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Abstract

:

Food supply chains are considered to be more complex systems than other types of supply chains. This complexity is due to the continuous changes taking place, particularly in ensuring the quality of food products throughout the entire supply chain, from growing, procurement of resources, production, and management of stock, to distribution to the final consumers. For that, food supply chain markets have become more highly developed in the use of modern technologies, and have begun to implement them in their logistical systems to satisfy their customers’ needs. The main objectives of this review are to identify the different technological implementations in different phases of the food supply chain processes and point out the key factors for using technologies to improve the characteristics of the perishable food supply chain. A total number of 137 articles were analyzed in this research to achieve these review objectives. Some of the various technologies found in different phases of the food supply chain were radio frequency identification (RFID), the Internet of Things (IoT), blockchain, three-dimensional printing (3DP), autonomous vehicles, and unmanned aerial vehicles (UAVs). These technologies were found in different phases of the food supply chain and improved the efficiency of supplying perishable foods. The review identified different characteristics of the perishable food supply chain. The main finding indicated that technological implementation enhances the efficiency and sustainability of the food supply chains and helps to retain perishable food characteristics.
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1. Introduction


In recent years, with the rapid growth of food industries and radical changes in people’s dietary habits and lifestyles, food awareness has increased for most consumers. Modern customers are more concerned about the safety and the quality of the food that they eat. Food safety is understood to encompass food that is free from impurities and substances that may cause the growth of bacteria harmful to people’s safety and lives [1]. The manipulation of food can cause severe damage to the health and safety of community members, and perpetrators are punished with severe penalties to deter such acts from spreading. Food scandals have recently revealed harmful products in the China market, such as “Sudan red,” “clenbuterol,” “Sanlu toxic milk powder,” and “trench oil.” Food consumers in the China market have lost their trust in the provided food safety and quality. Food safety problems are not limited to China; different cases have been reported in Europe as well, such as Escherichia coli in hamburgers, Salmonella in eggs, poultry, and pork, Listeria in patés and cheeses, and the “horse meat scandal” in 2013 [2].



According to Hammoudi et al. [3], the World Health Organization (WHO) has defined foodborne illness as diseases caused by the penetration of foreign bodies into food, which can lead to food poisoning in many cases. Foodborne diseases are increasing annually and are impacting the health of people across the globe. In the United States, for instance, one in six people suffer from illnesses that unhealthy food causes, resulting in 128,000 hospitalizations and 3000 deaths every year [4]. Although it is unlikely that food illnesses will ever be eradicated entirely, primarily due to economic factors, they can be reduced through continuous monitoring of the food supply chain system. The fact is, consumers expect that governments monitor food products, thus maintaining their health and protecting them from fraudulent food organizations.



Food supply chains are considered complex and dynamic supply chains that are measured in the different phases impacting the quality, cost, and delivery time of a product, which could take place in the supply chain at the different stages ranging from the agriculture phase until the point at which a product reaches the final consumers [5]. Effective food supply chain management depends on several factors. For instance, Pang et al. [6] noted that an efficient food supply chain could ensure timely delivery and prompt customer support and decrease the total costs involved in the supply chain. Furthermore, efficient food supply chain management can increase profit and cash flow in companies connected to these processes and those who participate in the supply chain. It is, therefore, critical to first understand what constitutes a good food supply chain. In essence, a good performing food supply chain is expected to provide the required amount of food while operating within safety standards, thus delivering good quality food that is accessible and affordable.



Different types of technologies have been integrated into the food supply system to mitigate risks, maximize efficiency, and manage complexities [7]. Moreover, modern technologies have become much more user-friendly and are used for the different activities in the food supply chain, such as planting, harvesting, preparation, processing, packaging, transportation, and inventory management. Technologies are utilized primarily to speed up the processes, meet the growing global food demand at the right time, and track food origin to assess food quality and safety aspects accordingly. The increased use of technology in the food supply system has helped increase and sustain perishable food safety and quality. According to Khan, Khalid, and Iqbal [8], new technologies have also empowered producers and manufacturers with more capacity to monitor the different phases of the food supply chain more efficiently.



1.1. Defining the Food Supply Chain


The term “food supply chain” refers to a system consisting of a series of processes that define the transformation of agricultural products into a form that can be served on a plate and consumed.



Outputs of a food supply chain often include what are termed “perishable foods.” Perishable food refers to a category of commodities that are subject to quality damage during their manufacturing stage, storage, shipping, or handling. All fresh foods, such as bakery products, fruits, vegetables, dairy products, and meats, are part of the perishable food supply [9]. Notably, managing fresh foods and perishable products is more complicated than managing any other supply chain goods due to their short shelf lives [10]. The essence of which depends on monitoring time and temperature factors throughout all phases of the supply chain as they critically affect the quality of food [11]. Essentially, the longer the length of time in the transportation phase post-manufacture or processing, the larger the likelihood of deterioration in the quality of the food.



Perishable food materials are also temperature-sensitive, and, therefore, they are unusually susceptible to damage during processing, packaging, transportation, and handling [12]. According to Smith and Sparks [13], the temperature can also adversely affect the processing, storage, delivery, and shelf life of fresh foods. As such, different foods should be kept at different temperature ranges to ensure their safety and healthfulness, and interventions should be implemented to maintain controlled environmental conditions and protect food quality, safety, waste reduction, and profits [14].



The processes involved in the perishable food supply chain include various intermediate steps in each industry through which the raw materials or crops undertake before being supplied to the market. The initial phase involves the different steps in the processing of crops in the agricultural industries. The key activities in this phase include planting, cutting or harvesting, transport, processing, and delivery to the food processing industry. Materials are delivered to the processing factories where the activities involve sorting, cutting, refining, or chemical treating, cleaning, packaging, and, finally, delivery to the distributors [15]. In terms of retailing, perishable foods require additional maintenance attributes vital to delivering satisfactory products to the customers at the end of the supply chain, as opposed to the direct selling to retailers after primary processing, such as in the case of grains and cereals [16]. Figure 1 shows the processes involved in the food supply chain.




