Effects of Dietary Supplementation Of Wild Sourced Macrophyte on Growth performance, feed Utilisation, Haematology and Serum Biochemistry of Oreochromis niloticus
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ABSTRACT
This study aimed to assess the effects of supplementation of Pistia stratiotes diets for soybean at 10 % (S10), 20 % (S20) and 30 % (S30) levels and the control (S0) on Oreochromis niloticus.Three treatments and control with triplicates each and the initial weight and length of the fish were 15.5 g and 9.8 cm. A-90 day feeding trial was conducted. Proximate composition of the formulated isoproteic (30 % crude protein) diets was determined in the laboratory, while feeding of the fish was done twice daily at 9 am and 5 pm. Weight and length were measured every two weeks, and at the end of the feeding trial, blood samples were collected to determine haematological and biochemical indices using standard analytical methods. The results showed that crude protein and fibre showed no significant difference except for S0 that varied from others in crude fibre (6.73±0.34). S0 recorded the best final weight , weight gain and protein intake, followed by S10 with significant differences. S30 recorded the highest red blood cells (6.12±0.41) and packed cell volume (40.0±3.20), while S10 (11.57±0.41) had the highest white blood cell count, AST (65.01±4.90), and total protein (68.10±2.30). The overall results revealed Pistia stratiotes  can replace soybean at inclusion levels of 10 - 20 % and maintain growth performance that is comparable to the conventional diets, but the elevated values of WBC and AST in fish fed Pistia stratiotes diets connote threats to immune system and liver health of the fish, which could be due to exposure to toxicants accumulated in the plant sourced from the wild and anti-nutritional factors in the macrophytes. Efforts not to source macrophytes from a non polluted environment are needed.
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1.u INTRODUCTION
The global population is skyrocketing, with projections reaching 7.4 x 109 by 2030 and 8.5 x 109 by 2050 (Iskandar et al., 2023), although earlier estimates suggested it could hit 9.7 x 109 (United Nations World Population Prospects, 2019). This rapid growth, combined with increasing life expectancy, has raised concerns about food security, making a sustainable food supply chain crucial for meeting the demand and consumption needs of the growing population (Azra et al., 2021; Arshad et al., 2022).
With the global population surge, demand for animal protein is projected to rise by 88 %, posing a significant challenge in feeding a growing population a healthy, nutritious, and sustainable diet (Troell et al., 2022). The aquaculture industry has shown promise in addressing this challenge, providing vital animal protein through fishery products (FAO, 2020). However, experts agree that there is no single solution to meet the increasing food demand, and while aquaculture is one potential approach, more comprehensive strategies are needed to ensure sustainable food production for the future (Azra et al., 2021). 

Aquaculture involves the controlled cultivation or rearing of aquatic organisms in artificial environments, where producers manage production factors to optimize economic outcomes (Issa et al., 2022). This food production sub-sector has recently expanded to meet the growing demand for seafood and health related benefits (Badran et al., 2024). One notable species driving this growth is Oreochromis niloticus (Nile tilapia), valued for its market demand, environmental adaptability, diverse feeding habits, rapid growth rate and disease resistance (Orose and Wokeh, 2020; Oluwalola et al., 2020; Ismail et al., 2022). However, Nile tilapia (Oreochromis niloticus) and other fish species production in aquaculture is challenged by the rising cost of aqua-feed and its ingredients (Ahmed et al., 2024). Aqua-feed is crucial, accounting for 60 - 70 % of operational costs (Noor, 2020). With conventional ingredients like soybean becoming increasingly expensive, there’s a pressing need for alternative protein sources that are affordable, accessible and nutritious ( Stadtlander et al., 2022). Water Lettuce (Pistia stratiotes), emerges as a promising candidate to replace or supplement soybean in Nile tilapia diets, offering a potential solution to reduce feed costs.

