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Abstract

Aquafeed additive quality and quantity remain pivotal factors that constrain the

sustainability and progress of aquaculture feed development. This study investigates

the impact of incorporating the benthic diatom Amphora coffeaeformis into the diet

of Nile tilapia (Oreochromis niloticus) broodstock, on the blood biochemistry, steroid

hormone (SH) levels and seed production efficiency. Broodstock females displaying

mature ovary indications were initially combined with males at a ratio of three

females to one male. A total of 384 adult Nile tilapia (288 females and 96 males)

were used, with 32 fish (24 females and eight males) assigned to each of 12 concrete

tanks (8 m³; 2 m × 4m × 1m), with three replicate tanks for each dietary treatment,

throughout a 14‐day spawning cycle until egg harvest. Fish were fed one of four

different dietary treatments: AM0% (control diet), and AM2%, AM4% and AM6%

enriched with the diatom A. coffeaeformis at levels of 20, 40 and 60 g/kg of diet

respectively. At the trial's conclusion, total protein, albumin, triglyceride and

creatinine), SHs (follicle‐stimulating hormone, luteinizing hormone, free testoster-

one, total testosterone, progesterone and prolactin) and seeds production efficiency

of Nile tilapia improved significantly (p < 0.05) in alignment with the increment of

A. coffeaeformis supplementation. The findings propose that including A. coffeae-

formis at levels ranging from 4% to 6% could be effectively employed as a feed

additive during the Nile tilapia broodstock's spawning season.
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1 | INTRODUCTION

According to the statistical report of FAO (Action, 2020), Nile tilapia

ranked as the third most produced species worldwide, contributing

about 9% to the total global aquaculture production, with the largest

aquaculture yield (4,407,000 tons of live weight). Egypt is one of the

largest aquaculture producers worldwide. In 2022, Egypt ranked as

the sixth largest global aquaculture producer, contributing around

1,592,000 tons to the total world aquaculture production. Out of

this, 352,000 tons originated from marine aquaculture, while

1,240,000 tons came from inland aquaculture, primarily driven by

Nile tilapia (Munguti et al., 2022). Currently, several factors

significantly limiting aquaculture production and development such

as climate change, pandemics, wars, global economic and political

issues (Ahmed & Azra, 2022), aqua‐diet high production cost with low

quality, unstable water quality, low fish immunity, widespread fish

diseases, low productivity of broodstock and high mortality rate in

fish larvae (Abo‐Taleb, Ashour, et al., 2020; Abo‐Taleb, Zeina,

et al., 2020; Abo‐Taleb et al., 2021; Mabrouk et al., 2022; Magouz,

Essa, Matter, Mansour, Alkafafy, & Ashour, 2021). Therefore, several

strategies have been recently applied to sustain and develop

aquaculture production (Alprol et al., 2021; Magouz, Essa, Matter,

Mansour, Ahmed, & Ashour, 2021; Yilmaz, 2019), especially in Nile

tilapia aquaculture (Ashour et al., 2021; Olajuyigbe et al., 2020).

The high cost of high‐quality aquaculture feeds, crucial for

sustaining the growth and health of Nile tilapia broodstock, poses a

significant constraint on the production and maintenance of this species.

These specialised diets, designed to offer a comprehensive and balanced

nutritional profile, constitute more than 50% of the production costs for

tilapia fry (Mansour, Ashry, et al., 2022). Aquaculture diet can impact

water quality, growth performance, fish health and immunity negatively,

potentially increasing the risk of infections (Abu‐Elala et al., 2020; Lieke

et al., 2020). In order to foster and support aquaculture endeavours, the

utilisation of feed additives has emerged as a primary strategy in

aquaculture, attributed to the enhanced value they bring to aqua diets

(Karim et al., 2022; Mansour, Ashour, Alprol, & Alsaqufi, 2022;

Marimuthu et al., 2022; Mohammadian et al., 2022).

Many feed additives have been used in aqua diets such as algae

derivatives, seaweed extracts, binders, antimicrobials, antioxidants,

enzymes, immunostimulants probiotics (Mohammadi et al., 2022), photo-

genic and prebiotics which improve growth performances and nutrient

utilization (Abu‐Elala et al., 2021; Alemayehu et al., 2018; Ali et al., 2020;

Mandey & Sompie, 2021; Suphoronski et al., 2019; Yao et al., 2020;

Yilmaz, 2019). Due to their high content of bioactive molecules (Sarker

et al., 2020), microalgal cells are used in several bioindustries including,

food supplements (Fais et al., 2022; Vieira et al., 2020), pharmaceuticals

(Shao et al., 2019), cosmetics (Arad & Yaron, 1992; Mourelle et al., 2017;

Zhuang et al., 2022), phytoremediation (Abdelsalam et al., 2019; Abou‐

Shanab et al., 2014; Alprol et al., 2023; Essa et al., 2018; Mansour

et al., 2022a; 2022b), antimicrobial activities (Osman et al., 2010; Osman

et al., 2020), biodiesel (Abomohra & Elshobary, 2019; Elshobary,

El‐Shenody, & Abomohra, 2021; Elshobary, Zabed, et al., 2021;

M. Abdelsalam et al., 2019) and aquaculture feed‐additives

(Mabrouk et al., 2022; Mansour, Ashour, Abbas, et al., 2022; Sharawy

et al., 2022). Recently, several studies have focused on utilising

microalgae and/or their extracts in aqua diets due to their antioxidant

and effective biological substrates, which are used to support the growth

and overall activity of fish in a biological system (Abbas et al., 2023;

Glodde et al., 2018; Kumosani et al., 2017). Diatoms, which belong to the

Bacillariophyceae class, are the largest single‐celled microalgae found in

various aquatic environments. These microorganisms play a critical role in

the phytoplankton communities of marine, brackish and fresh waters

(Anantharaj et al., 2011; Bhosle et al., 1993). Amphora coffeaeformis is a

benthic diatom rich in nutrients including proteins, lipids, minerals and

various bioactive compounds. These compounds include phenolics,

polyphenols, flavonoids, carotenoids, vitamins, phytol, neophytadiene,

2,6‐dimethyl‐4[3H]‐quinazolinone, metals, sulfated polysaccharides and

pigments (Chtourou et al., 2015; Karawita et al., 2007; Mekkawy

et al., 2020). As reported by several studies, due to their bioactive

materials, A. coffeaeformis has potent antibacterial, higher 1,1‐diphenyl‐2‐

picrylhydrazyl activities, anticancer, anti‐inflammatory, antiviral and

antioxidants activities which promote this species to be utilised in the

manufacturing of food supplements, pharmaceuticals, cosmetics, animal

and aqua feed additives (Abu Affan et al., 2007; Alwaleed et al., 2021;

El‐Sayed et al., 2018; Kuczynska et al., 2015; Lee et al., 2009; Mohamed

Shawky, 2020; Yousof et al., 2021). A. coffeaeformis has been successfully

used as a live feed in both natural habitats and aquaculture applications

for a variety of species such as gastropods, mollusks, bivalves, sea

urchins, crustaceans, zooplankton and various fish larvae (Courtois de

Viçose et al., 2012; Kaparapu, 2018). There have been relatively few

studies on the use of A. coffeaeformis as an aqua feed additive for aquatic

animals, specifically fingerlings and juvenile Nile tilapia (Ayoub et al., 2022;

Ismail et al., 2021; Saleh et al., 2020), juvenile African catfish (Clarias

gariepinus) (Mekkawy et al., 2020) and larvae and postlarvae of the

whiteleg shrimp (Litopenaeus vannamei) (Khwancharoenet al., 2020; 2021).

