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1. Introduction

Abstract

The current study evaluated the impacts of supplementation of Citronella Essential
Oil (CEO) on feed utilization, macro nutritional profile, liver histology, and
detoxifying enzyme activity in common carp (Cyprinus carpio). Eighty healthy
fingerlings were randomly assigned to four treatment groups and fed diets
supplemented with different levels of CEO: 0% (Gi Control) 0.5% (Gz), 1.0% (G3),
and 1.5% (Ga) for a period of 10 weeks. The parameters of growth performance, feed
utilization, free amino acids, total lipid levels, liver histological observations, and the
level of detoxifying enzymes were measured at the end of the trial. Fish fed with 1%
CEO diet (G3) not only had the best feed conversion ratio (4.77 & 0.18), but they also
exhibited the greatest weight gain (34.33 £+ 1.24 g), specific growth rate (0.716 +
0.021% day™!), feed intake (163.67 + 1.53 g), and efficiency of feed conversion ratio
(0.210 £ 0.013) compared to the non-CEO supplemented diets. In addition to the
results mentioned above, fish in the CEO-supplemented groups showed significantly
elevated amounts of free amino acids and total lipids relative to those in the P diet
group. Histological examination revealed mild hepatic alterations in CEO-treated fish,
although overall liver architecture remained preserved. In addition, there were
significant increases in detoxifying enzyme activities of glutathione-S-transferase and
total esterases in both supplemented groups. Based on the results, it is concluded that
citronella essential oil can be used as a natural feed additive to improve growth rate,
nutrient utilization, physiological health, and metabolic performance of common carp;
G3 fish with 1% CEO had the best results.

Keywords: Cyprinus carpio, Citronella essential oil, Feed utilization, Growth
performance, Free amino acids

Aquaculture has changed the world's food supply in recent
years. Farmed fish and other seafood now make up a
significant and growing share of the global animal protein
supply and provide jobs for millions of people while playing a
direct role in food and nutrition security [1]. Regular fish
consumption is associated with several positive health
outcomes, such as improved cardiovascular function and
lower rates of malnutrition. Therefore, the provision of food
from fisheries and aquaculture contributes to both 2 improved
food security and enhanced population health, especially in
developing nations [2]. Aquaculture and fishery sectors are
crucial for providing food and jobs to people worldwide, but
they also face a variety of obstacles that make them less
sustainable and productive. Capture fisheries are increasingly
pressured by the overexploitation of natural fish stocks,
habitat degradation, climate change, and pollution [3]. Despite
its importance, Aquaculture also faces many challenges to
environmental  sustainability —and aquaculture, each
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representing a major hindrance to the fisheries industry.
Farmers have a limited ability to deal with pollution resulting
from industrial runoff, wastewater discharge from homes, and
agricultural runoff, which leads to the deterioration of their
aquatic habitats, thus harming fish health and survival [4].
Pakistan’s fisheries sector is benefiting from aquaculture
and aquaculture has a great opportunity to enhance food
security, generate jobs, and stimulate economic growth
through its ability to produce more fish [5]. Inland aquaculture
dominates fish production in Pakistan and is primarily
practiced in freshwater systems. Carp polyculture systems are
widely adopted due to their compatibility, efficient resource
utilization, and relatively low production costs. These systems
contribute substantially to domestic fish supply and rural
livelihoods, particularly in Punjab and Sindh provinces [6].
Farmers typically employ outdated techniques and lack
knowledge of sustainable feeding practices, health monitoring,
and biosecurity precautions. Fish health, the environment, and
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public health are all at risk from the overuse of pesticides and
antibiotics, which are frequently applied unregulated.
Alternative approaches, such as creating natural feed additives
and putting improved fish health management techniques into
practice, are desperately needed [7]. The common carp
(Cyprinus carpio) belongs to the family Cyprinidae and is the
most frequently grown freshwater fish species because of its
rapid development, adaptability, and economic significance
[8]

