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ABSTRACT

Feed expense constitutes the bulk of the whole cost of production in any intensive
aquaculture setup in Nigeria. Consequently, feed and feeding stratagems are of
paramount interest for feed utilization as well as profit maximization. However, the
paucity of documents on the factors affecting feed intake in cultured fish is negatively
influencing the efficiency of fish production from aquaculture. Hence, the major factors
influencing feed intake by cultured fish are discussed. These factors include management
practices, environment conditions, feed quality, inherent genetic factor and physiological
condition of the fish. The review would help to increase basic knowledge on the nutrition
(with emphasis on feed intake) of aquaculture species for improved management and
productivity.
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INTRODUCTION

Aquaculture is one of the fastest growing food
production sectors. Fish feed and feeding is an
important component of aquaculture as feed
account for approximately sixty percent of the
variable production cost in intensive aquaculture
systems in Nigeria (Ayinla, 2007). Feeding is an
important life function which involves hunting,
processing and evaluation of food materials
(Kasumyan and Doving, 2003). Optimal feeding
scheme enhance growth, pond water quality,
survival, size uniformity, help in minimizing
wastage and eventually upsurge production
(Dwyer et al., 2002; Isyagi et al., 2009). Growth
potential differs across fish species and it is
highly dependent on some factors. Furthermore,
the degree to which growth potential is realized
is highly dependent on feed intake and on how
well the feed has been adjusted to the
nutritional needs of the fish. Hence, the
profitability of an aquaculture venture depends
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largely on the adoption of correct feeding
strategy. Feed satisfies the  nutrient
requirements of fish when there is consideration
for size of fish, right pellet size for effortless
consumption and low wastage, correct quantity
and right feeding time.

The uniqueness in feeding fish
comparatively with domestic animals has led to
the observation of numerous problems (Bureau
and Cho, 1999). For instance, for the case of
land animal, excess feed can be retrieved when
the animal is satisfied. However, this practice is
somewhat impracticable in fish farming. This
results in wastage of valuable feed nutrients,
poor fish growth and a high possibility of water
quality deterioration which could culminate in
fish mortality and reduced profitability. The
quality of the feed can influence its intake by
the fed fish and management of water quality
variables (Thorpe and Cho, 1995; Talbot et al.,
1999; White, 2013).
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The knowledge on feed intake is a prerequisite
for an understanding on nutrient utilization of
diet and by reference an ingredient. Feed intake
by fish is often reported both as an amount (g
fish) and rate (g fish™ day). However, accurate
assessment of feed intake by fish is one of the
most difficult aspects of aquaculture nutrition
research (Glencross et al, 2007). There is
dearth of information on the factors affecting
feed intake in cultured fish in Nigeria, and this is
negatively influencing the efficiency of fish
production from aquaculture. Hence, the major
factors influencing feed intake by cultured fish
in Nigeria is discussed in this review. The review
would help to increase basic knowledge on fish
nutrition with emphasis on feed intake of
cultured fin-fish species.

MATERIALS AND METHODS

A comprehensive internet and library search of
literatures on feed intake in cultured fish species
was undertaken using Google Search and other
search engines. Literatures recovered were
analyzed in pros and relevant tables cited by
authors adopted.

RESULTS AND DISCUSSION

Factors that Affect Feed Intake in
Cultured Fish: Quantitatively, the most
important factors regulating the amount of feed
consumed by fishes depends on the species,
suitability of the feed, culture environment,
stressors (such as pollutants in water), handling
and social interactions (NRC, 1987). Although
the spectrum of these factors is very broad, the
focus of this review will be on management,
environment, feed and the inherent genetic
factors.

Role of Management and Environmental
Factors on Feed Intake: Management and
environment play important role in controlling
feed intake and feed efficiency. Environmental
and management factors in relation to feeding
condition and physico-chemical quality of
rearing medium have a marked impact on the
feed intake of the fish as they can affect the fish
physiological condition, capable of creating all
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sort of stress and neuro-endocrinological
imbalance (Wynne et al, 2005). Fish feeding is
one of the enormous tasks that fish farmers are
faced with, if the fish must grow. It is important
to consider the relationship between feeding
and water quality as they affect each other
during the cause of management (Ani et al.,
2013). A host of management and
environmental factors affecting feed intake by
fish are considered under the following sub-
headings.

Feeding Frequency: Feeding frequency refers
to the number of times in a day that fish are fed
in culture system (Riche and Garling, 2003). The
interval between meals will depend on the
returns to appetite. This is because fish will
continue to eat available food subject to the
available space in the stomach and the duration
it takes to empty the stomach content. The
speed at which the stomach empties depends
on prevailing temperature and other water
quality variables, weight of the fish and quantity
of feed consumed. Feeding frequency affects
the quantity of feed consumed in a day and it is
a very essential considerations in fish feed
management as a result of its influence on
growth, survival, survival, feed conversion,
water quality as well as profit maximization
(Jobling, 1995; Goddard, 1995; Ali et al., 2005;
Davies et al., 2006; Ndome et al., 2011; Jamabo
et al., 2015).

Determination of optimum feeding
frequency for maximum growth and survival of
fish is a function of species, size, environmental
condition, diet and knowledge of the previous
feeding (De Silva and Anderson, 1995; Lee et
al, 2000). Smaller fish have a high energy
demand in comparison to their older
counterparts. Therefore, it is important that
they eat continuously to satisfy the energy
demand for growth and maturation. The high
energy demand is as a result of energy
requirement for rapid growth and development,
higher metabolic rates and their small stomach
size. Fry and fingerlings can be fed up to 8
times a day (Kaushik, 2013). Frequent feeding
can be labour intensive; an option is to feed fry
regularly with automatic feeders. Automatic
feeders should be checked regularly in order to
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avoid over feeding which can result in
deterioration of water quality (Riche and
Garling, 2003). Furthermore, juveniles need to
be fed more frequently than adults, but lower
than fry and fingerlings because they have
higher metabolic rates and their stomachs are
too small to hold all the feed they require for a
day. Fish from 400 g can be fed once a day,
because of their comparative large sized
stomach which can hold enough food for the
whole day. Usually, there is a positive
relationship  between growth and feed
conversion ratio with frequency of feeding
(Craig and Helfrich, 2002; Ashley-dejo et al.,
2014). Although, these increase will only
continue up to a given limit (Wang et al., 1998;
Bascinar et al, 2007; Aderolu et al., 2010).
Jamabo et al. (2015) have reported that
fingerlings of C. gariepinus fed four times a day
performed better than those fed once, twice or
thrice a day. However, for hybrids of catfish,
fingerlings fed two times daily performed better
in terms of growth, survival and nutrient
utilization (Li et al., 2006; Obe and Omodara,
2014).

