


Evaluation of dietary water hyacinth (Eichhornia crassipes) meal on Cell-mediated immunity and carcass traits in broilers
ABSTRACT
The poultry industry has a great deal of potential to promote quick economic growth if it expands its operations and adopts better production techniques. The study aims to determine whether adding water hyacinth (Eichhornia crassipes) meal to broiler chickens' diets affects their carcass features and cell-mediated immunity, as well as whether it can be used as a substitute feed source. Using a completely randomised design, 160 day-old broiler chicks were split into four treatment groups, each with five replicates. A basal diet (T1, control) and a basal diet supplemented with water hyacinth meal at 25 g/kg (T2), 50 g/kg (T3), and 75 g/kg feed (T4) comprised the dietary treatments. The feeding experiment ran for 42 days. At the end of the experiment, carcass characteristics and immune organ indices were evaluated. For each bird in T1, T2, T3, and T4, the recorded carcass weight was 1902.60 g, 1896.40 g, 1766.80 g, and 1461.00 g. The dressing percentage was 74.47%, 76.25%, 73.18%, and 75.32%, with birds fed 25 g/kg water hyacinth meal showing the highest value. For T1, T2, T3, and T4, the average liver weights were 47.43 g, 54.93 g, 54.37 g, and 53.80 g, and the average gizzard weights were 30.28 g, 32.34 g, 28.43 g, and 29.74 g, respectively. Across treatments, heart weights varied from 10.57 g to 11.13 g. In birds fed 75 g/kg water hyacinth meal, bursal weight rose from 1.41 g in the control group to 2.72 g, with corresponding bursal index values of 0.06% to 0.11%, suggesting better development of immune organs. Nonetheless, there was little difference between treatments in spleen weight (2.77–3.11 g) and spleen index (0.11–0.13%). The findings show that while moderate inclusion enhanced dressing percentage and immune response, dietary addition of water hyacinth meal had no negative impact on carcass characteristics. The results suggest that water hyacinth meal may be added to broiler diets at a rate of 25 g/kg in order to promote sustainable poultry production.
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INTRODUCTION
	Over the past three decades, India's poultry industry has grown dramatically, becoming a well-organized sector that greatly contributes to both the country's economic growth and food security. Poultry farming plays an important role in the national economy and socio-economic development, especially through chickens, which are a commonly raised livestock species (Meenu et al., 2025). Poultry farming used to be mostly a home activity, but because to advancements in management techniques, genetic advancements, and contemporary technologies, it has evolved into a commercial enterprise. The poultry industry has a great deal of potential to promote quick economic growth if it expands its operations and adopts better production techniques. Poultry sector along with livestock provide a major contribution to India’s economy (Pathak et al., 2022).  According to the 20th Livestock Census (2019), the total poultry population in the country is 851.81 million, representing an increase of 16.81% over the previous census. Of this population, backyard poultry and commercial poultry account for 317.07 million and 534.74 million birds, respectively, reflecting growth rates of 45.8% and 4.5%. Egg and broiler production have increased annually at a rate of 8–10%, whereas the output of most agricultural commodities has increased at a comparatively lower rate of 1.5–2% per year. India ranks second globally in egg production, with an annual output of 149.11 billion eggs, and fourth in total meat production, recording 10.50 million tonnes during 2024-25. Poultry meat contributes approximately 49 % in total meat production. A consistent increase in per capita egg availability has also been observed, rising from 79 eggs per year in 2018–19 to 106 eggs in 2024–25. Out of the total eggs produced, commercial poultry contributed 84.49%. Andhra Pradesh remains the largest egg-producing state, accounting for 18.37% of national egg production during 2024–2025, while several other states, including Tamilnadu (15.63%), Telangana (12.98%), West Bengal (10.72%) and Karnataka (6.67%). These 5 states together contribute 64.37% of India’s total egg production. Even with the poultry industry's explosive expansion, rising production costs remain a significant obstacle to long-term profitability. About 75–80% of the overall cost of producing broilers comes from feed alone. The hunt for substitute feed sources that are affordable, accessible regionally, sustainable for the environment, and safe for human consumption has become more intense as a result. Nutrition plays a pivotal role in poultry production, as a balanced diet supplies essential nutrients required for growth, production and reproduction, thereby directly influencing performance and efficiency (Pourhossein et al., 2015; Mahfuz et al., 2019; Rasheed et al., 2022). In order to increase productivity while lowering feed costs, recent research has concentrated on the use of non-traditional natural feed components in addition to traditional vitamins, minerals, and antibiotic growth promoters. 
Water hyacinth (Eichhornia crassipes) is a fast-growing invasive aquatic weed widely distributed across tropical regions (Adeyemi and Osubor, 2016). It has been identified as one of the most invasive aquatic weeds globally due to its detrimental impacts on community livelihood and aquatic ecosystems (Nashrullah et al., 2025). The plant proliferates rapidly, forming dense mats that obstruct waterways, disrupt aquatic ecosystems, reduce biodiversity and create favorable conditions for the spread of disease vectors (Simpson and Sanderson, 2002; Kushwaha, 2012). An alternate option is to utilise water hyacinth for various purposes, such as animal feed (Jafari, 2010). Water hyacinth is a fish feed because it contains various nutrients such as proteins, lipids, carbohydrates, vitamins and secondary metabolites (Pratiwi & Andhikawati, 2021). A careful biochemistry and physiology analysis of water hyacinth recommends its potential as a raw material in some industries. These plants are utilized for animal consumption because of its availability and nutrient value (Simpson and Sanderson 2002). Its proximate analysis revealed that water hyacinth is constituted of 50% protein and 33% carbohydrates, while the remaining nutrients are made up of fat, ash, and fiber (Adeyemi and Osubor 2016). Moreover, water hyacinth leaf protein concentrate (WHPLC) may be used as a food supplement due to the high protein content and sufficient content of xanthophylls, carotenes, unsaturated fats, starch, and essential minerals such as calcium, phosphorus, and iron (Kateregga and Sterner 2007). In addition to growth and carcass parameters, water hyacinth supplementation has also been reported to influence meat quality characteristics. Mustari et al. (2025) reported that broilers fed water hyacinth-supplemented diets showed improved meat quality attributes such as water-holding capacity and reduced cooking loss, indicating better carcass quality. The authors suggested that the plant's antioxidant compounds may contribute to improved muscle stability and meat preservation. The various results might be caused by the difference in the potential biotic and abiotic factors present in the water where they grow. Evidence from the study of Adeyemi and Osubor (2016) stated that levels of all heavy metals were found to be within the safe limit, which disclosed the water hyacinth to be acutely nontoxic.
The primary objective of the current study was to determine whether adding water hyacinth (Eichhornia crassipes) meal to broiler chickens' diets would affect their carcass features and cell-mediated immunity, as well as whether it could be used as a substitute feed source.
MATERIALS AND METHODS
	The experiment was conducted at the Poultry Unit of the Department of Livestock Production and Management, School of Agricultural Sciences, Nagaland University, Medziphema Campus, Nagaland, India. The region experiences an average ambient temperature ranging from 21 to 23 °C, while during the winter season the temperature rarely falls below 8–10 °C.
Experimental design 
The experiment was carried out following a Completely Randomized Design (CRD). A total of one hundred and sixty (160) day-old comb broiler chicks were procured and randomly divided into four treatment groups consisting of 40 birds each, designated as T1, T2, T3 and T4. Each treatment group was further replicated five times, with eight birds in each replicate. All birds were provided with good quality commercial broiler starter feed from 0 to 21 days of age, followed by a finisher ration from 22 to 42 days of age. During the finisher phase, the diets of treatment groups T1, T2, T3 and T4 were supplemented with water hyacinth meal at the rate of 0 g, 25 g, 50 g and 75 g per kg of feed, respectively.
Prior to the commencement of the experiment, through cleaning and disinfection of the brooder house and all equipment’s, including feeders, waters and brooders, were carried out. After proper cleaning, the brooder house was whitewashed. Lime powder was evenly sprinkled over the floor, following which dry sawdust was uniformly spread to a depth of approximately 2–3 inches. Brooding of chicks was carried out from 0 to 21 days of age under a deep litter system of rearing. Four separate compartments of uniform size were prepared by erecting temporary partitions and the experimental birds were housed in these compartments according to their respective dietary treatments. The brooder temperature was maintained at 37.5 °C during the initial brooding period as per standard management recommendations.
The four dietary treatments supplemented with water hyacinth meal were as follows:
Group T1 (control) = Basal diet
Group T2 = Basal diet + water hyacinth meal @ 25 g per kg feed
Group T3 = Basal diet + water hyacinth meal @ 50 g per kg feed
Group T4 = Basal diet + water hyacinth meal @ 75 g per kg feed
Feed and water were provided at libitum to all treatment groups throughout the experimental period. Cell-mediated immunity was assessed by determining spleen and bursa indices as described by Latif et al. (2014). At the end of the experiment, five birds from each treatment group were randomly selected and sacrificed using the Kosher method (Mountney, 1976) to evaluate carcass traits and organ weights. Live body weight of each bird was recorded prior to slaughter.
Statistical analysis
The experimental data obtained were subjected to statistical analysis to assess the effects of different treatments on various parameters. The recorded data were analyzed using one-way analysis of variance (ANOVA) under a Completely Randomized Design as described by Snedecor and Cochran (1998).

