
21 

World Journal of Biology 

www.worldbiologyjournal.com 

Online ISSN:  

Received: 09-02-2026, Accepted: 10-03-2026, Published: 25-03-2026 

Volume 2, Issue 1, Jan-Mar, 2026, Page No. 21-25 

Comparative evaluation of microalgal biomass production under different nutrient conditions: A 

simulated experimental study for academic writing practice 

Dr. Chinedu Okafor 

Department of Marine Sciences, University of Lagos, Nigeria 
 

 

 

Abstract  

Background: Microalgae have emerged as valuable biological resources due to their rapid growth, high biomass productivity, 

and applications in biofuel production, wastewater treatment, carbon dioxide sequestration, pharmaceuticals, food 

biotechnology, and nutraceutical industries. Optimizing nutrient availability is one of the primary factors influencing microalgal 

growth and biomass accumulation. Understanding these relationships is essential for improving cultivation efficiency and 

industrial-scale production. 

Objective: The objective of this simulated study is to demonstrate the structure of a publication-quality biotechnology research 

article by evaluating the hypothetical effects of different nutrient concentrations on microalgal biomass production using 

simulated academic training data. 

Method: A quantitative experimental design employing simulated academic training data was developed for instructional 

purposes. Four nutrient treatment groups representing varying nutrient concentrations were compared. Descriptive statistical 

analysis and one-way analysis of variance were used to illustrate standard methods commonly employed in biotechnology 

research. 

Results: The simulated analysis indicated that biomass production increased with increasing nutrient availability until the 

optimum treatment level was reached. Statistical analysis of the simulated dataset demonstrated significant differences among 

treatment groups for educational illustration only. 

Conclusion: This manuscript provides a model for scientific writing using simulated academic training data while maintaining 

complete transparency regarding the origin of the data. The article is intended solely for educational and academic writing 

practice and should not be interpreted as reporting actual experimental findings. 
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Introduction 

Microalgae are microscopic photosynthetic organisms that 

have attracted considerable attention in biotechnology 

because of their rapid growth rate, efficient photosynthetic 

capacity, and ability to synthesize valuable biomolecules. 

They are widely investigated for applications in renewable 

energy, food biotechnology, wastewater treatment, 

pharmaceutical production, cosmetics, aquaculture, and 

environmental management. Their adaptability to diverse 

environmental conditions and high biomass productivity 

make them promising biological resources for sustainable 

industrial development. 

The increasing demand for renewable biological resources 

has encouraged researchers to explore microalgae as an 

alternative to conventional agricultural crops. Unlike 

terrestrial plants, many microalgal species require relatively 

small cultivation areas, exhibit rapid cell division, and can be 

grown in freshwater, seawater, or wastewater systems. These 

characteristics make them attractive candidates for large-

scale biomass production while minimizing competition with 

agricultural land used for food production. 

Nutrient availability is one of the most important 

environmental factors influencing microalgal growth. 

Essential nutrients such as nitrogen, phosphorus, potassium, 

magnesium, sulfur, and trace elements participate in 

numerous physiological and biochemical processes, 

including photosynthesis, protein synthesis, enzyme activity, 

and cell division. An inadequate nutrient supply may limit 

biomass production, whereas excessive nutrient 

concentrations can negatively affect growth efficiency and 

increase production costs. 

Biotechnology research has focused extensively on 

optimizing cultivation conditions to maximize biomass yield 

while maintaining economic feasibility. In addition to 

nutrient composition, factors such as light intensity, 

photoperiod, temperature, pH, carbon dioxide availability, 

aeration, and cultivation systems significantly influence 

microalgal productivity. The interaction among these 

variables requires carefully designed experiments supported 

by appropriate statistical analyses to identify optimal 

cultivation strategies. 

Microalgal biomass contains a wide range of commercially 

valuable compounds, including proteins, carbohydrates, 

lipids, pigments, vitamins, antioxidants, and essential fatty 

acids. These biomolecules have applications in functional 

foods, dietary supplements, animal feeds, pharmaceuticals, 

cosmetics, and biofuel production. Consequently, improving 

biomass productivity has become a major objective in both 

academic research and industrial biotechnology. 

Recent advances in cultivation technology, photobioreactor 

design, molecular biology, and computational modeling have 

enhanced the efficiency of microalgal production systems. 

Modern analytical techniques enable researchers to monitor 

growth kinetics, nutrient utilization, and metabolite 

production with greater accuracy than previously possible. 

Statistical software further supports experimental 

optimization through descriptive analysis, analysis of 
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variance, regression modeling, and multivariate statistical 

techniques. 

Although substantial progress has been achieved in 

understanding the nutritional requirements of microalgae, 

educational examples demonstrating the complete 

organization of a biotechnology research manuscript remain 

relatively limited. Students and beginning researchers often 

require comprehensive examples illustrating how scientific 

findings are presented while maintaining transparency 

regarding data sources and research integrity. 

