Evaluation of dietary inclusion of red seaweed (Gracilaria tenuistipitata) on carcass characteristics, relative organ weights and economic performance of commercial broiler chickens



Abstract
Seaweeds have emerged as promising non-conventional feed ingredients owing to their rich nutritional composition and functional bioactive compounds. This study was conducted to evaluate the effects of graded dietary inclusion of red seaweed (Gracilaria tenuistipitata) on carcass characteristics, relative organ weights and economic performance in commercial broiler chickens. A total of 200 day-old Vencobb 430Y broiler chicks were randomly assigned to four dietary treatments with five replicates of ten birds each: 0% (T1, control), 1% (T2), 2% (T3) and 4% (T4) red seaweed. The feeding trial was conducted for 35 days. Carcass evaluation showed no significant (P>0.05) differences among treatments in pre-slaughter live weight, eviscerated carcass yield, giblet yield, or ready-to-cook yield. However, weight after bleeding and New York dressed yield were significantly (P<0.01) higher in the control group (97.53% and 92.47%, respectively) than in T2 (94.45% and 89.42%). Among cut-up parts, neck yield was significantly (P<0.01) higher in T4 (6.79%) compared with T1 (4.89%) and T2 (5.62%), while breast, back, thigh, drumstick and wing yields were unaffected (P>0.05). Relative weights of heart, liver, gizzard, spleen and thymus did not differ among treatments; however, the bursa of Fabricius was significantly (P<0.05) heavier in T4 (0.31%) than in all other groups, indicating potential immunomodulatory effects. Economic analysis showed that although 4% inclusion had the lowest production cost per bird, the highest net return and economic efficiency were achieved at 2% inclusion due to its favourable sale value and 100% livability. Higher inclusion reduced profitability despite lower feed costs because of decreased live and dressed weights. Thus, G. tenuistipitata at 1–2% can be safely adopted, with 2% being the most economically viable level.
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INTRODUCTION
Poultry farming is a significant global Agro-allied industry, with India's chicken business emerging as the fastest-growing sector within agriculture (Sharma et al., 2024). India ranks fourth globally in poultry meat production, with an annual output of approximately 5.18 million tonnes, reflecting the rapid expansion of commercial broiler farming, which accounts for nearly half of the total meat produced in the country (Churchil, 2022). India makes up approximately 7% of global egg production, 2.24% of the world’s total meat production according to the 20th Livestock Census (Joshi et al., 2026). A major structural weakness of the Indian poultry industry is the high, rapidly escalating and highly volatile prices of key feed ingredients, particularly maize and soybean, which substantially increase production costs and undermine profitability. (Churchil, 2022). The continuous growth of the poultry industry has intensified the search for alternative feed ingredients that can enhance productivity, sustain bird health and improve economic efficiency while reducing reliance on conventional feed resources. This necessitates the evaluation of locally available, cost-effective non-conventional feed ingredients (Saleh et al., 2025). Although genetics provide the foundation for bird performance, the realization of optimal productivity in commercial poultry depends largely on the implementation of modern nutritional strategies (Churchil & Suresh, 2021). Nutritional manipulation is therefore a key approach for improving carcass yield and breast muscle accretion in broilers (Kanagaraju et al., 2019). In this context, previous studies using phytogenic and enzymatic feed additives have demonstrated that natural dietary interventions can modify carcass yield and cut-up part distribution without compromising organ development (Sangilimadan et al., 2014; Sangilimadan et al., 2020).
Against this background, marine macroalgae (seaweeds) have emerged as promising non-conventional feed ingredients owing to their rich nutritional composition and functional bioactive compounds. Marine macroalgae are versatile third-generation biomass with significant potential to produce high-value bioactive compounds such as pigments, rare sugars, sulfated polysaccharides, and oligosaccharides, which are increasingly relevant for pharmaceutical, nutraceutical, and cosmetic applications (Farobie et al., 2025).  Seaweeds    are    the    plants    having    thalloid body (body   is   not   differentiated   into root, stem   and   leaves   and   not   having   complex conducting tissues) and synthesis their food through photosynthesis. Because of thalloid or simple body as compared to land plants, these absorb require nutrients from their surrounding water (Verma et al., 2020). Seaweeds contain a wide array of nutrients, including proteins, peptides, vitamins, minerals, essential fatty acids, carotenoids, dietary fibre, phlorotannins, oxylipins and sulphated polysaccharides, which collectively contribute to their antioxidant, antimicrobial and immunomodulatory properties (Victor et al., 2022). When incorporated at low dietary levels, seaweeds have been reported to improve growth performance, product quality and immune status in poultry, largely through modulation of gut microbiota and enhancement of intestinal health.
