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Abstract

Aquaculture, a reliable source of economic gain and employment generation, mainly stands on
formulated fish feed costs. Protein is the essential component of animal tissues and constitutes about
65-75% of fish tissue dry matter. Therefore, protein is considered an essential nutrient source,
providing a group of essential and nonessential amino acids for both maintenance and growth. Feed
proteins are expensive, and their inclusion in aquaculture diets has a significant blow on overall feed
costs. And fishmeal (FM) makes up nearly 50% of the total feed cost, and limited FM supplies can no
longer meet the needs of the expanding fish-feed industry. Hence, to bring down the feed cost and
develop a low cost and high yield production system, fermented plant by-products like sunflower cake
might be considered the most viable alternative protein with less antinutritional feed for economic fish
production.
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Introduction

The demand for a protein-based diet is rising due to the increasing population. The world per
capita fish consumption increased from an average of 9.0 kg in the 1960’s to above 20.5 kg
in 2018 (FAO, 2020) I, Fish is an essential source of easily digestible and essential amino
acids rich protein for providing approximately 17% of the animal protein consumed by the
world's population (FAO, 2014) UL It is a significant source of animal protein for low-
income households due to its lower cost than other animal protein sources (Mohan et al.,
2005) 24, Currently, marine fish production is experiencing near-stagnation, and the only
hope lies with aquaculture. Aquaculture farming has seen rapid growth since the 1980s,
producing about 46% of the total fish food supply globally and is expected to reach over 50%
of the total world fish supply (FAO, 2014) /. However, there are strains on the aquaculture
industry related to sources of ingredients for aquafeed formulation. Feed represents the single
most significant input in aquaculture operation, accounting for 40-60% of the total cost of
fish production.

Fish meal: primary protein source in aquaculture

A significant part of aquaculture production's successful growth and intensification depends
on aquafeed. Feed accounts for a significant part (30-70%) of an average fish farm (Rumsey,
1993; El-Sayed, 2004) 2" &, Traditionally, animal protein sources, particularly fishmeal
(FM), have been the primary ingredient of aquafeeds (Glencross et al., 2007) 2, FM is the
most expensive ingredient in formulated fish feeds. Although FM production has remained
relatively stable, averaging 6.07 million metric tonnes over the past two decades (Tacon et
al., 2006) 3, its decline is likely. It can no longer meet the demand from the expanding
aquafeed industry. The challenge facing the aquaculture industry is to reduce the dependence
on FM and fish oil in aquafeeds (especially for farmed carnivorous finfish and marine
shrimp) and identify economically viable and environmentally friendly alternatives to
fishmeal and fish oil for the production of aquafeeds (Gatlin et al., 2007) [,
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Fishmeal is the main raw component used in manufactured
fish feeds as a protein source. FM is an excellent source of
protein, but off-late it has become expensive to be used as a
protein source in the manufacture of aquafeed. With demand
for FM increasing and the constraints like the government
protection against overfishing, the decreasing availability of
FM, and its soring price. This upward movement of the
expenditure curve is a driving force behind the constant
search for alternative protein sources. Thus, cost-effective,
eco-friendly and quality feed can only sustain the feed based
intensified aquaculture. In a semi-intensive system, farm-
mixed feed comprising of rice bran and a plant protein
source such as oilseeds (soybean, rapeseed, canola,
cottonseed), grains (wheat and corn gluten), and legumes
(peas, beans, peanut and lupins) is used for feeding the fish.
Competition with human/animal food-producing sectors for
commonly available ingredients led to reduced availability
of feed ingredients, accentuating the search for alternative
protein sources nutritionally compatible for cultivated
species and cost-efficient for sustainable aqua-feed
development.

Alternative Feeds

Grains and oilseed by-products are among the most
promising alternative feed ingredients for formulating
economic and environment-friendly aquafeed (Hardy, 2000)
(31, These protein-rich oilseed cakes arising out as the agro-
industrial by-products have been extensively tested as low-
cost feed ingredients (Storebakken et al., 2000) (¢, The
utilization of oil cakes in aquafeed is limited by its' lack of
certain essential amino acids; the presence of antinutritional
factors (ANFs) (Ghosh and Mandal, 2015) ', Plant-based
proteins as aquafeed ingredients require that the ingredients
possess low fibre content, starch, and antinutritional factors.
These ingredients must also have a relatively high protein
content, desirable amino acid profile, high nutrient
digestibility and good palatability (Lim and Lee, 2009) 2],
Several previous studies discuss the suitability of plant
protein feeds or local agricultural by-products as an
alternative protein source in fish feeds (Burr et al., 2012;
Bonaldo et al., 2011) [ 2. Qil cakes are used for food and
new approaches like enzymes, antibiotics, antioxidants,
biofuel, etc.

