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Abstract

Feeding rate optimization is an important factor affecting growth performance and
feed efficiency in aquaculture. The effects of feeding rates (2.5-8.5% body weight
day) on growth, feed utilization, body composition, and physiological responses of
juvenile Cyprinus carpio were evaluated. The results showed consistently high
survival (>95%) with no significant differences among treatments. The growth
performance improved with feeding rate, with the highest weight gain at an 8.5%
feeding rate and the optimum specific growth rate (SGR) at a 5.5% feeding rate. The
feed utilization efficiency was reflected by the lower feeding rates (2.5-4.5%), which
resulted in better feed conversion ratio (FCR) and protein efficiency ratio (PER).
Higher feeding rates, on the other hand, led to higher lipid deposition and
hepatosomatic and viscerosomatic indices. At the lowest feeding rate, biochemical
analysis indicated high levels of ALT and AST and low electrolyte balance, indicating
physiological stress under restricted feeding conditions. As a conclusion, a moderate
feeding rate (around 5.5% BW day) is the most optimal feeding rate for growth
performance, feed efficiency, and physiological stability of juvenile common carp.

Keywords: Feeding rates, common carp, RAS, body composition, growth performers,
aquaculture nutrition.

Introduction one of the primary goals of modern

aquaculture systems(69).
Aquaculture's rapid expansion

has raised demand for environmentally In recirculating aquaculture systems,
friendly production methods that feeding rate is a crucial management
maximize feed use (78). The biggest factor that can directly affect fish
operating expense in fish farming is welfare and nutrient availability (90).

feed, which is also a significant source
of nitrogenous waste. When feed is
supplied in excess, it deteriorates water
quality and is economically inefficient
(32). Therefore, Improving feed
management  without  sacrificing
resilience to stress, growth, or health is

Feed management is one of the most
important  factors influencing the
feasibility and productivity of any
industrial aquaculture operation since
feed costs make up the majority of
aquaculture production costs. The
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effects of changing the feeding rate on
the growth performance of White
Sturgeon Acipensertransmontanus
have been documented in a number of
research (23), European Bass (30), and
Nile Tilapia Oreochromisniloticus
(10). As a result, determining the ideal
feeding rate is essential for fish culture
feeding management strategies (29).
According to (88) and (20), diet costs
can account for 30-70% of an
aquaculture enterprise's overall
production costs, with the percentage
rising as the operation becomes more
intensified. Fish growth performance
and vestige are negatively impacted by
both overfeeding and underfeeding,
which also compromise the success of
an aquaculture endeavor. A number of
variables, including Fish species, fish
size, feeding frequency, feed nutrient
content, and water temperature, have
been found to influence optimal
feeding rates in a variety of fish
species and sizes (6; 47; 48; 87; 55; 37,
38; and 39). The optimal feeding rates
are determined by a number of
elements, including fish growth
performance, feed utilization,
proximate composition of the entire
body, serological traits, and
histological changes (16; 42; 65) .

One of the most significant
freshwater species that is frequently
raised in a variety of aquaculture
systems is the common carp (Cyprinus
carpio), including recirculating
aquaculture systems (RAS). In recent
years, intensive production of this
species has increasingly relied on
controlled artificial environments due
to their high productivity and efficient
resource utilization. However, because
such systems operate under fully
artificial conditions, successful culture
depends on a  comprehensive
understanding of optimal rearing
parameters, including water quality,
feeding strategies, stocking density,
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and system management. These factors
are essential for designing efficient,
sustainable, and economically viable
aquaculture operations (53; 87; 28; 25).

Currently, no research has been
carried out on the effect of feeding
rates on juveniles of common carp with
this rates in RAS. Thus, the objective
of this study was to determine the
effects of different feeding rates of 2.5
%, 4.5 %, 6.5 % or 8.5 % body weight
per a day to Cyprinus carpio early
juveniles over 100 days on the
proximate makeup of the entire body,
muscle cholesterol, plasma
biochemistry, growth performance, and
feeding efficiency.