To our best knowledge, no previous study was conducted to investigate

the impact of dietary supplementation of the diatom A. coffeaeformis on

the broodstock of Nile tilapia (Bhujel et al., 2001; El‐Sayed et al., 2003;

El‐Sayed, 2006). Several studies have found that a high‐quality diet for

Nile tilapia broodstock leads to enhanced spawning performance and a

higher yield of seeds (El‐Sayed & Kawanna, 2008; Gunasekera et al.,

1997). Therefore, the current study is the first study aimed to investigate

how supplementing the diet of Nile tilapia The A. coffeaeformis

dehydrated powder, produced according to the method described by

(El‐Sayed et al., 2018) was obtained from the National Research Center in

Egypt broodstock with A. coffeaeformis can influence blood biochemistry,

steroid hormone (SH) levels in both males and females and seed

production efficiency during the spawning season.

2 | MATERIALS AND METHODS

2.1 | Diatom species, A. coffeaeformis

The A. coffeaeformis dehydrated powder, produced according to

the method described by (El‐Sayed et al., 2018) was purchased
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from the National Research Center in Egypt. The powder's

biochemical composition, including protein, carbohydrate, lipid,

ash and fibre content, was determined using the guidelines

outlined by AOAC (2003). The A. coffeaeformis nutritional profile

used in this study was found to be 33.5% protein, 10.7%

carbohydrate, 7.4% lipid, 37.9% ash and 3.2% fibre (% of dry

weight basis). After analysis, the A. coffeaeformis powder was

stored in plastic bags at 20°C until further use.

2.2 | Water quality indices parameters

During the study period (14‐day spawning cycle and 21‐day

equipping period), water quality parameters of dissolved oxygen

(DO, mg L−1), ammonia (NH3, mg L−1), nitrite (NO2, mg L−1) and

nitrate (NO3, mg L−1), were recorded three times a week. Moreover,

temperature (°C), salinity (ppt) and pH were recorded daily (at 1.00

PM), following the protocol guidelines by APHA (2005). All recor-

ded water quality indices of temperature (25.32–27.32°C), pH

(7.21–7.75), salinity (0.88–0.98), DO (6.58–6.98mg L−1), NH3

(0.098–0.111mg L−1), NO2 (0.145–0.192mg L−1) and (NO3

0.185–0.227mg L−1) were within the recommended ranges of the

cultural requirements for Nile tilapia broodstock during the spawning

season (Wilson, 1991). In the current experiment, the irrigation water

of the El‐slam Canal was the main source of water. The rate of daily

freshwater change was 30%. Unconsumed feed and wastes were

removed by siphoning every day.

2.3 | Nile tilapia (Oreochromis niloticus) broodstock

2.3.1 | Experimental fish and design

The present study was carried out at a private Tilapia hatchery

in the Port Said Governorate of Egypt. The breeding stock of

Nile Tilapia was obtained from a commercial farm within the

same region. Prior to the start of the feeding trial, the fish

underwent a 21‐day acclimation period to adapt to the experi-

mental conditions and were fed a control diet during this

phase. This interval also facilitated gonad development, allowing

the fish to enter a spawning cycle. Following this period,

during which the female ovaries were confirmed to be in

the pre‐spawning maturation stage, males and females were

grouped together at a ratio of three females to one male for a

14‐day spawning cycle. At the start of the trial, a total of 384

fish (96 males and 288 females) were randomly distributed

across 12 indoor concrete tanks, each measuring 8 m (2 m × 4

m × 1 m) in size. The fish were stocked at a density of

32 individuals per tank (eight females and 24 males). The

tanks were equipped with aeration, and 30% of the water

volume was replaced daily. Once the resulting larvae were

produced, they were gently collected and transferred to another

tank.

2.3.2 | Experimental Diet

A reference diet was formulated, to which four different inclusion

levels of the diatom A. coffeaeformis were added (as shown in

Table 1). The first diet, denoted as AM0%, served as the control, while

the other three diets (AM2%, AM4% and AM6%) were supplemented

with A. coffeaeformis at levels of 20, 40 and 60 g per kilogram of the

diet respectively. The addition of A. coffeaeformis to diets was

performed as previously described by Mabrouk et al. (2022). The fish

TABLE 1 Composition analysis (%) of the experimental diets
supplemented with Amphora coffeaeformis as feed additives for Nile
tilapia during spawning season.

Diets Composition and analysis

Experimental diets

AM0% AM2% AM4% AM6%

Composition (% of dry weight)

Fish meal 14 14 14 14

Yellow corn 25 25 25 25

Soybean meal 20 20 20 20

Wheat bran 15 15 15 15

Rice bran 15 15 15 15

Corn gluten 7 7 7 7

Soya oil 3 3 3 3

DCP (CaHPO₄) 0.7 0.7 0.7 0.7

Premix mixera 0.3 0.3 0.3 0.3

Total 100 100 100 100

Diatom A. coffeaeformis

supplementation levels (g kg−1)

0 20 40 60

Biochemical composition (% of dry weight)a

DM 93.55

CP 29.98

EE 9.25

CF 4.73

Ash 7.58

NFE 48.74

GE (kj kg−1 diet) 4963

DE (kj kg−1 diet) 3520

Note: All previous elements were calculated according to the reported

guideline of AOAC (2003). Each 1‐kg premix contains (mg kg−1): P‐amino
benzoic acid (9.48), D‐biotin (0.38), inositol (379.20), niacin (37.92);
Ca‐pantothenate (56.88), pyridoxine‐HCl (11.38), riboflavin (7.58),
thiamine‐HCl (3.79), L‐ascorbyl‐2‐phosphate Mg (296.00), folic acid (0.76),
cyanocobalamin (0.08), menadione (3.80), vitamin A‐palmitate (17.85),

a‐tocopherol (18.96), calciferol (1.14), K2PO4 (2.011), Ca3 (PO4)2 (2.736),
Mg SO4.7H2O (3.058) and NaH2PO4.2H2O (0.795). Abbreviations: CF,
crude fibre; CP, crude protein; DE, digestible energy; DM, dry matter;
EE, ether extract; GE, gross energy; NFE, nitrogen‐free extract.
aAM0%, AM2%, AM4% and AM6% are diets supplemented with diatom
(A. coffeaeformis) at levels of 0, 20, 40 and 60 g kg−1 diet respectively.
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were fed by hand three times a day (at 9 AM, 12 PM and 4 PM) at a

rate of 3% of their wet body weight.

2.4 | Tested parameters

2.4.1 | Blood serum analysis

At the end of the spawning cycle, six fish (three males and three

females) from each replicate were anaesthetised (using TMS buffered

Tricaine Methanesulfonate at the dose of 30mg L−1) and blood serum

samples were collected for biochemical analysis. The blood samples

were collected into sterilised tubes, using a hypodermic syringe (3mL

with a 22 gauge needle and a heparinized tube), kept at room

temperature for 30min and centrifuged at 3000 rpm for 15min. The

collected serum was preserved at −20°C for further analysis. The

total protein level (g dL─1) (Lowry et al., 1951), and albumin level

(g dL─1) (Wotton & Freeman, 1982) were determined and the

difference between the values of total protein and albumin was used

to calculate the globulin level (g dL─1). The triglyceride level (mg dL─1)

(McGowan et al., 1983), glucose level (mg dL─1) (Henry, 1964) and

cholesterol level (mg dL─1) (Naito & Kaplan, 1984) were determined

using calorimetric kits supplied by El‐Nasr Pharmaceutical Chemicals,

following the manufacturer's instructions. Additionally, the activities

of serum glutamic pyruvate transaminase (GPT, U mL─1) (Kim &

Seo, 1998) and creatinine (U mL─1) (Park et al., 2001) were

determined using specific commercial kits (Biodiagnostic), according

to the manufacturer's instructions.

