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Abstract: Over the last decade, there has been an increased interest in public health measures
concerning food quality and drug safety in supply chains and logistics operations. Against this
backdrop, this study systematically reviewed the extant literature to identify gaps in studying food
quality and drug safety, the proposed solutions to these issues, and potential future research directions.
This study utilized content analysis. The objectives of the review were to (1) identify the factors
affecting food quality and possible solutions to improve results, (2) analyze the factors that affect drug
safety and identify ways to mitigate them through proper management; and (3) establish integrated
supply chains for food and drugs by implementing modern technologies, followed by one another to
ensure a multi-layered cross-verification cascade and resource management at the different phases to
ensure quality, safety, and sustainability for the benefit of public health. This review investigated and
identified the most recent trends and technologies used for successfully integrated supply chains that
can guarantee food quality and drug safety. Using appropriate keywords, 298 articles were identified,
and 205 were shortlisted for the analysis. All analysis and conclusions are based on the available
literature. The outcomes of this paper identify new research directions in public health and supply
chain management.
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1. Introduction

Efficient supply chain management plays a critical role in food quality and drug safety
because supply chains must meet demands for food and drugs for the world’s popula-
tion [1]. These supply chains encompass many stages, such as, procurement, production,
and processing, storing, distribution, and interconnectivity of various constituents in the
food and drug supply chains [2]. Researchers and practitioners have taken a serious look
at how these supply chains have been managed over the past decade [3].

One government objective is to protect a nation’s food and drug supplies, and indeed,
this is the mission of food and drug administrations of countries worldwide. For example,
in its mission statement, the United States Food and Drug Administration (FDA) states that
it is “responsible for protecting public health by ensuring efficacy, safety, and security of
human and veterinary drugs, biological products, and medical devices, by ensuring the
safety of our nation’s food supply, cosmetics, and products that emit radiation” [4].

Food supply chains (FSCs) constitute a complex network of systems ranging from
the farm to the factory to the final consumer. The food supply chain has characteristics
similar to those of the conventional supply chains. Still, it has specific characteristics that
make its management more challenging as food is a perishable commodity [5]. FSCs have
faced challenges such as adulteration, food wastage, price volatility, nutrition security,
climate-controlled variability, declining yields, and governance issues. Previous research
has examined the issues related to FSCs [6]. Zhao et al. [7] assessed the use of blockchain

Processes 2022, 10, 1715. https://doi.org/10.3390/pr10091715 https://www.mdpi.com/journal/processes

https://doi.org/10.3390/pr10091715
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/processes
https://www.mdpi.com
https://orcid.org/0000-0003-2062-0461
https://orcid.org/0000-0003-4715-8879
https://orcid.org/0000-0002-2932-8240
https://doi.org/10.3390/pr10091715
https://www.mdpi.com/journal/processes
https://www.mdpi.com/article/10.3390/pr10091715?type=check_update&version=1


Processes 2022, 10, 1715 2 of 31

technology in FSCs. According to them, state-of-the-art blockchain technology can be imple-
mented alongside the internet of things (IOT) in FSC’s information security management,
manufacturing, traceability, and food waste prevention.

Developed and developing countries have unsafe food supplies. Food organizations
must strengthen their processes to counter various potential hazards to keep the world’s
population safe and healthy. In addition to hazards related to food, food security, which
encompasses access to safe food, rising food prices, and declining yields, has become an
issue [8]. Low-quality food contributes to 678,000 deaths yearly in the United States [9].
Additionally, researchers surveyed the United States to determine the number of people
affected by poor food quality. Based on mortality and health status information from the
National Health and Nutrition Examination Survey (2009–2020), the researchers analyzed
data on adults (≥20 years) from the study. Among the total participants in the study
(n = 25,247), 17.6% reported food quality below the recommended levels [10].

Food counterfeiting has also caused terrible damage to public health on social and
economic levels throughout history. For instance, there have been reports of 2.5–3 million
people consuming contaminated feed from chickens. Another food-related incident was re-
ported in China, where melamine contamination of milk harmed more than 300,000 people,
including babies. Lee and Yoon [11] reported 3000 deaths due to food counterfeiting in the
United States, Jung et al. [12] reported 180 deaths in the United Kingdom, Onwujekwe and
Ezemba [13] reported 137,000 deaths in Africa, Dada et al. [14] reported 175,000 deaths in
Asia, and Kerr et al. [15] reported 80 deaths in Australia.

The fight against drug counterfeiting is more profound than food because it poses a
greater threat to public health [16]. Counterfeit drugs are a serious international issue that
has various effects on public health and safety and are a primary cause of drug resistance
that results in patient death. Due to its supply coming from multiple countries, counterfeit
drugs are rising worldwide. The impact of counterfeit drugs is medical and economic.
There has been a decrease in patient adherence to their medications due to the increasing
concern about counterfeit drugs. For example, a patient receiving injections for anaemia
after a liver transplant did not experience any therapeutic effect after eight weeks because
the medication used for the therapy was counterfeit. A heparin recall in 2008 occurred
because the active drug was replaced with a cheaper or less effective substance supplied
from China, which resulted in 81 deaths [17]. In 2009, patients reported that uncontrollable
blood sugar levels were caused by ineffective insulin that was not stored or handled
correctly, thus losing potency [17]. In February 2012, counterfeit versions of the cancer drug
Avastin were discovered that contained only starch and salt and no bioactive ingredients.

It is difficult to prevent the entry of counterfeit drugs into the United States, as most
active pharmaceutical ingredients (APIs) are imported from all over the world. Buyers are
interested in having active medications for a lower price. Increasing internet/online phar-
macies make the regulation of drug safety more difficult. More than 36 million Americans
purchase their medicines from online pharmacies without knowing they are counterfeit
and harming their health. According to the World Health Organization (WHO), around
30% of counterfeit medications are sold in Asia, Africa, and Latin America. Approximately
10% of medication used globally is counterfeit. Counterfeit medicines can harm public
health or result in no progress in patients’ health if there is no active ingredient in the
medication’s compounds [17].

1.1. Purpose of This Review

This review examines various aspects contributing to food and drug supply chain is-
sues in the extant literature on the topic. It can help researchers, supply chain organizations,
and government policymakers to identify primary considerations in exploring various
operations’ susceptibilities and strategies to grow resilience to enduring and mounting
hazards related to food and drug supplies [18]. However, this issue is complex. Food
scientists and pharmaceutical producers have found that no single solution can guarantee
the quality of products in the future [19]. As a first step, this paper discusses issues of



Processes 2022, 10, 1715 3 of 31

food quality with an overview of its scale. Food safety has four main components, which
are availability, accessibility, stability, and utilization, but the focus of this paper will be
specifically on food quality which is a component of utilization and stability. The paper
then discusses the solutions applicable to overcome these issues. The following is a dis-
cussion of drug safety issues and explores ways to overcome these issues and methods to
prevent the counterfeiting of drugs by exploring the use of various solutions such as smart
tools, technologies, and a focus on the importance of staff training to ensure high-quality
standards for public health.

1.2. State of the Review
1.2.1. Food Quality

Researchers have contributed to addressing food quality issues in the past. George et al. [20]
proposed a model for ensuring quality in restaurant supply chains based on the mathe-
matical prototype and blockchain technology. Aamer et al. [21] examined the potential of
IOT for improving the functionality of FSCs by systematically analyzing the challenges
involved. Tan et al. [22] conducted a thematic analysis of how Walmart uses blockchain
technology to ensure the stability of edible products in FSCs. Bernstad et al. [23] studied the
impact of lifecycle assessment on reducing the amount of food denatured by any microbio-
logical and chemical agent in transportation and supply chain management. Zhu et al. [24]
presented a model-based review that discussed food spoilage-related radiation exposures
and their future directions. Sohail et al. [25] discussed the role of advanced packaging
technologies in increasing the quality of food products in terms of controlling microbial
growth and gas concentration and providing convenience and easiness to its users in the
form of time–temperature indication. Scholten et al. [26] found that implementing learning
mechanisms is essential for supply chain staff to perform their routine work effectively.

1.2.2. Drug Safety

Kumar and Tripathi [27] discussed drug safety issues in PSCs and suggested their
elucidations by using blockchain technology to trace any inactive ingredient used to coun-
terfeit drugs. Jamil et al. [28] proposed a novel framework for the smart hospital to
avoid counterfeiting using Hyperledger Fabric to handle secure drug supply chain records.
They also suggested a benchmarking tool to conduct the performance of the designed
system in terms of transactions per second, transaction latency, and resource utilization.
Marques et al. [29] developed a multi-objective collaborative decision-making model to
implement regulatory policies to encounter fake drugs by considering the objection of both
retailers and distributors. Krämer et al. [30] emphasized controlling microbiological agents
while packaging medications such as hormones and monoclonal antibodies. Gunnars-
son et al. [31] suggested developing an effects-based environmental assessment to facilitate
efficient approaches for pharmaceutical toxicity testing.

Despite the greater number of reviews, to our knowledge, no previous studies had
analyzed the potential integration of both FSCs and PSCs in a single framework that
can encounter the challenges faced by these supply chains. Previous research tried to
focus on a single supply chain and elucidate the issues associated with it from different
perspectives without looking at the bigger picture of similarities of the considered supply
chains and trying to integrate the results. Both supply chains have similar issues due to their
importance in public health safety. To address these problems effectively, there should be an
integrated approach to using a blend of solutions and technologies to cover all the loopholes
of modern-day supply chains by creating a multi-layered cross-verification cascade at each
level of a supply chain to prevent it from any random or intentional disruption. It will lead
to the success of the management of supply chains to meet the requirements of society and
will ensure public health on permanent grounds.
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1.3. Review Objectives

The purpose of this review is to improve public health by identifying factors affecting
food quality, drug safety, and effective solutions in the supply chain systems. This is
conducted through the implementation of novel tools, emerging technologies, integrating
policies, and focusing on critical control points, their assessment, and evaluation after a reg-
ular interval in all phases of the supply chains to achieve the desired results. Furthermore,
this review will investigate and discuss methods that may assist in resolving similar issues
related to FSCs and PSCs.

The following steps can be carried out to achieve this:

1. Identify the factors affecting food quality and possible solutions to improve results.
2. Analyze the factors that affect drug safety and identify ways to mitigate them through

proper supply chain management.
3. Establish integrated supply chains for food and drugs by implementing modern

technologies, followed by one another, to ensure a multi-layered, cross-verification
cascade and resource management at the different phases to ensure quality, safety,
and sustainability for the benefits of public health.

