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Abstract: Intelligent logistics systems have been advanced enough to connect with
biosensors to act as an innovation in the food industry especially in food preservation. In this
paper, the author assesses the effectiveness of the utilization of intelligent logistics systems
particularly biosensors on food preservation efficiency considering the capability of the
technologies to provide real-time environmental information including temperature, humidity,
and contamination scenarios. They refer here to biosensors embedded in packaging or storage
units so that they can monitor the relevant data and make adjustments when necessary all
over the supply chain. This kind of data can be used to allow intelligent logistics systems to
make logistics decisions on how to best preserve perishable goods minimize cases of spoilage
and increase the shelf life of such products. Using a multiple case study methodology, in this
research the authors analyse the experiences of food supply chains that have implemented
biosensor logistics. The study focuses on the effects of reducing food waste in terms of
qualitative measurement of food preservation, along with increased benefits for food
producers, distributors and sellers. Additionally, the paper discusses how biosecurity
technology solutions are restricted technologically, financially, and in terms of their
application in biosensors for various sections of the food chain. This research shows that the
integration of the biosensors into the logistics system creates a positive impact on the
challenge of food preservation especially in temperature-sensitive and perishable products
including fruits and vegetables, dairy products and seafood. However, global implementation
has some challenges which include; initial costs associated with implementation and
enormous infrastructural support. The recommendations of this specific paper concern the
proposed deployment strategy of biosensors in intelligent logistics.

Keywords: intelligent logistics; biosensors; food preservation; supply chain management;
food safety; perishable goods; food waste reduction; environmental conditions; temperature
control; humidity control; contamination detection

1. Introduction

Different segments of the food supply chain are challenged by such global
trends as quality, safety, and sustainability. Approximately one-third of all food that
is processed is wasted, hence food preservation has emerged as an important
problem for manufacturers and customers alike. Spoilage has lots of implications
since taking substandard products, which result from spoilage impacts negatively on
people’s health. Conventional systems of logistics do not adequately account for
current external conditions, which are vital towards the preservation of perishables
[1]. In the last few years, the progress in technology has brought about the
application of intelligent logistics systems which apply the Internet of Things,
artificial intelligence and analysis of big data. Such systems can provide dynamic
control of the different stages of a supply chain and the right conditions for food
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storage. An up-and-coming technology in this area is biosensors technology, devices
with the potential to measure certain environmental prerequisites like temperature,
humidity and microbial presence in real-time. Hence, these sensors can be placed on
packaging or storing facilities to help companies have instant information on the
state of their products to make remedies early reducing wastage.

The incorporation of biosensors into the logistics networks presents an
innovative concept of food preservation. It provides for constant checking, noting
and evaluating which helps to make decisions on how to store the products, how to
transport them, and stock control. For example, if the biosensor is used to measure
the temperature and notice that the temperature is above or below the suitable range
of the perishable item, an alert can cause quick corrective measures like a change of
the temperature, or a change of the shipment’s route [2]. This capability also
improves both food safety and quality, while also lowering waste levels since items
remain fresh for longer periods. However, as it is clear from the evaluating factors
illustrated above, the deployment of intelligent logistics systems with biosensors
remains unestablished at its basic level. Challenges like high implementation costs,
the challenge of accommodating new technologies within the paradigm of the
current system, and basic staff training act as non-negotiable hurdles. Furthermore,
while several players in the industry have adopted these technologies, there are no
integrated analyses of the results of biosensor-based logistics on food preservation.

This paper seeks to meet this gap by presenting an assessment of the effects of
intelligent logistics systems that use biosensors on food preservation. To this end, the
research will explore the various ways through which these technologies enhance
preservation efficacy, lower spoilt food proportion, and generate additional value for
all the stakeholders in the Food Industry Value Chain. The research is designed as a
case study analysis and statistical data analysis that would provide useful insights
into the prospects of using biosensors to manage the flow of produce and, thereby,
transform fresh food conservation systems. Finally, it aims to explain why such
innovations are important in tackling the major issues of the food industry of the
present day.

1.1. Problem statement

As can be seen from the Food Supply Chain Map, the food supply chain
includes many challenges which have considerable obstacles to food deterioration
and waste. Close and constant monitoring of the old supply chain infrastructure is
needed, resulting in poor preservation requirements that affect the quality and
standard of the consignment. Traditional techniques used for handling perishable
goods are thus more or less crisis-oriented, which makes their spoilage and the
consequent shrinkage of stock higher in comparison to the use of modern
technologies [3]. Technological enhancements of the food supply chain have not
been met with the implementation of biosensors utilising intelligent logistics systems
due to the perceived cost of implementation, integration issues and general
misunderstanding of its benefits. This research therefore tries to fill this gap by
assessing the effectiveness of biosensor-based intelligent logistics on food
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preservation, in a bid to find data to back increased adoption of the technology by the
food industry.

1.2. Objectives

1) To estimate the impact of biosensors on the effectiveness of preservation in
logistics systems through having access to the real-time controls of the most
significant parameters like temperature and humidity.

