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INTRODUCTION

Objective of this study was to investigate the effects of 
extracted oils from lemon (Citrus limon) (LEO) and/

or sweet orange (Citrus sinensis) (OEO) peels on Nile ti-
lapia behaviour and performance.To meet their nutritional 
needs, humans rely on fish culture as a vital source of high-
ly nutritious, easily digested animal protein. Because of its 
resilience to environmental changes, such as high nitrite 

and ammonia levels, low dissolved oxygen levels, and large 
pH swings, tilapia is considered the most suitable species 
(Ahmed, 2020). Tilapia, the star of fish culture and dubbed 
as “aquatic chicken,” is now consumed more often through-
out the world (Youssef et al., 2024). Over 65% of all aqua-
culture productivity is made up of the most common spe-
cies, tilapia (Dickson et al., 2016). The Nile tilapia, which is 
highly disease-resistant, has a low feed conversion ratio, ex-
cellent adaptability to poor water quality, and rapid growth 
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performance, making it one of the most popular freshwater 
fish in Egypt and the rest of the world (El-Sayed, 2019). 
Essential oils (EOs) are a blend of organic compounds that 
are extracted from plants and can be used as food preserv-
atives (Zeppenfeld et al., 2016).

They are naturally occurring antioxidants and antimicrobi-
als that can enhance fish growth, behaviour, and immune 
system function while also lowering production costs. 
(Souza et al., 2015; Mohamed et al., 2021).

The majority of essential oils have potent antibacterial and 
functional qualities. Therefore, adding substances based on 
essential oils to the food chain may extend the shelf life of 
food products and improve overall health. (Kumar et al., 
2020).

Many studies have demonstrated the potential benefits of 
using extracted oils (Eos), which are taken from specif-
ic fruits or plants, as nutritional additions. These benefits 
include the control of illnesses, enhanced growth perfor-
mance, improved nutrient absorption, and immunological 
response in Nile tilapia (Toutou et al., 2018; Vicente et al., 
2019). Citrus essential oil in Nile tilapia diets could increase 
growth performance and enhancement for innate immune 
response, so it is considered as a potential substitute to an-
tibiotics for controlling disease in Nile tilapia culture (Acar 
et al., 2015). Although the important role of essential oils 
in fish growth and development is well known, the infor-
mation on synergistic effects of essential oils extract from 
bitter lemon (Citrus limon) and sweet orange (Citrus sin-
ensis) peels on Nile tilapia under aquaculture conditions is 
very rare (Mohamed et al., 2021).

Nanotechnology provides core applications for water treat-
ment to provide a safe habitat for fish breeding. The zinc ox-
ide nanoparticles (CH-ZnONPs) are the most commonly 
utilized nanomaterials (NMs). Globally, CH-ZnONPs 
with low concentration have gained special attention due 
to their environmentally friendly characters with various 
excellent applications such as anticancer, antimicrobial, and 
photo catalysis, etc. ( Jiang et al., 2018).

At lower quantities, zinc (Zn) is necessary for fish growth 
and development, whereas higher Zn levels are toxic 
(Murugan et al., 2008). One of the biggest threats to the 
growth of Nile tilapia is environmental pollution, such as 
the addition of high doses of chemical zinc oxide nanopar-
ticles (ZnONPs). This can negatively impact the produc-
tion process and stress of Nile tilapia, interfering with their 
normal physiological and behavioural conditions (Elsabagh 
et al., 2018; Lopes et al., 2019). 

As nutritional supplements in Nile tilapia culture, thera-
peutic plants or their by-products (extracted oils) are used 

because they increase immunity, disease resistance, growth 
performance, and lowering heavy metal toxicity (Abdel 
Rahman et al., 2020). Dietary supplementation of orange 
extracted oil (OEO) and/or lemon extracted oil (LEO) 
decreased tissue damage by any environmental pollution, 
enhanced resistance to an oxidative stress and accordingly 
improved the feeding behaviour and the health status of 
cultured Nile tilapia. (Mohamed et al., 2021).

MATERIALS AND METHODS

The current study was conducted at the Zagazig University 
Faculty of Veterinary Medicine, Fish Behaviour and Man-
agement Research Unit, which is part of the department 
of Behaviour and Management of Animal, Poultry, and 
Aquatic. It lasted from the beginning of October to the 
end of November (2022). 

Fish Handling and Water Hygiene
Fish handling: A total of 120 Nile Tilapia fingerlings were 
purchased from a fish farm in Ismailia governorate provid-
ed, weighing an average of 25.5±1 g at the beginning of the 
study. Before the study started, fingerlings were housed for 
a 14-day acclimatization period (Youssef et al., 2024) in 12 
aquaria with a capacity of 90 L at the Fish Behaviour and 
Management Research Unit of the department of Behav-
iour and Management of Animal, Poultry, and Aquatic (10 
fish in each sub group as replicate). The Nile Tilapia fin-
gerlings were divided into six groups: the first group (G1) 
received a basal diet (Table 1), the second group (G2) re-
ceived a basal diet containing lemon extracted oil (LEO) at 
a concentration of 1‰ (‰ = part per thousand); the third 
group (G3) received a basal diet containing sweet orange 
extracted oil (Citrus sinensis) (OEO) at a concentration 
of 3‰; the fourth group (G4) received a combination of 
(LEO 1‰) and (OEO 3‰); the fifth group (G5) received 
a basal diet along with chemically synthesized zinc oxide 
nanoparticles (ZnONPs) in aquarium water at a concen-
tration of 1 mg/L as a high dose; and the sixth group (G6) 
received a basal diet plus chemically synthesized zinc oxide 
nanoparticles (ZnONPs) at a concentration of 1 mg/L for 
three weeks before being treated with feeding basal diet 
containing a mixture of (LEO 1‰) and (OEO 3‰) till 
the end of experiment,. Mortality and morbidity data were 
recorded daily.

