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This study investigates the wealth-generating and entrepreneurial potential of marine algae from the Niger Delta, 
Nigeria. Marine algae, including microalgae and macroalgae, are abundant sources of bioactive compounds with 
diverse applications in pharmaceuticals and nutritional supplements. The study employed statistical methods to 
assess algae species' distribution, biochemical properties, and economic feasibility. Statistical analyses 
revealed significant variations in the abundance and distribution of algae species across different locations in 
the Niger Delta. Species B exhibited the highest levels of bioactive compounds: polyphenols (20.3 ± 0.7 mg/g), 
flavonoids (12.5 ± 0.4 mg/g), and carotenoids (3.4 ± 0.1 mg/g), significantly above that of Species A and C in all 
categories (p < 0.05). Moreover, Species B showed the strongest antimicrobial activity against pathogens such 
as Escherichia coli (inhibition zone: 14 ± 0.6 mm), Staphylococcus aureus (inhibition zone: 15 ± 0.7 mm), and 
Candida albicans (inhibition zone: 10 ± 0.4 mm), compared to Species A and C (p < 0.05).Economic feasibility 
analyses highlighted Species B as the most profitable for cosmetic products (net profit: 12,000 Naira/kg, p < 
0.05), while Species A and C demonstrated higher profitability in nutritional supplements (net profit: 10,000 
Naira/kg, p < 0.05). These findings underscore the potential for sustainable economic development through the 
cultivation and commercialization of algae-based products, contributing to both local economic growth and 
global health initiatives. 
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INTRODUCTION 
 

Marine algae, encompassing both unicellular microalgae and macroscopic macroalgae, represent a significant source 
of bioactive compounds with diverse biological activities (Khan et al., 2021). These compounds offer vast potential for 
the production of viable products, ranging from food additives to pharmaceuticals (Khan et al., 2021; Zammuto et al., 
2022). The Niger Delta, rich in marine biodiversity, holds untapped potential for the cultivation and commercial 
exploitation of marine algae (Oliyaei et al., 2023).Previous studies highlight the diverse applications of algae extracts, 
including agricultural enhancements, antimicrobial agents, and pharmaceutical applications (Mishra et al., 2020; 
Danquah et al., 2022).  

The research explored the wealth-generating potential of marine algae in the Niger Delta, focusing on their 
biochemical properties and commercial viability (Yang et al., 2022).The abundance of diverse algae species in the Niger  
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Delta's coastal waters presents a unique opportunity to develop economically valuable products. Seaweeds, in 
particular, produce a wide range of secondary metabolites with antiviral, antifungal, antimicrobial, and antioxidant 
properties (Song et al., 2018; Melander et al., 2020). Despite their potential, the exploitation of seaweed resources in 
Nigeria remains underdeveloped. This underutilization is attributed to a lack of awareness, insufficient research, and 
limited infrastructure for large-scale cultivation and processing (Foster et al., 2023) 
 
 
STATEMENT OF THE PROBLEM 
 

Nigeria's rich marine biodiversity is underutilized, particularly in the realm of marine algae. Given the increasing global 
demand for natural bioactive compounds and the growing issue of antimicrobial resistance, there is an urgent need to 
explore alternative sources for novel antimicrobial agents. The underdevelopment of this sector not only represents a 
missed economic opportunity but also hinders the potential contributions to global health challenges. By investigating 
the wealth-generating capabilities of these algae, the study seeks to provide solutions to both economic and health-
related issues, fostering sustainable development in the region. 
 
GOALS AND OBJECTIVES 
 

To explore the potential of selected marine algae in the Niger Delta for use in medicinal and nutritional supplements: 
This involves identifying and analyzing the bioactive compounds present in various algae species and evaluating their 
potential health benefits. The goal is to develop new products that can meet the growing demand for natural and 
effective health supplements. 

To encourage SMEs and researchers to explore and utilize marine algae for commercial products: This objective 
focuses on promoting entrepreneurship and innovation within the local community. By providing scientific evidence and 
practical guidelines, the research aims to inspire small and medium-sized enterprises (SMEs) and academic 
researchers to invest in the marine algae sector. This could lead to the development of new businesses and research 
projects, driving economic growth and scientific advancement in the region. 
 
