



Rearing Monosex Tilapia at Low Salinity Levels Using Locally Available Protein Sources
ABSTRACT
	This study focused on several essential elements of fish farming. Such as developing diets from locally available and cheap protein sources, comparing plant/animal protein sources in diets, identifying the most effective source for increasing fingerling weight and protein content, achieving the best feed conversion efficiency, and clarifying the effect of these sources on behavior and growth of monosex tilapia fingerlings, which are being cultured for the first time in Syria under low-salinity waters. This will positively affect the future of fish farming projects and their investments.
This study was designed as an experimental research conducted at the Department of Fisheries Resources, High Institute of Marine Research, and Department of Zoology, Faculty of Science, Latakia University/Lattakia /Syria, from May to August 2023. 
Four diets were prepared, all with equal protein content (35%), but differing in protein source (plant/animal); M1: soybean meal, M2: cottonseed meal, M3: poultry slaughterhouse waste, and M4: a mixture of (soybean meal + cottonseed meal + poultry slaughterhouse waste). Monosex tilapia fingerlings were obtained during May 2023 from the nearby Al-Sin fishery research field station (Banyas/Syria). They were distributed in the laboratory glass tanks of Lattakia University and fed till satiation, twice a day for 63 days. Hydrological factors, individual behavior and mortality rates were monitored daily.
The results showed that fingerlings fed on M1 and M3 diets had good feed conversion rates, high daily growth rate, good protein content, and low mortality compared to the undesirable M2 diet, which resulted in lower feed consumption, slight weight gain, bad feed conversion ratio and increased mortality. Fingerlings feeding on M4 diet achieved the best results in terms of feed conversion ratio and weight gain with high protein content.

These results indicate that some local protein sources can be added to diets as a primary protein source that positively affect growth, providing economic and environmental benefits for monosex tilapia fingerlings in low salinity water. This confirms the adaptability and successful culture of monosex tilapia in low-salinity water environments.
The study recommends rearing of monosex tilapia in low-salinity waters, adopting soybean meal and poultry slaughterhouse waste as the main ingredients in monosex tilapia diets. Conversely, Cottonseed meal is not recommended as the main source of plant protein in feed without pretreatment, due to its negative effect on growth rate.
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1. INTRODUCTION 
Fish farming is one of the most important basic sources to protect food security worldwide, especially in terms of obtaining animal protein with high nutritional value, protecting natural stocks, preserving the marine environment and creating job opportunities (Lim et al., 2024). Fish meat is the major source of animal protein for millions of people, especially in Asia and Africa (Khan et al., 2025). This necessitates developing this nutritional source to offer a good-quality food at a reasonable price. Therefore, it is essential to study the nutritional components needed for fish to achieve the fastest growth and the best meat quality. Such studies can be later adopted and applied in farms to achieve easy-to-digest fish protein, which outweighs the benefits of red meat (Kaur et al., 2023, FAO, 2022).
Protein is the most essential and more expensive element in fish feeding (Meurer et al., 2025), Thus, it is important to accurately determine the protein requirements for each species at each age stage (Craig and Helfrich, 2002, Radhakrishnan et al., 2020). 
Tilapia is the second most farmed fish in the world. It is native to Africa and the Middle East and has been introduced to more than 90 countries for farming and supporting fisheries sectors (Arumugam et al., 2023). Monosex Tilapia fingerlings were produced to increase farming feasibility; it is the hybridization of males Oreochromis aureus and females O. niloticus, (Little et al., 2003), where a male generation was produced with a higher growth rate than females (Basavaraju, 2023).
1.1 STUDY IMPORTANCE AND AIMS 
Small-scale fish farmers in developing countries face challenges of limited information available about fish and their farming methods (Emam et al., 2025). Since feed costs represent the major proportion of the overall production cost, the availability of low-cost, nutritionally balanced diets and the use of good feeding practices are the two most important requisites for sustainable and successful fish production (Lim et al., 2024). 

