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ABSTRACT

The increasing need for sustainable aquaculture practices highlights the importance
of identifying natural feed additives that can enhance fish growth and reduce reliance
on synthetic promoters. The present study evaluates the effects of three vegetable
oils, peppermint (Mentha piperita), chamomile (Matricaria chamomilla), and ginger
(Zingiber officinale), as dietary additives on the growth performance and feed
conversion ratio (FCR) of the juvenile Nile tilapia (Oreochromis niloticus) under
controlled laboratory conditions. A total of 120 fish were distributed into four
treatments (control and three oil-supplemented diets at 0.5%). The results showed
significant differences (P<0.05) among treatments, with ginger oil achieving the best
performance. Fish fed ginger oil reached a final weight of 29.10g, representing a
12.9% increase compared to the control (25.78g), and recorded a weight gain of
16.68g, which is 24.2% higher than the control (13.43g). Ginger oil also produced the
lowest FCR (3.12), representing a 23.9% improvement over the control treatment
(4.10). In addition, peppermint and chamomile oils enhanced growth indicators and
FCR, but to a lesser extent than ginger. The superior performance of ginger is
attributed to its bioactive compounds, such as gingerol and shogaol, which enhance
digestion and nutrient absorption. The study recommends incorporating vegetable
oils, particularly ginger oil, as natural growth promoters to support sustainable
aquaculture practices.

INTRODUCTION

Aquaculture is one of the fastest-growing sectors of animal food production, currently
providing approximately 17% of global animal protein, a figure expected to rise with
increasing seafood demand (FAO, 2022). However, the rapid expansion of aquaculture
typically depends on high stocking densities, which can deteriorate water quality and
increase the frequency of disease outbreaks, ultimately reducing survival rates and
elevating economic losses (Austin, 2023; Diao et al., 2024; Mohammed et al., 2025).
Consequently, veterinary medicines, including antibiotics, are commonly used to prevent
and treat fish diseases (Lulijwa et al., 2020; Antimicrobial resistance in aquaculture,
2024). Excessive antibiotic use has become a significant concern due to the accumulation
of drug residues in fish tissues and the potential spread of antimicrobial resistance
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through the food chain (Schar et al., 2020; Abed et al., 2025; Qu et al., 2025). These
challenges have driven interest in natural alternatives such as medicinal plants, which
exhibit anti-stress, antimicrobial, and immunomodulatory properties, helping fish resist a
wide range of pathogens (Reverter et al., 2014; Jumaa et al., 2016; Phytobiotics in
finfish & shellfish, 2025). Medicinal plants also serve as growth-promoting feed
additives due to their rich bioactive content, which enhances digestion, appetite, and
immune responses (Chang, 2000; Chakraborty & Hancz, 2011; Mohammed et al.,
2025; Phytobiotics in finfish & shellfish, 2025).

Previous studies have demonstrated that plant extracts, powders, and oils can enhance
feed intake and increase growth rates in fish by providing bioactive compounds,
including phenols, flavonoids, and volatile oils (Dawood et al., 2018; Karim et al.,
2022). However, although vegetable oils represent a sustainable option in fish diets,
replacing marine oils may reduce EPA and DHA levels in fish flesh and increase omega-
6 fatty acids, potentially affecting nutritional value (Nichols et al., 2023; Liang et al.,
2024). Despite the widespread use of plant-derived additives, limited research has
compared the effects of specific vegetable oils such as peppermint, chamomile, and
ginger under the same experimental conditions in the Nile tilapia. These oils contain
distinct bioactive compounds (e.g., menthol, bisabolol, gingerols) that may enhance
digestion, immunity, and nutrient utilization. Based on their known properties, we
hypothesize that ginger oil will produce superior growth performance and better feed
conversion efficiency compared to peppermint and chamomile oils. Accordingly, this
study aims to evaluate the effectiveness of these three oils as dietary additives in the Nile
tilapia by analyzing growth performance and feed conversion ratio, with the goal of
supporting sustainable aquaculture practices.

