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Abstract 

The global requirement for fish protein in growing, meeting challenges within the aquaculture 

industry, and addressing consumer demands becomes imperious. Enhancing fish reproduction and 

in turn promoting overall growth are among these challenges. To achieve such goals and benefit 

the aquaculture projection, various researches were conducted to explore a protein replacer of high 

nutritive value and achieve the desirable purposes. Owing to their lower costs and availability, 

seaweeds have attracted more attention as a good source of bioactive nutrients. Algae succeeded as 

a novel substitute of protein-based sources with potential nutritional benefits in aquaculture 

purposes. Thus, a rise in protein content of seaweed is duly contributory in improved ovary 

morphology and fish reproduction. Gastropods and other molluscs species are among the principal 

group of structurally unique natural output in Red Sea, Egypt. From the histological aspect, the 

outline of this plan was to estimate the potential effect of marine algae in the enhancement of 

reproductive performance of marine fish. Overall, 45 Strombus Tricornis conchs within 100 ± 20 g 

evenly classified into three experimental groups (n=15) incorporated with three successive 

seaweeds classes including racemosa, J. rubens, and D. ciliolate. Female gonads specimens were 

collected from control sea conches and experimental groups for histological monitoring. In 

comparison with the standard sea samples, seaweeds enhanced the reproductive histomorphology 

in Strombus species, promoting follicle maturity, oocytes sizes, and epithelial development. 

Seaweeds are an emerging tool with potential positive influence utilized to replace the protein in 

the feed formulation for aquaculture practices. 

Keywords: Seaweeds, Strombus tricornis, Reproduction, Gonad, Histology. 
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Introduction 

Growing in the world population 

encourages the desire for fish products. 

The aquaculture sector serves a crucial 

effect in boosting urgent demands (Fry et 

al., 2016). Thence, global aquaculture 

resumes growing higher than other 

agricultural projects (FAO, 2018). The 

nutritional viability of various foods 

constitutes a challenge for researchers, 

particularly related with uses of agro-

industrial byproducts and co-products 

(Ayoub and Abdullah, 2012). 

Accordingly, bloodstock feeding 

obtained more regard from both production 

and scientific fields (Bombardelli et al., 

2017) because of the helpful effect of 

broodstock nutrition on reproduction and 

embryo efficiency (Ciji and Akhtar, 2023). 

Dietary nourishment in particular is 

essential for females during vitellogenesis 

(Bombardelli et al., 2021) reflecting 

gonadal maturity and vitellus efficacy. 

Moreover, nutrition modulates the 

reproductive pattern to favor the powerful 

reproductive function of fish (de Lima et 

al., 2020), and identify the quality of the 

offspring (Ng and Wang, 2011) where 

offspring and developmental larvae use 

vitellus for nutrition (Sarih et al., 2019). 

Nonetheless, data concerning the impact of 

feeding on aquatic reproduction are still 

deficient (Bobe and Labbé, 2010). This 

cause favor encourage the establishment of 

researches on phosphorus (Carvalho et al., 

2018), and protein requirements (de 

Oliveira et al., 2014); energy-protein 

percent (Bombardelli et al., 2017); and a 

utilization of variable lipid sources (Ng 

and Wang, 2011). 

Latterly, the aquafeed industry has 

improved feed quality through using 

alternative sustainable proteins to 

conventional terrestrial feed sources (Jones 

et al., 2020). Among these promising 

alternatives, natural feed supplements are 

applied than other antibiotics, hormones, 

prebiotics, and probiotics (Ljubic et al., 

2020). Microalgae are used in aquaculture 

for varying purposes (Siddik et al., 2023). 

Marine microalgae are utilized as feed 

additives to improve reproductivity, 

productivity, prolificacy, and elevate 

immune responses of the animal (Ljubic et 

al., 2020). 

Based on their pigmentation, marine 

algae are broadly categorized into three 

basic taxonomic grouped algae such as; red 

(Rhodophyta), green (Chlorophyta) and 

brown (Phaeophyta) (Øverland et al., 

2019). The benefits of algae utilization 

occurred in the amelioration of the 

reproductive performance of fish, 

distinguished by increased gonad 

development, larvae performance, and egg 

yield (Cardona et al., 2022). Earlier studies 

confirmed the advantages of dietary algae 

inclusion for fish reproduction in many 

fish species (Carneiro et al., 2020). Dietary 

algae are rich sources in essential nutrients 

including amino acids, fatty acids, 

carotenoids, minerals, and vitamins (Shah 

et al., 2018) which are major constituents 

for reproduction comprising fertilization, 

fertility, improved egg quality, and larvae 

development (Salze et al., 2005). The 

incidence of high long-chained 

polyunsaturated fatty acids concentrations 

in algae also influences maturation and 

metabolism (Fernández-Palacios et al., 

1995) favoring reproductive performance 

and upgrading egg quality (Cardona et al., 

2022). 