2.4.2 | SHs aspects

At the end of the experiment, six fish (three males and three

females) were randomly selected from each replicate group to

determine SHs. Both males and females were tested for follicle‐

stimulating hormone (FSH) and luteinizing hormone (LH). Only

males were tested for total testosterone (TT) and free testosterone

(FT) hormones. Conversely, only females were tested for prolactin

(PRO) and progesterone (PRG) hormones. The SHs were determined

using ELISA assay (Abraham, 1977), an Enzyme‐linked immune

sorbent, known as the Immulite/Immulite 1000 system (Beitins

et al., 1976). Using specific commercial kits, SHs of FSH (RAB0660‐

1KT), LH (SE120071), TT (SE120120), FT (SE120120), PRO

(RAB0408‐1KT) and PRG (SE120087) were determined, according

to the manufacturer's instructions.

2.5 | Female's seed productivity

After the 14‐day spawning experiment, the broodstock (males and

females) were meticulously collected and transferred to alternate

ponds, while reducing the water volume. The eggs were collected

following the method outlined by El‐Sayed et al. (2012). The number

of larvae produced per female was determined using the following

equation:

Number of fries per female

=
Total number of seeds/tank

Total number of females/tank
.

(1)

The improvement average ratio (%) of the number of seeds from

mothers fed the control diet to the supplemented diets was

conducted as the following equation:

The improvement average ratio(%) =
Sn − Sc

Sc
× 100, (2)

where Sn and Sc are the numbers of seeds that come from mothers

fed the supplemented diets (AM0%, AM0.4% and AM0.6%) and the

control diet (N0) respectively.

2.6 | Statistical analysis

The hypotheses of homoscedasticity and normality were checked

before the statistical analysis of data. All data were in mean ±

standard deviation (SD). All data were analysed by the SPSS

computer software package programme. To compare the significant

differences among means, at the level of p < 0.05, a one‐way analysis

of variance test, followed by Duncan's multiple range tests was

carried out. Finally, the GraphPad Prism program (version 9) was used

to perform the graphical figures of the SHs and the broodstock seeds

production figures.

3 | RESULTS

3.1 | Blood biochemistry

Table 2 presents the results of the blood serum biochemical analysis

of O. niloticus broodstock fed with different inclusion levels of A.

coffeaeformis. In comparison to the control diet (AM0%), compared to

the control diet (AM0%), fish that were fed diets supplemented with

A. coffeaeformis showed significantly higher (p < 0.05) levels of

protein, albumin, triglycerides and creatinine. However, there were

no significant differences (p < 0.05) observed in globulin, cholesterol,

GPT and glucose between fish fed with the control diet (AM0%) and

diets supplemented with A. coffeaeformis (AM2%, AM4% and AM6%).

3.2 | Steroid hormones

Figure 1 demonstrates the influence of diets supplemented with

varying levels of A. coffeaeformis on the concentrations of FSH and LH

hormones in O. niloticus broodstock (males and females). Figure 1

illustrates that fish who were fed with supplemented diets (AM2%,

AM4% and AM6%) demonstrated a significant (p < 0.05) improvement in

both FSH and LH values in both males and females compared to fish
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fed with the control diet (AM0%). The impact of diets supplemented

with different levels of A. coffeaeformis on the concentrations of FSH

and LH hormones inO. niloticus broodstock (both males and females) is

shown in Figure 1. Fish that were fed supplemented diets (AM2%,

AM4% and AM6%) exhibited a significant (p < 0.05) enhancement in

both FSH and LH values for both males and females, in comparison to

those fed the control diet (AM0%) (Figure 1). On the other hand, for the

FSH hormone, males had a stronger response to increasing supple-

mentation levels than females (Figure 1). Figure 2, which pertains to

males only, illustrates that as the levels of dietary supplementation

increased, there was a corresponding increase in the concentrations of

bothTT and FT hormones in fish. The data in Figure 2 indicate that fish

fed with diets supplemented with diatom A. coffeaeformis (AM2%,

AM4% and AM6%) demonstrated significant (p < 0.05) improvements in

the concentrations of total and FT hormones when compared to fish

fed with the control diet.

In the case of females, the increase in diet supplementation

levels, lead to a proportional and significant (p < 0.05) increase in the

concentrations of PRG and PRO hormones among females fed diets

supplemented with diatom A. coffeaeformis (AM2%, AM4% and AM6%

respectively), in comparison to fish fed the control diet (Figure 3a,b).

Figure 3 illustrates significant (p < 0.05) improvements in the

concentrations of PRG and PRO hormones in fish (females only)

fed with diets supplemented with diatom A. coffeaeformis (AM2%,

AM4% and AM6% respectively), compared to fish fed the control diet

(Figure 3a,b).

3.3 | Broodstock seeds production

Regarding the seed production, differences were observed among

females fed each of the four dietary treatments (Figure 4). As

TABLE 2 Blood biochemical parameters of Nile tilapia broodstock fed with diets supplemented with Amphora coffeaeformis during the
spawning season.

Blood Biochemistry Indices

Experimental diets

AM0% AM2% AM4% AM6%

Total protein (g dL─1) 4.51 ± 0.11c 4.74 ± 0.05bc 4.91 ± 0.12b 5.23 ± 0.09a

Albumin (g dL─1) 1.86 ± 0.03c 2.02 ± 0.04b 2.15 ± 0.03b 2.78 ± 0.07a

Globulin (g dL─1) 2.64 ± 0.14 2.72 ± 0.09 2.75 ± 0.11 2.45 ± 0.16

Triglyceride (mg dL─1) 199.7 ± 2.9b 283.3 ± 8.8a 276.3 ± 29.9a 321.7 ± 5.9a

Cholestrol (mg dL─1) 189.7 ± 2.03 206.7 ± 12.1 192.3 ± 3.7 194.1 ± 6.7

Creatinine 0.34 ± 0.01c 0.39 ± 0.012b 0.39 ± 0.012b 0.44 ± 0.015a

GPT (U mL─1) 43.33 ± 2.3 46.67 ± 2.4 42.33 ± 2.4 45.01 ± 1.5

Glucose (mgdL─1) 166.01 ± 6.6 167.33 ± 10.7 183.33 ± 8.6 171.33 ± 6.2

Note: AM0%, AM2%, AM4% and AM6% are diets supplemented with diatom A. coffeaeformis at levels of 0, 20, 40 and 60 g kg−1 diet respectively. The
presented data are Means ± SD (n = 3). Different letters (a > b > c) in each row indicate significant differences (p < 0.05), while the absence of letters means

no significant differences (AOAC, 2003).

(a) (b)

F IGURE 1 Effect of diets supplemented with several doses of diatom Amphora coffeaeformis on the concentrations of (a) follicle‐stimulating
hormone (FSH) and (b) luteinizing hormone (LH), of O. niloticus broodstock (males and females). AM0%, AM2%, AM4% and AM6% are diets
supplemented with diatom (A. coffeaeformis) at levels of 0, 20, 40 and 60 g kg−1 diet respectively. The presented data are means ± standard
deviation (n = 3). Different letters (a > b > c > d) in each column indicate significant differences (p < 0.05).
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(a) (b)

F IGURE 2 Effect of diets supplemented with several doses of diatom Amphora coffeaeformis on the concentrations of (a) total testosterone
hormone and (b) free testosterone hormone of Oreochromis niloticus broodstock (males and females). AM0%, AM2%, AM4% and AM6% are diets
supplemented with diatom A. coffeaeformis at levels of 0, 20, 40 and 60 g kg−1 diet respectively. The presented data are means ± standard
deviation (n = 3). Different letters (a > b > c > d) in each column indicate significant differences (p < 0.05).