1.2. Review Objectives


In terms of previously published reviews related to technology integration in food supply chains, Büyüközkan and Göçer [17] reviewed the state-of-the-art of existing digital supply chain (DSC) literature and the value creation gained from implementing emerging technologies for logistics and supply chain services, providing benefits, weaknesses, challenges and the success factors of DSC. With a focus on agriculture, Opara [18] reviewed the basic concepts of traceability in agriculture and highlighted various tools for food traceability, which have been utilized mainly for labeling and identification, storage and communication, and geospatial science such as remote sensing (RS), geographic information systems (GIS), and global positioning systems (GPS). Ruiz-Garcia et al. [19] focused on promising wireless sensing technologies, such as radio frequency identification (RFID) for precision agriculture and perishable food supply chain traceability. Zhang and Kovacs [20] reviewed the different applications of unmanned aerial vehicles for precision agriculture and remote sensing platforms. Dasgupta et al. [21] provided a detailed overview of the various applications of nanotechnology in the food sector from farm to plate and included technologies used for food processing, packaging, delivery, and quality control. Ray [22] reviewed various Internet of Things (IoT) applications for smart agriculture to provide intelligent services. Walter et al. [23] reviewed smart farming through the use of autonomous vehicles or unmanned aerial vehicles to promote sustainable agriculture in applications such as fertilizer, weeding, or harvesting. Sun et al. [24] reviewed the different uses of three-dimensional (3D) printing as an emerging technology for food fabrication and their impacts on the manufacturing stage of the supply chain. Khan, Khalid, and Iqbal [8] reviewed the significant potential for implementing robotics technology in food manufacturing. Brody et al. [25] reviewed the latest innovation in food packaging for the intelligent packaging process. Duncan [26] reviewed several nanomaterials applications used for food packaging based on antimicrobial agents to ensure consumer’s safety. Ghaani et al. [27] provided an overview of intelligent packaging technologies to ensure the safety, quality, and traceability of food products. Li et al. [28] proposed an effective platform for real-time tracking and tracing for packaged food through the supply chain to its point of consumption based on Internet of Things (IoT) technologies, such as quick response (QR) and the RFID to ensure its safety for human use. Yu and Yu [29] developed autonomous vehicle technologies for deliveries. Jeppsson and Olsson [30] explored the benefits gained by implementing blockchain technology to increase transparency and solve traceability issues that logistics companies face. Angeles [31] reviewed the various applications of RFID technology in the distribution and retailing phases of the supply chain, such as scanning goods from pallets to trailers, and preparing them for shipping. Moreover, the use of RFID in reading tags and updating inventory quantities provides real-time visibility.



Most reviews related to food supply chains have focused on exploring the benefits of technology implementation in particular stages within the food supply chain. The review presented in this study differs as it reviews the integration of technologies throughout the food supply chain from farm to plate. The objectives of the review are to:




	(1)

	
Identify the different technological driven interventions throughout the different phases of the food supply chain, which include agriculture, processing, packaging, shipping, and selling, and to discuss their impacts on the efficiency of the perishable foods.




	(2)

	
Identify the impact of integrating technologies on the characteristics of the perishable food supply chain.




	(3)

	
Identify the impact of integrating technologies on the traceability of the perishable food supply chain.









The review begins with a literature review for each technology. An analysis of the extent of technology implementation in the different phases of the food supply chain that can improve the characteristics of perishable foods follows. The next part focuses on discussing the methodologies of the review conducted for data gathering and analysis. Then, charts used for the findings support the discussion and analysis for the reviewed papers. Finally, the concluding section summarizes the key findings of this review.





2. Literature Review


2.1. Technology Integration in the Food Supply Chain


This section presents current and future prospects for applying different technologies by actors in the perishable food supply chain network to enhance its efficiency. It further examines the opportunities and challenges of using various technologies in a food supply network that encompasses agriculture, processing, packaging, and shipping. It also provides insight into the need for traceability within the supply chain and the means by which the implementation of technologies can achieve traceability.



Figure 2 shows the process diagram of the fruits and the vegetables and shows their detailed movement in the supply chain. The phases of the perishable food supply chain include agricultural raw materials, processing, packaging, shipping, and selling. For an overview example, fruits and vegetables are crops that fall under the agricultural raw materials. Once the harvesting, threshing, and drying activities are completed, the fruits and vegetables are transported to dedicated storage inside processing factories where they are being sorted, cleaned, cut, or treated chemically. Secondary processing is then applied to the fruits and vegetables and sent to the quality control department for being checked against specific standards and confirm their validity. After that, they are packaged with the proper type of packaging based on the transportation period, shelf life, and the storing temperature. The fruits and vegetables are then transported to their final destinations and sold in retail stores based on customer demands.



2.1.1. Agricultural Raw Materials


The agriculture sector is the first phase of food growth and is of great importance. According to Figure 1, which is influenced by Bosona and Gebresenbet [15], agriculture mainly involves planting, seeding, and harvesting crops in the perishable food supply chain. Investments in the agricultural sector have been growing significantly annually as the food industry adopts emerging technological advancements. In fact, the use of modern digital technologies in agriculture can enhance farming operations and support strategic decision-making [33]. Kamilaris et al. [34] demonstrated that the most widely used technology in agriculture involves soil and water sensors. According to Sufiyan et al. [35], the cultivation and processing of perishable foods require additional environmental control systems, and these systems act as important determinants for the amount of food utilized and wasted in the supply chain. Weather tracking and satellite imaging technologies are also used in agriculture, which enables easier imaging and examination of crops [18]. Ray [22] studied the potential for minimizing operator workload through the use of automation technologies, which have become common, including the use of autonomous vehicles to identify and sort seedlings, as well as to spray, weed, and harvest crops. Autonomous ground vehicles are also used in monitoring and analyzing crops. Moreover, autonomous vehicles are used for poultry farming activities, such as feeding and milking dairy cows, collecting and sorting eggs, and autonomous cleaning [2]. The CEO of Freelance Robotics company, William Pagnon, confirmed the role of the company in developing different types of autonomous vehicles for agricultural purposes such as tractors and irrigation [36]. In farming, drones have been deployed to monitor the growth of and damages to crops and to apply fertilizers and pesticides on crops. Costa et al. [37] stated that increasing the use of unmanned aircraft in agricultural areas has contributed to boosting the effectiveness of spraying operations. Pilotless aircraft have also been proven effective in monitoring and inspecting livestock.



