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INTRODUCTION  

 

Strombidae are marine benthic gastropods which constitute a major economic 

importance in the Caribbean. At a minimum, four species contribute significantly as 

staple food (Aranda, 2003). Strombus tricornis occupied one of the most famous 

Strombidae species. The shells of Strombus tricornis are typically found residing on coral 

carpet and the adjacent sandy areas at water depths ranging from 6 to 30 meters. They are 

also observed on rock bottom. Additionally, a living juvenile was observed settling in the 

sand near a coral carpet at a water depth of 20 meters in the Red Sea (Janssen et al., 

2011).  
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Strombus tricornis is a true conch among Strombidae species predominately 

exploited for feeding and jewelry production. Intensive conch culture targets 

higher growth rates using convenient formulated feed under suitable 

conditions. Moreover, the efficacy of the digestive system mainly depends 

on the nutritive value of aqua feed. Currently, nutriment scientists attempt to 

use marine algae as an alternative protein for aquatic feed. Hence, an 

assessment was made to compare the inclusion of seaweed and protein 

sources in Strombus tricornis diet using five experimental diets (D). D1, D2 

and D3 integrated with racemosa, J. rubens,and D. ciliolate, respectively, 

while D4 and D5 incorporated with animal and plant protein, respectively. 

Each diet was run into three replicates of conchs in 60 liters of aquaria at 

30- 32°C for three months. The final body weight of Strombus conchs 

simultaneous with histomorphology characteristics of the digestive system 

and muscles were evaluated for five treatments. Results ensured that 

seaweed enhanced growth for further increased final body weight. 

Histomorphological results exhibited normal intestinal epithelium of 

columnar cells and well-studiated muscle fibers when compared with those 

of control and commercial diets. In conclusion, algae act as a proper 

alternative feed for protein sources of Strombus. 
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Under controlled conditions, several cost gastropods cultures have been 

successfully established (Song et al., 2016). Methods for queen conch's aquaculture were 

previously instituted as means of culture conchs for feeding and stocking purposes. 

Nevertheless, there is a demand to advance husbandry techniques for juveniles 

enhancement (Davis & Shawl, 2005). While model ways for stocking and calcium 

demands are well studied, the essential nutritional requirements are not widely 

recognized (Stoner & Waite, 1990). 

In marine culture, feed constitutes the most expensive component for production, 

and protein sources are particularly costly ingredients (Jatobá et al., 2014). In the 

development of gastropods and other species, the diet of queen conch should take into 

consideration the level and efficiency of protein for maximum growth. Accurate 

evaluation of the protein needs can motivate efficacy of protein utility and minimize 

expenses of the manufactured feeds (Garr et al., 2011). Among the protein ingredients 

applied to manufacture diets for marine culture, fishmeal stands out for its rich 

compositions of vitamins, minerals, amino acid, and palatability (Chavez et al., 2016). 

Meanwhile, fishmeal is not represented as a renewable ingredient, attributed to an 

extractive industrial fish farming (Zhao et al., 2017). This has led to the search for 

alternative protein sources that offer the same nutritional value but at lower costs, thereby 

allowing for a greater profit margin (Chiu et al., 2016; Sun et al., 2016). Nevertheless, 

the addition of algae to the fish meal diet exhibited a successful potential for the 

replacement of fish meals and lipid sources (Liao et al., 2022). 

Usage of algae as an additive nutrition has attracted significant regard due to the 

favorable impact on the body weight (Ophilia & Ramanujam, 2017). The characteristic 

of microalgae as a fish meal is gaining recognition as a rapidly substitutional candidate in 

recent aquaculture manufacturing (Becker, 2007). Many algae categories have been 

estimated for their nutritive benefit and formulated as fish nutrition for increasing fish 

output (Sirakov et al., 2015).  

The gastropods mostly survive on brown, green, and red seaweeds (Hwang et al., 

2013). Correspondingly, marine algae have been used as crucial feed for the breeding of 

aquatic organisms, including marine cucumber, and mollusks under circumscribed 

conditions (Li et al., 2020). Seaweed is a valuable biomass for livestock, showcasing 

great variations in proteins, minerals, lipids and fibers (El-Manawy et al., 2019). 

Seaweeds enjoy a high mineral level due to the capability for absorption of inorganic 

substances from outside, and also they are fortified in polysaccharides; nevertheless, they 

comprise little amount of lipids, polyunsaturated fatty acids in particular (Misurcova, 

2011).  

Histopathology along with other diagnostic methods is an indicator used in the 

assessment of the aquatic feed used and their environmental conditions (Rajeshkumar & 

Munuswamy, 2011). Histological examination of the digestive system is an ideal 

diagnostic for the nutritional condition of the fish (Caballero et al., 2003). Intestine is a 
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primarily organ in food digestion and absorption, and hence monitoring of such organ is 

much necessitated (Roberts, 1989). Histological analysis is commonly based on 

semiquantitative scoring system (Mouton, 2002). 

Little is known about the efficacy of pellets and unicellular algae for Strombidae 

breeding. At a histological level, feeding attempts using formulated pellets gained 

growing concern in the meal composition in addition to the function and structure of the 

digestive gland of Strombidae (Aranda et al., 2007). In mollusks, the muscles and the 

digestive glands are constituted main energy reserves (Berthelin et al., 2000). However, 

energy maintains basal metabolism, and organisms functions (Sokolova et al., 2012). The 

gastropod digestive gland represents the most complicated structure, suggesting 

variations in feeding habits and diet constituents (Lopez et al., 2003). However, few 

investigations discussed the histological observations of the digestive tract of Strombidae, 

particularly concerning digestive physiology and the nature of enzymes (Alyakrinskaya, 

2001; Volland et al., 2012). 

To address this, a protocol was constructed to ensure how variable macroalgae 

could replace commercial protein compositions offered to conch Strombus tricornis L. 