Among marine macroalgae, red seaweeds (Rhodophyta) possess a particularly favourable nutritional and functional profile. Red seaweeds serve as primary producers, forming the base of the food chain, providing essential nourishment and habitat for a variety of marine organisms (Ferreira et al., 2025). They are characterized by high concentrations of polyunsaturated fatty acids, notably eicosapentaenoic acid (EPA, ω-3) and arachidonic acid (AA, ω-6), with palmitic acid (C16:0) as the predominant saturated fatty acid and oleic acid as the major monounsaturated fatty acid (Moreda-Piñeiro et al., 2012). Red seaweeds are also rich in macro- and micro-minerals such as sodium, potassium, calcium, magnesium, iron, zinc, manganese,and copper, along with appreciable levels of iodine in certain species (Hayes, 2015). In addition, they provide water-soluble vitamins (B-complex and vitamin C) and lipid-soluble pigments including α- and β-carotene, zeaxanthin and lutein (Dawczynski et al., 2007; Hayes, 2015).
Red seaweeds of the genus Gracilaria are widely distributed in tropical and subtropical coastal regions and are increasingly explored as functional feed ingredients in poultry nutrition. These seaweeds contain moderate levels of crude protein, high concentrations of essential minerals (particularly calcium, iron, zinc and manganese) and structurally diverse polysaccharides with prebiotic and immunomodulatory properties (Morais et al., 2020). Sulphated galactans and other soluble fibres present in Gracilaria species have been shown to beneficially influence gut microbial balance, nutrient absorption and immune response in poultry, thereby contributing to improved growth performance and overall health status (Balasubramanian et al., 2021). Such functional attributes suggest that dietary inclusion of red seaweed may exert positive effects on growth, carcass development and internal organ morphology in broiler chickens.
Carcass characteristics and cut-up part yields are key determinants of the commercial value of broilers. Several studies have reported favourable effects of algal supplementation on carcass traits. Ali and Memon (2014) observed improvements in meat quality when green seaweed was incorporated at levels below 3% in broiler diets, attributing enhanced dressing and breast yield to the provision of high-quality protein and essential amino acids, particularly methionine. Similarly, Abudabos et al. (2013) reported increased dressing percentage and breast yield, along with reduced abdominal fat, in broilers fed diets containing 3% green seaweed. In contrast, Cañedo-Castro et al. (2019) found no significant differences in carcass yield or meat quality in broilers fed Ulva spp. at inclusion levels of 2–6%. Other reports also indicate minimal or inconsistent effects of seaweed supplementation on meat quality parameters (Barbut, 2007; Matshogo et al., 2020), suggesting that responses may vary depending on algal species, processing method, inclusion level and bird genotype.
Despite the growing interest in algal feed additives, information on the effects of Gracilaria tenuistipitata on carcass characteristics, relative organ weights and economic efficiency in commercial broilers remains limited. In particular, systematic evaluation of both biological performance and cost–benefit outcomes is scarce. Therefore, the present study was undertaken to evaluate the effects of graded dietary inclusion of red seaweed (G. tenuistipitata) on carcass traits, visceral organ development and cost–benefit ratio in commercial broiler chickens, with the aim of assessing its potential as a functional and economically viable feed ingredient in intensive poultry production systems.
MATERIALS AND METHODS
The study was conducted in the poultry shed of the ICAR–Experiential Learning Programme on Broiler Production, Department of Poultry Science, Madras Veterinary College, Chennai–07, India.
Birds, treatments and experimental design
The experiment was carried out using a total of 200 day-old Vencobb 430Y broiler chicks, which were randomly allotted to four dietary treatment groups, each comprising five replicates of ten birds. The treatments consisted of a basal diet supplemented with red seaweed at inclusion levels of 0% (T1, control), 1% (T2), 2% (T3) and 4% (T4). The feeding trial was conducted for 35 days. Four isocaloric and isonitrogenous experimental diets were formulated in accordance with BIS (2024) specifications (Table 1) and fed to the birds from 0 to 35 days of age. Birds were provided ad libitum access to feed and water and were maintained under standard management conditions, including adherence to the recommended vaccination schedule. 
Carcass characteristics, cut-up part yields and relative organ weights
At the end of the 35-day experimental period, six birds (three males and three females) were randomly selected from each treatment group (6 × 4 = 24 birds) and slaughtered by severing the jugular vein. Data were recorded on pre-slaughter live weight, New York dressed weight, eviscerated carcass weight, ready-to-cook weight and giblet weight. The weights of cut-up parts, including breast, back, thighs, drumsticks, neck and wings, were also measured. In addition, the relative weights of internal organs such as the liver, spleen, thymus and bursa of Fabricius were recorded.
Economic analysis
Net return was calculated by deducting the cost of production from the gross income obtained from each bird. Production cost included chick cost, feed cost inclusive of cost of seaweed and the miscellaneous cost. Economic efficiency was calculated as net return per unit production cost and relative economic efficiency was computed as:

Statistical analysis
Data pertaining to the various parameters were subjected to statistical analysis using Analysis of Variance (ANOVA) as described by Snedecor and Cochran (1990). Differences among treatment means were tested for significance using Duncan’s Multiple Range Test (DMRT) as modified by Kramer (1956).

RESULTS AND DISCUSSION
Carcass characteristics
The effects of dietary red seaweed on carcass traits are presented in Table 2. Overall, red seaweed supplementation exerted minimal influence on most carcass parameters. Weight after bleeding and New York dressed carcass yield differed significantly (P<0.01) among treatments, with higher values observed in the control group (T1) compared with the 1% inclusion group (T2). New York dressed yield at the 1% and 2% inclusion levels was also significantly (P<0.05) lower than that of the control. In contrast, pre-slaughter live weight, eviscerated carcass yield, ready-to-cook yield and giblet yield were not affected (P>0.05) by dietary treatment, indicating that red seaweed inclusion did not adversely influence overall carcass composition.
These findings are consistent with earlier reports demonstrating negligible effects of seaweed supplementation on carcass yield. Matshogo et al. (2020) observed no significant changes in carcass traits in broilers fed 2.0–3.5% green seaweed, while Cañedo-Castro et al. (2019) reported no effect of Ulva rigida up to 6% inclusion. Similarly, Reski et al. (2021) found that brown seaweed at levels up to 10% did not alter carcass yield in Arbor Acres broilers and Paul et al. (2024) reported no effects of 0.25–1.0 g/kg Eucheuma denticulatum extract on carcass characteristics. El-Naga et al. (2018) also documented unchanged relative carcass yield following Ascophyllum nodosum extract supplementation.
Conversely, some studies have reported improvements in commercially important carcass traits at lower inclusion levels. Chavan et al. (2022) noted significant increases in ready-to-cook yield with 0.07–0.13% brown seaweed, while Mohammadigheisar et al. (2020) reported a quadratic increase in breast yield with 0.5–2.0% seaweed blend supplementation. Likewise, Martínez et al. (2019) demonstrated improved carcass and breast yields with 0.30% red algae.
The variability in carcass responses among studies likely reflects differences in seaweed species, inclusion level, processing and bioactive composition. In the present study, dietary inclusion of red seaweed maintained normal carcass quality but did not enhance yield, suggesting that Gracilaria spp. can be incorporated without compromising carcass traits, although yield-promoting effects may be limited relative to certain other algal species.
[bookmark: _Hlk217130109]Cut-up parts
The effects of dietary red seaweed on cut-up part yields are shown in Table 2. Red seaweed supplementation significantly (P<0.01) affected neck yield, with the highest percentage observed in birds fed 4% inclusion (T4), which was greater (P<0.05) than the control (T1); intermediate values occurred at 1% and 2% inclusion. However, no significant differences were detected among treatments for breast, back, thigh, drumstick, or wing percentages. Thus, red seaweed primarily influenced a less economically important component (neck) without altering the distribution of major commercial cuts.
These results agree with Matshogo et al. (2020), who reported no significant effects of 2.0–3.5% green seaweed on major cut-up parts in broilers. Similarly, Martínez et al. (2019) observed no change in thigh/leg weights with 0.30% red algae and El-Naga et al. (2018) found no differences in principal cuts despite increased overall carcass weight, indicating stable carcass partitioning with algal inclusion.
Conversely, Chavan et al. (2022) showed that low-level brown seaweed (0.13%) significantly (P<0.05) increased breast, drumstick and thigh yields, while Martínez et al. (2019) also reported improved breast yield with 0.30% red algae. Notably, Martínez et al. (2019) reported no effect on neck yield, contrasting with the present study.
Overall, variability among studies likely reflects differences in seaweed species, inclusion level, processing and bioactive composition that influence muscle deposition and carcass partitioning. In the present experiment, red seaweed affected mainly skeletal components without causing any negative impact on the yields of commercially important cuts, indicating that Gracilaria spp. can be included without adverse effects on major meat portions.