Although the use of technology provides benefits to agricultural operations, the main challenge in implementing such technological innovations in the agriculture sectors is related to the lack of capital available for investment. These technologies are comparatively expensive for farmers, who are likely to prefer simple and easily coordinated systems in their farming process as part of optimizing their resources [38]. To better popularize the use of such technologies for such farmers, cost-effective and simplified systems with no major complications can create greater opportunities for adoption by farmers, particularly those with little formal schooling.




2.1.2. Transformation and Processing


The transformation and processing of the food system involve two basic steps, cleaning, and transforming crops into food ingredients and converting them to processed food ready for cooking. Transformation and conversion, simply stated, involve the changing of raw materials, such as vegetables or milk, into ingredients such as salad and dairy products. This is also known as the manufacturing or value addition stage. Figure 1 illustrates that transformation and conversion are considered part of the second phase of the perishable food supply chain. With the increasing demand for safe and high-quality food products and increasing demands of consumers all over the world, the implementation of technology within the food processing and conversion phase is also increasing in popularity.



According to Prakash [39], the implementation of technology and innovation can enhance the final condition of food products at this stage. Rong et al. [40] determined that modern technological interventions play an important role in accelerating perishable food conversion, thus ensuring that it remains at a high quality for a more extended period. Pressure processing technologies are the most basic applications in perishable food supply chains [41]. Such technologies are used to maintain the current condition and to improve the longevity of the perishable food material. High-Pressure Processing (HPP) technologies are other alternatives for food-processing technologies that use high hydraulic pressures under reduced temperatures for improving and retaining the nutritional values of perishable food materials [42].



Food conversion can also include 3D printing technologies, which are commonly used in preparing perishable foods such as the production of recombined meat products [43], dairy products, fish products [44], chocolates and candies [45], and bakery products, such as pizzas and pastries [46]. Similarly, Sun et al. [24] highlighted several potential benefits of using 3D printing technology in food fabrication. Accordingly, 3D food printing can be applied to control the quantity of materials and nutritional contents to create customized color, shape, flavor, nutrition, and even texture. The study concludes that 3D food printing provides a solution to the design of customized foods and personalized nutritional content.



Alternatively, the use of technologies such as the IoT and cloud computing can significantly reduce the generated amount of carbon in the conversion process of perishable foods, such as meat [47]. The implementation of IoT in food industries evolves the installation of different types of sensors mainly, evolving temperature, and humidity sensors that have been efficient in monitoring the production state along with shipping time and monitoring temperature for ensuring the food products storage environment. The energy consumption is reduced by using IoT, and, hence, the flow of carbon in the environment is also reduced. The adoption of cloud computing in the meat industries allows the stakeholders to minimize carbon emission at appropriate costs and infrastructure. According to Manning and Soon [48], advanced analytics using the IoT and cloud computing provide more substantial advantages for operators in tracking the movement of supplied food materials, as well as for predicting, detecting, and preventing fraudulent activities in the transformation intermediate steps. Furthermore, Mogale et al. [49] stated that applications such as the IoT, cloud computing, and big data analytics have allowed producers to minimize the loss of food products, thereby reducing the overall waste of materials and money.



A major challenge in implementing technological alternatives in the food conversion phase is infrastructure bottlenecks. According to Petersen et al. [50], the complete logistics of perishable food are dependent on the infrastructure management efficiency in the manufacturing and storage facilities. Óskarsdótti and Oddsson [51] identified that infrastructure bottlenecks caused by inadequate management knowledge drive more than 30% of the processing failures.




2.1.3. Packaging


The packaging process is considered one of the most essential activities in food production systems, especially when dealing with perishable food. According to Verghese et al. [52], 40% of the food meant for human consumption is wasted annually. This waste is equivalent to 10% of the total energy inputs for one person’s weekly food consumption. As such, the value of packaging is vital in this regard, as packaging contains and protects the food to be consumed by people. In addition, the quality and safety of delivered food are highly dependent on the packaging stage, and, therefore, the quality of packaging indirectly drives customer satisfaction levels [27]. As Figure 1 shows, the packaging process is also considered part of the second phase of the perishable food supply chain.



Digital and robotic technologies such as filling, handling, and movement are implemented during the food material packaging process. As Khan, Khalid, and Iqbal [8] indicated, such robotic technologies have recently begun to prosper as a leading technology in the food sector. Robots have been utilized in a wide range of situations, such as in food processing, handling, organizing, packing, and food serving. Automation of the simple activities in the food supply chain, such as packaging, can increase efficiency and can assist in developing new value-added services. Many packing companies have implemented various forms of intelligent packaging to protect the quality of perishable food. For example, these technologies include multi-layer barrier and moisture absorbing packaging, both of which are used to eliminate the moisture from the food. Modified Atmosphere Packaging (MAP) is another innovation in which gases are added to fresh foods such as meat, fruit, or vegetables to protect their internal environment. Furthermore, oxygen scavengers, which are powder particles added to the package to remove the oxygen, have been used increasingly in packaging. Recently many companies have also implemented ecological packaging to assist in protecting the environment [52]. Nanotechnology is an emerging technology used with perishable food packaging to retain freshness, minimize waste, ensure food safety, and improve quality [53].