Water Lettuce (Pistia stratiotes), an aquatic macrophyte, has emerged as a promising protein source due to its nutritional profile, potentially replacing conventional sources like soybean and fish meal (Kabir et al., 2023). Meanwhile, its ability to absorb metals from surrounding water raises concerns about pollutant accumulation, which could impact its safety and viability as a feed ingredient (Skorbilowicz and Sidoruk, 2024). The tendency of Pistia stratiotes to absorb and accumulate heavy metal from water poses a risk to human health through biomagnification in the food chain (Munyai and Dalu, 2023; Wokeh et al., 2025).
Given the potential contamination of wild-harvested water lettuce, it is crucial to investigate the impact of Pistia stratiotes based diets on Nile tilapia’s  growth performance, haematological and biochemical indices. This study’s findings will provide valuable insights into the effects of contaminated feed ingredients on fish health
2. MATERIALS AND METHODS

2:1 Sample Collection and 		Preparation
A fresh Water Lettuce (Pistia stratiotes) was harvested from the wild and washed with tap water to remove sediments, dirts and debris. A plant taxonomist confirmed its identity through morphological examination. The samples were then sun-dried under shade at moderate temperature, mechanically crushed into fine powder, sieved and stored in plastic containers. Subsequently, laboratory analysis using standard procedures determined the nutritional composition of the plant samples.
2:2 Feed Formulation and Preparation
Four isoproteic (30 % crude protein ) diets were formulated using Pearson’s square method, where Water Lettuce (Pistia stratiotes) meal replaced soybean at inclusion levels of 0 % (control), 10 %, 20 % and 30 %. The dietary crude protein level was based on previous studies on the nutritional requirements of juvenile Oreochromis niloticus. The composition of other conventional feed ingredients is presented in Table 1. 
2:3 Experimental Fish
Nile tilapia (Oreochromis niloticus) juveniles were sourced from a commercial fish farm in Port Harcourt, Rivers State, for this feeding trial. This species was chosen for its hardness, ability to utilize various feed ingredients, efficient feed conversion and rapid growth rate. Healthy juveniles were transported to the experimental site at the African Regional Aquaculture Centre’s Family Test Unit in Aluu, Rivers State, early in the morning when water temperature and dissolved oxygen levels were favourable. The fish were then stocked in 12 concrete ponds (1 m3 each)and fed commercial diets for a 7-day acclimatization period before the feed trial commenced.
 2:4 Feeding Trial and measurment growth indicators
After a 7-day acclimatization period, 10 juvenile fish per treatment (initial weight: 15.50 g; initial length: 9.80 cm) were randomly distributed into four groups: S0 (Control), S10, S20 and S30, each with triplicates (n = 3). prior to the start of the trial, fish were fasted for 24 hours to enhance appetite and acceptance of the experimental diets. Feeding occurred twice daily (9 am and 5 pm) at 5 % body weight for 12 weeks. Water quality was maintained by replacing water every three days. Fish weight and length were measured every two weeks using a digital weighing balance and metre rule.
Growth and Feed Utilisation Parameters were obtained using the equation:
Weight gain (WG)= Final -Initial weight 

		


Specific Growth Rate/Day 

2:5 Collection of Blood Samples
At the end of the experimental trial, five fish from each treatment and replicate were sampled for blood collection using 2 ml heparinized syringe and surgical needles, via the caudal peduncle (Ahmed et al., 2024). Blood samples were analysed for haematological indices (RBC, Hb, PCV and WBC) and serum biochemical parameters (AST, Total Protein, Bilirubin, Globulin and Urea).

2:6 Statistical Analysis
All data generated in this study were subjected to one-way analysis of variance (ANOVA) and expressed as mean ± standard error (SE) of replicates. Duncan’s multiple range test was used to compare treatment means and determined significant differences at 5 %.


