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Abstract

Purpose: The aim of the study was to assess
the effects of pH on enzyme activity in
Pakistan.

Methodology: This study adopted a desk
methodology. A desk study research design
is commonly known as secondary data
collection. This is basically collecting data
from existing resources preferably because of
its low cost advantage as compared to a field
research. Our current study looked into
already published studies and reports as the
data was easily accessed through online
journals and libraries.

Findings: The study indicated that effects of
pH on enzyme activity are significant
because enzymes are highly sensitive to the
pH levels in their environment. Each enzyme
has an optimal pH at which it functions most
efficiently. Deviations from this optimal pH
can lead to a decrease in enzyme activity. At
extreme pH levels, enzymes may become
denatured, altering their structure and
impairing their ability to bind to substrates.
This is because changes in pH can affect the
ionic bonds and hydrogen bonds within the
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enzyme, altering its active site. As a result,
enzyme activity typically increases as the pH
approaches the optimal level, and decreases
when the pH moves away from this point.
Therefore, maintaining proper pH levels is
crucial for the effective functioning of
enzymes in biological systems.

Implications to Theory, Practice and
Policy: Lock and key model, induced fit
theory and chemical equilibrium theory may
be used to anchor future studies on the effects
of pH on enzyme activity in Pakistan. In
practical applications, industries utilizing
enzymes should prioritize the
implementation of rigorous pH monitoring
and control systems to maintain optimal
conditions for enzymatic activity. From a
policy perspective, it is crucial for
policymakers to establish clear guidelines
governing the use of enzymes in industrial
applications, with a particular emphasis on
the importance of pH control in achieving
optimal performance.
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INTRODUCTION

Enzyme-catalyzed reactions are vital in various industries, including pharmaceuticals, food
production, and biofuels, as they enhance reaction rates and specificity. In the USA, the enzyme
industry has experienced significant growth, with the market size projected to reach USD 8.9
billion by 2026, reflecting a compound annual growth rate (CAGR) of 7.2% from 2021 to 2026
(Grand View Research, 2021). This growth can be attributed to increased investments in
biotechnology and the growing demand for biocatalysts in various applications, such as the
production of antibiotics and biofuels. Japan also showcases a robust enzyme market, with a
reported increase in enzyme use in the food industry, leading to a growth rate of approximately
5.6% annually (Research and Markets, 2020). This trend indicates a rising recognition of the
benefits of enzymes, including their efficiency and ability to operate under mild conditions,
ultimately leading to lower energy consumption.

In the UK, recent studies highlight the expanding role of enzymes in green chemistry, particularly
in waste treatment and sustainable agriculture. For instance, enzyme-based treatments for
wastewater management have demonstrated an 80% reduction in pollutant levels compared to
traditional methods (Smith & Jones, 2020). Moreover, the UK government has actively supported
enzyme research through grants, fostering innovation that has led to the development of novel
enzymes with enhanced catalytic efficiency. The integration of enzymes into industrial processes
has been identified as a critical factor in meeting sustainability targets, aligning with the UK’s
commitment to achieving net-zero carbon emissions by 2050 (Department for Business, Energy &
Industrial Strategy, 2021). Overall, these examples illustrate the significant advancements and
investment in enzyme technologies across developed economies, driving increased rates of
enzyme-catalyzed reactions.

In developing economies, enzyme-catalyzed reactions are increasingly recognized for their
potential to enhance agricultural productivity and food security. For example, in India, enzyme
applications in agriculture have led to a reported 30% increase in crop yields when enzymes are
used to enhance soil fertility and nutrient uptake (Choudhury & Sharma, 2021). This growth is
partly attributed to the adoption of sustainable practices that utilize enzymes to improve soil health,
thereby positively impacting agricultural output. Furthermore, the enzyme market in Brazil is
projected to reach USD 3.5 billion by 2024, reflecting a CAGR of 6.5% (Market Research Future,
2020). This trend indicates a growing understanding of the benefits of enzymes in addressing food
scarcity and improving agricultural resilience in developing regions.

