


Evaluation of Spirulina platensis biomass as a sustainable feed supplement in broiler nutrition

Abstract
The present study evaluated the effect of dietary supplementation of Spirulina platensis biomass cultivated using bio-methanated sago effluent on growth performance, feed utilisation, carcass characteristics and livability of broiler chickens. A total of 200 broiler chickens were randomly allotted to four treatment groups with five replicates of 10 birds each. The dietary treatments consisted of a control diet without Spirulina supplementation (T1) and diets supplemented with Spirulina platensis at 1, 2 and 3 g/kg feed (T2, T3 and T4 respectively). The experiment was conducted from 7 to 35 days of age. Body weight, cumulative feed consumption and feed conversion ratio were recorded weekly while carcass characteristics were evaluated at the end of the experiment. Dietary supplementation significantly influenced body weight from the second to fifth weeks of age. The 1 g/kg supplementation group (T2) recorded the highest body weight from the third to fifth weeks while T3 showed the highest numerical body weight during the second week. Cumulative feed consumption differed significantly during the second, third and fifth weeks. Feed conversion ratio also differed significantly during the second and third weeks while no significant differences were observed during the fourth and fifth weeks. At the end of the experiment, live weight was significantly higher in T2 and T3 than in the control and T4 groups whereas ready-to-cook weight and dressing percentage were not significantly affected. Livability was 100 per cent in all treatment groups. Overall, supplementation of Spirulina platensis at 1–2 g/kg feed showed potential to improve broiler growth performance and feed utilisation without adverse effects on carcass traits or livability.
Keywords: Spirulina platensis, bio-methanated sago effluent, broiler chicken, production performance

Introduction
Spirulina platensis is a nutrient-rich, photosynthetic cyanobacterium commonly used as a natural feed supplement in human and animal nutrition. It has attracted considerable attention as a potential alternative feed resource because of its high nutritional value and bioactive properties (Jung et al., 2019). Dried Spirulina biomass contains approximately 50–65 per cent crude protein, 12–13 per cent carbohydrates and 6 per cent fat, although its composition varies with cultivation conditions and processing methods (Saranraj et al., 2014 and Liestianty et al., 2019). It is also a valuable source of essential amino acids, vitamins, minerals, carotenoids, essential fatty acids and xanthophyll pigments (Lupatini et al., 2017).
The incorporation of Spirulina biomass into poultry diets may improve nutrient utilisation, antioxidant status, immune responses and pigmentation of poultry products. Its bioactive compounds have been associated with antioxidant, antimicrobial, anti-inflammatory and immunomodulatory activities (Mostafa et al., 2019 and Rashad et al., 2019). Owing to these nutritional and functional properties, Spirulina has gained interest as a natural feed additive in broiler production. However, its effects on growth performance and other production parameters may vary depending on the dietary inclusion level, basal diet composition and quality of the biomass. Therefore, its inclusion should be evaluated as part of a nutritionally balanced diet rather than assumed to replace conventional vitamin–mineral premixes completely.
The increasing cost of conventional feed ingredients and the need for sustainable poultry production have encouraged the exploration of alternative feed resources. Sago processing generates organic-rich effluent that requires appropriate treatment before disposal. Bio-methanation can facilitate the treatment of this effluent while recovering biogas. The residual nutrients in bio-methanated sago effluent may support the cultivation of Spirulina platensis, offering an opportunity for wastewater resource recovery and the production of nutrient-rich biomass. Previous research has explored the cultivation of Spirulina using nutrient-containing effluents, highlighting the potential of this approach for sustainable biomass production (Hultberg et al., 2017 and Lim et al., 2021).
Cultivating Spirulina platensis using bio-methanated sago effluent may provide a sustainable alternative for producing biomass for broiler nutrition. The present study was undertaken to evaluate the effects of dietary inclusion of Spirulina platensis biomass grown in bio-methanated sago effluent on the growth performance and carcass characteristics of commercial broilers.
Materials and method
Experimental birds and study duration
The experiment was conducted for 28 days, from 7 to 35 days of age, using 200 commercial broiler chicks. On the seventh day of age, the chicks were randomly allocated to four experimental treatment groups, designated as T1, T2, T3 and T4. Each treatment comprised five replicates, with 10 birds per replicate, resulting in 50 birds per treatment and a total of 200 experimental birds.
Experimental design and dietary treatments
The experiment was conducted using a completely randomised design (CRD). Four dietary treatments were evaluated, as detailed below in the Table 1.
Table 1: Experimental design and dietary treatments
	Treatment
	Dietary supplementation
	No of replicate
	Birds per replicate
	Total birds