(a) (b)

F IGURE 3 Effect of diets supplemented with several doses of diatom Amphora coffeaeformis on the concentrations of (a) progesterone and
(b) prolactin hormones of Oreochromis niloticus broodstock (females only) of O. niloticus. AM0%, AM2%, AM4% and AM6% are diets supplemented
with diatom A. coffeaeformis at levels of 0, 20, 40 and 60 g kg−1 diet respectively. The presented data are means ± standard deviation (n = 3).
Different letters (a > b > c > d) in each column indicate significant differences (p < 0.05).

F IGURE 4 Effect of diets supplemented with
several doses of diatom Amphora coffeaeformis on
the seed production efficiency of Oreochromis
niloticus. AM0%, AM0.2%, AM0.4% and AM0.6% are
diets supplemented with diatom A. coffeaeformis
at levels of 0, 2, 4 and 6 g kg−1 diet respectively.
The presented data are means ± standard
deviation (n = 3). Different letters (a > b > c) in
each column indicate significant differences
(p < 0.05). The percentages that exist in the bars
are the improved average ratios (%) in seed
production for females fed with supplemented
diets (AM0.2%, AM0.4% and AM0.6%) compared to
the control diet.
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previously observed for other parameters, female Nile tilapia

produced significantly (p < 0.05) more offspring's when fed diets

supplementated with increasing levels of A. coffeaeformis (AM2%,

AM4% and AM6%) than to those fed the control diet (AM0%). There

are significant (p < 0.05) improvements in seed productivity for

females on the supplemented diets compared to those on the

control diet.

4 | DISCUSSION

The current study aimed to evaluate the impact of dietary

supplementation with the benthic diatom A. coffeaeformis on the

blood biochemistry, steroid hormonal aspects and seed production

efficiency of Nile tilapia during the spawning season. However, the

current study did not aim to investigate either growth performance,

nutrient utilization and biochemical composition of the Nile tilapia,

due to the study period (14 days) of the spawning season.

As shown in Table 2, the current results showed significant

improvements in total protein, albumin, triglyceride and creatinine in

fish‐fed diets supplemented with A. coffeaeformis, compared to the

control diet. However, no significant improvements were observed in

globulin, cholesterol, GPT and glucose. The use of blood serum

indices, such as total protein, albumin, triglyceride, cholesterol, GPT,

glucose and creatinine, are important tools to evaluate the

effectiveness of feed additives (Akbary & Aminikhoei, 2018; Akbary

& Molazaei, & Aminikhoei, 2018; Madibana et al., 2017). The study by

(Saleh et al., 2020) found that the inclusion of A. coffeaeformis

(25–100 g kg−1) in the diets of Nile tilapia fingerlings led to significant

improvements in red blood cells, white blood cells, superoxide

dismutase, catalase, aspartate transaminase, alanine transaminase,

total serum protein, lymphocytes, monocytes, eosinophils and

lysozyme. However, no significant improvements were observed in

albumin and globulin. F. Ayoub et al. (2019) found that the inclusion

of A. coffeaeformis (10–30 g kg−1) in the diets of Nile tilapia fingerlings

(initial weight of 7.8 g) led to significant improvements in lysozyme

activities, total serum protein, albumin and globulin, but no significant

improvements in aspartate transaminase and alanine transaminase.

Another study by Ayoub et al. (2022), found that the inclusion of A.

coffeaeformis (10–30 g kg−1) in the diets of Nile tilapia fingerlings

(initial weight of 25.8 g) led to significant improvements in anti-

oxidant and immunological indices. These findings may be attributed

to the bioactive compounds present in A. coffeaeformis, which

promote its successful use as a feed additive in the diets of Nile

tilapia (Abu Affan et al., 2007; Alwaleed et al., 2021; F. Ayoub

et al., 2019; Ayoub et al., 2022; El‐Sayed et al., 2018; Kuczynska

et al., 2015; Lee et al., 2009; Shawky, 2020; Saleh et al., 2020; Yousof

et al., 2021).

The understanding of the relationship between SHs and the

diet of Nile tilapia broodstock, and how it affects seed production

efficiency, is essential for achieving efficient and successful

reproduction (Ajiboye, 2015; Qiang et al., 2021). In this study,

the inclusion of A. coffeaeformis at levels of 2%, 4% and 6% in the

diet significantly (p < 0.05) improved the SH values and seed

productivity (number of seeds produced per female and the

average improvement ratio compared to the control diet) in female

Nile tilapia. The current results indicate that the gradual inclusion

of A. coffeaeformis in the diet led to a gradual improvement in SHs

values (LH, FSH, PRO, PRG, TT and FT) and seed productivity in

female Nile tilapia. The study by Hassaan (2022) found that the

inclusion of Cyclotella spp. (10–15 g kg−1) in the diet of Nile tilapia,

broodstock improved seed production and SHs values, as well as

significantly increasing the gonadosomatic index and fecundity.

These findings align with the study of Promya and Chitmanat

(2011), who used Arthrospira as a replacement for artificial

hormones in the diet of Nile tilapia broodstock. Joshua and Zulperi

(2020) reviewed the significant impact of Chlorella vulgaris and

Arthrospira platensis in improving reproduction and hormonal

spawning aspects in several aquatic animals' broodstock during

the spawning season.

5 | CONCLUSIONS

This study concluded that the gradual increase of A. coffeaeformis in

the diet of Nile tilapia broodstock resulted in significant improve-

ments in blood biochemistry, SHs and seed production efficiency.

The current work suggested that A. coffeaeformis at a level of 4%–6%

can be effectively used as a feed additive during the spawning season

for Nile tilapia broodstock.

AUTHOR CONTRIBUTIONS

Mohamed Mabrouk: Conceptualisation; methodology, software;

validation; formal analysis, investigation; resources; data curation;

writing—original draft preparation; visualisation; supervision;

funding acquisition. Mohamed Ashour: Conceptualisation; meth-

odology, software; validation; formal analysis, investigation;

resources; data curation; writing—original draft preparation;

writing—review and editing; visualisation; project administration;

funding acquisition. Mohamed F. Abdelghany: Conceptualisation;

methodology; validation; investigation; resources. Mohamed A.

Elokaby: Conceptualisation; methodology; software; validation;

investigation; resources. Abdel‐Wahab A. Abdel‐Warith: Writing—

review and editing; funding acquisition. Elsayed M. Younis:

Writing—review and editing; funding acquisition; Ehab El‐

Haroun: Resources; writing—review and editing; supervision.

Ahmed G. A. Gewida: Conceptualisation; methodology; validation;

investigation; resources. All authors have read and agreed to the

published version of the manuscript.

ACKNOWLEDGEMENTS

This work was supported by Researchers Supporting project number

(RSPD2024R700), King Saud University, Riyadh, Saudi Arabia.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

MABROUK ET AL. | 7



DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request. Availability of data is

available by the authors upon request.

ORCID

Mohamed Ashour http://orcid.org/0000-0002-1595-1197

Ehab El‐Haroun http://orcid.org/0000-0002-2848-2561

REFERENCES

Abbas, E. M., Al‐Souti, A. S., Sharawy, Z. Z., El‐Haroun, E., & Ashour, M.

(2023). Impact of dietary administration of seaweed polysaccharide
on growth, microbial abundance, and growth and immune‐related
genes expression of The Pacific Whiteleg shrimp (Litopenaeus
vannamei). Life, 13(2):344.