Common carp is one of the top contributors to

aquaculture production worldwide, providing almost 7.7% of
total freshwater aquaculture production from around the globe.
The common carp's capability to inhabit a variety of
environments due to its different subspecies and wide
geographical range means that the species can be
advantageous when studying the impact of different
environmental stress factors. The difference in the differences
associated with various types of carps will assist in learning
about the genetic as well as phenotypic differences between
the various subspecies of carp that would subsequently guide
the endeavor in studying environmental stress [9].
Functional feed additives are bioactive substances added to
aquafeed to improve the nutrition, well-being, and output of
cultured animals. By boosting immunity, these compounds
increase disease resistance and decrease the need for
antibiotics, supporting ecologically friendly practices. They
also help sustainable aquaculture development, enhance
overall productivity, and serve environmental and global food
security objectives [10].

Essential oils (EOs) are naturally occurring bioactive
substances with antibacterial, antioxidant, anti-inflammatory,
and immunostimulant qualities that are extracted from
medicinal plants and herbs. They have drawn a lot of interest
as natural feed additives that can enhance fish growth, health,
and overall aquaculture productivity because of these
advantageous qualities [11].

Citronella (Cymbopogon nardus) is a medicinal plant
whose essential oil is primarily composed of citronellal,
citronellol, and geraniol, compounds known for their
antiseptic, bactericidal, and insect-repellent properties [12].
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Since CEO has been shown to improve growth performance
(including average daily gain), feed utilization, and disease
resistance, aquaculture has begun getting attention for using
CEO as a natural feed additive [13].

In addition to providing nutritional benefits, CEO can
also stimulate physiological responses, such as an increase in
muscle relaxation, modulation of swimming behaviour, and a
decrease in cortisol levels, suggesting that CEO have some
potential for reducing stress [14]. Most importantly, the CEO
has a non-toxic mode of action, and in vitro toxicity
assessments suggest (including Microtox testing) limited risk
to aquatic life, as well as the surrounding ecosystem. This
makes the CEO a viable, environmentally safe alternative to
antibiotics in sustainable aquaculture while supporting
cultured fish health, production level and welfare [15].
Citronellal, the main compound in citronella (Cymbopogon
nardus) essential oils, has many bioactive properties
beneficial for aquaculture. It has powerful antioxidant
properties that help reduce oxidative stress in fish and
promote cellular health [16]. Additionally, citronellal supports
enhanced immune response in fish, increased feed efficiency
and growth, and improved disease resistance in cultivated fish.
All of these benefits demonstrate that citronella is a natural
feed additive that is safe and environmentally friendly and
serves as a sustainable substitute for antibiotics and other
artificial growth promoters in aquaculture [6].

2. Materials and Methods

2.1. Experimental fish and study site

Healthy common carp (Cyprinus carpio) were sourced from
the Manawan Fish Hatchery in Lahore, Pakistan (Figure 1).
The fish were transferred in polyethylene bags filled with
oxygen to ensure minimum stress during the transportation
process. The fish that arrived were checked visually to select
healthy and disease-free fish for use in the study. Before the
feeding trial, fish were acclimatized to the laboratory
conditions in aerated aquaria. During the acclimatization
period, fish were fed a basal diet twice a day, and 20% of the
aquaria water was changed daily.
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2.2. Experimental design

In the current study, a completely randomized design (CRD)
was utilized. The experimental procedure involved 80 healthy
common carp that were similar in size and distributed
randomly into four treatment groups with 20 fish per group.
The control group (G1) received the basal diet containing no
citronella essential oil. The treatment groups G2, G3, and G4
received diets containing 0.5, 1.0, and 1.5 mL citronella
essential oil/kg feed, respectively, in addition to the basal diet.
The feeding trial lasted for 60 days in a controlled laboratory
environment with continuous aeration.