2. Review Methodology

This paper uses a systematic literature review to highlight the gap in previously
published literature and explore reliable information. Food quality and drug safety are
two significant public health concerns that require an analysis of a wide range of present
literature to identify food and drug safety measures, challenges and solutions, emerging
trends, and strategies to mitigate the factors causing obstacles to two key public health
issues. An analysis of the emerging trends in food and drug supply chains is presented
from already published articles. The systematic review was selected as a methodological
approach to describe the empirically theoretically-based available articles [32]. Figure 1
elaborates on this review’s methodology.
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2.1. Data Identification

The literature search was conducted with the help of library search engines, such as
“Web of Science”, “Scopus”, “ScienceDirect”, “Emerald Insight”, “Wiley”, “IEEE”, “Re-
searchGate”, and “Google Scholar”. By using all these search engines, we could ensure a
diverse knowledge base and demonstrate an increased interest in food safety and drug
safety through understanding the main concepts. Articles from these renowned journals
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were retrieved, assuming that applying these criteria would exclude sanctioned peer-
reviewed research [33]. In the journals mentioned above, there are a variety of publications
on food quality and drug safety and their importance in achieving safe and smooth opera-
tion for FSCs and PSCs. Several keywords were used to identify articles at the initial stage,
such as food quality, drug safety, supply chain management, and public health. There are
times when words such as food supply chains or drug supply chains and their effectiveness
or modern tools for food quality or drug safety were combined. AND and OR operators
were employed to make the research more comprehensive [32].

Table 1 describes the methodology for identifying papers to review and search based
on keywords.

Table 1. Identification of keywords.

Keywords Search Strings Databases

1. Identify factors that affect
food quality and proposed
solutions to achieve public

health safety.

Factors (OR issues) affect food
quality AND

Solutions for food quality AND
Food supply chain Web of Science

Scopus
ScienceDirect

Emerald insight
Wiley
IEEE

Research gate
Google Scholar

2. Identify factors that affect
drug safety and proposed
solutions to achieve public

health safety.

Factors (OR issues) affect food
quality AND

Solutions for food quality AND
Pharmaceutical supply chain

3. Identify similar solutions to
overcome public health issues

in the food and drug
industries and achieve an
integrated supply chain.

Effective solutions (OR tools) AND
Emerging technologies AND

Integrated supply chain AND Food quality
(OR Drug safety) AND Similar issues

2.2. Data Selection

To achieve the review objectives, the selected papers for the review were based on
the papers published in English, with publication dates ranging from 2016 to the present.
Some papers from earlier periods were selected because they contained basic statistics
necessary for understanding this review’s purpose. The abstracts and methodologies of
initially selected 298 articles were then read and irrelevant articles were discarded [34]. The
irrelevant articles were determined and excluded in three phases, as detailed in Table 2.
Two hundred and five (205) articles were chosen for further discussion and analysis of food
quality, drug safety, and supply chain issues and their effective solutions. The shortlisted
articles were examined to gain a deep understanding of the administrative hierarchy of food
chains, transportation challenges, environmental, chemical, physical, and microbiological
hazards that food and drugs encountered due to certain factors around the globe, and to
determine effective, affordable solutions to avoid such conditions in the future.

Table 2. Exclusion of irrelevant papers.

Exclusions Description

1. Initial search (Filter 1)
The search engines were used, and the abstract, introduction, and

conclusion of articles in selected journals were skimmed. This search
generated 298 papers.

2. First exclusion (Filter 2)

The filter generated 245 papers. Duplicate papers were removed, and
papers irrelevant to food or drug issues in their prospective supply

chains or those that could be classified as similar for both were
also removed.

3. Second exclusion (Filter 3)

The filter was applied to refine the final selection and generated
205 articles. Only those with relevant information for each objective of
this study, such as basic information for the introduction, factors that

affect food quality and drug safety, and solutions to achieve an
integrated supply chain and ensure public health safety,

were included.
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Table 3 details the number of articles and topics studied for food quality and drug
safety and region of the study.

Table 3. Number of articles and topics studied for food and for drugs, region, and keywords.

Food Drugs

Number of articles 112 56
Original research 84 48
Literature review 28 8
Region

Africa 7 7
Asia 12 9
Europe 10 4
North America 7 4
Oceania 2 -
South America 6 4
Australia and Pacific 3 -
Worldwide 55 36

Note: The most common keywords for food were supply chain management, agri-food, stochastic demand,
perishable food, food safety, food quality, food sustainability, food risks, food technology, food traceability, food
counterfeiting, food borne, unhealthy food, waste reduction, intelligent packaging, microbiological contamina-
tion, GMO food, LCA, short supply chain, food cold chain, and RLs. The most common keywords for drugs
were perishable drugs, drug safety, pharmaceutical risks, drug technologies, drug traceability, drug counter-
feiting, smart packaging, biological medicines, microbial contamination, safe drug disposal, GMO, RLs, and
complexity reduction.

2.3. Gap Identification

Thirteen (13) articles discussed the issues concerning food quality in various ways,
and ten (10) articles enlisted the issues for drug safety in supply chain management;
those studies also explored solutions to create an effective supply chain to cope with the
challenges. During the last decade, certain changes have arisen not only in consumer
attitudes but also for different stakeholders of the supply chains. The four most common
gradual changes are uncertainty [35], consumer preferences [36], the volume of demand [37],
and logistics operations [38]. Despite this outcome, it is unsurprising because the burden is
on the supply and distribution networks and not on the primary production of food and
drugs. Therefore, a need exists for a better management plan to better utilize all the available
resources for the most critical public health issues such as food quality and drug safety to
ensure that the world’s population gets fed and genuine medications are available even in
faraway places. These changes will allow a blend of modern tools and technologies and
create a multi-layered cross-verification cascade to align logistics operations, addressing
public health issues in an integrated manner. These changes will also demand efficient
resource management to address all hazards affecting food quality and drug safety.

3. Issues Affecting Food Quality and Drug Safety

This section explores how food quality and drug safety contribute to public health and
the associated issues. Several issues are common to both supply chains, while some are
limited to only one of those mentioned above. Modern supply chains are interconnected
systems responsible for production, processing, storage, and distribution activities until
delivery to final customers. To manage these activities in a hierarchical way, processes
must exist from higher management down to sales representatives to ensure the quality,
safety, and monitoring of inventory to inform the production units. Consequently, supply
chain staff should be skilled in food quality and drug safety procedures to ensure the
use of modern tools in processing and operations to deliver safe and healthy food to the
public [39].

An FSC describes a network of complex systems responsible for the harvest, processing
of raw materials, manufacture, and distribution to final consumers. Manufacturers must
be able to manufacture on time because food is often perishable, which causes financial
hardships or wastage [40]. During the last decade, researchers have become more interested
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in FSCs because food is produced and transported over vast distances across the globe.
These distances have made FSCs longer and more complex, exposing them to greater risks.
The world has become more concerned about food quality because the safer the food, the
lower the chances of catching a disease [41]. As a result of more significant risks in FSCs,
management is more challenging than in other supply chains. Food products are at a
higher risk because they are derived from crops, which are seasonal [1], but consumption is
year-round. Food products have long supply periods that cannot be entirely surmounted.
Manufacturing, processing, storing, and delivering food are complex. In addition, the
perishable nature of food products necessitates special handling tools during inventory
management [42]. Figure 2 outlines the stakeholders at each stage of conventional FSC.
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Food quality is a basic expectation of every buyer, consumer, and stakeholder closely
monitoring food processing companies’ products and practices [43]. Companies are hiring
workers to ensure that their consumers are aware of the food quality practices during
the manufacture and processing of food products [44]. These dynamic capabilities create
a competitive market. Manufacturers have become more concerned with food safety
procedures to increase revenue because consumers know the food safety level and empirical
validation. As a result, supply chain managers with dynamic capabilities and strategic
planning are vital for generating high revenues in the market and success in a competitive
market [45]. The significant increase in the world’s population has dramatically boosted
the demand for food. Thus, sustainably feeding the world population by providing quality
food is a considerable challenge. Technological and scientific development, institutional
intervention, business investment, government policy, and innovations have resulted
in several hazards to food products, nutritional value, shelf life, and safety [46]. Food
industries and governments emphasize using modern food preservation and stabilization
tools to increase the shelf life of edible products, both of which reduce wastage and cause
less stress on the production system. These objectives, as achieved by managing logistics
operations skillfully, are a result of enhanced pressure to optimize the distribution of
food products to end consumers by upgrading access to infrastructure and implementing
transportation methods and managing cold chains to stabilize the supply of food by
protecting it from physical and environmental hazards [47].

On the other hand, the PSC describes a network of complex systems responsible for
transporting APIs to manufacturers and delivering their finished products to patients.
Across all stages and stakeholders, the safety and quality of drug products must be ensured.
An effective reverse logistics for outdated and counterfeit drugs is vital to saving patients’
lives [48]. A drug not up to standard poses a far greater threat to public health than a food
product because any changes to drug ingredients can have fatal consequences. This section
explores how food quality and drug safety contribute to public health and the associated
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issues. Several food quality and drug safety issues are addressed in this article, including
those that follow.

3.1. Counterfeiting/Adulteration

Foods

Counterfeiting/adulteration deliberately degrades food quality by adding or replacing
other food ingredients with clandestine alternative elements or removing certain valuable
elements. This is generally carried out to decrease the cost or increase the quantity of
a food product. Besides being an economic issue, any change to the food will harm
public health [49]. For instance, some farm-raised salmon is sold as wild-caught salmon,
or inexpensive fish labelled as expensive fish, such as tilapia, is sold as red snapper.
Another example is the addition of inexpensive ingredients such as grain, pink slime (a
meat product) in ground beef, and counterfeit milk with melamine, which caused renal
problems for 900 American babies, six of whom died. Several food types are considered
counterfeit [50], including:

1. Food prepared with expired ingredients. Many manufacturers use outdated compo-
nents to escape the loss, which poses a serious threat to human health as was observed
in Pakistan, where expired white flour was used in making pasta.

2. Selling cheaper food at the same price as expensive food and fake labelling and
packaging. For example, selling soya oil as extra virgin olive oil after being dyed.

3. The use of unauthorized additives such as preservatives, sweeteners, or dyes.
4. Marketing non-organic goods as organic products. For example, mixing milk with

vegetable oil to produce high-fat cheese. The production of artificial honey uses sugar
syrups, vitamin C, and different enzymes that are not following the quality required
by law.

5. Products are being imported and sold as homegrown. For instance, strawberries and
cherries are marketed in March and April as being locally produced.

Food adulteration or counterfeiting is primarily driven by economic gain, and it comes
in two forms, unintentional and intentional, as illustrated in Figure 3. The consequences
of food counterfeiting are monetary loss to the consumers and life-threatening to the
public [51]. For counterfeiters, maximizing profit is a primary concern. They do not
consider the risks of counterfeit food to public health. Another major cause of food
counterfeiting is the increasing price in the international market and the substituting
of specific components or even the entire product by producers and distributors. The
substitution of food substances for economic gain is known as Economically Motivated
Adulteration (EMA) of food, in which the original food substances are replaced with
cheaper ones, another cause of food counterfeiting [52]. As a result of a lack of resources
and inadequacies in government regulations and laws, fake labels are produced, which
cause customer fraud. Mislabelling is also a part of food adulteration in which any local
product is labelled to make it an original or imported staple. For instance, some products
do not contain genuine food ingredients as mentioned on their label but have been copied
from an expensive food product to increase the profit by fraud. An analysis of DNA data
has confirmed that about 30% of mislabelled products come from southern Europe.