(Mollusca, Gastropoda) using the histological lesions scoring to differentiate between the 

degree of lesions of different formulated diets. 

 

MATERIALS AND METHODS  

 

1. Ethical approval  

This procedure follows the ethical guidelines for the aquatic animals management 

which is approved by the Local Committee of National Institute of Oceanography and 

Fisheries (NIOF) in Egypt for Ethical Care and Use of Aquatic Animal to ensure that the 

procedure is appropriate avoiding any stressors during fish handling with the approval 

No. (NIOFAQ3I23R035).  

2. Experimental fish 

Marine mussels, Strombus tricornis of 8.95- 11.90cm length weighing 100± 20gm 

were collected from the Abu Sadaf area (27°17'31.71"N, 33°46'58.70"E) at the 

environment of marine algae with a sandy bottom by a snorkeling tube at water depths 

between (0.5- 1.5m) in October 2020 (Fig. 1). Samples were transferred into the 

laboratory tanks at the National Institute of Oceanography and Fisheries in 

(27°17'7.80"N, 33°46'19.90") Hurghada City, the Red Sea Governorate, Egypt. 

3. Experimental diets 

Randomized complete-blocked design was performed with different diets on 

recirculating systems. Five feeding treatments were used in the experiment, consisting of 

marine algae and commercial feeds. Additionally, five formulated rations were prepared 

to include crude protein, lipid, and total carbohydrate. The collected seaweeds were 

cleaned with distilled water, dried in shade, ground into a soft powder and stored at room 

temperature for feeding experiments and chemical analysis.  

https://www.apa.org/science/leadership/care/guidelines
https://www.apa.org/science/leadership/care/guidelines
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Diets from 1 to 3 were incorporated with different macroalgae which were 

identified based on their morphological characteristics taxonomy in consistent with 

Sahoo (2001). Accordingly, in diet 1, conchs were fed with green seaweed, specifically 

the species of Caulerpa racemosa var. gracilis (Zanardini) Weber-van Bosse from 

Chlorophyta. Diet 2, strombus cornis were supplemented with Jania rubens (Linnaeus) 

J.V. Lamouroux from Rhodophyta. While in diet 3, fish meal was incorporated with 

brown algae represented by Dictyota ciliolata Sonder ex Kützing from Phaeophyta, 

suggesting feeding on red algae.  

Commercial diet of the animal sources (D4) was substituted to contain an 

increased level of fish meal, whereas the diet of the plant sources (D5) was substituted to 

contain an increased level of soybean, as expressed by the manufacturer's guides in Table 

(1). 
 

 
Fig. 1.  General shape of the Strombus tricornis under water the marine environment 

 
 

Table 1. Protein composition (%) in the commercial diets 

Ingredient  % 
              Commercial diets  

Animal diet Plant diet 

Fish meal 

Soybean meal 

66.0 

0.0 

0.0 

46.0   

Yellow corn 11.0 11.0 

Corn gluten 6.0   6.0   

Wheat bran 14.0   14.0   

Rice bran 14.0   14.0 
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4. Analytical characterization of feed constituents 

Prior to feeding, intended diets were subjected to analysis for crude protein 

content, following the demonstrated method of Lowry et al. (1951). Crude lipid 

concentrations were primarily measured using petroleum ether extraction, and the ash 

content was determined in feed stuff  according to the guidelines of the AOAC (2000). A 

natural source of calcium from the sepia shell was used, where it was collected, dried, 

and milled, and was added by 1 to 2% to each diet. 

5. Experimental design 

In the experiment, seventy five (75) healthy well acclimatized gastropod Strombus 

tricornis with an average body weight (100± 20gm) were randomly distributed into 5 

treated groups. These five treated groups included green algae, red algae, brown algae, 

animal diet, and plant diet, respectively. Treatments were done into three replicates. Each 

group consisted of 15 specimens in a glass tank with a three-tank capacity of 60L 

(L50×H40×W30 cm³) of seawater. These tanks were connected to a direct pipeline, 

submerged underwater pumping system to transfer saline water from the sea to the 

aquatic laboratory.  

During the experiment, the daily feeding weight of food was set at 10 grams of 

diet (10% of body weight of conch), comprising 9 grams of diet and 1 gram of natural 

source of calcium from the squid shell. Feeding time was set from 9- 10AM daily, and 

siphoning and cleaning of the tank were daily done to remove waste, and leftover food. 

 Gastropod was exposed to different concentrations of diets for a period of three 

months, continuously. Water was daily changed, and the salinity, water temperature, and 

pH of water measured. They ranged between (40- 42‰), (30- 32c), and (7.80- 8.20), 

respectively. Conchs Strombus tricornis in all supplemented groups were daily monitored 

for any mortalities and abnormalities in their behavior. After the feeding experimentation 

has finished, final body weights of the treated conchs were calculated. Moreover, tissue 

samples were selected for the histological examinations.  

6. Tissue sampling 

After the three-month experimentation period concluded, organs including the 

gut, digestive glands and muscles of Strombus tricornis were dissected from treated 

strombus conchs. Parallel sea gastropods samples served as a standard control. 

Subsequently, the collected organs preserved in suitable fixative solution for histological 

monitoring. 

7. Histological examination  

Specimens from the selected organs were fixed in 10% neutral buffered formalin, 

sequentially dehydrated in methanol, and then embedded in paraffin wax after 

purification in xylene. For tissues sections, approximately about 5 microns were prepared 

using a microtome for hematoxylin and eosin (H&E) staining. Subsequently, they were 

microscopically imaged following the method of Bancroft and Gamble (2002). This 
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was performed to compare the potential effect of different diets on the morphology of the 

digestive tract and musculatures of Strombus tricornis.  

 

8. Statistical analysis  

Analyzed data are presented in mean ±standard deviation using one-way analysis 

of variance by SPSS software. 