	T1
	Control (Commercial broiler feed without Spirulina platensis)
	5
	10
	50

	T2
	Commercial broiler feed + Spirulina platensis at 1 g/kg
	5
	10
	50

	T3
	Commercial broiler feed + Spirulina platensis at 2 g/kg
	5
	10
	50

	T4
	Commercial broiler feed + Spirulina platensis at 3 g/kg
	5
	10
	50


The Spirulina platensis biomass was incorporated into commercial broiler feed at inclusion levels of 1, 2 and 3 g/kg of feed for the treatment groups T2, T3 and T4, respectively. The control group (T1) received the commercial broiler feed without Spirulina supplementation. The experimental diets were provided throughout the study period.
Management and Feeding Practices
All experimental birds were maintained under uniform housing, feeding and management conditions throughout the experimental period. Commercial broiler feed was provided according to standard broiler management practices (BIS, 2007). Routine vaccination, health care and other management procedures were followed uniformly across all treatment groups. Dietary Spirulina platensis supplementation was the only difference between the treatment groups.
Evaluation of Production Performance
Production performance of the experimental birds was evaluated over a 5-week experimental period by recording body weight, body weight gain, feed intake, feed conversion ratio (FCR) and mortality on a weekly basis. The observations were recorded for each replicate throughout the experimental period.
Body weight: Individual birds in each replicate were weighed at the beginning of the experiment and subsequently at the end of each week using a digital weighing balance. The mean body weight was calculated for each replicate and expressed as grams per bird.
Feed consumption: The quantity of feed offered to each replicate and the residual feed remaining at the end of each week were recorded. Cumulative weekly feed intake was calculated by subtracting the residual feed from the total feed offered during the respective week and expressed as grams per bird. In case of mortality, feed intake was calculated using the average number of birds or bird-days during the respective week as appropriate.
	Feed conversion ratio (FCR): Feed conversion ratio was calculated for each replicate by dividing the total feed consumed by the corresponding body weight gain during the observation period.

Live weight: The live body weight of each broiler bird was recorded individually before slaughter using a digital weighing balance. The birds were weighed after an appropriate feed withdrawal period while ensuring access to drinking water as per the experimental protocol. The live weight was recorded in kilograms (kg).
Ready-to-cook weight: After recording the live weight, the birds were slaughtered following standard hygienic procedures. The carcasses were defeathered and eviscerated and the head, shanks and inedible viscera were removed. The carcasses were then washed and drained to remove excess water. The ready-to-cook weight was recorded in kilograms (kg) using a digital weighing balance.
Dressing percentage: Dressing percentage was calculated for each bird by expressing the ready-to-cook weight as a percentage of its corresponding live weight using the following formula:
           Livability: The health status and mortality, if any, were monitored and recorded daily throughout the experimental period. The n umber of birds that died during each week was recorded and weekly livability percentage was calculated by using the following formula.

Statistical Analysis
Data on different parameters were analysed statistically using SPSS version 24.0. An Analysis of Variance (ANOVA) was conducted to determine the significance of differences among the treatment groups. When significant differences were found, a post-hoc test was performed to identify which groups differed from each other. The level of significance was set at p<0.05 and the results were presented as mean ± standard error for each parameter.

