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Abstract
The main objective of the present trial was to examine the efficacy of feeding tilapia fry fish on Artemia franciscana diets supplemented 
with various oil emulsion resources in terms of performance, behavior indices, survival rate, blood biochemical parameters, and immu-
nological response. Four hundred Nile tilapia fry (weighing 0.15±0.05 g and measuring 2.17±0.08 cm) were randomly allocated into four 
equal groups (each with five repetitions) and acclimatized for fifteen days. The first group served as the control and received unenriched 
Artemia franciscana (G0), while the remaining three groups were fed Artemia franciscana diets enriched with different oil resources  
(0.5 mL oil per liter for 6 hours): soybean oil (G1), sesame oil (G2), and rice bran oil (G3). Behavioral observations were recorded dur-
ing the 45-day experimental period. At the end of the feeding trial, the chemical composition and fatty acid content of both Artemia and 
fingerlings were analyzed. Furthermore, the growth performance, survival, and immune response of the fingerlings were evaluated. The 
results indicated noticeable improvements in behavioral measurements (feeding, foraging and schooling), performance (final length, final 
weight, net weight gain, feed conversion ratio and specific growth rate), survival, and immune response among fry fish supplemented 
with enriched Artemia, particularly those enriched with soybean oil. Additionally, the chemical composition and fatty acid content of both 
Artemia and fish fry were significantly enhanced when oil emulsions are applied, with soybean oil demonstrating the most prominent 
improvements. Whereas, supplementing fry fish Artemia diets with oil resulted in lower liver enzyme activity and higher protein compo-
nent levels in plasma in comparison to the control group. In brief, feeding Nile tilapia fry fish Artemia diets enriched with a soybean oil 
emulsion (0.5 mL/L) is recommended for promoting high performance, immunological activity, and survival throughout the early stage 
till fingerlings phase. 
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In their native habitats, most fish and shellfish larvae 
with underdeveloped digestive systems consume mono-
cellular organisms, including phytoplanktonic and zoo-
planktonic species (Radhakrishnan et al., 2020). There-
fore, zooplankton has been identified as a significant 
natural component of many fish (cod, halibut, tilapia) and 
shrimp (Penaeus sp.) diets (Das et al., 2012). Further-
more, the live feed is especially important for the devel-
opment of the larval stage in aquaculture since it is more 
easily digested and consumed, has no deleterious impact 
on water quality criteria, and contains essential growth 
components like fatty acids and amino acids (Joshua et 
al., 2022; Magondu et al., 2022). Specifically, the rotifers 
and nauplii of brine shrimp Artemia has been identified 
as a common live food species that meets larval feeding 
dimensions and quantity criteria (Lubzens et al., 1989). 
According to Herawati et al. (2014), Artemia contains  

a nutritional biomass of 66% protein and 14% lipid, with 
practically all necessary amino acids and the majority 
of fatty acids provided at optimal levels. Besides, Arte-
mia’s non-selective filter-feeding habit enables suitable 
substances to enter its cells during the developmental 
phase and be ingested by aquatic species (Sorgeloos et 
al., 2001; Wang et al., 2022). 

Worldwide, tilapia is the second most commonly 
farmed fish, with production quadrupling over the last 
decade due to its adaptability for widespread aquacul-
ture practices, sustainability, marketability, and constant 
market pricing (Naiel et al., 2023 a). Private or govern-
ment hatcheries often struggle to meet the demand for 
cultivated fry because of the fish’s infrequent spawning 
in the natural environments outside of ponds (Naiel et al., 
2023 c). The purpose of these controlled-environment fry 
production facilities is to provide a consistent and ade-
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quate supply throughout the aquaculture season (Sharma 
et al., 2010). Whereas, inadequate feeding methods in 
hatcheries may cause mass mortality in fish at various 
phases of growth, particularly in the early developmental 
stages (Okomoda et al., 2019). Thus, understanding the 
larval nutritional needs would help to optimize complete 
diets and feeding regimens, hence improving larval and 
juvenile quality (Goncalves et al., 2024). Meanwhile, it 
would aid in the normal development and activation of 
digestive enzymes, as well as the digestion and absorp-
tion of nutritious substances included in microelement 
diets during the early stages (Marinho et al., 2024). 

During the early feeding period of the larvae, all fish 
required diets containing high level of protein for optimal 
growth and development (Rajkumar, 2006). The early 
use of formulated diets has limited effectiveness in lar-
val rearing (Qin and Culver, 1996). However, live feeds 
are more acceptable in both freshwater and marine aq-
uaculture because of their higher digestibility and nutri-
tional content, availability, and provide a balanced meal 
compared to formulated diets (Putra et al., 2016). Arte-
mia nauplii have several benefits as a live food source, 
however, it is not complete in nutrients due to its lack of 
necessary fatty acids (Navarro et al., 1999). Herein, to 
improve fish larval development and survival, enriching 
Artemia with essential fatty acids (EFA) is recommended 
(Smith et al., 2002). There are multiple fortified tech-
niques to enrich live foods with highly unsaturated fatty 
acids (HUFAs) using fresh microalgae or commercial 
augmentation products, but due to the challenging pro-
cess of microalgae production, other commercial enrich-
ment products are more commonly used in the enrichment 
methods (El-Dahhar et al., 2024). Numerous reports have 
investigated that feeding larval fish brine shrimp nauplii 
enriched with PUFA has a positive effect on fry perfor-
mance and development while increasing survival rate, 
eliminating skeletal anomalies, developing the digestive 
tract and its enzymatic activity, and boosting resistance 
against environmental stress (García-Ulloa et al., 2013; 
Prusińska et al., 2015; El-Dahhar et al., 2024). In addi-
tion, various research has investigated diverse fatty acid 
sources in the larval stages of shellfish species, including 
commercial diets, plant and animal fats, or oils, as well 
as the bio-encapsulation technique of live feeds such as 
Artemia and/or rotifer (Narciso et al., 1999; Narciso and 
Morais, 2001). To date, there is a shortage of understand-
ing regarding the ideal oil emulation source that will be 
profitable for enriched Artemia nauplii with HUFA and 
its influence on fry development and survival.

However, behavioral health indicators are quick and 
simple to monitor, making them ideal for application on 
fish farm sites (Pavlov and Kasumyan, 2000). Alterations 
in food-anticipatory behavior, consumed feed, swimming 
direction and activity, and rate of respiration are all im-
portant indicators of fry health (Ramadan et al., 2018). 
Meanwhile, behavioral responses, which involve energy 
cost and impact fish growth, have received less attention 
(An et al., 2021). In the same context, ecological stress 

and distress cause biochemical and physiological altera-
tions, which are reflected in behavioral reactions (Naiel 
et al., 2020, 2023 b). Consequently, it is a key measure 
for assessing the well-being of fish (Martins et al., 2012). 

In this regard, the research trial aims to evaluate the 
impact of enriched A. franciscana with various emulsion 
oil resources (soybean, sesame, and rice bran) on the nu-
tritional content of live prey (Artemia nauplii) as a live 
feed during Nile tilapia larval weaning. Also, assessing 
the influence of feeding larvae fish with Artemia nauplii 
supplemented with three different oil emulsions on fin-
gerlings’ performance, body composition, behavioral, 
plasma biochemical, and immunological parameters.

Material and methods

Fish transportation and acclimatization 
In April, approximately four hundred Nile tilapia fin-

gerlings were obtained from a private fish farm, Idko, 
Beheira Governate, Egypt. The initial measurements of 
the Nile tilapia fingerlings, including their weight and 
length, were documented as 0.15±0.05 g and 2.17±0.08 
cm, respectively. For transportation, the fingerlings were 
placed in well-oxygenated plastic bags and conveyed to 
the Faculty of Veterinary Medicine, Alexandria Univer-
sity laboratory. When they arrived, they were allocated 
immediately into 1000 L fiber tank to adapt to the labora-
tory settings for two weeks before the experiment’s be-
ginning.

In the period of acclimatization, the Nile tilapia fry 
was fed twice daily with live unenriched Artemia nau-
plii. Instead of employing artificial aeration, daily water 
changes were implemented to uphold an optimal envi-
ronment for the fish. This method ensured an adequate 
supply of oxygen and maintained an environment free 
from metabolic waste. The environmental conditions 
of the culture water were controlled within a range of 
27.5±1ºC for temperature, 6.9±0.3 for pH, 6.8±0.6 mg 
L–1 for dissolved oxygen, 28.0±2 mg/L for biological ox-
ygen demand (BOD), 125±5 mg L–1 for chemical oxygen 
demand (COD), and 0.13±0.01 mg L–1 for ammonia.