Abomohra, A. E.‐F., & Elshobary, M. (2019). Biodiesel, bioethanol, and

biobutanol production from microalgae. Microalgae biotechnology for

development of biofuel and wastewater treatment (pp. 293–321).
Springer.

Abo‐Taleb, H. A., Ashour, M., Elokaby, M. A., Mabrouk, M. M., El‐feky, M.
M. M., Abdelzaher, O. F., Gaber, A., Alsanie, W. F., & Mansour, A. T.

(2021). Effect of a new feed Daphnia magna (Straus, 1820), as a fish
meal substitute on growth, feed utilization, histological status, and
economic revenue of grey mullet, Mugil cephalus (Linnaeus 1758).
Sustainability, 13(13), 7093. https://doi.org/10.3390/su13137093

Abo‐Taleb, H. A., Ashour, M., El‐Shafei, A., Alataway, A., & Maaty, M. M.
(2020). Biodiversity of Calanoida copepoda in different habitats of
the North‐Western Red Sea (Hurghada Shelf). Water, 12(3), 656.
https://doi.org/10.3390/w12030656

Abo‐Taleb, H. A., Zeina, F., A Ashour, M., M Mabrouk, M., E Sallam, A., &

MM El‐feky, M. (2020). Isolation and cultivation of the freshwater
amphipod Gammarus pulex (Linnaeus, 1758), with an evaluation of its
chemical and nutritional content. Egyptian Journal of Aquatic Biology and

Fisheries, 24(2), 69–82. https://doi.org/10.21608/EJABF.2020.78232
Abou‐Shanab, R. A. I., El‐Dalatony, M. M., El‐Sheekh, M. M., Ji, M.‐K.,

Salama, E.‐S., Kabra, A. N., & Jeon, B.‐H. (2014). Cultivation of a new
microalga, Micractinium reisseri, in municipal wastewater for
nutrient removal, biomass, lipid, and fatty acid production.
Biotechnology and Bioprocess Engineering, 19, 510–518.

Abraham, W. M. (1977). Factors in delayed muscle soreness. Medicine &

Science in Sports & Exercise, 9(1), 11–20.
Abu Affan, M., Karawita, R., Jeon, Y.‐J., Lee, J.‐B., Kang, D.‐H., &

Park, H.‐S. (2007). Growth characteristic, mono‐strain mass
culture and antioxidant effects of two benthic diatoms Amphora

coffeaeformis and Achnanthes longipes from Korea. Journal of

Marine Bioscience and Biotechnology, 2(3), 174–186.
Abu‐Elala, N. M., Ali, T. E.‐S., Ragaa, N. M., Ali, S. E., Abd‐Elsalam, R. M.,

Younis, N. A., Abdel‐Moneam, D. A., Hamdien, A. H., Bonato, M., &
Dawood, M. A. O. (2021). Analysis of the productivity, immunity, and

health performance of Nile tilapia (Oreochromis niloticus)
broodstock‐fed dietary fermented extracts sourced from Saccharo-
myces cerevisiae (hilyses): A field trial. Animals: An Open Access

Journal from MDPI, 11(3), 815.
Abu‐Elala, N. M., Abd‐Elsalam, R. M., & Younis, N. A. (2020). Strepto-

coccosis, Lactococcosis and Enterococcosis are potential threats
facing cultured Nile tilapia (Oreochomis niloticus) production.
Aquaculture Research, 51(10), 4183–4195.

Action, S. I. (2020). World fisheries and aquaculture (pp. 1–244). Food and
Agriculture Organization.

Ahmed, N., & Azra, M. N. (2022). Aquaculture production and value chains
in the COVID‐19 pandemic. Current Environmental Health Reports, 9,
423–435.

Ajiboye, O. O. (2015). Effect of testosterone‐induced sex reversal on the
sex ratio, growth enhancement and survival of Nile tilapia (Oreochro-
mis niloticus) fed coppens and farm produced feed in a semi flow‐
through culture system. Fisheries and Aquaculture Journal, 6(2), 1.

Akbary, P., & Aminikhoei, Z. (2018). Effect of water‐soluble polysaccharide
extract from the green alga Ulva rigida on growth performance,
antioxidant enzyme activity, and immune stimulation of grey mullet
Mugil cephalus. Journal of Applied Phycology, 30(2), 1345–1353.

Akbary, P., Molazaei, E., & Aminikhoei, Z. (2018). Effect of dietary
supplementation of Ulva rigida C. Agardh extract on several of
physiological parameters of grey mullet, Mugil cephalus (Linnaeus).

Iranian Journal of Aquatic Animal Health, 4(1), 59–68.

Alemayehu, T. A., Geremew, A., & Getahun, A. (2018). The role of functional
feed additives in tilapia nutrition. Fisheries and Aquaculture Journal, 9(2).
https://go.gale.com/ps/i.do?id=GALE%7CA567549444&sid=
googleScholar&v=2.1&it=r&linkaccess=abs&issn=21503508&p=
AONE&sw=w&userGroupName=anon%7E69e8b090&aty=open-web-

entry
Ali, G., Abeer, E., El‐Shenway, A. M., & AA, N. (2020). Using of some

phytobiotics and probiotics as promotors to cultured Nile Tilapia.
International Journal of Fisheries and Aquatic Studies, 8(3), 148–159.

Alprol, A. E., Heneash, A. M. M., Ashour, M., Abualnaja, K. M.,

Alhashmialameer, D., Mansour, A. T., Sharawy, Z. Z., Abu‐Saied, M. A., &
Abomohra, A. E. F. (2021). Potential applications of Arthrospira platensis

lipid‐free biomass in bioremediation of organic dye from industrial
textile effluents and its influence on marine rotifer (Brachionus plicatilis).
Materials, 14(16), 4446. https://doi.org/10.3390/ma14164446

Alprol, A. E., Mansour, A. T., El‐Beltagi, H. S., & Ashour, M. (2023). Algal
extracts for green synthesis of zinc oxide nanoparticles: Promising
approach for algae bioremediation. Materials, 16(7), 2819. https://
doi.org/10.3390/ma16072819

Alwaleed, E. A., El‐Sheekh, M., Abdel‐Daim, M. M., & Saber, H. (2021).

Effects of Spirulina platensis and Amphora coffeaeformis as dietary
supplements on blood biochemical parameters, intestinal microbial
population, and productive performance in broiler chickens.
Environmental Science and Pollution Research, 28(2), 1801–1811.

Anantharaj, K., Govindasamy, C., Natanamurugaraj, G., & Jeyachandran, S.
(2011). Effect of heavy metals on marine diatom Amphora

coffeaeformis (Agardh. Kutz). Glob J Environ Res, 5(3), 112–117.
AOAC. (2003). Official methods of analysis of the Association of Official

Analytical Chemists (Vol. 2): The Association.

APHA. (2005). Standard methods for the examination of water and

wastewater. American Public Health Association (APHA).
Arad, S. M., & Yaron, A. (1992). Natural pigments from red microalgae for use

in foods and cosmetics. Trends in Food Science & Technology, 3, 92–97.
Ashour, M., Hassan, S. M., Elshobary, M. E., Ammar, G. A. G., Gaber, A.,

Alsanie, W. F., Mansour, A. T., & El‐Shenody, R. (2021). Impact of

commercial seaweed liquid extract (TAM®) biostimulant and its
bioactive molecules on growth and antioxidant activities of hot
pepper (Capsicum annuum). Plants, 10(6), 1045. https://doi.org/10.
3390/plants10061045

Ayoub, H. F., Abdelghany, M. F., Alsaiad, S. M., & El Asely, A. M. (2022).
Amphora coffeaeformis diatom involved in reducing the susceptibility of
Nile tilapia (Oreochromis niloticus) fingerlings to Aeromonas hydrophila
infection by boosting immune and antioxidant responses and improving

growth performance indicators. Aquaculture Research. https://doi.org/
10.1111/are.15866

Beitins, I. Z., O'loughlin, K., Ostrea, T., & McArthur, J. W. (1976).
Gonadotropin determinations in times 3‐hour urine collections
during the menstrual cycle and LHRH testing. The Journal of

Clinical Endocrinology and Metabolism, 43(1), 46–55.
Bhosle, N. B., Evans, L. V., & Edyvean, R. G. J. (1993). Carbohydrate

production by Amphora coffeaeformis, a marine fouling diatom.
Biofouling, 7(1), 81–91.