Table 1: Formulation of Experimental Diets
	DW g/100g
	S0
	S10
	S20
	S30

	Soybean 
	38.26
	34.43
	30.61
	26.78

	Yellow Corn
	7.34
	7.34
	7.34
	7.34

	Palm Oil
	3.00
	3.00
	3.00
	3.00

	Fish Meal
	38.26
	38.26
	38.26
	38.26

	Wheat Bran
	7.34
	7.34
	7.34
	7.34

	Premix
	0.50
	0.50
	0.50
	0.50

	Lysine
	0.15
	0.15
	0.15
	0.15

	Methionine
	0.15
	0.15
	0.15
	0.15

	Pistia stratiotes
	0.00
	3.83
	7.65
	11.48

	
	100
	100
	100
	100




3.Results and Discussion

The results of the nutritional composition of the experimental diets and Pistia stratiotes  (supplemented for soybean) are shown in Table 2. The results indicated a significant different (p < 0.05) in fibre content, with Pistia stratiotes having the highest mean, followed by diet S30 , which showed no significant difference (p > 0.05) from the other diets. The moisture content showed no statistical variations across the diets but varied statistically from Pistia stratiotes. A similar result was recorded for crude protein (CP) across the test diets. Fat (ether extract) content showed a significant difference (p  < 0.05) in S30  compared to the other diets, which showed no statistical variations from each other, but S30 was significantly different from Pistia stratiotes. Nitrogen-free extract (NFE) indicated that S0 (control) diet showed no statistical variations from S10  but was statistically different (p < 0.05) from the other diets and Pistia stratiotes used as feed ingredients.

The developmental stage of aquatic organisms such as fish directly determines the protein needs, and the requirement for protein is reduced as the weight increase (Tesfalun and Alebachew, 2023).The 30 % isoproteic content observed across the diets,as shown in Table 2, was suitable for the culture of juvenile Nile tilapia, which is stipulated as having 25 to 50 % protein needs (NRC, 2011). Similarly, the findings were previously reported by Achoki et al.(2024). Although (Mmanda  et al., 2020) asserted that the protein requirement for good health, proper growth, and effective metabolic response should be 28 to 32%,the protein content of all the experimental diets was adequate for juvenile Nile tilapia culture.

The ash content observed in this study was at variance with the values reported by Achoki et al.(2024) in the partial supplementation of fishmeal with macrophytes. Ash content in aqua feed expresses the mineral matter such as Ca, Mg, and K  in feed, and the percentage ash content in this study falls within the 7 to 12 % range opined as a requirement for the culture of Oreochromis niloticus (Chepkirui et al., 2022).
Similarly, the values of fibre showed no statistical variations (p > 0.05) across the treatments except for the fish fed with the control diet. The fibre content across the experimental diets was higher than values (4.13 %) observed in 10% supplementation of duckweed for soybean (Falaye et al., 2023), and 5.13 % fibre content reported by Adedokun et al.(2017) for inclusion of 25 % Pistia stratiotes with Nile tilapia diets .An increase fibre content in an aqua diet inhibits feed utlisation, palatability, and digestibility (Opiyo et al., 2024).

The percentage ether extract (lipid) in this study revealed that the diets showed no statistical variations (p > 0.05) among themselves. Though the values were higher than 7.15 to 7.45 % previously reported in the diets of Oreochromis niloticus supplemented with Pistia stratiotes (Shimul et al., 2024).These values are within the 6.0 to 8.0% lipid requirements used in the culture of Nile tilapia by most fish farmers (Mohammadi et al., 2020). Dietary lipid (ether extract) plays significant roles in growth, metabolism, and maintenance of other biological functions (Xie et al., 2025). The moisture content in the diets followed a similar pattern as the lipid, and moisture percentage is good to maintain shelf life and prevent microbial attack on the feed.


,
Table 2: Nutritional Composition of Pistia stratiotes and Experimental Diets
	Parameters
	Pistia stratiotes
	S0
	S10 
	S20 
	S30

	Crude Fibre (%)
	15.33±0.45a
	6.74±0.34c
	7.16±0.22bc
	7.82±0.02b
	8.32±0.30b

	Moisture (%)
	6.10±0.20b
	9.00±0.20a
	9.02±0.03a
	9.37±0.03a
	9.02±0.03a

	Crude Protein (%)
	17.39±0.01b
	30.14±1.60a
	30.03±1.65a
	30.10±1.6a
	30.04±1.62a

	Ash (%)
	19.80 ±2.10a
	4.52±0.04c
	5.40±0.31bc
	5.72±0.60b
	6.02±0.30a

	Fat (%)
	7.25±0.44c
	8.01±0.03b
	8.28±0.03b
	8.52±0.02b
	9.24±0.03a

	NFE (%)
	34.13±2.02c
	41.59±0.02a
	40.11±0.03a
	38.47±0.04b
	37.38±0.06b


Mean values (mean± standard error) in the same row 
with different superscript are significantly different (p < 0.05).