Active packaging has been known as the advanced form of packaging in which the packaging material interacts with food for maintaining a longer shelf life with higher safety and improved quality and hygiene of food [54]. Smart packaging and advanced packing involve the use of sensors with the installation of neural networks and thresholds [55]. Food processors have been used with various machines to produce different products while using only a single packaging line. Cartooning, wrapping, labeling, shrinking, sealing, case and tray forming, caping, cooling and drying, feeding, palletizing, picking and placing (robotic systems), cleaning and sterilizing, and inspection and detecting machines are some of the major machine types that are used as advanced packaging machinery and automation systems [56]. Moreover, the robots are used in food applications in welding and assembly lines. Robotic systems enable the packaging of meat and chocolates into trays rapidly and efficiently [57]. Furthermore, many automated types of machinery have been used for automating the final product due to the demand for increased productivity of the particular food items. The modern control network technology in food industries has improved food productivity, manufacturing, preservation, and handling.



Smart packaging is another major advancement in the food production system, which helps in maintaining product quality throughout the supply chain. Radio-Frequency Identification (RFID) and smart labels have been considered as an easy method for implementation in current packaging formats [58]. Hence, these labels have been efficient in protecting the food from any kind of theft while relocating during the supply chain [55]. Moreover, the smart labels have been used for monitoring the temperature and quality. These labels have been effective in providing product safety assurance to consumers, allowing them to verify the specific product codes and confirm that the product had not been tampered with [59]. These smart labels have also been efficient in preventing recalls and reducing their impacts and identifying any kind of contamination during the supply chain [60]. Another major advantage of smart packaging includes the use of packaging materials involving the absorbance of oxygen that helps in extending the shelf life without the addition of any preservatives. Hence, this type of technology fulfills the consumer’s demand concerning clean-label products with an increase in shelf life and more distribution of the product to various geographical locations. Innovation in the world of packaging continues to develop, as scholars are continuously studying and evolving the packaging processes, thus improving customer satisfaction. The subject of packaging is very sensitive and closely related to customers’ feedback, so more attention is to be given to this stage.




2.1.4. Shipping


Shipping is the process of moving and transferring goods from the manufacturers and delivering them to customers or retailers. As illustrated in Figure 1, shipping processes are also considered part of the second phase of the perishable food supply chain. Today, shipping services have become much more accurate with the use of improved tracking technology. Accurate tracking services, such as global positioning systems (GPS) technology, are used to detect the location of the consumers or purchases while delivering food materials to the sellers or consumers [61]. The GPS has become a component of the quality control process of the food industry and ensured full visibility of each product throughout the whole supply chain [62]. The use of a GPS system helps track the food transportation vehicle for the delivery at an appropriate time. Some trailer-mounted GPS devices can provide remote diagnostics for the refrigerated trailers, including power status and current temperature readouts. Such remote diagnostics give immediate information when the power to a trailer is interrupted or when temperatures go above safe levels. This enables in reaching out to the driver and alert them to the need to check the trailer and make repairs before the cold storage food is ruined. Even better, by logging this diagnostic data, the compliance with key food transportation safety standards can be shown if needed. Bosona and Gebresenbet [15] demonstrated that technologies such as geographic information systems (GIS) and remote sensing (RS) are used for transportation services and precision analysis, through the collection and integration of data remotely, and for mapping geospatial variability to highlight the movement of goods throughout the entire shipping process. Other real-time tracking technologies such as the IoT, RFID, and blockchain allow easier updates to the shipping process while transporting large-scale food crates from the manufacturing firms to the distributors.



Autonomous vehicles are of great potential in the distribution stage of the food supply chain. This technology is projected to speed up food distribution and reduce the cost of transportation. The prospects for using driverless trucks have been tested rigorously in the recent past. Overall, the adoption of self-driving vehicles in the food sector is anticipated to increase and sustain food transportation through improved access and affordability. According to Yu and Yu [29], unmanned or self-driving vehicles with tracking devices can be used in shipping activities if attached to a control system for autonomous driving and a smart system that can be used to detect surrounding objects to prevent collisions. Moreover, delivery service companies can utilize trucks that autonomously drive from one house to another to deliver food packages [63].



There is also a rapidly increasing interest in drones and planes without pilots. Drones have proven their flexibility, efficiency, and effectiveness in adapting to various environments and conditions. Obviously, the wide range and simplicity of applications have led many professionals to focus on developing this technology and utilizing it to its full capacity for different purposes. Leading global retailers, such as Amazon and Walmart, are consistently exploring how best the unmanned aerial vehicles (UAVs) can be adapted to deliver goods to consumers. For consumers in remote areas that are inaccessible by road or rail infrastructure, the use of drones is promising for overcoming these infrastructural challenges [7]. Today, many established, well-known companies such as Amazon, Google, and DHL have become interested in the advanced applications and capabilities of drones and have implemented these technologies in their package deliveries to customers [64]. Small-scale shipping and food deliveries can also be completed using drones with robotic modifications [65]. However, challenges exist for the widespread implementation of these technological innovations in the shipping and delivery components of the food supply chain. These challenges can be attributed primarily to the high costs associated with the upgrading of vehicles or the hiring of affordable UAVs by retailers to deliver food items to customers, which will, in turn, affect the price of the product delivered [66].




2.1.5. Selling


Selling is the final point in the process of the food supply chain. Selling is the segment in which retailers ensure that food is available to be purchased by customers, as Figure 1 indicates. The most commonly used technologies in food sales include Point of Sale (POS) technologies, which use an electronic registration system to update inventory records. Food retailers also using the IoT to gather and integrate data in real-time to track customer orders and analyze their needs [67].