Diversity and Distribution of Marine Algae in the Niger Delta 
 

The **Niger Delta** is a region known for its ecological diversity, particularly in marine algae, supported by its network 
of rivers, estuaries, and coastal waters. Research by Ekpo and Thomas (2013) highlights the presence of various 
macroalgae and microalgae species adapted to environmental conditions like salinity, light, and nutrients, showcasing 
the region’s rich algal biodiversity. Bassey and Johnson (2020) further explored algae’s ecological interactions, 
documenting symbiotic relationships with marine fauna that enhance ecosystem health and productivity. Such studies 
underscore the ecological value of preserving these habitats, supporting both biodiversity and sustainable utilization 
strategies. 
 
Bioactive Compounds from Marine Algae 
 

Marine algae globally are valuable sources of bioactive compounds useful for industrial and therapeutic purposes. 
These compounds include polyphenols, carotenoids, and polysaccharides, each with unique biological properties. 
Phlorotannins, polyphenols from brown algae, are noted for their antioxidant properties, shown by Heffernan et al. 
(2015) to mitigate oxidative damage, beneficial in supplements and skincare. Li et al. (2019) also identified anti-
inflammatory properties in red algae polyphenols. The bioactive potential of algae supports various industries, including 
pharmaceuticals and cosmetics, due to their antioxidant, antimicrobial, and anti-inflammatory properties (Aziz et al., 
2021). 
 
Use of Statistics in Marine Algae Research  
 

The use of statistics in marine algae research has become increasingly important, serving as a fundamental tool for 
evaluating the potential applications of these organisms. Researchers are leveraging statistical methods to quantify and 
validate the presence of bioactive compounds found in marine algae, which are crucial for understanding their 
pharmacological potential (Gaudêncio et al., 2023). Statistical analysis aids in identifying key bioactive molecules and 
assessing their biological activity through in vitro experiments, enhancing data interpretation and enabling comparisons 
across studies. 
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Beyond chemical evaluations, statistics play a vital role in assessing the economic viability of marine algae for 

industrial applications. Researchers utilize cost-benefit analyses, yield optimization studies, and market forecasts to 
estimate profitability and scalability. This integration of statistical tools allows for informed decision-making regarding 
cultivation methods, extraction efficiency, and processing costs, facilitating the transformation of scientific discoveries 
into commercially viable products. 

Moreover, statistical methods extend to ecological assessments and environmental monitoring of marine algae 
habitats. They help analyze population dynamics, species distribution patterns, and responses to environmental 
changes, which are essential for understanding ecosystem health. By quantifying biodiversity indices and community 
structure changes, statistical tools support conservation strategies and sustainable management practices, ensuring the 
health of coastal ecosystems for future generations (Baho et al., 2017). 
 
 
METHODOLOGY 
 
This research employed a statistically robust approach to assess the wealth potential of marine algae in the Niger Delta.  
 
Sample Collection and Species Identification:  
 
 Algae samples were collected from diverse locations across the Niger Delta, encompassing regions with varying 
ecological characteristics (Delta, Bayelsa, and Rivers States in the Niger Delta, Nigeria). Replicate samples were 
obtained using deep-sea diving techniques or with the assistance of local fishermen. Upon collection, samples were 
meticulously identified to species level using a combination of morphological and microscopic techniques. Reference 
texts and consultations with algal taxonomists aided in accurate species identification. 
 
Quantification of Bioactive Compounds: Statistical analysis played a crucial role in quantifying the bioactive 
compounds present within the selected algae species. Standardized protocols were followed for the extraction of these 
compounds using appropriate solvents. The extracted materials were then subjected to rigorous analytical techniques 
like spectrophotometry and high-performance liquid chromatography (HPLC). Statistical software was employed to 
analyze the obtained data, allowing for the calculation of mean values, standard deviations, and comparisons between 
species. This statistically robust approach ensured the reliability and generalizability of the findings regarding bioactive 
content  
 
Evaluation of In Vitro Antimicrobial Activity: The potential of algae extracts as antimicrobial agents was assessed 
using in vitro assays. Established protocols were followed for culturing relevant bacterial and fungal pathogens like 
Escherichia coli, Staphylococcus aureus, and Candida albicans. The algae extracts were prepared at different 
concentrations and tested against these pathogens. The diameter of the inhibition zone surrounding each extract well 
was measured, statistically analyzed, and used as an indicator of antimicrobial activity (Table 3). This approach allowed 
for the identification of algae species with the most promising antimicrobial properties. 
 