The results of growth performance and feed utilisation indicators are presented in Table 3. The average initial weight and length showed no statistical variations (p >0.05) across the treatments. The mean final body weight depicted a higher value in the 0% (control) inclusion, which varied statistically from other test groups, followed by S10 , which was statistically different from S20 and S30 ; S20 and S30 were not significantly different (p > 0.05) from each other. The feed intake values of the control and S10 diets showed no statistical variations (p > 0.05) from each other but  varied significantly (p < 0.05) from S20 and S30. The average values of protein intake (PI) followed a similar pattern. Specific growth rate recorded the highest value in S0 (control)diet, which was statistically different (p < 0.05) from other treatments, though S10 showed no statistical difference (p > 0.05)from S20 and S30. A similar pattern was also observed in protein efficiency ratio (PER) and feed conversion ratio (FCR), which showed no statistical variations (p > 0.05) across the treatments except for the control (S0 ), which depicted statistical variations  from other  treatments.

Water lettuce (Pistia stratiotes) is one of the aquatic macrophytes that could serve as a promising and sustainable alternative protein source in the aquaculture business due to its abundance, nutrient profile, and inexpensive cost of production. This study examined the effects of dietary supplementation of Pistia stratiotes meal in place of soybean at 10 %, 20%, and 30% inclusion levels in Oreochromis niloticus diets. Several other studies have shown that supplementation of aquatic macrophytes at 10-20 % protein enhances growth performance and feed utilization without compromising health status (Imiatz et al.,2022; Shimul et al., 2024; Opiyo et al., 2024). 	The findings in this study revealed that the experimental fish fed with 0% inclusion of pistia stratiotes (control) inclusion performed best in both growth and feed utilization indicators. The results of the outstanding performance in the experimental fish fed 0% inclusion of Pistia stratiotes (control) could be attributed to optimal amino acid composition,balanced nutritional profile, and digestibility (Shimul et al., 2024).Although, despite the performance of the fish fed with a control diet, S10 outperformed other fish fed with S20 and S30 in terms of final body weight (FBW), protein intake (PI), feed conversion ratio (FCR), weight gain (WG), and feed conversion efficiency (FCE). 

The performance of S10 against S20 and S30 is similar to the previous reports of Imiatz et al. (2022), Opiyo et al. (2024), and Chepkirui et al.(2022). Yousif et al. (2019) posited that inclusion of aquatic macrophytes in lower percentage inclusion (10-20%) outperformed those with higher inclusion. Incorporation of macrophytes above 20% introduces more fibre, anti-nutritional factors, and accumulated toxicants,  which may inhibit efficient enzymatic digestibility and nutrient absorption (Achoki et al., 2024).
Feed conversion ratio (FCR) in S0 (control) was below 2.0, as opined Callegaro et al.(2019) that FCR range for artificial diets should not exceed 2.0.The values of S10 and S20 were slightly above 2, which suggests that the supplementation of soybean with Pistia stratiotes in Oreochromis niloticus diets is achievable within 10-20% inclusions of aquatic macrophytes without impacting negatively on the growth and feed utilization indicators (Chepkirui et al.,2022; Balkhasher et al., 2021). Similarly, the results of survival rate indicated the highest survival was recorded at S10  with significant variations (p < 0.05). The higher survival rate observed in fish fed S0 and  S10  was in consonance with the reports of Falaye et al. (2023) and Opiyo et al.(2024), who reported that increase in percentage inclusion of macrophytes could affect feed utilisation and survival rate.




Table 3: Growth Performance Indices of the Experimental Fish
	Parameters
	S0
	S10
	S20
	S30

	Final Body Weight(g)
	60.54±3.06a
	54.40±2.34b
	50.50±2.10c
	49.40±1.50c

	Total Weight Gain (g)
	46.10±3.06a
	39.20±2.26b
	34.90±1.90c
	33.90±1.90c

	%SGR/Day
	4.27±0.82a
	4.06±0.82ab
	3.95±0.05b
	3.91±0.06b

	Feed Intake (g)
	90.35±3.54a
	87.47±4.16a
	76.94±2.42b
	77.30±2.20b

	FCR
	1.97±0.01a
	2.24±0.04b
	2.22±0.03b
	2.30±0.04b

	Protein Intake (g)
	27.26±1.8a
	26.24±1.24ab
	23.07±0.73b
	23.24±0.71b

	Length Gain (cm)
	15.08±0.24ab
	15.16±0.24a
	14.48±0.25b
	14.34±0.25b

	Initial Weight (g) 
	15.50±0.00a
	15.50±0.00a
	15.50±0.00a
	15.50±0.00a

	Initial Length (cm)
	9.80±0.00a
	9.80±0.00a
	9.80±0.00a
	9.80±0.00a

	Survival Rate
	76.65±6.11b
	93.31±5.70a
	76.61±5.20b
	76.61±5.50b


Mean values (mean± standard error) in the same row with different
superscript are significantly different (p < 0.05). 