8 | MABROUK ET AL.



Bhujel, R. C., Yakupitiyage, A., Turner, W. A., & Little, D. C. (2001). Selection
of a commercial feed for Nile tilapia (Oreochromis niloticus) broodfish
breeding in a hapa‐in‐pond system. Aquaculture, 194(3–4), 303–314.

Chtourou, H., Dahmen, I., Jebali, A., Karray, F., Hassairi, I., Abdelkafi, S.,
Ayadi, H., Sayadi, S., & Dhouib, A. (2015). Characterization of
Amphora sp., a newly isolated diatom wild strain, potentially usable

for biodiesel production. Bioprocess and Biosystems Engineering,
38(7), 1381–1392.

Courtois deViçose, G., Viera, M. P., Huchette, S., & Izquierdo, M. S. (2012).
Improving nursery performances of Haliotis tuberculata coccinea:
Nutritional value of four species of benthic diatoms and green

macroalgae germlings. Aquaculture, 334‐337, 124–131.
El‐Sayed, A. E.‐K. B., Aboulthana, W. M., El‐Feky, A. M., Ibrahim, N. E., &

Seif, M. M. (2018). Bio and phyto‐chemical effect of Amphora
coffeaeformis extract against hepatic injury induced by paracetamol
in rats. Molecular Biology Reports, 45(6), 2007–2023.

El‐Sayed, A.‐F. M. (2006). Tilapia culture in salt water: Environmental
requirements, nutritional implications and economic potentials.
Avances en Nutricion Acuicola

El‐Sayed, A.‐F. M., Abdel‐Aziz, E.‐S. H., & Abdel‐Ghani, H. M. (2012).

Effects of phytoestrogens on sex reversal of Nile tilapia (Oreochromis

niloticus) larvae fed diets treated with 17α‐Methyltestosterone.
Aquaculture, 360‐361, 58–63.

El‐Sayed, A.‐F. M., & Kawanna, M. (2008). Effects of dietary protein and
energy levels on spawning performance of Nile tilapia (Oreochromis

niloticus) broodstock in a recycling system. Aquaculture, 280(1–4),
179–184.

El‐Sayed, A.‐F. M., Mansour, C. R., & Ezzat, A. A. (2003). Effects of dietary
protein level on spawning performance of Nile tilapia (Oreochromis
niloticus) broodstock reared at different water salinities. Aquaculture,

220(1–4), 619–632.
Elshobary, M. E., El‐Shenody, R. A., & Abomohra, A. E. F. (2021).

Sequential biofuel production from seaweeds enhances the energy
recovery: A case study for biodiesel and bioethanol production.
International Journal of Energy Research, 45(4), 6457–6467.

Elshobary, M. E., Zabed, H. M., Yun, J., Zhang, G., & Qi, X. (2021). Recent
insights into microalgae‐assisted microbial fuel cells for generating
sustainable bioelectricity. International Journal of Hydrogen Energy,
46(4), 3135–3159.

Essa, D., Abo‐Shady, A., Khairy, H., Abomohra, A. E.‐F., & Elshobary, M.
(2018). Potential cultivation of halophilic oleaginous microalgae
on industrial wastewater. Egyptian Journal of Botany, 58(2),
205–216.

Fais, G., Manca, A., Bolognesi, F., Borselli, M., Concas, A., Busutti, M.,

Broggi, G., Sanna, P., Castillo‐Aleman, Y. M., Rivero‐Jiménez, R. A.,
Bencomo‐Hernandez, A. A., Ventura‐Carmenate, Y., Altea, M.,
Pantaleo, A., Gabrielli, G., Biglioli, F., Cao, G., & Giannaccare, G.
(2022). Wide range applications of spirulina: From earth to space
missions. Marine Drugs, 20(5), 299.

F. Ayoub, H., F Abdelghany, M., & B El‐Sayed, A. E.‐K. (2019). Effects of
diatoms Amphora coffeaeformis on growth parameters, non specific
immunity and protection of the Nile tilapia (Oreochromis niloticus) to
Aeromonas hydrophila infection. Egyptian Journal of Aquatic Biology

and Fisheries, 23(1), 413–426.
Glodde, F., Günal, M., Kinsel, M. E., & AbuGhazaleh, A. (2018). Effects of

natural antioxidants on the stability of omega‐3 fatty acids in dog
food. Journal of veterinary research, 62(1), 103–108.

Gunasekera, R. M., Shim, K. F., & Lam, T. J. (1997). Influence of dietary

protein content on the distribution of amino acids in oocytes, serum
and muscle of Nile tilapia, Oreochromis niloticus (L.). Aquaculture,
152(1–4), 205–221.

Hassaan, M. S. (2022). Effects of algal diets supplementation on
reproductive performance parameters of Nile tilapia broodstock.

Annals of Agricultural Science, Moshtohor, 60(3), 779–786.
Henry, R. J. (1964). Clinical chemistry, principles and technics.

Ismail, R. F., Saleh, N. E., & Sayed, A. E.‐D. H. (2021). Impacts of
microplastics on reproductive performance of male tilapia (Oreo-
chromis niloticus) pre‐fed on Amphora coffeaeformis. Environmental

Science and Pollution Research, 28(48), 68732–68744.
Joshua, W. J., & Zulperi, Z. (2020). Effects of Spirulina platensis and

Chlorella vulgaris on the immune system and reproduction of fish.
Pertanika Journal of Tropical Agricultural Science, 43(4), 429–444.

Kaparapu, J. (2018). Application of microalgae in aquaculture. Phykos,
48(1), 21–26.

Karawita, R., Senevirathne, M., Athukorala, Y., Affan, A., Lee, Y.‐J., Kim,
S.‐K., Lee, J.‐B., & Jeon, Y.‐J. (2007). Protective effect of enzymatic
extracts from microalgae against DNA damage induced by H2O2.
Marine Biotechnology, 9(4), 479–490.

Karim, A., Naila, B., Khwaja, S., Hussain, S. I., & Ghafar, M. (2022).

Evaluation of different starch binders on physical quality of fish feed
pellets. Brazilian journal of biology = Revista brasleira de biologia, 84,
256242.

Khwancharoen, C., Chotipan, N., Nawatmai, T., & Direkbussarakom, S.
(2021). Effects of nitrogen sources on the growth and biochemical

composition of diatom (Amphora coffeaeformis) used for shrimp
larviculture. Walailak Journal of Science and Technology (WJST), 18(4),
12411–12429.

Khwancharoen, C., Direkbusarakom, S., & Wuthisuthimethavee, S. (2020).

