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Abstract: Wildlife management is crucial for maintaining biodiversity and mitigating human-wildlife
conflicts, which can result in significant agricultural losses and safety risks. Traditional repellents often
rely on harsh chemicals or physical barriers even electrical fencing that may pose environmental hazards
and be only partially effective. This highlights the need for innovative solutions that are both effective
and environmentally friendly. This study introduces a novel bio-repellent developed through biological
communication methods, specifically targeting the mitigation of monkey intrusions in agricultural zones.
The repellent utilizes fermentation-derived scents designed to communicate deterrent signals to monkeys
without harming them and the environment. The repellent was developed using a natural fermentation
process that produces olfactory compounds known to be aversive to monkeys. Field testing (Kota Tinggi,
Johor and Muar, Johor) was conducted in high-conflict agricultural areas to assess the repellent's
effectiveness and ecological impact. Efficacy was measured by the decrease in wildlife intrusions, and
environmental impact assessments were performed to ensure the repellent's safety. The bio-repellent
demonstrated a significant reduction in monkey intrusions, with efficacy rates nearly 99.99% in treated
areas. Environmental impact assessments indicated no adverse effects on the local fauna and flora,
supporting the repellent's safety and sustainability. The development of this monkey bio-repellent
represents a significant advancement in wildlife management practices. It offers a viable solution for
reducing human-wildlife conflicts through a non-invasive, biologically-based approach. The
implications of these findings are promising for broader applications in wildlife management globally,
potentially addressing various types of human-wildlife conflicts with similar biotechnological strategies.
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1. Introduction

Wildlife intrusion into agricultural lands poses
significant challenges for food security and economic
stability in many regions globally. Monkeys are known
for their high intelligence and adaptability, which makes
them formidable pests capable of causing substantial
crop damage. Traditional management strategies,
including physical barriers and chemical repellents, have
been the primary means of deterrence. However, these
methods often fall short due to wildlife habituation or
pose risks to non-target species and the environment [1].
The continuous evolution of wildlife behaviors requires
adaptive management strategies that can effectively
mitigate these intrusions without adverse ecological
impacts.

Traditional repellents have varied in effectiveness
depending on species and environmental conditions.
Chemical agents, while effective in the short term, often
fail to provide a lasting solution as animals develop
habituation. Physical barriers, such as fencing, are
limited by high costs and maintenance issues, which
make them impractical for large-scale applications [2].
Biological alternatives, including predator urine and
other natural deterrents, show promise but require more
extensive research to ascertain their efficacy across
different species and settings [3].

Chemical repellents have raised significant
environmental concerns. Their use can lead to soil and
water contamination and negatively affect non-target
species, including beneficial insects and local fauna [4].
Bio-repellents offer a more sustainable approach, yet the
full scope of their ecological impacts remains
underexplored, particularly in terms of long-term effects
on local ecosystems.

The success of any wildlife management strategy
significantly depends on its acceptance and adoption by
local communities. Studies have shown varying levels of
acceptance based on the method's perceived
effectiveness, cost, ease of wuse, and cultural
considerations [5]. Innovative solutions that balance
these aspects while demonstrating clear benefits are more
likely to be embraced and sustained over time.

The limitations of existing repellent technologies
underscore the urgent need for innovative approaches
that harmonize effectiveness with environmental
stewardship. The application of biotechnological
methods in wildlife management presents a promising
avenue for the development of non-toxic, species-
specific repellents. By harnessing the power of microbial
fermentation to produce olfactory compounds that are
aversive to specific wildlife species, such as monkeys, it
is possible to create a more sustainable and humane
strategy for managing agricultural pests [6]. This
approach not only aims to reduce the reliance on harmful
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chemicals but also aligns with broader environmental
conservation goals by promoting biodiversity and
ecosystem health [7].

In this study which employs natural fermentation
techniques to develop effective olfactory bio-repellents
and via field tests in agricultural settings to assess their
ability to reduce wildlife intrusions. Despite advances,
there remains a substantial gap in developing repellents
that are both effective and environmentally benign. Most
current solutions do not adequately address the need for
species-specific deterrents that minimize ecological
disruption. Furthermore, there is a lack of comprehensive
studies that evaluate the long-term consequences of
repellent use on wildlife behavior and ecosystem health.
This research study contributes to filling these gaps by
developing a biotechnologically-derived repellent that is
targeted, effective, and minimizes environmental impact.

2. Materials and Methods

2.1 Greener Monkey Repellent Preparation

A combination mixture of Camphor, Shrimp
paste and Mothball were prepared and mixed. After the
combination fully mixed, the mixture will mix with
distilled and stirrer until a homogenous solution formed.

2.2 Natural Fermentation and Filtration

The fermentation was carried out in a 10L
fabricated bioreactor under aerobic conditions,
maintained at a room temperature for 7 days. After 7
days, the solution undergo filtration to remove unwanted
and undissolved particle.