	
Artemia nauplii enrichment 
To promote the hatching of Artemia franciscana cysts, 

commercially available vegetable oils such as soybean, rice 
bran, and sesame oil were employed. These cysts, obtained 
commercially, were acclimatized to hatch in ideal conditions, 
which included a salinity of 35 ppt, a temperature of 26.8°C, 
a pH of 7.5, and a light intensity of 100 lux. After a 24-hour 
incubation period, the Artemia cysts successfully hatched, 
and the resulting nauplii were gathered from the hatching 
containers. These nauplii were transmitted to a 10 L glass 
container at a density of 1500 nauplii per liter. Subsequent-
ly, the Artemia was enriched with three oil emulsions (soy-
bean in G1, sesame in G2, and rice bran oil in G3) prepared 
as described by McEvoy et al. (1995) procedure. Briefly, 
Artemia nauplii were individually enriched with the three 
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oil emulsions at a concentration of 0.5 ml/L for 6 hours, at  
a room temperature of 27.5±0.2°C. Adequate aeration was 
maintained to sustain the O2 level at five ppm. Due to the 
transparency of the nauplii, the presence of the emulsions 
could be easily discerned by the yellowish appearance in 
the gut. A light microscope was used to monitor the time it 
took for nauplii guts to get saturated with the supplied emul-
sion oils.

Fish supplementation and experimental design 
The Institutional Animal Care and Use Committee at 

Alexandria University gave their stamp of approval to the 
study’s design (ALEXU-IACUC-013-2023/3/11–3–226). 
The four hundred Nile tilapia fry were distributed into 4 
equal groups, each consisting of 100 individuals (each 
group has five replicates). The control group (G0) was fed 
unenriched Artemia nauplii, whereas the other three fish fry 
groups were given Artemia nauplii diets enriched with vari-
ous oil sources, as follows; G1, G2, and G3, supplemented 
with soybean oil, sesame oil, and rice bran oil, respectively. 
Fry fish groups were fed twice daily. Then, the uneaten Ar-
temia nauplii larvae were removed from the incubator after 
30 min from each feeding time. Optimal oxygen levels were 
maintained during the 45-day supplementation period by 
consistently administering mild aeration.

Behavioral observations of fingerlings
The behavioral responses were documented through 

scanning observations conducted twice weekly following 
Mas-Muñoz et al. (2011) procedure. Two 15-minute ses-
sions per day were carried out during feeding, once in the 
morning and once in the afternoon (from 08:00 to 08:15 
am and from 3:00 to 3:15 pm). The proportion of fish 
engaging in behavioral patterns including feeding, for-
aging, resting, swimming, schooling, surfacing, chafing, 
and aggression was calculated from these observations.

Growth performance parameters of fingerlings 
The total fry length at the start (Initial length, IL, cm) 

and end (Final length, FL, cm) of the feeding experiment 
was measured from the snout tip to the caudal fin end. 
Whereas, the performance and efficiency of consumed 
feed parameters were measured by weighing fingerlings 
from each replicate at the beginning and end of the trial 
period and calculated using the following formula:

Net weight gain (NWG, g) = (FW – IW)
Specific growth rate (SGR, g d-1) = (Log FW – Log IW) 

× 100/ Feeding days (45 d) 
Food conversion ratio (FCR, g/g) = Total consumed 

feed/ NWG
Survival percentage (SR, %) = (Fish number that sur-

vived the experiment/ Fish (number) at the beginning of 
the experiment) × 100

Chemical composition and fatty acid content anal-
ysis of Artemia nauplii and fish fry

The enriched and un-enriched Artemia samples, as 
well as each fingerling specimen, underwent analysis 

to determine the levels of chemical constituents that are 
total protein (Lowry et al., 1951), carbohydrate (Roe, 
1955), lipid (Folch et al., 1957), ash, and total moisture 
content (APHA, 1995). Furthermore, the analysis of fatty 
acid content was taken out as per the procedure detailed 
by Nichols et al. (1993) for both the enriched and un-en-
riched Artemia, as well as for each group of fingerlings. 
The fatty acid methyl esters underwent separation using 
a Hewlett Packard 5890 gas chromatograph fitted with a 
fused silica capillary column (12 m length × 0.22 mm in-
ner diameter) coated with BPX70. The oven temperature 
was held at 180°C, and helium was utilized as the carrier 
gas at a flow rate of 2 ml min-1.

Plasma samples and measurements
At the end of the experimental period, blood was 

taken from the caudal peduncle using a non-coagulant-
containing tube, allowed to coagulate, and subsequently 
subjected to centrifugation. The plasma biochemical and 
immunological parameters were evaluated in the follow-
ing manner: 

The protein concentration in plasma was assessed us-
ing the Bradford (1976) technique, using bovine serum 
albumin as the standard. The albumin content was deter-
mined following the method outlined by Doumas et al. 
(1997). While, the quantity of globulin was then calcu-
lated by subtracting the albumin from the total protein, 
as detailed by Kumar et al. (2005). Lysozyme activity 
was measured using the turbidimetric method described 
by Ellis (1990) employing a Micrococcus lysodeikticus 
suspension solution (Sigma-Aldrich, USA). The analy-
sis depends on the lysis of Gram-positive bacteria that 
is susceptible to lysozyme (Micrococcus lysodeikticus). 
Glucose levels were determined using the glucose oxi-
dase method reported by Yuen and McNeill (2000). In 
addition, alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), and alkaline phosphatase (ALP) 
were assessed following the methods specified by Thom-
as (1998) and Rosalki et al. (1993).

Data analysis
The data was analyzed using SPSS (Statistical Pack-

age for Social Sciences software, version 25) using one-
way ANOVA. To assess the significant difference be-
tween treatments, Tukey tests were employed. The data 
was presented as means ± S.E.M., with P values <0.05 
considered significant in all tests, unless specified oth-
erwise.

Results

Behavioral responses of Nile tilapia fingerlings
Table 1 demonstrates the percentage of fish exhibiting 

various behavioral responses. There was a clear improve-
ment in the behavioral responses of fingerlings fed an en-
riched Artemia nauplii diet, with the most progress in the 
soybean oil group. The highest feeding, foraging, and 
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schooling proportions were in G1, followed by the other 
treated groups with the least in control. However, the swim-
ming proportion was the least in G1 and highest in control. 
Furthermore, the abnormal behavioral responses such as 
surfacing, chafing, and aggression were the least in G1, then 
the other groups, the control group with the highest. 

The growth and feed efficiency criteria of tilapia 
fingerling 

Table 2 presents the growth parameters, including 
length, weight, survival, net weight gain, FCR, and SGR, 
of Nile tilapia fingerlings fed with various oil-enriched 
Artemia nauplii. The fingerlings that were fed enriched 
Artemia displayed an increase in overall length and 
weight across all experimental groups associated with 
the control group. Specifically, the G1 group, which 
was fed with soybean oil-enriched Artemia, attained the 
highest weight (5.92±0.10 g) and length (6.22±0.12 cm) 
compared to the other groups. Additionally, G1 demon-
strated the highest survival rate compared to the control, 
with G3 and G0 presenting survival rates of 82±1.75% 

and 79±2.35%, respectively. Furthermore, the G1 group 
exhibited the highest net weight gain (5.85±0.18), FCR 
(3.81±0.05), and specific growth rate (12.03±0.9), fol-
lowed by G3, G2, and the control group.

The chemical and lipid analysis of Artemia nauplii 
and fish fry

Table 3 illustrates the chemical composition of Arte-
mia nauplii enriched with different oils. It is noteworthy 
that soybean oil-enriched Artemia nauplii (G1) show-
cased the highest levels of protein (53.6±0.565%), carbo-
hydrate (17.95±0.919%), and lipid (21.05±0.212%) con-
tent compared to the other treatment groups. Conversely, 
rice bran oil-enriched Artemia (G3) demonstrated the 
highest moisture (8.2±0.141%) and ash (7.35±0.353%) 
levels relative to G1 and G2. The nutritional value of 
the live feeds followed the order of soybean oil-enriched 
Artemia >sesame oil-enriched Artemia > rice bran oil-
enriched Artemia > control. Thus, the results suggest that 
the enrichment process enhances the nutritional value of 
Artemia.

Table 1. Behavioral measurements of Nile tilapia fry fish fed Artemia franciscana diets enriched with different oil resources

Items
Experimental groups

P value
G0 G1 G2 G3

Feeding 0.25±0.03 c 0.55±0.03 a 0.43±0.03 b 0.37±0.03 b 0.024

Foraging 0.35±0.03 c 0.65±0.03 a 0.53±0.03 b 0.46±0.03 b 0.005

Resting 0.62±0.03 a 0.33±0.03 c 0.49±0.03 b 0.40±0.02 bc 0.017

Swimming 0.67±0.03 a 0.36±0.03 c 0.47±0.03 b 0.57±0.03 ab 0.001

Schooling 0.16±0.02 d 0.47±0.03 a 0.37±0.03 b 0.27±0.03 c 0.001

Surfacing 0.52±0.03 a 0.22±0.02 c 0.34±0.03 b 0.33±0.03 b 0.042

Chafing 0.47±0.03 a 0.17±0.02 d 0.27±0.03 c 0.37±0.03 b 0.011

Aggression 0.42±0.03 a 0.14±0.02 b 0.24±0.03 b 0.21±0.03 b 0.001

G0 = The control group received unenriched Artemia franciscana diets.
G1 = The fish group fed Artemia franciscana diets enriched with soybean oil.
G2 = The fish group fed Artemia franciscana diets enriched with sesame oil.
G3 = The fish group fed Artemia franciscana diets enriched with rice bran oil. 
Means having different letters within the same row are significantly different (P<0.05).