Aquaria and aquarium water hygiene: Twelve completely 
set-up glass aquaria (30 x 40 x 100 cm, two aquaria each 
group) were utilized. In order to ensure that every aquari-
um had consistent aeration and that all organic waste ma-
terials were removed, electrical aerators and filters were 
used. A thermostat (a controlled heater) was also used to 
control the temperature of the water and maintain the ide-
al temperature for the fingerlings. To facilitate the trans-
portation and handling of fish and stop the transmission 
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of infection, a separate nylon hand net was used for each 
aquarium, along with a water thermometer to measure the 
water’s temperature every day. In order to maintain fish 
at the following aquarium water parameters, as Gregory 
and Grandin (2013), approximately 25% of the water was 
changed daily and the entire water was changed once per 
week using dechlorinated water from a water storage tank. 
Water quality parameters were measured on a daily bases 
during the experimental period and were kept around the 
normal average of Nile tilapia, these parameters include: 
water temperature (26 ± 2°C), pH (8 ± 0.5), dissolved oxy-
gen (DO) (8–10 mg/L), CO2 (2 mg/L) were measured us-
ing multiparameters probe metre (HI9829-03042-HAN-
NA®instruments, www. hannainst.com). Total ammonia 
(NH3) (0.02–0.5 mg/L), nitrite (NO2) (0.01-0.05 mg/L) 
were estimated using a portable colorimeter (Martini MI 
405) and salinity (10–15 ppt). 
 
Medication: Using potassium permanganate (2 mg/L) and 
oxytetracycline (50 mg/kg b.wt.) to treat fish for columnar-
is disease, which affects many freshwater fish in stressful 
situations, as well as NaCl (1 g/L) as a protection against 
any fish disease twice/week after altering the water of all 
aquaria (Abdel-Fattah et al., 2020).

Feeding Program
Preparation of basal diet: The first step in the feeding pro-
gram is to prepare the base diet. The Cairo Poultry Pro-
cessing Company (CPC) produced the basal diet. It was 
created as dry floated pellets to satisfy the fingerling Nile 
Tilapia’s nutritional needs. Table 1, lists the components 
and approximate makeup of the baseline diet in accordance 
with the National Research Council (NRC, 1993).

Extracted oils: The oils extracted from fresh citrus peels 
were Citrus limon (LEO) and Citrus sinensis (OEO). 
These were obtained using hydro-distillation with a Clev-
enger system, following the steps described by Öntaş et al. 
(2016) and Acar et al. (2015), respectively. Scientists from 
the National Research Center, the Central Laboratories 
Network, and Egypt used an Agilent Technologies GC-
MS-MS system to analyze the oils that had been extract-
ed. This system has a mass spectrometer detector and a gas 
chromatograph. By comparing the spectrum fragmenta-
tion pattern with those found in Wiley and NIST Mass 
Spectral Library data, many constituents might be iden-
tified. Before being used, the orange-extracted oil (Citrus 
sinensis) and lemon-extracted oil (Citrus limon) were kept 
separate in dark glass bottles at 4 °C. Table 2, displays the 
active ingredient components of the LEO and OEO anal-
ysis results.

Chemically synthesized Zinc oxide nanoparticles (CH-
ZnONPs): ZnONPs were made chemically and the 

amounts of ZnONPs used in this study were chosen based 
on previous research (Hao and Chen, 2012).

Table 1: Components of basal diet applied in the study.
Composition
Fish meal, 66% 20
Soybean meal, 44% 20
DDGS, 28% 10
Yellow corn 15
Corn gluten, 62% 4.55
Rice bran 26.45
Vegetable oil 3.50
L-Lysin HCL 98% -
D L- Methionine -
Calcium carbonate -
Vitamin. mineral premix* 0.50
Total % 100
Calculated composition
DM, % 86.47
CP, % 32.01
EE, % 11.47
CF, % 4.27
Ash, % 7.60
NFE, % 34.06
Ca, % 0.89
P, % 1.19
Lysin, % 1.85
Methonine, % 0.71
DE, Kcal/ kg** 3007.46
Total % 100

