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ABSTRACT

This study aimed to investigate the impact of fish oil levels on the growth performance, feed
efficiency, and body composition of common carp. The study divided 56 common carp into
four treatment groups and fed diets containing different levels of fish oil over 56 days. Results
showed significant differences in growth performance and feed efficiency between the
treatments. The T3 (1.5% fish oil) and T4 (2% fish oil) groups showed the highest weight gain
and most efficient feed conversion ratio, suggesting that 1.5% fish oil may support growth
outcomes like those with 2% fish oil. Body composition analyses revealed favorable protein-
to-fat ratios, suggesting improved nutrient retention and lean growth with reduced fish oil
levels. These findings suggest that common carp can achieve satisfactory growth and feed
efficiency with lower levels of fish oil, providing a more sustainable alternative to high-fish-oil
diets.
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INTRODUCTION

Aquaculture has become a vital industry for
meeting the global demand for high-quality
fish protein, as wild fisheries approach their
sustainable limits (1). Fish farming sector is
the fastest growing in production and
maintaining global food security for more than
decades due to its rapid development and
intensive fish farming system are viewed as
the main sources of food stead of commercial
fisheries (22, 25). According to the Food and
Agriculture Organization (FAO), fish and
fishery products production continues to rise
and is expected to reach approximately 8
million tons by 2050. Common carp (Cyprinus
carpio) is one of the most widely cultured
freshwater fish species due to its adaptability
to various aquaculture systems, nutritional
value, and significant economic importance (2,
3, 7, 23). Improving dietary formulations is
crucial in aquaculture to support fish growth
(1, 6, 24). Lipids are essential components to
fish feeds, providing necessary energy sources
and playing a vital role in cellular processes,
hormone production, and immune responses
(4, 11, 15). Fish oil is a key ingredient in
aquaculture feeds due to its rich content of

omega-3 fatty acids, particularly EPA
(eicosapentaenoic acid) and DHA
(docosahexaenoic acid), which play a
significant role in enhancing growth,

improving immune function, and supporting
reproductive success in fish (15). EPA and
DHA maintain cell membrane integrity and
metabolic balance, which are essential for
optimal growth and health (13). Studies have
shown that fish oil in fish diets can
significantly improve growth rates and feed
conversion ratios (FCR) in various aquaculture
species by enhancing nutrient absorption and
metabolic efficiency (20). However, reliance
on fish oil poses sustainability challenges (17).
The overexploitation of wild fish stocks for
fish oil production has raised concerns about
its environmental impact in aquaculture feeds
(21). This has driven the industry and
researchers to explore alternative lipid sources
or determine the minimum adequate levels of
fish oil necessary to maintain fish growth and
health while reducing dependence on this
resource (10). Common carp are known for
their ~ adaptability to  different feed
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formulations, and there is potential to reduce
fish oil content without negatively affecting
growth and health outcomes (19). The current
study investigates the effect of different fish
oil levels on Common Carp’s growth
performance, feed efficiency, and body
composition. The study aimed to determine the
minimum fish oil level that supports optimal
growth and feed efficiency. Additionally, it
seeks to provide insights into the broader
implications of reducing fish oil usage in
aquaculture, contributing to more sustainable
fish farming practices.

MATERIALS AND METHODS
Experimental fish and setup: This study was
conducted on common carp. A total of 56 fish,
with an average initial weight of 40 grams,
were randomly distributed into four treatment
groups based on their assigned diets:

T1 (0% fish oil)

T2 (1% fish oil)

T3 (1.5% fish oil)

T4 (2% fish oil)

The fish were placed in glass tanks equipped
with aerators to maintain adequate oxygen
levels, with two replicates per treatment (2
tanks per treatment), each containing 7 fish.
The water temperature was maintained
between 24 and 26°C, the optimal range for
carp growth (9), and dissolved oxygen levels
were kept above 6 mg/L to ensure sufficient
respiratory function and avoid hypoxia (15).
Water quality parameters such as pH were
monitored due to their significant impact on
fish health, growth, and feed efficiency (7).
Tanks were cleaned daily by removing waste
and replacing 25% of the water. Fish were
weighed every 15 days over the 56-day
experimental period.