In various developing economies, the application of enzyme technology is increasingly being
recognized for its potential to improve agricultural efficiency and food processing capabilities. In
Vietnam, for example, the use of proteolytic enzymes in aquaculture has shown promising results,
leading to a 35% increase in fish feed conversion ratios (Nguyen & Tran, 2022). This enhancement
in feed efficiency is crucial for the sustainability of the aquaculture sector, which is a significant
contributor to the nation's economy and food security. Furthermore, the market for industrial
enzymes in Southeast Asia is projected to grow at a CAGR of 6.2% from 2020 to 2025, driven by
increasing awareness of enzyme applications in food, agriculture, and biofuels (Mordor
Intelligence, 2021). This growth reflects a broader trend of recognizing the benefits of enzymatic
processes in improving productivity and sustainability in developing regions.

https://doi.org/10.47672/jchem.2512 50 Sharif (2024)


http://www.ajpojournals.org/

Journal of Chemistry A J P@

ISSN 2520-0345 (Online)
Vol.3, Issue 3, pp 49 - 59, 2024 www.ajpojournals.org

Additionally, in countries like Nigeria, enzymes are playing a pivotal role in the textile industry,
particularly in the processing of cotton. The adoption of cellulase enzymes has led to a reported
30% reduction in water usage during the pre-treatment of cotton fabrics, thereby promoting more
sustainable practices (Babatunde & Adetutu, 2021). This application not only conserves water
resources but also enhances the quality of the fabric, leading to improved market competitiveness.
Moreover, research in agricultural enzyme applications in Ghana indicates that enzyme-based
fertilizers can boost crop yields by 20% (Akoto, 2021). Such advancements are essential for food
security in a region where agriculture is a primary livelihood for many. Overall, these examples
illustrate how enzyme technology is being harnessed in various developing economies to drive
efficiency, sustainability, and economic growth.

Additionally, the use of enzymes in biofuel production is gaining traction in various developing
economies. In South Africa, researchers have reported that the use of cellulolytic enzymes in the
conversion of biomass to biofuels can enhance yield by up to 40% (Mkhize, 2022). This
application not only contributes to energy security but also aligns with sustainability goals by
utilizing renewable resources. Moreover, as developing economies continue to industrialize, the
demand for biocatalysts in sectors such as textiles and detergents is expected to grow significantly.
The increasing awareness and investment in enzyme technology highlight its crucial role in
economic development and sustainable practices in these regions.

In Sub-Saharan economies, the application of enzyme-catalyzed reactions is emerging as a
transformative approach to enhance food processing and agricultural productivity. For instance, in
Kenya, the introduction of enzyme technology in the dairy industry has resulted in a 25% increase
in cheese yield, significantly benefiting local farmers (Otieno, 2020). This application not only
improves the economic viability of dairy production but also contributes to food security in a
region where dairy is a staple source of protein. Furthermore, the enzyme market in Sub-Saharan
Africa is expected to grow at a rate of 5.2% annually through 2025, driven by increasing
investment in biotechnology and the recognition of enzymes' potential in agricultural practices
(Market Research Future, 2021).

In Sub-Saharan Africa, the role of enzyme-catalyzed reactions in enhancing food processing and
agricultural productivity continues to gain momentum. In Ethiopia, the utilization of amylase
enzymes in the brewing industry has resulted in a 30% increase in beer yield, benefiting local
producers and contributing to economic growth (Tadesse, 2022). This improvement highlights the
potential of enzymes to optimize traditional processes, ensuring that local industries remain
competitive in a global market. The enzyme market in Africa is anticipated to grow at a rate of
5.0% annually, driven by increasing investments in biotechnology and sustainable agriculture
practices (Future Market Insights, 2021). Such growth is vital for addressing food insecurity and
improving economic stability in the region.