Feed Distribution and Duration of Feeding:
Feeding can be done by hand or with automatic
feeders. The automatic feeders are available in
different designs and can be adjusted to deliver
specific amounts of feed at set intervals (Gatlin,
2010). Depending on the type of feed, size of
the culture medium and the distribution
method, feed may be applied on the entire pond
area (e.g. when hand feeding finely ground dry
feedstuffs in small ponds) or at selected feeding
places (e.g. when feeding sinking feedstuffs in
large ponds). Feeding the entire pond area is
advantageous because it makes the food
available over a wide area, thus reducing
competition among the fish. Feeding at selected
places ease monitoring on food acceptance and
intake. Feeding fish requires a high level of
experience and patience. Therefore, the longer
the time spent on the cultured fish during
feeding, better the chance of feed consumption
and utilization. Feeding fish in a hurry may lead
underfeeding or overfeeding, while some of the
feed may even not be accessible to the fish,
thus resulting in feed wastage. It has been
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observed in small research ponds that healthy
fish would be satisfied within duration of 30
minutes (Li et al, 2006).

Feeding Rate: Growth strongly depends on the
amount of feed supplying all the essential
nutrients and energy, maximum growth rate is
attained by feeding fish at satiation level (Kaushik,
2013). When access to feed is restricted or the
ration size is reduced, increased size heterogeneity
due to social hierarchies appears within the group
(Houlihan et al, 2001). Feeding rates is also in
part a function of fish size and water temperature
(Riche and Garling, 2003; Craig and Helfrich,
2002). About 5 % body weight has been found to
be sufficient for maximum growth for a number of
fish species at the fingerlings and juveniles stages
of life (Table 1) (Yuan et al., 2010; Ashley-dejo et
al., 2014).

Although, data has showed that feeding
the fish to satiation produced better yield
compared to a restricted feeding rate (Li et al.,
2006). Underfeeding reduces feeding efficiency
(Bureau et al, 2006), growth (Gaylord et al,
2001), increases competition (McCarthy et al.,
1992) and damage of fin (Hatlen et al, 2006).
Furthermore, overfeeding also reduces feeding
efficiency (Talbot et al., 1999) and increases feed
wastage (Thorpe and Cho, 1995), which in return
can impact the environment and prompt
environmental degradation (Cho and Bureau,
1998). However, there is need to understand the
implications of these factors in different fish
species and in their stages of development.
Commercial fish farmers must address each of
these factors when designing environmental
friendly and economically sustainable feed
management strategies. Feeding rates of fish is
also influenced by feeding time of the day, season,
and water quality such as temperature, dissolved
oxygen levels, and other variables.

Feeding Time: Each fish species can have an
endogenous feeding rhythm controlled by the
central nervous system and the entraining
endocrine factors, governed by environmental cues
(especially photoperiod). Much work has been
undertaken to understand the feeding rhythms in
farmed fish (Kadri et al, 1997; Madrid et al.,
2001; Kaushik, 2013).
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Table 1: Feeding rates and feed utilization parameters of Clarias gariepinus fed with

different % body weight
Treatment 3% 4%

Initial weight (g) 3.40 £ 0.04°  3.10 £ 0.03°
Weight gain (g) 52.83 + 1.28° 60.54 + 0.58°
Specific growth rate  3.34 + 0.03° 3.60 £ 0.02°
Feed intake (g) 57.30 £ 0.01°  71.06 + 0.02°

5% 6% 7%
3.30 + 0.03° 2.90 + 0.03° 3.13 + 0.02¢
76.53 £ 0.37° 62.17 + 2.42"  48.48 + 2,231
3.80 + 0.01° 3.69 + 0.07° 3.34 % 0.05°
87.51 + 0.02° 93.97 £0.01* 101.70 £ 0.02°

Mean values (mean + S.E) in the same row with different superscript are significantly different (p<0.05), Adapted from Ashley-

dejo et al. (2015).

The timing of a single meal can influence feed
intake and consequently results in growth and
nutrient utilization (Kaushik, 2013). Feeding
Atlantic salmon in sea cages in the afternoon
hours of the day is not advisable as a result of
lowest dissolved oxygen levels (Figure 1) (Kadri
et al., 1997).
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Figure 1: Variation in the number of post-smolt
salmon responding to pellets (delivered by a
feeder) in relation to the time of day. Adapted
from Kadri et al. (1997)

On the contrary, fishes in Recirculatory
Aquaculture Systems (RAS) can be fed nearly
anytime as a result of constant supply of oxygen
(Craig and Helfrich, 2002). Most fish farmers
commence feeding in the morning as soon as
dissolve oxygen level of the water starts to
increase. Although, significant differences were
not observed in weight among fish fed to
satiation at 8:30 am, 4:00 pm, and 8:00 pm (Li
et al., 2006).

Ani et al (2013) have recommended
that catfish should be fed twice daily; morning
hours (07.30 - 08.30 am) and evening hours
(17.00 to 18.00 pm) for a better performance
and feed utilization.  However, the prevailing
physical and chemical characteristics do alter

optimum feeding level for desirable behaviour in
ponds. Other factors such as stocking density,
stocking integration and aggression, feed
composition, feeds size, fish type and feed
preparation should also be considered in
determining best time of the day to feed catfish.

Colour of Fish Holding Facility: Rearing
conditions of farmed fish species may negatively
affect feeding activity, health, welfare and
growth, especially, when culture conditions are
stressful (Strand et al., 2007). Therefore, design
and setup of optimal species-specific culture
conditions are of prime importance for
successful aquaculture operations.