Materials and Methods

Source of experimental animals
and set-up

After being bought from Al-
Hilla for a fish hatchery, 30-day-old
common carp fingerlings were sent to
the Al-Mussaib region of Iraq. They
were given floating pellets with a crude
protein content of 32% and a fat
content of 8% after being acclimated
for 14 days in a fiberglass tank. The
GBL-800YZ  recirculating  system
provided the freshwater for this tank,
that was manufactured and acquired

from  Goldbill  (Fujian, China)
Aquaculture Technology Co, Ltd. A
trickling biofilter, two  foam

fractionators, and a mechanical belt
filter (80 x 200 x 100 cm), a
blower/gas exchanger, and UV
sterilization were all included in this
40-ton system.

A total of 600 fingerlings with
starting lengths and weights of 6.70 £
009 g and 6.85 = 0.14 cm,
respectively, were randomly
distributed into twelve fiberglasstanks
(1x1x1 m® which yielded a stocking
density of 50 juveniles/m*. The water
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supplied from each tank was from a
recirculating system, This had a foam
fractionator, biofilter, and mechanical
sand filter. Every four hours, the flow
rate was high enough to replenish the
whole tank volume while each tank
was gently aerated. A partial water
exchange (=40%) was carried out
every 14 days.

After an initial 14 days
acclimation period, 4 different feeding
rate  treatments were randomnly

assigned in triplicate that included 2.5
%, 4.5 %, 6.5 %, or 8.5 % body weight
per a day, respictivly, for 100 days.
Fish were given their daily rates
divided into three equal meals per day
at 08:00, 13:00 and 18:00 hours (5),
from a Yinsheng T8800 automatic
feeder that was inspected at least twice
daily.To accomplish this, a sample of
the fish (n = 10) were weighed every
14 days, and the amount of food
provided was adjusted accordingly.
The feeds were floating contains 32%
crude protein and 8% crude fat.

A multi-digital probe from each
tank was used to measure the
temperature, pH, and dissolved oxygen
(DO) twice a day. A commercial test
kit (API® freshwater master test Kit,
Chalfont, USA) was used once a week
to measure the total ammonia-nitrogen
and nitrite-nitrogen before the water
reached the biofilter and before water
exchanges. Ammonia-N and nitrite-N
were 0.3 £ 0.2 and 0.2 £ 0.1 mg I-1,
respectively, and the mean DO was 4.9
+ 0.4 mg I-1. In the meantime, the pH
was 7.4 £ 3 and the temperature was
27 + 1°C.

On the day the trial concluded,
no food was served. The Animal Ethics
Committee states that after 100 days,
Every fish was put to sleep with an
excess of clove oil (around 150 ppm).
Once the fish stopped responding, the
final size and weights were
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individually measured from all fish to
calculate the specific growth rates for
length and weight as well as weight
gain. The condition factor (K) was
calculated as K = W/L3 x 100, where
L is the body length (in centimeters)
and W is the weight of the body (in
grams). The CV was computed by
dividing the length SD by the average
length of the fish in each treatment. A
blood sample was obtained, each fish
was measured and weighed, and the
animal was dissected for additional
analysis.

Plasma biochemistry

In order to produce triplicate
samples/treatment, Syringes were used
to draw blood samples (at least 1.5 ml)
from ten fish in each replication that
had previously been coated with a
saturated EDTA solution. Owing to
the fish's comparatively tiny size, the
samples were combined to guarantee
the smallest volume required for

examination. The plasma was
extracted, put in a fresh vial, and kept
at -20°C after the blood was

centrifuged for 10 minutes at 5,000
rpm. Within two days of sampling, An
automated Hitachi 902 analyzer was
used to measure the amounts of plasma

cholesterol, glucose, triglycerides,
phosphate, sodium, potassium,
calcium, chloride, aspartate

aminotransferase (AST), and alanine
aminotransferase (ALT).

Body indices

After taking the blood samples,
a total of 10 fish were dissected for the

viscera and liver to calculate the
hepatosomatic  index (HSI) and
viscerosomatic index (VSI),

respectively. The viscera and liver
were divided by the final body weight
and then multiplied by 100 to
determine the VSI and HSI,
respectively.
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Each treatment's surviving fish
were kept at -20°C after their final
weights and sizes were determined.
For  cholesterol,  muscle lipid
peroxidation, or whole-body proximate
composition, In each treatment, half of
the fish were mixed.