Smart RFID technology is implemented in the food sector to track the materials produced at any time; to monitor the inventory problems, such as the “Bullwhip Effect,” and assist in replenishment and provide the overall performance of the food supply chain [68]. RFID technology also provides real-time location, condition monitoring services, and transaction monitoring services widely used in the selling phase. According to Toyoda et al. [69], RFID technology was very effective for a long time in providing anti-counterfeiting measures in the food supply chain. However, the authenticity of RFID tags cannot be guaranteed anymore because these tags can be easily refabricated in the public space. The authors recommend combining RFID technology with other modern technologies such as the IoT and blockchain to eliminate the effect of counterfeiting and increase efficiency. A blockchain is, in the simplest definition, a time-stamped series of fixed and unalterable data that is recorded and managed by a group of decentralized computers and not owned by any single entity [70]. The blockchain is a highly innovative and revolutionary invention discovered when the first whitepaper called “Bitcoin: A Peer to Peer Electronic Cash System” was released by Satoshi Nakamoto in 2008 to shed light on this technology and to solve a mathematical problem of double-spending [71]. Blockchain technology was most famously used in Bitcoin and electronic transactions until 2014 when professionals started to realize that blockchain technology could be used beyond cryptocurrency. At that point, interested scholars started to search and examine the different areas and applications for blockchain.



Blockchain in the food supply chain can provide innovative resolutions for maintaining the quality of the food being produced. A permanent record of the preserved foods is maintained that cannot be tampered with. Blockchain technology is efficient in sorting out the issues related to agricultural food supply chain traceability by ensuring food safety. This technology has also been found to be efficient in the verification authenticity of the related document in the food supply chain without the requirement of any centralized authority [72]. The application of blockchain technology helps in fulfilling the demand of the government enterprises along with the consumers. It helps bring innovative regulatory ideas to the government and improves the existing flaws of the management. It assures the merchandise quality and gives immediate response to the changing market among the enterprises. Hence, blockchain technology has been efficient in protecting the rights of consumers. Some of the significant features such as immutability and transparency that enables the elimination of fraudulent modifications in the data of the food supply chain have been achieved by blockchain technology. The production system and the consumers can receive real-time delivery concerning the information on the safety status of the food products. Hence, the efficiency, transparency, and low-cost handling of the supply chain is maintained.



The major aim of using blockchain technology in the food supply chain is that it stores the food information in the form of transactions, which are evenly distributed, and seems to be transparent. The transaction in the blockchain network can be validated while all the nodes can trace the food information for achieving transparency and traceability for food safety. Several blocks are used for packaging the transactions in the food supply chain. The data in the blockchain are kept with safety assurance without any sort of manipulation.






3. Methodology


This section provides insights into the process used while conducting the present review and describes the methods used to analyze the role of technology in improving the perishable food supply chain in detail.



3.1. Data Collection


The research methodology and the data collection method chosen in the present review were mainly based on information collected from secondary sources related to the history of each technology and its implementation in the food supply chain, mainly to improve the efficiency of perishable food. The collected data for analysis based on the papers published are in the English language only, with publication dates ranging from 2000 to 2020 to achieve the research objectives. Figure 3 shows a vertical flow chart for the detailed steps of the research methodology:



Step1: Define the outline.



The outline of the paper was defined by defining the content and selecting the technologies for the review.



Step 2: Identify the academic sources.



The academic sources were identified and used in the data collection stage included and the Qatar National Library (QNL), ProQuest, ScienceDirect, Elsevier, Google Scholar, Wiley, and Institute of Electrical and Electronics Engineers (IEEE). To improve the review’s quality, additional sources were considered, including book chapters, conference proceedings, industrial reports, and individual papers such as dissertations.



Step 3: Search the keywords.



The keywords were divided into two sections. The first section was about phases of the food supply chain, and under that specific section, the keywords were “Food supply chain,” “Food supply chain management,” “Perishable food supply chain,” “Food technologies,” “Food supply chain sustainability.” The second section was to get information specifically for technology selections. The keywords were “Traceability technologies,” “Food supply chain technologies,” “Supply chain innovation.”



Step 4: Initial search.



The initial search generated 1245 papers by skimming through the abstract, introduction, and conclusion.



Step 5: Filter 2—exclusion.



The first filter generated 200 papers by removing duplicate papers. Papers that are not relevant to phases of the food supply chain were also removed.



Step 6: Filter 2—full analysis.



The second filter was applied, and generated 137 papers by thoroughly analyzing the papers and segregating relevant information according to each section, such as history/basic information, phase of the food supply chain, or technology characteristics.



Step 7: Filter 3—refinement.



The third filter was applied to refine the final selection of papers.



Step 8: Shortlist the technologies and characteristics.



The shortlisted of selected technologies from the literature were six, and the shortlisted of the selected characteristics influencing the characteristics of the perishable food supply chain were fourteen out of a total of eighteen.



Figure 4 shows the distribution of research articles per publication in the literature. The graph shows the most cited journals on the topic of this review paper, with the International Journal of Production Economics being the highest with five papers. The next is the Journal of Food Engineering, with four. The Journal of Sensors and Critical Reviews in Food Science and Nutrition are in the third position with three papers. The majority of the journals have a total number of two journals. The “Other journals” bar represents the journals that are cited one time only. There are a total number of 48 such journals available. The book chapters, conference proceedings, industrial reports, and individual papers, such as dissertations were excluded.




3.2. Data Analysis


The collected data from the sources were carefully studied to observe and identify similar features or factors among the published studies from different authors to achieve congruence. Table 1 details the methodology used for the literature review framework classification.





4. Discussion


The impact of various technologies in different phases of the perishable food supply chain is discussed in the first subsection. The impact of technology integration on various perishable food supply chain characteristics is discussed in the second subsection. Similarly, the impact of technology integration on perishable food supply chain traceability is discussed in the last subsection.