Because of the scarcity of freshwater resources in recent years, we began to acclimatise this fish species for farming in low-salinity waters to save freshwater, obtain a fish product with a quality close to that of marine fish in terms of meat quality, taste, and feed conversion efficiency (Rakocy and Mcginty, 1989).
This research focuses on several important and essential factors for the fish farming process. Mainly, comparing plant and animal protein sources within diets, identifying the most effective source in increasing fingerlings' weight, protein content estimation, achieving the best-feed conversion efficiency and clarifying the effect of these sources on behavior and growth of monosex tilapia fingerlings, which are being reared for the first time in Syria under low-salinity water conditions. This will positively affect the future of fish farming projects and their investment.
The study presents a cost-effective feeding strategy using locally available and inexpensive protein sources, such as soybean meal and poultry slaughterhouse waste. This provides a primary nutritional source in fish feed and reduces reliance on expensive imported fishmeal. This increases the economic viability of fish farming, supporting sustainable aquaculture practices by reducing pressure on fish stocks in fisheries, whether for feeding or fishmeal production. Furthermore, farming in low-salinity water reduces freshwater consumption and reduces pressure on local aquatic resources.

Monosex tilapia production increases production, as produced males have a higher growth rate than females, which increases the economic feasibility of the farming process.
1.2 THE STUDY SITE

This study had been done in 2023, at the Laboratory of zoology, Faculty of Science, and Department of Fisheries resources, High Institute of Marine Research/ Latakia University/ Lattakia/ Syria (35°31'24"N 35°48'28"E) (Fig. 1). 
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	Fig. 1. Location of the experiment


2. MATERIAL AND METHODS

2.1 DIET PREPARATION

Experimental diets were prepared from locally available raw materials to offer protein sources that achieve the best growth rate, reduce feed costs and increase the economic feasibility (Jeyaprakashsabari and Aanand, 2022, Eo et al., 2020, Michael and Sogbesan, 2017). Dry materials were mixed together using a hand mill after adding the required nutritional supplements, oils and distilled water. The mixture was dried at 60 C° for 24 hours, crushed into the right pellet sizes and stored in a refrigerator until used.

Four diets, equal in protein content (35%) but differ in protein source (plant or animal), were prepared (Table 1): i.e. M1: soybean meal (SBM), M2: cottonseed meal (CM), M3: poultry slaughterhouse waste (PSM) and M4: control sample (a mixture of soybean meal + cottonseed meal + poultry slaughterhouse waste).
2.2 FINGERLING TRANSPORTING AND ACCLIMATION STAGE

Monosex tilapia fingerlings were obtained during May 2023 from the nearby Al Sin fishery research field station (Banyas/Syria). They were transported by oxygen-injected plastic bags (Albahri et al., 2019) into glass tanks equipped with air pumping devices containing fresh water in laboratory of zoology in Faculty of Science/ Latakia University. Fingerlings were left for two days without feeding until they calmed down and then salinity acclimation process took place for 30 days; from 17 May till 16 June 2023. During this period, salinity in the tanks was gradually increased, as from freshwater up to 10‰, by mixing sea water with freshwater. Fingerlings were fed on M4 diet and monitored daily for their behavior and mortality. 
	Table 1: Diets Components used in the experiment

	M4
	M3
	M2
	M1
	Ingredients (g)

	42
	-
	22
	76
	Soybean meal

	10
	-
	58
	-
	Cottonseed meal

	18
	62
	-
	-
	Poultry slaughterhouse powder

	5
	15
	6
	3
	Yellow corn powder

	15
	13
	4
	11
	Wheat bran

	3
	3
	3
	3
	Fish oil

	3
	3
	3
	3
	Vegetable oil

	0.5
	0.5
	0.5
	0.5
	Methionine

	0.5
	0.5
	0.5
	0.5
	Lysine

	1
	1
	1
	1
	Vitamins

	1
	1
	1
	1
	Minerals

	0.5
	0.5
	0.5
	0.5
	Antioxidants

	0.5
	0.5
	0.5
	0.5
	Antifungals

	100
	100
	100
	100
	Total


2.3 EXPERIMENTAL STAGE

Fingerlings were distributed into 8 glass tanks (35 liter, 20 fingerlings each) and Initial weights were measured using a digital balance (OPTICA- Italy). Measurements were recorded in triplicate for accuracy. Using each of the diets (M1, M2, M3 and M4), fingerlings were fed to satiation twice a day for 63 days: 17 June to 19 August 2023. During this period, water quality was maintained by removing fish wastes using a hand net and regular water replacement (30-40% daily and 100% weekly). Hydrological factors, fingerlings' behavior and mortality rates were measured daily.
2.4 DATA ANALYSIS
At the end of the experiment, fingerlings were harvested and final weight was taken. After that, Fingerlings were dried at 60 C° for 24 hours and crushed for biochemical analysis, where the following indices were applied:

· Body weight gain (BWG) = Final weight (g) – Initial weight (g)

· Daily growth rate (ADG) = Body weight gain/ number of days

· Feed conversion ratio (FCR) = Feed intake (g)/  Body weight gain (g)

· Mortality rate (%) = (final survived number /initial number) x 100
Body protein percentages was estimated using Microkjeldahl device (Büchi B-324 Distillation unit) based on dry weight as total nitrogen.
3. results and discussion
3.1 BEHAVIOR DURING ACCLIMATION PERIOD: 
At the beginning of their distribution in the tanks, fingerlings were observed to have signs of stress, such as tension and fear, besides arbitrary and sudden movement. After several days, they became calmer and adapted to captivity.