RESULTS AND DISCUSSION
1.1. Carcass yield, dressing percentage and organs weight
	At the end of the experiment, five birds were randomly selected from each treatment group and sacrificed to evaluate carcass characteristics and organ weights as influenced by dietary supplementation of water hyacinth meal. The carcass weight was recorded as 1902.60, 1896.40, 1766.80 and 1461.00 g per bird in treatment groups T1, T2, T3 and T4 respectively. The corresponding dressing percentage values were 74.47, 76.25, 73.18 and 75.32 for T1, T2, T3 and T4 respectively. The average liver weight was 47.43, 54.93, 54.37 and 53.80 g per bird, while the average gizzard weight was 30.28, 32.34, 28.43 and 29.74 g per bird for T1, T2, T3 and T4 respectively. The average heart weight was recorded as 10.58, 11.13, 10.57 and 11.05 g per bird in the respective treatment groups.
The results indicated that dietary inclusion of water hyacinth meal did not markedly influence carcass weight and visceral organ weights. However, variation in dressing percentage was observed among the treatment groups, with higher values recorded in birds receiving 25 g/kg water hyacinth meal and comparatively lower values in birds receiving higher inclusion levels. The differences in dressing percentage among some treatment groups were relatively small.
The findings of the present study are in agreement with Alkassar and Al-Shukri (2018), who reported variation in dressing percentage of broiler chickens fed diets supplemented with water hyacinth meal at inclusion levels ranging from 2.5% to 10%. Similar observations were also reported by Malik et al. (2016), Nhlane et al. (2021), Subakir et al. (2021) and Odukoya et al. (2022), who observed minimal variation in carcass traits and visceral organ weights of chickens fed diets containing water hyacinth meal up to 10% as a replacement for conventional feed ingredients.
Table 1: Carcass, Dressing per cent and Organs Weight of broiler chicken with the supplemented Water Hyacinth on the different group of treatment.
	 