Table 2. Growth performance and survival rate of Nile tilapia fry fish fed Artemia franciscana diets enriched with different oil resources

Items
Experimental groups

P value
G0 G1 G2 G3

IL (cm) 2.15±0.37 2.18±0.28 2.17±0.18 2.13±0.26 0.354

FL (cm) 3.74±0.08 d 6.22±0.12 a 5.45±0.11 b 4.82±0.09 c 0.001

IW (g) 0.14±0.15 0.15±0.55 0.15±0.45 0.14±0.31 0.624

FW(g) 3.77±0.19 c 5.92±0.11 a 4.38±0.09 b 4.35±0.17 b 0.024

SR (%) 79±2.35 d 91±2.4 a 85±2.65 b 82±1.75 c 0.003

NWG (g) 3.65±0.15 c 5.85±0.18 a 4.17±0.03 b 4.25±0.05 b 0.011

FCR (g/g) 5.85±0.15 a 3.81±0.05 c 4.54±0.14 b 5.08±0.25 a 0.002

SGR (%/d) 7.10±0.12 c 12.03±0.9 a 8.25±0.4 b 8.43±0.6 b 0.028

G0 = The control group received unenriched Artemia franciscana diets.
G1 = The fish group fed Artemia franciscana diets enriched with soybean oil.
G2 = The fish group fed Artemia franciscana diets enriched with sesame oil. 
G3 = The fish group fed Artemia franciscana diets enriched with rice bran oil. 
IL = initial length; FL = final length; IW = initial weight; FW = final weight; SR = survival rate; NWG = net weight gain; FCR = feed conversion ratio; 

SGR = specific growth rate.
Means having different letters within the same row are significantly different (P<0.05).
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Table 4 provides a detailed breakdown of the fatty 
acid profile of enriched Artemia nauplii, presented 
in mole percentages. Soybean oil-enriched Artemia 
exhibited the highest content of PUFA (51.32%), 
followed by sesame oil-enriched Artemia nauplii 
(45.34%).

The rice bran oil-enriched Artemia nauplii comprised 
38.09% of the sample, whereas the freshly hatched Ar-
temia nauplii accounted for 33.65%. Notably, essential 
fatty acids such as eicosapentaenoic acid (20:5n-3), doc-
osahexaenoic acid (22:6n-3), linoleic acid (18:2n-6), and 
linolenic acid (18:3n-3) were found to be significantly 
higher in the selected oil-enriched Artemia nauplii com-

pared to the freshly hatched Artemia. Furthermore, sig-
nificant differences in the composition of saturated fatty 
acids (SFA) and monounsaturated fatty acids (MUFA) 
were observed between unenriched Artemia nauplii and 
various oil-enriched Artemia nauplii at a P-value of less 
than 0.05.

The results presented in Table 5 outline the chemical 
composition of Nile tilapia fingerlings after the 45-day ex-
perimental period. It is evident that the enriched Artemia 
nauplii significantly influenced the gross chemical com-
ponents of the Nile tilapia fingerlings. The highest pro-
tein content was observed in fingerlings fed with soybean 
oil-enriched Artemia (51.34±0.07%), tracked by those 

Table 3. Chemical analysis (%DW) of enriched and unenriched Artemia franciscana

Items (%)
Experimental groups

P value
G0 G1 G2 G3

CP 54.7±0.47 a 53.8±0.13 a 52.2±0.32 a 37±1.51 b 0.013

Carbohydrate 18.85±0.72 b 17.55±0.07 bc 16.05±0.07 c 21.45±0.64 a 0.011

CL 22.04±0.21 a 21.85±0.07 ab 19.75±0.21 b 9.45±0.78 c 0.041

Ash 5.30±0.14 b 3.45±0.07 c 8.55±0.35 a 3.65±0.35 c 0.015

Moisture 8.85±0.07 ab 8.60±0.14 b 9.5±0.14 a 7.45±0.21 c            0.001

G0 = The control group received unenriched Artemia franciscana diets.
G1 = The fish group fed Artemia franciscana diets enriched with soybean oil. 
G2 = The fish group fed Artemia franciscana diets enriched with sesame oil.
G3 = The fish group fed Artemia franciscana diets enriched with rice bran oil. 
CP = crude protein; CL = crude lipid.
Means with different letters within the same column differ significantly (P<0.05). 

Table 4. Fatty acid composition of enriched and unenriched Artemia franciscana (expressed in mole %)

S. No. Fatty acid
Experimental groups

P value
G0 G1 G2 G3

1 C14:0 3.35±0.07 b 4.33±0.01 a 3.18±0.11 b 3.32±0.12 b 0.015

2 C16:0 20.15±0.21 a 13.48±0.25 c 8.45±0.7 d 16.05±0.14 b 0.002

3 C18:0 4.85±0.21 b 6.25±0.21 a 3.2±0.14 c 3.70±0.14 c 0.004

4 C20:0 1.45±0.30 b 1.55±0.21 b 0.5±0.07 c 1.89±0.23 a 0.023

5 C22:0 1.55±0.23 a 1.19±0.03 b 0.44±0.04 c 1.18±0.14 b 0.001

6 C24:0 1.58±0.23 a 0.35±0.03 d 0.88±0.02 c 1.11±0.06 b ˂0.001

7 SFA 30.46±0.13 a 25.03±0.43 c 18.55±0.41 d 27.16±0.33 b 0.004

8 C16:1(n-7) 2.36±0.31 a 0.51±0.02 c 1.45±0.25 b 2.35±0.15 a 0.014

9 C18:1(n-9) 28.60±1.12 c 24.14±0.07 d 35.66±0.55 a 31.70±0.41 b ˂0.001

10 MUFA 32.09±0.44 b 24.57±0.12 c 37.14±0.15 a 36.03±0.45 a 0.005

11 C18:2(n-6) 26.75±0.54 d 39.51±0.11 a 35.14±0.06 b 31.22±0.32 c 0.001

12 C18:3(n-3) 1.89±0.12 d 6.81±0.22 a 3.41±0.07 b 2.11±0.13 c 0.001

13 EPA 2.88±0.28 c 4.71±0.22 a 2.95±0.04 c 3.78±0.28 b 0.031

14 DHA 0.90±0.14 b 1.30±0.14 a 0.81±0.08 b 0.49±0.02 b 0.021

15 PUFA 34.35±0.53 d 51.32±0.23 a 45.34±0.13 b 38.09±0.22 c 0.006

16 Others 2.85±0.76 b 0.29±0.03 d 4.06±0.51 a 1.90±0.13 c ˂0.001

G0 = The control group received unenriched Artemia franciscana diets.
G1 = The fish group fed Artemia franciscana diets enriched with soybean oil. 
G2 = The fish group fed Artemia franciscana diets enriched with sesame oil.
G3 = The fish group fed Artemia franciscana diets enriched with rice bran oil. 
SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; PUFA = polyunsaturated 

fatty acids.
Means with different letters within the same row are significantly different (P<0.05).
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fed with sesame oil-enriched Artemia (51.14±0.07%) 
and rice bran oil-enriched Artemia (48.24±0.07%). Ad-
ditionally, the highest carbohydrate and lipid content was 
recorded in the group fed with soybean oil-enriched Ar-
temia (G1) compared to the other groups.

Furthermore, Table 6 illustrates that the fatty acid 
composition of Nile tilapia fingerlings was notably im-
pacted by the enriched Artemia nauplii. The essential 
fatty acids in fingerlings fed with various oil-enriched 
Artemia displayed higher levels of linoleic acid and li-
nolenic acid associated with those given unenriched nau-
plii. Specifically, the PUFA content in fingerlings fed un-
enriched nauplii was 32.83%, whereas those fed enriched 
nauplii containing selected oil emulsions exhibited rea-
sonably higher PUFA content of 45.17% (G1), 39.15% 
(G2), and 41.89% (G3). Overall, the essential fatty acid 
content (PUFA, MUFA, and SFA) in the experimental 
groups was discovered to have higher levels compared 
to the control group.