RESULT
I. Body weight
The mean body weight of broilers is presented in Table 2. No significant difference was observed among the treatment groups during the first week of age. At second week of age, a significant difference (p<0.05) was observed among the treatments. The body weight of T2 (0.389 ± 0.005 kg) and T3 (0.394 ± 0.002 kg) was significantly higher than T1 (0.378 ± 0.003 kg) and T4 (0.384 ± 0.002 kg). The highest body weight was recorded in T3, which was statistically comparable with T2, while T1 (0.378 ± 0.003 kg) and T4 (0.384 ± 0.002 kg) recorded significantly lower body weights.
At third week of age, a significant difference (p<0.05) was observed among the treatments. The body weights of T2 (0.864 ± 0.012 kg) and T3 (0.854 ± 0.010 kg) were significantly higher than those of T1 (0.836 ± 0.007 kg) and T4 (0.812 ± 0.015 kg). Numerically, the highest body weight was recorded in T2 followed by T3, T1 and T4. 
At fourth week of age, a significant difference (p<0.05) was observed among the treatments. The body weights recorded in T1 (1.378 ± 0.013 kg), T2 (1.426 ± 0.018 kg) and T3 (1.386 ± 0.018 kg) were statistically comparable with each other but were significantly higher than that recorded in T4 (1.342 ± 0.025 kg). Numerically, the highest body weight was recorded in T2 followed by T3, T1 and T4.
At fifth week of age, a significant difference (p<0.05) was observed among the treatments. The highest body weight was recorded in T2 (1.938 ± 0.022 kg), which was significantly higher than the values recorded in T1 (1.856 ± 0.020 kg) and T4 (1.853 ± 0.020 kg) but was statistically comparable with T3 (1.880 ± 0.031 kg). The body weight recorded in T3 was also statistically comparable with those of T1 and T4. Overall, body weight increased progressively with advancement of age, with the highest numerical values being recorded in T3 at two weeks and in T2 from three to five weeks of age.
Table 2: Mean ( S.E) body weight (kg) of broiler chicken in different treatment groups 
	Age 
(Weeks)
	T1
(Control)
	T2
(1 g/kg Spirulina) 
	T3
(2 g/kg Spirulina) 
	T4
(3 g/kg Spirulina) 

	1
	0.1400.003
	0.1380.001
	0.1420.003
	0.1360.001

	2
	0.3780.003a
	0.3890.005b
	0.3940.002b
	0.3840.002a

	3
	0.8360.007a
	0.8640.012b
	0.8540.010b
	0.8120.015a

	4
	1.3780.013b
	1.4260.018b
	1.3860.018b
	1.3420.025a

	5
	1.8560.020a
	1.9380.022b
	1.8800.031ab
	1.8530.020a

	Mean values bearing different superscripts within a row differ significantly (p<0.05)



II. Feed consumption 
The mean cumulative feed consumption of broiler chickens at different ages is presented in Table 3. During the second week of age, a significant difference (p<0.05) was observed among the treatment groups. The cumulative feed consumption was significantly higher in T1 (0.399 ± 0.0042 kg) and T4 (0.392 ± 0.0084 kg) than in T2 (0.322 ± 0.0035 kg) and T3 (0.301 ± 0.0049 kg). T1 and T4 were statistically comparable with each other whereas T2 and T3 were also statistically comparable.
During the third week of age, a significant difference (p<0.05) was observed among the treatments. The cumulative feed consumption of T1 (1.092 ± 0.0119 kg), T2 (0.994 ± 0.0112 kg) and T3 (0.966 ± 0.0112 kg) was significantly higher than T4 (0.973 ± 0.0161 kg) whereas T1, T2 and T3 were statistically comparable with each other.
During the fourth week of age, no significant difference was observed among the treatments. The cumulative feed consumption ranged from 1.771 ± 0.0238 kg in T4 to 1.918 ± 0.0154 kg in T1.
During the fifth week of age, a significant difference (p<0.05) was observed among the treatment groups. The cumulative feed consumption was significantly higher in T1 (2.884 ± 0.0189 kg), T2 (2.800 ± 0.0273 kg) and T4 (2.723 ± 0.0315 kg) than in T3 (2.695 ± 0.0266 kg), whereas T1, T2 and T4 were statistically comparable with each other.
Table 3:  Mean ( S.E) cumulative feed consumption (kg) of broiler chicken in different treatment groups	

	Age 
(Weeks)
	T1
(Control)
	T2
(1 g/kg Spirulina) 
	T3
(2 g/kg Spirulina) 
	T4
(3 g/kg Spirulina) 