Muscle cholesterol, lipid peroxidation,
and proximate composition of the
entire bodyEach treatment consisted of
fifty fish, which were split evenly to

evaluate muscle cholesterol, lipid
peroxidation, or proximate
composition. The entire  body's

moisture, crude protein, fat, and ash
contents were determined using the
standard (7) procedures. Initially, the
fish samples were processed so that
only the muscle could be used to
measure  lipid  peroxidation  or
cholesterol. (72) state that in order to
determine the amount of cholesterol in
the muscle (both red and white), the
heads and fins were removed first, then
the skin and bones. To put In short, 3
ml of 95% ethanol was added after 1 g
of the fish muscle was carefully
chopped with a knife and 2 ml of 50%
KOH were added. After ten minutes of
digestion at 60°C and cooling to room
temperature, five milliliters of hexane
were added. This mixture was
vortexed, followed by the addition of
three milliliters of distilled water,
phase separation, removal of the upper
hexane layer (1.5  milliliters),
evaporation under nitrogen gas, and
resuspension using four milliliters of o-
phthalaldehyde reagent. Six milliliters
of pure water were then added after
two milliliters of strong sulfuric acid.
A reagent blank was used to measure
the absorbance at 550 nm, and the
results were stated in pg ml-1.

Thiobarbituric acid-reactive
substances (TBARS) were used to
detect lipid peroxidation in accordance
with (51) approach, which (52)
modified. Ultraturrax was used to

2178

homogenize meat samples (one g) in 4
mL of 0.15 M KCI + 0.1 mM BHT at a
medium speed for a minute. Following
homogenization, 200 uL of the
material was combined with TBRAS
solution and heated for 60 minutes at
95 °C in a water bath until a pink hue
developed. Following chilling, the
extracts were mixed with one milliliter
of distilled water and three milliliters
of n-butyl alcohol. For ten minutes, the
mixtures were centrifuged at 5000 rpm.
Using a spectrophotometer (Secomam,
Domont, France), the absorbance of
the supernatant was measured at 532
NM against a suitable blank. A
standard curve of 1, 1, 3, 3-
tetracthoxypropane was used to
compute the TBARS, which were then
represented as mg malondialdehyde
Assay (MDA)/kg sample.

Statistical analysis

Each replicate's data was
evaluated using a one-way ANOVA,
Chi-square analysis was used to
examine just survival, and repeated
measure MANCOVA was used to
examine K. Tukey's post-hoc test was
used to determine treatment differences
if significant differences (P<0.05) were
found. The SPSS statistical software
version 31.0.2.0 was utilized for all
statistical analyses.

Results

Survival, growth and feeding
efficiencies

Throughout the trial, survival
remained high (95.69-97.02%), and
there were no discernible differences
(P>0.05) across the various feeding
rate treatments (Table 1). However,
compared to all other treatments, fish
fed 8.5% body weight per day gained a
lot more weight. In contrast to the
other treatments, fish fed 5.5% body
weight per day had a considerably
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greater specified growth rate (SGR) for Body indices and whole-body
both length and weight (Table 1). Fish proximate composition

with 2.5% or 4.5% body weight per

day had considerably lower feed Table 2 displays the fish's body
conversion ratios (FCR) and higher indices, muscle cholesterol, lipid
protein efficiency ratios (PER) than peroxidation (MDA), and whole-body
fish with 6.5% or 8.5% body weight proximate composition for each
per day (Table 1). feeding treatment. Crude lipid levels

were highest in fish given 8.5% body
weight daily, and they differed

TABLE 1. Mean (£SE) growth performance, feeding efficiencies and
survival (%) of early juvenile Common Carp (Cyprinus carpio) fed
at different Rates body weight per a day after 100 days.

Parameters 2.5% 4.5% 6.5% 8.5%
Initial weight (g) 6.67 +0.03 6.74 +0.12 6.78 + 0.05 6.63 +0.11
Final weight (g) 28.09 + 1.07° 57.42 +0.32° 80.11 +0.83" 122.40 + 0.83°
Initial length (cm) 6.73 +0.20 6.89 +0.17 6.94 +0.05 6.82+0.08
Final length (cm) 11.23 £ 0.26° 13.84 £ 0.09° 15.25 +0.13° 17.13 +0.11°
SGR weight (% day™)*  1.41+0.03° 2.12 £ 0.02° 2.44 +0.01° 2.88 +0.02°
SGR length (% day™) 0.50 + 0.04° 0.68 + 0.03° 0.77 £0.01° 0.91 +0.01°
Weight gain %° 288.71+ 13.48" 676.75+18.52° 97358 +18.88"  1568.70 + 40.35°
FCR* 0.89 + 0.06" 0.95 + 0.09° 1.14 £0.04° 1.23 +0.04%
PER® 2.11 +0.15% 2.00 +0.21° 1.63 + 0.06" 1.52 +0.05
Survival ® 96.36 + 1.15 95.69 + 1.15 97.02 +0.00 96.36 + 1.15