2) To measure the degree to which biosensor-wear logistics systems offer
solutions to minimizing food losses and waste in the supply chain.

3) To compare the economic impacts of the adoption of intelligent logistics
systems with the use of biosensor technology to the benefits of decreased waste
and enhanced shelf life of perishable products.

4) To investigate the difficulties companies, encounter while adopting such
technologies and how they deal with costs, training requirements, and
compatibility with organizational systems.

5) In the Proposition for the stakeholders involved in the food supply chain to
provide specific advice concerning the use of biosensors in improved food
preservation strategies.

1.3. Significance of the study

The novelty of this particular work is its ability to advance the existing
literature on intelligent logistics systems and biosensors used on food products.
Using an assessment of the effects of these innovations in food preservation, this
study offers useful information concerning returns and the feasibility of applying
intelligent logistics systems to food producers, distributors and retailers.
Understanding this is vital when it comes to determining key areas in which an
organization needs to invest to obtain the best technology for organizational
improvement and subsequent quality of its products. In addition, it addresses one of
the most pressing issues that nowadays the global food supply chain focuses on the
problem of food waste, where biosensors can play an important part [4]. In this
regard, the research helps save the environment together by boosting business
sustainability not through making extra sales but by identifying how to reduce
spoilage in fruits and vegetables. Also, they can help policymakers who are
concerned with a drive towards the innovation of technology in the food industry and
may help cause a new drive towards the revelation of more sustainable means of
preserving food. Consequently, this research forms the basis of subsequent research
on technology in relation to food preservation in supply chain management with a
view of propelling improvement in the practices. Recognizing such main issues in
the food industry the study is aimed at paving the way for the utilization and
implementation of intelligent logistics systems and biosensor technology to improve
food safety and quality leading to the consumers’ gain and the society as a whole.

2. Literature review

2.1. Intelligent logistics systems
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Smart logistics concepts are new-era supply chain management techniques
which utilize the latest tools to increase the functionality, transparency, and
flexibility of the logistics, and the interaction between machines through the Internet
of Things, artificial intelligence, big data analysis, and evaluation of machine
learning scenarios so as to form a supply chain network that provides real-time
responsiveness to circumstances.

2.1.1. Key components of intelligent logistics systems

Internet of Things (1oT): Due to advances in technology, wireless sensors and
RFID tags can be used to monitor shipments in the supply chain process. They
gather information on the luminosity, the temperature, the humidity and other factors
which influence the quality of the products or make them unsafe [5].

Artificial Intelligence (Al) and Machine Learning: Big data is accumulated
through the Internet of Things devices, and Al algorithms are used for processing the
obtained data to detect certain patterns and forecast possible problems. Machine
learning models are thus useful in logistics to forecast demand, identify the right
delivery routes, and even work to manage inventories.

Big Data Analytics: The data collected through connected 10T devices are big in
guantity and are analyzed using big data tools. They assist in pulling valuable
intelligence out of the data for decision-making purposes and supply chain
transparency among many firms.

Cloud Computing: The intelligent logistics systems produce accumulated data,
which can be stored and analyzed on cloud solutions. They also give simple and
direct access to data and analytics for oneself and other supply chain partners [6].

Blockchain Technology: Through blockchain, more transparency and
traceability are made possible and actually embodied in the supply chain to
determine the security of the transactions. This is particularly important so that foods
are free from contaminants in order to meet the standards set by the regulators.

All the key Components of Intelligent Logistics Systems are shown in Figure 1.
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Figure 1. Components of intelligent logistics systems (Created by author).

2.1.2. Benefits of intelligent logistics systems

Improved Efficiency: Intelligent logistics systems in essence enhance the
efficiency of the processes by performing similar tasks that would otherwise
necessitate the input of the personnel while at the same time discharging common
and repetitive tasks.

Enhanced Visibility: Tracking goods enables the various stakeholders to assess
the status of the shipments and stocks in order to enhance their interaction process in
the supply chain, on a real-time basis.

Cost Reduction: Specifically, the creation of intelligent logistics through the
correct path planning, reduction of loss and damage as well as more efficient supply
chain inventory can greatly chisel the cost of companies.

Increased Responsiveness: A company can effectively keep track of conditions
in any given environment and respond to disruptions depending on delays and
changes in demand.

Sustainability: Technologies and information systems play an important role in
the optimization of supply chain flows and can both minimize waste and contribute
to improved sustainability of the supply of perishable goods.

2.2. Biosensor technology

Biosensor as a technology has proved strategic in addressing food preservation
that enables the assessment of the quality and wholesomeness of foods throughout
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the distribution system. A biosensor is generally comprised of a biologically active
component, normally an enzyme, an antibody or a microbial cell, coupled with a
physical transducer that translates the biological response into an accessible signal
[7]. This capability allows for the identification of condiments such as temperature,
water activity, pH, or contaminants of pathogenic or spoilage organisms.