	2
	0.399 ± 0.0042b
	0.322 ± 0.0035a
	0.301 ± 0.0049a
	0.392 ± 0.0084b

	3
	1.092 ± 0.0119b
	0.994 ± 0.0112b
	0.966 ± 0.0112b
	0.973 ± 0.0161a

	4
	1.918 ± 0.0154
	1.827 ± 0.0196
	1.792 ± 0.0189
	1.771 ± 0.0238

	5
	2.884 ± 0.0189b
	2.800 ± 0.0273b
	2.695 ± 0.0266a
	2.723 ± 0.0315b

	Mean values bearing different superscripts within a row differ significantly (p<0.05)



III. Feed conversion ratio (FCR) 
 The mean cumulative feed conversion ratio (FCR) of broiler chickens at different ages is presented in Table 4. During the second week of age, a significant difference (p<0.01) was observed among the treatments. The highest cumulative FCR was recorded in T1 (1.68 ± 0.025), which was statistically comparable with T4 (1.59 ± 0.032). The FCR values recorded in T2 (1.28 ± 0.033) and T3 (1.20 ± 0.026) were significantly lower than those of T1 and T4 and were statistically comparable with each other.
During the third week of age, a significant difference (p<0.01) was observed among the treatments. The FCR values recorded in T1 (1.52 ± 0.045), T2 (1.42 ± 0.046) and T3 (1.44 ± 0.037) were significantly higher than that recorded in T4 (1.14 ± 0.195). However, T1, T2 and T3 were statistically comparable with each other.
During the fourth week of age, no significant difference was observed among the treatments. The cumulative FCR values ranged from 1.41 ± 0.054 in T1 to 1.56 ± 0.055 in T3. Similarly, during the fifth week of age, no significant difference was observed among the treatments. The cumulative FCR values ranged from 1.86 ± 0.120 in T3 to 2.04 ± 0.113 in T1.
Table 4: Mean (S.E) cumulative FCR (kg) of broiler chicken in different treatment groups
	Age 
(Weeks)
	T1
(Control)
	T2
(1 g/kg Spirulina) 
	T3
(2 g/kg Spirulina) 
	T4
(3 g/kg Spirulina) 

	2
	1.680.025b
	1.280.033a
	1.200.026a
	1.590.032b

	3
	1.520.045b
	1.420.046b
	1.440.037b
	1.140.195a

	4
	1.410.054
	1.490.068
	1.560.055
	1.510.049

	5
	2.040.113
	1.930.153
	1.860.120
	1.880.113

	Mean values bearing different superscripts within a row differ significantly (p<0.05)


IV. Live weight, ready to cook weight (kg) and dressing percentage
The carcass characteristics of broiler chickens are presented in Table 5. A significant difference (p<0.05) was observed among the treatments for live weight. The highest live weight was recorded in T3 (2.33 ± 0.05 kg), which was statistically comparable with T2 (2.31 ± 0.09 kg). T1 (2.20 ± 0.07 kg) and T4 (2.24 ± 0.13 kg) recorded significantly lower live weights and were statistically comparable with each other.
No significant difference was observed among the treatments for ready-to-cook weight. The values ranged from 1.53 ± 0.05 kg in T1 to 1.63 ± 0.07 kg in T2 and all treatments were statistically comparable.
Similarly, no significant difference was observed among the treatments for dressing percentage. The dressing percentage ranged from 68.48 ± 1.39 per cent in T3 to 71.48 ± 5.21 per cent in T2 and the treatments were statistically comparable with each other.


Table 5:  Mean ( S.E) live weight, ready to cook weight (kg) and dressing percentage of broiler chicken
	Parameter 
	T1
(Control)
	T2
(1 g/kg Spirulina) 
	T3
(2 g/kg Spirulina) 
	T4
(3 g/kg Spirulina) 

	Live weight 
	2.200.07a
	2.310.09b
	2.330.05b
	2.240.13a

	Ready to cook weight 
	1.530.05
	1.630.07
	1.600.05
	1.530.09

	Dressing (%)
	70.043.79
	71.485.21
	68.481.39
	70.327.22

	Mean values bearing different superscripts within a row differ significantly (p<0.05)


V. Livability
The livability percentage of broiler chickens at different ages is presented in Table 6. No mortality was recorded in any of the treatments during the second, third, fourth or fifth weeks of age. Consequently, the livability percentage was 100.00 per cent in T1, T2, T3 and T4 throughout the experimental period. Hence, no statistical comparison was applicable for livability percentage among the treatment groups.
Table 6:  Mean (±SE) livability of broiler chicken in different treatment groups, per cent
	Age 
(Weeks)
	T1
(Control)
	T2
(1 g/kg Spirulina) 
	T3
(2 g/kg Spirulina) 
	T4
(3 g/kg Spirulina) 