2.3. Diet formulation and preparation

Experimental diets were developed with the inclusion of
menhaden meal, soybean meal, dextrinized starch, vitamin
premix, mineral premix, carboxymethyl cellulose (CMC),
soybean oil, dibasic calcium phosphate (CaPO4 ), glycine,
and DL-methionine. The control diet (G1) had no citronella
essential oil (CEO), while diets G2, G3, and G4 had 0.5, 1.0,
and 1.5 mL CEO/kg feed in the diets. The dry ingredients
were precisely measured and blended well. Soybean oil was
carefully added, and in case of supplemented diets, CEO was
mixed previously with soybean oil before incorporation in the
mixes. Distilled water was added based on need to achieve
dough-like consistency, and this was converted into pellets by
using a pelleting machine.

2.4. Feeding and husbandry management

For 60 days, fish were fed the experimental diets twice a day
(at 9:00 and 16:00) at a rate of 3% of their body weight.
Throughout the experiment, standard husbandry procedures
were followed, including as constant aeration, daily removal
of feces and uneaten feed, and replacement of about 20% of
the aquarium water with fresh dechlorinated water.

2.5. Growth performance and feed utilization

Growth performance was evaluated by recording the body
weight of fish at the beginning and end of the 60-day feeding
trial. Before weighing, fish were fasted for 24 h to ensure
complete evacuation of the gastrointestinal tract. Body weight
was measured using a digital electronic balance after gently
blotting excess water from the fish. Growth performance
parameters, including weight gain (WG) and specific growth
rate (SGR), were calculated using Equations (1) and (2),
respectively. Feed utilization was assessed by determining
feed intake (FI), feed conversion ratio (FCR), and feed
efficiency ratio (FER) using Equations (3), (4), and (5),

respectively.
WG (g) = Final Weight — Initial Weight (1)
In(Wf)) —In( Wi)
SGR (% day™) = ——=——x 100 (2)

T

Where W= final weight, W; = initial weight, and T=
experimental duration (days).
FI (g) = Total Feed Offered — Uneaten Feed 3)

FCR = Feed Intake / Weight Gain 4)
FER= Weight gain (g)/Feed intake (g) (5)
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2.6. Sample collection

Fish from each treatment group were chosen at random for
biochemical and histological examinations at the conclusion
of the feeding trial. While muscle samples were taken to
measure the amounts of free amino acids and total lipids, liver
tissues were carefully removed for histological analysis and
tissue homogenates. Before undergoing additional laboratory
analysis, all gathered materials were properly labeled and
stored.

2.7. Determination of free amino acids

The ninhydrin method was used to evaluate the free amino
acid (FAA) content in muscle tissue spectrophotometrically.
The normal procedure was followed to create the reaction
mixture and homogenize the muscle samples. Following
incubation, absorbance at 570 nm was measured with a UV-
visible spectrophotometer, and the concentration of FAA was
determined using a standard curve made with recognized

amino acid standards. The results were given in mg g™* tissue.

2.8. Determination of total lipids

The total lipid content of muscle tissue was measured using
the Folch extraction method with a chloroform:methanol (2:1,
v/v) solvent mixture. From homogenized muscle tissue, lipids
were isolated, separated from non-lipid components, and
measured gravimetrically. The proportion of tissue weight
was used to express the total lipid content.

2.9. Histological examination of liver

Liver tissues were treated using conventional histological
methods after being promptly fixed in 10% neutral buffered
formalin. After fixation, tissues were cleaned in xylene,
embedded in paraffin wax, and dehydrated using a graded
ethanol series. A rotary microtome was used to create sections
of the proper thickness, which were then mounted on glass
slides and stained with hematoxylin and eosin (H&E). Under
a light microscope, histological observations were made, and
representative photomicrographs were taken so that treatment
groups could be compared.

2.10. Preparation of liver homogenates

Using a tissue homogenizer the liver tissues were
homogenized in buffer under cooled conditions. After that the
homogenates were centrifuged to yield clear supernatants,
which were then used in the study of detoxifying enzymes.
The homogenates were prepared under cold conditions to
secure the enzyme activity.