Food from animal sources and fresh vegetables have been consumed more widely
because of ever-increasing incomes and urbanization; however, urban food markets have
faced many challenges in providing consumers with safe and affordable perishable food
items [53]. Food items contaminated with other ingredients have been documented in
recent outbreaks. They are challenging to identify because they represent a small portion of
food-related illnesses [54]. Perishable foods such as fresh red meat that are not correctly
preserved after processing can spoil or become contaminated and are a major cause of food
poisoning. To prevent food-related diseases, fresh beef must be processed hygienically to
avoid contamination with the external origin in the distribution chain of trading markets.
The perishable nature of the food supply to the consumer should not be underestimated
and must be managed to prevent food-related diseases. Such prevention can only be
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achieved through training employees of these departments and implementing it. Qualified
staff should be hired to resolve quality-related issues in food effectively. Good hygiene
practices should be organized for all FSC stakeholders and sectors [55].
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Drugs

Argiyantari et al. [56] discussed how medications and drugs play a vital role in public
health and how to eradicate counterfeit drugs from the authentic PSC to deliver safe,
effective drugs to the general public worldwide. Counterfeit drugs are non-authentic
medicines produced by using incorrect ingredients in inappropriate quantities to reduce
or counteract the potency of the medication and increase financial gain. The addition of
harmful substances is also an example of a drug that may negatively impact public health.
False packaging and labelling are used to supply these drugs, indicating that they contain
ingredients not listed on the label. Falsified drugs are a leading cause of drug resistance
and are the most frequent cause of death due to their adverse effects on public health and
safety. Both developed and developing countries suffer from the neglect of public health by
multi-billion dollar industries.

Globally, counterfeit drugs are being used at an alarming rate, partly due to their
availability in different countries worldwide. The WHO reports that counterfeit medicines
make up 50% of the global drug market. The main reason for this is a lack of appropriate
regulation and implementation and an increase in the number of drug sources. In Asia and
Africa, 60% of the anti-infective drugs (antibiotics, anti-tuberculosis, anti-malarial, and anti-
retroviral) are out of their pharmacopeial limits, increasing the chances of drug resistance to
public health-threatening situations in developing countries. In Burma, Cameroon, Vietnam,
Cote d’Ivoire, and Nigeria, 8–35% of infective products were reported as counterfeit or
without an active ingredient [57]. Around 77% of oral dosage forms are counterfeited,
including tablets, syrups, and capsules, and 17% of injectables are available as counterfeited
due to the complexity of the availability of the equipment for the production of injectables.
As an example of this issue, A 21-year-old sister of Dr Dora Nkem Akunyili (Professor of
Pharmacology, Nigeria) died from diabetes caused by fake insulin used for her treatment
in 1988 [58].

The impact of counterfeit drugs on the public is not only medical but also economical.
According to the WHO, counterfeit drugs can lead to socio-economic effects such as loss of
productive capacity, loss of income, a lack of social well-being, increased poverty, wastage
of resources, a lack of confidence, increased mortality rates, increased disease prevalence,
and antibiotic resistance [59]. Consumers are increasingly concerned about drug safety,
resulting in a significant drop in patients’ trust and adherence. Drug counterfeiting results
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from various ingredient-dependent scenarios that cause patients to experience multiple
problems. These scenarios include [48]:

1. Drugs without the correct amount of active ingredients do not provide any therapeutic
benefit to the patient and worsen their condition. An example is the development of
antibiotic resistance due to counterfeit antibiotic therapy.

2. A patient’s health can also be affected by drugs with fake ingredients or incorrect
concentrations or doses for some ingredients. For example, a botulinum toxin, A
(Botox), was more concentrated than the real version when given to a physician,
resulting in respiratory paralysis and mortality for both the patient and the physician.

3. Drugs with completely wrong and counterfeit ingredients can also contain harmful
substances such as floor wax, boric acid, powdered cement, or other harmful chemicals.
For example, counterfeit cough syrups with antifreeze chemicals such as ethylene
glycol have caused more than 500 deaths among children worldwide. Erythropoietin
is another example of a counterfeit IV drug diluted with contaminated water and
directly injected into cancer patients. Drug products containing incorrect medications
cause several issues. Anti-obesity medicine orlistat (Alli) by GSK was distributed
in the United States, containing sibutramine instead of orlistat, which may interact
negatively with other medications taken by patients and cause a negative reaction in
their bodies.

As a result of these scenarios, patients lose trust in authentic drug products and
turn to undesirable alternative therapies. The easy availability and manufacturing of
counterfeit medications contribute to their success. As a result of a lack of rules and
regulations, fake drugs have a high-profit margin and distributors have a low risk of
being caught. Counterfeit medicines are readily available online because of the rising
prices of original drugs and the high consumer demand. In addition, because the public
lacks knowledge of drug products, pharmacies, hospitals, and companies can be trusted
without a problem [60]. Several factors facilitate the existence of counterfeiting medicines,
and the government should identify these factors so that accurate regulation can prevent
counterfeiting. These include:

1. A lack of constitutional protection.
2. A failure to enforce the existing constitution.
3. Insufficient national drug regulations.
4. Ineffective punishment.
5. Corruption.
6. Excessive demand over supply.
7. Inadequate coordination between stakeholders.
8. Absence of regulation by exporting countries.

3.2. Genetically Modified (GMO)

Foods

Governments around the globe have established a variety of approaches to address
the long-standing food crisis. GMO meat products from hormonally treated animals have
gained improved interest, presenting serious health consequences to consumers. Meat
adulteration by mixing meat from different animal species and ractopamine residues (RAC)
in imported and local food products was also detected using quantitative and qualitative
methods. It is considered one of the leading food adulteration technologies and illegal
additives that involve inserting foreign genes from bacteria, animals, viruses, or other plant
species into the consumed food [61,62].

Meat products have numerous nutritional quantities and are recommended for daily
usage, although meat’s nutrients and mineral deposits fluctuate according to components,
composition, and manufacturing conditions. Finally, high-quality meat should be available
with all nutritional values and without impurities or unknown species. Due to high
consumption and over-priced meat, producers tend to use unlicensed species in producing



Processes 2022, 10, 1715 11 of 31

processed and unprocessed meat products. Meat adulteration, which involves mixing
bovine meat with meat from other animals such as pork, donkey, chicken, horse, sheep, and
dog, is a general practice in several countries to increase the quantity and sell value [63,64].

Drugs

GMOs have appeared as one of the mainstays of biomedical research since the 1980s.
For example, GMO versions of human genetic disorders enabled scientists to test novel
treatments and discover the roles of candidate risk factors and transformers of disease out-
comes. GMO animals, plants, and microbes also modernized the production of complicated
drugs by enabling the generation of cheaper and safer therapeutics and vaccines [65,66].
Pharmaceutical drugs range from the recombinant vaccine of Hepatitis B (HBV) produced
by GM baker’s yeast to injectable insulin produced in GMO bacteria Escherichia coli and
to factor VIII (for haemophiliacs) and tissue plasminogen activator (TPA, for heart attack
or stroke patients), both of which are produced in the GMO mammalian cells grown in
artificial culture. These pharmaceutical products are very sensitive and cannot bear any
environmental stress, radiation exposure, and random rupturing during the transportation
and logistics of drugs. So, a more careful analysis is required to manage these products in
underdeveloped and developing countries, while developed countries have implemented
special technologies to handle such pharmaceutical products [67,68]. Due to the sophisti-
cated handling issues, a more trained and skillful management team and a blend of modern
tools are required for the efficient management and safety of PSCs worldwide.

3.3. Microbial Contamination

Foods

Microbial contamination occurs when food products have been contaminated by
microorganisms such as mold, bacteria, toxins, viruses, and fungi. Contamination can
occur through several means; for example, undercooking chicken can produce a bacteria,
campylobacter. During the slaughtering and rearing of animals, salmonella that lives
in the intestines of animals can transfer onto the food products. Preparing and storing
high-risk raw foods very close to being ready to eat can lead to cross-contamination [69,70].
Some fish and shellfish could eat toxic organisms that are hazardous to humans if they
consume them. All the issues mentioned above cause food contamination at each phase
of FSCs. However, most issues arise in the manufacturing of edible products and during
improper warehousing where the storage conditions are violated by any human error,
environmental issue, or any deficiency in the infrastructure of FSCs and logistics operation
while transporting food from the manufacturer to the customer. So, supplying food having
any microbial agent causes different diseases and death in some cases [71,72].

Drugs

Microbial contamination of drugs has proved an everlasting challenge for researchers
and pharmaceutical manufacturers around the globe. It could result in spoilage of a
formula by catabolism of active components and excipients by affecting its potency, efficacy,
and stability. A high number of microbes presents a serious health risk to consumers,
especially those who are already ill or in a health-weakened condition. Numerous cases of
infections due to the contaminated drugs were previously reported. Some common drug
contaminants include bacteria, where contamination with Gram-positive bacteria implicates
human intervention as a major reason for product contamination, while the presence of
Gram-negative bacteria suggests a lack of process control in pharmaceutical environments,
especially involving water systems and raw materials. Gram-negative rods are considered
the most commonly found bacterial quarantine in non-sterile pharmaceuticals, regardless of
geographical location [73]. Contamination of these kinds may occur during the customer’s
manufacturing, labelling, packaging, and utilization. The presence of active ingredients in
the drug causes severe reactions in the patients and certainly causes death [74,75].
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3.4. Environmental Issues

Foods

Some environmental factors such as temperature, high pressure, radiation exposure,
UV sunlight, and high moisture contents of air are the factors responsible for deteriorating
the quality of food as they can change the colour, texture, taste and flavour of the food
without having any serious reaction, but the food is denatured because of the presence
of any enzymatic or chemical induction cascade [76,77]. Foods containing carbohydrates
including dairy products and proteins such as meat products are easily denatured by heat
stress. So, denatured products have a bitter taste and should not be consumed, but if
someone eats them, this will cause severe health issues such as food poisoning, which
can lead to a gastrointestinal (GIT) tract infection or severe dehydration that could cause
death [78,79]. Radiation exposure is another risk for food products that can denature the
food; thus, its active ingredients can be changed and cause a serious threat to health if
consumed by any human. Radiation breaks the bonds between the food residues; thus,
stability is lost before the actual utilization of products. Another factor is the high moisture
content in rainy seasons, which denatures the integrity of ingredients in dry foods such as
flour, snacks, and pulses [80,81].

Drugs

It has been observed that certain environmental stress factors are responsible for the
degradation of active ingredients of drugs at any stage of the PSC or during logistics
operations. Temperature is a key factor responsible for the denaturation of drugs. Due to
denaturation, patients face certain health as well as economic losses such as with various
hormones as insulin requires a storage temperature for its integrity during its movement
through the supply chain and therefore loses its effective temperature and its intra-chemical
binds break and thus have no effect when administered into the patients [82,83]. The other
factor is radiation exposure, which degrades various drugs when a very high UV light
falls on them. Improper storage in warehousing or during logistics denatures the drug’s
chemical formula due to any damage to its packing material or substandard packaging of
the drugs. Other uncontrollable external influences could also affect the environmental
condition of drugs, such as natural disasters [84], climate disturbances [85], terrorism, or
political issues, such as wars or sanctions imposed on certain countries [86]. All of these
can delay the delivery of drugs from manufacturer to retailer, cause degradation, or allow
the mixing of fake drugs into the original authentic ones. For example, at the beginning of
the COVID-19 crisis, unexpected conditions strained the world and caused disturbances to
all supply chains, including the PSC [87,88].