In visual feeders, feeding success of fish
depends on the contrast between the feed and
background colour (Ustiindag and Ferit, 2015).
Maximizing the contrast between the feed and
the background would facilitate feed detection
by fish and thereby improve feeding success
under culture conditions (Banan et al., 2011).
Improved visual detection of feed item is
associated with a number of factors. This
includes light intensity and background colour of
rearing units (El-Sayed and El-Ghobashy, 2011).
Therefore, choice of proper background colour
in rearing system would improve growth and
survival rates in farmed fish through promotion
of feed acceptability. Improper background
colour may induce external stress to the fish
under culture as it affects their behaviour and
metabolism (Strand et al., 2007; Barcellos et al.,
2009; El-Sayed and El-Ghobashy, 2011) and it
results to poor growth and low survival
(Rabbani and Zeng, 2005; Yasharian et al.,
2005; Pena et al., 2005). Although, background
colour of fish receptacle did not influence feed
intake in fry of Jarias gariepinus (Ekokotu and
Nwachi, 2014).
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Water Quality: Water quality condition of a
culture system and the health status of the fish
under culture are the twin most important
primary causes of poor feed consumption. This
is because; the response of pond fish to feed
can be used to ascertain the health condition of
the fish. In the light of these, the aquaculturist
should therefore ensure sustained water of
good quality for the fish under culture.
Important water quality variables influencing
feed intake are considered below.

Temperature: The prevailing water
temperature is listed among the most important
variables affecting vital functions in fish
(Kasumyan and Doving, 2003). Growth rate,
feed intake, feed conversion efficiency (FCE),
and stomach evacuation rate were significantly
influenced by temperature (Handeland et al.,
2008).

A study on the effect of varied feeding
level and water temperature on feed utilization
by Azevedo et al. (1998) revealed that there is a
positive relationship between feed consumption
and water temperature. There is a dramatic
increase in feed intake with increasing
temperature (Martinez-Palacios et al., 1996;
Koskela et al, 1997). Although, increasing
water temperature above the optimal
temperature of a species results in the reduction
in feeding behaviour (Walberg, 2011; Md
Mizanur et al., 2014). The basic factor affecting
feed efficiency of fish in a complete diet is feed
wastage (Bureau and Cho, 1999).
Conventionally, when approaching the upper
thermal tolerance limit for growth, a progressive
decline in feed intake is observed. During the
early hours of the day or after a rain and its
attendant lowered water temperature, fish are
not likely to feed optimally. It is therefore
recommended to halt feeding at temperatures
beyond optimum levels as warm water fish
perform better at temperatures between 25 —
32 °C (Boyd and Lichtkoppler, 1979).

Dissolve Oxygen: In the absence of deliberate
poisoning, dissolve oxygen (DO) is the single
most important and critical water quality
parameter for fish in pond culture systems
(Boyd and Lichtkoppler, 1979). Reduced oxygen
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concentration is considered as a foremost factor
affecting feed intake in cultured fish species
(Morkore and Rorvik 2001; Nordgarden et al.,
2003). It is common to see fish at the water
surface gasping for oxygen in water of poor
quality as a last resort for gaseous exchange.
Usually, lethargy and fish going off feed may be
an indicator of poor oxygen content in the
culture system (Ovie and Adeniyi, 1990).
Therefore, it is important to determine the
concentration of oxygen in the water as a
preliminary step during lethargic condition, fish
going off feed or mortality before proceeding on
medication. Oxygen depletion in water leads to
poor feeding of fish, starvation, reduced growth,
vulnerability to diseases and parasitic infestation
as well as mortality (Bhatnagar and Garg,
2000). This is as a result of the fact that
metabolism is extremely dependent on the
concentration of the dissolve oxygen present in
the rearing environment. Fish does not
assimilate consumed food at low DO (Tom,
1998). A study on the influence of ambient
oxygen on feeding and growth in O. niloticus
(Tsadik and Kutty, 1987) revealed fastest
growth rate in tanks with high DO and the
slowest growth in the low DO. Dissolved Oxygen
level greater than 5 ppm is essential to support
good fish production (Bhatnagar and Singh,
2010; Bhatnagar et al., 2004). At dissolved
oxygen levels between 3.0 — 5.0 ppm feeding
should be slashed when DO level is between
3.0-5.0ppm and stopped when below 3.0 ppm
(Riche and Garling, 2003).

Ammonia Concentration: Of the two form of
ammonia (unionized ammonia and ionized
ammonia) that is present in water, the
unionized ammonia is most toxic to fish and
other aquatic organisms (Riche and Garling,
2003). Ammonia concentrations in water have a
marked and predictable effect on the feed
intake. Elevated ammonia level in water leads to
a diminution in feed intake in cultured fishes,
under otherwise identical environmental
condition (Haskell, 1959). The level of ammonia
in a culture system is dependent on
temperature, feeding type, feeding rate and the
size of the fish. Ammonia concentration in the
water starts to increase few hours after feeding
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but peaks at 4 — 6 hours. High temperature as
well as increased pH levels favours the un-
ionized form of ammonia in a fish production
system.

Stress and Pollutants: In a broad context,
stress can be considered as a biological
response that drives physiological systems
outside their normal range. Fishes typically
respond to short-term or acute stress by
mechanisms designed to maintain physiological
function; compensating for the stress for a
while, and then when the stress is resolved the
fish can return to its previous physiological state
(Helfman et al., 2009). Also, stress due either to
excessive handling, diseases and social
interactions do affect fish’s appetite. Interest for
food reduces when fish are subjected to stress.
Furthermore, a long period of starvation may
also affect feed intake in cultured fish species.
Also, taste receptors of the fish are always
exposed to the water and make them
susceptible to the pollutant present in the
water. Pollutants can also affect the taste
receptacle by either destroying the taste bud
and/or reduction in the sensitivity of the taste
stimuli (Kasumyan and Doving, 2003).