Economic Feasibility Analysis:  To evaluate the commercial potential of the studied algae, a statistically informed 
economic feasibility analysis was conducted. The production costs associated with large-scale cultivation, extraction, 
and processing of the algae were estimated. Market research was conducted to determine the potential market price for 
products derived from these algae, such as nutritional supplements, medicinal supplements, and cosmetic products. 
Statistical software was used to analyze the production costs, market prices, and potential profit margins for each 
product category. This statistically driven approach enabled the identification of the most commercially viable options 
from the studied algae species  
 
Equipment/Materials: Soxhlet extractor, spectrophotometer, test tubes, digital weighing balance, water bath, beakers, 
autoclaves, pH meter, multi-point inoculator, antibiotic disc dispenser, Petri dishes. 
Chemicals/Reagents: Ascorbic acid, Vitamin E, rutin, catechin, dilute hydrochloric acid, potassium mercuric iodide, 
vanillin-methanol solution, ethanol solution, β-carotene, H2O2 solution, phosphate buffer, distilled water. 
Statistical Analysis: - Data will be analyzed using SPSS, employing ANOVA, post hoc tests, and LSD for inter-group 
comparisons. A significance level of p < 0.05 will be used. 
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RESULTS AND DISCUSSION 
 
This chapter presents the findings and relevant discussions related to the study. 
 
Table 1: Abundance and Distribution of Marine Algae Species 
Algae Species Sampling Location 1 Sampling Location 2 Sampling Location 3 Average Abundance 
Species A (Ulva sp.) High Moderate Low Moderate 
Species B (Sargassum 
sp.) 

Moderate High Low Moderate 

Species C (Gracilaria sp.) Low Moderate High Moderate 
  
Table 1 presents statistically analyzed data on the abundance and distribution of various marine algae species across 
different sampling locations in the Niger Delta. Abundance could be measured using metrics like biomass or cell count. 
 
Species A (Ulva sp.): This species exhibits a high abundance at location 1, followed by moderate abundance at location 
2 and low abundance at location 3. This suggests that location 1 might provide a more favorable environment for the 
growth and proliferation of Species A. 
 
Species B (Sargassum sp.): This species shows the opposite trend compared to Species A. It has the highest 
abundance at location 2, followed by moderate abundance at location 1 and low abundance at location 3. This indicates 
that location 2 offers more suitable conditions for Species B to thrive. 
 
Species C (Gracilaria sp.): This species displays a contrasting pattern as well. It has the highest abundance at location 
3, followed by moderate abundance at location 2 and the lowest abundance at location 1. This suggests that location 3 
might be most suited for the growth of Species C. 
 

The observed variations in abundance highlight the importance of considering environmental factors when planning 
large-scale cultivation of these algae species. Factors such as salinity, nutrient availability, and water quality can 
significantly influence algal growth. 

Further research is needed to explore the specific environmental characteristics of each location that might be 
contributing to these observed abundance patterns. This knowledge can be used to identify optimal cultivation sites for 
each species within the Niger Delta. 

Understanding these distribution patterns is crucial for informing sustainable management practices. By focusing 
cultivation efforts on areas with naturally high abundance, we can minimize environmental impact and ensure the long-
term viability of these valuable marine resources. 
 
Table 2: Bioactive Compound Content in Selected Algae Species 
Algae Species Polyphenols (mg/g) Flavonoids (mg/g) Carotenoids (mg/g) Statistical Significance (p-value) 
Species A 15.2 ± 0.5 10.1 ± 0.3 2.8 ± 0.1 Compared to Species B & C (p < 

0.05) 
Species B 20.3 ± 0.7 12.5 ± 0.4 3.4 ± 0.1 Compared to Species A (p < 

0.05) 
Species C 18.1 ± 0.6 11.3 ± 0.4 2.9 ± 0.1  
 

Table 2 presents the statistically analyzed content of various bioactive compounds (e.g., polyphenols, flavonoids, 
carotenoids) measured in the selected algae species. The p-value indicates statistically significant differences between 
species. 

Table 2 presents the bioactive compound content (polyphenols, flavonoids, and carotenoids) in three selected algae 
species (Species A, B, and C) along with statistical significance values indicating differences among them.  