4.1. Technologies Used in Different Phases of Perishable Food Supply Chain


The publications selected for this review were based on the technologies that can be used to improve the food supply chain, and they were divided into two main subsections. The first one, technologies widely implemented, such as RFID, IoT, and blockchain. The second section focused on emerging technologies such as three-dimensional printing (3DP), autonomous or self-driving vehicles, and UAVs. Figure 5 below illustrates the overall picture for the technologies discussed in the review for the collected papers that have demonstrated a value addition and improvement to the food supply chain. The publications’ data were summarized using a basic descriptive statistics tool such as a bar chart to represent the various technologies and their occurrences in Figure 5. As these are basic descriptive statistics, we used MS Excel for these analyses.



4.1.1. Technologies Widely Implemented in the Food Supply Chain


This section focuses on the technologies that have been widely implemented in the food supply chain sector and positively impacted perishable food. The blockchain has become one of the most trending and disruptive technologies in the supply chain field [73]. According to Mao et al. [74], dealing with the food supply chain is complicated due to its involvement with a multitude of “stakeholders” such as farmers, manufacturers, distributors, retailers, and consumers. For this reason, having a shared and immutable register of foods and transactions would prevent fraud and enable network users to monitor, verify, and accept the transactions. Compared to other types of previously established technologies, blockchain technology has proven advantageous and has demonstrated significant capabilities in improving the food supply chain, such as traceability, transparency, safety, efficiency, and cost-effectiveness [75]. One main characteristic of blockchain technology is the elimination of centralized control in any supply chain, such that no single entity has comprehensive command over the whole process. Another advantage of using blockchain technology is being immutable, and the more parties involved in the transactions of the supply chain, the harder it gets to alter any information [76].



According to Kiviat [77], blockchain resolves issues with untrustworthy transactions in which the presented information is transparent to all network users and requires their approval to move to the next block in the chain. Although some unresolved issues with regards to blockchain technology exist, such as system security and overall privacy [78], scholars and professionals have demonstrated their complete interest in this disruptive technology, which is still in an early phase in its evolution and holds the potential to overcome many potential barriers in the near future [79].



According to Figure 5, the RFID technology is the second most widely used technology in terms of its use in the supply chain to improve efficiency. RFID technology is considered very mature and well established in the field of food supply chains. RFID has been implemented in the food supply chain for use beyond just tracking items or inventories, and RFID tags have been applied to food supply chains to provide full visibility and traceability along the whole chain [80].



Brody et al. [25] proposed RFID technology to trace perishable food packages from their production source to the disposal point. This method for tracking helps monitor food temperatures and ensure food safety and quality. Michael and McCathie [81] studied the different successful applications of RFID technology, such as non-line-of-sight scanning, in which items do not require any specific orientation to be scanned, as well as automatic technology, which can help in labor reduction and provide great visibility, traceability, and reliability to the food supply chain. The capacity of this technology has been employed heavily in the agri-food sector, especially in monitoring climates and environments of greenhouses, fire detection, cold chain traceability, farm machinery, precision livestock, and agriculture [19].



Attention should also be drawn to other RFID types that have been used for tracking shipping vehicles to improve their delivery performance and provide better decision-making techniques [67]. Compared to barcodes, RFID technology has proven its ability to transmit information with high speed and accuracy, and in great capacity. However, the main obstacle in this technology, which continually draws criticism from professionals and limits its widespread acceptance, has been its high implementation cost. The cost of the RFID tags ranges anywhere between 25 cents, for short-range tags, and more than $10 for specialized long-range tags [82]. Besides, scholars became less interested in talking about RFID technology in their literature from 2016 onwards. Today, RFID technology is integrated with other trendy technologies such as blockchain or the IoT to widen its efficiency and effectiveness and open to frontiers to develop these technologies further. According to Jia et al. [83], RFID is often seen as a prerequisite for the IoT, in which the RFID reader is connected to the Internet to monitor and trace the goods automatically and update the asset system if required.



The Internet of Things is the next technology illustrated in Figure 5 in terms of popularity. It has different applications in food supply chains to improve the efficiency of the perishable food supply. This technology transforms conventional devices into smart and automated networked systems [84]. It has proven its efficiency with the perishable food supply chain while retaining quality, ensuring customers’ safety, and facilitating faster responses to changes [85]. Therefore, this technology cannot be employed fully unless it is integrated with other technologies, such as sensors for detection, monitoring, and tracing. They can also be connected to RFID’s or blockchain systems to enhance the traceability and reliability of food supply chains [86]. Table 2 summarizes the discussed technologies widely implemented in each phase of the food supply chain.




4.1.2. Emerging Technologies and Their Implementation in Phases of the Food Supply Chain


This subsection explains the emerging technologies and their great potentials although, these technologies are less developed in the food supply chain, and their implementations are still limited due to high cost and other reasons tied to ethics. For instance, 3D printing, also known as additive manufacturing, has recently received increased public attention, and is considered a game-changer. Moreover, 3D printing has been implemented in different phases of the food supply chain, such as production, in which 3DP has enabled food customization based on specific requirements. Food products were made based on received orders and whenever they were required, thus helping to reduce the inventory and minimize the instability in the product’s demand and supply in the supply chain known as the ‘‘Bullwhip Effect’’ [24].



According to Hu et al. [87], 3DP is an intelligent and flexible technology that is suitable for producing complex products in small batches with lower costs and reduced waste in time and material. However, 3DP has not been integrated well in the food supply chain and has not delivered on its maximum potential due to some ethical issues, which are yet to be resolved with this technology, such as theft of intellectual property and counterfeit products [43]. The most debatable issue is 3D printing meat, which aims to provide consumers with higher quality proteins compared to vegetables and to reduce the pressure on the agriculture sector. Recently, Australia has sponsored an ethical research program for uncovering and highlighting community concerns related to this emerging technology [24].