Role of Feed Quality on Feed Intake: Feed
quality alludes to the dietary efficiency and
objective attribute of a feed which make it
suitable for feeding and digestion in the typical
fish digestive systems. Efficient feeding levels is
attained only when the right supply of energy
and essential nutrients is available in the
proportions that is adequate to the fish for
maintenance and growth (Hepher, 2009).
Reception, lusciousness and digestion of feed
differ as a result of variation in ingredients
(Craig and Helfrich, 2002). For good health and
satisfactory growth, a complete feed must meet
all the nutritional requirement of the fish
(Omitoyin, 2006). Therefore, farmers should
determine the quality of the feed because of its
tremendous involvement in  acceptability,
palatability and digestibility. Some of the
indicators of feed qualty and their
corresponding relationship with feed intake in
fish are considered below.
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Feed Types and Sizes: Commercial fish feed
are either extruded (floating) or pressure-
pelleted (sinking). Both form of feed can yield
adequate growth (Craig and Helfrich, 2002).
Sinking pellets are cheaper than the floating
pellets, but the use of the former requires a
greater degree of management (Ayinla, 2007).
The preference of extruded feed to sinking feed
lies in the flexibility in the adjustment of feeding
rate. This is because; farmers can easily monitor
the fish behavioral response to feeding.
However, its limitation lies in its high cost of
procurement occasioned by high cost of
machinery and expertise (Abowei and Ekubo,
2011; Helfrich and Smith, 2001). Generally,
better FCR are obtained in the use of floating
feed (Adewumi and Olaleye, 2011).

Feed is also presented in a wide variety
of sizes ranging from minute particles for small
fish to large pellets for big sized specimen
(Craig and Helfrich, 2002; Ibiyo, 2016). The use
of pelleted and extruded diet in fish farming has
resulted in the standardization of rules relating
to the size of pellet to be fed to fish of a
particular size class. Proposals and endorsement
on appropriate size for fish have been based to
a large extent on practicability and simplicity
rather than experimentation. This is because,
particles occupies a significant position in the
acceptance or rejection of diet, it is more critical
for dry diets than for semi-moist or moist diets
(NRC, 1981; 1983). For efficient feeding and
feed utilization, Craig and Helfrich (2002)
suggested that an adequate pellet size should
be approximately 20 — 30 % of the mouth gape
for a corresponding size and species. This is to
avoid an unproductive habit of feeding too small
pellets resulting in energy loss during feed
location. On the contrary, feeding too large size
of feed will slow down feeding and sometime
cause choking to the fish. It is therefore
advisable to select the optimum sized feed that
the fish can eat conveniently. Information on
the average weight of fish and corresponding
pellet size preference is presented in Table 2.
Ajani et al. (2011) have reported higher weight
gain in fingerlings of C. gariepinus fed with
floating pellet against the ones fed with sinking
pellet.
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Floating pellet float on water and does not
disintegrate easily like sinking pellet vis-a-vis
their availability to the fish in water. Meanwhile
sinking pellets does not float on water and it
disintegrates  easily  thereby  becoming
unavailable to the fish. A significant increase in
ammonia level above the recommendation of
Ayodele and Ajani (1998) had also been
observed in fish fed with sinking feed, thus
indicating that there exists a relationship
between feed type and water quality variables.

Table 2: Recommended pellet sizes for
cultured fish

Average Weight of Fish Size of Pellets
(9) (mm)
5-10 1.5-2
15-30 2
30-100 3
100-250 4
250-500 4
500-750 4-6
750-1500 6
>1500 6-10

Adapted from Ibiyo (2016)

Feed Flavour: The taste properties of the feed
have a high stimulating implication on feed
intake and growth (Kasumyan, 1997). Olfaction
and gustation are the major chemosensory
systems in fish (Kasumyan and Doving, 2003).
Previously, palatability describes acceptance to
taste or agreement with flavour during
consumption. Although, it may be difficult to
determine the flavour preference, it is however
very feasible to verify deviations in the amount
of feed consumed. This is imperative because,
despite the digestibility of nutrients and energy
composition of a particular individual nutrient, if
the ingredient reduces feed intake, it is of
limited use in a feed formulation. While there
may be stratagems to avert or resolve issues on
palatability of feed ingredients using ingredient
processing or feeding stimulants, the best
practice would be to avoid feeding unpalatable
diets (Glencross et al., 2007).

Substitution of fish meal with other
proteins of plant origin and the addition of
certain antibiotics have resulted in the reduction
of palatability of fish feed. Although, the
inclusion of stimulants in feed formulation has
helped in masking deterrent ingredients
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(Papatryphon and Soares, 2000; Kasumyan and
Doving, 2003). Stimulants that caused the
greatest response are composed of amino acids,
nucleotides, and quaternary amines (NRC,
1987). Proceeds from an experiment carried out
by Takeda and Takii (1992) revealed that fish
consumed more feed in diets that are highly
palatable while early satiation was recorded in
diets that were not palatable. Furthermore, fish
that were hitherto satisfied after consumption of
feed of poor palatability continued to receive
more feed and attained another satiation level
upon the introduction of feed with high
palatability profile.

Anti-Nutritional Factors: Some quantities of
anti-nutrients may be introduced into feed
during preparation of ingredients and feed
formulation. These anti-nutrients may result in
the contamination of feed and thereby reduces
the acceptability and utilization of the diet (NRC,
1993). Examples of anti-nutritional components
in ingredients are gossypol, alkaloids, trypsin
inhibitors, phytic acid, hemagglutinating agents,
thiaminase, etc. Some of these substances have
been proven to cause anorexia when present in
feed stuffs while others suppress feed intake
(NRC, 1981).

Intrinsic Factors and Feed Intake: A
number of intrinsic characteristics of the fish are
also instruments for regulating feed intake. The
intrinsic factors are usually motivated by genetic
composition of the fish, in order word, they are
mostly hereditary. The taste bud of the fish and
hormones are some of these factors.

Taste Buds: The primary mode of detecting
feed in fish is through olfaction or sight.
Although, chemo-reception is most important in
locating food since sight is frequently poor in
fishes especially in turbid water (Hepher, 2009).
It is a major determinant on the acceptance or
rejection of food (Adron and Mackie, 1978). Fish
are able to taste with their snout, mouth,
tongue, and throat. A fish’s tongue has taste
buds just like in human. However, they are
unable to retract their tongue. Catfish whiskers
called barbells are also loaded with taste buds.
This organ is used to feel around in the mud,
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when something tasty is found, they stop and
bite. For fish, the tongue can only move when
the lower jaw of the fish moves. The perceived
well-defined and species specific flexibility of
taste organ in fish species has led to the
development of substances aimed at enhancing
the palatability of feed (Goh and Tamura, 1980;
Kasumyan, 2004).