RESULTS  

 

1. Feed characterization 

The proximate ingredients in diets formulated with different protein sources is 

shown in Table (2). Correspondingly, the total protein values (g/ kg) of the formulated 

diets in algae diets (D1, D2 and D3) were 10.2± 1.33, 20.31± 2.1, 15.31± 1.33, 

respectively, whereas the protein values in D4 and D5 were 50.0± 1.4 and 56.0± 1.3 of 

protein diets. Crude lipid level values (g/ kg) were 3.51± 1.21, 1.21± 1.34 and 0.451± 

0.12 in D1, D2 and D3, respectively; however in protein diets, the values were 8.0± 1.3 

and 0.55± 0.032, respectively.  

Total carbohydrate concentration values (g/ kg) in D1, D2 and D3 were 55.11± 

1.12, 35.31± 2.4 and 52.251± 3.4, respectively. In contrast, the diets of protein origin 

were 15.2± 0.82 and 18.45± 132. Eventually, the values of ash content (g/kg) were 

31.21± 3.2, 41.71± 2.3 and 32.31± 2.5 in green, red and brown diets, respectively, while 

animal and plant diets exhibited values of 27.0± 0.32 and 25.0± 0.56, respectively. 

 

Table 2. Proximate compositions of the formulated diets 

Diet Diet 1 

(Racemosa) 

Diet 2 

(J. rubens)  
Diet 3 

(D.ciliolate) 

Diet 4 

(Animal) 

Diet 5 

(Plant) 
Ingredient (g/ kg) 
Crud protein  10.2± 1.33 15.31± 1.33 20.31± 2.1 50± 1.4 56± 1.3 

Crud lipid  3.51± 1.21 0.451± 0.12 1.21± 1.34 8± 1.3 0.55± 0.032 

Total carbohydrate  55.11± 1.12 52.251± 3.4 35.31± 2.4 15.2± 0.82 18.45± 132 

Ash  31.21± 3.2 32.31± 2.5 41.71± 2.3 27± 0.32 25± 0.56 

 

2. Mortality and final body weights 

In terms of mortalities, according to the statistical data, mortalities percentage was 

only detected among animal and plant supplemented groups. It was 13.3 and 6.6%, 

respectively.  

Regarding the body weights, as shown in Fig. (2), seaweeds supplemented 

Strombus tricornis exhibited marked increase in the final body weights, reaching  205.3± 

6.39gm for J. rubens, 180.98± 14.4gm for D. ciliolate and 180.78± 14.3gm for racemosa, 

when compared with the Strombus tricornis weights under animal and plant diets, which 

were 176.44± 25.7 and 171.14± 9.8gm, respectively.  
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Fig. 2. Effect of the different algal and protein diets on the body weights of Strombus 

tricornis 

 

3. Histological results 

3.1. Macroscopic findings 

Necropsy revealed that gut, digestive glands and muscles of the control 

Strombidae exhibited apparently normal appearance. Likewise, treated groups appeared 

within normal shape, color and consistency. 

3.2. Microscopic lesions 

Table (3) and Figs. (3, 4, 5) show the results of the histopathological examinations 

which displayed ameliorative effect of marine macroalgae on histomorphology of the 

digestive organs and muscles of Strombus tricornis conchs when compared with 

histomorphological characteristics of commercial protein diets. 

3.2.1 Intestine. 

Histological sections of intestine of control Strombus tricornis showed 

degenerative changes with vacuolation of the epithelial lining villi (Fig. 3a). On the other 

hand, Strombus tricornis treated with green algae exhibited normal architecture of the 

intestinal layers mainly composed of well-developed mucosa lined with columnar 

epithelial cells and intact submucosa with loose connective tissues (Fig. 3b). Moreover, 

intestine of Strombus tricornis supplemented with red and brown algae showed fully 

developed intestinal morphology (Fig. 3c, d). In group 5, treated with animal protein, a 

prominent degree of cytoplasmic vacuolation was observed, indicating a degeneration of 

the intestinal tissues (Fig. 3e). Moreover, Strombus tricornis treated with plant protein 

suffered from degenerative changes of the epithelial lining but in mild form (Fig. 3f).  
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3.2.2 Digestive gland. 

Histological sections of the control digestive glands of Strombus tricornis 

exhibited poor development of the digestive cells with vacuolated cells deficient in brown 

inclusion bodies (Fig. 4a). Digestive glands of Strombus tricornis,  treated with green, red 

and brown algae showed a typical arrangement of the digestive cells with a columnar 

epithelium. Moreover, vacuolated cells were frequently observed, showing vacuolated 

cytoplasm with elongated brown inclusion bodies (Fig. 4b, c, d). Strombus tricornis fed 

with animal protein revealed focal inflammatory infiltration consisted of the erythrocytes 

and lymphocytes (Fig. 4e). Digestive glands of Strombus tricornis of group 6, treated 

with plant protein, showed normal histology of the digestive cells (Fig. 4f). 

3.2.3 Muscles. 

Histological sections of the muscles of control Strombus tricornis revealed mild 

congestion in the blood vessels and degeneration with less striations of the muscles fibers 

(Fig. 5a). Muscles of Strombus tricornis of group 2, treated with microalgae supplements 

green, red or brown type, exhibited a well developed striated muscles with normal 

striation (Fig. 5b, c, d). While, in the case of Strombus tricornis of group 5, a mild 

hemorrhagic inflammation was observed, characterized by a limited infiltration of red 

blood cells (Fig. 5e). Meanwhile, muscles of Strombus tricornis, when treated with plant 

protein, showed normally coordinated muscles fibers with a slight congestion of the 

blood vessels (Fig. 5f). 