Sunflower cake (SFC)

Sunflower cake is a by-product of oil production from
sunflower seed — it is the protein-rich residue of the seed
that remains after the oil extraction. The industry produces
Sunflower cake in millions of tons, attracting attention as a
potential substitute for its use in aquafeeds. Biochemical
comparison of SFC with FM suggests some potential as a
substitute for declining supplies of the increasingly
expensive FM (Brown et al., 2014) Bl The total protein
content and specific amino acid profiles of the two are
comparable, although sunflower cake has relatively lower
levels of lysine and threonine (Maina et al., 2007) 2%, Trials
on the palatability, digestibility and nutrient utilization using
SFC diets generally encourage aquaculture tests (Dayal et
al., 2011) B, The crude protein content of SFC is high, 27.8
to 37.4%, which may vary with seed quality and processing
(Munguti et al. 2006) 22; it can also be a suitable
replacement for mustard oil cake due to competitive
nutrition value and price. SFC has been tested with
favourable outcomes for some fishes, such as rainbow trout
(Sanz et al. 1994) [ and tilapia (Olvera-Novoa et al. 2002)
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(231 However, the inclusion level of sunflower cake in the
fish and freshwater prawn diet should be adjusted to achieve
proper nutritional balance and performance.

Antinutritional factors associated with sunflower cake
(SFC)

Protease and arginase inhibitors, coupled with the tannin
component chlorogenic acid (Tacon et al., 1984) B4, limit
the use of sunflower meals in feed. High crude fibre content
reduces the feed's pelleting quality and protein digestibility
when included at high levels (Kamarudin et al., 1989) 7],
Sunflower meal contains lower antinutritional factors than
soybean, cottonseed and rapeseed meals (Heuze et al., 2012)
(181 Unprocessed plant proteins are not suitable as aquafeed
ingredients since they contain antinutrients that are
undesirable for fish (Francis et al., 2001) [°l. Low production
cost and high nutritional value make these agro-industrial
oilseed residues suitable substrates for fermentation.
Therefore, great attention towards the operative use of plant-
based bio-resources as a source of functional ingredients
with the improved operation of fermentation (Karboune and
Khodaei, 2016; Sadh et al., 2018) [18. 28],

Solid-State Fermentation

Solid-state fermentation (SSF) is defined as the fermentation
involving solids in the absence (or near absence) of free
water; however, the substrate must possess enough moisture
to support the microorganism's growth and metabolism.
(Pandey et al., 1995 and 2000) [ 21, Fermentation is one of
the earliest methods in food preparation (Pederson, 1971;
Steinkraus et al., 1983) 2632 and is also considered a new
approach for increasing the functionality of the feed. The
term 'Fermentation’ was derived from the Latin verb
‘fervere', which means to boil and is described as the
biological conversion of complex organic substrates into
simple compounds by various microorganisms like yeast,
fungi, and bacteria.

The fermentation was probably discovered by observing
changes in fruit juices and other substances kept for more
than a day. By the 1970s, scientists' interest was focused on
the effects of consumption of fermented probiotic products.
Globally, fermented foods from plant and animal sources
are essential to the human diet (Stanbury et al., 1995) [,
SSF aims to bring cultivated yeast, fungi, and bacteria in
tight contact with the insoluble substrate and achieve the
highest nutrient concentration from the substrate. The solid
substrate supplies nutrients to the culture and serves as an
anchorage for the attachment of microbial cells. During
fermentation, the moisture content of the medium changes
due to evaporation and metabolic activities. Thus, the
substrate's optimum moisture level is crucial in solid-state
fermentation (Baysal et al., 2003) [. Fermentation is a
process used to produce high or superior nutritional value
products and assist in preservation without freezing or
canning. Fermented foods may be defined as processed
foods through the activity of microorganisms.

Application of fermented sunflower meal in aquaculture
farming

An improvement of Nile tilapia growth by replacing fish
meal with yeast fermented sunflower meal at 25%
concentration was noticed due to increased amino acids in
submitted fermented yeast for the sunflower meal (Soltan et
al., 2015) B9, Hassaan et al. (2018) 4 found that yeast
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fermented sunflower meal (YFSFM) fed at a 25% level had
better growth in Nile tilapia than at higher inclusions, i.e., at
50% and 75% levels of YFSFM. A significant reduction in
the fibre content was observed by fermentative action of
SSF by S. cerevisiae or B. subtilis on None Starch
Polysaccharides (NSP's) structures within the matrix of the
sunflower meal. Similarly, 5% fermented sunflower seed
meal showed better growth with a fungal microorganism
(Jannathulla et al., 2018) 161,

Conclusion

Solid-state fermentation improves the nutritional quality of
SFM by decreasing the fibre quantity during the
fermentation of feeds with the help of microorganisms.
Nutritional quality of SFM improvement by fermentation
with raising crude protein and reducing structural
carbohydrates during microbial enrichment. It can be
concluded that solid-state fermented sunflower meal
provides good overall benefits associated with the increased
nutritional value of the unprocessed sunflower meal.
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