Hormones: Several hormones in the fish have
been shown to affect feed intake in fishes. It is
widely recognized that a number of fish species
ceases feeding during the reproductive season.
Such periods are linked to changes in feeding
behaviour and occur in connection with
reproductive cycles (NRC, 1987). Fletcher
(1984) has suggested that hormones may
indirectly influence hunger by affecting the
secretion of other hormones or by inducing
changes in the levels of various plasma
nutrients. For instance, steroid hormones (both
androgens and oestrogens) have been shown to
either suppress or enhance appetite in fishes
while simultaneously altering plasma nutrient
(Ince et al., 1982).

According to Le Bail and Reeuf (1997),
most of the observed effects of hormones on
feed intake, may result from four types of
mechanisms, with each hormone acting by one
or several as follows: (i) hormones could have a
direct effect on central nervous system centres,
associated with food intake behavior or via
vagal afferent neurons; (ii) an indirect effect
may occur via the gut which slows gastro-
intestinal transit, thus resulting in stomach
distention which activates vagal afferent
neurons; (iii) indirect effect by acting directly on
intermediary metabolism via glucose, free fatty
acids or amino acids mobilization or storage;
(iv) indirect effect by modifying directly or
indirectly secretions of other hormones involved
in food intake control. Some of these hormones
(CCK, PYY, glucagon, adrenalin) act as short-
term factors which regulate meal ingestion and
are generally inhibitory factors. On the other
hand, other hormones (GH, TH and leptin)

require more time to modify food intake
behaviour, and appear as stored calorie
regulators.
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Chua and Teng (1980) have showed that the
use of bovine growth hormone in fish
(Epinephelus salmoides) substantially improve
feed intake and increased growth, while it
concurrently lowered the production cost.

Physiological Status of the Fish and Feed
Intake: Within a given species, feed intake will
vary depending upon the physiological status
(e.g. during gametogenesis). The rate of feed
intake can decrease before and during spawning
(Hepher, 2009). It is well established that feed
intake per unit body weight decreases with
increasing body weight and increases with
increasing water temperature within the thermal
preferendum zone of a given species. Under
stressful conditions such as hypoxia or high
ambient ammonia levels, the feed intake are
also reduced (Kaushik, 2013). Also, after a
period of starvation, fish tend to consume more
food than before starvation period. However,
there seems to be an adjustment of the food
taken in subsequent feeding (Hepher, 2009).
Ishiwata (1968) has reported that fish do not
take food well immediately after their
introduction into a new tank. This may be due
to their need to be acclimated to the new
environment or to their new food.

Conclusion: Different sizes and species of fish
and the diverse environmental and management
conditions used in aquaculture require different
feeding strategies. Diet characteristics, such as
source (living or non-living feed), particle size,
texture, density, and palatability, must be
carefully considered for size and species of fish.
Feed allowance and frequency of feeding are
important for growth rate and feed efficiency.
Type of feed (floating or sinking) used and
method of feeding will depend on the fish,
culture system, equipment and personnel
available. Design and setup of optimal species-
specific culture conditions are of prime
importance  for  successful aquaculture
operations. Fish farmers should therefore make
use of current research works aiming at
optimizing management practices and micro
environment for better feed intake and
utilization.

Animal Research International (2017) 14(2): 2697 — 2709



Factors affecting feed intake in cultured fish species

REFERENCES

ABOWEI, J. F. N. and EKUBO, A. T. (2011). A
review of conventional and unconventional
feeds in fish nutrition. British Journal of
Pharmacology and Toxicology, 2(4):
179 - 191.

ADEROLU, A. Z., SERIKI, B. M., APATIRA, A. L.
and AJAEGBO, C. U. (2010). Effects of
feeding frequency on growth, feed
efficiency and economic viability of
rearing  African  catfish (Qarias
gariepinus, Burchell 1822) fingerlings
and juveniles. African Journal of Food
Science, 4(5): 286 — 290.

ADEWUMI, A. A. and OLALEYE, V. F. (2011).
Catfish culture in Nigeria: Progress,
prospects and problems. African Journal
of Agricultural Research, 6(6): 1281 -
1285.

ADRON, J. W. and MACKIE, A. M. (1978).
Studies on the chemical nature of
feeding stimulants for rainbow trout,
Salmo gairdneri Richardson. Journal of
Fish Biology, 12: 303 — 310.

AJANI, F., DAWODU, M. O. and BELLO-
OLUSOIJI, O. A. (2011). Effects of feed
forms and feeding frequency on growth
performance and nutrient utilization of
Clarias gariepinus fingerlings. African
Journal of Agricultural Research, 6(2):

318 — 322.
ALI, M. Z., HOSSAIN, M. A. and MAZID, M. A.
(2005). Effect of mixed feeding

schedules with varying dietary protein
levels on the growth of Sutchi catfish,
Pangasius hypophthalmus (Sauvage)

with silver carp, Hypophthalmichthys
molitrix (Valenciennes) in ponds.
Aquaculture Research, 36(7): 627 -
634.

ANI, A. 0., OKPAKO, B. A. and UGWUOWO, C.
(2013). Effect of feeding time on the
performance of juvenile African catfish
(Clarias gariepinus, Burchell 1822).
Online Journal of Animal and Feed
Research, 3(3): 143 — 148.

ASHLEY-DEJO, S. S., OLAOYE, O. J., ADELAJA,
O. A. and ABDULRAHEEM, I. (2014).
Effects of feeding levels on growth

2705

performance, feed utilization and body
composition of African catfish (Clarias
gariepinus, Burchell 1822). International
Journal of Biology and Biological
Sciences, 3(2): 12 - 16.

AYINLA, O. A. (2007). Analysis of feeds and
fertilizers for sustainable aquaculture
development in Nigeria. FAO Fisheries
Technical Paper, 497: 453 — 470.

AYODELE, I. A. and AJANI, E. K. (1998).
Essentials of Fish Farming (Aquaculture).
Odua Company Limited, Ibadan,
Nigeria.

AZEVEDO, P. A., CHO, C. Y. and BUREAU, D. P.
(1998). Effects of feeding level and
water temperature on growth, nutrient
and energy utilization and waste
outputs of rainbow trout (Oncorhynchus
mykiss). Aquatic Living Resources, 11:
227 - 238.