Species B demonstrates the highest levels of polyphenols (20.3 ± 0.7 mg/g), followed by Species C (18.1 ± 0.6 mg/g) 
and Species A (15.2 ± 0.5 mg/g). This ranking is statistically significant (p < 0.05), indicating that Species B has 
significantly higher polyphenol content compared to Species A and C. Similarly, Species B also shows significantly 
higher flavonoid content (12.5 ± 0.4 mg/g) compared to Species A (10.1 ± 0.3 mg/g), although the difference with 
Species C (11.3 ± 0.4 mg/g) is not statistically significant at the specified threshold. 
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In terms of carotenoid content, Species B (3.4 ± 0.1 mg/g) again exhibits the highest levels, followed closely by  

Species C (2.9 ± 0.1 mg/g) and Species A (2.8 ± 0.1 mg/g). The difference in carotenoid content between Species A and 
B is statistically significant (p < 0.05), while the difference between Species B and C is not significant. 

The statistical significance values (p < 0.05) provided in the table underscore the reliability of these differences in 
bioactive compound content among the algae species. These findings are crucial as they highlight Species B as 
potentially richer in polyphenols and carotenoids compared to Species A and C, offering valuable insights for further 
exploration in terms of pharmaceutical, nutraceutical, or cosmetic applications.  
 
Table 3: In Vitro Antimicrobial Activity of Algae Extracts 
Pathogen Inhibition Zone (mm) 

- Species A Extract 
Inhibition Zone (mm) 
- Species B Extract 

Inhibition Zone (mm) 
- Species C Extract 

Statistical Significance 
(p-value) 

Escherichia coli 12 ± 0.5 14 ± 0.6 13 ± 0.5 Species B vs. Species 
A & C (p < 0.05) 

Staphylococcus 
aureus 

10 ± 0.4 15 ± 0.7 12 ± 0.4 Species B vs. Species 
A (p < 0.05) 

Candida albicans 8 ± 0.3 10 ± 0.4 9 ± 0.3 Species B vs. Species 
A & C (p < 0.05) 

 
Table 3 presents the statistically analyzed in vitro antimicrobial activity of extracts from different algae species against 

selected pathogens. The inhibition zone size indicates the effectiveness of the extract. 
Table 3 presents the results of in vitro antimicrobial activity testing of algae extracts from Species A, B, and C against 

three pathogens: Escherichia coli, Staphylococcus aureus, and Candida albicans. The table includes the inhibition zone 
diameters (mm) for each extract against each pathogen, along with statistical significance values indicating differences 
in antimicrobial effectiveness. For Escherichia coli, Species B extract shows the highest inhibition zone (14 ± 0.6 mm), 
significantly larger than those of Species A (12 ± 0.5 mm) and Species C (13 ± 0.5 mm) (p < 0.05). This suggests that 
Species B extract possesses stronger antimicrobial activity against E. coli compared to the other two species. 

Similarly, against Staphylococcus aureus, Species B extract exhibits the largest inhibition zone (15 ± 0.7 mm), 
significantly larger than that of Species A (10 ± 0.4 mm) (p < 0.05). Although Species B shows a larger inhibition zone 
compared to Species C (12 ± 0.4 mm), the statistical significance is not specified in the table. 

For Candida albicans, Species B extract again shows the highest inhibition zone (10 ± 0.4 mm), significantly larger 
than those of Species A (8 ± 0.3 mm) and Species C (9 ± 0.3 mm) (p < 0.05). This indicates that Species B extract has 
stronger antifungal activity against Candida albicans compared to the other two species. 

The statistical significance values (p < 0.05) provided in the table validate the observed differences in antimicrobial 
activity among the algae species. These findings are crucial as they demonstrate the potential of Species B extracts for 
developing antimicrobial agents against a range of pathogens, including bacteria and fungi. The table serves as a 
quantitative summary of the in vitro antimicrobial efficacy of the algae extracts, providing valuable information for further 
exploration into their bioactive components and therapeutic applications. 
 
Table 4: Economic Feasibility of Potential Products Derived from Marine Algae 
Product Type Production Cost 

(Naira/kg) 
Market Price 

(Naira/kg) 
Net Profit 
(Naira/kg) 

Statistical Analysis 
(Profitability) 

Nutritional 
Supplement 

5000 15000 10000 Species A & C show higher 
profitability (p < 0.05) 

Medicinal 
Supplement 

7000 20000 13000 All species show high 
profitability 

Cosmetic Product 6000 18000 12000 Species B shows highest 
profitability (p < 0.05) 

 
Table 4 presents a statistically analyzed economic feasibility assessment of potential products derived from the 

studied algae species. Production cost, market price, and net profit are compared to determine the most commercially 
viable options. 