The present manuscript has therefore been prepared 

exclusively for academic writing practice using clearly 

identified simulated academic training data. No laboratory 

cultivation, biological sampling, or experimental 

measurements were performed. The purpose of this article is 

to demonstrate the organization, writing style, statistical 

presentation, and interpretation expected in a publication-

style biotechnology research manuscript while clearly 

distinguishing simulated educational data from genuine 

scientific research. 

 

Literature review 

Microalgae have become one of the most extensively studied 

biological resources in modern biotechnology because of 

their high photosynthetic efficiency, rapid growth, and ability 

to produce commercially valuable metabolites. Their 

applications extend across biofuel production, wastewater 

treatment, carbon dioxide sequestration, pharmaceuticals, 

food biotechnology, cosmetics, and aquaculture. These 

diverse applications have encouraged researchers to optimize 

cultivation techniques that maximize biomass productivity 

while minimizing production costs. 

Biomass production in microalgae depends on the interaction 

of several environmental and nutritional factors. Among 

these, nutrient availability is regarded as one of the most 

influential determinants of growth performance. Nitrogen 

and phosphorus are considered primary macronutrients 

required for protein synthesis, nucleic acid formation, 

chlorophyll production, and cellular metabolism. 

Deficiencies in these nutrients generally reduce cell division 

and biomass accumulation, whereas excessive nutrient 

concentrations may decrease cultivation efficiency and 

increase operational expenses. 

Several studies have investigated the effects of nutrient 

concentration on microalgal growth under controlled 

laboratory conditions. These investigations have 

demonstrated that nutrient optimization can significantly 

improve biomass yield while simultaneously influencing 

lipid accumulation, carbohydrate synthesis, and pigment 

production. However, the optimal nutrient concentration 

differs among species because each microalga possesses 

unique physiological characteristics and metabolic 

requirements. 

The theoretical basis of nutrient optimization is supported by 

microbial growth kinetics, particularly the Monod growth 

model. This theory explains that microbial growth increases 

with substrate concentration until an optimum level is 

reached, after which further increases produce little or no 

additional improvement in growth. This concept has been 

widely applied in biotechnology for designing efficient 

cultivation systems and improving industrial-scale biomass 

production. 

Light intensity also interacts closely with nutrient 

availability. Photosynthesis supplies the energy required for 

cellular growth, while nutrients provide the chemical 

components necessary for biomass formation. An imbalance 

between these factors may reduce photosynthetic efficiency 

and overall productivity. Consequently, many biotechnology 

studies evaluate multiple environmental variables 

simultaneously to identify optimal cultivation conditions. 

Recent technological developments have improved the 

monitoring of microalgal cultivation through automated 

photobioreactors, image analysis systems, and computational 

modeling. These technologies enable continuous observation 

of growth dynamics and facilitate more accurate optimization 

of cultivation parameters. Statistical analysis has become an 

essential component of such investigations, allowing 

researchers to compare treatment groups, evaluate variability, 

and identify significant differences among experimental 

conditions. 

Despite substantial advances in cultivation technology, 

differences in experimental protocols, nutrient formulations, 

environmental conditions, and analytical methods often limit 

direct comparison among published studies. Standardized 

experimental designs and transparent reporting practices 

remain important priorities for improving reproducibility and 

facilitating scientific progress in microalgal biotechnology. 

 

Research gap 

Although numerous studies have examined nutrient 

optimization for microalgal cultivation, relatively few 

publications provide complete examples of publication-style 

biotechnology manuscripts that clearly distinguish simulated 

academic training data from authentic experimental findings. 

This lack of instructional examples may present challenges 

for students and early-career researchers seeking to learn 

scientific writing while adhering to principles of academic 

integrity. 

The present manuscript addresses this educational gap by 

demonstrating the structure, organization, and reporting style 

of a biotechnology research article using explicitly declared 

simulated academic training data. Its purpose is to illustrate 

accepted scientific writing practices rather than to present 

new experimental evidence. 

 

Methodology 

Research Design 

This study employed a quantitative experimental research 

design using simulated academic training data developed 

exclusively for educational and academic writing practice. 

The experimental framework was designed to demonstrate 

how nutrient concentration can be evaluated as a factor 

affecting microalgal biomass production in a publication-

style biotechnology manuscript. 

 

Study Variables 

The independent variable was nutrient concentration, 

categorized into four treatment levels: low, moderate, high, 

and optimum nutrient conditions. The dependent variable 

was microalgal biomass production, expressed as dry 

biomass (g/L). All observations were generated as simulated 

academic training data and do not represent measurements 

obtained from laboratory experiments. 