2.11. Determination of Glutathione-S-Transferase (GST)
activity

Glutathione-S-transferase (GST) activity was measured using
1-chloro-2,4-dinitrobenzene (CDNB) as a substrate and the
usual spectrophotometric technique. Reduced glutathione,
CDNB, buffer solution, and tissue homogenate were all
included in the reaction mixture. Spectrophotometric
monitoring of absorbance changes was done, and the normal
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approach was followed to calculate GST activity.
2.12. Determination of total esterase activity

The conventional colorimetric approach was used to evaluate
total esterase activity. Enzyme activity was measured
spectrophotometrically using changes in absorbance after liver
homogenates were incubated under controlled circumstances
with the proper substrate. The suggested procedure was
followed in calculating the enzyme activity.

2.13. Statistical analysis

The mean + standard deviation (SD) was used to express all
experimental results. SPSS software was used to conduct

statistical analysis. One-way analysis of variance (ANOVA)
was used to assess treatment group differences, and Tukey's
multiple comparison test was used to find significant mean
differences. At P < 0.05, differences were deemed statistically
significant.

3. Results

The effects of dietary citronella essential oil (CEO)
supplementation on growth performance, feed utilization,
muscle biochemical composition, detoxifying enzyme
activities, and liver histology in common carp (Cyprinus
carpio) were evaluated after the feeding trial (Table 1)

Table 1. Growth performance of common carp treated with CEO for 10 weeks.

Parameters Gl G2 G3 G4
(Control) (0.5% CEO) (1% CEO) (1.5% CEO)
Weight gain (g) 27.04 +0.98° 28.11+1.02° 3433 +1.24* 31.82+1.52¢
Feed intake (g) 146.11 £2.14° 153.70 + 1.98° 163.67 £1.532 155.33 £3.09°
FCR 541+031% 5.47 +£0.228 477 +£0.18° 4.91 + 0.09%
FER 0.183 + 0.009° 0.185 + 0.005° 0.210+0.013? 0.205+0.0112
SGR 0.34+£0.011°¢ 0.576 £ 0.019° 0.716 £ 0.021? 0.683+0.0312

Note: Values are expressed as mean + SD. Different superscript letters within the same row indicate statistically significant differences among

treatments (p < 0.05).

Table 2. Free amino acids (mg) and Total lipids (%) = SD of CEO supplemented diets

Parameters Gl G2 G3 G4
(Control) (0.5% CEO) (1% CEO) (1.5% CEO)
Free Amino Acids (mg) 5.77+0.18¢ 6.37+0.11° 7.63 +0.252 6.742 +£0.13>
Total Lipids (%) 4.52+0.16° 5.15+0.09° 5.93+0.212 5.83+0.122

Note: Values are expressed as mean + SD. Different superscript letters within the same row indicate statistically significant differences among

treatments (p < 0.05).

Table 3. Effect of dietary citronella essential oil (CEO) supplementation on the GST and total Esterase activity of common carp.

Parameters Gl G2 a3 G4
(Control) (0.5% CEO) (1% CEO) (1.5% CEO)
GST (umol min™ mg™" protein) 7.2 +0.5¢ 10.1+£0.7¢ 15.6£1.02 13.8£0.9°
Total Esterase (U mg™ Protein) 12.8 £0.8¢ 15.7+1.0° 215+ 1.4 18.9+£1.2°

Note: Values are expressed as mean + SD. Different superscript letters within the same row indicate statistically significant differences among

treatments (p < 0.05).

Table 1 depicts the growth performance and feed
consumption that differed between dietary interventions. G3
gained the most weight (1% CEO; 34.33 + 1.24 g), followed
by G4 (1.5% CEO; 31.82 + 1.52 g), G2 (0.5% CEO; 28.11 +
1.02 g), and GI1 (control; 27.04 £ 0.98 g). There was no
significant difference between G1 and G2 or between G3 and
G4, although G3 and G4 gained considerably more weight
than G1 and G2 (p < 0.05). The G3 group had the highest feed
intake (163.67 + 1.53 g), while the control group had the
lowest (146.11 = 2.14 g). While G2 (153.70 £ 1.98 g) and G4
(155.33 + 3.09 g) did not substantially differ from one another,
G3 differed considerably from the other treatments. G3 had
the lowest feed conversion ratio (FCR) (4.77 £+ 0.18), whereas
G2 had the highest (5.47 + 0.22). These findings indicate that
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the 1% CEO treatment produced the highest growth and feed
utilization values among the different groups