Owing to the economic concern of 

the gastropods, Strombidae family 

encompasses popular conches as crucial 

resource of protein for the domestic shore-
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dwelling people (Rusmore-villaume, 

2008). Herein, strombus species are used, 

among the family Strombidae recorded in 

Egypt. The histological method was 

devoted for an assessment of different feed 

impact on fish. This method confers 

additional information about status of the 

organs used; is valuable in laboratory and 

field experiment. It can exhibit signs of 

malnutrition, or negative influence of the 

feed on the tissue’s morphology. 

Nutritional pathology can describe lower 

productivity resulted from inadequate feed 

in fish. It is also capable of explain an 

impact of the subacute environmental 

pollution on a delicate histostructure, most 

often in fishponds (Raškovi et al., 2011). 

Therefore, in this study; the histological 

technique was used to determine the 

probable capability of different groups 

seaweeds on the promotion of the 

reproductive status of strombus tricornis . 

Materials and Methods  

Ethical statement  

This trial procedure approved by 

Local Committee of the National Institute 

of Oceanography and Fisheries in Egypt 

according to Aquatic Animal Scientific 

Procedures Act with approval No 

(NIOFAQ3I23R035).  

Experimental fish 

Marine Strombus tricornis mussels 

within the initial body weights of 100±20 g 

were obtained from Abu Sadaf area, Red 

Sea, Egypt. The project was set up at the 

National Institute of Oceanography and 

Fisheries, Hurghada, Red Sea, Egypt. Fish 

allowed for adaptation at the laboratory 

conditions for 2 weeks at a minimum. A 

total of 45 Strombus tricornis were stocked 

into 9 glass aquariums (50×40×30 cm) at a 

stocking density of five fish aquaria each, 

where each treated group was graded in 

three treatment triplicate each. The water 

exchange occurred via underwater 

pumping system to transport saline water 

directly from the sea to the aquatic lab.  

Marine algae or seaweeds 

Three variant types of seaweeds were 

utilized in this study, were collected from 

Hurghada, Red Sea, Egypt. Seaweeds were 

well washed, cleaned, and air-dried then 

the resultant dried seaweeds were 

preserved in plastic containers for future 

uses (Ashour et al., 2020).  

Formulated diets  

The randomized-controlled design 

was established with three seaweed diets 

on the recirculating aquaculture system. 

Three experimental diets were formulated 

to be contained 10.2, 20.3 and 15.31g/kg 

crude protein and 3.51, 1.21 and 0.451 

g/kg crude lipid for racemosa, D. ciliolate, 

and J. rubens marine algae, respectively. 

Meanwhile, in three algae treated groups, 

diets were formulated to contain green 

racemosa seaweed, red J. rubens seaweed, 

and brown D. ciliolate seaweed, 

respectively depending on their 

morphological taxonomy as recorded 

according to Sahoo (2001). The treatment 

period was prolonged for 12 weeks. During 

seaweeds exposure, Srombus tricornis 

conches were carefully inspected for any 

clinical changes, also measurements of 

total length and width were taken. 

Histological examination  

The female oviduct and ovary 

specimens from the treated strombus 

tricornis conches and sea control samples 

were carefully extracted and fixed in 

neutral buffered formalin (NBF) of 10% 

concentration, accompanied by 

dehydration in successive series of 

absolute methanol to be ready for the 

clearness in xylene. The cleared specimens 

were softened in paraffin wax blocks. The 

prepared paraffin sections (5-μm thick) 
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were stained with hematoxylin and eosin 

(H&E) (Bancroft and Gamble, 2002), 

finally the sections were microscopically 

imaged using a microscopic camera. 

Besides this, three slides of the stained 

sections were randomly selected from each 

group for histopathological scoring as (-) 

not detectable, (+) mild, (++) moderate, 

and (+++) severe. While, measurements of 

the epithelium, and mature oocytes 

diameters were done on tissue images. 

Statistical analysis 

Statistics were run with SPSS 

Program by using one-way ANOVA. The 

significant differences between the means 

were carried out using Scheffe test when 

P<0.05. Illustrated numerical results were 

as the means ± SD (standard deviation of 

the mean). 

Results 

Effect on growth parameters 

As illustrated in Table 1, the total 

length of female strombus tricornis was 

gradually increased with significant 

differences among seaweed-treated groups. 

Additionally, the average of width 

significantly increased in-between green 

and brown supplemented strombus 

tricornis. 