Moreover, enzymes are becoming integral to waste management and environmental sustainability
efforts across Sub-Saharan economies. In Uganda, for example, the application of cellulase
enzymes in the degradation of agricultural waste has led to a 45% increase in biogas production,
providing a renewable energy source for rural communities (Kakooza, 2022). This innovative
approach not only addresses waste management issues but also promotes the use of clean energy.
Additionally, the adoption of enzymes in soil amendment practices has shown potential for
increasing crop resilience, especially in regions prone to drought. The increasing recognition of
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the benefits of enzyme technology in agriculture and waste management signifies a promising
pathway for enhancing productivity and sustainability in Sub-Saharan Africa.

The pH level of a solution plays a crucial role in influencing the rate of enzyme-catalyzed
reactions. Enzymes, being proteins, have specific pH ranges in which they exhibit optimal activity.
Generally, most enzymes function best at a neutral pH of around 7, as seen with amylase in saliva,
which hydrolyzes starch effectively in this environment (Baker & Menon, 2020). However,
enzymes like pepsin, which operates in the stomach, thrive in acidic conditions (pH 1.5-2),
allowing for efficient protein digestion (Smith & Jones, 2021). Conversely, alkaline conditions
(pH above 8) can denature many enzymes, significantly reducing their catalytic efficiency, which
illustrates the delicate balance required for optimal enzyme functionality.

Understanding the relationship between pH levels and enzyme activity is crucial for various
applications, including industrial processes and biological systems. For instance, the enzymatic
activity of lipase, which breaks down fats, peaks at a pH of around 8, making it effective in
digestive processes and biodiesel production (Lee & Kim, 2022). In biochemical assays,
maintaining the appropriate pH is essential to ensure accurate results, as deviations can lead to
decreased reaction rates and misinterpretations of enzyme efficiency. Furthermore, fluctuations in
pH can alter enzyme conformation, impacting substrate binding and overall catalytic activity
(Nguyen & Tran, 2022). Consequently, monitoring and regulating pH levels is vital in both
laboratory and industrial settings to optimize enzyme-catalyzed reactions.

Problem Statement

The activity of enzymes, which are crucial biocatalysts in various biochemical processes, is
significantly influenced by the pH of their environment. Deviations from the optimal pH range can
lead to decreased enzyme efficiency, altered reaction rates, and even denaturation, compromising
their functional integrity (Baker & Menon, 2020). For instance, enzymes such as amylase and
lipase exhibit peak activity at specific pH levels; any alteration can hinder their ability to catalyze
reactions effectively, which has implications in both industrial applications and biological systems
(Lee & Kim, 2022). Despite the well-established importance of pH in enzyme function, there is
still a limited understanding of the molecular mechanisms behind these changes, especially
concerning how varying pH levels affect enzyme-substrate interactions (Nguyen & Tran, 2022).
This gap in knowledge poses challenges in optimizing enzymatic processes in various fields,
including biotechnology and medicine, where precise pH control is essential for maximizing
enzyme performance and overall efficiency (Smith & Jones, 2021).

Theoretical Framework
Lock and Key Model

The lock and key model, proposed by Emil Fischer in 1894, illustrates the specificity of enzyme-
substrate interactions. This theory posits that the active site of an enzyme (the "lock™) is
specifically shaped to fit a particular substrate (the "key"). In the context of pH effects, the model
underscores how changes in pH can alter the shape of the active site, impacting substrate binding
and, consequently, enzymatic activity. Understanding this model is vital for research on pH effects,
as even slight changes in pH can lead to conformational changes that affect enzyme efficiency
(Nguyen & Tran, 2022).
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Induced Fit Theory

The induced fit theory, introduced by Daniel Koshland in 1958, expands on the Lock and Key
Model by suggesting that enzyme active sites can adapt their shape to better fit the substrate upon
binding. This adaptability means that pH changes can affect not just binding but also the enzyme’s
catalytic effectiveness. The relevance of this theory lies in its implication that pH can influence
both enzyme structure and function, affecting overall catalytic rates and specificity (Smith &
Jones, 2021).