Experimental diet: Four types of feed were
formulated by sieving and mixing feed
ingredients according to the composition of
each diet(table 1), ensuring equal nitrogen
content (30% protein) and caloric content to
ensure that any differences in growth
performance and body composition were due
to fish oil levels and not variations in protein
or energy intake (8). Protein was primarily
sourced from animal-based ingredients such as
fishmeal. Plant-based ingredients such as
soybean, corn, barley, millet, and rice bran.
provided  essential  carbohydrates  and
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additional protein (14). The composition of
each diet was adjusted to maintain nutrient
balance in line with the nutritional needs of
common carp (14). Fish oil was the variable
component in the diets, (Table 1) shows the

specific composition of each diet, highlighting
the variations in fish oil levels. This design
allowed for a controlled investigation into the
effect of fish oil on growth and nutrient
utilization.

Table 1. Composition of experimental diets (percentage basis)

Ingredient T1 (0% Fish Oil) T2 (1% Fish Oil) T3 (1.5% Fish Oil) T4 (2% Fish Oil)
Animal Protein 25% 25% 25% 25%
Corn 12% 12% 12% 12%
Rice Bran 9% 8% 7.5% 7%
Millet 15% 15% 15% 15%
Fish Oil 0% 1% 1.5% 2%
Soybean 33% 33% 33% 33%
Barley 5% 5% 5% 5%
Vitamins & Minerals 1% 1% 1% 1%
Fish were individually weighed using a -Protein
precision scale to ensure accurate growth -Fat
tracking and to calculate feed quantities and -Ash content
growth, feed efficiency, and protein -Moisture
parameters, including: These analyses were conducted using standard
Weight gain biochemical procedures (7), allowing for

Specific growth rate (SGR)

Feed conversion ratio (FCR)

Protein efficiency ratio (PER)

Protein intake (PI)

SGR was calculated using the formula:
Specific Growth Rate = [Natural Log of Final
Weight — Natural Log of Initial Weight] x 100 /
Time Period

Feed consumption was recorded daily, and
FCR was calculated as:

Feed Conversion Ratio = Feed Intake (g/fish) /
Weight Gain (g/fish)

PER was calculated to determine the
effectiveness of dietary protein in contributing
to weight gain, providing insights into the
nutritional value of protein sources in each
diet:

Protein Efficiency Ratio = Wet Weight Gain of
Fish / Protein Intake

At the end of the 56-day period, a sample of
fish from each group was sacrificed, and white
and red muscles were collected for chemical
composition analysis, including:

comparisons of nutrient retention, particularly
protein and fat levels, among the different
treatments.

RESULTS AND DISCUSSION

Weight gain and growth performance
Different levels of fish oil in the diets
significantly affected the growth performance
of common carp. Fish in the T3 (1.5% fish oil)
and T4 (2% fish oil) groups showed the
highest weight gain, indicating that these
lower fish oil levels can support effective
growth outcomes. These results suggest that
common carp can achieve similar growth
using moderate to low levels of fish oil,
reducing the need for high fish oil levels (12).
These findings are constant with previous
studies of alternative lipid sources, which have
shown that, despite its benefits, fish oil may
not be necessary in large quantities to support
optimal growth if other energy and protein
sources are adequately balanced in the diet
(16).

Table 2. Weight gain (grams) in common carp fed diets with different fish oil levels

Treatment Initial Weight Final Weight Weight gain
wowmeon  ARS mewe e
mawmaon DM e e
masemson BRI lens now
wamaon BT lose i
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The T3 and T4 groups, which contained higher
levels of fish oil, showed faster growth rates
compared to the T1 and T2 groups. These
results suggest that including fish oil at 1.5%
and 2% levels provides additional growth
benefits. These findings highlight the potential
to reduce fish oil usage to 1.5% or 2% in
common carp diets, which could contribute to
sustainable and cost-effective aquaculture
practices (19).