Vitamin and mineral mixture (kg/ diet) (Vit .A 6000 I.U, 
D3 2.000 I.U, E 500mg, k3 12.0 mg, C. 1.000mg. B1 10mg, 
B2 15.0mg, B6 7.5mg, B12 0.1mg, Biotin 0.2mg, Folic acid 
0.4mg, cholin Hcl 1.0g inosit. 3000.0mg,pantothemic acid 
50.0mg, Nicotinic acid 100mg, P-Aminobenzonic acid 50 
mg, iron 80mg, copper 5g, zinc 40g, Sodium selenite 100 mg 
and, potassium iodide 300mg, and cobalt sulphate 100 mg), 
Digestible energy calculation based on values of protein 3.5 
kcal/gm, fat 8.1 kcal/gm, NFE 2.5 kcal/gm according to 
(Essam et al., 2020). The different concentration of LEO 
or/and OEO was dissolved in 100 ml of absolute ethanol 
and then sprayed evenly on 1 kg of feed to achieve the 
above concentrations in the experimental diets according 
to (Mohamed et al., 2021). To guarantee equal conditions 
with diets supplemented with LEO or/and OEO, the same 
amount of ethanol has been added to the control diet. The 
diets were dried for 1 day in the room temperature before 
being used to feed the fish.
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Table 2: Active components in the Citrus limon and Citrus sinensis peels
Lemon (Citrus limon) peels	 	 Sweet orange (Citrus sinensis) peels
Active Relative Retention Active Relative Retention
substance ratio (%) time (min) substance ratio (%) time (min)

1- D-Limonene 91.4 10.6 D-Limonene 93.8 10.7
2- Z-citral 0. 5 17.9 Nonadecane 1.2 36.7
3- E-citral 0.4 18.8 β-pinene 1.6 11.3
4- Sabinene 1.5 8.5 ᵧ-terpinene 0.9 33.5
5- β-pinene 5.1 8.3 Geranyl acetate 0.3 34.1
6- ᵧ-terpinene 0.3 30.1 α-pinene 1.6 17.2
7- α-pinene 0.1 19.2 p-cymene 0.4 10.4

Feeding schedule: Fingerlings were hand-fed six days a 
week at three different times a day: 8:00 AM, 12:30 PM, 
and 4:00 PM. Each daily supply is divided into three por-
tions at the three times specified earlier. Throughout the 
study period, the daily food intake was maintained at 3% 
of the fish’s total weight by feeding them exactly as much 
as they could finish in five minutes. According to Ahmed 
(2020), every fish in every aquarium was weighed.

The Performance of Live Fish
fish performance was observed during the study, as report-
ed by Said et al., (2020) as follows:
 
1. Average daily gain (ADG):
ADG= (W2-W1)/T, where T is the study’s duration in 
days. While W1, W2 = weight of individual fish at two 
successive weeks.

2. Specific Growth Rate (SGR):
SGR = [log (W2) - log (W1))/T]. X 100

3. Body weight gain (WG)/g: The following method was 
used to estimate the body weight gain independently over 
the course of two weeks. 
Weight gain/g, or BWG= W2-W1.
Each fish’s weights at two different weeks are W1 and W2.

4. Feed Conversion Ratio (FCR): 
FCR = [feed intake (g) / Weight gain (g)] X 100
 
5. Survival rate (SR): To calculate the survival rate (SR), 
divide the number of fish that survived by the total number 
of fish and multiply by 100%. 
SR = [Number of survived fish / total number of fish] x 100

6. Mortality rate= (total number of dead fish / study length).

7. Morbidity rate = (total number of ill fish / study length).

Observation and Data Collection
The behavioural observations were recorded as follows: 

Each group was observed twice a day for ten minutes each, 
four days a week, at a regularly scheduled time (5 min-
utes for each aquarium; 43 seconds for each fish identified). 
Intervals of eight hours per week for each group for the 
course of the study’s eight weeks, according to Abdel-Fat-
tah et al. (2020). 

In order to facilitate easy observation of seven fingerlings 
during the study period, short plastic bands of different 
colors were affixed to the dorsal fins of seven fingerlings 
using thin wire, designating the Nile Tilapia fingerlings 
(Ahmed, 2020).

Behavioural observations were conducted twice a day, from 
8:00 a.m. to 4:00 p.m., using focal sample technique, a mul-
tipurpose counter, a notepad to record behavioural patterns, 
a video camera, and a stopwatch (Said et al., 2020).

All presented behaviours were observed according to 
(El-Saadony et al., 2021):

Ingestive Behaviour
1) (a) Feeding behaviour is the act of consuming food 
during the feeding time. It encompasses a variety of eat-
ing-related behavioural responses, such as feeding patterns, 
frequency, feeding styles, and food preferences.The feeding 
behaviour’s mean frequency was noted every eight hours.
The eating behaviour’s mean time (sec.) was noted at 8 
hours.

(b) Foraging behaviour is the process by which a fish ac-
tively seeks out and utilizes available food sources.The for-
aging behaviour’s mean frequency was noted every eight 
hours.The foraging behaviour’s mean time (in seconds) was 
recorded at 8 hours.

2) The regularity with which fish periodically come to the 
surface of the water to breathe is known as “surfacing be-
haviour.”The mean frequency of surfacing behaviour was 
observed at 8 hours. At 8 hours, the mean time (in seconds) 
of the surfacing behaviour was noted.



Advances in Animal and Veterinary Sciences

Month 20xx | Volume x | Issue x | Page 5

3) Swimming behaviour refers to a fish’s movement through 
the water at the top, middle, and bottom of an aquarium, 
regardless of speed or direction, and without any kind of 
behavioural activity.The average number of swimming ses-
sions was noted, lasting eight hours.The swimming behav-
iour’s mean time (in seconds) was noted at 8 hours.