Table 3. Histological lesions scoring based on degree of the histological lesions 

Absent, (-), mild (+), moderate (++), and severe (+++) 

                          Group 
Control Racemosa J. rubens D.ciliolate 

Animal 

protein 

Plant 

protein Lesion 

Intestine       

Epithelial vacuolation  + - - + ++ + 

Hemorrhage - - - - + - 

Inflammation - - - - + + 

Digestive gland       

Brown inclusion bodies - +++ +++ +++ ++ + 

Digestive cells 

vacuolation 
- + + + ++ - 

Mononuclear infiltration - - - - ++ + 

Erythrocytes infiltration - - - - + + 

Muscles       

Degenerative changes of 

muscles 

- 
- - 

- + ++ 

Congestion of blood 

vessels 

- 
- - 

- + ++ 
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Fig. 3. Transverse sections of intestine of control and treated S. tricornis stained with H & E 

showing: a) Intestine of control showing vacuolation of the epithelial lining intestinal villi, 

b) Intestine treated with green algae showing intact intestinal epithelium, c) Intestine 

treated with red algae showing well developed intestinal tissues, d) Intestine treated with 

brown algae showing mild vacuolated intestinal tissues, e) Intestine treated with animal 

protein showing remarked vacuolation of the intestinal epithelium, and f) Intestine treated 

with plant protein showing slight degenerative changes of the epithelial cells                               

(Scale bar= 50µm)  
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Fig. 4. Transverse sections of digestive glands of control and treated S. tricornis stained 

with H & E showing: a) Digestive glands of control S. tricornis showing poorly 

developed digestive and vacuolated cells; b) Digestive glands treated with green 

algae showing well developed digestive and vacuolated cells with brown inclusion 

bodies; c) Digestive glands treated with red algae showing normal organized 

digestive and vacuolated cells; d) Digestive gland treated with brown algae 

showing normally arranged vacuolated cells; e) Digestive glands treated with 

animal protein showing focal infiltration of the erythrocytes (red head), besides 

lymphocytes infiltration (black head), and f) Digestive glands treated with plant 

protein showing healthy digestive glands  (Scale bar= 50µm) 
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Fig. 5. Transverse sections of muscles of control and treated S. tricornis stained with H 

& E showing: a) Muscles of S. tricornis of control showing congestion in the blood 

vessels (black head), as well as degeneration of some muscles fibers; b) Muscles 

treated with green algae showing well developed striated muscles; c) Muscles 

treated with red algae showing normal striation of muscles; d) Muscles treated with 

brown algae showing well organized muscles fibers; e) Muscles treated with animal 

protein showing minimal infiltration of the red blood cells, f) Muscles treated with 

plant protein showing normal striation of the muscles fibers with congested blood 

vessels  (Scale bar= 50µm) 
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DISCUSSION 

 

The cultivation of marine, shellfish and algae is a critical source of food 

production (FAO, 2010). Moreover, it has assisted to improve harvestable stocks 

condition of some marine wealth. Sustainable aquaculture of Strombidae needs harvest of 

broodstock reared by using appropriate feed (Stoner & Waite, 1991). In aquaculture, 

growth depends on the availability of protein sources notably the fishmeal. Aquaculture 

meals require rising in the daily body gain. In aqaufeed, fishmeal predominantly serves as 

the primary source for nutritive protein, minerals, vitamins, and essential fatty acids 

(Naylor et al., 2009). 

Intensive conch aquaculture is deficient in formulated feed for attaining a proper 

growth rate at an equal or a higher than that of the wild stock. Under natural conditions, 

conchs' graze on a composite macroalgae and microbenthic diets (Serviere-Zaragosa et 

al., 2009). There is no available information on the desired  nutrient schedule  for 

Strombus species' diet (Garr & Acosta, 2011). To investigate the potential of formulated 

algae as a nutrient substitute for protein diet, a protocol was established to study its 

effects on the histological profile of Strombidae tricornis.  

Strombidae are frequently associated with continual microphagous nutrition 

(Fretter & Graham, 1962). However, many studies have mentioned that some Strombus 

species are herbivorous graze on hard and soft algae (Stoner & Waite, 1991). The mode 

of feeding varies for microphagous and deposit-feeders. Additionally, the digestive gland 

undergoes cyclic modifications primarily correlated with food availability and processing 

(Henry, 1984). 

Recently, fish nutritionists have been exploring alternative feedstuff ingredients 

that can provide the same nutritional value at a lower cost, and this trend is becoming 

increasingly striking (Bin Dohaish et al., 2018). Among the potential alternatives, algae 

are promising constituents in aquafeeds, hence they improve the growth performance in 

aquatic species (Allen et al., 2019). Algae as an available source for human and animal 

food have gained growing attention recently (Lorenze & Cysewski, 2000). Compared 

with other protein compositions, algae are enriched with essential fatty acids and 

proteins. Moreover, they serve as valuable ingredients in  meals, contributing to enhanced  

growth, improved physiological status, increased resistance to diseases, and stress 

reflection (Adissin et al., 2019; Ayala et al., 2020). 

Seaweed culture permits continual availability of macroalgae species and assures 

that the essential nutritive contents are relatively consistent (Capo et al. 1999, 2002; 

Barile et al., 2004) and are possibly boosted (Shipgel et al., 1999). Marine macroalgae is 

categorized to three main types; red, green and brown. It is considered as a main food 

supplement for proteins, lipids, minerals, polysaccharides and enzymes (Wei et al., 

2013). Algae are a valuable source for some vitamins, such as A, B, C, E, folic acid, 

nicotinic acid, biotin, and pantothenic acid (Becker, 2004). Substantially, macroalgae are 

enriched in iron and gamma linoleic acid (Belay, 2002), chlorophyll and carotenoids 
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pigments (Al-Harthi & El-Deek, 2012). The red algae species Rhodophytas, Gracilaria 

ferox, and A. subulata, as well as green algae species the Ulva spp., from a controlled 

environment, were combined to create a mixed seaweed feed, fostering higher yields in 

Aplysia californica (Capo et al., 2002). 