Feed conversion ratio (FCR) and protein
efficiency ratio (PER): FCR is a critical
indicator of feed efficiency, and the results of
this study show that the T3 and T4 groups
utilized feed most efficiently, with the T4
group (2% fish oil) recording the lowest FCR
values, closely followed by the T3 group
(1.5% fish oil). These values indicate that
these levels improved feed conversion
efficiency (8), which is reflected in protein
utilization (Table 4). These results suggest that
including fish oil at levels below 5% can
maintain or improve feed conversion
efficiency, consistent with previous research
supporting  low-fish-oil  diets = without
compromising performance (13, 14).

Table 3. Feed conversion ratio (FCR) in
common carp

Treatment FCR
T1 (0% Fish Oil) ai;f_?,ﬂo
T2 (1% Fish Oil) bibg.ggs
T3 (1.5% Fish Oil) ci‘{_zﬁs
T4 (2% Fish Oil) cib7.333

Table 4. Protein efficiency ratio (PER) in
common carp fed diets with different Fish

oil levels
Treatment PER
T1 (0% Fish Oil) 0030
T2 (1% Fish Oil) :)fg (())30
T3 (1.5% Fish Oil) ;f(f 305
T4 (2% Fish Oil) 0025

Body composition

Body composition analysis at the end of the
experiment revealed differences in moisture,
protein, fat, and ash content among the
treatment groups. The T3 and T4 groups
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showed higher protein and moisture levels and
lower fat levels, suggesting that low-fish-oil
diets may promote lean muscle growth
compared to fat deposition (7). This finding is
essential for consumer preferences, as less
fatty fish are more marketable (15).

Table 5. Body composition of common carp

fed diets with different fish oil levels

Treatment Moisture Protein Fat Ash
(%) (%) (%) (%)
—
T1(0% Fish g, 49 1793 2.6 1.089
0il)
o
T2 (1% Fish 83.7 18.65 3.9 1.231
0il)
o
T3 (1.5% Fish g, , 19.65 2.2 1.163
0il)
o
T4 2% Fish 77.5 1730 10.1 0.637
0il)

The T2 and T3 groups showed increased
protein retention and moisture levels compared
to the T1 (0% fish oil) and T4 (2% fish oil)
groups, suggesting that diets with these fish oil
levels may promote lean muscle growth rather
than fat accumulation (7). This result is
important from a consumer perspective, as less
fatty fish are generally preferred in the market
(15).Previous studies have shown that fish can
adapt to low fish oil levels without
compromising growth when provided with
adequate energy and protein from alternative
sources (15), (16). These findings align with
the current study, as common carp
demonstrated efficient nutrient utilization even
at low fish oil levels, this could contribute to
cost savings and environmental benefits by
reducing reliance on fish oil—a limited and
expensive resource (13). Previous studies have
shown that fish can adapt to low fish oil levels
without compromising growth when provided
with adequate energy and protein from
alternative sources (15), (16). These findings
align with the current study, as common carp
demonstrated efficient nutrient utilization even
at low fish oil levels, this could contribute to
cost savings and environmental benefits by
reducing reliance on fish oil—a limited and
expensive  resource (13). This study
demonstrates that common carp can maintain
optimal growth performance, feed efficiency,
and favorable body composition using low
levels of fish oil in their diets. The T4 (2% fish
oil) and T1 (0% fish oil) groups showed
similar or even better growth than higher fish
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oil levels, indicating that low fish oil
supplementation is feasible without
compromising growth or nutritional quality.
These findings support previous research
suggesting that alternative or low fish oil
levels can meet the nutritional needs of
cultured species when supplemented with
balanced protein and energy sources (11, 16).
Aquaculture operations can adopt low fish oil
levels, such as 2% or 0%, in common carp
diets without affecting growth or body
composition, This adjustment could reduce
costs and contribute to environmental
sustainability. Fish oil provides essential
omega-3 fatty acids, there is potential to use
alternative sources ,which could offer similar
nutritional benefits while reducing
environmental impact (13).Expand research to
other species, while common carp have shown
adaptability to low fish oil levels, it would be
beneficial to expand this research to other
commercially cultured species to determine if
similar benefits apply across a broader range
of aquaculture (20). A comprehensive cost-
benefit analysis and environmental impact
assessment should be conducted to determine
the full implications of reducing fish oil usage
on industry profitability and sustainability.
CONFLICT OF INTEREST