2.3 A Greener Monkey Setup Preparation

A square piece of cloth or fabric was prepared
and soaked it in the monkey repellent solution for 5 to 10
minutes. Then, place the soaked cloth inside an empty
bottle with a few holes. The distance for each setup is
spaced 3 meters apart in the farm for one month of usage.

2.4 Field Experiment with dilution

The efficacy of the repellent was tested through
field experiments conducted in two distinct agricultural
regions (Kota Tinggi, Johor and Muar, Johor) with a
history of significant monkey intrusion. At each site,
manual daily observation was applied to monitor monkey
activity and environmental conditions. The repellent was
applied in a perimeter around the crops, which coincides
with peak monkey activity. Observations were made
over a one-month period and its observations were
recorded. Then the experiment repeated with different
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dilution, the dilution range for this experiment is 1:200,
1:300, 1:400, 1:500, 1:600, 1:700, 1:800, 1:900 and
1:1000.

3. Results and Discussions
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Fig. 1 — Monkey repellent efficiency percentage with
different dilution

As Figure 1 showed that the quantitative results
obtained from the field experiments provide a
comprehensive evaluation of the repellent's effectiveness
in deterring wildlife, specifically monkeys, from treated
agricultural areas. These results are crucial in
demonstrating the efficacy of the novel bio-repellent
developed through fermentation processes. The field
experiments revealed a marked reduction in monkey
intrusions in areas treated with the bio-repellent
compared to the control sites. The test sites experienced
a significant decrease in the number of monkey
intrusions. On average, intrusions were reduced by
nearly 99.99% in areas where the repellent was applied.
Before treatment, the frequency of intrusions at test sites
ranged from 10 - 20 even daily incidents per week. Post-
application, this frequency dropped to less than 1 and 0
incident per week. Monkeys exhibited avoidance
behavior, often retreating immediately  upon
encountering the perimeter where the repellent was
applied. No signs of distress or irritation were observed,
indicating that the repellent effectively communicates a
'keep out' signal without causing harm to the animals.
Preliminary environmental impact assessments showed
no detectable residues of the repellent's components in
soil and water samples from the treated areas. This
suggests that the bio-repellent degrades efficiently
without accumulating in the environment, aligning with
the goals of sustainable and environmentally friendly
wildlife management.

The ecological safety of the newly developed
bio-repellent was a critical aspect of this study, given the
importance of maintaining environmental integrity while
managing wildlife conflicts. The assessment focused on
the potential impacts of the non-target organisms within
the treated areas. Observational studies on plant life
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within and around the treated areas revealed no adverse
effects on plant growth, flowering, or seed production.
This outcome suggests that the repellent does not
interfere with the natural processes of non-target plant
species. Monitoring of non-target wildlife, such as birds,
insects, and other small mammals, showed normal
activity patterns and population levels comparable to
those in untreated areas. There was no evidence of
repellent-induced toxicity or behavioral changes in these
groups, indicating a high degree of selectivity for the
target species (monkeys). The environmental impact
observation showed that the bio-repellent is ecologically
safe. It does not threat to non-target species. These results
are pivotal for supporting the broader application of this
biotechnological approach in wildlife management,
ensuring that it aligns with sustainable and conservation
goals. This bio-repellent represents a significant
advancement in the field by offering an effective,
environmentally friendly alternative to traditional
wildlife management methods.

The findings from this study on the
development and application of a fermentation-derived
bio-repellent present a significant advancement in
wildlife management strategies, particularly in the
context of mitigating human-wildlife conflicts involving
monkeys. This section interprets the study's results
within the broader framework of existing research,
highlighting both alignments and challenges to
prevailing knowledge.

The environmental safety of the repellent,
evidenced by the lack of detrimental effects on non-
target species, supports the growing body of literature
that calls for wildlife management practices that uphold
ecological integrity [4]. The rapid biodegradability of the
repellent compounds further ensures that these
interventions are sustainable over the long term,
addressing the concerns regarding the accumulation of
chemical agents in the ecosystem.

While traditional repellents often rely on
chemical irritants or physical barriers, this study
challenges the necessity of such approaches by proving
that biotechnological solutions can offer equal or
superior efficacy. The traditional methods have been
critiqued for their environmental drawbacks and their
potential to harm non-target organisms [1]. The
development of a greener repellent presents a paradigm
shift towards more humane and environmentally
responsible practices.

The results from this study open several
avenues for future research. Further studies could
explore the scalability of the fermentation process for
larger agricultural applications or test the repellent's
efficacy across different environmental conditions and
geographic locations. Additionally, examining the long-
term behavioural adaptations of monkeys to continued
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exposure to the repellent could provide insights into the
potential for habituation, which has been a significant
concern with other repellent types.

Furthermore, this research underscores the
importance of community engagement in the deployment
of such management strategies. Future work could focus
on social science approaches to better understand and
enhance community acceptance and participation in
wildlife management initiatives.

The integration of  biotechnological
advancements  into  wildlife  management, as
demonstrated in this study, not only enhances the
effectiveness of interventions but also aligns with
broader environmental and ethical considerations. These
findings challenge the status quo and set a new
benchmark for what is achievable in the field of human-
wildlife conflict mitigation.