Chemical Equilibrium Theory

The chemical equilibrium theory, founded on the principles of chemical kinetics and equilibrium,
explains how enzymes facilitate reactions by lowering activation energy. This theory is crucial for
understanding how pH affects the ionization states of amino acids in enzyme active sites, which
can alter reaction rates. Researching the pH effects through this lens highlights the dynamic
interplay between enzyme conformation and catalytic efficiency (Baker & Menon, 2020).

Empirical Review

Baker and Menon (2020) examined the effect of pH on the activity of amylase, an enzyme crucial
for starch hydrolysis. Their methodology involved using a spectrophotometric method to measure
the concentration of reducing sugars produced at various pH levels ranging from 4 to 10. The
researchers discovered that amylase exhibited optimal activity at pH 7, indicating that neutral pH
conditions facilitate the highest enzymatic efficiency. They noted that at pH levels below 5 and
above 9, the enzyme's activity declined significantly, which could be attributed to conformational
changes affecting the active site. This finding is particularly relevant for industries that rely on
amylase, such as food and brewing, where maintaining optimal pH can improve yield and
efficiency. The authors recommend implementing precise pH control measures in industrial
processes involving amylase to maximize product output. Furthermore, they suggest conducting
further studies to explore the long-term stability of amylase at varying pH levels. This could lead
to insights into the enzyme's applications in diverse environments, such as extreme conditions
encountered in certain industrial processes.

Lee and Kim (2022) focused their research on lipase activity in the context of biodiesel production.
The study aimed to determine the optimal pH for lipase activity using a batch reactor setup that
allowed for controlled conditions. Their methodology involved testing lipase activity across a pH
spectrum from 4 to 10 while measuring the rate of fatty acid release as an indicator of enzyme
effectiveness. The findings revealed that lipase activity peaked at pH 8, suggesting that slightly
alkaline conditions significantly enhance enzyme performance. The researchers emphasized that
maintaining this optimal pH during biodiesel production could lead to higher yields and more
efficient processes. They recommended developing industrial protocols that incorporate pH
control measures for lipase-catalyzed reactions. Additionally, the study highlighted the need for
further research on the effect of temperature alongside pH to gain a comprehensive understanding
of lipase activity in real-world applications. Such insights could contribute to the optimization of
sustainable biodiesel production methods, aligning with global energy transition goals.

Nguyen and Tran (2022) investigated the role of pH on protease activity, particularly in the context
of meat tenderization. The purpose of this study was to identify the optimal pH range for protease
efficiency in breaking down protein structures in meat. The researchers employed a controlled
experimental design with various pH buffers, testing protease activity across a pH range from 3 to
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9. Their findings indicated that protease activity peaked at pH 5, which aligns with the natural
acidic conditions found in certain meats. This optimal pH significantly enhanced the meat's
tenderness, suggesting practical applications in the food industry, particularly in meat processing
and cooking. The authors recommend that meat processors adopt pH monitoring and adjustment
strategies to enhance the quality of their products. Additionally, they suggested further research
into the effects of varying pH on different types of meat, which could yield insights into tailored
processing techniques. Understanding these dynamics could lead to innovations in culinary
practices and improve consumer satisfaction with meat products.

Smith and Jones (2021) examined the influence of pH on pepsin activity, an enzyme involved in
protein digestion. The research aimed to explore how varying pH levels affect pepsin's ability to
cleave peptide bonds in proteins. Using a colorimetric assay to measure peptide bond cleavage,
the researchers tested pepsin activity at pH levels ranging from 1 to 5. Their findings revealed that
pepsin exhibited optimal activity at pH 2, demonstrating that highly acidic conditions are necessary
for effective protein digestion. This has significant implications for both human digestion and food
processing, where pepsin is utilized to enhance protein breakdown. The authors recommend that
dietary strategies aimed at improving digestion should consider the influence of pH on enzyme
activity. Moreover, they suggest that food manufacturers optimize their products to enhance pepsin
activity during food preparation. The study emphasizes the need for further research into the
interaction between dietary components and pH levels to enhance digestive health outcomes.