3.5. Biochemical Contamination

Foods

Biochemical contamination refers to the presence of any bioactive compounds in food
that can react either by catabolism or anabolism and produce a toxin or allergen that can
react upon eating with any living organisms, normal body tissue, chemical compound,
enzyme, and hormone, and even with any organ. Allergenic contamination happens
when a food product that causes allergic reactions comes into contact with other food
products [89,90], for example, if the same knife used to cut normal bread is then used to
cut gluten-free bread, or if pasta is stored in a tub that contains peanuts. Moreover, cow’s
milk allergies are very common among children and infants. They usually appear in the
first six months of life. Fresh cow’s milk and products made with milk, such as cream,
yoghurt, cheese and butter, and milk powder can trigger a milk allergy. Milk allergies are
common among people who have asthma as well. Lactose intolerance is a reaction to the
sugar in cow’s and breast milk but is different from a milk allergy. The allergy to cereals
containing gluten is also known as wheat allergy. Foods with wheat, rye, barley, and oats
can cause it. Many people have intolerances to wheat rather than allergies, but allergies
are also common. Coeliac disease is different from gluten sensitivity. Gluten causes this
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gastrointestinal condition, which, if unmanaged, can lead to long-term complications. For
someone having a food allergy, utilizing even a small quantity of that food is sufficient to
cause a deadly reaction. Finally, it is essential to prevent allergenic contamination of food
in the home [91,92].

3.6. Emergence of New Technologies

Drugs

New technologies in PSCs have revolutionized manufacturing, processing, packag-
ing, and logistics. However, certain problems arise in different phases of the PSC, such
as distribution and point-of-sale, which can affect the safety of delivered drugs. These
issues vary but solving them faces barriers such as the high costs required for a first-time
investment to integrate these technologies and time required to adapt to the change, lack
of implementation of strict regulations, inefficient coordination, and collaboration across
phases and stakeholders of the PSC, the challenge in openness and sharing the information,
lack of objective yardsticks, and lack of patients’ awareness. Implementation of emerging
technologies causes other challenges to manage the PSCs due to little training and work-
force expertise and having complex operational cascades to the staff who have limited
knowledge of conventional technologies and does not have sufficient knowledge to manage
the emerging technologies such as traceability and forensic technologies [93,94]. These can
affect the good side of implementing these sophisticated technologies to achieve safe drugs.
An effective PSC that implements a successful technology depends mainly upon collabora-
tion and coordination between the stakeholders, including patient participation, keeping
them up to date and providing them with the training if required [95]. Stakeholders also
require proper training in PSC to manage and resolve hazards during a natural disaster [5].

3.7. Lack of Consumers/Patients’ Awareness

Foods

Eating hygienic food is a basic right of every individual, and people expect that
the food they eat will be hygienically and safe. Most food denaturation occurs during
storage and transportation, which becomes an issue due to consumers’ lack of knowledge
of proper handling [96,97]. Inform consumers about food handling to reduce waste and
food-borne illnesses is a significant problem. For example, a study conducted in Germany
said that 35% of foodborne illnesses were due to the lack of proper handling and storage
of information on the consumer’s side. These illnesses caused people to face economic
and health issues and burdened the country’s healthcare system [98]. The awareness
of consumer and their knowledge regarding the importance of food quality and proper
storage are considered significant for ensuring consumer safety in the social marketing of
edible products. Product labels present information about the proper storage and handling
of any food product. However, about 70% of consumers do not pay attention to these labels,
and 20% do not consider this information significant to educate them to maintain food
quality and nutritional values [99,100].

Drugs

Every patient expects to have an effective medication which can cure him immediately.
Pharmaceutical products have some bioactive compounds that require proper handling
and storage conditions for proper functioning and to prevent denaturation and oxidation-
reduction reactions [101,102]. Patients already in depressed conditions due to bad health
do not consider the instructions on the labels of these medicines, which provide necessary
storage and handling information about these medications. Ignorance of this critical
information will result in the denaturation of the bioactive components of drugs. Thus,
these drugs will not function as they should and eventually negatively affect patients. A lack
of patients’ awareness of storing and handling expensive medications such as hormones
can easily denature and burden the production and health systems [103,104]. Online
pharmacies often sell and deliver medication to patients without requiring prescriptions,
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a serious issue because no mechanism exists to check and balance the medication they
provide. Moreover, customers are unfamiliar with the processes by which they could detect
fake drugs unsuitable for human use [17,105].

4. Solutions for Food Quality and Drug Safety

Food quality and drug safety issues are the chief public health concerns nowadays
around the globe. Policymakers, governments, and other stakeholders are trying to find
and implement solutions that can effectively address all the issues in these two critical
fields. This segment will discuss similar solutions to integrate and overcome both public
health issues integrally, as illustrated in Figure 4. The solutions are classified into four main
points: tools, design, technologies, and resource management.
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4.1. Tools
4.1.1. Life Cycle Assessment (LCA)

LCA is a process aiming to determine a product’s environmental impacts throughout
its lifespan. It is a useful tool for evaluating critical products such as foods and drugs; this
process is highly recommended [106]. LCA can demonstrate, for example, that switching
to a slurry system for manure management will reduce ammonia and nitrate emissions,
reducing the impact of beef production on acidification and eutrophication [107]. Product
sustainability can be ensured by considering LCA at various stages in the supply chain,
beginning with raw material production and extraction, moving onto manufacturing, and
then packaging, distribution, retail, use, and disposal [108]. Such assessments also evaluate
the preservation of nutritional value and the denaturation of their bio-active contents.
Experts in food operations management and pharmaceutical bio-active metabolism can
evaluate all these factors to get a sense of the shelf life of the food or drug product to ensure
that it will not be destroyed by biochemical reactions or microbiological infections at any
stage of its life [88,109]. As a result of this knowledge and understanding, the organization
can deliver safe food and medicine to its customers and avoid loss by preserving the
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products; this generates revenues for the business because shortages are a major concern
around the globe [110,111].

According to Figure 4, maintaining the LCA of food and drug products to resolve
various issues was effective. LCA can be used to solve food quality issues such as detecting
food adulteration [112,113], GMO foods [114,115], microbial contamination [116,117], and
biochemical contamination [118,119]. LCA can also be used to solve drug safety issues
to detect if there is drug counterfeiting [120,121], GMO drugs [122,123], and microbial
contamination [124,125].

4.1.2. Contracts

Contracts are strategic management approaches that sellers and buyers use to manage
supplier and customer expectations, relationships, costs, and risks. These contribute to
the success of the organization in a broader sense. Within supply chains, information
asymmetry always persists between consumers and stakeholders. A lack of regulations and
standardization, combined with legacy systems, exacerbates the issue [126]. Contacts with
third parties create a link bonded legally between producers and consumers. Contacting
parties must know every detail of their products, from the extraction and receiving of
raw materials to manufacturing procedures within the industry, up to the level where the
consumer receives the final product, so they understand what they are selling. Thus, there
will not be a risk of data manipulation or theft due to a lack of security in the future [127].

According to Figure 4, setting contracts between the stakeholders of food and drug
supply chains can solve issues regarding trust and, therefore, ensure the source of food
supplied is trustworthy, food is high quality, and no chance exists for adulteration [128,129].
Contracts can also solve drug safety issues such as counterfeiting, especially if the contracts
were signed with trusted parties to ensure the supplies of APIs [27,130].

4.1.3. Cold Chains

Cold Chain Management (CCM) is a complex and important process required for
perishable goods in the food and drugs sectors. A “cold chain” preserves perishable prod-
ucts from production to the final consumption stage at low temperatures. All perishable
food products such as vegetables, meat, and bread, and some perishable drugs such as
hormones and vaccines can easily be degraded by a minor change in their temperature,
so cold chains in logistics operation safeguards the quality and safety of these products.
Special vehicles with temperature-controlled refrigerators are utilized for logistics that are
necessary for maintaining the internal temperature to keep the products safer from the
harms of temperature fluctuation in the external environment, especially during summer.
Smart sensors are also attached to the products through a USB known as a temperature data
logger that can read the product temperature in real time and provide alarms if the product
is out of its temperature safety zone throughout its journey. Cold chains also protect the
goods from microbiological destructions during transportation at large distances. As a
result, customers receive quality food with integrity in taste and nutritional value and
drugs with all the bioactive components necessary for the safety of patients to whom it will
be administered [131,132].

As an example of the potential similarities, using temperatures as a critical control
point, Figure 5 compares the similarities of the processes of both FSC and PSC. While other
factors, such as pressure, radiation exposure, environmental changes, and other microbio-
logical hazards, may have impacts, these are not common and rarely occur. Therefore, we
have shown how we can use a cold chain as a solution for both supply chains during the
transportation of either food or drug products.

According to Figure 4, the cold chain’s processes and its tools can solve food qual-
ity issues such as environmental issues [133,134], microbial contamination [81,135], and
biochemical contamination [136]. Cold chains can solve drug safety issues such as environ-
mental issues [137,138] and microbial contamination [139,140].
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4.2. Design
4.2.1. Complexity Reduction

The design of the supply chains is an important factor to consider and review regularly
to achieve efficient and effective results, which in turn achieve safe products. Complexity
reduction in supply chain design applies to both FSCs and PSCs. During the unprecedented
COVID-19 crisis, the long supply chain operation and the complex logistics caused a delay
in the delivery of perishable food and drugs, thus causing these important products to
denature. As a result of the complexity of FSCs and efforts to reduce food wastage during
its manufacturing, processing, storage, and distribution to end consumers, direct or short
FSCs have been widely embraced in many developed countries [141]. Some have observed
that consumers in some societies preferred to buy items directly from the producers or
farms to avoid denaturation during the time-consuming product distribution process from
the manufacturer to the retailer and to better understand the customer’s expectations [142].
Despite their multiple advantages, there are no specific models to ensure the food safety of
local or short supply chains. This is a matter of concern for policymakers and manufacturers,
who must develop a system for transporting food from farm to table for end consumers
without intermediaries [143]. Short FSCs are environmentally friendly because they do not
require packaging or storage of the final product, eliminating the need for biodegradable or
non-biodegradable packaging materials. A prepared product is immediately handed over
to the consumer, so there are few chances for degradation by biochemical or microbiological
agents. This contributes to society’s health and well-being and enhances harmony among
the local population when they exchange their products [144]. Figure 6 illustrates the
benefits of having short FSCs.