Relative organ weights
The effects of dietary red seaweed on relative organ weights are presented in Table 2. Red seaweed supplementation significantly (P<0.05) affected the weight of the bursa of Fabricius, with birds fed 4% inclusion (T4) exhibiting a significantly (P<0.05) higher bursal weight than all other treatments. In contrast, no significant differences (P>0.05) were observed among treatments for the relative weights of heart, liver, gizzard, spleen, or thymus. These findings indicate that higher levels of red seaweed selectively enhanced the development of the bursa of Fabricius, a primary lymphoid organ, without affecting other visceral organs.
The present results are partially consistent with Martínez et al. (2019), who reported that 0.40% red algae significantly increased thymus and bursal weights in broilers, supporting the immunomodulatory potential of red seaweeds. Similarly, Paul et al. (2024) found that 0.25–1.0 g/kg of Eucheuma denticulatum extract had no significant effect on liver, spleen, or gizzard weights, while El-Naga et al. (2018) reported no changes in heart, liver, or gizzard weights with Ascophyllum nodosum supplementation, confirming that seaweed inclusion generally does not impair visceral organ development. Matshogo et al. (2020) also observed no effect of Ulva spp. on liver weight, consistent with the present findings.
Conversely, Matshogo et al. (2020) reported a linear decrease in spleen weight with increasing green seaweed inclusion and Costa et al. (2022) found reduced liver weight at very high inclusion levels (15% Ulva lactuca), suggesting that excessive inclusion may negatively influence certain organs. In contrast, Paul et al. (2024) observed no effect on bursal weight, differing from the present results.
Overall, the selective increase in bursa of Fabricius at the highest inclusion level likely reflects the immunomodulatory action of red seaweed bioactive compounds, particularly polysaccharides that influence lymphoid tissue development. These findings suggest that red seaweed can enhance immune organ development without adversely affecting digestive or metabolic organs in broiler chickens.
Economic evaluation
The economic evaluation of dietary red seaweed inclusion, adjusted for livability, is presented in Table 3. Total production cost per bird declined progressively with increasing levels of red seaweed, from Rs. 206.39 in the control group (T1) to Rs. 198.85 at 4% inclusion (T4), primarily due to reduced feed consumption. However, when sale price was corrected for livability, the 2% inclusion group recorded the highest net sale price per bird (Rs. 339.78), owing to 100% livability compared with 96% in 0 and 1% inclusion of seaweed. Consequently, net return per kilogram of dressed meat and overall economic efficiency were highest in 2% inclusion of seaweed (Rs. 136.77/kg; efficiency 0.67), followed by the control (Rs. 133.11/kg; efficiency 0.65). Relative economic efficiency was also superior in 2% inclusion (103.08%) compared with 0% (100%), 1% (95.38%), and 4% (96.92%). Although 4% included group exhibited the lowest production cost, the reduction in dressed weight resulted in lower sale value and net return, making it economically less favourable than T3.