MATERIALS AND METHODS

The Nile tilapia juveniles (O. niloticus) were obtained from the fish farming station of
the Marine Science Center at the University of Basrah. A total of 120 fish were used in
the experiment, with an average initial weight of 12.39 £ 0.15¢.

Nutritional Experiment

Fish were randomly distributed into 12 plastic tanks, each with a capacity of 45 liters,
at a density of 10 fish/tank. The tanks were equipped with a continuous aeration system
to ensure the availability of dissolved oxygen. Before stocking, the tanks were sterilized
using a 200-ppm sodium hypochlorite solution for one hour to provide a contaminant-free
and pathogen-free environment. The experiment consisted of four treatments (a control
treatment and three treatments containing different vegetable oils), with three replicates
per treatment. Fish feeds were prepared locally using raw materials sourced from local
markets, taking into account the nutritional needs of the fish. Vegetable oils (peppermint
oil, chamomile oil, and ginger oil) were added to the experimental feeds at a rate of 0.5¢g
per 100g of the total feed weight to test their effect on growth performance and feed
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conversion. Table (1) shows the proportions of the raw materials used in preparing the
feeds, while Table (2) shows the chemical analysis of the prepared feeds to determine the
percentages of crude protein, fat, moisture, and ash.

Table 1. Ratios and components of experimental diets

Component A B C D
Fishmeal 15 15 15 15
Soybean meal 35 35 35 35
Yellow corn 17 17 17 17
Wheat flour 10 10 10 10
Wheat bran 10 10 10 10
Barley 10 10 10 10
Sunflower oil 1 0.5 0.5 0.5
Vitamins and minerals 2 2 2 2
Peppermint oil 0 0.5 0 0
Chamomile oil 0 0 0.5 0
Ginger oil 0 0 0 0.5
Total %100 %100 %100 %100

Table 2. Actual chemical composition of experimental diets

Component (%)
Moisture 7.12
Protein 27.51
Fat 7.36
Ash 8.57
Carbohydrate 49.44
Energy (kcal/100g) 440.68

Four experimental treatments were conducted in this study:

- Treatment 1 (A): The control group, to which no vegetable oils were added.
- Treatment 2 (B): Peppermint oil was added at a rate of 0.5%.

- Treatment 3 (C): Chamomile oil was added at a rate of 0.5%.

- Treatment 4 (D): Ginger oil was added at a rate of 0.5%.

The fish were fed the experimental diets daily at a rate of 3% of their total body
weight, divided into two meals, one in the morning and one in the evening. The feed
quantities were adjusted based on the fish's live weight, which was measured every 15
days, to ensure accurate calculation of the daily feed quota. The experiment lasted for 60
days, excluding a five-day acclimatization period before the start of the actual
experiment.
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Growth Indicators

Fish growth indicators and feed efficiency were evaluated using internationally
recognized standard equations. These equations align with current industry
recommendations, as used by Rahman and Arifuzzaman (2021), and include:
Average weight gain (g) = Final weight (g) — Initial weight (g)

Growth rate (g/day) = Weight gain (g) / Period (days)

Specific growth rate (Yg/day)
= {Normal logarithm of final weight (g)
— Natural logarithm of initial weight (g)}/Period (days) X 100

Feed conversion ratio
= Weight of feed consumed (g) / Weight gain of fish (g).

Non-nitrogenous carbohydrates (NFE) were calculated using the difference method, as
described by Al-Aswad (2000), to evaluate the components of animal diets, including
fish. This equation serves as an indirect way to estimate digestible carbohydrates:

Carbohydrates (%)
= 100 — (% Moisture + % Protein + % Fat
+ 04 Ash).Dietary energy (kcal/100g)

Energy was calculated based on Changsu et al. (2021) using the following formula:
Energy (kcal/100g)

= (% Protein X 5.56) + (% Carbohydrate X 4.45)

+ (% Fat X 9.2).