In the present study, we investigated the utilization of seaweeds as an alternative 

source of protein for Strombus tricornis conchs by evaluating their body weights and the 

histological profile of intestine, digestive glands and muscles. Supplementation of the 

Strombus tricornis with racemosa, ciliolate and J. rubens algae had a positive impact on 

the body weight with a better histomorphology of the digestive organs and muscles, while 

protein diets exhibited some histological changes despite having an improvement in body 

weights was observed. Similar results were confirmed by Bin Dohaish et al. (2018), who 

reported that a diet incorporating the blue-green alga S. platensis improved the kidney 

histoarchitecture of tilapia. In contrast, the diet with soybean protein exhibited 

consecutive cellular alterations in the renal tissues. The presence of S. platensis in the diet 

induced improvements in the growth and histoarchitecture of tilapia, attributed to its 

increased nutritional value. Spirulina is distinguished by its high concentration of 

vitamins, minerals, phycocyanin, and antioxidant characteristics (Estrada et al., 2001). 

Spirulina platensis offered a positive role on the kidney architecture of tilapia which 

might be due to the bioactive contents in alga implicated in an attenuation of 

inflammation (Bin Dohaish et al., 2018). The predominance of such contents verified 

detectable anti-inflammatory, hepatoprotective, anti-arthritic, and neuroprotective effects 

against various diseased conditions (Rimbau et al., 1999). 

In comparison with soybean, algae cover a significant protein source and fishmeal 

substitution attributed to own rare level of tannins, phytic acid, and trypsin inhibitor as 

anti-nutrient factors (Kokou et al., 2015). Seaweeds used an animal feed addition 

comprised brown Ascophyllum nodosum species. Tasco®, marine plant can intensify the 

health of animals and improved gut microbiota, and growth performance (Evans & 

Critchley, 2013). The addition of brown Ascophyllum nodosum seaweed to broiler feed 

resulted in improved intestinal criteria, characterized by well-developed villi. This 

suggests an increase in the digestive and absorptive area, leading to enhanced nutritive 

utilization. Hence, brown algae reserve a useful effect on growth performance, and 

intestine development without triggering adverse effects (Abou El-naga & Megahed, 

2018). Moreover, red Porphyra dioica alga utilized as feed substituent for marine 

Oncorhynchus mykiss pose subsequent improvements on growth, feed quality and protein 

efficacy. Bioactive pigments in algae surely increased carcass protein (Soler-Vila et al., 

2009). 

Raw soy-based feed had a negative impact on the digestive system and an 

increased tendency to enteritis in carnivorous fish. It was attributed to an increase of fiber 

content, carbohydrates, nutritional factors, and amino acids (Rašković et al., 2011). 

However, it has been previously reported that abundant consumption of the plant protein 
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confers a protective effect against chronic degenerative pathology through cholesterol 

regulation and inhibition of hepatic phospholipid metabolism (Krajcovicova 

Kudlachova et al., 2005). Herein, an increase in the final body weights of Strombus 

cornis was observed in protein diets of animal sources compared to initial weights. 

Bautista-Teruel et al. (2001) and Tung and Alfaro (2012) confirmed that formulated 

diets of animal proteins sources positively affect tissue growth and development in 

mollusks. 

Furthermore, adverse histological consequences in tilapia fed the commercial 

protein diet with plant content might be linked to the inclusion of soybean in the diet (Bin 

Dohaish et al., 2018). Those lesions excited by the antinutritional factors of soybean 

(Fuentes-Appelgren et al., 2014). Soybean protein intensively utilized in aquafeeds and 

subsequently altered growth and morphology in fish (Sahlmann et al., 2013). Soybean 

possesses diverse anti-nutritional factors that influence quality, utility, and digestion of 

soybean protein (Herkelman et al., 1992), inducing pronounced digestive and metabolic 

issues (Sun et al., 2005). In soybean, protease inhibitor was able to disturb the enzymatic 

activity responsible for proteolysis process. The resultant amino acids from protein 

degradation are converted to ammonia, which is then transformed into urea by the liver. 

Additionally, increased blood urea level caused sudden renal histological aberrations 

(Schrier et al., 2004). 

 

CONCLUSION 

 

Based on the previous histological observations, conchs which were fed diets 

containing C. racemosa, D. ciliolate and J. rubens exhibited an increase in body weight  

and maintained intact, fully developed histological structures in the intestines, gigestive 

glands, and muscles. This was characterized by an improvement of the intestinal villi 

with columnar epithelial lining, proper health of the digestive glands, and normally 

striated muscles fibers. On the other hand, conchs provided with protein diets 

experienced histological alterations in the cellular architecture of the digestive tissues and 

muscles fibers. These alterations were characterized by congestion of the blood vessels, 

degenerative changes with cytoplasmic vacuolation, and interstitial inflammation with 

infiltrates of lymphocytes and erythrocytes. Accordingly, we could conclude that algae 

supplementation confers improved effect on growth and histology of Strombus tricornis 

conchs in comparison with proteins supplemented diets. Algae can be effectively utilized 

to replace protein ingredients, enhancing the commercial production of marine conchs 

culture at various dietary levels. 

 

REFERENCES 

  

Abou El-naga, M. K. and Megahed, M. M. (2018). Impact of brown algae 

supplementation in drinking water on growth performance and intestine 



701                               Impact of Marine Macroalgae as an Alternative Feed for Strombus tricornis 
 

 

 

histological changes of broiler chicks. Egyptian J. Nutrition and Feeds, 21(2): 

495-507  

Adissin, T.O.; Manabu, I.; Shunsuke, K.; Saichiro, Y.; Moss, A.S. and Dossou, S. 

(2020). Effects of dietary Nannochloropsis sp. powder and lipids on the growth 

performance and fatty acid composition of larval and post larval kuruma shrimp, 

Marsupenaeus japonicus. Aquaculture Nutrition, 26(1): 186-200. 

Aldana Aranda, D. (2003). El Caracol Strombus gigas: Conocimiento Integral Para Su 

Manejo Sustentable En El Caraibe. Yucata´n, Me´xico: Impressos profesionales 

Aranda. pp. 165. 