The authors declare that they have no conflicts
of interest.

DECLARATION OF FUND

The authors declare that they have not
received a fund.

REFERENCES

1. Al-Noori, A. A., A. J. Abuelheni, and
M.S.Al-Khshali. 2024. Effect of adding natural
and nano zinc oxide to the dite on some
growth parameters of Cyprinus carpio L. Iraqi
Journal of Agricultural Sciences, 55(5):1612-
1619. https://doi.org/10.36103/gz903610

2. Alkhshali, M.Sh. and H.A. Al- Hilalli, 2017.
Effect of gradual salinity increasing on some
stress parameters (glucose,totalprotein,lactate)
in blood plasma of common carp Cyprinus
carpio L. Iraqi Journal of Agricultural
Sciences, 48(2): 573-581.
https://doi.org/10.36103/ijas.v48i2.424

3. Alkafagy, I. H., A. Y. Al-Shukry ,and M. S.
Al-Khshali. 2020. Relationship of the leptin
hormone gene with some of the growth

1290

characteristics of common carp Cyprinus
carpio 1. Plant archives, 20(1): 1225-1230.

4. Alkinani,Z.S.S. and T.S.M. Al-Obaidi, 2020.
Effect of using different percentages of oyster
mushroom (PLEUROTUS OSTREATUS)
cultivation waste on Cyprinus carpio diets in
some growth and blood characteristics. Plant
archives, 20(1): 2280-2284.

5. Al-Saadi, A. S. T., and T.S.M Al-Obaidi.
2023.Substituting Fishmeal and and Fish by-
Product(Internal Organs) for Imported Animal
Protein.IOP Conference Series:Earth and
Environmental Science,2023,1262(7),072025.
https://doi.org/10.1088/1755
1315/1262/7/072025

6. Al-Khshali, M.S. 2019. Effect of different
ratio of addition of NaCl to the diets on some
growth traits in grass carp ctenopharyngodon
idella. Plant Archives, 19: 908-911.

7. Bell, J. G., and R.Waagbo. 2008. Safe and
nutritious aquaculture feed. Aquaculture
Nutrition, 14(4), 401-412.
http://www.springerlink.com/content/w3 1w65
466606m218/

8. Cho, C. Y., and D. P. Bureau 2001. A review
of diet formulation strategies and feeding
systems to reduce excretory and feed wastes in
aquaculture. Aquaculture Research, 32(S1),
349-360.
DOI:10.1046/j.1355-557x.2001.00027 .x

9. Dalsgaard, J., I. Lund, R. Thorarinsdottir, A.
Drengstig, K.Arvonen, and Pedersen, P. B.
2013.Farming different species in RAS in
Nordic countries: Current status and future
perspectives. Aquacultural Engineering, 53, 2-
13. DOI:10.1016/j.aquaeng.2012.11.008

10. Francis, G., , H. P. Makkar and K. Becker.
2001. Antinutritional factors present in plant-
derived alternative fish feed ingredients and
their effects in fish. Aquaculture, 199(3-4),
197-227. https://doi.org/10.1016/S0044-
8486(01)00526-9

11. Gatlin, D. M. and R. W. Hardy. 2008.
Nutritional and health benefits of using trace
minerals in fish diets. Journal of Animal
Science, 86(14), 2769-2780.