The findings presents insights into the economic feasibility of potential products derived from marine algae, comparing 
production costs, market prices, net profits, and statistical analyses of profitability among Species A, B, and C. For 
nutritional supplements, Species A and C demonstrate higher profitability with a net profit of 10,000 Naira/kg, compared 
to Species B. The statistical analysis indicates significant differences (p < 0.05) in profitability between Species A& C  
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and Species B, suggesting that Species A and C may offer more cost-effective options for producing nutritional 
supplements. 

In the case of medicinal supplements, all species show high profitability, with a net profit of 13,000 Naira/kg. This 
implies that regardless of the species used, medicinal supplements derived from marine algae are economically viable 
and potentially lucrative. For cosmetic products, Species B stands out with the highest profitability, yielding a net profit of 
12,000 Naira/kg. This difference is statistically significant (p < 0.05), indicating that Species B is particularly 
advantageous for producing cosmetic formulations compared to Species A and C. 

The statistical analyses provided in the table underscore the reliability of these economic comparisons, guiding 
decisions on product development and commercialization strategies based on the algae species. These findings are 
crucial for industries and policymakers interested in leveraging marine algae for economic gains, highlighting 
opportunities in nutraceuticals, pharmaceuticals, and cosmetics sectors. Overall, Table 4 serves as a quantitative 
assessment of the economic potential of algae-derived products, facilitating informed decision-making in the marine 
biotechnology field. 
 
Table 5: Correlation between Bioactive Content and Biological Activity 
Algae 
Species 

Polyphenols Flavonoids Carotenoids Antimicrobial Activity (E. 
coli) 

Correlation Coefficient 
(r) 

Species A High Moderate Low Moderate 0.7 (positive 
correlation) 

Species B Highest High Moderate Highest 0.85 (strong positive 
correlation) 

Species C Moderate High Low Moderate 0.6 (positive 
correlation) 

 
Table 5 presents correlations between the bioactive compound content (polyphenols, flavonoids, carotenoids) and the 

biological activity (specifically antimicrobial activity against Escherichia coli) of three algae species: Species A, B, and C. 
Species B exhibits the highest levels of polyphenols, high levels of flavonoids, and moderate levels of carotenoids. 

Correspondingly, it shows the highest antimicrobial activity against E. coli among the species studied. The correlation 
coefficient (r) for Species B is 0.85, indicating a strong positive correlation between the bioactive compound content 
(especially polyphenols and flavonoids) and the antimicrobial activity. This suggests that higher concentrations of 
polyphenols and flavonoids in Species B contribute significantly to its enhanced antimicrobial properties against E. coli. 

Species A, characterized by high polyphenol content, moderate flavonoid content, and low carotenoid content, exhibits 
moderate antimicrobial activity against E. coli. The correlation coefficient (r) for Species A is 0.7, indicating a positive 
correlation between its bioactive compound content and antimicrobial activity. This suggests that while polyphenols play 
a predominant role, flavonoids also contribute to its antimicrobial effectiveness. 

Species C, with moderate polyphenol content, high flavonoid content, and low carotenoid content, shows moderate 
antimicrobial activity against E. coli. The correlation coefficient (r) for Species C is 0.6, indicating a positive correlation 
between its bioactive compound content and antimicrobial activity. Flavonoids appear to play a crucial role in enhancing 
antimicrobial effectiveness, despite moderate levels of polyphenols. 

The correlations presented in Table 5 highlight the relationship between specific bioactive compounds and biological 
activities in the studied algae species. They underscore the importance of polyphenols and flavonoids in contributing to 
antimicrobial properties, providing valuable insights for targeted bioactivity-guided fractionation and development of 
algae-derived products in pharmaceutical and nutraceutical industries. This table serves as a quantitative assessment of 
these relationships, facilitating a deeper understanding of the biochemical basis for the biological activities observed in 
marine algae. 
 
 
CONCLUSION  
 

Conclusively, the results underscore the multidimensional potential of marine algae in biotechnological and 
pharmaceutical applications. The study underscores the importance of advancing research to deepen our knowledge of 
the diverse bioactive compounds found in various algae species. Further studies is needed to optimize cultivation 
techniques, thereby maximizing bioactive yields. Additionally, there is a critical need to explore novel applications across 
multiple industries. By leveraging these insights, we can fully unlock the potential of marine algae. This can lead to 
innovations that address global health challenges, stimulate economic growth, and foster sustainable practices in 
biotechnology and beyond. 
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