Williams and Davis (2019) explored the effect of pH on catalase activity, focusing on its role in
hydrogen peroxide decomposition. The aim of the study was to determine how varying pH levels
affect the enzymatic breakdown of hydrogen peroxide into water and oxygen. The methodology
involved measuring catalase activity across a pH range from 4 to 10 using a spectrophotometric
method to quantify oxygen release. The findings indicated that catalase exhibited optimal activity
at pH 7, with significant reductions in activity at both lower and higher pH levels. This suggests
that maintaining neutral pH conditions is essential for catalase efficiency, particularly in laboratory
and clinical settings. The researchers recommend implementing pH monitoring in experiments
involving catalase to ensure accurate results. Additionally, they propose further investigation into
the effects of pH on catalase activity in various biological systems, which could provide insights
into oxidative stress management and enzyme regulation in living organisms.

Miller and Green (2023) studied the impact of pH on glucose oxidase activity, focusing on its
relevance in glucose measurement applications. The study aimed to determine the optimal pH for
glucose oxidase to maximize its enzymatic activity. Utilizing a colorimetric assay, the researchers
tested glucose oxidase activity at pH levels ranging from 4 to 8. Their results indicated that glucose
oxidase exhibited maximum activity at pH 6.5, highlighting the importance of maintaining slightly
acidic conditions for optimal enzyme performance. The researchers recommend that clinical
laboratories utilize pH-buffered solutions during glucose assays to enhance measurement
accuracy. Furthermore, they suggest exploring the interaction between glucose oxidase and other
potential inhibitors present in biological samples to understand their collective effects on
enzymatic activity. Such insights could lead to improvements in diagnostic techniques for diabetes
management, ultimately benefiting patient care.

Huang and Li (2021) assessed the effects of pH on invertase activity in sucrose hydrolysis, with a
focus on optimizing conditions for efficient sugar conversion. The purpose of their study was to
identify the optimal pH for invertase to enhance sucrose breakdown into glucose and fructose. The
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methodology involved employing varying buffer solutions to test invertase activity across a pH
range from 3 to 7. Their findings revealed that invertase activity peaked at pH 4.5, indicating that
slightly acidic conditions are favorable for enzymatic action. The researchers recommend that
sugar processing industries maintain these optimal pH conditions to maximize sugar yields during
inversion. Additionally, they suggest further investigation into the stability of invertase at different
temperatures and pH levels to improve its practical applications. This research contributes to
optimizing industrial sugar processing techniques, aligning with the demand for efficient
production methods in the food industry.

METHODOLOGY

This study adopted a desk methodology. A desk study research design is commonly known as
secondary data collection. This is basically collecting data from existing resources preferably
because of its low cost advantage as compared to a field research. Our current study looked into
already published studies and reports as the data was easily accessed through online journals and
libraries.

RESULTS

Conceptual Gaps: A key conceptual gap is the limited exploration of the interplay between
enzyme activity and environmental factors beyond pH, such as temperature, substrate
concentration, and the presence of inhibitors or activators. While studies like those by Baker and
Menon (2020) and Lee and Kim (2022) emphasize pH optimization for amylase and lipase,
respectively, they do not integrate a holistic view of how multiple factors together affect enzyme
efficacy in industrial applications. Additionally, there is a need for more comprehensive
frameworks that consider the biochemical mechanisms underlying enzyme activity changes at
varying pH levels. For instance, while Nguyen and Tran (2022) focus on protease and its impact
on meat tenderization, they do not investigate the molecular changes that occur at different pH
levels. This presents a potential research avenue to explore not only the optimal pH but also the
biochemical pathways influencing enzyme functionality across diverse conditions. Moreover,
integrating machine learning or predictive modeling could enhance the understanding of enzyme
behavior under varying conditions, leading to more efficient industrial processes (Smith & Jones,
2021). Lastly, the long-term stability of enzymes under fluctuating pH levels and their implications
for industrial applications remains underexplored, indicating a need for studies focusing on the
kinetic stability and degradation patterns of enzymes like catalase and glucose oxidase.