These values, which represent the general rates of energy produced from the oxidation
of each nutrient in fish, are widely used in estimating the nutritional value of diets.

Statistical Analysis

A completely randomized design (CRD) was employed to statistically analyze the
significant differences between the relationships used in the experiment, utilizing SPSS
software (version 2000). Differences between treatments were tested and their statistical
significance was determined at a probability level of 0.05, based on the statistical method
described by Al-Rawi and Khalafallah (2000).

RESULTS AND DISCUSSION

Environmental measurements of the pond water, taken weekly during the experiment,
showed a water temperature of 26.01°C, a dissolved oxygen concentration of 7.06mg/ L,
a salinity of 1.28g/ L, and a pH of approximately 8.01. These values are within the
optimal range for rearing the Nile tilapia juveniles, as indicated by El-Sayed (2019), who
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demonstrated that such environmental conditions provide a suitable environment for the
growth and physiological health of this fish species. The Nile tilapia juveniles readily
accepted the formulated feed after a period of acclimatization. Nutritional balance in feed
components is a crucial factor in improving feed utilization efficiency and achieving
optimal growth rates in farmed fish. The compatibility of the feed composition with the
specific nutritional requirements of each fish species directly contributes to enhancing
vital and physiological activities, leading to maximum utilization and benefit from
nutrients.

Conversely, any deficiency in essential nutrients such as necessary amino acids,
unsaturated fatty acids, vitamins, and minerals may lead to a disruption in metabolic
processes, negatively impacting feed conversion efficiency and limiting growth. The
National Research Committee (NRC, 2011) confirmed that imbalances in these
components are among the most significant factors affecting fish growth performance,
emphasizing the need to formulate feeds tailored to the specific requirements of each
species to ensure optimal results in aquaculture systems. Recent studies have increasingly
focused on the use of medicinal herbs as fish feed additives, given their numerous
advantages, including improved production efficiency, reduced reliance on antibiotics
and chemical compounds, and their positive role in promoting environmental
sustainability. Among the most notable of these benefits, research results indicated the
direct effect of some medicinal plants in fostering growth and improving weight gain
rates in fish, making them a promising option in aquaculture nutrition improvement
programs (Mohammadi et al., 2020).

Fig. (1) illustrates the absence of significant differences (P> 0.05) in the average initial
weights among the different treatments. This indicates that the fish in all treatments were
similar in terms of biomass at the start of the experiment, which strengthens the
credibility of the subsequent results and confirms the homogeneity and equivalence of the
experimental groups under the initial experimental conditions. Regarding the average
final weights of the Nile tilapia, statistical analysis revealed significant differences (P<
0.05) between the different treatments, reflecting the effect of the plant oil additives used
in the experimental treatments on growth performance. Treatment D recorded the highest
average final weight of 29.10g, followed by Treatment B with an average of 28.45g, then
Treatment C with an average of 27.92g. In comparison, Treatment A achieved the lowest
average final weight of 25.78g. Although there were statistical differences between some
treatments, the statistical analysis showed no significant differences (P>0.05) between
treatments D and B, as well as between B and C, indicating similar performance in these
treatments in terms of final weight gain, which may reflect similarity in the efficiency of
ration utilization or similarity in the physiological effects of the added components in
these treatments.
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Fig. 1. Initial and final weight rates of experimental fish