4) Body care behaviour: (a) Body shaking: This refers to 
the fish rapidly shaking its entire body two or three times 
in a row.For eight hours, the mean frequency of fish shook 
their body was recorded.The average duration (in seconds) 
of the body shaking behaviour was recorded, divided by 
eight hours.(b) Scratching behaviour, also known as chaf-
ing is the action of rubbing a fish’s body against something, 
according to Neto and Giaquinto (2020). For eight hours, 
the mean frequency of scratching behaviour was observed.
Over an eight-hour period, the mean scratching behaviour 
was measured in seconds.

5) Resting behaviour was assessed when they were station-
ary and still on the bottom, their eyes open due to the ab-
sence of eyelids (Sekiguchi and Kohshima, 2003). Every 
eight hours, the mean duration (in seconds) and mean fre-
quency of resting have been noted.

6) Aggressive behaviour: Attacking someone or engaging 
in combat is referred to as aggressive behaviour. According 
to the definition and observations provided by Brando et al. 
(2018) and Barreto et al. (2011), the following aggressive 
patterns were identified:The average frequency of aggres-
sive behaviour per eight hours was noted.The aggressive 
behaviour was measured as mean time (sec.) / 8 hours.
• Approach: denotes that two fish are swimming precisely 
in the same direction.
• Fin spreading: This is the action of a fish spreading all of 
its fins at once.
• Biting: With its pointed mouth, one fish nips at a bodily 
portion of another fish.
• Chasing: This refers to fish that swim aggressively after 
another fish.
• Fleeing: Fish swim away from their enemies.
• Fin tagging is the act of a fish biting another fish’s fins 
with its enticing mouth.
• Butting: a fish smacks another fish’s genital papilla with 
its snout.
• Mouth pushing: This is a behaviour in which two fish 
regularly stand face-to-face and press their mouths against 
each other.

7) Number of midline crossings: this is determined by 
counting the number of times fish cross the midline within 
each tank over a five-minute period, with the entire aquar-
ium’s length divided by an external midline, based on the 
figures and guidelines provided by Scott et al. (2003).

Data Handling Statistical Analysis 
The SPSS version 21 Statistical Analysis System package 
(SPSS Windows, 2012) was utilized for the collection, or-
ganization, summarization, and analysis of all study data. 
The study employed a one-way analysis of variance (ANO-
VA) test to investigate behavioural factors and differenc-
es in fish body weight between groups. Following notable 
outcomes, Tukey’s honesty-significant test was employed. 
Using a mixed-model ANOVA test, crossing tests were 
performed for several groups over the course of the sub-
sequent study weeks. Eight weeks into the study, an inter-
action plot was used to compare means between groups. P 
values less than (0.05) were deemed significant in statistics. 
Every outcome was shown as mean ±SE.

Figure 1: The impact of extracted oils on the crossing test 
of 6 groups throughout 8 weeks of the study.
G1: Control group; G2: Lemon extracted oil group (LEO 
1‰); G3: Orange extracted oil group (OEO 3‰); G4: 
Mixed extracted oils group (LEO 1‰ & OEO 3‰); G5: 
Zinc oxide nanoparticles (ZnONPs) group); G6: Zinc 
oxide nanoparticles (ZnONPs) group with the mixture of 
both; oils (LEO 1‰ & OEO 3‰). 

RESULTS AND DISCUSSION

Extracted oils (EOs) are a blend of organic compounds that 
are extracted from plants and can be used as food preserv-
atives. Moreover, EOs are naturally occurring antioxidants 
and antimicrobials that can enhance fish welfare, immune 
system function, and growth performance—all of which 
can lower production costs (Zeppenfeld et al., 2016). As 
shown in Table 3 and Figure 2, adding extracted oils (LEO 
1‰ & OEO 3‰) to the diet had a statistically significant 
effect (P<0.05) on the feeding and foraging behaviour of 
the groups that were given the oils over the course of the 
8-week study compared to the G1 (control group). 
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Table 3: The impact of extracted oils on the ingestive behaviour, surfacing behaviour and swimming behaviour of 6 groups 
throughout eight weeks of study.

G1 G2 G3 G4 G5 G6 P-value CI (95%) (effect size)
Feeding
Frequency

28.57 ± 
2.92 c

65.43 ± 
3.27 b

60.57 ± 
9.28 b

117.29 ± 
6.66 a

15.57 ± 
1.17 c

34.71 ± 
1.89 c

<0.001 (0.87)

Feeding
Time

103.86 ± 
8.04 c

175.71 ± 
13.67 b

199.86 ± 
28.11 b

388 ± 21.88 

a
35.29 ± 
2.01 d

82.14 ± 
5.59cd

<0.001 (0.89)

Foraging
Frequency

50.71 ± 
8.58 b

91.57 ± 
11.28 a

53.86 ± 
9.11 b

88.14 ± 
2.32 a

16.29 ± 
1.04 c

35.57 ± 
3.79 b c

<0.001 (0.63)

Foraging
Time

425.86 ± 
70.58 a

689.14 ± 
48.76 a

523.14 ± 
160.24 a

686 ± 55.73 

a
44.29 ± 
3.84 b

106.71 ± 
4.57 b

<0.001 (0.64)