3.1. Free amino acids and total lipids

Table 2 depicts the effects of adding citronella essential oil to
the meal on the biochemical makeup of the muscles of the
common carp, as determined by the amount of free amino
acids and total lipids. G3 (1% CEO; 7.63 + 0.25 mg) had the
highest free amino acid content, followed by G4 (1.5% CEO;
6.742 + 0.13 mg) and G2 (0.5% CEO; 6.37 £ 0.11 mg). The
control group (G1; 5.77 + 0.18 mg) had the lowest value. G3
had the highest total lipid content (5.93 + 0.21%), followed by
G4 (5.83 + 0.12%), G2 (5.15 + 0.09%), and G1 (4.52 +
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0.16%). Overall, the highest numerical values for both
parameters were observed in fish receiving 1% CEO.

3.2. Detoxifying Enzymes

Glutathione-S-transferase and total esterase activities were
measured to assess the impact of dietary citronella essential
oil supplementation on the detoxifying enzyme activities of
common carp. The responses of both enzymes to varying
doses of dietary CEO supplementation are displayed in Table
3. GST activity was lowest in G1 (7.2 + 0.5 umol min"! mg-!
protein) and increased to 10.1 £ 0.7 in G2, reaching the
highest value in G3 (15.6 = 1.0). G4 showed an intermediate
value of 13.8 £ 0.9. Total esterase activity showed a similar
trend. The lowest value in this case was in G1 (12.8 £ 0.8 U
mg! protein) followed by G2 (15.7 + 1.0 U mg™! protein). It
was noted that both enzymes were at the highest concentration
at 1% CEO treatment level and lower at 1.5% CEO level.

3.3. Liver Histology

The histological effects of dietary citronella essential oil
(CEO) supplementation on the liver of common carp were

assessed by microscopic inspection after hematoxylin and
eosin (H&E) staining. Table 4_summarizes the histological
observations for each treatment group, and further figures
display example photomicrographs.

Histological analysis showed that the experimental
groups' liver architecture changed in a treatment-dependent
manner. The hepatic architecture of the control group (G1)
was normal, with intact sinusoids and portal tracts, minimal
fatty infiltration, and no signs of necrosis or hepatocellular
vacuolation. Chronic inflammatory cell infiltration, fatty
degeneration, hepatic vacuolation, sinusoidal dilatation,
vascular congestion, and localized necrosis were observed in
fish given the meal supplemented with 0.5% CEO (G2). The
liver in the 1% CEO group (G3) showed no necrosis but had
intact lobular architecture with modest inflammatory
infiltration, fatty degeneration, hepatocellular vacuolation,
sinusoidal dilatation, and vascular congestion. Fish given
1.5% CEO (G4) showed hepatic vacuolation, sinusoidal
dilatation, vascular congestion, mild-to-moderate
inflammatory infiltration, fatty degeneration, and localized
ceroid pigment deposition.

(b) G2 — 0.5% CEO
T

Figure 2. Liver histology of common carp (Cyprinus carpio) under different dietary citronella essential oil (CEO) treatments: (a)
control (G1); (b) 0.5% CEO (G2); (¢) 1.0% CEO (G3); and (d) 1.5% CEO (G4).
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Table 4. Liver histological observations of common carp fed diets supplemented with different levels of citronella essential oil

