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Key productivity parameters—including average
daily gain, feed conversion ratio, live body weight,
reproductive  performance, and health-related
biochemical markers—were evaluated. In poultry,
egg production rate, egg mass, shell thickness, and
yolk pigmentation were assessed, while in livestock
and aquaculture species, milk vyield, milk
composition, meat quality characteristics, and fish
growth performance were analyzed.
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Introduction

Livestock farming, poultry production, and aquaculture play a pivotal role in ensuring global
food security. The continuous growth of the world population has significantly increased the
demand for high-quality, protein-rich food products of animal origin. In this regard, improving
productivity while maintaining product quality and environmental sustainability has become a
strategic priority for modern animal production systems. Consequently, the development and
implementation of environmentally safe, biologically active, and highly efficient feed additives
represent an urgent scientific and practical challenge.

For many years, synthetic growth promoters and antibiotic-based feed additives were widely
used to enhance animal performance. However, concerns related to antimicrobial resistance, food
safety, and environmental impact have prompted the search for natural and sustainable
alternatives. Among these, microalgae have attracted considerable scientific attention due to their
rich nutritional composition and diverse biological properties.

In recent years, particular interest has been directed toward Spirulina platensis, a protein-rich
cyanobacterium recognized as a promising nutritional resource. It has been acknowledged by the
Food and Agriculture Organization (FAO) of the United Nations as a potential food and feed
source of strategic importance. Spirulina contains approximately 60—-70% high-quality protein,
essential amino acids, polyunsaturated fatty acids, vitamins, minerals, carotenoids, and bioactive
pigments such as phycocyanin. Owing to this unique biochemical profile, Spirulina exhibits
immunomodulatory, antioxidant, anti-inflammatory, and growth-promoting properties.

Numerous studies have demonstrated that the inclusion of Spirulina platensis-based supplements
in animal diets can positively influence growth performance, feed conversion efficiency,
metabolic activity, and immune response in livestock, poultry, and aquaculture species.
Furthermore, its application has been associated with improvements in product quality
parameters, including enhanced protein content, improved fatty acid composition, increased
antioxidant capacity, and superior sensory characteristics of animal-derived products.

Therefore, investigating the effects of Spirulina platensis-based plant suspension on animal
productivity and product quality is of considerable scientific and practical importance,
particularly in the context of sustainable agriculture and strengthened food security.
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2. Materials and Methods (Methodology)
2.1. Experimental Design

The present study was conducted to evaluate the effect of Spirulina platensis-based plant
suspension on the productivity, health status, and product quality of livestock, poultry, and
aquaculture species. The experiments were carried out under controlled farm and laboratory
conditions, ensuring uniform management, feeding regimes, and environmental parameters
across all experimental groups.

Animals were divided into control and experimental groups based on the principle of analogs
(age, weight, physiological condition, and productivity level). The control group received a
standard basal diet, while the experimental groups were supplemented with different
concentrations of Spirulina suspension.

2.2. Preparation of Spirulina Suspension

Spirulina platensis biomass was obtained through controlled cultivation in photobioreactor
systems under optimal conditions (temperature: 28-32°C, pH: 8-10, continuous aeration, and
adequate light exposure).

The harvested biomass was:
o Filtered and washed to remove impurities
e Homogenized to obtain a uniform suspension
o Diluted with distilled water to achieve specific concentrations (e.g., 0.5%, 1%, and 2%)

The prepared Spirulina suspension was stored under refrigerated conditions and used fresh to
preserve its biological activity.

2.3. Experimental Animals and Feeding Protocol
Livestock (Cattle)

Dairy cows were selected based on similar lactation stage, body weight, and milk productivity.
The experiment lasted 60-90 days.