Blood parameters of tilapia fingerlings
The findings outlined in Table 7 provide a compre-

hensive overview of the plasma biochemical and im-
mune parameters of Nile tilapia fed diets supplemented 
with various oil emulsion-enriched Artemia franciscana. 
Importantly, a noteworthy discrepancy in glucose levels 
was noted among the experimental groups (P<0.05). Fish 
that were fed enriched diets displayed higher glucose lev-
els compared to the control group (P<0.05). Furthermore, 
total protein and albumin levels in fish fed enriched di-
ets were significantly higher than those in the control 
(P<0.05). Remarkably, the most pronounced increase 
in lysozyme activity was observed in treatments G1 and 
G2, whereas the lowest lysozyme activity was recorded 
in fish fed the control diet. Moreover, the activity of liver 
enzymes (ALP, AST, and ALT) was markedly reduced 
in Nile tilapia fed diets supplemented with various oil 
emulsion-enriched Artemia franciscana in comparison to 
Nile tilapia fed the control diet (P<0.05).

Table 5. Body chemical analysis of Nile tilapia fry fish fed Artemia franciscana diets enriched with different oil resources

Items
Experimental groups

P value
G0 G1 G2 G3

CP 38.51±0.76 c 51.34±0.06 a 51.14±0.06 a 48.24±0.03 b 0.001
Carbohydrate 26.53±0.22 a 23.75±0.08 c 24.90±0.06 b 26.50±0.27 a 0.045
CL 8.15±0.08 c 10.34±0.07 a 10.05±0.24 a 9.55±0.25 b 0.005
Ash 5.62±0.07 b 7.91±0.05 a 7.79±0.07 a 5.54±0.08 b 0.001
Moisture 6.43±0.06 c 9.31±0.13 a 9.04±0.71 a 8.41±0.18 b 0.006

CP, crude protein; CL, crude lipid.
Means with different letters within the same column differ significantly (P<0.05). 

Table 6. Fatty acid composition of Nile tilapia fry fish fed Artemia franciscana diets enriched with different oil resources (expressed in mole %)

S. No. Fatty acid
Experimental groups

P value
G0 G1 G2 G3

1 C14:0 1.15±0.12 b 0.75±0.08 a 0.76±0.01 a 0.69±0.04 a 0.022
2 C16:0 15.22±0.16 b 14.85±0.25 a 14.79±0.45 a 14.82±0.11 a 0.023
3 C18:0 9.66±0.05 bc 8.62±0.25 a 9.84±0.06 bc 9.30±0.42 b 0.005
4 C20:0 4.33±0.05 c 0.90±0.08 a 2.80±0.02 b 2.45±0.08 b 0.001
5 C22:0 5.40±0.21 c 4.41±0.35 b 3.31±0.04 a 3.61±0.16 a 0.011
6 C24:0 4.03±0.26 b 0.76±0.13 a 3.65±0.04 b 0.58±0.07 a 0.006
7 SFA 32.76±0.13 a 26.04±0.16 d 31.04±0.26 b 27.57±0.36 c 0.001
8 C16:1(n-7) 0.15±0.01 a 0.19±0.07 a 0.18±0.07 a 0.16±0.16 a 0.745
9 C18:1(n-9) 32.31±2.12 b 27.65±0.07 a 28.35±0.49 a 31.5±0.42 b 0.014
10 MUFA 32.44±0.49 a 29.93±0.52 c 30.84±0.59 b 31.55±0.66 ab 0.008
11 C18:2(n-6) 21.05±0.57 a 34.01±1.14 c 24.58±0.05 b 23.62±0.40 b 0.013
12 C18:3(n-3) 7.25±0.14 b 6.90±0.28a 8.65±0.07c 11.36±0.37d 0.001
13 EPA 2.34±0.13 a 3.70±0.01 b 4.02±0.17 c 4.09±0.04 c 0.021
14 DHA 3.26±0.35 b 2.65±0.22 a 3.61±0.35 bc 4.67±0.13 c 0.051
15 PUFA 32.83±0.11 d 45.17±0.28 a 39.15±0.44 c 41.89±0.14 b 0.005
16 Others 1.98±1.20 c 0.89±0.03 a 1.29±0.05 b 1.18±0.49 b 0.001

G0 = The control group received unenriched Artemia franciscana diets.
G1 = The fish group fed Artemia franciscana diets enriched with soybean oil.
G2 = The fish group fed Artemia franciscana diets enriched with sesame oil. 
G3 = The fish group fed Artemia franciscana diets enriched with rice bran oil. 
SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; PUFA = polyunsaturated 

fatty acids.
Means with different letters within the same row are significantly different (P<0.05).
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Discussion

Sustainable aquaculture practices and production are 
vital for the success of the aquaculture industry in re-
gard to the expanding global demand for animal protein 
sources (Naiel et al., 2023 d). Aquaculture sustainabil-
ity requires the development of three key areas: social, 
economic, and environmental challenges, with ecologi-
cal challenges mostly related to fish nutrition (Hixson, 
2014). Over the years, major efforts have been devoted 
to developing cost-effective aquafeed formulations to 
further enhance the growth of farmed fish (Turchini et 
al., 2019). Larvae of numerous aquatic organisms either 
completely rely on zooplankton live food as a baseline 
diet, or they survive much better when begun on live 
food (Samat et al., 2020). 

 Artemia nauplii, known for their high digestive en-
zymes that stimulate larval appetite (Zeng et al., 2018), 
are valued as highly nutritious living capsules contain-
ing essential nutrients and energy sources such as lipids, 
proteins, vitamins, fatty acids, amino acids, minerals, and 
carbohydrates crucial for the growth and sustenance of 
various aquaculture species (Mona et al., 2017). In addi-
tion, numerous studies have investigated the n-3 and n-6 
fatty acid constraints of various marine finfish and shell-
fish species, leading to the development of standard lipid 
emulsions (Milke et al., 2004; Natnan et al., 2022; Singh 
et al., 2024). The current trial focuses on analyzing the 
chemical composition and fatty acid profile of enriched 
Artemia nauplii and assessing the impact of feeding these 
enriched nauplii to Nile tilapia fingerlings on their behav-
ior, growth performance, and immune response. 

The present study findings showed a considerable 
increase in the feeding and foraging of fingerlings fed 
on Artemia franciscana enriched by various emulsion 
oil sources. Similarly, Grageda et al. (2008) reported that 

larvae fed live Acartia recorded the best consumption 
behaviors, even though all fish given other types of live 
feeds had equivalent rates of intake and satiation times. 
The improvement in feeding and foraging behaviors 
might be related to the higher palatability of live feed 
supplemented with oil (Kandathil et al., 2020).

Conversely, the fish given Artemia supplemented 
with soybean emulsion oil demonstrated lower swim-
ming activities compared to the other groups. The present 
findings disagreed with Pandey et al. (2008) findings, 
which showed that feeding larvae with Acartia signifi-
cantly reduced swimming activity compared with larvae 
provided Artemia (both unenriched and DHA-enriched). 
In the current study, the lower swimming activity seen 
in the fish fed with Artemia enriched with soybean oil 
was related with a higher weight in this group. Moreover, 
swimming is an energy-loss activity in certain situations, 
particularly during the larval stage, when efficient ener-
gy-saving strategies are lacking (Grageda et al., 2008). 
The observed activity entailed substantial oxygen con-
sumption, with levels ranging from 2 to 15 times higher 
than the resting state in certain species of fish larvae, 
for instance, brown trout, Pacific sardine, whitefish, and 
certain cyprinids (McKay and Jeffs, 2023). Additionally, 
fish strive to maintain a schooling position to facilitate 
food detection and/or enhance their chances of survival 
and tranquility (Hellinger et al., 2017).

The ability of a fish to acquire desired food is the 
most essential factor influencing a fish’s weight (Yousif, 
2002); consequently, the existence of a smaller proportion 
of aggressive fish in the oil-enriched groups supports this 
knowledge. Furthermore, the oil’s volatile components 
may be responsible for the anti-aggression reactions via 
diminishing serotonin reuptake and increasing the dura-
tion in which serotonin is available for neurotransmis-
sion pathways reactions (Riyazi et al., 2007). Hence, it 

Table 7. Plasma biochemical and immune parameters of Nile tilapia fry fish fed Artemia franciscana diets enriched with different oil resources

Parameters
Experimental groups

P value
G0 G1 G2 G3

GLU (mg dL–1) 120±1.31 b 129.51±1.15 a 128.92±0.95 ab 128.41±1.01 ab 0.006

TP (g dL–1) 3.83±0.06 b 4.37±0.24 a 4.42 ± 0.07 a 4.24±0.04 a 0.024

ALB (g dL–1) 1.32±0.04 b 2.24±0.01 a 2.30±0.02 a 2.31±0.01 a 0.003

GLOB (g dL–1) 2.51±0.01 a 2.13±0.34 b 2.12±0.44 b 1.93±0.14 b 0.014

LZY (U mL–1) 26.59±0.7 c 36.71±0.53 a 37.79±0.81 a 33.6±0.37 b ˂0.001

ALP (U/L) 945.5±1.6 a 626.9±1.56 c 856.4±1.42 b 642.3±1.38 c 0.011

AST (U/L) 789.7±1.16 a 521.3±1.70 c 661.8±1.98 b 469.5±1.30 d ˂0.001

ALT (U/L) 23.4±1.29 a 15.08±1.89 c 17.88±0.45 b 11.14±0.33 d ˂0.001

G0 = The control group received unenriched Artemia franciscana diets.
G1 = The fish group fed Artemia franciscana diets enriched with soybean oil.
G2 = The fish group fed Artemia franciscana diets enriched with sesame oil.
G3 = The fish group fed Artemia franciscana diets enriched with rice bran oil. 
GLU = glucose; TP = total protein; ALB = albumin; GLOB = globulin; LZY = lysozyme; ALP = alkaline phosphatase; AST = aspartate aminotransferase; 