Throughout the period of salinity acclimation, fingerlings showed good tolerance to changes in salinity from freshwater to 10‰, as mortality was very low (2%) with continued activity and good feeding and feed intake.  

3.2 REARING CONDITIONS:
During rearing period at 10‰ salinity, water temperature average was 27.8±2.1 C°, the dissolved oxygen average was 5.5±0.4 mg/l and pH average was 7.2±0.1. This result agrees with that of Das et.al. (2019) who recommended a temperature and dissolved oxygen of 27-30 C° and ~5 mg/l for optimal growth of this species.
Mortality rate was low during the experiment period at M1 and M3 (10% for both), while it increased at M4 (15%) and M2 (25%) (Table 2).
Fingerlings were active and some individual males showed bright colors and aggressive behavior towards other individuals. This may be a sign of sexual maturity (Maan and Sefc, 2013).
The average initial weights of the fingerlings were 16.42 ±2.69 g. By the end of the experimental period, the average final weights were 20.4, 16.7, 18.8, and 21.9 for M1, M2, M3 and M4, respectively (Table 2).

Fingerlings feeding on M1 diet (containing 76% SBM) had characterised by a good feed conversion ratio (2.94), good daily growth rate (0.04 g/day) and high protein percentage (61.25%). According to this result, it is better to feed monosex tilapia fingerlings on the mentioned percentage 76% of SBM. Results of Lin and Luo (2011) indicated that protein from SBM could substitute ~75% of fishmeal protein without influencing the growth of tilapia (Lin and Luo, 2011). A study by Bhatta et al. (2025) also recommended the inclusion of plant protein in feeds in sustainable aquaculture practices for the production of monosex tilapia, with the optimal protein ratio determined for each age stage (Bhatta et al., 2025).
Feeding fingerlings on M2 diet (containing 58% CM, 22% SBM) was infeasible due to the increased mortality rate (25%), decreased feed consumption, low increase in weight and low feed conversion ratio (10.75). This indicates that 10.75 kg of feed is required to produce 1 kg of monosex tilapia.  Therefore, the mentioned proportion (58% CM, 22% SBM) cannot be considered as a good source of plant protein in the diets of monosex tilapia. These results are consistent with the results of Agbo et al. (2011), where CM protein substitutes in the diet of Oreochromis niloticus at 25% and 50% did not significantly affect growth (specific growth rate, weight gain) and feed utilisation (feed intake, feed conversion ratio, protein efficiency ratio, apparent net protein utilization, and energy retention). (Agbo et al., 2011). These results also agree with Mbahinzireki, et.al. (2001), who recommended that the amount of CM in feed of tilapia should not exceed 50%. Again, Yue and  Zhou’s (2008) indicated that using 33.76% of CM gives the best results in terms of growth rate and protein content.
Nevertheless, this proportion may still achieve better results when changing the quantities of the materials used or when doing pretreatment to remove toxic compounds, as it still offers a fairly good protein percentage in meat (59.57%).

	Table 2.  Initial and final weights, Feed amount, body weight gain (g), Daily growth rate, Feed conversion ratio and mortality rate of monosex tilapia fed on the experimental diets.

	Mortality rate
	Feed conversion ratio
	Daily growth rate
	Body Weight gain(g)
	Feed amount(g)
	Final weight(g)
	Initial weight (g)
	Protein source

	%10
	2.94
	0.04
	2.9
	8.53
	20.4
	17.5
	M1

	%25
	10.75
	0.006
	0.4
	4.3
	16.7
	16.3
	M2

	%10
	3.72
	0.03
	1.9
	7.08
	18.8
	16.9
	M3

	%15
	1.67
	0.08
	5.3
	8.87
	21.9
	16.6
	M4


Feeding fingerlings on M3 diet (containing 62% PSM) could be the best choice, as it gave the highest protein percentage in the meat (64.22%) with a good feed conversion ratio (3.72) and low mortality rate (10%). Therefore, we recommend adopting the mentioned percentage (62% PSM) as an animal protein source in the diets used to rear monosex tilapia (Table 2).  These results are consistent with the study by Román et al. (2025), in which chicken waste was used in different proportions to feed juvenile red tilapia. The results demonstrated the potential for using chicken entrails products as a healthier and more sustainable alternative to fish feed, thus reducing the environmental impact associated with inadequate management of these residues in aquaculture (Román et al., 2025).
Ricarte De Lima et al. (2022) indicated that adding up to 18% poultry by-product meal could improve the growth of Nile tilapia fingerlings.