12. Glencross, B. D. and, M. Bermudes . 2017.
Challenges of oil replacement in fish diets.
Fish Nutrition Research, 55(2), 123-141.
DOI:10.1577/A05-006.1

13. Hardy, R. W. 2010. Utilization of plant
proteins in fish diets: Effects on growth,



https://doi.org/10.36103/gz903610
https://doi.org/10.36103/ijas.v48i2.424
https://doi.org/10.1088/1755%201315/1262/7/072025
https://doi.org/10.1088/1755%201315/1262/7/072025

Iraqi Journal of Agricultural Sciences —2025:56(4):1286-1291

Al - Obaidi & Al — Bayaty

nutrient utilization, and nutrient load.
Aquaculture  Research, 41(6), 763-772.
DOI:10.1111/.1365-2109.2009.02349.x

14. Hardy, R. W. and F. T. Barrows. 2002. Diet
formulation and manufacture. Fish Nutrition,
2, 505-600. DOI:10.1016/B978-012319652-
1/50010-0

15. Kaushik, S. J. and I. Seiliez.2010. Protein
and energy nutrition in fish: An overview.

Aquaculture  Nutrition, 16(2), 141-149.
https://doi.org/10.1111/7.1365-
2095.2009.00695.x

16. Martinez-Llorente, C., and M. S. Izquierdo
2018. Replacement of fish oil with plant-based
oils in  fish  nutrition.  Aquaculture
International, 26(3), 359-372.
https://doi.org/10.1007/s10499-017-0224-2

17. Montero, D., L. Robaina, M. J. Caballero,
R. Ginés. and M. S Izquierdo. 2005.Growth,
feed utilization, and flesh quality of European
sea bass (Dicentrarchus labrax) fed diets
containing vegetable oils: A time-course study
on the effect of a re-feeding period with a
100% fish oil diet. Aquaculture, 248(1-4), 121-
134. DOI: 10.1016/j.aquaculture.2005.03.003
18. National Research Council (NRC). 2011.
Nutrient Requirements of Fish and Shrimp.
National Academies Press.

19. Ng, W. K. and N. Romano. 2013. A review
of the nutrition and feeding management of
farmed tilapia throughout the culture cycle.
Reviews in Aquaculture, 5(4), 220-254.

20. Smith, J. A. and P. Wilson. 2020. The role
of dietary oils in aquaculture nutrition. Journal
of Aquatic Science, 45(3), 123-135.

1291

21. Tacon, A. G. J. and M. Metian.
2008.Global overview on the use of fish meal
and fish oil in industrially compounded
aquafeeds: Trends and prospects. Aquaculture,
285(1-4), 146-158.
DOI:10.1016/j.aquaculture.2008.08.015

22. Tacon, A. G., M. Metian, G. M. Turchini,
and S. S. De Silva, 2009. Responsible
aquaculture and trophic level implications to
global fish supply. Reviews in fisheries
science, 18(1), 94-105.
https://doi.org/10.1080/10641260903325680
23. Tidwell, J. H., and G. L. Allan, 2001. Fish
as food: aquaculture's contribution. EMBO
reports.
https://doi.org/10.1093/embo-reports/kve236
24. Thilsted, S. H., A. Thorne-Lyman, P.
Webb, J. R. Bogard, R. Subasinghe, M. J.,
Phillips, and E. H. Allison, 2016. Sustaining
healthy diets: The role of capture fisheries and
aquaculture for improving nutrition in the
post-2015 era. Food Policy, 61, 126-131.
https://doi.org/10.1016/j.foodpol.2016.02.005
25.Yu, J., and Q. Han, 2020. Food security of
mariculture in China: Evolution, future
potential and policy. Marine Policy, 115,
103892.
https://doi.org/10.1016/].marpol.2020.103892



http://dx.doi.org/10.1016/j.aquaculture.2008.08.015
https://doi.org/10.1080/10641260903325680
https://doi.org/10.1093/embo-reports/kve236
https://doi.org/10.1016/j.foodpol.2016.02.005
https://doi.org/10.1016/j.marpol.2020.103892