 

Table 1 shows effect of different seaweeds diets on growth parameters of female strombus tricornis. 
   Groups 

Parameters 

Initial 

 day 

   Green 

racemosa  

Red 

 J. rubens 

Brown D. 

ciliolate 

   

Length (cm) 9.2±0. 09 10.4±0.08* 10.32±0.55* 10.32±0.27* 

Width (cm) 6.6±0.1 7.6±0.25* 7.8±0.60* 7.4±0.15 

* → referring to significant difference (P<0.05) when compared with control. 

Histological findings 

Morphometric measurements 

Based on the histological findings of 

the microscopic examination, the average 

diameters of the epithelial lining, and 

mature oocytes of the female oviduct-

supplemented seaweeds indicated 

substantial differences with increases in 

their diameters expressed mostly 

developed gonads with vitellogenic 

oocytes in comparison with those of 

control findings at the same age and 

weights which still at the inactive 

premature stage as detailed in Table 2. 

 

Table 2: shows effect of different seaweeds diets on average diameters in oviduct (µm). (X±SD)  
   Groups 

Lesions  

Control    Green 

racemosa  

Red 

 J. rubens 

Brown D. 

ciliolate 

   

Ciliated epithelial cells  62.9±16.1 92.23±34.9* 61.3±36.1 82.8±43.38* 

Secretory epithelial cells 37.64±5.05 64.46±19.0* 166.94±9.74* 117.35±24.18* 

Vitellogenic oocyte 2.36±.0.69 4.087±1.7 6.26±1.91* 4.54±0.34* 

* → referring to significant difference (P<0.05) when compared with control. 

Histological lesions 

As descriptive in Table 3, Figure 1; 

the oviduct histology of the control female 

strombus within the same weights and age, 

lack maturation distinctive by immature 

previtellogenic oocyte; and manifested 

decreased oocyte sizes and abundant 
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connective tissue distribution. In addition, 

a variety of histological lesions were 

detected in the form of inflammation; 

characterized by interstitial lymphocyte 

infiltration, severely congested and dilated 

blood vessels, and besides this, the 

epithelial lining was sloughed and 

desquamated. Contrary to the marine algae 

treated groups, histology of the female 

strombus tricornis oviduct exhibited 

vitellogenic and maturation stages. No 

histological changes were discovered 

between these groups compared to those of 

the control. Accordingly, treatment with 

racemosa, J. rubens and D. ciliolate 

seaweeds showed fully developed and 

reached complete maturation, where 

follicle supply ducts were expanded and 

filled with mature oocytes. Similarly, the 

ovary of marine algae treated conches 

showed maturation with diverse mature 

follicles packed with mature vitellogenic 

oocytes (Figure 2b, c, d) comparable to the 

immature control ovary (Figure 2 a). 

Table 3 shows semi-quantitative histological lesions scoring of the female strombus tricornis 

reproductive gonads. 
   Groups 

Lesions  

Control    Green 

racemosa  

Red 

 J. rubens 

Brown D. ciliolate 

   

Desquamated epithelial lining ++ - - - 

Interstitial inflammation + - - - 

Inflammatory cells infiltration ++ - - - 

Congested blood vessels ++  -  - 

Connective tissues ++ +++ +++ +++ 

-, +, ++, and +++ referring to not detectable, mild, moderate and severe, respectively. 

 

Figure 1: Transverse section stained with H &E of strombus tricornis oviduct from control 

untreated (a) and seaweeds treated strombus tricornis (b, c, d): a) showing inactive oviduct suffered 

from remarked inflammation with diffuse mononuclear cell infiltration. b, c, d) showing active and 

distended oviducts with vitellogenic oocytes indicating oogenesis. Scale bar= 80 μm 
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Figure 2: Transverse section stained with H &E of strombus tricornis ovary from control untreated 

(a) and seaweeds treated strombus tricornis (b, c, d): a) showing inactive ovary with immature 

follicles. b, c, d) showing mature ovary with mature follicles filled with vitellogenic oocytes. Scale 

bar= 50 & 80 μm 

Discussion 

Utilizing novel compounds in aquatic 

feeding are needed for continual increase 

of aquaculture activity (Siddik et al., 

2023). Global expulsion dominated by 

marine algae, grown in brackish and sea 

water. Seaweeds are relatively novel 

ingredients gained attractive consideration 

due to their essential bioactive contents in 

the aquatic nutrition (Patel et al., 2018). 

Reproductive biology is among of the 

major regards in formulation a real 

management for a fishery practice (Kao et 

al., 1999). The histological ovarian 

examination is a proper feature to assess 

ovarian changes (El Leithy et al., 2022). 

Herein, dietary supplementation with 

seaweeds enhanced growth indices and 

increase the total length and width of fish. 