As shown in Fig. (2), treatment D recorded the highest weight gain of 16.68g, a
significant difference (P< 0.05) compared to treatments B (16.05g) and C (15.55g), while
treatment A recorded the lowest gain (13.43g). No significant differences were found
between D and B or between B and C, indicating a similar effect of the three vegetable
oils on productive performance. The likely superiority of treatment D is related to the
dominance of gingerol and its derivatives, which enhance the secretion of digestive
enzymes and improve nutrient metabolism, thus increasing growth efficiency (Abbasi et
al., 2017; Al-Khafaji et al., 2021). Treatment B promotes fish growth by improving the
presence of active compounds, such as menthol and menthone, which increase the
activity of digestive enzymes, improve feed conversion, and reduce oxidative stress. A
recent study documented a significant improvement in weight and feed efficiency when
peppermint oil was included in the diet of the Nile tilapia (Aguiar et al., 2023). In the
case of treatment C, its rich content of apigenin and a-bisabolol compounds contributes to
enhancing immunity and reducing oxidative stress, thus supporting growth even under
challenging conditions such as exposure to alumina nanoparticles (Farag et al., 2023).
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Fig. 2. Weight gain of fish during the experimental period

The results in Figs. (3, 4) show that treatment D significantly outperformed treatment
A in both the daily growth rate and specific growth rate indices. Fish fed the ginger-
containing diet recorded average values of 0.278g/ day and 1.41%/ day, respectively,
compared to the relatively low values in the control group of 0.224g/ day and 1.22%/ day.
The results also showed that treatment B achieved 0.267g/ day and 1.39% per day, while
treatment C recorded 0.259¢g/ day and 1.35% per day, respectively. Statistical analysis
revealed significant differences between treatments D and A at a significance level of
(P<0.05), confirming the positive role of ginger supplementation in improving fish
growth indicators. This improvement is attributed to ginger's active compounds, most
notably gingerol and its derivatives, which possess digestive-stimulating and nutrient-
enhancing properties, as well as antioxidant and antimicrobial properties that reduce
oxidative stress and promote gut health (Wei et al., 2025).
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Fig. 3. Daily growth rate of fish during the experimental period

Furthermore, improving the gut microbiome contributes to increased feed conversion
efficiency, which positively impacts growth rates. These results are consistent with those
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reported by Nya and Austin (2009), who tested different levels of ginger extract (0.05,
0.1, 0.5, and 1g/ 100g feed) in diets for Oreochromis. mykiss trout. All treatments showed
a significant improvement in growth indicators compared to the control. These results are
from the study by Abdelhamid et al. (2007) on the Nile tilapia juveniles (O. niloticus),
where the use of ginger extract at a rate of 0.5% led to a significant improvement in both
daily and qualitative growth rates, consistent with the findings in the current study.
Therefore, ginger represents one of the promising natural additives in fish nutrition, as it
enhances feed utilization efficiency and stimulates growth, thereby reducing the reliance
on chemical stimulants and traditional antibiotics in fish farming systems.
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Fig. 4. Specific growth rate of fish during the experimental period