Complexity reduction in the case of the PSCs can resolve other issues, most importantly
detecting drug counterfeiting. Recent reports indicate that the increase in counterfeit
drugs results from unnecessary intermediaries between the manufacturing stage and
sales of drugs. As a result, some stakeholders mix up fake and original drugs due to
their lack of knowledge and unawareness of counterfeit drugs’ hazards and side effects.
Therefore, working on complexity reduction of distribution hierarchy, for example, is
essential to eliminate the introduction of counterfeit drugs because it will simplify the
network and make it easier to monitor and trace [145]. Streamlining and simplifying
the distribution network of PSCs, as illustrated in Figure 7, without cutting necessary
procedures, is necessary in the first place to eradicate counterfeit drugs. There is a need
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to closely coordinate the manufacturing and sales departments by eliminating the need
for warehousing and distribution if not needed. This will also make companies more
cost-efficient and force companies to work toward demand-based production, preventing
the risks associated with storage and ensuring drug quality and ingredient conservation.
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According to Figure 4, complexity reduction can solve food quality issues such as
adulteration, microbial and biochemical contamination [147,148], and other environmental
issues [24,41]. It can also solve drug safety challenges, such as environmental issues [95,149],
and greatly contribute to resolving issues related to drug counterfeiting [150,151].

4.2.2. Reverse Logistics (RLs)

In the past two decades, researchers have increasingly focused on RLs because a large
amount of waste was generated in distinct phases of FSCs and PSCs due to manufacturers’
defaults in production or delays caused in transportation and not delivering the products to
consumers at the right time [93]. The recall of food and drug products has been experienced
in all stages of their supply chains. Denatured products are returned to their manufacturer
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or disposed of in case they are counterfeited. It is the manufacturer’s responsibility to
evaluate the contents for recycling if possible. Otherwise, it is discarded [152]. RLs
play a significant role as eco-friendly procedures and one means for closing the loop
of a typical forward supply chain [153] that can ensure food quality and drug safety
consumed by end-users. Discarding food or drug products and taking them through a
proper disposal path of the main supply chain will ensure high public health safety and
quality of the consumed products. There are major side effects to consuming denatured
products containing bacteria and fungi, which could severely harm human health and
strain health systems already under intense stress due to various complications. It is also
possible to suffer fatal consequences from consuming products outside their standard level,
depending on the situation. Hence, efficient RLs guarantee the health and safety of the
population around the globe [154,155].

According to Figure 4, the RLs can solve food quality issues such as adulteration and
microbial contamination [156,157] and environmental issues [152,158,159]. They can also
solve drug safety issues such as counterfeit and microbial contamination [160,161] and
environmental issues [162,163].

4.3. Technologies
4.3.1. Anti-Counterfeiting Technologies

Although the quality and safety of both FSCs and PSCs are critical to achieving public
health, PSCs are more serious. As a preventive measure for protecting public health and
patient safety, it is crucial to adapt and utilize an effective anti-counterfeiting technology.
Government authorities can use these technologies to evaluate the safety of PSC. For
example, the 1987 US Prescription Drug Marketing Act clearly stated that wholesalers
should furnish the pedigree before every supply. The following technologies can combat
counterfeiting [48]:

• Overt anti-counterfeiting technologies (OACTS):

This technology is used in drug packaging. This way, counterfeiters cannot make
copies of the drug packaging and can be easily identified by patients. This feature is
simple and cost-effective. Many pharmaceutical companies use this technology to prevent
counterfeit drugs. One example is the use of holograms.

• Covert anti-counterfeiting technologies:

A transparent fingerprinting technique for tablets uses embedded images and digital
watermarks. It is simple, cost-effective, and does not require regulatory approval but only
has a limited range.

• Forensic anti-counterfeiting technologies:

In this process, chemical, biological, and micro taggants are used. The technique is
secure and cannot be copied. Still, it is expensive and limited in use because it requires a
licensing system.

• Traceability technologies:

Different technologies can be used to track and trace items and identify counterfeits,
including but not limited to barcodes, pedigrees, mass serialization, radio frequency iden-
tification (RFID), IOT, and the blockchain (an emerging technology). These technologies
apply to foods and drugs:

1. RFID

The technology uses radio waves and wireless capabilities to transmit digital infor-
mation using microchips containing tags. Many items and products can be verified using
these tags while reducing the burden of maintaining supply chain integrity. Customers can
check the authenticity of food or drug products at all points of the supply chain, benefiting
both the consumers and the supply chain partners to ensure the food quality and drug
safety delivered [48]. According to Figure 4, RFID can solve food quality issues such as
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environmental issues [164,165] and GMO food products [166,167] and can solve drug safety
issues such as unintentional counterfeiting due to random errors [168,169], intentional
counterfeiting due to human objectives [170,171], and environmental issues [172,173].

2. IOT

IOT is a collection of networks of physical devices that can be attached to food or drug
products and are connected over the internet. These devices are numerically integrated
with sensors, software, and other technologies to track and measure supply chain visibility,
interactions, agility, and data exchanges to control, plan, and organize their processes.
Many FSC and PSC entities have used this technology for easy traceability and automatic
processing [174]. Research has categorized IOT as an emerging tool despite its many
advantages due to difficulties arising from its implementation in supply chains. IOT tech-
nologies face many challenges, including a lack of network structure, hardware technical
skills, integration, and interoperability, internet accessibility, and big data management.
Researchers have predicted that sufficient infrastructure will be established soon, increasing
the potential of IOT in supply chains [21] to ensure food quality and drug safety. According
to Figure 4, IOT can solve food quality issues such as environmental issues [175,176] and
GMO food products [177], can solve drug safety issues such as GMO drugs [178,179],
environmental issues [180,181], and contribute to detecting drug counterfeiting [182,183].

3. Blockchain

Blockchain provides food and drug companies with security, traceability, and decen-
tralizing data related to their products. Blockchain technology is an electronic ledger that
follows a decentralized network model. In this technology, information is distributed across
all nodes in the network rather than gathered into one database. Verified information is
added to the previous block’s hash value and is hashed to produce a new block using
a cryptographic hash function. Immutability is a unique feature of this platform since
every change is recorded, displayed, and tracked to the whole network of collaborators
with access to the data. The information is also decentralized across several servers [184].
Blockchain technology effectively prevents food and drug counterfeiting and cyberat-
tacks [49]. Different organizations are utilizing technology to manage the integrity of
their supply chains through developing prototypes and simulation modelling. The IEEE
Standards Association has organized a series of workshops and seminars to evaluate
the effectiveness of blockchain technology by comparing it with other systems to ensure
the safety of food and drugs in supply chains. Drug manufacturers are now using this
technology to ensure the quality of pharma products across supply chains [185].

Despite all these benefits, blockchain technology has faced challenges in supply chains
where trust remains an issue between stakeholders, although every data transaction in a
blockchain is recorded so that it cannot be hacked or corrupted by any stakeholder to cheat
others. In addition, it is very expensive to invest in implementing the technology for the first
time due to required maintenance after regular intervals, managing servers, and avoiding
bugs, resulting in an increase in price and an inability to beat competitors in the market,
consequently a decline in revenue [186]. Furthermore, this technology will require well-
trained personnel to ensure the correct use of data and therefore ensure high-quality returns.
According to Figure 4, blockchain can solve food quality issues such as food adulteration,
especially if the source of supply is known [129,187], and environmental issues [188,189].
For drug safety issues, blockchain can mainly trace and detect counterfeiting drugs [27,190].

4.3.2. Smart Packaging

The intelligent and smart packaging of food and drugs enables them to face certain
environmental stresses as it blocks high-energy UV radiation, which safeguards the integrity
of products by maintaining their chemical bonds [191]. Moreover, efficient packaging
material did not allow the entry of tiny creatures such as viruses, bacteria, and fungi
responsible for the microbiological destruction of food and drugs. Packaging also maintains
the moisture content of the products and prevents them from damage due to which
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texture, colour, and flavour of the food remain intact. Sometimes moisture from the
environment damages substandard packaging and reacts with the bioactive ingredients
of drugs, changing their chemical formula and becoming effective, especially during the
rainy season. Manufacturers also realized that smart packaging materials are necessary to
deliver safer food and drugs to the customers to seek their trust in their brand [192,193].

According to Figure 4, smart packaging can solve food quality issues such as adul-
teration and microbial contamination [194,195], biochemical contamination [196,197], and
environmental issues [198,199] and can solve drug safety issues such as counterfeiting
drugs [200,201], environmental issues [202,203], and microbial contamination [204,205].

4.4. Resource Management and Training

Scientists and researchers are implementing food quality and drug safety tools to
prevent public health issues. As an example of food processing, scientists are researching
novel extraction tools, fermentation for natural preservation, personalized nutrition based on
individual caloric requirements, advanced forward osmosis separation techniques and setting
up food banks in developed countries to salvage and redistribute nutritious food to vulnerable
groups [113]. Moreover, reducing food wastage and ensuring sustainability can be achieved
with better logistics operations management, generating revenue without using expensive
technology. With such a crisis and unprecedented conditions like COVID-19, specialized
skills and effective management in logistics could prevent food or drug products from
denaturing and their contents from deteriorating. They will also be able to ensure the
products’ authenticity and eliminate counterfeits. To address the hazards to products
during transportation, logistics staff should have modern training so that valuable products
could be saved from environmental hazards, for example, in specific instances. Science
always tries to provide technical solutions to achieve high food quality and drug safety.
Still, it is the responsibility of the stakeholders to make use of these sources by training
manpower that is mentored enough to get the most out of the technological solution by
smart and efficient management.

Skilled staff and experts should receive purpose-oriented learning opportunities at
their jobs to increase their awareness of food and drug processing mechanisms and fa-
miliarize them with supply chain management standards during an outbreak or other
unprecedented situations. Around the world, certain universities provide purpose-oriented
weekend programs for employees, such as MBA hospitals and healthcare management pro-
grams. This training enables staff to understand and use modern technology and effective
planning to address drug safety issues in supply chain and logistics operations. Specially
designed curriculum for utilizing modern tools to ensure better public health facilities
must be developed because skilled staff must have a holistic knowledge of drug safety
and food quality factors. Weekend classes accommodate working professionals, making
this a truly dynamic and accessible program. A blended learning approach of online and
on-campus sessions exposes students to the new realities of the business world, and it
reinforces student-centred learning by providing a truly transformative and interactive
experience. Blended learning techniques throughout the MS studies will be presented with
a diversity of instructional approaches, learning technologies, case studies, readings, role
plays, and industry engagements.

Researchers suggest that companies develop effective procedures for supply chains to
cope with disruptions or unplanned events. Their research suggests that supply chain and
logistics staff training in food and pharmaceutical companies must be based on present
conditions as the best example of how to train staff using modern technology to over-
come these disruptions. Figure 8 illustrates the correlation between staff training and the
need to understand and run the technologies safely and efficiently and achieve a resilient
supply chain.
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5. Overall Review Findings

This paper explores the main aspects of achieving efficient FSC and PSC management,
as well as the crucial role that food quality and drug safety play in ensuring public health
and meeting the increasing demand of the global population at high standards. Scholars,
researchers, and government policymakers agree that the issue of food quality and drug
safety is incredibly complex, and no single solution can guarantee to provide flawless
products. Consequently, food and drug products are prone to various loopholes that affect
their safety, intentionally or unintentionally, and counterfeiters exploit these points to
financially grow illegally.