Al-Harthi, M.A. and El-Deek, A.A. (2012). Nutrient profiles of brown marine algae 

(Sargassum dentifebium) as affected by different processing methods for chicken. 

J. Food Agric. Environ., 10:475-480. 

Allen, K.M.; Habte-Tsion, H.M.; Thompson, K.R.; Filer, K.; Tidwell, J.H. and 

Kumar, V. (2019). Freshwater microalgae (Schizochytrium sp.) as a substitute to 

fish oil for shrimp feed. Scientific reports, 9(1): 6178. 

Alyakrinskaya, I. O. (2001). The dimensions, characteristics and functions of the 

crystalline style of molluscs. Biol Bull., 28:523-535. 

Aranda, D.A.; Frenkiel, L.; Zetina Zarate, A.; Garcia Santaella, E.; Rios, E.; 

Saenz, R. and Brulle, T. (2007). Digestive gland as a feed index for juveniles of 

Queen conch Strombus gigas reared with formulated food. Proc Gulf Caribbean 

Fish Inst., 60:516-518. 

Ayala, M.D.; Galián, C.; Fernández, V.; Chaves-Pozo, E.; García de la Serrana, 

D.; Sáez, M.I. and Arizcun, M. (2020). Influence of low dietary inclusion of the 

microalga nannochloropsis gaditana (Lubián 1982) on performance, fish 

morphology, and muscle growth in juvenile gilthead seabream (sparus 

aurata). Animals, 10(12): 2270. 

Bancroft, J. D. and Gamble, M. (2002). Theory and Practice of Histological 

Technique". (5th edition), Churchill Livingstone, Edinburg, London. 

Barile, P.J.; Lapointe, B.E. and Capo, T.R. (2004). Dietary nitrogen availability in 

macroalgae enhances growth of the sea hare Aplysia californica 

(Opisthobranchia: Anaspidea). Journal of Experimental Marine, Biology and 

Ecology, 303:65-78. 

Bautista-Teruel, M.N.; Millamena, O.M. and Fermin, A.C. (2001). Reproductive 

performance of hatchery-bred donkey’s ear abalone, Haliotis asinina, Linne, fed 

natural and artificial diets. Aquac Res. 32: 249-254.  

Becker, E. W. (2007). Microalgae as a source of protein. Biotechnology Advances, 25: 

207-210. 

Becker, W. (2004). Microalgae in human and animal nutrition, p. 312- 351. In 

Richmond, A. (ed). Handbook of microalgal culture. Blackwell, Oxford. 



Hamed et al. (2023) 702 

Belay, A. (2002). The potential application of Spirulina (Arthrospira) as a nutritional 

and therapeutic supplement in health management. J. Am. Nutraceutical Assoc., 

5: 27- 48. 

Berthelin, C.; Kellner, K. and Mathieu, M. (2000). Storage metabolism in the Pacific 

oyster (Crassostrea gigas) in relation to summer mortalities and reproductive 

cycle (West Coast of France). Comp Biochem Physiol B Biochem Mol Biol., 125: 

359-369. 

Bin Dohaish, E.; Al Dhahri, M. and Omar, H. (2018).  Potential application of the 

blue-green alga (spirulina platensis) as a supplement in the diet of Nile tilapia 

(oreochromis niloticus). Applied Ecology and Environmental Research, 

16(6):7883-7902. 

Caballero, M.J.; Izquierdo, M.S.; Kjørsvik, E.; Montero, D.; Socorro, J.; 

Fernández, A.J. and Rosenlund, G. (2003). Morphological aspects of intestinal 

cells from gilthead seabream (Sparus aurata) fed diets containing different lipid 

sources. Aquaculture, 225:325-340. 

Capo, T.R.; Fieber, L.A.; Stommes, D.L. and Walsh, P.J. (2002). The effect of 

stocking density on growth rate and maturation time in laboratory-reared 

California sea hares. Journal of the American Association for Laboratory Animal 

Science, 41(6): 18-23. 

Capo, T.R.; Jaramillo, J.C.; Boyd, A.E.; Lapointe, B.E. and Serafy, J.E. (1999). 

Sustained high yields of Gracilaria (Rhodophyta) grown in intensive large-scale 

culture. Journal of Applied Phycology, 11:143–147. 

Chavez, N.N. G.; Ragaza, J.A.; Corre, Jr.V.L.; Serrano Jr.A.E. and Traifalgar, 

R.F.M. (2016). Effects of water hyacinth (Eichhornia crassipes) leaf protein 

concentrate as soybean protein replacement in white shrimp Litopenaeus 

vannamei (Boone) postlarvae diet. Aquaculture Research, 47(8): 2642-2649. 

Chiu, S.T.; Wong, S.L.; Shiu, Y.L.; Chiu, C.H.; Guei, W.C. and Liu, C.H. (2016). 

Using a fermented mixture of soybean meal and earthworm meal to replace fish 

meal in the diet of white shrimp, Penaeus vannamei (Boone). Aquaculture 

Research, 47(11): 3489-3500. 

Davis, M. and Shawl, A. L. (2005). A guide for culturing queen conch. Pages 125-142 

in A. M. Kelly and J. Silverstein, editors. Aquaculture in the 21
st
 century. 

American Fisheries Society, Symposium 46, Bethesda, Maryland. 

El-Manawy, I.M.; Nassar, M.Z. and Rashedy, S.H. (2019). Spatial and temporal 

variations in the nutritional composition of some seaweed from the Red Sea, 

Egypt. Egyptian J. Phycol., 20 (1): 29-50.  

Estrada, J.E.; Bermejo-Bescós, P. and del Fresno, A.M. (2001). Antioxidant activity 

of different fractions of Spirulina platensis protean extract. Farmaco, 56(5-7): 

497-500.  



703                               Impact of Marine Macroalgae as an Alternative Feed for Strombus tricornis 
 

 

 

Evans, F. D. and Critchley, A. T. (2013). Seaweeds for animal production use. J. 