BANAN, A., KALBASSI, M. R., BAHMANI, M. and
SADATI, M. A. Y. (2011). Effects of
colored light and tank color on growth
indices and some  physiological
parameters of juvenile beluga (Huso
huso). Journal of Applied Ichthyology,
27(2): 565 - 570.

BARCELLOS, L. J. G., KREUTZ, L. C., QUEVEDO,
R. M., DA ROSA, 1. G. S., KOAKOSKI,
G., CENTENARO, L. and POTTKER, E.
(2009). Influence of color background and
shelter availability on Jundid (Rhamdia
quelen) stress response. Aquaculture,
288(1): 51 - 56.

BASCINAR, N., CAKMAK, E., CAVDAR, Y. and
AKSUNGUR, N. (2007). The effect of
feeding frequency on growth performance
and feed conversion rate of black sea trout
(Salmo trutta labrax Pallas, 1811). Turkish
Journal of Fisheries and Agquatic
Sciences, 7(1): 13 - 17.

BHATNAGAR, A. and GARG, S. K. (2000).
Causative factors of fish mortality in still
water fish ponds under sub-tropical
conditions. Aguaculture, 1(2): 91 — 96.

BHATNAGAR, A. and SINGH, G. (2010). Culture
fisheries in village ponds: a
multilocation study in Haryana, India.
Agriculture and Biology Journal of North
America, 1(5): 961 — 968.

Animal Research International (2017) 14(2): 2697 — 2709



Eriegha and Ekokotu

BHATNAGAR, A., JANA, S. N., GARG, S. K., PATRA,
B. C., SINGH, G. and BARMAN, U. K. (2004).
Water quality management in aquaculture.
Pages 203 - 210. In: Course Manual of
Summer School on Development of
Sustainable Aquaculture Technology in Fresh
and Saline Waters, CCS Haryana
Agricultural, Hisar, India.

BOYD, C. E. and LICHTKOPPLER, F. (1979).
Water quality management in fish
ponds. Pages 45 — 47. In: Research and
Development Series No. 22.
International Centre for Aquaculture
(ICAA) Experimental Station, Auburn
University, Alabama.

BUREAU, D. P. and CHO, C. Y. (1999). Nutrition
and Feeding of Fish. OMNR Fish Culture
Course. University of Guelph, Guelph,
Ontario, Canada.

BUREAU, D. P., HUA, K. and CHO, C. Y. (2006).
Effect of feeding level on growth and
nutrient deposition in rainbow trout
(Oncorhynchus mykiss) growing from
150 to 600g. Aguaculture Research,
37(11): 1090 — 1098.

CHO, C. Y. and BUREAU, D. P. (1998).
Development of bioenergetic models
and the Fish-PrFEQ software to estimate
production, feeding ration and waste
output in aquaculture. Aquatic Living
Resources, 11(4): 199 — 210.

CHUA, T. E. and TENG, S. K. (1980). Economic
production  of estuary  grouper,
Epinephelus salmoides Maxwell, reared

in floating net cages. Aquaculture,
20(3): 187 — 228.
CRAIG, S. and HELFRICH, L. A. (2002).

Understanding fish nutrition, feeds, and
feeding. Virginia Cooperative Extension,
63: 256 — 270.

DAVIES, O. A., INKO-TARIAH, M. B. and
AMACHREE, D. (2006). Growth response
and survival of Heterobranchus longifilis
fingerlings and at different feeding
frequencies. African Journal of
Biotechnology, 5(9): 778 — 787.

DE SILVA, S. S. and ANDERSON, T. A. (1995).
Fish Nutrition in  Aquaculture.
Aquaculture Series, Chapman and Hall,
London.

2706

DWYER, K. S., BROWN, J. A., PARRISH, C. and
LALL, S. P. (2002). Feeding frequency
affects food consumption, feeding
pattern and growth of juvenile yellowtail
flounder (Limanda ferruginea).
Aquaculture, 213(1): 279 — 292.

EKOKOTU, P. A. and NWACHI, O. F. (2014). The
growth  performance of  Clarias
gariepinus fry raised in varying coloured
receptacles. Journal of Research in
Biology, 4(2): 1287 — 1292.

EL-SAYED, A. and EL-GHOBASHY, A. E. (2011).
Effects of tank color and feed colour on
growth and feed utilization of thin lip
mullet (Liza ramadaa) larvae.
Aquaculture Research, 42: 1163 — 1169.

FLETCHER, D. J. (1984). The physiological
control of appetite in fish. Comparative
Biochemistry and Physiology Part A:
Physiology, 78(4): 617 — 628.

GATLIN, D. M. (2010). Principles of Fish
Nutrition. Southern Regional
Aquaculture Centre (SRAC) Publication
No. 5003.

GAYLORD, T. G., MACKENZIE, D. S. and
GATLIN, D. M. (2001). Growth
performance, body composition and
plasma thyroid hormone status of
channel catfish (Ictalurus punctatus) in
response to short-term feed deprivation
and refeeding. Fish Physiology and
Biochemistry, 24(1): 73 — 79.

GLENCROSS, B. D., BOOTH, M. and ALLAN, G.
L. (2007). A feed is only as good as its
ingredients — a review of ingredient
evaluation strategies for aquaculture
feeds. Aquaculture Nutrition, 13(1): 17
- 34.

GODDARD, S. (1995). Feed Management in
Intensive Aquaculture. Chapman and
Hall, New York.

GOH, Y. and TAMURA, T. (1980). Effect of
amino acids on the feeding behaviour in
red sea bream. Comparative Biochemistry
and Physiology Part C: Comparative
Pharmacology, 66(2): 225 — 229.

HANDELAND, S. O. IMSLAND, A. K. and
STEFANSSON, S. O. (2008). The effect
of temperature and fish size on growth,
feed intake, food conversion efficiency

Animal Research International (2017) 14(2): 2697 — 2709



Factors affecting feed intake in cultured fish species

and stomach evacuation rate of Atlantic
salmon post-smolts. Aguaculture, 283:
36 —42.

HASKELL, D. C. (1959). Trout growth in
hatcheries. New York Fish and Game
Journal, 6(2): 204 — 237.