Several investigations illustrated the close 

link between fecundity and fish length in 

different fish species. Generally, an 

increase in fish length is accompanied by 

increased fecundity (Bahuguna and Khatri, 

2009). Accordingly, a positive association 

was demonstrated between the total length 

and absolute fecundity of female Cyprinus 

carpio (Mohamad et al., 2018). Various 

studies have investigated the microalgae in 

aquaculture could alter the protein sources 

while upholding sustainability standards 

(Sarker et al., 2020). Diverse microalgae 

have been enclosed in aquafeeds 

formulation, as a major origin of vitamins, 

protein, lipids, and carotenoids (Shah et al., 

2018). They are plentiful with trace 

elements; such as calcium, phosphorous, 

iron, magnesium, zinc, and iodine, and 

abundant in polyunsaturated fatty acids. 

Such health-promoting ingredients make 

algae meal favorable as natural 

supplements in aquafeeds (Siddik et al., 

2023).  

Usage of different types of marine 

algae was able to improve and enhance 

reproductive response of female strombus 

tricornis in the current design. Overall, of 

350 red species, 25 green species, and 90 

brown species seaweeds inhabitant in the 
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world seas are commercially important 

(Santhanam et al., 1990). Ultimately, 

gonad tissues exhibited intact architecture 

with complete development and maturity. 

Green, red, and brown marine seaweeds 

are abundant in variable bioactive 

constituents possessing beneficial 

biomedical and pharmaceutical potentials 

that are assigned as health promoter 

components in animal feeding. Bioactive 

compounds present in marine algae based 

on species, as well as some environmental 

factors included; season, geographic place, 

and harvest time are dependent (Eom et al., 

2012). Macroalgae species poses to cover 

considerable quantity of tocopherols with 

powerful antioxidant roles. The dietary 

incorporation of red Pterocladia capillacea 

and green Ulva lactuca had a significant 

effect for Nile tilapia (Oreochromis 

niloticus) (Khalafalla and El-Hais, 2015). 

Correspondingly, brown algae contain high 

levels of 𝛼, 𝛽, 𝛾, and 𝛿-tocopherols, 

meanwhile green and red algae contain 

large amount of 𝛼-tocopherol, and with 

scarce amounts of the other tocopherols 

(Belghit et al., 2017).  

Similar results obtained through 

Chamorro-Cevallos et al. (2008) who 

mentioned that blue-green Spirulina 

provoke protective effect on gonads. It 

induced possible antioxidant and 

antiapoptotic properties on the ovarian 

histomorphology, attributed to own 

multiple components included B-complex 

𝛽-carotene, vitamins, chlorophyll, 

superoxide dismutase, and many minerals 

(Belay, 2002). Spirulina diminished lipid 

peroxidation and inhibit target tissues 

injury (Chamorro-Cevallos et al., 2008). 

Other authors reported that spirulina 

treated group revealed a prominent 

recovery of ovarian tissues resulted in 

improved corpora lutea and increased 

follicular number; moreover, decreased 

cystic and atretic follicles number. The 

more corpora lutea presence could be 

linked to changing of the estrous cycle to 

normal functioning (Rezvanfar et al., 

2012). SP attenuate the ovarian 

histological alterations enhanced by drugs-

associated ovarian toxicity (Yener et al., 

2013). 

Brown algae (Colpomenia sp.) 

excited an ameliorative effect in 

reproductive organs related to their 

antioxidant and immunostimulatory profit 

(Ramadan et al., 2013). Brown algae 

Colpomenia sp. profusely applied for 

medicinal and feed purposes returned to 

broad range of bioactive substances like 

essential amino acids, vitamins, minerals, 

indigestible carbohydrates (Chojnacka et 

al., 2012). Also, Colpomenia sp. is 

abundant with structural and biological 

polysaccharides (Shilpa et al., 2003). 

Brown seaweeds have much bioactive 

ingredients than those in green or red 

seaweeds (Seafood plus, 2008). They are 

served as antioxidant, antiinflammatory, 

antimicrobial, antiviral, and antitumoral 

(Bhagavathy et al., 2011).  

Conclusion 

Studying the relationship between 

feed quality and the reproductive potential 

of the fish is necessary to identify which 

success can be applied. Because of their 

lowered feed costs, high nutritive contents, 

and availability, seaweeds are prospective 

replacer for protein origin applied in 

cultured fish. The aforementioned 

discussed findings confirm the 

advantageous yield with the dietary 

incorporation of seaweeds in fish diets in 

the stimulation of gonads development and 

fish fecundity. In turn seaweeds in fish 

feeds cover favorable effectiveness on the 

reproductive performance of fishes. 
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