(CEO)
Treatment Groups Main Histological Observations Overall Interpretations
Lobular architecture is preserved; portal tracts are intact; mild
G1 . . ) . . ) . .
(Control) fatty infiltration is present; necrosis and vacuolation are absent; Normal liver histology
sinusoids are intact; and dysplastic cells are not present.
G2 Malntalned morphology Qf liver; chrom'c low-grade 1nﬂammat0ry Mild hepatic
o infiltrate; fatty degeneration & vacuolation of hepatocytes; dilated . .
(0.5% CEO) . . . . inflammation
sinusoids & vascular congestion; focal necrosis noted.
G3 ¥ntact }obular architecture. with mild chr'onic inflammatory Mild hepatic
o infiltration; fatty degeneration and vacuolation of hepatocytes; . .
(1% CEO) . . . . . inflammation
dilated sinusoids and vascular congestion; no necrosis detected.
Intact hepatic architecture; mild-to-moderate inflammatory .
. . . . Moderate hepatic
G4 infiltration; fatty degeneration and vacuolation of hepatocytes;

(1.5% CEO)
ceroid pigment.

sinusoidal dilation and vascular congestion; focal accumulation of

inflammation with ceroid
pigment accumulation

The histological appearance of liver tissues in common carp
after dietary treatment with varied amounts of citronella
essential oil (CEO). (A) Normal hepatic architecture in the
control group; (B) inflammatory cell infiltration,
hepatocellular vacuolation, vascular congestion, and focal
necrosis in the 0.5% CEO group; (C) mild inflammatory
infiltration in the 1.0% CEO group; and (D) hepatocellular
vacuolation, sinusoidal dilatation, vascular congestion, X100
or x400 H&E stain) (Figure 2).

4. Discussions

Plant-sourced feed additives are gaining popularity in
aquaculture for their potential to enhance fish growth and
health while minimizing dependence on artificial growth
agents [17]. The present study demonstrated that dietary
supplementation with citronella essential oil (CEO)
significantly influenced growth performance, biochemical
composition, and histological characteristics of carp.
Researchers found, in general, that fish raised on a CEO diet
outperformed control fish. The amount of CEO present in the
diet did, however, influence the degree of difference between
groups.

One of the most significant measures of dietary feed
additive efficacy evaluation in aquaculture is growth
performance. The study in question indicated that the use of
citronella essential oil (CEO) in fish feed improved growth
performance of common carp. Fish that were fed the diet
containing 1% CEO (G3) showed the best results in terms of
weight gain, SGR, feed intake, and FER as compared to the
other test diets. In other research, it was noted that the
incorporation of essential oils in dietary feed improves growth
performance of fish due to increased nutrient utilization and
digestive efficiency [18]. In contrast, another study provided
evidence that plant-derived essential oils contribute to gut
health improvement, thus enhancing nutrient absorption as
well as efficiency of feed utilization [19].

Feed intake and feed conversion ratio (FCR) also
significantly varied with the addition of CEO to the diet. Diets
with 1% CEO gave the highest level of feed intake and the
lowest FCR. This indicates better utilization of nutrients by
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fish. The increased feed intake can be due to the presence of the
aromatic compounds of citronella essential oil, which enhance
palatability and promote feed intake [20]. Similarly,
phytogenic additives have been reported to improve
digestibility and feed conversion in fish. Fish given a diet
containing 1.5% CEO had better performance in comparison to
the control group, but no additional benefit was detected on any
other parameter, hence indicating that moderate inclusion levels
of CEO in the diet were more effective [18, 21].

The observed improvement in the growth performance of
fish receiving the supplement can be confirmed by the
biochemical findings. The levels of free amino acids, which are
important for protein synthesis, tissue development, and
metabolic regulation, increased significantly in fish fed fish oil,
particularly in the group receiving 1% of the supplement. This
increase in the availability of these important compounds may
be due to better digestion, absorption of nutrients, and protein
metabolism in those animals that consumed fish oil.

The biochemical composition of muscle is one of the key
indicators of nutrient utilization and physiological status in
cultured fish. In this study, the use of citronella essential oil
(CEOQ) as a dietary supplement led to increased amounts of free
amino acids and lipids in common carp. In particular, the
largest values of these indices were observed in fish on diet G3,
which included 1% of CEO. Numerous studies have shown that
the addition of essential oils to fish feed results in better
functionality of digestive enzymes and improved absorption of
feed and nutrients. In another study, the improvement in
digestive processes were reported to enhance leads absorption
of amino acids and their availability in the body, which
explains the results of diet G3 [22].