Surfacing Frequency 15.86 ± 
1.39 b

13.71 ± 
2.91 b

15.71 ± 
4.02 b

11.71 ± 
2.16 b

97.86 ± 
2.23 a

94.57 ± 
8.14 a

<0.001  (0.93)

Surfacing Time 171.57 ± 
15.16 c

211.86 ± 
55.7 b c

409.29 ± 
122.5b

121 ± 24 c 907.29 ± 
24.6 a

811.29 ± 
24.84 a <0.001

(0.82)

Surface Swimming 
Frequency

44.71 ± 
4.64 b

38.71 ± 
5.36 b

52.57 ± 
7.6 b

45.29 ± 
2.36 b

77.57 ± 
3.62 a

85.43 ± 
4.95 a

<0.001 (0.67)

Surface Swimming 
Time

392.71 ± 
36.75 d

440.14 ± 
54.35 bc

529.43 ± 
89.57 a b

282.86 
±15.67 d

605.14 ± 
34.3 a b

640 ± 
20.79 a

<0.001 (0.52)

Middle Swimming 
Frequency

87.71 ± 
3.49 b

96.14 ± 
5.96 b

87.43 ± 
6.55 b

126.57 ± 
3.82 a

30.71 ± 
2.91 d

54.86 ± 
2.37 c

<0.001 (0.88)

Middle Swimming 
Time

760.14 ± 
48.94 b

1128.7 ± 
76.78 a

899.43 ± 
94.29 b

1150.57 
±38.4 a

177.86 ± 
23.34 c

349 ± 
18.94 c

<0.001
(0.87)

Bottom Swimming 
Frequency

79.71 ± 
4.34 a b

96 ± 3.86 a 74.43 ± 
8.89 b

89.43 ± 
5.28 a b

28 ± 3.15 d 48.29 ± 
3.1c

<0.001 (0.78)

Bottom Swimming 
Time

705.86 ± 
33.31 a

749.57 ± 
30.22 a

631.86 ± 
68.32 a

597.14 ± 
49.54 a

173.86 ± 
18.95 c

332.57 
±14.62 b

<0.001 (0.82)

When comparing means abc in the same row with different superscripts, a highly significant difference was seen (P<0.05).
While means in the exact same row with the exact same superscripts did not change significantly (P>0.05).The values 
expressed as Mean ±SE. 

The effects were seen in both duration (sec) and frequency 
(bouts) of feeding and foraging. G4 (mixed LEO 1‰ & 
OEO 3‰) exhibited the highest and optimal feeding be-
haviour (time and frequency) at (388 ± 21.88 sec) (117.29 
± 6.66 bout), while G2 (LEO 1‰) demonstrated the high-
est values of foraging behaviour (time and frequency) at 
(689.14 ± 48.76 sec) (91.57 ± 11.28 bout). On the other 
hand, the lowest feeding and foraging behaviour time and 
frequency were recorded in fish raised at chemically syn-
thesized ZnONPs groups especially G5 (35.29 ± 2.01 sec), 
(15.57 ± 1.17 bout), (44.29 ± 3.84 sec), (16.29 ± 1.04 bout) 
respectively, while G6 (ZnONPs group treated with LEO 
1‰ & OEO 3‰) showed an increase in both behaviours 
after adding the mixture of (LEO 1‰) and (OEO 3‰) 
gradually. The improved behaviour may be due to the im-
pact of extracted oils on digestive processes by increasing 
feed utilization, improving nutrient digestibility and ab-
sorption as well as diet palatability. fish raised in ZnONP 
groups, especially G5 (35.29 ± 2.01 sec), (15.57 ± 1.17 bout), 
(44.29 ± 3.84 sec), and (16.29 ± 1.04 bout), may have better 
behaviour because the oils they are fed affect their digestive 
systems in ways that make food more digestible and tasty. 

These results seem to be similar to those of Mohamed et al. 
(2021), who found that fish fed the diet supplemented with 
extracted oils showed the highest and best values of feeding 
behaviour among all treatments, while aquatic creatures fed 
the control diet showed the lowest values of feeding behav-
iour. They also agreed with what El-Saadony et al. (2021) 
found: feeding and foraging behaviour (time and frequen-
cy) were greatly reduced when a high chemical zinc oxide 
nanoparticles (ZnONPs) treatment level was used (P < 
0.05). The results also corroborated Kasumyan’s (2001) the-
ory that chemical metals, such as zinc oxide nanoparticles 
(ZnONPs), in the aquatic environment can inhibit feeding 
motivation and cause disruptions to Nile Tilapia’s appro-
priate feeding, food search, and foraging behaviours. These 
results also correlated with those of Baba et al. (2016), who 
discovered that supplementing citrus limon peel-derived oil 
might improve the eating and foraging habits of cultured 
Nile tilapia. The management program’s resemblance may 
explain this agreement. These findings may attribute to the 
bad effect of (CH-ZnONPs) on the growth hormone as 
reported by ( JÖnsson and BjÖrnsson ,2002) while dietary 
supplementation of 
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Figure 2: The impact of extracted oils on Nile tilapia fingerlings behaviour during the experiment.
Foraging behaviour, b) feeding behaviour, c) surfacing behaviour, d) Surface swimming behaviour, e) middle swimming 
behaviour, f ) bottom swimming behaviour, g) body shaking behaviour, h) scratching behaviour, i) Resting behaviour.