Appl. Phycol., 26:891-899. 

Food Animal Organization, FAO (2010). World Review of Fisheries and 

Aquaculture. 

Fretter, V. and Graham, A. (1962). British Prosobranch molluscs: Their functional 

anatomy and ecology. London: The Ray Society Series. Pp. 756. 

Fuentes-Appelgren, R.; Opazo, L.; Barros, C.; Feijoo, V. and Urzua, J. (2014). 

Effect of the dietary inclusion of soybean components on the innate immune 

system in zebrafish. Zebrafish, 11: 41-49. 

Garr, A. L. and Acosta, S. (2011). Growth and survival of juvenile Queen Conch 

Strombus gigas fed artificial diets containing varying levels of digestible protein 

and energy. North Am J Aquac., 73: 34-41. 

Garr, A.L.; Acosta-Salm´on, H. Riche, M.; Davis, M.; Capo, Th.R.; Haley, D. and 

Tracy, P. (2011). Growth and Survival of Juvenile Queen Conch Strombus gigas 

Fed Artificial Diets Containing Varying Levels of Digestible Protein and Energy. 

North American Journal of Aquaculture, 73:34-41. 

Henry, M. (1984). Ultrastructure des tubules digestifs d’un mollusque bivalve marin, la 

palourde Ruditapes decussatus L., en me´tabolisme de routine. I. La cellule 

digestive. Vie Marine, 6: 7-15. 

Herkelman, K.L.; Cromwell, G.L.; Stahly, T.S.; Pfeiffer, T.W. and Knabe, D.A. 

(1992). Apparent digestibility of amino acids in raw and heated conventional and 

low trypsin inhibitor soybean for pigs. Journal of Nutritional Science, 70: 818-

826. 

Hwang, E.K.; Gong, Y.G.; Hwang, I.K.; Park, E.J. and Park, C.S. (2013). 

Cultivation of the two perennial brown algae Ecklonia cava and E. stolonifera for 

abalone feeds in korea. J. Appl. Phycol., 25(3): 825-829. 

Indy, R. I. (2007). Why is seaweed so important (Doctoral dissertation, M. Sc thesis, 

Faculty of Fisheries and Marine Sciences, Sam Ratulangi University, Jln. Kampus 

Bahu, Manado 95115, Indonesia). 

Janssen, R.; Zuschin, M. and Baal, C. (2011). Gastropods and their habitats from the 

northern Red Sea (Egypt: Safaga): Part 2: Caenogastropoda: Sorbeoconcha and 

Littorinimorpha. Annalen des Naturhistorischen Museums in Wien. Serie A für 

Mineralogie und Petrographie, Geologie und Paläontologie, Anthropologie und 

Prähistorie, pp. 373-509. 

Jatobá, A.; da Silva, B.C.; da Silva, J.S.; do Nascimento Vieira, F.; Mouriño, J.L. 

P.; Seiffert, W.Q. and Toledo, T.M. (2014). Protein levels for Litopenaeus 

vannamei in semi-intensive and biofloc systems. Aquaculture, 432: 365-371. 

Kokou, F.; Sarropoulou, E. and Kentouri, M. (2015). Effects of fishmeal 

replacement by a soybean protein on growth, histology, selected immune and 



Hamed et al. (2023) 704 

oxidative status markers of gilthead sea bream, Sparus aurata. Journal of the 

World Aquaculture Society, 46: 115-128.  

Krajcovicova Kudlachova, M.; Babinska, K. and Valachovicova, M. (2005). Health 

benefits and risks of plant proteins. Topical review, Bratisl Lek Listy., 106(6-7): 

231-234. 

Li, C.; Liu, E., Li, T.; Wang, A.; Liu, C. and Gu, Z. (2020). Suitability of three 

seaweeds as feed in culturing strawberry conch Strombus 

luhuanus. Aquaculture, 519: 734761. 

Liao, H.; Liu, P.; Deng, Y.; Zhang, W.; Pan, C.; Jia, Y. and Tang, H. (2022). 

Feeding effects of low-level fish meal replacement by algal meals of 

Schizochytrium limacinum and Nannochloropsis salina on largemouth bass 

(Micropterus salmoides). Aquaculture, 557: 738311. 

Lopez, D.A.; Gonzalez, M.L. and Perez, M.C. (2003). Feeding and growth in the 

keyhole limpet, Fissurella picta (Gmelin, 1791). Journal of Shellfish Research, 

22: 165-169. 

Lorenze, R. T. and Cysewski, G. R. (2000). Commercial potential for Naematococcus 

microalgae as a natural source of astaxanthin. Trends Biotech., 18 (4): 160- 167. 

Lowry, O.H.; Rosebrough, N.J.; Farr, A.L. and Randall, R.J. (1951). Protein 

measurement with the Folin Phenol reagent. J. Biol. Chem., 193(1):265- 275. 

Misurcova, L. (2011). Isolation and chemical properties of molecules derived from 

seaweeds chemical composition of seaweeds. Handb. Mar. Macroalgae, pp. 171-

192. 

Mouton, P. R. (2002). Principles and practices of unbiased stereology: an introduction 

for bioscientists. Johns Hopkins University Press, Baltimore, Md., London. 

Naylor, R.L.; Hardy, R.W.; Bureau, D.P.; Chiu, A.; Elliott, M.; Farrell, A.P.; 

Forster, I.; Gatlin, D.M.; Goldburg, R.; Hua, K. and Nichols, P.D. (2009). 

Feeding aquaculture in an era of finite resources. Proceedings of the National 

Academy of Sciences of the United States of America, pp: 15103-15110.  

Official Methods of Analysis (AOAC) (2000). Official methods of Analysis. 17th Ed. 

Association of analytical chemists. Washington DC, USA.  