2.2.1. Types of biosensors in food preservation

Temperature Sensors: These biosensors maintain a check on the changing
temperature that affects food safety and quality. For instance, the transportation of
perishables such as vaccines has a condition attached to it known as cold chain
logistics. Any changes can result in spoilage and therefore having temperature
sensors will mean timely detection of a change.

Humidity Sensors: These biosensors are used for monitoring moisture content
in the environment. Increased humidity stimulates microbial action and foods which
can spoil rapidly are stored grain and bakery products. The trend indicates that it is
possible for stakeholders to take appropriate action by controlling the level of
humidity to enhance the right storage conditions.

pH Sensors: These parameters are very important as far as food quality and
safety are concerned particularly the pH. Shifts in the pH levels may indicate that
food has gone bad or has been contaminated in some way. Devices for evaluating the
level of acidity and alkalin are pH indicators.

Microbial Sensors: These biosensors identify particular pathogenic or spoilage
microorganisms to enable understanding of food safety. Knowing when a food
product is contaminated by microbes helps the company control the dangers that
come with the products before they harm many customers. Table 1 shows Types of
Biosensors in Food Preservation along with parameters monitored and their
applications.

Table 1. Types of biosensors in food preservation.

Type of Biosensor Parameter Monitored Application
Temperature Sensor Temperature fluctuations Cold chain monitoring
Humidity Sensor Moisture levels Storage condition control
pH Sensor pH level variations Quality assessment
Microbial Sensor Pathogen detection Safety assurance

2.2.2. Mechanisms of action

Electrochemical Transduction: This method quantifies the electrical signal
produced by a biochemical reaction. The electrochemical biosensors are selective
and they can be used for detecting small concentrations of analytic.

Optical Transduction: Label-free biosensors are based on alterations in the light
characteristics, i.e., absorbance, fluorescence or reflection provoked by the
recognition element-analyte affinity. It can give a fast and highly sensitive detection
of the target material.

Mass-sensitive Transduction: These biosensors quantify variations in mass due
to the interaction of the target analytes with the recognition element. This method is
used in cases where high specificity of the given application as a whole is needed [8].
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2.2.3. Advantages of biosensors in food preservation

Biosensors involve several huge benefits in food conservation, the safety as
well as the quality of food in the chain of distribution. The first advantage is the
ability to constantly control important indicators including temperature, humidity,
and microbial activity. This capability facilitates the timely response of the
stakeholders in case of any variation hence ensuring the minimization of spoilage
and thereby increasing the shelf life of the perishable products. Also, biosensor
means enhanced accuracy compared to simple monitoring and are less likely to give
either a false positive or a false negative result. This reliability guarantees that food
and products that are in circulation are safe and of the right quality. Economical is
another benefit since the production of fewer defects, less wastage and better product
guality in the long run normally takes precedence over the initial outlay. In addition,
a high number of biosensors are compact and simple to operate which enables easy
incorporation into logistics networks with minimal training. The specificity of
biosensors also enables the identification of specific pathogens and spoilage
microorganisms that cause harm to the consumers which enables early corrective
action to be instituted.

2.2.4. Limitations of biosensor technology

There are a few limitations that have been presented that hamper the efficient
and wide use of biosensors in food preservation: Biosensors are prone to effects such
as the effects of light, temperature and humidity due to their inherent biological
nature which makes an important consideration. Furthermore, the use of many
biosensors requires frequent calibration and maintenance to guarantee high
performance, which increases operational expenses and requires employee
knowledge [9]. This need for maintenance can be problematic for small businesses
that do not have the funds to manage maintain and/or upgrade the technology. Also,
the biological components incorporated in biosensors have a limited lifespan and,
thus, deteriorate constantly. This indeed requires replacement from time to time
hence increasing the overall cost of implementation. Yet another potential
shortcoming is the signal interference by matrix-interfering substances that cause
positive/negative interference in the result. In addition, the use of biosensors is not
very scalable since the efficacy of some of the sensors could reduce drastically when
the technology is scaled up to production zones or food variety.

Figure 2 shows the Effectiveness of Biosensors in Food Preservation. Food
preservation regimes have been greatly aided by biosensors where important
parameters are constantly measured in real time the technology offering a strong
backbone to processes. As the smart effective incorporation of diverse biosensors
into logistics systems, the application of such systems has the potential to enhance
food safety as well as quality management to reduce wastage and enhance
stakeholders’ economic returns in the food chain. It is pertinent that the food industry
should recognize and comprehend the advantages and disadvantages of employing
biosensors to force them to enhance their utilization in the preservation of food.
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Figure 2. Effectiveness of biosensors in food preservation (Created by author).

2.3. Impact on food preservation

Logistics intelligent technologies and biosensors’ use in this context have
illustrated a revolution in food preservation. All these improvements not only help to
produce better quality and safer foods but also fit well in the general goal of
minimizing rates of food spoilage and waste, at the supply systems level. This
section deals with how exactly these technologies impact food preservation by use of
real-time monitoring, ways of intervention and economic returns [10].