both lemon and orange extracted oils may enhance it. The 
information provided in Table (3) and Figure (2) further 
demonstrated that the dietary supplementation of extract-
ed oils had a significant impact on the time and frequency 
of surfacing behaviour (P<0.05). G4 exhibited the lowest 
values of surfacing time and frequency (121 ± 24 sec and 
11.71 ± 2.16 bout), respectively. G6’s surfacing behaviour 
decreased after adding the mixture of LEO 1‰ and OEO 
3‰. On the other hand, G5 (ZnONPs treated group), had 
the longest surfacing times (907.29 ± 24.6 sec) and the 
most frequent bouts (97.86 ± 2.23 bouts). These findings 
were in line with those of Noga (1996), who noted that fish 
that have low dissolved oxygen levels in their tanks come 
to the top more frequently. As a result, fish behaviour in 
aquariums can be used as a reliable indicator of the water’s 
dissolved oxygen concentration. According to DeMicco et 
al. (2010), any change to the water’s parameters, like adding 
toxic heavy metals like chemical zinc oxide nanoparticles 
(ZnONPs), could cause hypoxia because of the buildup of 
zinc in the fish’s body and gills. These results also are similar 

to the data obtained by Mohamed et al. (2020) who noted 
that fish exposed to any toxic agent expressed behavioural 
abnormalities such as in ability to hardly obtain a sufficient 
amount of oxygen; this was manifested by enhanced breath-
ing rate along with more frequent visits to surface (increas-
ing surfacing behaviour). These results also coincided with 
García-Trejo et al. (2016) who found that under hypoxic 
conditions Nile tilapia becomes near to the water surface 
gasping air for acquiring the oxygen. These results back this 
up. This could potentially negatively affect the maintenance 
behaviour of Nile tilapia, leading to an increase in their 
tendency to surface more frequently. The parallelism in the 
experiment designs could be the reason for this agreement. 
The findings in Table 3 and Figure 2 showed that dietary 
supplementation with extracted oils (P<0.05) significantly 
affects the duration and frequency of swimming behaviours 
(surface, middle, and bottom). The extracted oil-treated 
groups, especially G4, had the longest and most frequent 
middle swimming times (1150.57 ± 38.42 seconds) and 
bouts (126.57 ± 3.82), compared to the control group G1 
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Table 4: The impact of extracted oils on body care behaviour, aggressive behaviour and resting behaviour of 6 groups 
throughout eight weeks of study.

G1 G2 G3 G4 G5 G6 P-value CI (95%) (effect size)
Shaking Frequency 6.14 ± 

1.44 b
4.43 ± 
1.13 b

11.43 ± 
1.34 a b

7.43 ± 
0.72 a b

11.57 ± 
2.12 a b

15.71 ± 
4.07 a

0.01
(0.35)

Shaking Time 16.14 ± 
5.47 a b

9 ± 2.35 b 31.71 ± 
5.04 a b

17.57 ± 
1.57 a b

24.14 ± 
5.28 a b

35.29 ± 
9.75 a

0.02 
(0.31)

Scratching Frequency 19.57 ± 2 a 7.14 ± 
1.53c

6.57 ± 
1.23c

9.29 ± 
1.58 bc 

8.29 ± 1.25 

bc
14.14 ± 
1.91 a b

<0.001
(0.57)

Scratching Time 52.71 ± 
4.6 a

16.71 ± 
3.3 c

20.29 ± 
4.64 bc

24.14 ± 
4.41 bc 

20.29 ± 
3.85 bc

34.57 ± 
3.94 bc

<0.001
(0.59)

Resting Frequency 15.43 ± 
2.6 c

10.14 ± 
1.92 c

7.71 ± 
2.51 c

6.14 ± 
0.77 c

206.14 ± 
9.43 a

135.86 ± 
3.55 b <0.001 (0.98)

Resting Time 198.43 ± 
27.35 c

66.29 ± 
11.58 d

52.14 ± 
14.15 d

20.86 ± 
3.18 d

1297.71 ± 
34.71 a

861.71 ± 
30.78 b <0.001 (0.99)

Aggressive Frequency 92.43 ± 
6.49 a

24.71 ± 
5.82 c

61.57 ± 
4.67 b

21 ± 2.73 c 21.86 ± 
3.96 c

25.86 ± 
2.66 c <0.001 (0.85)

Aggressive Time 193.71 ± 
12.92 a

50.57 ± 
20.42 c

128.14 ± 
13.92 b

39.86 ± 
5.47 c

42.14 ± 
6.87 c

54.71 ± 
5.86 c <0.001 (0.78)

When comparing means abc in the same row with different superscripts, a highly significant difference was seen (P<0.05). 
While means in the exact same row with the exact same superscripts did not change significantly (P>0.05).The values 
expressed as Mean ±SE.