ALT = alanine aminotransferase.
Mean values with different letters are significantly different (P<0.05). 
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was observed that lower aggressiveness activities might 
be preserving energy for growth and reducing stress im-
pact on larvae (Petrović et al., 2020). Also, Ishibashi et 
al. (2013) reported that the aggressive behavior of larvae 
increased during the live pray feed scarcity. Meanwhile, 
Fox et al. (2006) reported that aggression activities were 
reduced with increased feed availability in several fish 
species. Whilst, the higher proportion of chafing behav-
ior may be attributed to the high pH in fish rearing water, 
which encourages the formation of more slippery mucus 
(Sanderson et al., 1996). As a consequence, promoting 
more chafing behavior is essential for removing this layer 
from the surface to acquire more oxygen for respiration 
(Al-Arifa et al., 2011).

The present findings suggested that fish fed enriched 
Artemia exhibited a statistically significant improvement 
in their growth and feed efficiency metrics in compari-
son to the fingerlings fed unenriched Artemia. The recent 
findings were shown to be in accordance with prior find-
ings in Poecilia latipinna (Ahmadifard et al., 2019), Car-
assius auratus (Elshafey et al., 2023), Sander lucioperca 
(Yanes-Roca et al., 2020) and Dicentrarchus labrax (El-
Sayed et al., 2022). Previous reports have shown that 
Artemia is a rich source of polyunsaturated fatty acids 
(PUFA), which are required for the development and me-
tabolism of many aquatic species (Elshafey et al., 2023). 
Likewise, PUFA, like docosahexaenoic acids (DHA) and 
eicosapentaenoic acids (EPA), have been demonstrated 
to have a substantial positive impact on the performance 
and survival rate of goldfish larvae (Bransden et al., 
2005; Das et al., 2007). Accordingly, our findings sup-
ported that enriched Artemia nauplii work well in Nile 
tilapia larval rearing.

The results of Artemia chemical analysis revealed 
that unenriched and soybean oil-enriched Artemia nau-
plii had a high protein content, whereas unenriched Ar-
temia nauplii had low lipid and moisture content. While, 
it seemed that both the unenriched and enriched Artemia 
nauplii contained approximately the same quantity of 
carbohydrates. The present results were shown to be sim-
ilar to prior findings (Seixas et al., 2008). Generally, car-
bohydrates play a crucial role, being more essential than 
protein and lipids, as they are required for locomotion, 
metabolism, and coping with stress conditions (Wilson, 
1994). The soybean oils have a high level of linoleic acid, 
which is transformed during the metabolism process into 
lecithin, and this encourages the metabolic process and 
the absorption of fats (Yang et al., 2022), which might 
be responsible for the high lipid and low protein levels in 
enriched Artemia nauplii.

According to Han et al. (2001) and Narciso and Mo-
rais (2001), the freshly born A. franciscana had a com-
paratively high eicosapentaenoic acid (EPA) content but 
low docosahexaenoic acid (DHA) and arachidonic acid 
(ARA) content. Therefore, adding a supplement during 
Artemia enrichment may assist balance and optimizing 
the fatty acid profile (Sargent et al., 1997; Castell et al., 
2003). Specifically, supplementation by emulsion oil 

attains to increase and rebalance the fatty acid profile, 
notably raising DHA level, to achieve the ideal essential 
fatty acid ratio, which is 10 DHA:5 EPA:1 ARA (Jafar-
yan et al., 2009; Divya et al., 2014). Furthermore, it is 
acknowledged that the nutritional value of Artemia is not 
stable, but changes both temporally and geographically, 
which may diminish the EPA, ADH, and ARA content of  
A. franciscana owing to fluctuation in the enrichment 
time (Nieves-Soto et al., 2021).

As previously stated, the enrichment duration, spe-
cific dose, and emulsion method, particularly during 
the early stages of nauplii development, are key factors 
that have a significant impact on the nutritional content 
of nauplii (Léger et al., 1986, 1987). In this investiga-
tion, the fatty acid profiles of numerous experimental oil 
emulsions applied for enriching Artemia nauplii, includ-
ing soybean, sesame, and rice bran oil emulsions, indi-
cated considerably higher quantities of PUFA than the 
unenriched Artemia nauplii. Specifically, the maximum 
PUFA level was noticed in the Artemia nauplii group that 
received soybean oil emulsion, whereas the unenriched 
Artemia nauplii exhibited significantly lower levels. The 
aforementioned results were found to be consistent with 
prior findings by Clawson and Lovell (1992). The ob-
tained findings may be attributed to the fact that soybean 
oil has a high level of PUFA (about 62%), which in-
creased the PUFA content in Artemia nauplii treated with 
soybean oil (Sargent et al., 1997). 

The research findings suggested that the metabolic 
profile of Nile tilapia fingerlings was significantly affect-
ed by the various emulsion oil-enriched Artemia nauplii 
sources. In particular, fingerlings fed Artemia enriched 
with soybean oil had the highest levels of fat and protein 
content, followed by the fish group receiving Artemia 
enriched with sesame oil and rice bran oil. The present 
findings were found to be consistent with previous inves-
tigations (Merchie et al., 1995; Arulvasu and Munuswa-
my, 2009; Fereidouni et al., 2013). It is identified that 
supplementing Artemia with emulsion oil may improve 
its nutritional value, notably its protein, lipid, fatty acid, 
and essential amino acid profiles (Zheng et al., 2021). 
According to Yu et al. (2021), the higher tissue protein 
and lipid levels of the fish group administered A. salina 
nauplii compared to the unfed group most likely suggest 
proficient protein and lipid absorption, particularly con-
sidering that A. salina nauplii are abundant in proteins 
and fats. This proves that applying an ingredient that can 
sustain the live pray population would boost the host’s 
nutritional value (El-Sayed et al., 2022).

In the same context, it is widely acknowledged that 
the fatty acid configuration of higher animals reflects that 
of their feed, a principle assumed to apply to invertebrate 
animals as well (Fracalossi and Lovell, 1994). This study 
found that the fatty acid composition of Nile tilapia fry 
mirrored that of their diets. The investigation into the nu-
tritional effectiveness of various oil emulsion diets for 
the survival and growth of Nile tilapia yielded highly 
positive results, especially in terms of chemical compo-
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sitions. By the end of the feeding trial, fingerlings ad-
ministered oil-emulsion Artemia displayed higher levels 
of plasma proteins, albumin, and lysozyme activity than 
those provided unsupplemented Artemia, demonstrating 
the efficiency of enriched Artemia employing oil emul-
sion for fish health. In contrast, the fish assigned Artemia 
supplemented with oil had greater glucose levels than the 
control group, which was consistent with comparable re-
sults by Metwally (2009), and Talpur and Ikhwanuddin 
(2012). Notably, dietary fatty acids and carbohydrates 
may impact each other’s metabolism in fish because li-
pids may be converted to glucose via gluconeogenesis 
and glucose can be accumulated as fats in tissues (Li et 
al., 2019). 

Lysozyme is a well-known innate immune system 
component that contributes to nonspecific fish immunity 
and has been recognized for its anti-inflammatory and 
bactericidal features (Negm et al., 2021). The present 
study found that Nile tilapia fingerlings fed Artemia sup-
plemented with soybean or sesame oil exhibited higher 
lysozyme activity than the control group. In this regard, 
our findings are consistent with previous research (Gate-
soupe, 1994; Patra and Mohamed, 2004; Rezaei et al., 
2019). Although the majority of the research on lipids 
and fish health has explored the influence of alternative 
oil sources, there is a lack of evidence on the impacts of 
particular fatty acids. For instance, Kiron et al. (1995) 
stated that immunological responses were significantly 
elevated in rainbow trout that were fed pure fatty acids. 
While, Makol et al. (2009) emphasized that dietary li-
noleic acid (CLA) boosted the seabass fish’s defensive 
system against bacterial infection by promoting an alter-
native complement pathway and stimulating lysozyme 
activity. Consistently, a balance of dietary n-3 and n-6 
of PUFA, such as those found in Artemia enriched with 
emulsion oil, would activate immunological defen-
sive systems against infectious diseases (Fracalossi and 
Lovell, 1994).