2.3.1. Real-time monitoring

In general, intelligent logistics systems’ capability to monitor in real-time is one
of their main features. Current innovations in bio-sensing technology have enabled
packaging or storage facilities within companies to monitor fundamental
environmental factors such as temperature, humidity, and pH levels within the
storage environment constantly. For example, it showed that the adoption of
temperature-sensing biosensors in cold chain logistics led to quite a high reduction in
spoilage rate, with the perishable goods being maintained at the appropriate
temperature. This continuous monitoring ensures that stakeholders receive timely
notifications any parameter goes off standard ranges for the right corrective actions
to be taken [11].

The above visualization (Figure 3) shows a clear nexus between real-time
monitoring and minimization of food spoilage. The chart also shows the percentage
of spoilage decrease implemented by means of biosensors in relation to the usual
control.
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Figure 3. Impact of real-time monitoring on food spoilage rates created by author.

2.3.2. Proactive interventions

The ability to make anticipative interferences is also one of the components of
intelligent logistics systems. In the event that biosensors identify a condition such as
high temperature in refrigerated storage the facility’s management is immediately
notified. This makes it possible for immediate intervention measures to be made in
areas for instance, modifying temperature regulators, reorganizing the transit of
parcels, or inspecting particular commodities with concern [12]. Measures taken
early enough are very effective in reducing the degree of spoilage and guaranteeing
food quality for consumption.

2.3.3. Economic benefits

Such a type of biosensor application in the sector of logistics is linked with
certain economic consequences. Lower spoilage rates have a straight and potential
impact on the firm’s bottom line. Appreciating the shelf lives of food products leads
to increased business returns and general product improvement since consumers are
likely to be more loyal. In addition, following inventory management contributes to
efficient levels of stock; by using data analytics a business can avoid unnecessary
extra costs of unnecessary inventory and waste. According to quantitative research
carried out by Zhang et al. [13], organizations implementing biosensor-based
logistics systems recorded a reduction in their cost of operations regarding spoiled
and wasted products by twenty-five per cent. These economic benefits contribute not
only to the growing profitability of intelligent logistics systems but also to the
expansion of these systems used in food-related companies and the constant
development of improved methods of food preservation.

Smart logistics systems and biosensors implementation are more critical as they
cause changes in food conservation. By using real-time monitoring, timely actions,
and substantial economic gains, these technologies help to create safer and higher
quality food products at the same time minimizing waste. This paper has
demonstrated that as the food industry advances, so must the progress of these
innovative technologies that will help meet the hurdles facing spoilage and the
overall sustainability of the food supply chain complexities.
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2.4. Challenges and barriers to adoption
2.4.1. High initial implementation costs

However, the major limitation of adopting an intelligent logistics system is the
enhanced first-time implementation cost of the system. This comprises costs like; the
cost of biosensor devices, the cost of incorporating biosensors into existing logistics
systems and the costs of constructing the logistics systems that are required for
constant monitoring and analyzing the collected data in real time. In many SMEs,
these costs are very high making many organizations very reluctant to adopt such
technologies. Moreover, costs relating to the continual upkeep and calibration of
biosensors are also accreted to the cost line.

2.4.2. Complexity of integration

Those who have tried to introduce new technologies in an existing pattern of
supply chain management may understand this hurdle easily. Most logistics
processes are performed through systems that could be practically incompatible with
biosensing biosensors technology. As a rule, the process of integrating these systems
implies the acquisition of certain knowledge and skills, which can be unobtainable
[14]. Also, there is always the issue of network interconnectivity between the various
items, the different platforms, and the stakeholders. These can lead to longer
implementation periods and greater levels of dysfunction in operations, which can
discourage firms from exploring these developments.

2.4.3. Lack of understanding and awareness

The problem towards enhancing the EOS (Embedded Operating System) of
intelligent logistics systems and biosensor technology is the limited awareness of
these systems and their features among industry stakeholders. Innovations in
refrigeration technology, use of food-friendly packaging material, and monitoring
and control methodologies may not be clearly understood by many organizations on
how these innovations can actually help enhance the process of preservation and
storage, embrace high operational efficiency, and hence, bring about low costs. This
lack of awareness can result in resistance to change, as people will be reluctant to
invest resources in a technology which they are unaware of the value.

2.4.4. Need for employee training

The measures for the acquisition of intelligent logistics systems and biosensors
entail enormous training of the employees who are to ensure the running of these
technologies. Such systems raise many issues in training that most organizations fail
to implement efficient training that will enable the human resource to use the
systems effectively [15]. Resistance to change among staff members together with
concerns of job loss resulting from the use of automation in performing some tasks
makes training even more challenging.