Table 4 shows the summary of the results obtained from haematological and serum biochemical indices of Oreochromis niloticus fed dietary inclusion of Pistia stratiotes meal and the control diet. The results showed the highest mean red blood cell (RBC) values (6.12± 0.41µL) observed in S30 , which was significantly different(p < 0.05) from S20 (4.6±2.9 µL) but was not statistically different from S10 (5.81±0.42 µL) and S0 (control) (5.11±0.41 µL). The packed cell volume (PCV) followed a similar pattern as RBC, while white blood cells (WBC) were highest in S10 ( 11.56±0.41) with no statistical variations in S20 (10.20±1.30) and S30 (10.42±1.16), but were all significantly different from the control diet (5.69±0.9). The S0 (Control) diet recorded the highest MCH (21.42±1.32), which was significantly different from S10 but showed no statistical variations from S20 (19.6±0.45) and S30 (19.46±0.05). The mean value of AST was highest in S10 (65.01±4.90) with observable significant differences across the treatments, while S30 had the lowest AST value (33.34±3.60). Similarly, the mean Globulin value was highest in S10 (23.10±1.20), which showed no statistical variations from S0 (21.63±1.13) but varied significantly from S20 (18.30±1.50) and S30 (18.34±0.6). The mean total protein value was also highest in S10 (68.10±2.30) but showed no statistical variations from other treatments except S20 (51.20±4.10), which was the lowest. Bilirubin values were highest in S10 (13.60±1.30) with significant differences across the treatments except S20 (12.90±0.34).

Haematological and biochemical indices of fish reflect the general health condition and physiological status of the experimental fish (Oreochromis niloticus) (Ismail et al., 2022). Both haematological and biochemical indices (RBC, WBC, PCV, MCH, AST, Globulin, Bilirubin and Total Protein) in this study did not show a regular pattern . The mean values of red blood cell (RBC) and packed cell volume (PCV) were higher in fish fed Pistia stratiotes diets than the control (S0) except for S20. RBC and PCV are super important in assessment of fish health, as they explain both the oxygen-carrying capacity of the blood and the blood volume of the experimental fish. The decreased mean RBC and PCV in the control diet when compared with the fish fed different levels of Pistia stratiotes-incorporated diets is similar to the findings previously documented by Abdul Kari et al. (2021).
The elevated RBC and PCV recorded in Pistia stratiotes-supplemented diets in this study are suggestive of Pistia stratiotes diets having stimulating effects on erythropoiesis, and this is congruent with the findings of Shimul et al. (2024) on effects of fermented aquatic weed meal (FAWN) on RBC and PCV of Clarias batrachus. The elevated RBC and PCV in fish fed Pistia stratiotes-supplemented diets could promote oxygenation of tissue, support adequate fish growth and other biological functions, and this is in consonance with the findings of Esmaeili et al. (2020). 

Similarly, the white blood cells (WBC) across fish fed with Pistia stratiotes diets indicated elevated WBC when compared with the control diet. This is suggestive of a significant effect of Pistia stratiotes diets on the fish immune system. These findings align with the report of immunomodulatory effects of Azolla diets in Oreochromis niloticus  previously documented by Bhattacharyya et al. (2016) but are in variance with the findings of Shimul et al. (2024) who reported no adverse effects on the fish immune system for the consumption of fermented aquatic weed meal. 
The values of mean corpuscular haemoglobin (MCH) were higher in the fish fed S0 (control) diet when compared with other fish fed experimental diets. MCH is a measure of the average amount of haemoglobin in red blood cells, and it is a vital parameter for assessing the health and physiological status of fish. Changes in the values of MCH could be indicative of different types of anaemia or haematological disorders in fish. In cases of low MCH, it might suggest iron deficiency or other issues affecting haemoglobin synthesis in fish. The MCH values observed in this study when compared with that of the fish fed control diet could be said to be good for a healthy fish, though they were below 31.35 - 33.95 pg previously reported as MCH values for Clarias batrachus fed with fermented aquatic weed meal (Shimul et al., 2024), and 38.56 - 54.67 pg reported as MCH values for Oreochromis niloticus fed raw and processed duckweed (Falaye et al., 2023).
 