The present findings partially agree with Hassan et al. (2022), who reported that economic and relative economic efficiency declined at sub-optimal or higher inclusion levels of algal supplements, emphasizing the importance of identifying an optimal dosage. In the current study, moderate inclusion (2%) achieved better profitability than both lower (1%) and higher (4%) levels, highlighting that economic responses are not linearly related to feed cost alone.
In contrast, several studies have reported improved economic returns with low-level algal supplementation. Abou-Zeid et al. (2015) observed a 12.5% increase in economic efficiency with 0.1% Spirulina supplementation, while El-Naga et al. (2018) reported the highest relative economic efficiency in broilers receiving brown algae extract in drinking water. Hassan et al. (2022) also documented superior economic efficiency in Fayoumi broilers at 0.25% Spirulina inclusion, largely attributed to enhanced growth performance and carcass yield.
In the present study, although higher red seaweed inclusion reduced production costs through lower feed intake, the associated decline in live and dressed weights at 4% offset these savings. Conversely, inclusion at 2% achieved the most favourable balance between cost, sale value, and survivability, resulting in superior net returns and economic efficiency. These findings indicate that the economic viability of algal supplementation depends on the type of algae, inclusion level, and combined effects on growth performance and livability rather than feed cost alone.
CONCLUSION
Dietary inclusion of red seaweed at 1–2% maintained carcass characteristics and cut-up part yields comparable to the control, indicating that moderate supplementation does not compromise commercially important meat traits. Inclusion at 4% selectively increased the relative weight of the bursa of Fabricius, suggesting potential immunomodulatory benefits, without adversely affecting other visceral organs. However, red seaweed did not enhance yields of major meat portions such as breast, thigh, or drumstick and only a marginal increase in the less economically important neck portion was observed at the highest inclusion level.
Economic evaluation, adjusted for livability, showed that although production costs declined with increasing red seaweed levels due to reduced feed intake, profitability was determined by the combined effects on sale value and survivability rather than feed cost alone. While higher inclusion (4%) reduced production costs, the associated decrease in live and dressed weights lowered net returns. In contrast, the 2% inclusion level achieved the highest net return and economic efficiency owing to its favourable balance between production cost, sale value, and 100% livability. These findings indicate that red seaweed can be safely incorporated at low to moderate levels, with 2% inclusion representing the most economically viable level under the conditions of this study, whereas higher inclusion offers no economic advantage.
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Table 1 Physical and chemical composition of experimental diets (dry matter basis)
	Ingredients/
Supplements
	Starter (0-7 days)
	Grower (8-21 days)
	Finisher (22-35 days)

	
	T1  
(0%)
	T2  
(1%)
	T3  
(2%)
	T4 
(4%)
	T1  
(0%)
	T2  
(1%)
	T3  
(2%)
	T4 
(4%)
	T1  
(0%)
	T2  
(1%)
	T3  
(2%)
	T4 
(4%)