2.4.5. Data security and privacy concerns

That is, there is a potential danger that depends on the IoT facility data
gathering, and data security and privacy. Vendors, transporters, processors,
manufacturers, distributors, and consumers need to guarantee that privacy and data
breaches are prevented. A common aspect of biosensors is the ability to transfer data

10
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over networks which are relatively susceptible to hacking. System security means
keeping information secure requires spending in that field making the overall cost of
implementing the solution higher.

2.4.6. Regulatory compliance

The food industry has very much legal and regulatory requirements, especially
with regard to food safety and quality. These regulations have to be at par with the
adopted intelligent logistics systems that differ depending on geographical locations.
Operating in the challenging regulatory environment may be difficult and firms may
experience some challenges in adhering to the safety standards in the application of
the advanced technologies. The bar graph shown in Figure 4 visualizes the
challenges and barriers to Adoption of adoption logistics systems.

Challenges and Barriers to Adoption of Intelligent Logistics Systems

Regulatory Compliance

Data Security Concerns

Need for Employee Training

Lack of Understanding

Complexity of Integration

High Initial Costs

T
10 20 30 40 50 60 70
Number of Companies Affected

Figure 4. Challenges and barriers to adoption (Created by author).

2.5. Gaps in the literature

Although the significance of intelligent logistics systems and biosensor
technology for controlling food spoilage has been underlined by the increasing
amount of research, some research gaps can be identified. First of all, there exists a
high demand for extensive research on the effectiveness of intelligent logistics and
its constituents, including 10T and bio-recognition devices, although separate
analysis of the effectiveness of these components has already been made. Much of
this research seems to concentrate on individual aspects without paying attention to
the general interaction of these technologies with food preservation. It is visually
represented in Figure 5.

Secondly, most of the prior works only focus on qualitative research methods
like case studies or interviewing key informants may be used to make conclusions.
However, these qualitative findings are helpful in understanding the nature of the
problem but do not offer realistic quantitative numbers that would accurately assess

11
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the overall potential of biosensor-based logistics on spoilage rates, the extension of
shelf lives or on the economic revenues. As a result, there is no ample and concrete
research on the positive effects that intelligent logistics systems can offer to
stakeholders, how much stakes stand to gain from such technologies — or the return
on investment (ROI).

Besides, there is a lack of study on the future consequences of to
implementation of any of these systems. Most of the researchers are always inclined
to provide short-term benefits for instance, the readiness of foodstuffs will be
reduced quickly by spoilage and do not take into account the long-term economic
benefits that could be given by more efficient operations and safer foods in the long
run. By employing a longitudinal approach to the study of these technologies,
important insights into their long-term effects on food preservation can be gleaned.

Moreover, there is comparatively scant research on the factors which hinder the
adaptation of such practices, and this is especially the case when the focus is on the
Junior food businesses. The literature review of the present study mostly focuses on
matters related to large companies that have enjoyed the use of intelligent logistics
systems [16]. Given the importance of SMEs in the food industry supply chain, the
issues and requirements of such businesses are important for improving the uptake of
innovative technologies.

Finally, the current literature also does not provide sufficient information
regarding interdisciplinary by integrating works from logistics, technology, food
sciences, and economic sectors. Applying the ideas of these fields could openness
exciting opportunities for better understanding how intelligent logistics systems and
biosensor technology can contribute to the improvement of the food storage and
decrease of food waste.

Gaps in the Literature on Intelligent Logistics Systems and Biosensors

0 1 2 3 a 5
Importance Level (1-5)

terature on intelligent logistics systems and biosensors (Created by author).

12
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3. Methodology

3.1. Research design

The research employs an explicit quantitative resonance, as this methodology
allows measuring the degree of impact of Intelligent Logistics Systems and
Biosensor Usage on the overall efficiency of food preservation with reasonable
accuracy. It provides way to analyze numerical data to discover patterns trends and
relationships or causes and effects. The main objective is to evaluate the impact of
such technological systems on the food preservation techniques through the means of
the empirical research [17].

The current research will use a cross-sectional survey research design, which
entails the use of a survey method at one time point. This design facilitates
identification of the current trends and conditions in the industry more so the
application of logistics technology and the biosensors in food preservation. This
research type has the benefit of accruing data from various participants at once,
enabling the academician to have a picture of the prevailing business trends, as well
as the impact of embracing various technologies in the improvement of food quality
and preservation efficiency.

3.2. Sample selection

This study’s participants were also chosen deliberately so as to include a wide
range of responses from staple stakeholders in food industry and the role Intelligent
Logistics Systems and Biosensors have in food preservation. The target population
comprises food manufacturers, distributors, and retailers who, in one way or another
are involved in the production, distribution, and marketing of perishable foods. The
sampling technique used for this study was purposive sampling through which
participants who have worked closely with Intelligent Logistics Systems and
Biosensors were chosen [18]. This approach is of significance when an attempt to
collect relevant and meaningful data concerning the objectives of the study is to be
made.

The food manufacturers to be included in the sample are crucial because they
are involved in the making of perishable products such as dairy, meat, fruits as well
as vegetables—foods known to have enormous reliance on modern preservation
techniques. Hence, engaging the manufacturers in the study will provides
information on the use of these technologies during the production value chain in
preserving the quality and safety of perishable goods.