 

Experimental Design 

A completely randomized design (CRD) was adopted to 

illustrate the comparison of biomass production under 

different nutrient treatments. Each treatment consisted of ten 
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simulated observations, resulting in a total simulated sample 

size of forty observations. The experimental design was 

selected to demonstrate statistical procedures commonly 

applied in biotechnology research. 

 

Sampling Method 

A purposive sampling approach was used to construct the 

simulated dataset. The treatment groups were established 

solely to demonstrate data organization, statistical analysis, 

and scientific reporting. No biological cultures or 

environmental samples were collected. 

 

Sample Size 

The simulated study included 40 observations distributed 

equally among four treatment groups: 

▪ Low nutrient concentration (n = 10) 

▪ Moderate nutrient concentration (n = 10) 

▪ High nutrient concentration (n = 10) 

▪ Optimum nutrient concentration (n = 10) 

 

The sample size was selected to illustrate descriptive and 

inferential statistical analyses typically reported in 

biotechnology research. 

 

Data Collection 

No laboratory cultivation, microalgal isolation, biomass 

harvesting, or analytical measurements were performed. All 

numerical values used in this manuscript were generated 

exclusively as simulated academic training data for 

instructional purposes. 

 

Statistical Analysis 

The simulated dataset was analyzed using descriptive 

statistics, including mean and standard deviation, to 

summarize biomass production within each treatment group. 

One-way analysis of variance (ANOVA) was selected to 

evaluate differences among treatment means. Statistical 

significance was assessed at a 95% confidence level (p < 

0.05) to demonstrate standard reporting practices. 

 

Statistical Software 

The statistical analysis was assumed to have been performed 

using IBM SPSS Statistics Version 26. This information is 

included solely to illustrate conventional methodology 

reporting and does not imply analysis of real experimental 

data. 

 

Reliability and Validity 

Because this study is based entirely on simulated academic 

training data, conventional assessments of experimental 

reliability and validity are not applicable. The simulated 

dataset was designed only to demonstrate manuscript 

preparation, statistical presentation, and interpretation 

techniques commonly employed in biotechnology research. 

 

Declaration of Simulated Data 

This manuscript has been prepared exclusively for academic 

writing practice. All treatment groups, numerical 

observations, statistical analyses, tables, figures, and 

interpretations presented in subsequent sections are based 

entirely on simulated academic training data. No laboratory 

experiments, biological materials, institutional datasets, or 

published research data were used in generating the results. 

The manuscript is intended solely to illustrate the format and 

writing style of a publication-quality biotechnology research 

article while maintaining complete transparency regarding 

the origin of the data. 

 

Results and Discussion 

Results 

The simulated dataset was analyzed to illustrate the 

presentation of quantitative findings in a biotechnology 

research article. Four nutrient treatment groups were 

compared to evaluate their hypothetical effects on microalgal 

biomass production. The descriptive statistics indicate that 

biomass production increased with nutrient concentration 

until the optimum treatment level was reached. 

 
Table 1: Descriptive Statistics of Simulated Microalgal Biomass 

Production 
 

Treatment 

Group 

Sample Size 

(n) 

Mean Biomass 

(g/L) 

Standard 

Deviation 

Low Nutrient 10 0.82 0.07 

Moderate 

Nutrient 
10 1.28 0.09 

High Nutrient 10 1.73 0.11 

Optimum 

Nutrient 
10 2.15 0.12 

 

 
 

Fig 1: Mean Microalgal Biomass Production Under Different 

Nutrient Treatments 

 

To determine whether differences among treatment groups 

were statistically significant, a one-way analysis of variance 

(ANOVA) was performed on the simulated dataset. 

The simulated descriptive statistics demonstrate a 

progressive increase in biomass production across the 

nutrient treatments. The highest mean biomass was observed 

in the optimum nutrient group, whereas the lowest biomass 

production occurred under low nutrient conditions. 

 
Table 2: One-Way ANOVA Results (Simulated Data) 

 

Source of 

Variation 

Sum of 

Squares 

Degrees of 

Freedom 

Mean 

Square 

F-

value 
p-value 

Between 

Groups 
9.864 3 3.288 46.27 <0.001 

Within 

Groups 
2.558 36 0.071   

Total 12.422 39    
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The simulated ANOVA indicates statistically significant 

differences among the four nutrient treatments (p < 0.001). 

These results are presented solely to demonstrate statistical 

reporting and should not be interpreted as evidence from an 

actual laboratory investigation. 

 
Table 3: Simulated Percentage Increase in Biomass Production 

 

Comparison Percentage Increase (%) 

Low to Moderate Nutrient 56.1 

Moderate to High Nutrient 35.2 

High to Optimum Nutrient 24.3 

 

The simulated percentage changes suggest that biomass 

production increased with improved nutrient availability, 

although the relative increase became smaller at higher 

nutrient levels, illustrating a typical diminishing-return 

pattern often discussed in microbial growth studies. 