Autonomous or self-driving vehicles and unmanned aerial vehicles are considered the last two technologies illustrated in Figure 5. These technologies can improve the supply chain, and, hence, food security, by promoting faster and convenient access to affordable foods by consumers. Autonomous vehicles have proven their ability in a wide range of applications in the food supply chain. Self-driving vehicles have demonstrated great agriculture achievements, such as smart farming, mechanical weeding, fertilizer application, and harvesting of fruits and vegetables [23]. They have also been utilized for the delivery and distribution stages of the food supply chain. This technology has increased the speed of food distribution, which reduces labor and transportation costs. They have proved their reliability over humans, especially in dealing with road systems, thus improving safety and reducing potential accidents [88]. According to Bagloee et al. [89], the emerging technology of autonomous vehicles has applications beyond what people can expect and has contributed to reducing transportation costs, thus resolving mobility issues for low-income households.



UAVs can be considered intelligent technologies with various successful use cases. The main advantage of this technology is its ability to operate at high altitudes, giving the vehicles the capabilities for overall control in three dimensions. The food supply chain has experienced a considerable increase in its efficiency after using this emerging technology in its applications. According to Carrio et al.’s [90] review, UAVs are currently applied in diverse civilian and military applications, including search and rescue, monitoring harvests, security, warehouse organization, and goods deliveries. The simple benefits of UAVs can be extended to more complex applications by attaching cameras to drones for multiple purposes, adding GPS for location finding and deliveries, or connecting sensors for farm monitoring and wildlife tracking [20]. Table 3 detail a summary of the discussed emergent technologies and their implementation in each phase of the food supply chain.





4.2. Technology Integration to Improve Perishable Food Supply Chains


The review of published studies has confirmed that technologies have been applied to all the stages in the food supply chain from farm to fork, all of which directly impact the efficiency of the perishable food provided. Most of the technologies used for the perishable food supply chain and referred to by authors in the literature have considered modifications to adapt to the surrounding environment, especially in the case of the food supply chain, since it is one of the most complex supply chains. Figure 6 provides a summary of several publications covered with characteristics discussed in the reviewed literature. Some of these characteristics were explicitly mentioned in the authors’ study, whereas other studies only referred to these factors. The publications’ data were summarized using a basic descriptive statistics tool such as a bar chart to represent the various characteristics and their occurrences in Figure 6. As these are basic descriptive statistics, we used MS Excel for these analyses.



4.2.1. Impact of Integrating Technologies on the Characteristics of the Perishable Food Supply Chain


Implementing technologies has many advantages, the most important of which is providing some levels of flexibility to cope with any changing circumstances and deal with them effectively and efficiently [17]. The flexibility factor has the highest rate of perceived importance compared to other factors, as it is critical to the deployment of new technology. An examination of the different studies in the review indicates that the traceability, transparency, quality, and safety characters are the most frequently mentioned features for perishable foods. Most of the studies also identified other features, such as high efficiency for the provided food and low costs for all the systems’ activities. However, most of the focus of the scholars was on the traceability character, as it indicates transparency and ensures the safety and quality of perishable foods. These characters were considered the most crucial for the proper functioning of the whole perishable food supply chain. Technologies, such as RFID, the IoT, and blockchain are good examples of technologies used for traceability and transparency to improve the safety and quality of perishable foods. These technologies can provide perishable foods with higher efficiency and lower costs. According to Kshetri [61], a blockchain can be deployed easily in any organization free of attachment to supporting expensive devices food products compared to RFID.



In this era, the food industry is more critical, and customer needs mainly drive it. Fulfilling these needs requires the dependency on partial or full automation to speed up the response time and gain customer satisfaction and loyalty [11]. As such, factors, such as automation and speedy responsiveness, have been the focus and frequently mentioned in many papers for their importance when handling perishable foods. Other studies have pointed to other essential features, such as connectivity and process integration. This can be achieved by integrating more than one type of technology to align the interests and gain a unified view of the food supply chain [17]. Scalability was extremely obvious using 3D printing, which can customize according to the required customer order size or seasonality [17]. According to the review, this has effectively contributed to the reduction of suppliers, laborers, and inventories, as well as the Bullwhip Effect. Instead, the same technology has been promoted for made-to-order products, even in one single customized unit, if needed [91].



Through the review of literature from 2000 to 2020, related to technology implementation in improving the perishable food supply chain, it can be deduced that the majority of studies did not directly consider how these technologies can be utilized to support environmental sustainability and an eco-friendly food industry. Some authors have considered the impact of these technologies on the environmental sustainability of the perishable food supply chain. For instance, Mao et al. [74] have designed in their research paper a novel Food Trading System with Consortium blockchain (FTSCON) to eliminate information asymmetry in the food trade to establish a sustainable and credible trading environment. They have selected the blockchain technology with its huge capabilities to deal with the challenges of the complex food supply chain and allow the collaboration between their different actors. Pohlmann et al. [92] discussed the different roles of the focal company and their importance in achieving sustainable development goals (SDGs). However, the eco-friendliness factor was either mentioned or indirectly referred to quite often by some authors, who understood the importance of reusing more than 95% of the waste materials for recycling and reuse to ensure sustainability, similar to the closed-loop of the meat supply chain highlighted by the study conducted by Khan et al. [93]




4.2.2. Impact of Integrating Technologies on the Traceability of the Perishable Food Supply Chain


The RFID tracking chips have demonstrated their effectiveness in enhancing traceability in the movement of food products within the supply chain [31]. RFID technology can minimize manual work errors in the supply chain, thus improving quality, including the freshness and safety of foods. RFID technology can facilitate efficient and effective observation of items within the food supply chain at a reduced labor cost. RFID technology can be implemented in a wide range of situations for almost all products in the food supply chain, such as fruits, vegetables, meat, dairy products, bakery products, seafood, amongst others [37].



According to Kim et al. [94], RFID is used to identify vehicle locations during shipping to optimize vehicle operations for maximum cost-effectiveness. In addition, RFID tags are applied in the food supply chain to automate warehouse and distribution centers to eliminate errors by ensuring that the correct product and quantities are located at the right point for the collection. Kelepouris et al. [67] clearly demonstrated the significance of the RFID technology in optimizing various supply chain processes, thereby promoting consumer access to the food items.