The mean values of Aspartate aminotransferase (AST) indicated that S10 recorded the highest value, followed by S20, and the least value was observed in S30. The values of AST recorded in this study align with the range of values (47.5 - 58.0) previously reported for the substitution of fishmeal with Azolla pinnata diets in red tilapia (Sallam et al., 2024). AST is one of the liver enzymes that is produced whenever the bile flow in the liver is diminished  (Giannini et al., 2005). The implications of elevated AST values in Pistia stratiotes diets, especially S10 and S20, are tissue damage particularly in the liver or muscle, which could be affecting fish health and possibly caused by exposure to toxicants accumulated in the macrophytes used as ingredients from the source point and the anti-nutritional factors (Wokeh et al., 2025). Similarly, the mean values of Globulin were highest in S10 with no statistical variations with fish fed S0 (control) diet but varied significantly with S20 and S30. Globulin values usually reflect the underlying inflammation or antibody production, and elevation is indicative of immune-mediated diseases and deviation from the normal physiological status of the fish (Tothova et al., 2018). The Globulin values observed in this study are in consonance with the findings of Imiatz et al. (2024). Also, the Total Protein value was highest in S10, which showed no statistical variations from S0 and S30 but varied significantly with S20. These values are in contrast with the values reported by Nandi et al. (2023). Elevated Total Protein in S10 when compared with S0 (control) and other treatments is suggestive of an immune response to stressors. Bilirubin values showed no statistical differences between S10 and S20 but varied significantly from S0 and S30. Bilirubin is a pigment largely produced in the liver, and its elevated values in S10 and S20 when compared with the control are suggestive of breakdown of haemoglobin from red blood cells of fish fed S10 and S20, which is indicative of haemolysis. 





Table 4: Haemato-biochemical Indices of Fish Fed with Experimental Diets
	Parameters 
	S0
	S10
	S20
	S30

	RBC (cells/µL)
	5.11±0.41ab
	5.81±0.42ab
	4.62±0.32b
	6.12±0.41a

	PCV (%)
	36.10±2.10b
	38.10±2.90ab
	31.10±2.90c
	40.10±3.20a

	WBC (cells/µL)
	5.69±0.9b
	11.56±0.41a
	10.20±1.30a
	10.42±1.16a

	MCH (pg)
	21.42±1.32a
	20.66±0.90b
	19.6±0.45ab
	19.46±0.05ab

	AST (µ/L)
	39.06±1.96c
	65.01±4.90a
	63.66±1.59b
	33.34±3.60d

	Globulin (g/L)
	21.63±1.13a
	23.10±1.20a
	18.30±1.50b
	18.34±0.6b

	Total Protein (g/L)
	54.50±2.06ab
	68.10±2.30a
	51.20±4.10b
	53.34±4.53ab

	Bilirubin (µmol/l)
	8.20±0.24b
	13.60±1.30a
	12.90±0.34a
	6.82±0.64c


Mean values (mean± standard error) in the same row with different superscript are significantly different (p < 0.05).


4.CONCLUSION
With the findings in this study, it is evident that water lettuce (Pistia stratiotes) can serve as an alternative protein source with comparable growth performance to conventional protein (soybean) in the culture of Oreochromis niloticus, particularly at 10 % inclusion levels. The supplementation of Pistia stratiotes  at 10 % showed an improved growth response in this study.  In this study, the elevated values of white blood cells and Aspartate aminotransferase in the experimental fish fed macrophyte-based diets were an indication of stress in the immune system and liver health, which could be due to the impact of toxicants and other stressors. 

5.RECOMMENDATION

Therefore, to reduce the cost of production in aquaculture, it is recommended to use water lettuce at a low inclusion level (10 - 20 %) as alternative protein source,.but it is expedient to consider where to source this plant due to its ability to accumulate heavy metals and other pollutants, which
 could enter the food chain, resulting in human health risks.
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