
nutritional factors [93] and an incomplete
amino acid profile. The sources of crude
protein  from animals are similar
nutritionally to fish meal and are considered
considerably more suitable as a dietary
alternative[124]. Originaton of sericulture
occurred in 27" century BC in china after it,
it will spread throughout the world. In 2011
silkworm cocoons world production was
nearly 485, 000 tonnes [189].

(B. mori) domesticated silkworm is grown
on leaves of mulberry and used for
producing silk yarn by heat-killed pupae.
Fibroine, peculiar elongated molecule
thread of silk is produced nearly 800m from
one cocoon [190]. The remaining pupae
after the whirling of silk fibre, becomes
industries’s waste product which can play a
role of feedstuff [191]. The spent SWP are
vastly degradable so more often they are
thrown away in the open environment or
used as fertilizers, the consumption of the
SWP waste for feed or for the generation of
biological beneficial substances such as
protein, chitin, oil and fatty acids can be
ecological method to diminish the
environmental impact of silk production
[192].

Nutritional aspects

The nutritional value of dried silkworm
pupae is compared with fishmeal, and it is
cheap to buy. Range of crude protein is 52%
to 72% while for deoiled meal it ranges
from 65% to 80% essential amino acids are
extensively found in SWP protein such as
methionine, valine and phenylalanine. The
components of important amino acids in
SWP are balanced according to the
suggested nutritional needs of fish; in indo-
pacific region silkworm pupae is an
important feed ingredient [193].

Increased incorporation of raw pupae for a
long time leads to the production of bad
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odour [194] and an unpleasant taste [195].
In fish feed dead moth and silkworm pupae
is used [196]. The silkworm pupae have a
higher amount of protein content than the
non-deoiled SWP meal and are considered
a good protein source for fish diet. In
silkworm pupae the presence of good
protein quality, appetite stimulants [195]
and some attractants can be responsible for
good fish growth[197].

Dried, non-deoiled silkworm pupae are a
high-protein, low-cost source, making them
a good substitute for fish meal in the feed of
several fishes [198 - 199]. A diet with 30%
non-deoiled silkworm pupae for catla and
rohu showed good results on the growth of
catla, but compared with rohu, it showed a
different rate of growth that was
considerably not good [26]. The growth of
catla and rohu was significantly influenced
by using the faecal matter and silkworm
pupae in the diet of fish, and it is considered
a potential feed ingredient when used in the
diet of carp [200]. Fermented silage of
silkworm pupae used in the feed, the results
give good SGR, FCR and body weight gain
and proved a good alternative source of
fishmeal when used in the diet of carp
species [201].

The effect of silkworm pupae replacement
with fishmeal, and stated that by using 40%
SWP meal in the diet of (Cyprinus carpio,
var specularis) minor carp can show good
growth rate and increase in the levels of
protein and lipid [199]. The replacement of
50% fish meal with silkworm pupae (SWP)
in the feed of fingerlings (Cyprinus carpio,
var. specularis) enhanced the deposition of
protein in the whole body [203]. Using 50%
de-oiled SWP (silkworm pupae) in the diet
of mahseer can significantly increase their
growth rate [204]. Feed formed for the
fingerings of Tor putitora (mahseer)
containing  SWP showed good growth
performance, and then it was concluded
that SWP was a cheaper alternate source of
fishmeal that can enhance the economic
returns of farmers for growing fingerlings

of mahseer [205].

The silkworm pupae meal could be a good
alternate of fishmeal nearly 75% showing
good FCR, PER, growth performance, and
net utilization of protein in the diet of
fingerlings of (Heteropneustes fossils)
catfish [206]. Silkworm pupae is a cheap
substitute of source of protein by using in
the feed of Asian catfish fingerlings
(Clarias batrachus). Diet having 100%
silkworm pupae meal generated efficient
growth, protein utilization and feed
conversion in fingerlings of Clarias
gariepinus (African catfish) [207 - 208] and
in Clarias batrachuz [209].

Conclusion

In conclusion, this review delivers
treasured intuitions. It highlights aqua-feed
formulations. Touching the advance points,
review focus on thoughtful the long-term
penalties of fishmeal protein alternative
resources usage and emerge the approaches
to alleviate potential opposing effects. In
the feed of fish, protein is the ingredient that
makes the diet nutritive and enhances its
quality. It is valuable and main expensive
part of feed. Fishmeal is the ingredient
mainly used for protein requirement in fish
feed. The replacement techniques of
fishmeal to other plant based protein are
moving high in this century. Plant protein
sources use in feed as supplements in
aquaculture for the development and
extensions is the point to study in this
review. The study concluded the effects of
alternative protein sources of fishmeal
including cost effectiveness; reduce ancient
trends and sustainability criteria. Different
researches also focused the point that how
to minimize the difference of amino acid
profile of plant protein from fishmeal. This
could be lessening the cost effectiveness
problems faced from supplementary feed,
to ensure the development in aquaculture
and provide good enhancement for the
welfare of aquatic life. Soybean is a good
alternate to fishmeal composition protein.
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Enhance the growth and give good

outcomes when
Silkworm,

used in fish feed.
rapeseed, mulberry are the

products used in the review to discuss their
effect on fish health and these items provide
productive results.
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