and the ZnONPs groups, while the ZnONPs groups had 
the shortest middle swimming duration (177.86 ± 23.34 
sec) and frequency (30.71 ± 2.91 bouts). Meanwhile, G6 
showed a gradual increase in middle swimming behaviour 
time and frequency (349 ± 18.94 sec) and (54.86 ± 2.37 
bouts), respectively. The results obtained appear to be sim-
ilar to those of Martins et al. (2012), who showed how any 
change of water quality could alter swimming behaviour. 
For example, hypoxia (low dissolved oxygen level), as ob-
served in ZnONP groups, may result in decreased swim-
ming activity and speed. These findings are similar to those 
found by Ellgaard et al. (1995), who found that goldfish ex-
posed to toxic heavy metal concentrations below the lethal 
threshold, like nickel, slowed down their swimming and 
became less active compared to the control group. These 
results also correlated to El-Hawarry et al. (2018) who con-
cluded that dietary supplementation of oregano-extracted 
oil to Nile tilapia fingerlings improved their middle and 
bottom swimming behaviour. When we looked at the Nile 
tilapia’s body care habits, Table 4 and Figure 2 showed that 
the ZnONPs groups, especially G6, shook their bodies 
more often and for longer periods of time (35.29 ± 9.75 
seconds and 15.71 ± 4.07 bouts, respectively) than the 
groups that were given extracted oils. The duration and 
frequency of scratching behaviour were greater in G1 (the 
control group) at (52.71 ± 4.6 seconds and 19.57 ± 2 bouts, 
respectively). These findings were corroborated by Noga 
(1996), who discovered that one of the clinical signs of fish 
water poisoning is rubbing a fish’s body against the tank’s 
sides and bottom. Thus, an increase in fish body rubbing 

and shaking is a sign of poor management and hygiene. 
These results backed up what Mohamed et al. (2020) who 
found that giving Nile Tilapia extra geranium-extracted 
oil (GEO) while they were exposed to toxins in water de-
creased behavioural changes (excessive scratching and body 
shaking) in the co-exposed group more than expected and 
improved their health. The data in Table 4 and Figure 2 
showed that the ZnONPs groups, especially G5, had the 
longest periods of resting behaviour (1297.71 ± 34.71 sec) 
and the most bouts (206.14 ± 9.43). G6 showed a decrease 
in resting behaviour time and frequency (861.71 ± 30.78 
sec) and (135.86 ± 3.55 bout) after adding the mixture of 
LEO 3‰ and OEO 3‰ gradually. These findings were 
in agreement with those of El-Saadony et al. (2021), who 
showed that a high chemical ZnONPs treatment level (P 
< 0.05) significantly enhanced resting behaviour (time and 
frequency). These results disagreed with those recorded 
by El-Hawarry et al. (2018) who found that dietary sup-
plementation of oregano-extracted oil to Nile tilapia fin-
gerlings caused an obvious increase in resting behaviour. 
This disagreement may be attribute to the difference in 
the types of used extracted oils. Table 4 and Figure 3 de-
pict all aggressiveness patterns. The extracted oil-treated 
groups, particularly G4, showed the lowest values of ag-
gressive behaviour time and frequency (39.86 ± 5.47 sec) 
and (21 ± 2.73 bout), respectively, compared to the other 
groups. A study by El-Hawarry et al. (2018) also came to 
the same conclusion. They discovered that oregano-extract-
ed oil generally reduced anxiety and aggressive behaviours 
(biting, chasing, and mouth pushing) in fish groups that 
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Table 5: The impact of extracted oils on growth rate, mortality, morbidity and survival rate of Nile tilapia.
  G1 G2 G3 G4 G5 G6 P-value CI (95%)

(effect size)
IBW(g) 25.56±1.46 25.49±1.41 25.53±1.42 25.5±1.51 25.76±1.22 25.54±1.5 1 (0.002)
FBW(g) 39.21±1.47 a b 41.7±1.55 a 42.43±1.68 a 45.73±2 a 30.78±0.54 c 34.55±0.93 b c <0.001 (0.85)
WG 13.64±0.73 b 16.21±0.36 a b 16.9±0.51 a b 20.23±0.65 a 5.02±1.5 c 9.01±1.63 c <0.001 (0.93)
ADG 0.24±0.01 b 0.29±0.01 a b 0.3±0.01 a b 0.36±0.01 a 0.16±0.03 c 0.163±0.03 c <0.001  (0.88)
SGR 0.33±0.03 a b 0.38±0.02 a 0.4±0.02 a 0.45±0.01 a 0.14±0.04 c 0.24±0.05 bc <0.001 (0.85)
FCR 14.87±0.92 12.96±0.39 12.4±0.32 10.65±0.13 22.86±4.53 22.06±4.25 0.021 (0.63)
Mortality 0% 0 % 0 % 0 % 20% 10%
Morbidity 0% 0 % 0 % 0 % 20% 10%
Survival rate (SR) (%) 100% 100% 100% 100% 80% 90%

IBW: Initial body weight, FBW: Final body weight, WG: Weight gain, ADG: Average daily Gain, SGR: Specific 
growth rate, FCR: Feed conversion ratio.
Highly significant difference was shown by means abc in the same row with various superscripts (P<0.05).
While Means in the same row with the same superscripts showed no significant difference (P>0.05).