Conclusion
In conclusion, our findings demonstrated that en-

riched Artemia franciscana with soybean oil emulsion 
(0.5 mL oil per liter for 6 hours) significantly enhanced 
Nile tilapia fingerling behavior, performance, blood bio-
chemical indices, survival rate, and immunological ac-
tivity. Therefore, it can be assumed that Artemia fran-
ciscana enriched with soybean oil emulsion might be an 
excellent addition to the fry fish diet, especially during 
the early weaning period.

Author contribution
All authors have an equal contribution to the concep-

tualization, implementation, and outputs of this research 
work presented in this manuscript.

Data availability 
Available under reasonable request from the corre-

sponding author.

Consent for publication 
The authors approve processing this manuscript for 

publication.

References

Ahmadifard N., Rezaei A.V., Tukmechi A., Agh N. (2019). Evaluation 
of the impacts of long-term enriched Artemia with Bacillus subtil-
is on growth performance, reproduction, intestinal microflora, and 
resistance to Aeromonas hydrophila of ornamental fish Poecilia 
latipinna. Probiotics Antimicrob. Proteins, 11: 957–965.

Al-Arifa N., Mughal M.S., Hanif A., Batool A. (2011). Effect of alka-
line pH on bioactive molecules of epidermal mucus from Labeo 
rohita (Rahu). Turk. J. Biochem., 36: 29–34.

An D., Huang J., Wei Y. (2021). A survey of fish behaviour quantifi-
cation indexes and methods in aquaculture. Rev. Aquacult., 13: 
2169–2189.

APHA (1995). Standard Methods for the Examination of Water and 
Wastewater (19th edn). American Public Health Association. Inc., 
New York.

Arulvasu C., Munuswamy N. (2009). Survival, growth and composi-
tion of Poecilia latipinna fry fed enriched Artemia nauplii. Curr. 
Sci., 96: 114–119.

Bradford M.M. (1976). A rapid and sensitive method for the quantita-
tion of microgram quantities of protein utilizing the principle of 
protein-dye binding. Anal. Biochem., 72: 248–254.

Bransden M., Battaglene S., Morehead D., Dunstan G., Nichols P. 
(2005). Effect of dietary 22:6n-3 on growth, survival and tissue 
fatty acid profile of striped trumpeter (Latris lineata) larvae fed 
enriched Artemia. Aquaculture, 243: 331–344.

Castell J., Blair T., Neil S., Howes K., Mercer S., Reid J., Young-Lai 
W., Gullison B., Dhert P., Sorgeloos P. (2003). The effect of dif-
ferent HUFA enrichment emulsions on the nutritional value of ro-
tifers (Brachionus plicatilis) fed to larval haddock (Melanogram-
mus aeglefinus). Aquacult. Int., 11: 109–117.

Clawson J.A., Lovell R.T. (1992). Improvement of nutritional value 
of Artemia for hybrid striped bass/white bass (Morone saxatilis 
× M. chrysops) larvae by n-3 HUFA enrichment of nauplii with 
menhaden oil. Aquaculture, 108: 125–134.

Das P., Mandal S.C., Bhagabati S., Akhtar M., Singh S. (2012). Im-
portant live food organisms and their role in aquaculture. Front. 
Aquacult., 5: 69–86.

Das S.K., Tiwari V., Venkateshwarlu G., Reddy A., Parhi J., Sharma 
P., Chettri J. (2007). Growth, survival and fatty acid composition 
of Macrobrachium rosenbergii (de Man, 1879) post larvae fed 
HUFA-enriched Moina micrura. Aquaculture, 269: 464–475.

Divya K., Isamma A., Arunjith T., Sureshkumar S., Krishnakumar V. 
(2014). Effect of enriched Artemia franciscana on production, 
survival, growth and biochemical composition of the freshwater 
fish Catla catla (Hamilton, 1922). Int. J. Recent Biotechnol., 2: 
15–24.

Doumas B.T., Watson W.A., Biggs H.G. (1997). Albumin standards 
and the measurement of serum albumin with bromcresol green. 
Clin. Chim. Acta., 258: 21–30.

El-Dahhar A.A., Rashwan R.S., EL-Zaeem S.Y., Shahin S.A., Mourad 
M.M., El Basuini M.F. (2024). Evaluation of the nutritional value 
of Artemia nauplii for European seabass (Dicentrarchus labrax 
L.) larvae. Aquac. Fish., 9: 78–84.

El-Sayed H.S., El-Dahhar A.A., El-Zaeem S.Y., Shahin S.A., Khairy 
H.M., Elwan A.S. (2022). Evaluation of short and long term en-
richment of Artemia franciscana with mixed algae or DHA oil 
emulsion for improving Dicentrarchus labrax larvae aquaculture. 
Rend. Lincei. Sci. Fis. Nat., 33: 889–902.

Ellis A. (1990). Lysozyme assays. Tech. Fish Immunol., 1: 101–103.
Elshafey A.E., Khalafalla M.M., Zaid A.A., Mohamed R.A., Abdel-

Rahim M.M. (2023). Source diversity of Artemia enrichment 
boosts goldfish (Carassius auratus) performance, β-carotene 
content, pigmentation, immune-physiological and transcriptomic 
responses. Sci. Rep., 13: 21801.



1260 E.M. Zidan et al.

Fereidouni A.E., Fathi N., Khalesi M.K. (2013). Enrichment of Daph-
nia magna with canola oil and its effects on the growth, survival 
and stress resistance of the Caspian kutum (Rutilus frisii kutum) 
larvae. Turk. J. Fish. Aquatic Sci., 13: 119–126.

Folch J., Lees M., Stanley G.S. (1957). A simple method for the isola-
tion and purification of total lipides from animal tissues. J. Biol. 
Chem., 226: 497–509.

Fox B., Riley L., Hirano T., Grau E. (2006). Effects of fasting on 
growth hormone, growth hormone receptor, and insulin-like 
growth factor-I axis in seawater-acclimated tilapia, Oreochromis 
mossambicus. Gen. Comp. Endocrinol., 148: 340–347.

Fracalossi D.M., Lovell R.T. (1994). Dietary lipid sources influence re-
sponses of channel catfish (Ictalurus punctatus) to challenge with 
the pathogen Edwardsiella ictaluri. Aquaculture, 119: 287–298.

García-Ulloa M., Gallo-García M., Ponce-Palafox J.T., Rodríguez-
González H., Góngora-Gómez A. (2013). Growth and survival of 
Nile tilapia (Oreochromis niloticus) fry fed with a dietary inclu-
sion of decapsulated Artemia cysts. J. Aquacult. Trop., 28: 67–73.

Gatesoupe F.J. (1994). Lactic acid bacteria increase the resistance of 
turbot larvae, Scophthalmus maximus, against pathogenic vibrio. 
Aquatic Liv. Res., 7: 277–282.

Goncalves R., Pfalzgraff T., Lund I. (2024). Impact of live feed sub-
stitution with formulated diets on the development, digestive 
capacity, biochemical composition, and rearing water quality of 
European lobster (Homarus gammarus, L.) larvae. Aquaculture, 
586: 740776.

Grageda M.V.C., Kotani T., Sakakura Y., Hagiwara A. (2008). Effects 
of feeding copepod and Artemia on early growth and behaviour 
of the self-fertilizing fish, Rivulus marmoratus, under laboratory 
conditions. Aquaculture, 281: 100–105.

Han K., Geurden I., Sorgeloos P. (2001). Fatty acid changes in en-
riched and subsequently starved Artemia franciscana nauplii 
enriched with different essential fatty acids. Aquaculture, 199: 
93–105.

Hellinger J., Jägers P., Donner M., Sutt F., Mark M.D., Senen B., Toll-
rian R., Herlitze S. (2017). The flashlight fish Anomalops katop-
tron uses bioluminescent light to detect prey in the dark. PLoS 
One, 12: e0170489.

Herawati V.E., Hutabarat J., Radjasa O.K. (2014). Nutritional content 
of Artemia sp. fed with Chaetoceros calcitrans and Skeletonema 
costatum. Hayati J. Biosci., 21: 166–172.

Hixson S.M. (2014). Fish nutrition and current issues in aquaculture: 
the balance in providing safe and nutritious seafood, in an envi-
ronmentally sustainable manner. J. Aquacult. Res. Dev., 5:1–10.

Ishibashi Y., Miki T., Sawada Y., Kurata M. (2013). Effects of feeding 
conditions and size differences on aggressive behaviour and can-
nibalism in the Pacific bluefin tuna Thunnus orientalis (Temminck 
and Schlegel) larvae. Aquacult. Res., 45: 45–53.

Jafaryan H., Noferesti H., Jamali H. (2009). The effect of feeding 
Artemia urmiana, A. franciscana and the parthenogenetic Arte-
mia nauplii on the feeding efficiency of common carp (Cyprinus 
carpio) larvae. Int. Symp./workshop on Biol. & Distribution of 
Artemia, pp. 13–14.