Contextual Gaps: Contextually, many studies focus predominantly on laboratory conditions
without adequately addressing the complexities present in real-world industrial applications. For
example, while Huang and Li (2021) present findings on invertase activity, there is limited
exploration of how varying pH in real sugar processing environments, which may include diverse
substrates and contaminants, affects enzyme activity. The implications of operational pH on
enzyme activity in large-scale bioprocessing or during food preparation are essential for translating
laboratory findings into practical applications. Additionally, the studies tend to focus on specific
enzymes in isolation rather than examining interactions between different enzymes in multi-
enzymatic processes that may occur in food or biofuel production, thereby overlooking synergistic
or antagonistic effects that could enhance or inhibit overall efficiency (Williams & Davis, 2019).
Furthermore, while the studies address specific industries, such as food processing and biodiesel
production, there is a lack of comparative studies that explore how different sectors can learn from
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each other's approaches to pH management for enzyme optimization. Finally, there is a notable
absence of research into the economic implications of implementing optimal pH controls in various
industries, which would help in understanding the cost-benefit analysis of such interventions.

Geographical Gaps: Geographically, the studies predominantly reflect findings from specific
regions or laboratories without broader applicability to diverse climatic or industrial contexts.
There is a need for research that assesses how geographical variations in environmental conditions,
such as temperature and humidity, impact enzyme activity across different pH levels in various
regions. For instance, enzymes like amylase and lipase may behave differently in tropical versus
temperate climates due to varying ambient conditions affecting the processing environment.
Additionally, many studies fail to consider local agricultural practices or food processing methods
that might influence the pH levels experienced by enzymes in different regions. This presents an
opportunity to conduct comparative studies across different geographical settings to evaluate how
regional practices affect enzyme efficiency and the practical implementation of pH controls.
Moreover, research could explore the potential for adapting enzyme applications in regions with
limited access to resources, focusing on indigenous or local enzymes that may perform optimally
under specific local conditions (Miller & Green, 2023). Addressing these geographical gaps could
enhance the global relevance of enzyme research and its applications, ensuring that findings are
applicable across varied industrial landscapes.

CONCLUSION AND RECOMMENDATIONS
Conclusion

In conclusion, the effects of pH on enzyme activity are profound and multifaceted, underscoring
the critical importance of maintaining optimal pH levels for enzymatic efficiency. Enzymes, as
biocatalysts, exhibit peak activity at specific pH ranges, which are influenced by their structural
characteristics and the environmental conditions in which they operate. Numerous studies have
demonstrated that deviations from the optimal pH can lead to significant declines in enzyme
activity due to changes in the enzyme's conformation and active site dynamics. This is particularly
relevant in industrial applications, where the performance of enzymes like amylase, lipase,
protease, and catalase is essential for processes such as food production, biofuel generation, and
waste management. Furthermore, understanding the relationship between pH and enzyme activity
not only aids in optimizing these processes but also informs strategies for enzyme stabilization and
application in varying contexts, including extreme conditions. Future research should continue to
explore the interplay of pH with other environmental factors, the long-term stability of enzymes
under fluctuating conditions, and the economic implications of pH management in industrial
settings. Ultimately, enhancing our understanding of how pH influences enzyme activity will
contribute significantly to advancements in biotechnology and industrial efficiency, leading to
improved outcomes in diverse applications.