 

 
 

Fig 2: Simulated Experimental Workflow 

 

Discussion 

The simulated findings illustrate how nutrient availability 

may influence microalgal biomass production in a controlled 

experimental design. The progressive increase in biomass 

across treatment groups is consistent with the theoretical 

expectation that sufficient nutrient availability supports 

cellular metabolism, photosynthesis, and cell division. 

However, because the dataset is entirely simulated, these 

observations are presented solely for academic writing 

practice. 

The simulated ANOVA demonstrates the application of 

inferential statistics in biotechnology research. In a real 

investigation, statistically significant differences among 

treatment groups would typically be followed by post hoc 

comparisons, such as Tukey's Honestly Significant 

Difference test, to determine which specific treatment means 

differ significantly. Such analyses improve the reliability and 

interpretation of experimental findings. 

The descriptive statistics presented in Table 1 provide a 

concise summary of biomass production under each nutrient 

condition, while Table 2 illustrates the standard format for 

reporting analysis of variance results. Table 3 further 

demonstrates how percentage changes can be used to 

describe treatment effects in biological experiments. 

Together, these tables model accepted practices for 

presenting quantitative data in biotechnology publications. 

The placeholder figures included in this section represent the 

types of graphical illustrations commonly used in scientific 

manuscripts. Bar charts facilitate comparison of treatment 

means, whereas workflow diagrams help readers understand 

the sequence of experimental procedures and analytical 

methods. 

Overall, this section demonstrates how statistical results and 

scientific interpretation can be integrated into a 

biotechnology research article. Since every value reported is 

based on simulated academic training data, the findings 

should be regarded exclusively as examples of manuscript 

preparation and not as authentic experimental evidence. 

 

Conclusion 

This manuscript was developed as an academic writing 

exercise to demonstrate the structure and reporting style of a 

biotechnology research article using clearly identified 

simulated academic training data. The simulated study 

examined the hypothetical influence of different nutrient 

concentrations on microalgal biomass production and 

illustrated the presentation of descriptive statistics, inferential 

analysis, tables, figures, and scientific discussion. 

The simulated results suggested that biomass production 

increased as nutrient availability improved, with the optimum 

nutrient treatment producing the highest average biomass 

yield. The one-way analysis of variance demonstrated 

statistically significant differences among treatment groups 

for instructional purposes, illustrating the standard approach 

used to compare multiple experimental treatments in 

biotechnology research. These statistical findings are entirely 

based on simulated data and are included solely to 

demonstrate scientific reporting. 

From an educational perspective, this manuscript highlights 

the importance of organizing research into clearly defined 

sections, including the introduction, literature review, 

methodology, results, discussion, conclusion, ethical 

statement, and references. The inclusion of descriptive tables, 

statistical analyses, and figure placeholders demonstrates 

accepted practices for preparing manuscripts intended for 

biotechnology journals. 

The principal limitation of this study is that all experimental 

observations, statistical analyses, and interpretations are 

based on simulated academic training data rather than 

laboratory-generated evidence. Consequently, the findings 

should not be generalized to real microalgal cultivation 

systems or cited as experimental proof. The manuscript 

serves exclusively as a model for academic writing and 

scientific manuscript preparation. 

Future studies may replace the simulated dataset with 

authentic laboratory observations obtained under controlled 

cultivation conditions. Such investigations could evaluate 

different microalgal species, nutrient formulations, 

environmental conditions, and cultivation systems while 

applying appropriate statistical analyses to generate 

scientifically valid conclusions suitable for peer-reviewed 

publication. 
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Ethical Statement 

This manuscript has been prepared solely for academic 

writing practice using clearly identified simulated academic 

training data. No laboratory experiments, field studies, 

human participants, animal subjects, microbial cultures, or 

environmental samples were involved in the preparation of 

this study. 

All numerical values, statistical analyses, tables, figures, and 

interpretations were created exclusively to demonstrate the 

format and writing style of a biotechnology research article. 

Therefore, the study did not require approval from an 

Institutional Ethics Committee (IEC), Institutional Review 

Board (IRB), or any other research ethics authority. 

The authors declare that no published datasets, proprietary 

databases, institutional records, or confidential information 

were used in developing this manuscript. The simulated 

dataset was generated solely for educational purposes and 

does not represent actual experimental observations. 

No financial support, research grant, or external funding was 

received for the preparation of this academic writing exercise. 

The authors further declare that there are no conflicts of 

interest related to this manuscript. 

This article adheres to the principles of academic integrity by 

clearly identifying all experimental data as simulated 

academic training data. The manuscript is intended 

exclusively as a model for learning scientific writing and 

should not be interpreted or cited as reporting original 

experimental research. 
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