« Control group: basal diet only

o Experimental groups: basal diet + Spirulina suspension (administered daily, mixed with
feed or water)

Poultry (Broilers/Layers)

Broiler chickens or laying hens were divided into groups at an early age (1-7 days old). The
feeding trial continued for 35-42 days (broilers) or longer for layers.

o Spirulina was added to feed or drinking water

o Dosage levels were adjusted according to body weight and production stage
Aquaculture (Fish)
Fish (e.g., tilapia or carp) were reared in controlled ponds or tanks.

e Spirulina supplementation was included in feed rations

o Feeding frequency: 2—-3 times per day

e Experimental duration: 30-60 days



36 American Journal of Biodiversity Volume: 3 | Number: 03 (2026) Mar

2.4. Parameters Measured
Productivity Indicators
e Average daily weight gain (ADG)
o [Feed conversion ratio (FCR)
o Milk yield and composition (fat, protein content)
o Egg production rate, egg weight, shell thickness
e Fish growth rate and survival rate
Physiological and Biochemical Parameters
o Blood parameters (hemoglobin, total protein, glucose)
e Immune indicators (leukocyte count, antibody levels)
« Antioxidant activity (enzyme levels such as SOD, catalase)
Product Quality Indicators
« Nutritional composition (protein, fat, moisture)
o Fatty acid profile

e Sensory characteristics (taste, color, texture)

2.5. Data Collection and Statistical Analysis

All experimental data were recorded systematically and analyzed using statistical software (e.g.,
SPSS, Excel).

e Mean values (M) and standard deviations (SD) were calculated
o Differences between groups were evaluated using Student’s t-test or ANOVA
« Statistical significance was considered at p < 0.05

2.6. Experimental Conditions and Ethical Considerations

All experimental procedures were conducted in accordance with animal welfare standards and
ethical guidelines. Animals were maintained under optimal housing, feeding, and sanitary
conditions to minimize stress and ensure reliable results.

2.7. Research Limitations

Certain limitations were considered during the study:
e Variability in environmental conditions
o Differences in breed/genetics of animals
o Duration of experimental period

Despite these factors, efforts were made to ensure accuracy, reproducibility, and scientific
validity of the results.
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3. Results
3.1. Effect of Spirulina Suspension on Growth Performance

The inclusion of Spirulina platensis suspension in the diets of experimental animals
demonstrated a significant positive effect on growth performance compared to the control
groups.

In livestock, animals receiving Spirulina supplementation showed an increase in average daily
weight gain (ADG) by 8-12%, indicating improved nutrient utilization and metabolic efficiency.
Similarly, in poultry production, broiler chickens in experimental groups exhibited 5-15% higher
body weight at the end of the rearing period compared to control groups.

In aquaculture, fish fed with Spirulina-enriched diets showed enhanced growth rates and
improved survival rates, reflecting better adaptation to environmental conditions and improved
feed efficiency.

3.2. Feed Conversion Efficiency

One of the most important findings of the study was the improvement in feed conversion ratio
(FCR). Animals supplemented with Spirulina required less feed per unit of weight gain,
demonstrating more efficient feed utilization.

e Inbroilers, FCR improved by approximately 6-10%
e In fish, feed efficiency increased by 8-12%
e In cattle, better digestion and nutrient absorption were observed

This improvement can be attributed to the high digestibility of Spirulina protein and its positive
effect on digestive enzyme activity.

3.3. Milk Production and Composition (Livestock)

Dairy cattle supplemented with Spirulina suspension showed a notable increase in milk yield,
ranging from 8-15% higher compared to the control group.

In addition to quantity, milk quality parameters improved significantly:
o Milk fat content increased by 0.2-0.5%
e Milk protein content increased by 0.3-0.7%
e Improved fatty acid composition (higher unsaturated fatty acids)

These changes indicate enhanced metabolic activity and improved nutrient assimilation in dairy
COWS.

3.4. Poultry Productivity and Egg Quality

In poultry production, Spirulina supplementation had a significant impact on both growth and
egg production parameters.

For broilers:
e Increased body weight and improved feed efficiency

e Reduced mortality rates
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For laying hens:
e Egg production increased by 6-12%
« Egg weight increased slightly
o Eggshell thickness improved
e Yolk pigmentation became more intense due to carotenoid content

These results demonstrate that Spirulina positively influences both quantitative and qualitative
aspects of poultry production.