HATLEN, B., GRISDALE-HELLAND, B. and
HELLAND, S. J. (2006). Growth variation
and fin damage in Atlantic cod (Gadus
morhua L.) fed at graded levels of feed
restriction. Aquaculture, 261: 1212 —

1221.
HELFMAN, G. S., COLLETTE, B. B., FACEY, D. E.
and BOWEN, B. W. (2009). The

Diversity of Fishes: Biology, Evolution
and Ecology. Blackwell Publishing, West
Sussex, United Kingdom.

HELFRICH, L. and SMITH, S. (2001). Fish kills:
their causes and prevention. Pages 220
- 252, In: \Virginia Cooperative
Extension Service Publication.

HEPHER, B. (2009). Nutrition of Pond Fishes.
Cambridge University Press, Cambridge.

HOULIHAN, D. F., BOUJARD, D. and JOBLING,
M. (2001). Food Intake in Fish.
Blackwell Science, Oxford.

IBIYO, L. M. O. (2016). Hints on Fish Nutrition.
Easy Ope Prints and Publishers, Nigeria.

INCE, B. W., LONE, K. P. and MATTY, A. J.
(1982). Effect of dietary protein level,
and an anabolic steroid, ethylestrenol,
on the growth, food conversion
efficiency and protein efficiency ratio of
rainbow trout (Salmo gairdneri). British
Journal of Nutrition, 47(03): 615 — 624.

ISHIWATA, N. (1968). Ecological studies on the
feeding of fishes. VI. External factors
affecting satiation method. Bulletin of
the Japanese Society of Scientific
Fisheries, 34: 785 — 791.

ISYAGI, N., ATUKUNDA, G., ALIGUMA, L.,
SEBISUBI, M., JOHN, W., KUBIRIZA, G.
and MBULAMER]I, E. (2009).
Assessment of National Aquaculture
Policies and Programmes in Uganda.
SARNISSA EC FP7 Project, University of
Stirling, Stirling, United Kingdom.

JAMABO, N. A., FUBARA, R. 1. and DIENYE, H.
E. (2015). Feeding frequency on growth
and feed conversion of (arias

2707

gariepinus (Burchell, 1822) fingerlings.
International Journal of Fisheries and
Aquatic Studies, 3(1): 353 — 356.

JOBLING, M. (1995). Fish Bioenergetics.
Chapman and Hall, London.

KADRI, S., METCALFE, N. B., HUNTINGFORD, F.
A. and THORPE, J. E. (1997). Daily
feeding rhythms in Atlantic salmon II:
size-related variation in feeding patterns of
post-smolts under constant environmental
conditions. Journal of Fish  Biology,
50(2): 273 — 279.

KASUMYAN, A. O. (1997). Gustatory reception
and feeding behaviour in fish. Journal of
Ichthyology, 37(1): 72 — 86.

KASUMYAN, A. O. (2004). Taste preferences in
fish and prospects for application of
taste stimulants in  Aquaculture.
Proceedings of the Fourth International
Iran and Russia Conference, 2004: 1482
— 1488.

KASUMYAN, A. O. and DOVING, K. B. (2003).
Taste preferences in fishes. Fish and
Fisheries, 4(4): 289 — 347.

KAUSHIK, S. J. (2013). Feed management and
on-farm feeding practices of temperate
fish with special reference to salmonids.
FAO  Fisheries and  Aquaculture
Technical Paper, 583: 519 — 551.

KOSKELA, J., PIRHONEN, J. and JOBLING, M.
(1997). Feed intake, growth rate and
body composition of juvenile Baltic
salmon exposed to different constant
temperatures. Aquaculture
International, 5(4): 351 — 360.

LE BAIL, P. and ROEUF, G. (1997). What
hormones may regulate food intake in
fish. Aquatic Living Resources, 10(6):
371 - 379.

LEE, S. M., HWANG, U. G. and CHO, S. H.
(2000). Effects of feeding frequency
and dietary moisture content on growth,
body composition and gastric
evacuation of juvenile Korean rockfish
(Sebastes  schlegeli).  Aquaculture,
187(3): 399 — 409.

Li, M. H., ROBINSON, E. H. and HOGUE, C. D.
(2006). Catfish nutrition: Feeding food
fish. Extension Service of Mississippi
State University.

Animal Research International (2017) 14(2): 2697 — 2709



Eriegha and Ekokotu

MADRID, J. A.,, BOUJARD, T. and SANCHEZ-
VAZQUEZ, F. J1. (2001). Feeding
rhythms. Pages 189 - 215. In:
HOULIHAN, D., BOUJARD, T. and
JOBLING, M. (Eds.). Food Intake in
Fish. Blackwell Science, Oxford.

MARTINEZ-PALACIOS, C. A., CHAVEZ-SANCHEZ,
M. C. and ROSS, L. G. (1996). The
effects of water temperature on food
intake, growth and body composition of
Cichlasoma  urophthalmus (Gunther)
juveniles. Aguaculture Research, 27(6):
455 — 461.

MCCARTHY, I. D., CARTER, C. G. and
HOULIHAN, D. F. (1992). The effect of
feeding hierarchy on individual
variability in daily feeding of rainbow
trout, Oncorhynchus mykiss (Walbaum).
Journal of Fish Biology, 41(2): 239 -
256.

MD MIZANUR, R., YUN, H., MONIRUZZAMAN,
M., FERREIRA, F., KIM, K. and BAI, S.
C. (2014). Effects of feeding rate and
water temperature on growth and body
composition of juvenile Korean rockfish,
Sebastes schlegeli (Hilgendorf 1880).
Asian-Australasian Journal of Animal
Sciences, 27(5): 690 — 699.

MORKORE, T. and RORVIK, K. A. (2001).
Seasonal variations in growth, feed
utilization and product quality of farmed
Atlantic salmon (Salmo salar L.)
transferred to sea water as 0+ smolts
or 14+ smolts. Aguaculture, 199: 145 —

158.

NATIONAL RESEARCH COUNCIL (1981).
Nutrient Requirement of Cold Water
Fishes.  National = Academy Press,
Washington DC, USA.

NATIONAL RESEARCH COUNCIL  (1983).