Distributors are also sample component that is used frequently in a research
study. These participants are in charge of the movement of perishable products to
consumers via the retailers in the most efficient manner as well as in proper
conditions which the product requires to avoid deterioration. The assumption of the
involvement of distributors in the sample allows for investigation of the effects of
logistics technologies on transportations and handling of food products with certain
issues and opportunities concerning food temperature and freshness during
transportation. The last members of the chain are retailers, which can be represented
by supermarkets, grocery stores, pharmacies, and other.

13
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Retailers include supermarkets, grocery stores and other outlets. They sell
products directly to the consumers, and are very helpful in determining consumer’s
behavior concerning the products and the effects, on shelf-life and quality, of
Intelligent Logistics System and Biosensor technologies when applied at point of
sale outlets. Findings regarding retail business will aid in extending understanding of
the impact of these technologies on consumer satisfaction and total food retention.

Altogether, 150 clients themselves will be chosen to participate in the given
research. These participants will be selected from different phases of the food chain
in order to develop a balanced view on the application of Intelligent Logistics
Systems and Biosensors. Heterogeneity of participants will include local start-ups
and independent retailers, as well as big international food producers and distributors.
This type of data variety will enrich the material range to contribute to the study’s
coverage and, therefore, its value.

The data collection instrument that will be used is a structured questionnaire in
order to obtain both authentic and quantitative information. The survey will be
comprised of closed questions with regard as to how extensively participants apply
Intelligent Logistics Systems and Biosensors, as well as perceived usefulness of
these technologies for food preservation. Some more general questions will be
included to give the participants the chance to expresses their experience, problems
and the ways to change something. The questionnaire will be submitted online to
reach as many people as possible and the participants shall be reminded to fill the
guestionnaires.

By adopting purposive sampling technique, the study is better positioned to
look for relevant experience proving more insight in how; the Intelligent Logistics
System and biosensors are impacting food preservation within the value chain.
Collected data will provide vast and valuable experience to show the validity and
reliability of the offered study as the data collected from the direct experiences of the
experts engaged in the production, distribution and sale of perishable goods.

3.3. Data collection instruments

Semi-structured questionnaires will also be used in data collection and will be
developed in such a way that they are acceptable to stakeholders within the food
industry as concerns; Intelligent logistics systems and biosensor technology. Some of
the questions that the participants will be requested to answer are; demographic data,
present practices in the preservation and storage of food, and the potential
effectiveness of intelligent logistics in the prolongation of food shelf life. This type
of question will enable quantitative analysis since the results will be in statistical
form and hence easy to compare. Furthermore, Likert scale questions will measure
participants’ perceptions of level of agreement or satisfaction toward different
aspects of technology integration into their workplaces [19]. In a bid to minimize
such issues; the questionnaire will be pilot-tested among a few individuals before
going to a larger population. With this process, it will be possible to realise that there
are or that there are no problems or obscurity within the questions that define the
instrument and correct what is necessary for the improvement of validity. The last
draft of the questionnaire will be administered to the purposive sample of food

14
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industries including food manufacturing, distribution and retail industries that use
intelligent logistics.

3.4. Data analysis

Data analysis in this study for this type of research will use statistical software
to enable the researcher to analyze the collected data comprehensively. First, the
finding of demographic characteristics will be presented using frequency distribution,
which will be followed by the analysis of the responses to all the questions using
frequency distributions. After this, inferential statistics will be conducted to make
conclusions on the correlation between the implementation of intelligent logistics
systems, the usage of biosensors as well as the perceived effect on food preservation.
The regression analysis will aid in determining the nature and the extent of these
relationships, while the correlation coefficients will determine the extent of the
relationship existence between the two variables. Furthermore, the testing of
hypotheses will be employed so as to test the validity of assumptions made as to the
utility of these technologies. The proposed approach generally seeks to obtain
insightful information as to whether the introduced logical intelligent system is
beneficial to the food preservation process in order to guide the techniques and
planned decisions in the supply chain.

3.5. Ethical considerations

Ethical issues are thus very important if the study is to produce credible and
accurate results. The act of participant information and options will remain the core
consideration throughout this study to ensure they are willingly exercising their
voluntary consent to participate in the study. The participants will be free to
withdraw from the study at any one time without having to suffer any consequences
[20]. Security will also be maintained at the utmost level with all data collected will
not disclose the identity of the participant involved. Further, data collected will be
stored and accessed only by authorized persons in an effort to minimize the
possibility of hacking. This research will follow ethical procedures set down by the
appropriate institutional review boards (IRBs) when conducting research on human
beings. Through this, the study will seek to minimize such ethical issues in ensuring
that the participants develop confidence in the research work conducted hence
making the results of the research work as reliable and valid as possible in
compliance with responsible ethical research.