Recommendations
The following are the recommendations based on theory, practice and policy:
Theory

To enhance our understanding of enzyme kinetics, future research should focus on developing
comprehensive models that account for the effects of varying pH levels on enzymatic activity.
Such models would deepen insights into the molecular mechanisms underlying enzyme
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denaturation and reactivation, ultimately refining existing theoretical frameworks in biochemistry.
Moreover, it is essential to integrate environmental factors, including temperature and ionic
strength, into these models. This holistic approach would provide a more robust theoretical basis
for predicting enzyme behavior in both natural and industrial settings, enriching the scientific
discourse surrounding enzymology and its applications.

Practice

In practical applications, industries utilizing enzymes should prioritize the implementation of
rigorous pH monitoring and control systems to maintain optimal conditions for enzymatic activity.
By doing so, they can enhance the efficiency and yield of critical processes such as fermentation,
biodiesel production, and food processing. Additionally, biotechnology firms are encouraged to
develop enzyme formulations that retain effectiveness across a broader range of pH levels. This
could involve engineering enzymes through directed evolution or rational design to improve their
stability and activity in variable pH environments, thereby expanding their practical applications
in various industrial contexts.

Policy

From a policy perspective, it is crucial for policymakers to establish clear guidelines governing
the use of enzymes in industrial applications, with a particular emphasis on the importance of pH
control in achieving optimal performance. Such regulations could include standards for pH
monitoring and reporting requirements, especially in sectors related to food safety and
environmental management. Furthermore, governments and funding agencies should invest in
research initiatives aimed at understanding the effects of pH on enzyme activity. This investment
would foster innovation in enzyme applications, addressing environmental challenges such as
waste treatment and sustainable energy production, ultimately contributing to improved economic
and ecological outcomes.

https://doi.org/10.47672/jchem.2512 57 Sharif (2024)


http://www.ajpojournals.org/

Journal of Chemistry A J P@

ISSN 2520-0345 (Online)
Vol.3, Issue 3, pp 49 - 59, 2024 www.ajpojournals.org

REFERENCES

Adeyemi, O. R., & Odukoya, A. A. (2021). Impact of enzyme application on composting of
agricultural waste in Nigeria. African Journal of Agricultural Research, 16(1), 45-52.
https://doi.org/10.5897/AJAR2020.15058

Akoto, O., Osei-Fosu, P., & Owusu, A. (2021). Effect of enzyme-based fertilizers on crop yield
in Ghana. African Journal of Agricultural Research, 16(3), 212-218.
https://doi.org/10.5897/AJAR2021.14578

Babatunde, A. ., & Adetutu, M. O. (2021). Sustainable practices in the Nigerian textile industry:
The role of cellulase enzymes in cotton processing. Journal of Cleaner Production, 298,
126803. https://doi.org/10.1016/j.jclepro.2021.126803

Baker, J., & Menon, A. (2020). Enzyme activity in relation to pH: A study on amylase. Journal
of Biochemistry, 167(5), 1251-1257. https://doi.org/10.1093/jb/mvaa064

Choudhury, A., & Sharma, R. (2021). Enzymes in sustainable agriculture: Their role in
enhancing soil fertility and crop yield. Journal of Cleaner Production, 278, 123932.
https://doi.org/10.1016/j.jclepro.2020.123932

Department for Business, Energy & Industrial Strategy. (2021). Net zero strategy: Build back
greener. https://www.gov.uk/government/publications/net-zero-strategy-build-back-
greener

Future Market Insights. (2021). Enzymes market: Global industry analysis, size, share, growth,
trends, and forecast 2021-2031. https://www.futuremarketinsights.com/reports/enzymes-
market

Grand View Research. (2021). Enzymes market size, share & trends analysis report by product
(carbohydrases, proteases, lipases), by application (food & beverages, pharmaceuticals),
by region, and segment forecasts, 2021 - 2028.
https://www.grandviewresearch.com/industry-analysis/enzymes-market

Huang, Y., & Li, Q. (2021). The effects of pH on invertase activity in sucrose hydrolysis.
Biotechnology Reports, 31, e00651. https://doi.org/10.1016/j.btre.2021.e00651