Nutrient Requirement of Warm Water
Fishes and  Shellfishes.  National
Academy Press, Washington DC, USA.

NATIONAL RESEARCH COUNCIL (1987).
Predicting Feed Intake of Food-
Producing Animals. National Academy
Press, Washington DC, USA.

NATIONAL RESEARCH COUNCIL (1993).
Nutrient Requirements of Fish. National
Academy Press, Washington.

2708

NDOME, C. B., EKWU, A. O. and ATEB, A. A.
(2011). Effect of feeding frequency on
feed consumption, growth and feed
conversion of (arias gariepinus X
Heterobranchus  longifilis  hybrids.
American-Eurasian Journal of Scientific
Research, 6(1): 06 — 12.

NORDGARDEN, U., OPPEDAL, F., TARANGER, G.
L., HEMRE, G. I. and HANSEN, T.
(2003). Seasonally changing metabolism
in Atlantic salmon (Salmo salar L.) I-
Growth and feed conversion
ratio. Aguaculture Nutrition, 9(5): 287 —
293.

OBE, B. W. and OMODARA, G. K. (2014). Effect
of feeding frequency on the growth and
feed utilization of catfish hybrid
(Heterobranchus bidorsalis x Clarias

gariepinus) ~ fingerlings. Journal  of
Agriculture and Environmental Sciences,
3(3): 9-16.

OMITOYIN, B. O. (2007). Introduction to Fish
Farming in Nigeria. Ibadan University
Press, Ibadan.

OVIE, S. 1. and ADENIYI, H. A. (1990). A simple
guide to water quality management in
pond fish culture. National Institute for
Freshwater Fisheries Research.
Technical Report Series No. 23.

PAPATRYPHON, E. and SOARES, J. H. J. (2000).
The effect of dietary feeding stimulants
on growth performance of striped bass,
Morone saxatilis, fed a plant feed stuff-
based diet. Aquaculture, 185: 329 -
338.

PENA, R., DUMAS, S., TRASVINA, A., GARCIA,
G. and PLIEGO-CORTEZ, H. (2005).
Effects of tank colour and prey density
on first feeding of the spotted sand bass
Paralabrax maculatofasciatus (Steindachner)
larvae. Aquaculture  Research, 36(12):
1239 - 1242.

RABBANI A. G. and ZENG, C. (2005). Effects of
tank colour on larval survival and
development of mud crab, Scylla serrata
(Forskal). Agquaculture Research,
36(11): 1112 - 1119.

RICHE, M. and GARLING, D. (2003). Feeding
Tilapia in  Intensive  Recirculating
Systems. Fact Sheet Series #114, North

Animal Research International (2017) 14(2): 2697 — 2709



Factors affecting feed intake in cultured fish species

Central Regional Aquaculture Centre,
Iowa State University, Iowa, USA.
http://lib.dr.iastate.edu/cgi/viewcontent
.cgi?article=1005&context=ncrac factsh
eets Accessed June 12, 2016.

STRAND, A., ALANARA, A., STAFFAN, F. and
MAGNHAGEN, C. (2007). Effects of tank
colour and light intensity on feed intake,
growth rate and energy expenditure of
juvenile Eurasian perch, (Perca fluviatilis
L.). Aquaculture, 272(1): 312 — 318.

TAKEDA, M. and TAKII, K. (1992). Gustation
and nutrition in fishes: application to
aquaculture. Pages 271 — 287. In: Fish
Chemoreception, Springer, Netherlands.

TALBOT, C., CORNEILLIE, S. and KORS@EN, O.
(1999). Pattern of feed intake in four

species of fish under commercial
farming conditions: implications for
feeding management.  Aquaculture

Research, 30(7): 509-518.

THORPE, J. E. and CHO, C. Y. (1995).
Minimizing waste through
bioenergetically and behaviourally based
feeding strategies. Water Science and
Technology, 31(10): 29 — 40

TOM, L. (1998). Nutritional and Feeding of Fish.
Second Edition, Kluwer Academic
Publishers.

TSADIK, G. and KUTTY, M. N. (1987). Influence
of ambient oxygen on feeding and
growth of tilapia, Oreochromis niloticus
ARAC/87/WP/10. United Nation
Development Programme. Food and
Agriculture Organization of the United
Nations, Nigerian Institute  for
Oceanography and Marine Research
Project RAF/87/009.

USTUNDAG, M. and FERIT, R. A. D. (2015).
Effect of different tank colors on growth
performance of rainbow trout juvenile
(Oncorhynchus  mykiss ~ Walbaum,

2709

1792). Tarnm  Bilimleri
144 — 151.

WALBERG, E. (2014). Effect of increased water
temperature on warm water fish feeding
behaviour and habitat use. Journal of
Undergraduate Research at Minnesota
State University, Mankato, 11(1): 13.
http://cornerstone.lib.mnsu.edu/jur/vol1
1/iss1/13 Accessed June 12, 2016.

WANG, N., HAYWARD, R. S. and NOLTIE, D. B.
(1998). Effect of feeding frequency on
food consumption, growth, size
variation, and feeding pattern of age-0
hybrid sunfish. Aquaculture, 165(3):
261 — 267.

WHITE, P. (2013). Environmental consequences
of poor feed quality and feed
management. FAO  Fisheries and
Aquaculture Technical Paper, 583: 553
- 564.

WYNNE, K., STANLEY, S., MCGOWAN, B. and
BLOOM, S. (2005). Appetite control.
Journal of Endocrinology, 184(2): 291 —
318.

YASHARIAN, D., COYLE, S. D., TIDWELL, T. J.
and STIWELL, W. E. (2005). The effect
of tank colouration on survival,
metamorphosis rate, growth and time
to metamorphoses of freshwater prawn
(Macrobrachium rosembergii) rearing.
Aquaculture Research, 36(3): 278 -
283.

YUAN, Y. C,, GONG, S. Y., LUO, Z., YANG, H. J.,
ZHANG, G. B. and CHU, Z. J. (2010).
Effects of dietary protein to energy
ratios on growth and body composition
of juvenile Chinese sucker,
Myxocyprinus asiaticus. Aquaculture
Nutrition, 16(2): 205 — 212.

Dergisi, 21(1):

Animal Research International (2017) 14(2): 2697 — 2709