Different superscripted letters within each row indicate significant differences (p <
0.05)

! SGR weight (% day™) = ((LN (final body weight) — LN (initial body
weight))/number of days) x 100

2 SGR length (% day™) = ((LN (final body length) — LN (initial body length))/number
of days) x 100

$ WG (%) = (final body weight — initial body weight)/initial body weight x 100
* FCR = (weight gain/feed intake)
® PER = protein efficiency ratio=wet weight gain (g)/total protein intake (g)

® Survival (%) = (total remaining fish — initial amount of fish) x 100
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TABLE 2.Mean (xSE) whole-body proximate composition (% wet
weight), muscle cholesterol (ug ml™'), hepatosomatic index (HSI),
viscerosomatic index (VSI) and condition factor (K) of early juvenile
Common Carp (Cyprinus carpio) fed at different Rates body weight

per a day after 100 days.
Parameters 2.5% 4.5% 6.5% 8.5%
Moisture 57.70 + 0.99 56.12 + 1.36" 54.63 + 0.50° 53.68 + 0.31°
Crude protein 17.41 +0.76° 16.81 + 1.42° 15.82 + 0.37%° 14.69 + 0.59°
Crude lipid 10.17 + 0.87° 11.28 +1.17° 13.91 +1.38° 16.64 + 1.64°
Crude ash 4.30 + 0.20° 3.76 +0.21° 3.29 +0.33° 3.10 + 0.14°
Cholesterol 0.40 + 0.03 0.41 +0.07 0.36 + 0.09 0.43 +0.05
MDA 0.07 £ 0.01 0.11 +0.06 0.12 +0.03 0.13+0.02
HSI?! 1.99 + 0.09™ 1.79 £ 0.14° 2.28 +0.28% 2.56 + 0.15°
VSl 2 10.06 + 1.70° 10.78 + 0.32"° 12.52 +0.533" 13.05 + 0.33°
K? 1.44 +0.06° 1.58 + 0.03" 1.64 + 0.04° 1.77 + 0.04°

Different superscripted letters within each row indicate significant differences (p <

0.05)

! HSI, hepatosomatic index = [100 x liver weight (g)]/body weight (g).

2SI, viscerosomatic index = [100 x visceral weight (g)]/body weight (g).

% K, condition factor = [100 x length * (cm)]/body weight (g)

considerably from the other treatments.
As feed rates increased, muscle
cholesterol and MDA rose as well, but
there was no discernible difference
between the treatments (Table 2). Fish
fed 8.5% or 6.5% body weight per day
had considerably higher HIS, VSI, and
K than fish fed 4.5% or 2.5% body
weight per day (Table 2).

Plasma biochemistry

The plasma  biochemistry
results are shown in Table 3 designate
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that plasma ALT and AST were
significantly higher in fish fed 2.5%
body weight per a day compared to
those fed 8.5% body weight per a day.
Plasma sodium and Chloride levels
were considerably lower in fish fed
2.5% body weight per a day compared
with 4.5% body weight per a day. In
the meantime, there were no
discernible variations in plasma levels
of potassium, phosphate, triglycerides,
glucose, or cholesterol.
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TABLE 3.Mean (xSE) plasma biochemistry, enzymes and mineral
content of Common Carp (Cyprinus carpio) early juveniles when fed
at different Rates body weight per a day after 100 days.