First, the review discussed factors affecting food quality and drug safety and classified
them into seven main categories, with counterfeiting or adulteration at the top of the
list. The quality of food or safety of drugs is degraded deliberately by substituting main
ingredients with clandestine alternatives or removing valuable elements to reduce the cost
or increase the quantity of these products. However, this makes food and drugs unfit for
human consumption, often harms public health, and causes needless deaths. GMO foods
and drugs are also problematic due to their adverse impacts on quality standards and
safety, primarily to combat the food and drug crisis due to high consumption and prices.
For example, certain meat products are expensive; therefore, producers often mix these
products with meat from other animals to increase the amount and value of the product.
Several other topics were discussed, such as microbial and biochemical contamination, the
development of new technologies, environmental concerns, and the lack of awareness of
patients and consumers. Several issues are common to both supply chains, while some are
limited to only one of the supply chains.

Second, the objective of the review was to identify possible solutions to overcome
these issues and improve results through proper supply chain management. An extensive
literature review was conducted to achieve this objective, and similar solutions were
found that can be implemented to overcome both food and drug issues. Solutions were
categorized into four categories: tools, design, technologies, resource management, and
training. Among the solutions included under the tools layer are LCA, contracts, and
cold chain tools. A design layer identified solutions such as reducing the complexity of
supply chains and RLs. The technology layer examined many technologies used to detect
counterfeits, which were primarily categorizing them into two categories: traceability
technologies, such as RFID, IOT, and blockchain, and smart packaging technologies. The
final category layer emphasizes soft skills, which can be achieved through extensive training
and resource management. Training opportunities should be available to employees
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working with FSCs and PSCs to better understand the critical nature of the food and drug
products they work with and their effect on public health, as well as to learn how to use the
technologies and simplify their work. A skilled workforce should be experts in managing
critical supply chains, whether under normal circumstances or in unusual situations.

The third objective was achieved by investigating and discussing methods that could
be used to resolve similar issues related to FSCs and PSCs, as well as proposing an inte-
grated supply chain framework that ensures the quality, safety, and sustainability of food
and drugs through a multilayered cross-verification cascade. This framework has been
proposed for similar solutions to overcome both public health issues integrally. Figure 9
summarizes the total number of solutions that can be used to resolve food quality and drug
safety issues in an integrated form across both supply chains.

Processes 2022, 10, x FOR PEER REVIEW 23 of 33 
 

 

of patients and consumers. Several issues are common to both supply chains, while some 
are limited to only one of the supply chains. 

Second, the objective of the review was to identify possible solutions to overcome 
these issues and improve results through proper supply chain management. An extensive 
literature review was conducted to achieve this objective, and similar solutions were 
found that can be implemented to overcome both food and drug issues. Solutions were 
categorized into four categories: tools, design, technologies, resource management, and 
training. Among the solutions included under the tools layer are LCA, contracts, and cold 
chain tools. A design layer identified solutions such as reducing the complexity of supply 
chains and RLs. The technology layer examined many technologies used to detect coun-
terfeits, which were primarily categorizing them into two categories: traceability technol-
ogies, such as RFID, IOT, and blockchain, and smart packaging technologies. The final 
category layer emphasizes soft skills, which can be achieved through extensive training 
and resource management. Training opportunities should be available to employees 
working with FSCs and PSCs to better understand the critical nature of the food and drug 
products they work with and their effect on public health, as well as to learn how to use 
the technologies and simplify their work. A skilled workforce should be experts in man-
aging critical supply chains, whether under normal circumstances or in unusual situa-
tions. 

The third objective was achieved by investigating and discussing methods that could 
be used to resolve similar issues related to FSCs and PSCs, as well as proposing an inte-
grated supply chain framework that ensures the quality, safety, and sustainability of food 
and drugs through a multilayered cross-verification cascade. This framework has been 
proposed for similar solutions to overcome both public health issues integrally. Figure 9 
summarizes the total number of solutions that can be used to resolve food quality and 
drug safety issues in an integrated form across both supply chains. 

 
Figure 9. Total number of proposed solutions that can be used to resolve the issues. 

As a result of the importance and seriousness of counterfeiting and adulterating food 
and drugs, much of the current research has focused on this issue on a large scale. Accord-
ing to the analysis, counterfeit/adulteration issues receive more attention because of their 
high rate of occurrence, which explains why they receive the highest ranking compared 
to other solutions that have been discussed to mitigate and overcome the concern issue 
and ensure a high level of quality and safety. This is followed by environmental issues 

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Microbial contamination

Lack of Consumers/Patients’ Awareness

GMO

Environmental issues

Emergence of New Technologies

Counterfeiting/adulteration

Biochemical contamination

Figure 9. Total number of proposed solutions that can be used to resolve the issues.

As a result of the importance and seriousness of counterfeiting and adulterating food
and drugs, much of the current research has focused on this issue on a large scale. According
to the analysis, counterfeit/adulteration issues receive more attention because of their high
rate of occurrence, which explains why they receive the highest ranking compared to
other solutions that have been discussed to mitigate and overcome the concern issue and
ensure a high level of quality and safety. This is followed by environmental issues and then
microbial contamination, both of which significantly impact food quality and drug safety.

6. Conclusions

From the beginning of the 21st century, researchers and scientists have shown their
interest in public health issues, specifically addressing the importance of maintaining the
quality of food and the safety of drugs to reduce the burden on global health care systems
and ensure the health of communities. Using healthy, high-quality foods and safe drugs
helps develop a strong immune system and decrease the impact of a disease. Unfortunately,
the quality of food and drug products is deteriorating daily due to various intentional
or unintentional environmental factors, and these factors are not limited to a particular
phase of a supply chain. Some factors present themselves at the manufacturers’ end due to
the complex manufacturing processes, some at the warehousing stage, and some during
logistics, distribution, or retailing. The quality and integrity of food and drugs can also be
compromised while being used, handled, or stored by customers.

This study systematically reviews the literature to identify gaps in the most critical
public health topics related to food quality and drug safety research. In addition, the
review presents the challenges in supply chains and elucidates the provided solutions.
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Many research studies have explored the importance of food quality and drug safety.
Nonetheless, to the best of our knowledge, no study has carried out a meta-analysis to
examine the factors affecting food quality and compromise drug safety in combination.
As such, this review bridges the literature gap by identifying the factors causing issues
for both supply chains and classifies similar solutions in supply chain systems through
implementing tools, emerging technologies, exploring policies, focusing on critical control
points, and redesigning the supply chains to achieve the desired results and improve
public health.

Several issues are common to both supply chains, including counterfeiting, genetic
modification (GMO), microbial contamination, environmental issues, and lack of con-
sumer/patient awareness. Some issues are more to food, such as biochemical contamina-
tion or drugs, such as the emergence of new technologies. A multi-layered cascade in the
integrated supply chains has been proposed to overcome both public health issues inte-
grally. The first layer corresponds to the tools category, which includes life cycle assessment
(LCA), implementing contracts between suppliers and buyers, and the special tools used
for the cold chain processes in logistics operations to assure the basic processing operations
and safeguard product quality and safety. The second layer is a modification of the supply
chain structure through redesign, which is essential to reduce complexity and improve
reverse logistics to avoid certain extra steps that may be responsible for unsafe food and
drugs. This process should be reviewed regularly to ensure efficient and effective results.
The third layer consists of modern technologies to protect public health and patient safety,
such as anti-counterfeiting, traceability, and smart packaging, which can be implemented
and deployed to ensure food quality and drug safety and detect the presence of original
or fake products at any phase of the supply chain. These three layers assist in achieving
an integrated supply chain by leveraging a combination of tools, processes, skills, and
technologies to solve the similar issues of PSCs and FSCs within a limited timeframe for
maintaining public health and reducing wastage in a world where there is a severe shortage
of food and drugs in underdeveloped and developing countries.

The current review can serve as a basis for future research by focusing on the quanti-
tative component and testing hypotheses based on statistical analysis. To provide more
comprehensive results related to this topic, surveys and interviews can be conducted with
respondents and stakeholders from both supply chains (food and drug) and results can be
compared. The proposed framework could also be tested on other topics related to public
health to determine its feasibility and provide a path for gradually integrating the multiple
layers. Further research should be conducted to compare the solutions discussed in this
review. Such research would facilitate updating the proposed framework to curb food
quality and drug safety issues.
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Krajewska, D.; Salehi, B.; Prabu, S.M.; et al. Probiotics: Versatile Bioactive Components in Promoting Human Health. Medicina
2020, 56, 433. [CrossRef] [PubMed]

103. Lau, D.T.; Kasper, J.D.; Hauser, J.M.; Berdes, C.; Chang, C.-H.; Berman, R.L.; Masin-Peters, J.; Paice, J.; Emanuel, L. Family
Caregiver Skills in Medication Management for Hospice Patients: A Qualitative Study to Define a Construct. J. Gerontol. Ser. B
Psychol. Sci. Soc. Sci. 2009, 64, 799–807. [CrossRef]

https://www.researchgate.net/profile/Md-Amdadul-Haque/publication/275100415_Drying_and_Denaturation_of_Proteins_in_Spray_Drying_Process/links/5b457dfea6fdcc6619171c1e/Drying-and-Denaturation-of-Proteins-in-Spray-Drying-Process.pdf
https://www.researchgate.net/profile/Md-Amdadul-Haque/publication/275100415_Drying_and_Denaturation_of_Proteins_in_Spray_Drying_Process/links/5b457dfea6fdcc6619171c1e/Drying-and-Denaturation-of-Proteins-in-Spray-Drying-Process.pdf
https://www.researchgate.net/profile/Md-Amdadul-Haque/publication/275100415_Drying_and_Denaturation_of_Proteins_in_Spray_Drying_Process/links/5b457dfea6fdcc6619171c1e/Drying-and-Denaturation-of-Proteins-in-Spray-Drying-Process.pdf
http://doi.org/10.1111/1541-4337.12343
http://doi.org/10.3390/pharmaceutics11030129
http://doi.org/10.3389/fbioe.2020.00079
http://www.ncbi.nlm.nih.gov/pubmed/32133353
http://doi.org/10.1186/2008-2231-21-69
http://www.ncbi.nlm.nih.gov/pubmed/24355166
http://doi.org/10.1108/14635771311299506
http://doi.org/10.1109/CONFLUENCE.2019.8776891
http://doi.org/10.1016/j.jpba.2014.11.040
http://doi.org/10.1016/j.ecoenv.2017.09.060
http://doi.org/10.1016/j.fm.2013.02.009
https://www.cabdirect.org/cabdirect/abstract/20143066888
http://doi.org/10.1016/j.lwt.2012.07.040
http://doi.org/10.1016/j.jcs.2013.10.001
http://doi.org/10.1108/IJLM-08-2012-0073
http://doi.org/10.1108/IJPHM-10-2015-0050
http://doi.org/10.1016/j.psep.2018.06.031
http://doi.org/10.1016/j.jrurstud.2012.05.005
http://doi.org/10.5219/1003
http://doi.org/10.1108/00070701111148423
https://www.researchgate.net/profile/Vjaceslavs--Kocetkovs/publication/333084312_Consumer_awareness_and_attitudes_towards_active_and_intelligent_packaging_systems_in_the_Latvian_market/links/5d6bff60a6fdcc547d7200a8/Consumer-awareness-and-attitudes-towards-active-and-intelligent-packaging-systems-in-the-Latvian-market.pdf
https://www.researchgate.net/profile/Vjaceslavs--Kocetkovs/publication/333084312_Consumer_awareness_and_attitudes_towards_active_and_intelligent_packaging_systems_in_the_Latvian_market/links/5d6bff60a6fdcc547d7200a8/Consumer-awareness-and-attitudes-towards-active-and-intelligent-packaging-systems-in-the-Latvian-market.pdf
https://www.researchgate.net/profile/Vjaceslavs--Kocetkovs/publication/333084312_Consumer_awareness_and_attitudes_towards_active_and_intelligent_packaging_systems_in_the_Latvian_market/links/5d6bff60a6fdcc547d7200a8/Consumer-awareness-and-attitudes-towards-active-and-intelligent-packaging-systems-in-the-Latvian-market.pdf
https://www.researchgate.net/profile/Vjaceslavs--Kocetkovs/publication/333084312_Consumer_awareness_and_attitudes_towards_active_and_intelligent_packaging_systems_in_the_Latvian_market/links/5d6bff60a6fdcc547d7200a8/Consumer-awareness-and-attitudes-towards-active-and-intelligent-packaging-systems-in-the-Latvian-market.pdf
http://doi.org/10.1108/BFJ-02-2021-0160
http://doi.org/10.1080/10408390902841529
http://www.ncbi.nlm.nih.gov/pubmed/19484636
http://doi.org/10.3390/medicina56090433
http://www.ncbi.nlm.nih.gov/pubmed/32867260
http://doi.org/10.1093/geronb/gbp033