	Carcass Characteristics and organs weight

	Treatment
	Carcass   (g)
	Dressing %
	Liver (g)
	Gizzard (g)
	Heart  (g)

	T1
	1902.60
	74.47ab
	47.43
	30.28
	10.58

	T2
	1896.40
	76.25a
	54.93
	32.34
	11.13

	T3
	1766.80
	73.18b
	54.37
	28.43
	10.57

	T4
	1461.00
	75.32a
	53.80
	29.74
	11.05

	SEm±
	173.71
	0.674
	4.11
	1.66
	0.638

	CD           (P=0.05)
	NS
	2.037
	NS
	NS
	NS


a,b, Means bearing different superscripts in a column differ significantly (P<0.05)
1.2. Cell-mediated Immunity
	Table 2 presents the bursal weight and bursal index along with spleen weight and spleen index of broiler chickens in different treatment groups. These lymphoid organs play a vital role in the immune system of birds. The average bursal weight recorded was 1.41, 1.59, 1.76 and 2.72 g in treatment groups T1, T2, T3 and T4, respectively. The corresponding bursal index values were 0.06, 0.06, 0.07 and 0.11 per cent for T1, T2, T3 and T4, respectively. Similarly, the spleen weight was recorded as 2.81, 2.79, 2.77 and 3.11 g for treatment groups T1, T2, T3 and T4 respectively, while the spleen index values were 0.11, 0.11, 0.11 and 0.13 per cent.
The results indicated that dietary supplementation of water hyacinth meal influenced bursal weight and bursal index, whereas spleen weight and spleen index showed comparatively little variation among treatment groups. An increasing trend in bursal weight and bursal index was observed with increasing levels of water hyacinth meal supplementation, with higher values recorded in birds receiving the highest inclusion level. In contrast, bursal weight and bursal index values among treatment groups T1, T2 and T3 remained relatively similar.
The observed increase in bursal development with higher levels of water hyacinth meal may be associated with enhanced immune responsiveness, as the size of lymphoid organs is closely related to immune status (Smith, 2004). Higher bursal indices are generally indicative of improved immune competence in poultry birds. The findings of the present study are in agreement with those reported by Alkassar and Al-Shukri (2018), who observed enhanced immune response with increasing dietary inclusion levels of water hyacinth meal. They also suggested that indices of lymphoid organs such as the bursa and spleen serve as reliable indicators of immune strength, with higher indices reflecting better immune status.
Table 2. Effect of Water Hyacinth on the Lymphoid Organs of Broiler Chicken. 
	Treatment
	Lymphoid Organs

	
	Bursa weight (g)
	Bursa index (%)
	Spleen weight (g)
	Spleen index (%)

	T1
	1.41b
	0.06b
	2.81
	0.11

	T2
	1.59b
	0.06b
	2.79
	0.11

	T3
	1.76b
	0.07b
	2.77
	0.11

	T4
	2.72a
	0.11a
	3.11
	0.13

	SEm±
	0.27
	0.01
	0.41
	0.015

	CD(P=0.05)
	0.825
	0.03
	NS
	NS



Conclusions
The findings of the present study showing that dietary supplementation of water hyacinth meal increased bursal weight and bursal index were seen at the higher inclusion level, indicating increased cell-mediated immunity, according to the current study's findings that dietary supplementation of water hyacinth meal affected immune organ development. There was little difference in spleen weight and spleen index between treatment groups. While dressing percentage was comparatively greater in birds eating 25 g/kg water hyacinth meal, carcass weight and visceral organ weights, such as liver, gizzard, and heart, were similar across treatments. 
Overall, the dressing percentage and immunological response improved when water hyacinth meal was added to the diet at a rate of 25 g/kg feed. These results suggest that water hyacinth meal be added to broiler feed at a rate of 25 g/kg.
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