Parameters 2.5% 4.5% 6.5% 8.5%
ALT 20.39 + 2.88a 10.20 + 2.51b 9.00 + 1.00b 12.29 + 1.15b
AST 333.00+7.21a 225.00+£10.14c 242.69+8.38C 262.00+4.58b

Cholesterol 455 +0.47 5.00+0.75 5.04+1.11 4.26 £ 0.98

Glucose 5.90+1.06 5.94+0.85 6.21 + 0.87 5.49+0.51
Triglycerides 2.59+0.75 2.42 +0.44 3.27 +2.17 2.24 +0.69
Phosphate 2.84+£0.23 3.02+0.61 2.93+0.15 2.73+0.20
Na 122.99 + 4.04b 141.60 *+ 2.64a 125.69 + 6.02b 130.80 £ 3.05b
K 6.33+0.51 6.53+1.62 7.29+2.69 6.53+1.38
Cl 98.10 + 3.60c 115.20 + 2.00a 102.00 £ 2.62bc 104.70 £ 1.52b

Different superscripted letters within each row indicate significant differences (p <

0.05)
DISCUSSION

One of the most important
variables influencing fish growth is
feeding rate. Different rates are needed
for each species at the various stages of
growth. Growth retardation is typically
seen when improper feeding rates are
used (54; 61). As a result, determining
the proper feeding rates for fish is
crucial. Different feeding rates had a
substantial impact on the juvenile
Common Carp's (Cyprinus carpio)
development performance and feed
consumption in the current study (2).
In other words, according to our study,
juvenile Common Carp generally grew
faster as feeding rates increased. (22;
9; 80; 36; 91; 2) were comparable to
earlier research on other species (5).
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In addition, weight gain of
juvenile  Common  Carp  was
significantly affected by feeding rates,
such as Common Carp fed the highest
percentage of body weight per day
gained significantly more weight than
those fed at the lowest feeding rates.
Similar trends were obtained for
polyculture Nile tilapia, common carp
and silver carp (1), olive flounder (16;
17) and cuneate drum  (86);
blackspotseabream, Pagellusbogaraveo
(21); European  sea  bass,
Dicentrarchuslabrax L. (30); gilthead
sea bream, Spurusaurata (54); and
white sturgeon,
Acipensertransmontanus (23) amongst
others .

In addition to all of that,
determining weight increase is crucial
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in aquaculture since it determines the
feed conversion ratio, which gauges
how successfully fish convert food
mass into body mass, in conjunction
with the amount of food supplied (33)
.The fish's SGR and weight gain rate
were the best. This implied that fish
will grow poorly at low rates of size.
There are two possible explanations for
the growth retardation observed in fish
exposed to lower feeding rates,
according to the earlier study. First,
fish with low rates may not be able to
meet their energy needs for growth and
maintenance, which could lead to poor
growth rates (24). Second, fish housed
at low rates typically showed more
swimming activity for food contests,
which resulted in higher energy costs
and slower growth rates (40).

The feeding rate had no
discernible effect on the survival rate
of young Common Carp. Over 95% of
people survived on average. These
outcomes are comparable to those
documented for young gilthead sea
bream, European sea bass, O. niloticus,
and yellowtail flounder, juvenile olive
flounder and cuneate drum (66; 67; 54;
30; 16; 86). Meanwhile, (1); and (73)
highlight a markedly reduced survival
rate for the lowest feeding rates in
studies on silver carp, polycultured
Nile tilapia, common carp, and O.
niloticus fry, respectively.

Fish  quality has  been
demonstrated by body composition,
which is impacted by diet and feeding
practices (92). Fish body composition
has been demonstrated to be
significantly impacted by feeding rates
(4; 3). As feeding rates rise, fat levels
rise (1; 35; 16; 92) and nitrogen
retention falls (23; 86). Fish fat may be
produced from more dietary energy at
high rates, which is one of the likely
causes of this (75). In this study,
feeding rates were favorably correlated
with body contents and nutrient

retention rates. This could be due to the
fact that young fish at reduced feeding
rates used more energy to compete for
scarce food, which could increase
protein and fat metabolism.
Consequently, rather than being
deposited in the fish's body, more
protein and fat were metabolized to
provide energy.

Fish  development, physical
condition, energy  storage, and
resilience to environmental stressors
can all be inferred from the
hepatosomatic index and condition
factor. Fish typically have smaller
livers under poor, stressful, and
unfavorable  environments,  which
implies the liver has less energy stored
in it. In the current investigations, as
feeding rates increased, so did HSI,
VSI, and K. These findings are
comparable to those of juvenile black
rockfish Sebastesschlegeli (64), olive
flounder (15), juvenile mirror carp
(Cyprinus carp) (26), and juvenile
Korean rockfish (56).
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