Processes 2022, 10, 1715 28 of 31

104. Sivasankaran, P.; Mohammed, E.B.; Ganesan, N.; Durai, R. Storage and Safe Disposal of Unwanted/Unused and Expired
Medicines: A Descriptive Cross-Sectional Survey among Indian Rural Population. J. Young Pharm. 2019, 11, 97–100. [CrossRef]

105. Clark, F. Rise in online pharmacies sees counterfeit drugs go global. Lancet 2015, 386, 1327–1328. [CrossRef]
106. Klöpffer, W. Life cycle assessment. Environ. Sci. Pollut. Res. 1997, 4, 223–228. [CrossRef]
107. Algren, M.; Fisher, W.; Landis, A.E. Machine learning in life cycle assessment. In Data Science Applied to Sustainability Analysis;

Elsevier: Amsterdam, The Netherlands, 2021; pp. 167–190. [CrossRef]
108. Muthu, S.S. Estimating the overall environmental impact of textile processing: Life cycle assessment (LCA) of textile products. In

Assessing the Environmental Impact of Textiles and the Clothing Supply Chain; Elsevier B.V.: Sawston, UK, 2014; pp. 105–131.
109. Cucurachi, S.; Scherer, L.; Guinée, J.; Tukker, A. Life Cycle Assessment of Food Systems. One Earth 2019, 1, 292–297. [CrossRef]
110. Sonesson, U.; Davis, J.; Flysjö, A.; Gustavsson, J.; Witthöft, C. Protein quality as functional unit—A methodological framework for

inclusion in life cycle assessment of food. J. Clean. Prod. 2017, 140, 470–478. [CrossRef]
111. Molina-Besch, K.; Wikström, F.; Williams, H. The environmental impact of packaging in food supply chains—Does life cycle

assessment of food provide the full picture? Int. J. Life Cycle Assess. 2019, 24, 37–50. [CrossRef]
112. Choudhary, A.; Gupta, N.; Hameed, F.; Choton, S. An overview of food adulteration: Concept, sources, impact, challenges and

detection. Int. J. Chem. Stud. 2020, 8, 2564–2573. Available online: https://www.researchgate.net/profile/Neeraj-Gupta-17
/publication/339598102_An_overview_of_food_adulteration_Concept_sources_impact_challenges_and_detection/links/5e7
f7bfb299bf1a91b866068/An-overview-of-food-adulteration-Concept-sources-impact-challenges-and-detection.pdf (accessed
on 1 June 2022). [CrossRef]

113. Modi, B.; Timilsina, H.; Bhandari, S.; Achhami, A.; Pakka, S.; Shrestha, P.; Kandel, D.; Bahadur, G.C.D.; Khatri, S.; Chhetri,
P.M.; et al. Current trends of food analysis, safety, and packaging. Int. J. Food Sci. 2021, 2021, 9924667. [CrossRef] [PubMed]

114. Chen, R.; Qin, Z.; Han, J.; Wang, M.; Taheripour, F.; Tyner, W.; O’Connor, D.; Duffield, J. Life cycle energy and greenhouse gas
emission effects of biodiesel in the United States with induced land use change impacts. Bioresour. Technol. 2018, 251, 249–258.
[CrossRef] [PubMed]

115. Sharma, B.; Larroche, C.; Dussap, C.-G. Comprehensive assessment of 2G bioethanol production. Bioresour. Technol. 2020, 313, 123630.
[CrossRef] [PubMed]

116. Kakadellis, S.; Harris, Z.M. Don’t scrap the waste: The need for broader system boundaries in bioplastic food packaging life-cycle
assessment—A critical review. J. Clean. Prod. 2020, 274, 122831. [CrossRef]

117. Khoshnevisan, B.; Tabatabaei, M.; Tsapekos, P.; Rafiee, S.; Aghbashlo, M.; Lindeneg, S.; Angelidaki, I. Environmental life cycle
assessment of different biorefinery platforms valorizing municipal solid waste to bioenergy, microbial protein, lactic and succinic
acid. Renew. Sustain. Energy Rev. 2020, 117, 109493. [CrossRef]

118. Prasad, S.; Singh, A.; Korres, N.E.; Rathore, D.; Sevda, S.; Pant, D. Sustainable utilization of crop residues for energy generation:
A life cycle assessment (LCA) perspective. Bioresour. Technol. 2020, 303, 122964. [CrossRef]

119. Van Der Werf, H.M.G.; Knudsen, M.T.; Cederberg, C. Towards better representation of organic agriculture in life cycle assessment.
Nat. Sustain. 2020, 3, 419–425. [CrossRef]

120. Erokhin, A.; Koshechkin, K.; Ryabkov, I. The distributed ledger technology as a measure to minimize risks of poor-quality
pharmaceuticals circulation. PeerJ Comput. Sci. 2020, 6, e292. Available online: https://peerj.com/articles/cs-292.pdf (accessed
on 4 June 2022). [CrossRef]

121. Xia, M.C.; Zhan, Q.; Cai, L.; Wu, J.; Yang, L.; Sun, S.; Liang, H.; Li, Z. Investigation into the content change and distribution
of active components in Cordyceps Sinensis with growth cycle by direct TOF-SIMS detection. Microchem. J. 2021, 164, 106026.
[CrossRef]

122. de Oliveira, R.A.; Komesu, A.; Rossell, C.E.V.; Filho, R.M. Challenges and opportunities in lactic acid bioprocess design—From
economic to production aspects. Biochem. Eng. J. 2018, 133, 219–239. [CrossRef]

123. Abu-Farha, M.; Thanaraj, T.A.; Qaddoumi, M.G.; Hashem, A.; Abubaker, J.; Al-Mulla, F. The Role of Lipid Metabolism in
COVID-19 Virus Infection and as a Drug Target. Int. J. Mol. Sci. 2020, 21, 3544. [CrossRef] [PubMed]

124. Sukumaran, N.P.; Gopi, S. Overview of biopolymers: Resources, demands, sustainability, and life cycle assessment modeling and
simulation. In Biopolymers and Their Industrial Applications; Elsevier: Amsterdam, The Netherlands, 2021; pp. 1–19. [CrossRef]

125. Muiruri, J.K.; Yeo, J.C.C.; Zhu, Q.; Ye, E.; Loh, X.J.; Li, Z. Poly(hydroxyalkanoates): Production, Applications and End-of-Life
Strategies–Life Cycle Assessment Nexus. ACS Sustain. Chem. Eng. 2022, 10, 3387–3406. [CrossRef]

126. Rajesh, R. Flexible business strategies to enhance resilience in manufacturing supply chains: An empirical study. J. Manuf. Syst.
2021, 60, 903–919. [CrossRef]

127. Grinberga-Zalite, G.; Pilvere, I.; Muska, A.; Kruzmetra, Z. Resilience of Meat Supply Chains during and after COVID-19 Crisis.
Emerg. Sci. J. 2021, 5, 57–66. [CrossRef]

128. Chen, C.; Zhang, J.; Delaurentis, T. Quality control in food supply chain management: An analytical model and case study of the
adulterated milk incident in China. Int. J. Prod. Econ. 2014, 152, 188–199. [CrossRef]

129. Pearson, S.; May, D.; Leontidis, G.; Swainson, M.; Brewer, S.; Bidaut, L.; Frey, J.G.; Parr, G.; Maull, R.; Zisman, A. Are Distributed
Ledger Technologies the panacea for food traceability? Glob. Food Secur. 2019, 20, 145–149. [CrossRef]

130. Uddin, M. Blockchain Medledger: Hyperledger fabric enabled drug traceability system for counterfeit drugs in pharmaceutical
industry. Int. J. Pharm. 2021, 597, 120235. [CrossRef]

http://doi.org/10.5530/jyp.2019.11.20
http://doi.org/10.1016/S0140-6736(15)00394-3
http://doi.org/10.1007/BF02986351
http://doi.org/10.1016/B978-0-12-817976-5.00009-7
http://doi.org/10.1016/j.oneear.2019.10.014
http://doi.org/10.1016/j.jclepro.2016.06.115
http://doi.org/10.1007/s11367-018-1500-6
https://www.researchgate.net/profile/Neeraj-Gupta-17/publication/339598102_An_overview_of_food_adulteration_Concept_sources_impact_challenges_and_detection/links/5e7f7bfb299bf1a91b866068/An-overview-of-food-adulteration-Concept-sources-impact-challenges-and-detection.pdf
https://www.researchgate.net/profile/Neeraj-Gupta-17/publication/339598102_An_overview_of_food_adulteration_Concept_sources_impact_challenges_and_detection/links/5e7f7bfb299bf1a91b866068/An-overview-of-food-adulteration-Concept-sources-impact-challenges-and-detection.pdf
https://www.researchgate.net/profile/Neeraj-Gupta-17/publication/339598102_An_overview_of_food_adulteration_Concept_sources_impact_challenges_and_detection/links/5e7f7bfb299bf1a91b866068/An-overview-of-food-adulteration-Concept-sources-impact-challenges-and-detection.pdf
http://doi.org/10.22271/chemi.2020.v8.i1am.8655
http://doi.org/10.1155/2021/9924667
http://www.ncbi.nlm.nih.gov/pubmed/34485507
http://doi.org/10.1016/j.biortech.2017.12.031
http://www.ncbi.nlm.nih.gov/pubmed/29287277
http://doi.org/10.1016/j.biortech.2020.123630
http://www.ncbi.nlm.nih.gov/pubmed/32561105
http://doi.org/10.1016/j.jclepro.2020.122831
http://doi.org/10.1016/j.rser.2019.109493
http://doi.org/10.1016/j.biortech.2020.122964
http://doi.org/10.1038/s41893-020-0489-6
https://peerj.com/articles/cs-292.pdf
http://doi.org/10.7717/peerj-cs.292
http://doi.org/10.1016/j.microc.2021.106026
http://doi.org/10.1016/j.bej.2018.03.003
http://doi.org/10.3390/ijms21103544
http://www.ncbi.nlm.nih.gov/pubmed/32429572
http://doi.org/10.1016/B978-0-12-819240-5.00001-8
http://doi.org/10.1021/acssuschemeng.1c08631
http://doi.org/10.1016/j.jmsy.2020.10.010
http://doi.org/10.28991/esj-2021-01257
http://doi.org/10.1016/j.ijpe.2013.12.016
http://doi.org/10.1016/j.gfs.2019.02.002
http://doi.org/10.1016/j.ijpharm.2021.120235


Processes 2022, 10, 1715 29 of 31

131. Chaudhri, R.; Borriello, G.; Anderson, R. Pervasive computing technologies to monitor vaccine cold chains in developing
countries. IEEE Pervasive Comput. Spec. Issue Inf. Commun. Technol. Dev. 2012, 10. Available online: https://ucilnica.fri.uni-lj.si/
pluginfile.php/8000/mod_page/content/12/CBA12.pdf (accessed on 1 June 2022).