Ophilia, S. and Ramanujam, P. (2017). Efficacy of green algae and cyanobacteria as 

feed for juvenile Labeo gonius. Journal of Algal Biomass Utilization, 8(3): 13-22. 

Rajeshkumar, S. and Munuswamy, N. (2011). Impact of metals on histopathology 

and expression of HSP 70 in different tissues of Milk fish (Chanos chanos) of 

Kaattuppalli Island, South East Coast, India. Chemosphere, 83:415-421. 

Rašković, B.; Stanković, M.; Marković, Z. and Poleksić, V. (2011). Histological 

methods in the assessment of different feed effects on liver and intestine of 

fish. Journal of Agricultural Sciences (Belgrade), 56(1): 87-100. 



705                               Impact of Marine Macroalgae as an Alternative Feed for Strombus tricornis 
 

 

 

Rimbau, V.; Camins, A.; Romay, C.; González, R. and Pallas, M. (1999). Protective 

effects of c-phycocyanin against kainic acid-induced neuronal damage in rat 

hippocampus. Neuroscience Letter, 276: 75-78.  

Rimber, Ir. Indy, (2007). Why is seaweed so important? M.Sc thesis Faculty of 

Fisheries and Marine Sciences, Sam Ratulangi University, Jln. Kampus Bahu, 

Manado 95115, Indonesia. 

Roberts, R. J. (1989). Fish Pathology. Baillière Tindall, London. 

Sahlmann, C.; Sutherland, B.; Kortner, T.; Koop, B.; Krogdahl, A. and Bakke, A. 

(2013). Early response of gene expression in the distal intestine of Atlantic 

salmon (Salmo salar l.) during the development of soybean meal induced 

enteritis. Fish and Shellfish Immunology, 34: 599-609. 

Sahoo, D. (2001). Seaweeds of Indian coast. A.P.H. Publishing Corporation, New Delhi  

Schrier, R.; Belz, M. and Johnson, A. (2004). Repeat imaging for intracranial 

aneurysms in patients with autosomal dominant polycystic kidney disease with 

initially negative studies: a prospective ten-year follow-up. Journal of the 

American Society of Nephrology, 15: 1023-1028. 

Serviere-Zaragosa, E.; Mazariegos-Villareal, A. and Aranda, D.A. (2009). 

Preliminary observation of natural feed of Queen Conch Strombus gigas. Proc 

Gulf Carib Fish Inst., pp: 514-517. 

Shipgel, M.; Ragg, N.L.; Lupatsch, I. and Neori, A. (1999). Protein content 

determines the nutritional value of the seaweed Ulva lactuca L. for the abalone 

Haliotis tuberculata L. and H. discus hannai Ino. Journal of Shellfish Research, 

1:227–233. 

Sirakov, I.; Velichkova, K.; Stoyanova, S. and Yordan, S. (2015). The importance of 

microalgae for aquaculture. International Journal of Fisheries and Aquatic 

Studies, 2(4): 81-84. 

Sokolova, I.M.; Frederich, M.; Bagwe, R.; Lannig, G. and Sukhotin, A. A. (2012). 

Energy homeostasis as an integrative tool for assessing limits of environmental 

stress tolerance in aquatic invertebrates. Mar Environ Res., pp. 79: 1-15. 

Soler-Vila, A.; Coughlan, S.; Michael, D.; Guiry, M. and Kraan, S. (2009). The red 

alga Porphyra dioica as a fish-feed ingredient for rainbow trout (Oncorhynchus 

mykiss): effect on growth, feed efficiency and carcass composition. Journal of 

Applied Phycology, 21: 617-624.  

Song, J.P.; Fang, J.B.; Song, H.; Zhang, T.; Ban, S.J.; Pan, Y. and  Li, Z. (2016). 

Effect of feeding preferences, temperature, and size on food intake of Rapana 

venosa.Mar. Sci., 40(1): 48-53.  

Stoner, A. W. and Waite, J. M. (1990). Distribution and behavior of queen conch 

Strombus gigas relative to seagrass standing crop. Fishery Bulletin, 88(3): 573-

 .585



Hamed et al. (2023) 706 

Stoner, A. W. and Waite, J. M. (1991). Trophic biology of Strombus gigas in nursery 

habitats: diet and food sources in sea grass meadows. Journal of Molluscan 

Studies, 57: 451–460. 

Sun, H.; Tang, J.W.; Yao, X. H.; Wu, Y.F.; Wang, X. and Liu, Y. (2016). Effects of 

replacement of fish meal with fermented cottonseed meal on growth performance, 

body composition and haemolymph indexes of Pacific white shrimp, Litopenaeus 

vannamei Boone, 1931. Aquaculture Research, 47(8): 2623-2632. 

Sun, Z. W. and Qin, G. X. (2005). Soybean antigens and its influence on piglets and 

calves in Chinese. Acta Zoonutrim Sinica., 17: 20-24. 

Tung, C. H. and Alfaro, A. C. (2012). Alternative protein sources in artificial diets for 

New Zealand's black-footed abalone, Haliotis iris, Martyn 1784, Juveniles. J 

World Aquac Soc., 43: 1-29. 

Volland, J.M.; Lechaire, J.P.; Frebourg, G.; Aldana Aranda, D.; Ramdine, G. and 

Gros, O. (2012). Insight of EDX analysis and EFTEM: Are spherocrystals located 

in strombidae digestive gland implied in detoxification of trace metals? Microsc 

Res Tech., 75:425-432. 

Wei, N.; Quarterman, J. and Jin, Y.S. (2013). Marine macroalgae: an untapped 

resource for producing fuels and chemicals. Trends in Biotechnology, 31(2): 70-

77. 

Zhao, L.; Wang, W.; Huang, X.; Guo, T.; Wen, W.; Feng, L. and Wei, L. (2017). 

The effect of replacement of fish meal by yeast extract on the digestibility, growth 

and muscle composition of the shrimp Litopenaeus vannamei. Aquaculture 

Research, 48(1): 311-320. 