	2
	100.00
	100.00
	100.00
	100.00

	3
	100.00
	100.00
	100.00
	100.00

	4
	100.00
	100.00
	100.00
	100.00

	5
	100.00
	100.00
	100.00
	100.00

	Mean values bearing different superscripts within a row differ significantly (p<0.05)


DISCUSSION
I. Body weight
The present study demonstrated that dietary supplementation with Spirulina platensis influenced the body weight of broilers from the second week onwards. No significant difference was observed during the first week, whereas significant differences were recorded from the second to fifth weeks. The highest body weight at two weeks was recorded in T3 (2 g/kg), while T2 (1 g/kg) recorded the highest values from the third to fifth weeks. The improved body weight in the supplemented groups may be attributed to the favourable nutritional characteristics of Spirulina, particularly its protein, amino acid and bioactive compound content, which may enhance nutrient utilisation and growth performance.
The present findings are in agreement with Park et al., (2018), who reported improved body weight gain and feed efficiency in broilers supplemented with Spirulina platensis at 0.25 -1.0 per cent. They also observed improved nutrient digestibility and cecal Lactobacillus population, suggesting that enhanced nutrient utilisation and favourable modulation of intestinal microflora may contribute to improved growth. Similarly, Khan et al. (2020) reported improved weight gain in broilers supplemented with Spirulina at 1–2 g/kg and observed better villus development and goblet cell number, indicating a possible role of improved intestinal integrity in supporting growth.
Abdelfatah et al. (2024) also reported increased body weight gain and improved feed conversion in broilers supplemented with Spirulina platensis at 0.1 - 0.5 per cent. Recent findings by Nazmi et al, (2026) also demonstrated improved growth performance with appropriate levels of Spirulina supplementation, supporting the beneficial effect of moderate inclusion levels.
Overall, supplementation with Spirulina platensis at 1 and 2 g/kg resulted in better body weight during several periods of the study, with T3 (2 g/kg) showing the highest value at two weeks and T2 (1 g/kg) maintaining the highest numerical values from three to five weeks. The findings suggest that moderate dietary inclusion of Spirulina platensis, particularly at 1–2 g/kg, may support improved growth performance in broilers.
II. Feed consumption 
The present study showed that dietary supplementation with Spirulina platensis significantly influenced feed consumption during the second, third and fifth weeks, whereas no significant difference was observed during the fourth week. Feed consumption was lower in T2 (1 g/kg) and T3 (2 g/kg) during the second week, while T3 (2 g/kg) recorded the lowest cumulative feed consumption at the fifth week. The lower feed intake in T3 (2 g/kg), together with its higher body weight, indicates more efficient utilisation of the consumed nutrients. Park et al. (2018) and Abdelfatah et al. (2024) reported improved growth performance with Spirulina supplementation without a corresponding increase in feed consumption.
The present findings are further supported by Nazmi et al. (2026), who reported improved production efficiency with Spirulina supplementation, particularly at 1 per cent inclusion level. However, Beckerman et al. (2026) found no significant effect of 2.5 or 5 per cent Spirulina on feed intake, indicating that supplementation does not necessarily increase voluntary feed consumption. Conversely, Pestana et al. (2020) reported reduced performance at a very high inclusion level of 15 per cent, which was associated with increased digesta viscosity. Thus, the relatively lower feed consumption observed in T3 (2 g/kg) in the present study may reflect improved nutrient utilisation rather than reduced growth potential.
III. Feed conversion ratio
The cumulative FCR differed significantly among treatments during the second and third weeks, with T2 (1 g/kg) and T3 (2 g/kg) showing better FCR during the second week and T4 (3 g/kg) showing the lowest FCR during the third week. No significant differences were observed during the fourth and fifth weeks. The improved early FCR in the Spirulina-supplemented groups suggests enhanced conversion of feed nutrients into body mass during the initial growth period. Park et al. (2018) reported improved feed efficiency in broilers supplemented with Spirulina, while Abdelfatah et al. (2024) also recorded better FCR with Spirulina supplementation.
Nazmi et al. (2026) similarly reported significant improvement in FCR at 1 per cent Spirulina inclusion. A systematic review by Spinola et al. (2024) indicated that the response of broilers to Spirulina varies with inclusion level, with moderate supplementation generally producing better growth efficiency. In contrast, Pestana et al. (2020) observed poorer FCR at 15 per cent inclusion, suggesting that excessive inclusion may adversely affect nutrient utilisation. The present results therefore indicate that supplementation at 1 and 2 g/kg, was favourable for feed utilisation under the conditions of the study.
IV. Live weight, ready-to-cook weight and dressing percentage
A significant improvement in live weight was observed among the treatment groups, with T3 (2 g/kg) recording the highest value and being statistically comparable with T2 (1 g/kg), whereas T1 (control) and T4 (3 g/kg) recorded lower values. However, ready-to-cook weight and dressing percentage did not differ significantly among the treatments. The higher live weight in T2 (1 g/kg) and T3 (2 g/kg) corresponds with the superior body weight observed during the growing period may be related to improved nutrient utilisation associated with Spirulina supplementation. Abdelfatah et al. (2024) similarly reported improved growth performance and carcass characteristics in Spirulina-supplemented broilers.
The present findings are also consistent with Nazmi et al. (2026), who reported that supplementation of Spirulina improves the carcass-related traits. A systematic review by Spinola et al. (2024) also indicated a favourable influence of Spirulina on carcass traits of broiler birds. However, Beckerman et al. (2026) observed no significant effect of Spirulina inclusion levels on carcass characteristics. The present results therefore suggest that supplementation at 1–2 g/kg, particularly T3 (2 g/kg), may improve live weight without necessarily producing a proportional increase in ready-to-cook weight or dressing percentage.
V.  Livability
The present study recorded 100 per cent livability in T1 (Control), T2 (1 g/kg), T3 
(2 g/kg) and T4 (3 g/kg) throughout the experimental period, with no mortality from the second to fifth weeks. Consequently, no treatment effect could be demonstrated for livability. The absence of mortality indicates that Spirulina platensis supplementation at 1, 2 and 3 g/kg feed was well tolerated under the conditions of the present study.
Similar observations have been reported in studies evaluating Spirulina supplementation in broilers. Abdelfatah et al. (2024) reported favourable growth and health-related responses following Spirulina supplementation, while Park et al. (2018) observed beneficial effects on growth and intestinal microbial characteristics without adverse effects. Khan et al. (2020) also reported favourable effects on gut integrity and immunity. Nazmi et al. (2026) further demonstrated improved production efficiency and intestinal health with Spirulina supplementation. Thus, the 100 per cent livability observed in T1 (control), T2 (1 g/kg), T3 
(2 g/kg) and T4 (3 g/kg) supports the acceptability of the tested inclusion levels under the experimental conditions.