	Physical composition

	Maize
	47.00
	46.10
	45.60
	45.00
	51.20
	49.70
	48.70
	46.30
	53.90
	53.40
	52.20
	50.39

	Sea Weed
	0.00
	1.00
	2.00
	4.00
	0.00
	1.00
	2.00
	4.00
	0.00
	1.00
	2.00
	4.00

	Vegetable oil
	5.80
	5.90
	5.90
	5.80
	5.90
	6.10
	6.20
	6.50
	6.30
	6.30
	6.40
	6.60

	Deoiled Rice Bran
	3.20
	3.20
	2.90
	1.94
	2.99
	3.50
	3.70
	4.24
	3.89
	3.49
	3.89
	4.00

	Soyabean OC
	39.19
	38.99
	38.79
	38.40
	35.10
	34.89
	34.59
	34.10
	31.10
	31.00
	30.70
	30.20

	Calcite
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	DCP
	2.35
	2.35
	2.35
	2.35
	2.35
	2.35
	2.35
	2.35
	2.35
	2.35
	2.35
	2.35

	Salt
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	Lysine
	0.25
	0.25
	0.25
	0.27
	0.20
	0.20
	0.20
	0.25
	0.20
	0.20
	0.20
	0.20

	Methionine
	0.30
	0.30
	0.30
	0.33
	0.35
	0.35
	0.35
	0.35
	0.35
	0.35
	0.35
	0.35

	Ultravit -M+
	0.35
	0.35
	0.35
	0.35
	0.35
	0.35
	0.35
	0.35
	0.35
	0.35
	0.35
	0.35

	Cosmodot@
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05

	Ultrasil#
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05

	Spectra DFM$
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05

	Vitroliv*
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05

	Endox-T
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	Lyso forte extend
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05

	Acifed
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	Chemical composition (Calculated values)

	ME (Kcal/kg)
	3000.78
	3002.40
	3003.02
	3002.40
	3052.37
	3051.95
	3051.62
	3051.55
	3102.87
	3103.94
	3100.61
	3103.25

	CP (%)
	22.51
	22.52
	22.52
	22.50
	21.00
	21.02
	21.01
	21.01
	19.56
	19.59
	19.59
	19.57


                                           +Ultravit -M : Each 2.5 kg of Mineral Vitamin premix contains Vitamin A - 1,250,000 IU, Vitamin D3 - 250,000 IU, Vitamin B1 - 1g, Vitamin B2 - 5g, Vitamin B6 - 0.4 g, Vitamin B12 - 15mg, Vitamin E - 800 IU, Vitamin K - 2 g, Folic acid - 0.5 g, Niacinamide - 10 g, Calcium d-Pantothenate - 4 g. Minerals: Calcium - 450 g, Phosphorus - 48 g, Copper- 2g, Iodine- 2g, iron - 20 g, Manganese - 55 g, Zinc - 52 g, Selenium - 0.3 g and Chromium - 0.1 g.
@Cosmodot: 3.5 Dinitro-O-Toluamide: 25% W/W, Ethopabate: 1.6 % W/W (Coccidiostat)
#Ultrasil: Aluminosilicates and organic acids (Toxin binder)
$Spectra DFM: Pediococcus acidilactici, Enterococcus faecium, Bacillus subtilis, Lactobacillus spp, Bacillus licheniformis (Probiotics)
*Vitroliv: Liver supplement


Table 2. Effect of inclusion of red seaweed of commercial broiler chicken on carcass characters at 5 weeks of age (n=6)
	Items
	Treatments
	F value

	
	T1 (0 %)
	T2 (1 %)
	T3 (2 %)
	T4 (4 %)
	

	Processing yields

	Preslaughter live wt. (g)
	2353.67±119.86
	2475.67±84.25
	2317.5±74.45
	2278.33±104.68
	0.77NS

	Weight after bleeding (%)
	97.53a±0.53
	94.45b±0.91
	95.92ab±0.17
	95.94ab±0.24
	5.31**