3.6. Flowchart of the research methodology

Figure 6 denotes the steps of research methodology through a flowchart. First
of all, research design is selected (Quantitative), then sampling is made (Food
industry stakeholders), after that, data is collected using questionnaire. Statistical
analysis is done to get the results. Finaly the results are interpreted.
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Research Design
(Quantitative)

l

Sample Selection
(Food Industry Stakeholders)

l

Data Collection
(Questionnaires)

l

Data Analysis
(Statistical)

l

Interpretation of Results

Figure 6. Visual flowchart of the research methodology (Created by author).
4. Results

4.1. Descriptive statistics

The descriptive statistics show the background information of the respondents,
the current state of intelligent logistics systems and biosensors implementation. A
total of 150 participants were chosen and included food manufacturers, distributors,
and retailers.

Table 2. Demographic characteristics of respondents.

Demographic Variable Frequency Percentage (%)

Type of Organization

Food Manufacturer 60 40.0
Distributor 50 33.3
Retailer 40 26.7
Region

North 45 30.0
South 50 333
East 30 20.0
West 25 16.7

Experience in Industry

Less than 5 years 30 20.0
5-10 years 60 40.0
More than 10 years 60 40.0

From Table 2 and Figure 7, it can be said that among the respondents, the
highest percentages were the food manufacturers 40%, distributors 33.3% while 26.7%
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were food retailers. The region distribution respondents were fairly evenly spread as
the Southern region had the highest stream of 33.3%. Also, 80% of the respondents
had their work experience in the industry for over five years.

Distribution of Respondents by Type of Organization
Retailer

26.7%

‘ 33.3%
Il-,‘ "'.‘ Distributor

Food Manufacturer "'.,‘
\/‘l

Figure 7. Distribution of respondents (Created by author).

4.2. Inferential statistics

Probabilistic relations between the application of intelligent logistics systems,
biosensors, and food preservation effectiveness were established using inferential
statistics. The analysis of variance was utilized to analyze the impact of the
independent variables on the dependent variable of food preservation effectiveness
with intelligent logistics systems and biosensor usage as the independent variable.

Table 3. Multiple regression analysis results.

Variable Unstandardized Coefficients (B) Standardized Coefficients () t p-value
Constant 2.345 1.357 5.342 0.000
Intelligent Logistics 0.673 0.482 6.251 0.000
System

Biosensor Usage 0.512 0.356 4718 0.000

From Table 3, it can be stated that both the results of intelligent logistics
systems and biosensor usage have been found to be positively correlated with the
efficacy of food preservation according to the regression analysis results. These
lectures captured approximately 56 percent of the variance in food preservation
effectiveness; R? = 0.56; implying that these independent variables influenced the
effectiveness of these systems in the preservation of food quality significantly.
Variables like temperature control, packaging or supply chain have a huge impact to
the performance of food preservation and this is the reason behind the value of R? =
0.56.

Interpretation and summary

Based on the collected data, the evaluation (Figures 8 and 9) shows the
effectiveness of applying intelligent logistics systems regarding biosensors to
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Predicted Effectiveness

preserve food. The demographic distribution of the 150 respondents comprised of the
food manufacturing companies 40%, distributors 33.3% and retailers 26.7%. This
distribution provides a more balanced view across the supply chain, which provides
the best view of the consequences of intelligent logistics systems. The respondents
were distributed evenly with regard to geographical locations: South (33.3%). For
example, 80% of the respondents had a work experience of more than five years in
the industry, which indicates that the research provides accurate information on food
preservation practices.

Actual vs. Predicted Food Preservation Effectiveness
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Figure 8. Actual food effectiveness vs. predicted food effectiveness (Created by author).

Food Preservation Effectiveness by Implementation Level
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Figure 9. Food preservation effectiveness by implementation level (Created by
author).

The multiple regression analysis results revealed a strong correlation between
the application of intelligent logistics systems and the usage of biosensors to control
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the biosensors with functionality in food preservation. The regression coefficients
also revealed positive values, fitting the understanding that the intelligent logistics
system usage added up to 0.673 in terms of food preservation effectiveness, and the
biosensor usage contributed an extra 0.512. These imply that both aspects are
important in improving the quality of food since the results show statistical
significance where p < 0.001. Thus, all the computed indices suggested a strong
impact of these intelligent systems on food preservation as the overall model
explained 56% of the variance in the effectiveness of food preservation (R? = 0.56).

These findings were also supported by the following visual representations. The
pie chart that showed the distribution of respondents by the type of organization gave
a clear context to the audience and presented the majority of insights obtained from
the food manufacturers who are most affected by the logistics and preservation
technologies. The bar chart made it easier to identify the link between the extent of
implementing intelligent logistic systems and the capacity to preserve foods. It
demonstrated that higher levels of Implementation increase Effectiveness, therefore
supporting the hypothesis that intelligent logistics system greatly enhances the
quality and safety of food.