Effects of Diatom (Amphora coffeaeformis) supplementation in diet
on growth and growth‐related genes expression in Pacific White
shrimp (Litopenaeus vannamei) postlarvae and growth in white
shrimp (Litopenaeus vannamei) after larvae. Wichcha Journal Nakhon

Si Thammarat Rajabhat University, 39(1), 99–113.
Kim, I.‐S., & Seo, E.‐S. (1998). The effects of eating habits and health‐

related lifestyle on blood pressure, gamma‐GPT, blood glucose and
HDL‐cholesterol in the Cheon‐Ju Area. Korean Journal of Community

Nutrition, 574–582. https://pesquisa.bvsalud.org/portal/resource/
pt/wpr-126278

Kuczynska, P., Jemiola‐Rzeminska, M., & Strzalka, K. (2015). Photo-
synthetic pigments in diatoms. Marine Drugs, 13(9), 5847–5881.

Kumosani, T., Balamash, K., Mohamed, Y., Baothman, O., Zeyadi, M.,
Yaghmoor, S., Alyahiby, A., Al‐Rasheed, R., Alturkistani, W.,
Alghamdi, T., AL‐Zahrani, M., & Moselhy, S. (2017). Potential

antioxidant and anti‐proliferative activities of biologically active
marine algae extracts. Journal of Pharmaceutical Research

International, 19(6), 1–7.
Lee, S.‐H., Karawita, R., Affan, A., Lee, J.‐B., Lee, K.‐W., Lee, B.‐J., Kim,

D.‐W., & Jeon, Y.‐J. (2009). Potential of benthic diatoms Achnanthes
longipes, Amphora coffeaeformis, and Navicula sp. (Bacillariophyceae)
as antioxidant sources. Algae, 24(1), 47–55.

Lieke, T., Meinelt, T., Hoseinifar, S. H., Pan, B., Straus, D. L., &
Steinberg, C. E. W. (2020). Sustainable aquaculture requires

environmental‐friendly treatment strategies for fish diseases.
Reviews in Aquaculture, 12(2), 943–965.

Lowry, O., Rosebrough, N., Farr, A. L., & Randall, R. (1951). Protein
measurement with the Folin phenol reagent. Journal of Biological

Chemistry, 193, 265–275.
M. Abdelsalam, I., Elshobary, M., M. Eladawy, M., & Nagah, M. (2019).

Utilization of multi‐tasking non‐edible plants for phytoremediation
and bioenergy source‐a review. Phyton, 88(2), 69–90.

Mabrouk, M. M., Ashour, M., Labena, A., Zaki, M. A. A., Abdelhamid, A. F.,
Gewaily, M. S., Dawood, M. A. O., Abualnaja, K. M., & Ayoub, H. F.

(2022). Nanoparticles of Arthrospira platensis improves growth,
antioxidative and immunological responses of Nile tilapia (Oreochro-
mis niloticus) and its resistance to Aeromonas hydrophila. Aquaculture
Research, 53(1), 125–135. https://doi.org/10.1111/are.15558

Madibana, M. J., Mlambo, V., Lewis, B., & Fouché, C. (2017). Effect of graded
levels of dietary seaweed (Ulva sp.) on growth, hematological and
serum biochemical parameters in dusky kob, Argyrosomus japonicus,
sciaenidae. Egyptian Journal of Aquatic Research, 43(3), 249–254.

MABROUK ET AL. | 9



Magouz, F. I., Essa, M. A., Matter, M., Mansour, A. T., Ahmed, A., &
Ashour, M. (2021). Effect of different salinity levels on population
dynamics and growth of the Cyclopoid copepod Oithona nana.
Diversity, 13(5), 190. https://doi.org/10.3390/d13050190

Magouz, F. I., Essa, M. A., Matter, M., Mansour, T. A., Alkafafy, M., &
Ashour, M. (2021). Population dynamics, fecundity and fatty acid
composition of Oithona nana (Cyclopoida, copepoda), fed on different
diets. Animals (Basel), 11(5), 1188. https://doi.org/10.3390/
ani11051188

Mandey, J. S., & Sompie, F. N. (2021). Phytogenic feed additives as an
alternative to antibiotic growth promoters in poultry nutrition.
Advanced Studies in the 21st Century Animal Nutrition, 8, 19.

Mansour, A. T., Alprol, A. E., Abualnaja, K. M., El‐Beltagi, H. S.,
Ramadan, K. M. A., & Ashour, M. (2022a). Dried brown seaweed's

phytoremediation potential for methylene blue dye removal from
aquatic environments. Polymers, 14(7), 1375. https://doi.org/10.
3390/polym14071375

Mansour, A. T., Alprol, A. E., Abualnaja, K. M., El‐Beltagi, H. S.,
Ramadan, K. M. A., & Ashour, M. (2022b). The using of nanoparticles

of microalgae in remediation of toxic dye from industrial waste-
water: Kinetic and isotherm studies. Materials (Basel), 15(11), 3922.
https://doi.org/10.3390/ma15113922

Mansour, A. T., Ashour, M., Abbas, E. M., Alsaqufi, A. S., Kelany, M. S.,

El‐Sawy, M. A., & Sharawy, Z. Z. (2022). Growth performance,
immune‐related and antioxidant genes expression, and gut bacterial
abundance of PacificWhite Leg shrimp, Litopenaeus vannamei, dietary
supplemented with natural astaxanthin. Frontiers in Physiology, 13,
874172. https://doi.org/10.3389/fphys.2022.874172

Mansour, A. T., Ashour, M., Alprol, A. E., & Alsaqufi, A. S. (2022). Aquatic
plants and aquatic animals in the context of sustainability: Cultiva-
tion techniques, integration, and blue revolution. Sustainability, 14(6),
3257. https://doi.org/10.3390/su14063257

Mansour, A. T., Ashry, O., Ashour, M., Alsaqufi, A. S., Ramadan, K. M. A., &

Sharawy, Z. Z. (2022). The optimization of dietary protein level and
carbon sources on biofloc nutritive values, bacterial abundance, and
growth performances of whiteleg shrimp (Litopenaeus vannamei)
juveniles. Life, 12(6), 888.

Marimuthu, V., Sarawagi, A. D., Kumar, A., Paul, S., Sampath, V., Issara, U.,

Al‐Dhabi, N. A., Arasu, M. V., Balasubramanian, B., & Sureshkumar, S.
(2022). Glimpse of feed and feed additive necessity and mycotoxin

challenges in aquaculture. Aquaculture science and engineering.
(pp. 401–430). Springer.

McGowan, M. W., Artiss, J. D., Strandbergh, D. R., & Zak, B. (1983). A
peroxidase‐coupled method for the colorimetric determination of
serum triglycerides. Clinical Chemistry, 29(3), 538–542.

Mekkawy, I. A., Mahmoud, U. M., Moneeb, R. H., & Sayed, A. E.‐D. H.
(2020). Significance assessment of Amphora coffeaeformis in arsenic‐
induced hemato‐biochemical alterations of African catfish (Clarias
gariepinus). Frontiers in Marine Science, 7, 191.

Mohammadi, G., Hafezieh, M., Karimi, A. A., Azra, M. N., Van Doan, H.,
Tapingkae, W., Abdelrahman, H. A., & Dawood, M. (2022). The
synergistic effects of plant polysaccharide and Pediococcus acidilactici

as a synbiotic additive on growth, antioxidant status, immune response,
and resistance of Nile tilapia (Oreochromis niloticus) against Aeromonas
hydrophila. Fish & Shellfish Immunology, 120, 304–313.

Mohammadian, T., Momeni, H., Mesbah, M., Abedini, M., Khosravi, M., &
Osroosh, E. (2022). Eubiotic effect of a dietary Bio‐Aqua® and

sodium diformate (NaDF) on Salmo trutta caspius: Innate immune
system, biochemical indices, antioxidant defense, and expression
of immunological and growth‐related genes. Probiotics and

Antimicrobial Proteins, 15, 1342–1354. https://doi.org/10.1007/

s12602-022-09965-x
Mourelle, M., Gómez, C., & Legido, J. (2017). The potential use of marine

microalgae and cyanobacteria in cosmetics and thalassotherapy.
Cosmetics, 4(4), 46.