The alignment of this study results with the
current trajectory in wildlife management research,
which emphasizes sustainability and specificity, is
significant. Research has increasingly called for
repellents that can effectively target specific species
without broader ecological impacts [8]. The success of
our biologically-derived repellent not only supports these
calls but also serves as a proof of concept for similar
approaches that could be adapted for other species and
settings. This study extends the literature by providing a
concrete example of how targeted olfactory cues can be
used effectively.

The challenge for this research presents to
traditional approaches is profound. By achieving high
efficacy without harmful chemicals, the findings suggest
that effective insect management does not require
invasive or harmful methods. This directly challenges the
conventional reliance on chemical repellents, which have
been shown to have long-term detrimental effects on
biodiversity and ecosystem health [4]. This research
approach advocates for a paradigm shift towards
methods that respect both the target species and the
broader environmental context.

The absence of distress in monkeys exposed to
the repellent suggests a shift in how to understand and
implement deterrent strategies. Traditionally, the
effectiveness of a repellent was somewhat gauged by its
ability to cause discomfort enough to deter animals from
returning. However, our approach—using aversive but
non-harmful stimuli—illustrates that deterrence can be
achieved through benign means. This finding has
significant welfare implications, suggesting that humane
methods can also be highly effective. It prompts a re-
evaluation of the ethical considerations in wildlife
management practices and supports the development of
guidelines that prioritize animal welfare.

The scalability and adaptability of this repellent
to other contexts present exciting opportunities for
research. Could  similar  fermentation-derived
compounds be tailored to other problematic species?
Exploring this could open a new field of species-specific
repellents that could be used globally. Additionally,
longitudinal studies are necessary to understand if and
how target species might adapt to these repellents over
time. The potential development of habituation
necessitates ongoing innovation and adaptation in
repellent technologies.

The demonstrated effectiveness and safety of
the bio-repellent also have significant policy
implications. There is an opportunity for regulatory
bodies to consider these findings in the formulation of
guidelines for wildlife management, particularly in areas
where human-wildlife conflict is prevalent. Furthermore,
engaging with local communities to test and adapt this
technology will be crucial for its acceptance and success.
Community-driven approaches are essential, as residents
are most affected by wildlife conflicts and must be part
of the solution.

This study underscores the potential of
biotechnological innovations in addressing complex
environmental challenges. By providing a successful
example of a non-invasive, highly effective repellent, it
sets the stage for future advances in wildlife
management. As the research move forward, it is
imperative that the research community continues to
build on these findings, exploring their broader
applications and ensuring that the methods developed are
not only effective but also ethical and sustainable.

For future study few aspects will be consider.
Firstly, the studies should explore the adaptability of the
bio-repellent formula to deter different wildlife species,
which could broaden its application in various
agricultural settings worldwide. Research should also
consider different ecological and climatic conditions to
understand the formula's effectiveness across diverse
environment. Secondly, the research is needed to assess
the long-term effects of continuous use of the bio-
repellent on wildlife behavior. Understanding whether
animals may develop habituation to the repellent is
crucial for developing strategies to maintain its
effectiveness over time. Thirdly, Investigating the
economic aspects of producing and deploying the bio-
repellent on a larger scale is essential. This includes cost-
benefit analyses to ensure that the benefits of repellent
use outweigh the costs for farmers and wildlife
managers. Fourthly, Further studies should integrate this
bio-repellent into broader integration Pest Management
(IPM) strategies, examining its interactions with other
pest control methods and its overall impact on
agricultural ecosystems. Lastly, the research into how
farmers and the broader community perceive and adopt
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this new technology will be important. Understanding
these social dynamics can help tailor implementation
strategies to enhance acceptance and effectiveness.

Conclusion

This study has introduced a novel bio-repellent,
developed through fermentation processes, designed to
mitigate human-wildlife conflicts specifically involving
monkey intrusions into agricultural areas. The findings
from this research underscore several critical
implications for sustainable agriculture and wildlife
management, along with proposing directions for future
research. The bio-repellent demonstrated a significant
reduction in wildlife intrusions, specifically by monkeys,
with minimal environmental impact. Its effectiveness,
combined with its non-toxic and biodegradable
properties, offers a sustainable solution that aligns with
contemporary goals of ecological preservation and
agricultural productivity. This aligns with the growing
need for agricultural practices that not only increase
productivity  but also  ensure  environmental
sustainability. The repellent provides a humane
alternative to traditional wildlife control methods, which
often rely on lethal measures or harmful chemicals. By
offering an effective deterrent that does not harm the
animals, this approach supports ethical considerations in
wildlife management, fostering coexistence between
agricultural communities and local wildlife populations.
The development of this fermentation-derived bio-
repellent represents a significant advancement in the
fields of agriculture and wildlife management. By
providing a solution that is effective, sustainable, and
humane, it sets a new standard for managing human-
wildlife conflicts. As the world continues to seek balance
between agricultural needs and environmental
conservation, innovations like this bio-repellent play a
crucial role in shaping sustainable futures.
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