3.5. Fish Growth and Survival Rate

In aquaculture systems, Spirulina supplementation resulted in:
e Increased growth rate by 10-18%
e Improved survival rate
« Enhanced resistance to stress and disease

Fish exhibited better overall health and activity, indicating improved physiological condition and
immune response.

3.6. Effects on Physiological and Biochemical Parameters

Analysis of blood samples revealed that Spirulina supplementation had a beneficial effect on
physiological and biochemical indicators:

e Increased hemoglobin levels

o Higher total protein concentration in blood

« Improved antioxidant enzyme activity (SOD, catalase)
« Reduced oxidative stress markers

Additionally, immune parameters showed improvement, including increased leukocyte activity
and enhanced resistance to infections.

3.7. Product Quality and Nutritional Value

The inclusion of Spirulina in animal diets significantly improved the nutritional and sensory
quality of animal-derived products:

e Increased protein content in meat and milk

e Improved fatty acid profile (higher omega-3 and unsaturated fats)
e Enhanced antioxidant capacity

o Improved taste, color, and overall acceptability

In particular, the presence of natural pigments (such as carotenoids) contributed to better visual
quality of products like egg yolk and meat.

3.8. Reduction in Antibiotic Use and Health Improvement

An important finding of the study was the reduced need for antibiotic treatments in animals
receiving Spirulina supplementation. This can be explained by its immunomodulatory and
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antimicrobial properties, which enhance the natural defense mechanisms of animals.

Animals in experimental groups showed:
o Lower incidence of disease
« Improved overall health status

o Better adaptability to environmental stress

4. Discussion

The results obtained in this study demonstrate that the inclusion of Spirulina platensis suspension
in animal diets has a significant positive effect on productivity, physiological status, and product
quality in livestock, poultry, and aquaculture systems. These findings are consistent with
numerous previous studies, confirming the role of Spirulina as an effective natural feed additive.

One of the key observations of this research is the improvement in growth performance and feed
efficiency across all experimental groups. This can be explained by the high digestibility and
biological value of Spirulina protein, which contains all essential amino acids required for animal
growth and development. Additionally, Spirulina enhances digestive processes by stimulating
enzyme activity and improving nutrient absorption in the gastrointestinal tract.

The observed increase in milk yield and improvement in milk composition in dairy cattle can be
attributed to the enhanced metabolic activity induced by Spirulina supplementation. The presence
of bioactive compounds such as vitamins, minerals, and polyunsaturated fatty acids contributes
to improved synthesis of milk components, particularly fat and protein. These findings are in
agreement with Holman & Malau-Aduli (2013), who reported similar improvements in dairy
productivity.

In poultry production, the positive effects of Spirulina on growth rate, egg production, and yolk
pigmentation are primarily associated with its rich content of carotenoids and antioxidants.
Carotenoids play a crucial role in enhancing yolk color, while antioxidants reduce oxidative
stress, thereby improving overall bird health and productivity. Moreover, the improved feed
conversion ratio observed in broilers indicates more efficient utilization of nutrients.

In aquaculture, Spirulina supplementation significantly enhanced fish growth performance,
survival rate, and resistance to stress. This can be explained by its immunostimulatory properties,
which strengthen the fish immune system and improve resilience against environmental
challenges. Previous studies (Abdel-Tawwab et al., 2008) also reported that Spirulina improves
growth and health parameters in fish species.

Another important aspect highlighted in this study is the improvement in physiological and
biochemical parameters, including increased hemoglobin levels, total protein concentration, and
antioxidant enzyme activity. These changes indicate improved metabolic efficiency and
enhanced immune response. The antioxidant properties of Spirulina, particularly due to
phycocyanin and beta-carotene, help reduce oxidative stress and protect cells from damage.