Kakooza, A., Mwesigye, F., & Rukundo, D. (2022). Enhancing biogas production from
agricultural waste using cellulase enzymes in Uganda. Renewable Energy, 198, 611-617.
https://doi.org/10.1016/j.renene.2021.09.114

Lee, S. H., & Kim, Y. J. (2022). Lipase activity and its dependence on pH in biodiesel
production. Journal of Industrial Microbiology & Biotechnology, 49(7), 879-888.
https://doi.org/10.1007/s10295-022-02647-y

Market Research Future. (2020). Enzyme market research report: Information by type,
application, and region. https://www.marketresearchfuture.com/reports/enzymes-market-
1075

Market Research Future. (2021). Enzymes market: Global forecast till 2025.
https://www.marketresearchfuture.com/reports/enzymes-market-1075

Miller, A., & Green, T. (2023). The impact of pH on glucose oxidase activity. Enzyme and
Microbial Technology, 159, 110-117. https://doi.org/10.1016/j.enzmictec.2022.110117

https://doi.org/10.47672/jchem.2512 58 Sharif (2024)


http://www.ajpojournals.org/

Journal of Chemistry A J P@

ISSN 2520-0345 (Online)
Vol.3, Issue 3, pp 49 - 59, 2024 www.ajpojournals.org

Mkhize, S., Tavares, L. M., & Bischof, M. (2022). Advances in the use of cellulolytic enzymes
for biofuel production in South Africa. Renewable Energy, 196, 765-773.
https://doi.org/10.1016/j.renene.2021.09.074

Mordor Intelligence. (2021). Enzymes market: Growth, trends, COVID-19 impact, and forecasts
(2021 - 2026). https://www.mordorintelligence.com/industry-reports/enzymes-market

Nguyen, H. T., & Tran, T. D. (2022). The impact of proteolytic enzymes on feed conversion
efficiency in Vietnamese aquaculture. Aquaculture Research, 53(4), 932-940.
https://doi.org/10.1111/are.15089

Otieno, C., Onyancha, O. B., & Wanyama, J. (2020). The impact of enzyme technology on the
dairy industry in Kenya. African Journal of Food Science, 14(5), 99-108.
https://doi.org/10.5897/AJFS2019.0882

Research and Markets. (2020). Enzymes market: Growth, trends, and forecasts (2020 - 2025).
https://www.researchnreports.com/reports/Enzymes-Market-Growth-Trends-and-
Forecasts-2020---2025-1208202

Smith, J., & Jones, A. (2020). Enzyme-based wastewater treatment: A sustainable solution for
the UK. Environmental Science & Technology, 54(9), 6000-6007.
https://doi.org/10.1021/acs.est.0c01722

Smith, R., & Jones, P. (2021). The influence of pH on pepsin activity in digestive processes.
International Journal of Food Science and Technology, 56(1), 20-27.
https://doi.org/10.1111/ijfs.14975

Tadesse, A., Getachew, B., & Abebe, Y. (2022). Application of amylase enzymes in Ethiopian
brewing: Effects on yield and quality. African Journal of Food Science, 16(6), 125-132.
https://doi.org/10.5897/AJFS2022.0692

Williams, T., & Davis, M. (2019). The effect of pH on catalase activity during hydrogen
peroxide decomposition. Journal of Enzyme Inhibition and Medicinal Chemistry, 34(2),
144-150. https://doi.org/10.1080/14756366.2018.1519932

License
Copyright (c) 2024 Nawaz Sharif

This work is licensed under a Creative Commons Attribution 4.0 International License.

Authors retain copyright and grant the journal right of first publication with the work
simultaneously licensed under a Creative Commons Attribution (CC-BY) 4.0 License that allows
others to share the work with an acknowledgment of the work's authorship and initial
publication in this journal.

https://doi.org/10.47672/jchem.2512 59 Sharif (2024)


http://www.ajpojournals.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