Joshua W.J., Kamarudin M.S., Ikhsan N., Yusoff F.M., Zulperi Z. 
(2022). Development of enriched Artemia and Moina in larvicul-
ture of fish and crustaceans: a review. Latin American J. Aquatic 
Res., 50: 144–157.

Kandathil R.D., AkbarAli I., Schmidt B.V., John E.M., Sivanpillai S., 
Thazhakot V.S. (2020). Improvement of nutritional quality of live 
feed for aquaculture: An overview. Aquacult. Res., 51: 1–17.

Kiron V., Fukuda H., Takeuchi T., Watanabe T. (1995). Essential fat-
ty acid nutrition and defence mechanisms in rainbow trout On-
corhynchus mykiss. Comp. Biochem. Physiol. Part A: Physiol., 
111: 361–367.

Kumar S., Sahu N., Pal A., Choudhury D., Yengkokpam S., Mukherjee 
S. (2005). Effect of dietary carbohydrate on haematology, respira-
tory burst activity and histological changes in L. rohita juveniles. 
Fish Shellfish Immunol., 19: 331–344.

Léger P., Bengtson D., Simpson K., Sorgeloos P. (1986). The use and 
nutritional value of Artemia as a food source. Oceanogr. Mar. 
Biol. Ann. Rev., 24: 521–623.

Léger P., Bengtson D.A., Sorgeloos P., Simpson K.L., Beck A.D. 

(1987). The nutritional value of Artemia: a review. Artemia Res. 
Applic., 3: 357–372.

Li H., Xu W., Jin J., Zhu X., Yang Y., Han D., Liu H., Xie S. (2019). 
Effects of dietary carbohydrate and lipid concentrations on growth 
performance, feed utilization, glucose, and lipid metabolism in 
two strains of gibel carp. Front. Vet. Sci., 6: 165.

Lowry O.H., Rosebrough N.J., Farr A.L., Randall R.J. (1951). Protein 
measurement with the Folin phenol reagent. J. Biol. Chem., 193: 
265–275.

Lubzens E., Tandler A., Minkoff G. (1989). Rotifers as food in aqua-
culture. Hydrobiol., 186: 387–400.

Magondu E.W., Mirera D.O., Okemwa D. (2022). Performance of 
diets composed of Artemia biomass and fish meal fed to juve-
nile marine Tilapia in cages. Aquatic Ecosy. Health Manag., 25:  
60–67.

Makol A., Torrecillas S., Fernández-Vaquero A., Robaina L., Montero 
D., Caballero M.J., Tort L., Izquierdo M. (2009). Effect of conju-
gated linoleic acid on dietary lipids utilization, liver morphology 
and selected immune parameters in sea bass juveniles (Dicentrar-
chus labrax). Comp. Biochem. Physiol. Part B: Biochem. Molecu-
lar Biol., 154: 179–187.

Marinho Y., Oliveira C., Mendes L., Santos I., Dias J., Ândrade M., 
Lopes Y., Azevedo J., Lourenço C., Moura R. (2024). Co-feed-
ing using live food and feed as first feeding for the small catfish 
Trachelyopterus galeatus (Linnaeus 1766). Braz. J. Vet. Ani. Sci., 
76: 323–332.

Martins C.I., Galhardo L., Noble C., Damsgård B., Spedicato M.T., 
Zupa W., Beauchaud M., Kulczykowska E., Massabuau J.-C., 
Carter T. (2012). Behavioural indicators of welfare in farmed fish. 
Fish Physiol. Biochem., 38: 17–41.

Mas-Muñoz J., Komen H., Schneider O., Visch S.W., Schrama J.W. 
(2011). Feeding behaviour, swimming activity and boldness ex-
plain variation in feed intake and growth of sole (Solea solea) 
reared in captivity. Plos One, 6: e21393.

McEvoy L., Navarro J., Bell J., Sargent A.J. (1995). Autoxidation of 
oil emulsions during the Artemia enrichment process. Aquacul-
ture, 134: 101–112.

McKay W., Jeffs A. (2023). Optimization of Artemia feed regimes for 
larval giant kōkopu (Galaxias argenteus). Fishes, 8: 183.

Merchie G., Lavens P., Radull J., Nelis H., De Leenheer A., Sorgeloos 
P. (1995). Evaluation of vitamin C-enriched Artemia nauplii for 
larvae of the giant freshwater prawn. Aquacult. Int., 3: 355–363.

Metwally M. (2009). Effects of garlic (Allium sativum) on some an-
tioxidant activities in tilapia nilotica (Oreochromis niloticus). 
World J. Fish Mar. Sci., 1: 56–64.

Milke L.M., Bricelj V.M., Parrish C.C. (2004). Growth of postlarval 
sea scallops, Placopecten magellanicus, on microalgal diets, with 
emphasis on the nutritional role of lipids and fatty acids. Aquacul-
ture, 234: 293–317.

Mona M., El-Gamal M., Razek F., Eldeen M. (2017). Utilization of 
Daphnia longispina as supplementary food for rearing Marsu-
penaeus japonicus post larvae. J. Mar. Biol. Assoc. India., 59: 74.

Naiel M.A., Shehata A.M., Negm S.S., Abd El-Hack M.E., Amer M.S., 
Khafaga A.F., Bin-Jumah M., Allam A.A. (2020). The new aspects 
of using some safe feed additives on alleviated imidacloprid toxic-
ity in farmed fish: a review. Rev. Aquacult., 12: 2250–2267.

Naiel M.A., Negm S.S., Ghazanfar S., Shukry M., Abdelnour S.A. 
(2023 a). The risk assessment of high-fat diet in farmed fish and its 
mitigation approaches: A review. J. Anim. Physiol. Anim. Nutr., 
107: 948–969.

Naiel M.A., Negm S.S., Ghazanfar S., Farid A., Shukry M. (2023 b). 
Acrylamide toxicity in aquatic animals and its mitigation ap-
proaches: an updated overview. Environ. Sci. Pollut. Res., 30: 
113297–113312.

Naiel M.A., Eissa E.S.H., El-Aziz A., Yasmin M., Saadony S., Abd 
Elnabi H.E., Sakr S.E.S. (2023 c). The assessment of different di-
etary selenium resources on reproductive performance, spawning 
indicators, and larval production of red tilapia (Oreochromis mos-
sambicus × O. niloticus) broodfish. Aquacult. Nutr., 2023. 

Naiel M.A., El-Kholy A.I., Negm S.S., Ghazanfar S., Shukry M., 
Zhang Z., Ahmadifar E., Abdel-Latif H.M. (2023 d). A mini-re-
view on plant-derived phenolic compounds with particular em-



1261Impact of feeding Artemia franciscana diets to Oreochromis niloticus

phasis on their possible applications and beneficial uses in aqua-
culture. Ann. Anim. Sci., 23: 971–977.

Narciso L., Morais S. (2001). Fatty acid profile of Palaemon serra-
tus (Palaemonidae) eggs and larvae during embryonic and larval 
development using different live diets. J. Crustacean Biol., 21: 
566–574.

Narciso L., Pousão-Ferreira P., Passos A., Luis O. (1999). HUFA con-
tent and DHA/EPA improvements of Artemia sp. with commer-
cial oils during different enrichment periods. Aquacult. Res., 30: 
21–24.

Natnan M.E., Low C.F., Chong C.M., Daud N.A., Om A.D., Baharum 
S.N. (2022). Comparison of different dietary fatty acids supple-
ment on the immune response of hybrid grouper (Epinephelus 
fuscoguttatus × Epinephelus lanceolatus) challenged with Vibrio 
vulnificus. Biology, 11: 1288–1305.

Navarro J.C., Henderson R.J., McEvoy L.A., Bell M.V., Amat F. 
(1999). Lipid conversions during enrichment of Artemia. Aqua-
culture, 174: 155–166.

Negm S.S., Ismael N.E., Ahmed A.I., Asely A.M.E., Naiel M.A. 
(2021). The efficiency of dietary Sargassum aquifolium on the 
performance, innate immune responses, antioxidant activity, and 
intestinal microbiota of Nile tilapia (Oreochromis niloticus) raised 
at high stocking density. J. Appl. Phycol., 33: 4067–4082.

Nichols D.S., Nichols P.D., McMeekin T.A. (1993). Polyunsaturated 
fatty acids in Antarctic bacteria. Ant. Sci., 5: 149–160.

Nieves-Soto M., Lozano-Huerta R., López-Peraza D.J., Medina-Jasso 
M.A., Hurtado-Oliva M.A., Bermudes-Lizárraga J.F. (2021). Ef-
fect of the enrichment time with the tuna orbital oil emulsion on 
the fatty acids profile of juveniles of Artemia franciscana. Aqua-
cult. Fish., 6: 69–74.

Okomoda V., Aminem W., Hassan A., Martins C. (2019). Effects of 
feeding frequency on fry and fingerlings of African catfish Clarias 
gariepinus. Aquaculture, 511: 734232.