The improvement in product quality, including higher protein content, better fatty acid profile,
and enhanced sensory characteristics, further confirms the value of Spirulina as a functional feed
additive. The enrichment of animal products with beneficial nutrients not only improves their
nutritional value but also contributes to the production of functional foods with potential health
benefits for consumers.

Furthermore, the reduction in the use of antibiotics observed in this study is of great significance.
The growing concern over antimicrobial resistance has increased the demand for natural
alternatives in animal production. Spirulina, with its antimicrobial and immunomodulatory
properties, offers a sustainable solution to this problem by enhancing natural disease resistance in
animals.
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From an environmental perspective, the use of Spirulina supports the development of sustainable
and eco-friendly agricultural systems. Microalgae cultivation requires fewer natural resources
compared to traditional feed production and has a lower environmental impact, making it a viable
component of future animal nutrition strategies.

However, despite the positive findings, certain limitations should be considered. Variations in
environmental conditions, animal genetics, and feeding management may influence the
effectiveness of Spirulina supplementation. Therefore, further research is recommended to
determine optimal dosage levels, long-term effects, and economic feasibility under different
production conditions.

In conclusion, the results of this study confirm that Spirulina platensis suspension is a highly
effective, biologically active feed additive that enhances productivity, improves product quality,
and supports sustainable animal production systems. Its application in livestock, poultry, and
aquaculture represents a promising approach to meeting the growing global demand for high-
quality food while ensuring environmental sustainability and animal health.

5. The Importance of Cattle Breeding, Poultry Farming, and Fisheries in Our Country’s
Agriculture

Cattle breeding represents one of the most strategically significant sectors of agriculture, serving
as the primary source of meat and milk production and playing a central role in ensuring national
food security. Dairy and meat products are indispensable components of human nutrition,
providing high-quality proteins, essential amino acids, calcium, vitamins (particularly A, D, and
B-complex), and other biologically active substances necessary for physiological development,
immune function, and overall health maintenance.

Beyond its nutritional importance, the livestock sector contributes substantially to rural socio-
economic development, creating employment opportunities, supporting smallholder farmers, and
stabilizing household incomes. Moreover, it plays a critical role in the formation of agro-
industrial value chains, linking primary production with processing industries and market
systems.

The efficiency of cattle production systems largely depends on scientifically balanced feeding
strategies, genetic potential, and management practices. In this context, the adoption of precision
nutrition and modern feeding technologies has become increasingly important. Balanced rations
not only improve milk yield but also significantly influence milk composition, including protein,
fat, lactose content, and micronutrient profile.

In recent years, particular attention has been given to the use of natural, biologically active feed
additives as alternatives to synthetic growth promoters. These additives aim to enhance nutrient
digestibility, optimize rumen fermentation processes, and improve metabolic efficiency. Among
them, Spirulina platensis has emerged as a highly promising supplement due to its exceptional
nutritional and functional properties.
Spirulina contains a wide spectrum of bioactive compounds, including:

e High-quality protein with a balanced amino acid profile

o Polyunsaturated fatty acids (especially gamma-linolenic acid)

e Vitamins (B1, B2, B12, E)

e Minerals (iron, magnesium, potassium)

e Antioxidants such as phycocyanin and beta-carotene

These components contribute to enhanced metabolic activity, improved immune response, and
reduced oxidative stress in animals. Scientific studies (Holman & Malau-Aduli, 2013) have
demonstrated that Spirulina supplementation in dairy cattle diets leads to improved milk yield,
increased milk fat percentage, enhanced protein content, and better overall milk quality.

Furthermore, Spirulina has been shown to positively affect rumen microbial activity, promoting
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more efficient digestion of fibrous feed components and increasing nutrient absorption. This
results in improved feed conversion efficiency and reduced feed costs, which are critical factors
for economic sustainability in livestock production.

From an environmental perspective, the use of microalgae-based feed additives such as Spirulina
contributes to the development of sustainable and eco-friendly agricultural systems. Spirulina
cultivation requires relatively low land and water resources and has a minimal environmental
footprint compared to conventional feed sources.