Figure 3: The impact of extracted oils on Nile tilapia fingerlings, aggressive behavioural patterns during the experiment.
Approach behaviour, b) spreading of fins behaviour, c) biting behaviour, d) chasing behaviour, e) fleeing behaviour, f ) 
butting behaviour, g) fin tugging behaviour, h) mouth pushing behaviour.

were not significantly different. These results were in con-
flict with those of El-Saadony et al. (2021), who noted 

that when 0.5 mg/L of CH-ZnONPs was administered 
as opposed to BIO-ZnONPs, aggression increased. The 
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discrepancy could be attributed to varying dosage levels of 
CH-ZnONPs. Table 5 displays the study’s results, which 
indicate that various extracted oils were added to the diet 
during the study weeks. Body weight (FBW) was the low-
est in the ZnONPs groups as G5 had the lowest FBW at 
(30.78±0.54g) and the highest in G4 (45.73±2g). Howev-
er, G6’s FBW went up after a mixture of (LEO 1‰ and 
(OEO 3‰) was added gradually. Adding a mixture of 
extracted oils made the weight gain (WG), average daily 
gain (ADG), specific growth rate (SGR), and feed conver-
sion ratio (FCR) in G4 much better than in other groups 
(20.23±0.65g), (0.36±0.01g), (0.45±0.01), and (10.65±0.13), 
respectively. These results were in line with studies by Sed-
en et al. (2009) and Acar et al. (2019) that showed supple-
menting fish diets with extracted oils could improve the 
growth performance of a variety of fish species, including 
Nile tilapia fingerlings. These findings also corroborate the 
findings of Sutili et al. (2016), who reported that the addi-
tion of various extracted oils to fish diets enhanced their 
eating behaviour, thereby improving their growth perfor-
mance. It was also similar to what Salem and Abdel-Ghany 
(2018) who found that fish that were fed diets that includ-
ed different amounts of extracted oils from sweet orange 
and/or lemon peels grew faster and gained more weight 
than fish that were fed a control diet. The fish also had a 
lower feed conversion ratio. They also observed that fish fed 
mixed extracted oils (OEO and LEO) exhibited a proper 
growth performance in a dose-dependent manner. The im-
provement in the growth performance may be attributed 
to the increased feeding behaviour and appetite caused by 
extracted oils supplementation. Because of all these factors, 
nutritional supplements containing mixed extracted oils 
(LEO 1‰ and OEO 3‰) are preferable for enhancing the 
welfare of Nile tilapia. The data presented in Table 5 also 
showed that the different extracted oil dietary supplements 
had a significant impact on the rates of mortality, morbid-
ity, and survival rate during the study weeks. Specifically, 
the groups treated with extracted oils did not exhibit any 
mortality or morbidity, while the ZnONPs groups demon-
strated mortality (20%) and morbidity (20%), similar to G5 
and G6 mortality (10%) and morbidity (10%). These results 
agree with those of DeMicco et al. (2010), who said that 
stress could be seen as a chemical agent, like high levels 
of zinc oxide nanoparticles (ZnONPs), which could cause 
reactions that may result in low survival rate and death of 
aquatic organisms. These results backed up what Baba et 
al. (2016) who found that adding oil from citrus limon 
peel might improve general immune system functions and 
lower the death rate of Nile tilapia. This finding fits with 
what Ngugi et al. (2017) who found that feeding fish mix-
tures with up to 5% essential oil extract from citrus limon 
fruit peels greatly reduced death and illness and increased 
survival rates by improving the immune systems of young 
fish compared to groups that were not treated. The resem-

blance of the type of used extracted oils may explain this 
agreement. The results presented in Figure 1 showed that 
the extracted oils groups, specifically G4, had higher fre-
quencies of midline crossing test that measured the fish ac-
tivity (6.15 ± 0.34 bouts) than the groups that were given 
ZnONPs. The link between swimming behaviour and the 
crossing test could be the reason of these findings. These 
results resemble those of Mohamed et al. (2020), who re-
ported that the co-exposed group’s behaviour and activity 
were enhanced more than anything else when they were 
given dietary supplements including geranium-extracted 
oil (GEO) than they were exposed to toxic agent in wa-
ter. These findings also coincided with those of Kasumyan 
(2001) who claimed that chemical metals in the aquatic 
environment, such as chemical zinc oxide nanoparticles 
(ZnONPs), might suppress fish motivation and activity. 
This agreement may be due to using the same chemical 
agent in aquaria’s water. Therefore, food supplementation 
with extracted oils (LEO 1‰ & OEO 3‰) could improve 
Nile Tilapia’s wellbeing.

CONCLUSIONS AND 
RECOMMENDATIONS

Among the practical applications of the study is that the 
incorporating natural ingredients such as OEO and/or 
LEO extracted oils into aqua feed formulations in ponds 
used to raise Nile tilapia could lead to an increase in growth 
rate, feed efficiency, and overall fish health. As a result, this 
study confirms the value of extracted oils as feed additives 
to improve fish behaviour and growth, which will ultimate-
ly result in the welfare of Nile tilapia and a rise in profit and 
economic return. As a result, extracted oils are recommend-
ed as a crucial component in aquaculture feed industries 
for optimal Nile tilapia’s growth performance and welfare, 
along with full fish harvest in ponds. However, the long 
term use of such additives should be carefully monitored 
for any potential adverse effects as this point is among the 
limitations of the current investigation. The use of more 
broad concentrations and studying the effects of other en-
vironmental factors in the aquaria are among the future 
perspectives for the study.
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