CONCLUSION
The present study demonstrated that dietary supplementation of Spirulina platensis biomass grown on bio-methanated sago effluent had a positive influence on selected growth performance parameters and live weight of commercial broilers. Supplementation at 1 and 2 g/kg feed produced better body weight and early feed conversion efficiency compared with the control group. Among the supplemented groups, the 2 g/kg level showed a favourable response for body weight and slaughter live weight while maintaining lower cumulative feed consumption during the later phase of the trial.
The supplementation did not adversely affect carcass characteristics, as ready-to-cook weight and dressing percentage were comparable among the treatment groups. Further, 100 per cent livability was recorded in all treatment groups throughout the experimental period, indicating that the inclusion of Spirulina platensis biomass at 1–3 g/kg feed was well tolerated under the conditions of the present study. 
Considering the increasing cost of conventional feed ingredients and the need for sustainable alternatives in poultry nutrition, Spirulina platensis biomass offers a promising nutritional resource due to its rich protein and bioactive nutrient profile. The present study demonstrated that biomass grown on bio-methanated sago effluent can be effectively utilised as a dietary supplement in broilers, with 2 g/kg feed showing the most favourable overall response. Thus, inclusion of Spirulina platensis biomass may provide a sustainable approach for improving broiler production while simultaneously valorising agro-industrial effluent.
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