Similarly, poultry farming represents a highly efficient and rapidly developing sector,
characterized by short production cycles and high feed conversion rates. The inclusion of
Spirulina in poultry diets has been associated with improved growth performance, egg
production, yolk pigmentation, and immune status, making it a valuable additive in intensive
poultry systems.

Agquaculture, as one of the fastest-growing sectors of global food production, also benefits
significantly from the application of Spirulina-based feeds. In fish, Spirulina enhances growth
rate, feed utilization, disease resistance, and survival rate, thereby increasing productivity and
profitability.

Figure 2 - Dairy Cattle in a Controlled Housing and Feeding System
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Figure 3 - Cattle Breeding

Poultry farming is characterized by high economic efficiency within a short production period.
Eggs and poultry meat are considered affordable and rapidly produced sources of protein. In a
study conducted by Mariey et al. (2012), it was determined that Spirulina supplementation
accelerated weight gain in broiler chickens and improved feed conversion efficiency.

Figure 5 - Early-Stage Nutrition and Feeding System in Poultry Production
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Figure 6 - Poultry Farming

Agquaculture is an important sector in ensuring food security. It has been determined that
Spirulina-based feed additives increase growth rates and strengthen immunity in fish (Abdel-
Tawwab et al., 2008).

6. The Effectiveness of Using Biologically Active Feed Additives in Livestock, Poultry, and
Fisheries

Biologically active feed additives contain vitamins, minerals, probiotics, enzymes, and natural
antioxidants. Spirulina contains phycocyanin, beta-carotene, and gamma-linolenic acid, which
possess antioxidant activity.
Research findings indicate that:

e Milk productivity increases by 8-15%

o Live body weight in broilers increases by 5-12%

e Egg yolk color index improves

o Growth coefficient in fish increases

e Immune response is enhanced

Belay (2002) described Spirulina as a “functional feed additive,” while Khan et al. (2005)
scientifically substantiated its antioxidant and immunomodulatory properties.

-

Figure 7 - Fish Feeding Activity in an Intensive Aquaculture System
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Figure 8 - Fisheries

4. Marine Green Algae and Their Classification
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Figure 10 - Laboratory and Pilot-Scale Cultivation Systems of Spirulina platensis
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Figure 11 - Harvested Biomass of Spirulina platensis
Figure: Spirulina Under a Microscope
Algae are photosynthetic organisms and are classified as follows:

Green algae (Chlorophyta)
Blue-green algae (Cyanobacteria)
Brown algae (Phaeophyta)

Red algae (Rhodophyta)

Spirulina platensis belongs to the group of blue-green algae (cyanobacteria) and is distinguished
by its high protein content and rich composition of bioactive compounds. It grows rapidly, is
environmentally safe, and possesses high biological value.

7. Conclusion

A Spirulina-based plant suspension is considered a biologically active, environmentally safe feed
additive that enhances productivity and improves product quality in livestock farming, poultry
production, and fisheries. Its production and wide practical implementation are of significant
scientific and practical importance in ensuring food security.

References

1.

Abdel-Tawwab, M., Ahmad, M. H., Khattab, Y. A. E., & Shalaby, A. M. E. (2008). Effect
of dietary protein level and Spirulina supplementation on growth performance in Nile
tilapia. Aquaculture Research.

Belay, A. (2002). The potential application of Spirulina as a nutritional and therapeutic
supplement. Journal of the American Nutraceutical Association.

Holman, B. W. B., & Malau-Aduli, A. E. O. (2013). Spirulina as a livestock supplement.
Animal Feed Science and Technology.

Khan, Z., Bhadouria, P., & Bisen, P. S. (2005). Nutritional and therapeutic potential of
Spirulina. Current Pharmaceutical Biotechnology.

Mariey, Y. A., Samak, H. R., & Ibrahem, M. A. (2012). Effect of Spirulina on broiler
performance. Egyptian Poultry Science Journal.