Munguti, J. M., Nairuti, R., Iteba, J. O., Obiero, K. O., Kyule, D.,
Opiyo, M. A., Abwao, J., Kirimi, J. G., Outa, N., Muthoka, M.,
Githukia, C. M., & Ogello, E. O. (2022). Nile tilapia (Oreochromis
niloticus Linnaeus, 1758) culture in Kenya: Emerging production

technologies and socio‐economic impacts on local livelihoods.
Aquaculture, Fish and Fisheries, 2(4), 265–276.

Naito, H., & Kaplan, A. (1984). High‐density lipoprotein (HDL) cholesterol.
Clinical Chemistry, 1207–1213.

Olajuyigbe, F. M., Adeleye, O. A., Kolawole, A. O., Bolarinwa, T. O.,

Fasakin, E. A., Asenuga, E. R., & Ajele, J. O. (2020). Bioremediation
treatment improves water quality for Nile tilapia (Oreochromis
niloticus) under crude oil pollution. Environmental Science and

Pollution Research, 27(20), 25689–25702.
Osman, M. E. H., Abo‐shady, A. M., & Elshobary, M. E. (2010). In vitro

screening of antimicrobial activity of extracts of some macroalgae
collected from Abu‐Qir Bay Alexandria, Egypt. African Journal of

Biotechnology, 9(12), 7203–7208.
Osman, M. E. H., Abo‐Shady, A. M., Elshobary, M. E., Abd El‐Ghafar, M. O.,

& Abomohra, A. E.‐F. (2020). Screening of seaweeds for sustainable

biofuel recovery through sequential biodiesel and bioethanol
production. Environmental Science and Pollution Research, 27,
32481–32493. https://doi.org/10.1007/s11356-020-09534-1

Park, J.‐N., Fukumoto, Y., Fujita, E., Tanaka, T., Washio, T., Otsuka, S.,

Shimizu, T., Watanabe, K., & Abe, H. (2001). Chemical composi-
tion of fish sauces produced in Southeast and East Asian
countries. Journal of Food Composition and Analysis, 14(2),
113–125.

Promya, J., & Chitmanat, C. (2011). The effects of Spirulina platensis and

Cladophora algae on the growth performance, meat quality and
immunity stimulating capacity of the African Sharptooth Catfish
(Clarias gariepinus). International Journal of agriculture and Biology,
13(1), 77–82.

Qiang, J., He, J., Zhu, J.‐H., Tao, Y.‐F., Bao, J.‐W., Yan, Y., Xu, P., & Zhu, X.

(2021). Optimal combination of temperature and photoperiod for
sex steroid hormone secretion and egg development of Oreochro-
mis niloticus as determined by response surface methodology.
Journal of Thermal Biology, 97, 102889.

Saleh, N. E., Ismail, R. F., Sayed, A. E. D. H., Zaghloul, E. H., & Saleh, H.

(2020). Comprehensive assessment of benthic diatom (Amphora

coffeaeformis) as a feed additive in Nile tilapia (Oreochromis niloticus)
diet. Aquaculture Research, 51(9), 3506–3519.

Sarker, P. K., Kapuscinski, A. R., McKuin, B., Fitzgerald, D. S., Nash, H. M.,

& Greenwood, C. (2020). Microalgae‐blend tilapia feed eliminates
fishmeal and fish oil, improves growth, and is cost viable. Scientific
Reports, 10(1), 19328.

Shao, W., Ebaid, R., El‐Sheekh, M., Abomohra, A., & Eladel, H. (2019).
Pharmaceutical applications and consequent environmental

impacts of Spirulina (Arthrospira): An overview. Grasas y Aceites,
70(1), 292.

Sharawy, Z. Z., Ashour, M., Labena, A., Alsaqufi, A. S., Mansour, A. T., &
Abbas, E. M. (2022). Effects of dietary Arthrospira platensis nanopar-
ticles on growth performance, feed utilization, and growth‐related gene

expression of Pacific white shrimp, Litopenaeus vannamei. Aquaculture,
551, 737905. https://doi.org/10.1016/j.aquaculture.2022.737905

Shawky, S. M. (2020). Effect of Amphora coffeaeformis and Star Anise as
dietary supplements on the immunity and growth performance of
broiler chickens. Journal of World's Poultry Research, 10(4),

631–642.
Suphoronski, S. A., Chideroli, R. T., Facimoto, C. T., Mainardi, R. M.,

Souza, F. P., Lopera‐Barrero, N. M., Jesus, G. F. A., Martins, M. L.,
Di Santis, G. W., De Oliveira, A., Gonçalves, G. S., Dari, R., Frouel, S.,

& Pereira, U. P. (2019). Effects of a phytogenic, alone and associated
with potassium diformate, on tilapia growth, immunity, gut micro-
biome and resistance against francisellosis. Scientific Reports, 9(1),
6045.

10 | MABROUK ET AL.



Vieira, M. V., Pastrana, L. M., & Fuciños, P. (2020). Microalgae
encapsulation systems for food, pharmaceutical and cosmetics
applications. Marine Drugs, 18(12), 644.

Wilson, R. P. (1991). Handbook of nutrient requirements of finfish. CRC

press Boca Raton.
Wotton, I., & Freeman, H. (1982). Microanalysis in medical biochemistry.

Churchill, New York. USA. Wiegertjes, GF, RJM Stet, HK Parmentier
andWB Van Muiswinkel, 1996. Immunogenetics of disease resistance
in fish; a comparable approach. Developmental & Comparative

Immunology, 20, 365–381.
Yao, Y. Y., Yang, Y. L., Gao, C. C., Zhang, F. L., Xia, R., Li, D., Hu, J., Ran, C.,

Zhang, Z., Liu‐Clarke, J., & Zhou, Z. G. (2020). Surface display system
for probiotics and its application in aquaculture. Reviews in

Aquaculture, 12(4), 2333–2350.
Yilmaz, S. (2019). Effects of dietary blackberry syrup supplement

on growth performance, antioxidant, and immunological responses,
and resistance of Nile tilapia, Oreochromis niloticus to Plesiomonas
shigelloides. Fish & Shellfish Immunology, 84, 1125–1133.

Yousof, S. M., Awad, Y. M., Mostafa, E., Hosny, M. M., Anwar, M. M.,

Eldesouki, R. E., & Badawy, A.‐E (2021). The potential neuroprotec-
tive role of Amphora coffeaeformis algae against monosodium
glutamate‐induced neurotoxicity in adult albino rats. Food &

Function, 12(2), 706–716.

Zhuang, D., He, N., Khoo, K. S., Ng, E.‐P., Chew, K. W., & Ling, T. C. (2022).
Application progress of bioactive compounds in microalgae on
pharmaceutical and cosmetics. Chemosphere, 291, 132932.

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article:Mabrouk, M., Ashour, M., Abdelghany,

M. F., Elokaby, M. A., Abdel‐Warith, A.‐W. A., Younis, E. M.,

Davies, S., El‐Haroun, E., & Gewida, A. G. A. (2024). Effects of

dietary supplementation with benthic diatom Amphora

coffeaeformis on blood biochemistry, steroid hormone levels

and seed production efficiency of Nile tilapia Oreochromis

niloticus broodstock. Journal of Animal Physiology and Animal

Nutrition, 1–11. https://doi.org/10.1111/jpn.14004

MABROUK ET AL. | 11