Pandey B.D., Hagiwara A., Sakakura Y. (2008). Feeding behaviour, 
feed selectivity and growth studies of mangrove killifish, Kryp-
tolebias marmoratus, larvae using various live and formulated 
feeds. Environ. Biol. Fishes., 82: 365–375.

Patra S., Mohamed K. (2004). Enrichment of Artemia nauplii with the 
probiotic yeast Saccharomyces boulardii and its resistance against 
a pathogenic Vibrio. Aquacult. Int., 12: 225–236.

Pavlov D., Kasumyan A. (2000). Patterns and mechanisms of school-
ing behavior in fish: a review. J. Ichthyol., 40: S163.

Petrović T.G., Vučić T.Z., Nikolić S.Z., Gavrić J.P., Despotović S.G., 
Gavrilović B.R., Radovanović T.B., Faggio C., Prokić M.D. 
(2020). The effect of shelter on oxidative stress and aggressive 
behavior in crested newt larvae (Triturus spp.). Animals, 10:  
603.

Prusińska M., Kushniry O., Khudyi O., Khuda L., Kolman R. (2015). 
Impact of enriching larval brine shrimp (Artemia sp.) with a sup-
plement containing polyunsaturated fatty acids on their growth 
and mortality. Fish. Aquat. Life, 23: 149–154.

Putra D.F., Fanni M., Muchlisin Z.A., Muhammadar A.A. (2016). 
Growth performance and survival rate of climbing perch (Anabas 
testudineus) fed Daphnia sp. enriched with manure, coconut dregs 
flour and soybean meal. Aquacult. Aquar. Conserv. Legislation, 
9: 944–948.

Qin J., Culver D.A. (1996). Effect of larval fish and nutrient enrich-
ment on plankton dynamics in experimental ponds. Hydrobiolo-
gia, 321: 109–118.

Radhakrishnan D.K., Ali I.A., Schmidt B.V., John E.M., Sivanpillai S., 
Vasunambesan S.T. (2020). Improvement of nutritional quality of 
live feed for aquaculture: An overview. Aquacult. Res., 51: 1–17.

Rajkumar M. (2006). Suitability of the copepod, Acartia clausi as a 
live feed for seabass larvae (Lates calcarifer Bloch): Compared 
to traditional live-food organisms with special emphasis on the 
nutritional value. Aquaculture, 261: 649–658.

Ramadan S.G., Mahboub H.D., Helal M.A., Ahmed W.S. (2018). Be-
havioral responses of Nile tilapia (Oreochromis niloticus) to feed 
restriction regime. Alex. J. Vet. Sci., 59: 1–10.

Rezaei A.V., Ahmadifard N., Tukmechi A., Agh N. (2019). Improve-
ment of reproductive indices, lysozyme activity, and disease re-
sistance in live-bearing ornamental fish, Poecilia latipinna using 

Artemia supplementation with treated yeast cell, Saccharomyces 
cerevisiae. Aquacult. Res., 50: 72–79.

Riyazi A., Hensel A., Bauer K., Geissler N., Schaaf S., Verspohl 
E. (2007). The effect of the volatile oil from ginger rhizomes 
(Zingiber officinale), its fractions and isolated compounds on the 
5-HT3 receptor complex and the serotoninergic system of the rat 
ileum. Planta Med., 73: 355–362.

Roe J.H. (1955). The determination of sugar in blood and spinal fluid 
with anthrone reagent. J. Biol. Chem., 212: 335–343.

Rosalki S., Foo A.Y., Burlina A., Prellwitz W., Stieber P., Neumeier D., 
Klein G., Poppe W., Bodenmüller H. (1993). Multicenter evalua-
tion of Iso-ALP test kit for measurement of bone alkaline phos-
phatase activity in serum and plasma. Clin. Chem., 39: 648–652.

Samat N.A., Yusoff F.M., Rasdi N.W., Karim M. (2020). Enhancement 
of live food nutritional status with essential nutrients for improv-
ing aquatic animal health: a review. Animals, 10: 2457.

Sanderson S.L., Stebar M.C., Ackermann K.L., Jones S.H., Batjakas 
I.E., Kaufman L. (1996). Mucus entrapment of particles by a 
suspension-feeding tilapia (Pisces: Cichlidae). J. Exp. Biol., 199: 
1743–1756.

Sargent J., McEvoy L., Bell J. (1997). Requirements, presentation and 
sources of polyunsaturated fatty acids in marine fish larval feeds. 
Aquaculture, 155: 117–127.

Seixas P., Rey-Méndez M., Valente L.M., Otero A. (2008). Producing 
juvenile Artemia as prey for Octopus vulgaris paralarvae with dif-
ferent microalgal species of controlled biochemical composition. 
Aquaculture, 283: 83–91.

Sharma K., Yadava N., Jindal M. (2010). Effect of different doses of 
ovatide on the breeding performance of Clarias batrachus (Linn.). 
Liv. Res. Rural Dev., 22: 2010.

Singh P.K., Munilkumar S., Sundaray J.K., Santhanam P., Sharma A., 
Haque R., Chandan N.K. (2024). Evaluation of enriched freshwa-
ter rotifer, Brachionus calyciflorus as first feed on growth perfor-
mance, nutrient availability and fatty acid composition of Anabas 
testudineus (Bloch, 1792) larvae. Anim. Feed Sci. Technol., 309: 
115901.

Smith G.G., Ritar A.J., Phleger C.F., Nelson M.M., Mooney B., Nich-
ols P.D., Hart P.R. (2002). Changes in gut content and composition 
of juvenile Artemia after oil enrichment and during starvation. 
Aquaculture, 208: 137–158.

Sorgeloos P., Dhert P., Candreva P. (2001). Use of the brine shrimp, Ar-
temia spp., in marine fish larviculture. Aquaculture, 200: 147–159.

Talpur A.D., Ikhwanuddin M. (2012). Dietary effects of garlic (Al-
lium sativum) on haemato-immunological parameters, survival, 
growth, and disease resistance against Vibrio harveyi infection in 
Asian sea bass, Lates calcarifer (Bloch). Aquaculture, 364: 6–12.

Thomas L. (1998). Alanine aminotransferase (ALT), Aspartate amino-
transferase (AST). Clinical Laboratory Diagnostics. 1st ed. Frank-
furt: TH-Books Verlagsgesellschaft, 2: 55–65.

Turchini G.M., Trushenski J.T., Glencross B.D. (2019). Thoughts for 
the future of aquaculture nutrition: realigning perspectives to re-
flect contemporary issues related to judicious use of marine re-
sources in aquafeeds. North Amer. J. Aquacult., 81: 13–39.

Wang Y.Y., Liang X.F., He S., Tang S.L., Peng D. (2022). The poten-
tial use of Artemia for larval rearing of mandarin fish (Siniperca 
chuatsi). Aquacult. Rep., 25: 101216.

Wilson R. (1994). Utilization of dietary carbohydrate by fish. Aqua-
culture, 124: 67–80.

Yanes-Roca C., Holzer A., Mraz J., Veselý L., Malinovskyi O., Policar 
T. (2020). Improvements on live feed enrichments for pikeperch 
(Sander lucioperca) larval culture. Animals, 10: 401.

Yang Z.H., Nill K., Takechi-Haraya Y., Playford M.P., Nguyen D., 
Yu Z.X., Pryor M., Tang J., Rojulpote K.V., Mehta N.N. (2022). 
Differential effect of dietary supplementation with a soybean oil 
enriched in oleic acid versus linoleic acid on plasma lipids and 
atherosclerosis in LDLR-deficient mice. Int. J. Mol. Sci. 23: 8385.

Yousif O. (2002). The effects of stocking density, water exchange rate, 
feeding frequency and grading on size hierarchy development in 
juvenile Nile tilapia, Oreochromis niloticus L. Emir. J. Food Ag-
ric., 14: 45–53.

Yu X., Jiang L., Gan J., Zhang Y., Luo Y., Liu C., Huang H. (2021). 
Effects of feeding on production, body composition and fatty acid 



1262 E.M. Zidan et al.

profile of scleractinian coral Galaxea fascicularis. Aquacult. Rep., 
21: 100871.

Yuen V.G., McNeill J.H. (2000). Comparison of the glucose oxidase 
method for glucose determination by manual assay and automated 
analyzer. J. Pharmacol. Toxicol. Methods., 44: 543–546.

Zeng C., Shao L., Ricketts A., Moorhead J. (2018). The importance of 
copepods as live feed for larval rearing of the green mandarin fish 
Synchiropus splendidus. Aquaculture, 491: 65–71.

Zheng X., Han B., Kumar V., Feyaerts A.F., Van Dijck P., Bossier P. 
(2021). Essential oils improve the survival of gnotobiotic brine 
shrimp (Artemia franciscana) challenged with Vibrio campbellii. 
Fron. Immunol., 12: 693932.

Received: 27 XII 2023
Accepted: 5 IV 2024