Feeding fingerlings on M4 diet (containing 42% SBM, 10% CM and 18% PSM) gives the best results in terms of feed conversion ratio (1.67), indicating that 1.67 kg of feed is required to produce 1 kg of monosex tilapia with a high protein percentage (62.66%).

This result is consistent with Jeyaprakashsabari and Aanand (2022) and khan (2025) as these studies recommended a minimum of 28% dietary crude protein for hybrid tilapia raised in tanks and fed on all-plant diets. So it is recommended to adopt this percentage for feeding monosex tilapia (FAO, 2022).
3.3 THE STUDY IMPLICATION:
3.3.1 ENVIRONMENTAL CONSERVATION:
Results of this study demonstrate the effectiveness of using some locally available and inexpensive protein sources, reducing reliance on expensive imported fishmeal.
Rearing monosex tilapia under low salinity conditions reduces freshwater consumption and alleviates pressure on local aquatic resources.
Supports sustainable aquaculture practices, reducing pressure on natural fish stocks for human consumption or fish feed production.
3.3.2 COMMERCIAL AQUACULTURE:
The study presents a cost-effective feeding strategy using inexpensive local protein sources, reducing farming costs and increasing the economic viability of fish farms.
Production of monosex tilapia results in high profitability for the farm, as production increases with shorter rearing periods.
The results of this study can be easily applied to rural fish farms, supporting local economic development and food security.
3.4 RESEARCH GAPS AND LIMITATIONS:
Protein sources: The study focused on some of the protein sources available locally in Syria. Further studies are needed to apply different protein sources in other geographic areas.
Economic feasibility: Although the potential for cost reduction is suggested, a detailed economic analysis was beyond the scope of this study and should be explored in subsequent studies.
Applicability to other species: The study was limited to the monosex tilapia, while similar experiments with other economically important species in aquaculture may reveal broader results.

4. Conclusion
Based on this study it can be concluded as follows 
1- Monosex tilapia fingerlings (weight 16.42±2.69g) acclimatised at 10‰ salinity level had good activity and good feeding appetite.
2- Feeding fingerlings on a plant protein source (M1 diet), containing 76% soybean meal, resulted in a high feed conversion ratio, good daily growth rate and good protein percentage. 
3- Feeding fingerlings on a plant protein source (M2 diet), containing 58% cottonseed meal and 22% soybean meal, was undesirable, as it resulted in feed consumption, little weight increase, bad feed conversion ratio and increased mortality. 
4- Feeding fingerlings on animal protein source (M3 diet), containing 62% poultry slaughterhouse waste, gave the highest protein percentage in the meat with a good feed conversion ratio and low mortality rate. 
5- Fingerlings fed on a mixed plant & animal protein source (M4 diet), containing 42% soybean meal, 10% cottonseed meal and 18% poultry slaughterhouse waste, achieved the best results in terms of feed conversion ratio, weight gain and high protein percentage.

6- Protein percentages in the meat were close to each other in all treatments but were the highest in M3 diet (62% poultry slaughterhouse waste).
5. RECOMMENDATION
1- Encouraging monosex tilapia farming on low salinity (~10‰), especially in areas of freshwater shortage and available saline water sources.

2- Adopting the soybean meal and poultry slaughterhouse waste as the main constituents of monosex tilapia feed, given its effectiveness in increasing growth and feed conversion efficiency.

3- Encouraging farmers to use these locally available feed sources to reduce costs and support the mariculture feasibility.
4- Cottonseed meal is not recommended as the main source of plant protein in feed without pretreatment, due to its negative impact on growth rate. However, better results may be achieved by altering the relative quantities of the ingredients used. Yet, treating cottonseed meal (by fermentation or removing toxic compounds…) may be a possible option to improve its nutritional value.

5- Continuing research on monosex tilapia reared under different salinity levels and discover additional local protein sources such as insects or algae, then comparing the possible effects on fish production.
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