132. Kitinoja, L. Use of cold chains for reducing food losses in developing countries. Population 2013, 6, 5–60. Available online:
http://postharvest.org/Use%20of%20cold%20chains%20PEF%20white%20paper%2013-03%20final.pdf (accessed on 1 June 2022).

133. Badia-Melis, R.; Mc Carthy, U.; Ruiz-Garcia, L.; Garcia-Hierro, J.; Villalba, J.I.R. New trends in cold chain monitoring applications—
A review. Food Control 2018, 86, 170–182. [CrossRef]

134. Ndraha, N.; Hsiao, H.-I.; Vlajic, J.V.; Yang, M.-F.; Lin, H.-T.V. Time-temperature abuse in the food cold chain: Review of issues,
challenges, and recommendations. Food Control 2018, 89, 12–21. [CrossRef]

135. Aworh, O.C. Food safety issues in fresh produce supply chain with particular reference to sub-Saharan Africa. Food Control 2021,
123, 107737. [CrossRef]

136. Cerchione, R.; Singh, R.; Centobelli, P.; Shabani, A. Food cold chain management: From a structured literature review to a
conceptual framework and research agenda. Int. J. Logist. Manag. 2018, 29, 792–821. [CrossRef]

137. Comes, T.; Sandvik, K.B.; Van de Walle, B. Cold chains, interrupted: The use of technology and information for decisions that
keep humanitarian vaccines cool. J. Humanit. Logist. Supply Chain. Manag. 2018, 8, 49–69. [CrossRef]

138. Zhao, H.; Liu, S.; Tian, C.; Yan, G.; Wang, D. An overview of current status of cold chain in China. Int. J. Refrig. 2018, 88, 483–495.
[CrossRef]

139. BBremer, P. Towards a reference model for the cold chain. Int. J. Logist. Manag. 2018, 29, 822–838. [CrossRef]
140. Gligor, D.; Tan, A.; Nguyen, T.N.T. The obstacles to cold chain implementation in developing countries: Insights from Vietnam.

Int. J. Logist. Manag. 2018, 29, 942–958. [CrossRef]
141. Hoang, V. Modern short food supply chain, good agricultural practices, and sustainability: A conceptual framework and case

study in Vietnam. Agronomy 2021, 11, 2408. [CrossRef]
142. Sellitto, M.A.; Vial, L.A.M.; Viegas, C.V. Critical success factors in short food supply chains: Case studies with milk and dairy

producers from Italy and Brazil. J. Clean. Prod. 2018, 170, 1361–1368. [CrossRef]
143. Kallas, Z.; Alba, M.F.; Casellas, K.; Berges, M.; Degreef, G.; Gil, J.M. The development of short food supply chain for locally

produced honey: Understanding consumers’ opinions and willingness to pay in Argentina. Br. Food J. 2019, 123, 1664–1680.
[CrossRef]

144. Elghannam, A.; Mesias, F.J.; Escribano, M.; Fouad, L.; Horrillo, A.; Escribano, A.J. Consumers’ Perspectives on Alternative Short
Food Supply Chains Based on Social Media: A Focus Group Study in Spain. Foods 2019, 9, 22. [CrossRef] [PubMed]

145. Wubshet Tesfaye, S.A.; Sinnollareddy, M.; Arnold, B.; Brown, A.; Matthew, C.; Oguoma, V.M.; Peterson, G.M.; Thomas, J. How do
we combat bogus medicines in the age of the COVID-19 pandemic? Am. J. Trop. Med. Hyg. 2020, 103, 1360–1363. [CrossRef]
[PubMed]

146. Balas, V.E.; Solanki, V.K.; Kumar, R. (Eds.) An Industrial IoT Approach for Pharmaceutical Industry Growth; Academic Press:
Cambridge, MA, USA, 2020; Volume 2.

147. Wahyuni, H.; Vanany, I.; Ciptomulyono, U. Food safety and halal food in the supply chain: Review and bibliometric analysis. J.
Ind. Eng. Manag. 2019, 12, 373–391. [CrossRef]

148. Sharma, R.; Shishodia, A.; Kamble, S.; Gunasekaran, A.; Belhadi, A. Agriculture supply chain risks and COVID-19: Mitigation
strategies and implications for the practitioners. Logist. Res. Appl. 2020, 1–27. [CrossRef]

149. Nandi, S.; Sarkis, J.; Hervani, A.A.; Helms, M.M. Redesigning Supply Chains using Blockchain-Enabled Circular Economy and
COVID-19 Experiences. Sustain. Prod. Consum. 2021, 27, 10–22. [CrossRef] [PubMed]

150. Cole, R.; Stevenson, M.; Aitken, J. Blockchain technology: Implications for operations and supply chain management. Supply
Chain Manag. Int. J. 2019, 24, 469–483. [CrossRef]

151. Akhtar, M.M.; Rizvi, D.R. Traceability and detection of counterfeit medicines in pharmaceutical supply chain using blockchain-
based architectures. In Sustainable and Energy Efficient Computing Paradigms for Society; Springer: Cham, Switzerland, 2021;
pp. 1–31. [CrossRef]

152. Kazancoglu, Y.; Ekinci, E.; Mangla, S.K.; Sezer, M.D.; Kayikci, Y. Performance evaluation of reverse logistics in food supply chains
in a circular economy using system dynamics. Bus. Strat. Environ. 2021, 30, 71–91. [CrossRef]

153. Guide, V.D.R.; Harrison, T.P.; Van Wassenhove, L.N. The Challenge of Closed-Loop Supply Chains. Interfaces 2003, 33, 3–6.
Available online: https://pubsonline.informs.org/doi/abs/10.1287/inte.33.6.3.25182 (accessed on 5 June 2022).

154. Govindan, K.; Soleimani, H. A review of reverse logistics and closed-loop supply chains: A Journal of Cleaner Production focus.
J. Clean. Prod. 2017, 142, 371–384. [CrossRef]

155. Ali, S.M.; Arafin, A.; Moktadir, A.; Rahman, T.; Zahan, N. Barriers to Reverse Logistics in the Computer Supply Chain Using
Interpretive Structural Model. Glob. J. Flex. Syst. Manag. 2018, 19, 53–68. [CrossRef]

156. Moghaddam, S.T.; Javadi, M.; Molana, S.M.H. A reverse logistics chain mathematical model for a sustainable production system
of perishable goods based on demand optimization. J. Ind. Eng. Int. 2019, 15, 709–721. [CrossRef]

157. Shirzadi, S.; Ghezavati, V.; Tavakkoli-Moghaddam, R.; Ebrahimnejad, S. Developing a green and bipolar fuzzy inventory-routing
model in agri-food reverse logistics with postharvest behavior. Environ. Sci. Pollut. Res. 2021, 28, 41071–41088. [CrossRef]
[PubMed]

https://ucilnica.fri.uni-lj.si/pluginfile.php/8000/mod_page/content/12/CBA12.pdf
https://ucilnica.fri.uni-lj.si/pluginfile.php/8000/mod_page/content/12/CBA12.pdf
http://postharvest.org/Use%20of%20cold%20chains%20PEF%20white%20paper%2013-03%20final.pdf
http://doi.org/10.1016/j.foodcont.2017.11.022
http://doi.org/10.1016/j.foodcont.2018.01.027
http://doi.org/10.1016/j.foodcont.2020.107737
http://doi.org/10.1108/IJLM-01-2017-0007
http://doi.org/10.1108/JHLSCM-03-2017-0006
http://doi.org/10.1016/j.ijrefrig.2018.02.024
http://doi.org/10.1108/IJLM-02-2017-0052
http://doi.org/10.1108/IJLM-02-2017-0026
http://doi.org/10.3390/agronomy11122408
http://doi.org/10.1016/j.jclepro.2017.09.235
http://doi.org/10.1108/BFJ-01-2019-0070
http://doi.org/10.3390/foods9010022
http://www.ncbi.nlm.nih.gov/pubmed/31878255
http://doi.org/10.4269/ajtmh.20-0903
http://www.ncbi.nlm.nih.gov/pubmed/32815510
http://doi.org/10.3926/jiem.2803
http://doi.org/10.1080/13675567.2020.1830049
http://doi.org/10.1016/j.spc.2020.10.019
http://www.ncbi.nlm.nih.gov/pubmed/33102671
http://doi.org/10.1108/SCM-09-2018-0309
http://doi.org/10.1007/978-3-030-51070-1_1
http://doi.org/10.1002/bse.2610
https://pubsonline.informs.org/doi/abs/10.1287/inte.33.6.3.25182
http://doi.org/10.1016/j.jclepro.2016.03.126
http://doi.org/10.1007/s40171-017-0176-2
http://doi.org/10.1007/s40092-018-0287-1
http://doi.org/10.1007/s11356-021-13404-9
http://www.ncbi.nlm.nih.gov/pubmed/33772719


Processes 2022, 10, 1715 30 of 31

158. Paduloh, P.; Djatna, T.; Sukardi, S.; Muslich, M. Uncertainty models in reverse supply chain: A review. Int. J. Supply Chain. Manag.
2020, 9, 139–149. Available online: https://core.ac.uk/download/pdf/322571562.pdf (accessed on 5 June 2022).

159. Alshemari, A.; Breen, L.; Quinn, G.; Sivarajah, U. Can We Create a Circular Pharmaceutical Supply Chain (CPSC) to Reduce
Medicines Waste? Pharmacy 2020, 8, 221. [CrossRef]

160. Rebehy, P.C.P.W.; dos Santos Lima, S.A.; Novi, J.C.; Salgado, A.P., Jr. Reverse logistics systems in Brazil: Comparative study and
interest of multistakeholders. J. Environ. Manag. 2019, 250, 109223. [CrossRef]

161. Kargar, S.; Paydar, M.M.; Safaei, A.S. A reverse supply chain for medical waste: A case study in Babol healthcare sector. Waste
Manag. 2020, 113, 197–209. [CrossRef]
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