The feed conversion ratio (FCR) is one of the most important indicators used to
evaluate feed utilization efficiency in fish farming systems. It represents the amount of
feed consumed to produce one unit of fish. The lower the FCR value, the higher the
efficiency in feed utilization and conversion into biomass. The results of the current study
showed that treatment D outperformed all other treatments at a significant level (P <
0.05), recording the best FCR of 3.12, which surpassed that of all other therapies,
especially treatment A (Fig. 5). This may be attributed to the presence of phenolic
compounds in ginger, which enhance nutrient absorption and have appetite-stimulating
properties, as well as containing natural organic substances that promote growth
(Magsood et al., 2011; Yaseen et al., 2018). The results of treatment D's superiority over
treatment A are consistent with those of the study by Mohammadi et al. (2020), which
used 1% ginger oil in the diets of Huso huso fish. For treatment B, its feed conversion
ratio reached 3.21. The results of the superiority of treatment B over treatment A are
consistent with what Leyciane et al. (2019) found when using peppermint oil at a rate of
0.125% in the Nile tilapia fish diets. While, they do not match the results of Adem et al.
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(2015) used peppermint oil at three concentrations (500, 1000, and 1500mg/ kg) in the
diets of O. mykiss trout. The superiority may be attributed to the presence of menthone in
peppermint oil, which plays a crucial role in stimulating the intestines, in addition to its
antioxidant and antimicrobial properties, thereby enhancing the digestive system's ability
to utilize nutrients (Mohadde & Nastaran, 2014; Al-Baghdadi et al., 2024). The results
of the current study showed that treatment C achieved a feed conversion ratio of 3.27,
representing a significant improvement compared to treatment A, which recorded a feed
conversion ratio of 4.10. This reflects higher efficiency in utilizing nutrients in fish fed a
diet enriched with chamomile. This improvement is attributed to the physiological and
chemical properties of the polyphenolic compounds found in chamomile, which
contribute to enhancing the fish's ability to resist oxidative stress by neutralizing harmful
free radicals and reducing the occurrence of internal inflammation. These positive effects
help create a metabolic environment. More stable, chamomile supports energy and
protein metabolism, increasing the efficiency of feed utilization. It also stimulates the
activity of certain digestive enzymes, improving intestinal health and absorption capacity,
which leads to more efficient nutrient conversion into body tissues rather than being lost
undigested. Furthermore, chamomile helps reduce inflammatory responses within the
digestive tract, limiting energy expenditure typically directed towards fighting
inflammation and redirecting it instead towards growth and increased biomass. When
comparing treatments B and C, no significant differences were observed at the
significance level (P > 0.05), indicating that they have similar effectiveness in improving
feed conversion efficiency. Treatment A, however, recorded the highest feed conversion
ratio, clearly indicating that the absence of plant additives in the diet resulted in poor feed
conversion efficiency, with fish consuming larger quantities of feed for less weight gain.
This confirms that the introduction of vegetable oils, particularly ginger, is an effective
way to improve production performance and reduce feed loss in fish farming systems.

5. FCR
C
i ab b
4 a
n 3 A
(]
=
g 24
1 -
0 T T T
A B C D
Treatment

Fig. 5. Feed conversion ratio of fish during the experimental period
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CONCLUSION

Environmental water measurements showed that temperature, oxygen, salinity, and
pH values were within the optimal range for the Nile tilapia fingerling growth, providing
a suitable environment for optimal growth performance. The fish readily accepted the
formulated feed after the acclimatization period. The results confirmed the importance of
nutritional balance in feed components for higher feed utilization efficiency and better
growth rates.

The results showed an apparent positive effect of adding vegetable oils (ginger,
peppermint, and chamomile) on improving the productive performance of the Nile tilapia
compared to the control treatment. Treatments D, B, and C outperformed Treatment A in
terms of final weight and weight gain.

The ginger treatment recorded the best results in final weight, weight gain, daily
growth rate, specific growth rate, and feed conversion efficiency, reflecting the practical
physiological effect of gingerol compounds in improving digestion and absorption and
reducing oxidative stress. The results did not show significant differences between
treatments B and C in most growth and feed conversion indicators, indicating similar
efficacy between peppermint oil and chamomile oil in promoting growth and improving
feed utilization. The control treatment showed the lowest performance in all growth and
feed conversion indicators, demonstrating the vital role of plant additives in improving
overall fish performance and reducing feed loss.

RECOMMENDATIONS

The study recommends adding vegetable oils, especially ginger oil, to the Nile tilapia
feed due to its clear role in improving growth and enhancing feed efficiency. It is
recommended to adopt natural alternatives such as vegetable oils to reduce the use of
antibiotics and chemicals in fish farming systems, thus contributing to environmental
sustainability.

Future studies are needed to determine the optimal concentration of vegetable oils
used to avoid overuse and achieve the best feed efficiency and economic performance. It
is preferable to expand research on the immunological and physiological effects of
vegetable oils on fish, and their role in disease resistance and improving meat quality. It
is recommended to conduct an economic analysis to estimate the financial return from
using vegetable oils compared to traditional feed, which will help farmers make informed
decisions.
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