It has been observed that total lipid content in fish
increases significantly with the use of CEO supplements, as the
levels of lipids were found to be higher in CEO-treated fish
than in the control group. Lipids are vital substrates in the body
as they provide energy as well as perform many functions
important for food growth, metabolism, and cellular processes.
Therefore, it can also be deduced that the increased deposition
of lipids in the body of fish in the CEO group proves better
assimilation of nutrients and use of energy. The findings were
consistent with previous research showing that feeding Nile
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tilapia with essential oil can improve growth performance and
stimulate metabolic processes. Through the findings of the
current research, a good relationship between CEO
supplementation, growth parameters, free amino acids and
lipid content has been established and this advocates the
positive impact of CEO supplementation on the performance
of fish [23].

The dietary supplementation of citronella essential oil
(CEO) positively influenced the detoxifying enzyme activities
of glutathione-S-transferase (GST) and total esterase in
common carp, with the peak enzyme activities attained in fish
receiving 1% CEO supplementation (G3). However, although
GST and total esterase activities at 1.5% CEO were greater
than in the control group, they were lower than in GS3,
indicating that the use of 1% CEO was effective in stimulating
hepatic detoxification. GST is essential in protecting cells
from oxidative stress via glutathione conjugation, whereas
total esterase contributes to the detoxification of both
endogenous and exogenous compounds. The results of the
present study were consistent with previous findings
indicating that the incorporation of essential oils improves the
antioxidant capacity of the fish in a dose-dependent fashion,
and previous research has also reported the stimulation of the
detoxifying enzyme activity and antioxidant protection in
silver catfish via supplementation with Lippia alba essential
oil. The increased enzymatic activities were also confirmed by
the histological data, which showed that fish receiving 1%
CEO experienced the least degree of alteration [18, 21].

Results from histopathological examination of the liver
confirmed additional evidence for the physiological effect of
dietary supplementation with citronella essential oil (CEO).
The control group showed normal liver architecture with
normal hepatocytes, sinusoidal structure and no signs of
necrosis or inflammation. Fish from the 0.5% CEO group
showed mild inflammatory cell infiltration, fatty liver
degeneration, hepatocellular vacuolation, sinusoidal dilation,
vascular congestion and focal necrosis. The liver architecture
was preserved. Fish from the 1% group showed mild to
moderate inflammatory changes without any signs of necrosis
with preserved lobular architecture, while showing good
growth performance and biochemical response. The 1.5%
CEO group showed more severity compared to 1% CEO
group which indicates that going beyond 1% CEO does not
give any further physiological benefit. This study is in
agreement with other studies showing that the use of
phytogenic additives at low doses can result in minor
histological changes without having adverse effects in fish
health.

5. Conclusion

The present study was conducted to evaluate the effects of
citronella essential oil (CEO) as a dietary supplement to
determine how this essential oil affects fish growth
performance, biochemistry and liver site histology in fish. The
results showed that the inclusion of essential oil in the diet
had a positive impact on both growth and the use of feed as
compared to the results of the control groups; however, the
response depended upon the level of inclusion.
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Among the experimental groups, fish fed the diet containing
1% CEO (G3) showed the best overall performance. This group
recorded the highest weight gain, feed intake, feed efficiency
ratio (FER), specific growth rate (SGR), free amino acid
content, and total lipid content, along with the lowest feed
conversion ratio (FCR). These results indicate that moderate

CEO supplementation improved nutrient utilization and
promoted growth.
The findings from biochemical analysis were in

agreement with the growth results, namely that fish with CEO-
supplied diets had a significantly higher concentration of free
amino acids and lipids than the controls. These increases in
nutrient consumption suggest that the fish have a greater
capacity to absorb nutrients and the energy they provide. These
findings suggest that CEO supplementation could be a useful
feed additive in aquaculture. However, more research is needed
to determine its safety and define the optimal inclusion level for
practical application.
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