	New York dressed wt. (%)
	92.47a±0.6
	89.42c±0.82
	90.59bc±0.31
	91.79ab±0.16
	6.28**

	Eviscerated carcass wt. (%)
	75.27±0.62
	72.21±1.55
	73.42±0.47
	74.34±0.45
	2.12NS

	Giblet wt. (%)
	4.45±0.12
	4.05±0.15
	4.31±0.14
	4.09±0.08
	2.31NS

	Ready to cook wt. (%)
	79.72±0.72
	76.26±1.61
	77.74±0.44
	78.43±0.40
	2.38NS

	Cut-up parts (%)

	Breast weight 
	38.90±0.73
	39.09±0.67
	37.29±1.02
	37.33±1.25
	1.06NS

	Back weight 
	19.34±0.53
	19.52±0.46
	19.66±1.24
	19.63±0.48
	0.04NS

	Thigh weight 
	14.13±0.45
	13.16±0.10
	13.57±0.71
	12.82±0.39
	1.46NS

	Drumstick weight 
	12.91±0.33
	12.52±0.33
	13.12±0.77
	12.95±0.43
	0.26NS

	Wing weight 
	9.82±0.26
	10.10±0.25
	9.93±0.11
	10.48±0.26
	1.59NS

	Neck weight 
	4.89c±0.24
	5.62bc±0.32
	6.43ab±0.40
	6.79a±0.38
	6.19**

	Relative organ weight (%)

	Heart 
	0.64±0.04
	0.58±0.03
	0.56±0.03
	0.57±0.02
	1.30NS

	Liver 
	1.87±0.14
	1.73±0.08
	1.93±0.08
	1.73±0.06
	1.09NS

	Gizzard 
	1.94±0.12
	1.74±0.14
	1.83±0.06
	1.79±0.12
	0.54NS

	Spleen 
	0.10±0.01
	0.08±0.01
	0.11±0.02
	0.11±0.02
	0.82NS

	Thymus 
	0.30±0.07
	0.27±0.05
	0.29±0.04
	0.22±0.04
	0.43NS

	Bursa of Fabricius 
	0.19b±0.03
	0.20b±0.04
	0.17b±0.02
	0.31a±0.04
	3.14*


NS Not significant, * Significant (P<0.05); ** Significant (P<0.01)
abc - Means bearing different superscripts within a row differ significantly (P<0.05)



Table 3. Effect of feeding of different levels of red seaweed on the cost-benefit analysis of commercial broiler chicken at 5 weeks of age  
	Items
	T1 (0 %)
	T2 (1%)
	T3 (2%)
	T4 (4%)

	Live weight (g)
	2389.52
	2340.13
	2295.78
	2185.04

	Dressed weight (g)
	1768.24
	1731.70
	1698.88
	1616.93

	Chick cost (Rs.)
	44.50
	44.50
	44.50
	44.50

	Cost of red seaweed/kg feed (Rs.60/kg dry weight)
	0.00
	0.60
	1.20
	2.40

	Feed consumption per bird (g)
	3469.20
	3437.00
	3387.82
	3280.64

	Total feed cost / bird inclusive of seaweed cost (Rs.)
	134.97
	133.87
	132.03
	128.41

	Miscellaneous cost /bird (Rs.)
	26.92
	26.76
	26.48
	25.94

	Total cost of production /bird (Rs.)
	206.39
	205.13
	203.01
	198.85

	Sale price / bird @ Rs. 200 /kg dressed wt.
	353.65
	346.34
	339.78
	323.39

	Liveability (%)
	96.00
	96.00
	100.00
	100.00

	Net sale price/ bird (liveability corrected)
	339.50
	332.49
	339.78
	323.39

	Net return per kg of dressed meat (Rs. )
	133.11
	127.36
	136.77
	124.54

	Economic efficiency
	0.65
	0.62
	0.67
	0.63

	Relative economic efficiency (%)
	100.00
	95.38
	103.08
	96.92



			