5. Discussion

This work affirms the proposed hypothesis that the biosensor smart logistics
system plays a transformative role in extending the shelf-life of food products and
improving the outcomes of food quality control. The analysis of variance showed
that intelligent logistics systems and biosensors explained a total of 56 % of the
variance of food preservation effectiveness. This is important because these
technologies instil hope to install technologies that slow down the process of spoiling
food to ensure that consumers receive fresh and safe food.

The demographic data enhances the conversation even more, and an enormous
number of participants are food manufacturers with considerable experience in the
industry. This understanding reveals that many of the investors involved with food
production as well as distribution understand the importance of deploying efficient
logistics solutions. Information provided by H.drawable and M.drawable further
buttresses this notion of how incorporating biosensors into the integrated supply
chain assists in tracking the conditions that are environmental; for instance,
temperature, and humidity, of enhancing logistics real-time analytics to avoid
spoilage.

In addition, the pie chart and bar graph are good examples of the manner in
which high implementation of intelligent logistics systems enhances food
preservation effectiveness. With organizations implementing these systems, it will
not be a secret that operational capabilities and product quality will significantly
boost, thereby having effects on the consumer’s side.

Nevertheless, the study also reveals some of the limitations in the current
literature, more especially in relation to issues of cost to food supply chain
organizations and applicability for different types of organizations within the various
links of the food supply chain. More future research should focus on these areas, in
an effort to get an even more thorough picture of the factors that have a positive or
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negative influence on the spread of the technology. In general, this research brings
significant knowledge to the discussion of food preservation technologies, stating
that intelligent logistics systems integrated with biosensors are an important step
towards food chains on Earth.

6. Conclusion

The rationale for the use of intelligent logistics systems supported by biosensors
has been well highlighted in this study to improve food preservation systems in the
food industry. This paper strives to provide a clear understanding of how the
adoption of these technologies accelerates the functionality of quality management
of food by minimizing spoilage and guaranteeing that the foodstuff stays fresh from
the supply chain. Since 25% of the respondents expressed high satisfaction with their
experiences with intelligent logistics systems, it can be suggested that these
technologies have great potential in the industry. The result shows the importance
and usefulness of these two innovations as they influence, respectively, 56% of the
overall food preservation effectiveness: the Intelligent Logistics Systems and
biosensors usage. Therefore, taking into account the fact that the application of
intelligent logistics systems yields highly effective results, actors in the food industry
should be committed to the creation of such technologies. It may mean making a
capital outlay on training to improve the human capital in managing these systems
and the advantages that come with it. Furthermore, the food industry must engage
with technology suppliers to identify other affordable locally developed solutions
amenable for large-scale adoption of biosensors and other intelligent logistic systems
in other related organizational environments. Moreover, even more, future studies
should elaborate on the gaps found in the literature concerning the possibilities and
potential challenges of the technologies explored in this research in detail used by
small organizations. Studying such aspects will help to achieve a greater
understanding of how best to safeguard food across the different markets.

The conventional forms of food preservation almost always depend on set
physical parameters such as temperature or other packaging features that do not
allow for real-time variations in conditions. The intelligent logistics system with
biosensors allows for the constant tracking of important environmental
characteristics like temperature, humidity as well as for possible contamination. By
performing this data collection in a continuous manner, any shifts that are likely to
render the food undesirable are jokingly identified; therefore eliminating the chance
of food spoilage. Unlike traditional static preservation ways, the intelligent system is
capable of making the necessary alterations on their own depending on the data from
the sensors. For instance, change in temperature inside a storeroom can be addressed
by changing cooling preferences or rebalancing distribution of the products, thereby
protecting the quality of perishable good during distribution. Due to the given
advantages, biosensors support a more durable shelf life of temperature-sensitive and
perishable goods, including fruits, vegetables, dairy products, and seafood. This kind
of accuracy may be missing in traditional approaches contributing to high spoilage
and food wastage resulting from delayed identification of adverse storage conditions.
The chance to know which product is likely to spoil and then act to prevent it from
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happening helps to cut on the amount of food that goes to waste in transit. On the
other hand, older preservation techniques might just identify the spoilage after it has
taken place and this will be a waste of resources. This smart system in managing
food and ensures that there are least losses from spoilt or expiring products.

The usage of biosensors entails manufacturing precise and open data, which
could be traced throughout the supply chain. This traceability increases the chances
of being able to locate the precise point and origin of spoilage or contamination,
which remains difficult to do with traditional preservation methods. It also provides
accountability and enhances the chances of observing legal requirements area of
food safety. Conventional food preservation techniques are ineffective concerning
placements, as they do not consider the current conditions of the goods. The
intelligent logistics system, however, can use the information from biosensors to
make logistic decisions, for example, on which route is the best, or when delivery
should be made, so that the food reaches the recipient in the best possible condition.
The intelligent system also contributes the efficient protection of the food safety
since potential contamination are detected and there is constant quality control.
Traditional methods are usually sample based and are typically employed after
contamination and spoilage have occurred biosensors show a predictive measure of
action in that contamination and spoilage can be prevented.
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