Within traceability objectives, cloud and internet technologies are used to identify, locate, and track the status of assets in real-time. Technologies that advance IoT systems facilitate data retrieval, storage, analytics, and connectivity across the supply chain [2]. This is essential in the traceability of perishable foods to achieve the required quality and safety standards. The IoT and cloud technologies can be used at any stage of the food value chain to gather better data and deliver faster and more precise decisions [95]. Moreover, blockchain technology can be applied in the food supply chain to provide precise information about the required food product [96]. Widespread agreement exists that this technology holds promise in supporting traceability in the perishable food supply chain, which the factors classification illustrated in Figure 3 illustrate. The figure indicates the key factors of using technologies to improve the perishable food supply chain, and the number of studies related to blockchain indicates the importance of blockchains.



Blockchain technologies are highly useful in creating a transparent traceability service throughout the food supply chain [97]. Furthermore, by creating a smooth and complete flow of information in the food supply chain, blockchain promotes transparency among producers, distributors, suppliers, and other players within the food system. Therefore, enabling the provision of a clear path depicting the product movement process from raw material acquisition to the financial consumption stage [98].






5. Review Findings


Figure 7 is a block diagram showing interrelations between the technologies and the characteristics of the perishable food supply chain. The technologies were divided into two major categories. The first section shows those widely implemented, and the second section shows the emerging technologies. The blockchain, RFID, and IoT are technologies that have been implemented widely, and have hugely influenced the characteristics of the perishable food supply chain. Moreover, 3DP, UAV, and autonomous vehicles are also technologies found in the food supply chain; however, they are still new, and their applications are not widely spread worldwide. Certain technologies may have more impact on some characteristics that influence the perishable food than others.



The findings of this review are provided as follows:



Blockchain: most exchanges and transactions in any supply chain or a food supply chain specifically involve different parties who do not know or trust each other, and in most cases, they do not work for the same organization. Although the blockchain has been found to influence all characteristics of perishable food, the main impact is the high level of safety it can provide compared to other types of technologies. For blockchain, only authorized individuals are provided with access to food transactions.



Any modification or update to a transaction requires the concurrence of all entities of the food supply chain. The entered information is immutable; once entered, the information has to be validated by more than one entity, which eliminates control being centralized. The more entities involved in the food supply chain, the harder it will be to modify or change a transaction. This technology is also an excellent choice for traceability and can provide visibility of perishable food in real-time to ensure the consumer’s food quality. Implementing blockchain technology in the food supply chain is inexpensive compared to the returns, which requires an upfront investment only to set up a dedicated IT infrastructure as a transaction base.



RFID: RFID technology is well established in the food supply chain, and its applications are well implemented in many phases of the food supply. RFID technology has influenced all characteristics of perishable food. However, the major implications of RFID are seen in characteristics like traceability, speed, and automation. RFID technology can easily track, trace, and reveal the history of any perishable product to ensure the product’s safety and quality. RFID technology can facilitate efficient and effective observation of items within the food supply chain, reduce human interactions, and minimize manual work errors in the food supply chain.



RFID technology influences the speed characteristics and the responsiveness of the perishable food supply chain. It can be used to detect and identify food product information for efficient operation automatically. This encourages more output from this technology in a shorter period. This technology is not as safe as the blockchain, as counterfeiters can easily duplicate the tracking chips.



IoT: the smart devices that are remotely connected to each other and with the digital networks are gaining great popularity in the technology’s world due to their massive capabilities. This technique has proven its ability to reduce costs because the implementation required only the cost of connecting to a digital platform. The IoT technologies are mainly influencing perishable food traceability if implemented in the food supply chain. Therefore, these technologies are used to identify, locate, and track the status of perishable food in real-time.



IoT technology has greatly influenced the flexibility and scalability characteristics of the perishable food supply chain. The IoT influenced the flexibility characteristics in how IoT provides convenience to people where smart devices can be reached, managed easily by individuals. IoT technology has also influenced scalability in which more people and devices can easily be connected to each other.



3DP: 3DP technology is an emerging but promising technology in the food supply chain. Moreover, 3DP offers the possibility of enhancing and customizing food per a customer’s individual requirements. This technology will impact flexibility, assisting in reducing the number of suppliers and workers, and eliminating production facilities. Production can take place anywhere, and a dedicated facility is not required. Furthermore, 3DP can influence scalability characteristics where production can be scaled up or down based on different seasonality or customer’s demand.



UAV: the UAV is another emerging but promising technology in the food supply chain. There are various applications for UAV technology mainly implemented in the food supply chain for deliveries. The UAV has influenced flexibility characteristics due to its ability to carry packages of various shapes and sizes and serve different purposes.



UAVs are more flexible in reaching areas that are difficult to reach and deliver fresh food during harsh weather conditions or service seniors. The UAV also impacts speed and responsiveness because deliveries can reach their final destinations very fast. UAVs have been used recently to monitor agricultural fields and examine fresh crops closely to guarantee successful harvesting.



Autonomous Vehicles: autonomous vehicles offer great promise in the distribution stage of the food supply chain. This technology greatly influences speed and responsiveness characteristics to meet customers’ demands in a short period. Autonomous vehicle technology will decrease the cost of transportation. Autonomous vehicle technology is also influencing safety characteristics because fewer people will need to drive, which, in turn, will reduce the number of accidents.




6. Conclusions


The review involved the analysis of the ideas presented in various studies related to the implementation of technology, and to identify technologies used in different phases of the food supply chain, such as agriculture, processing, packaging, shipping, and selling, and to evaluate their effectiveness in improving the characteristics of perishable foods. The primary outcomes of the review indicated that most of the studies agree on the significant benefits gained through implementing and integrating technologies into the food supply chain systems. The array of different technologies available for integration in the different phases of a food supply chain. The first section includes the widely implemented technologies such as blockchain, RFID, and IoT while the second section includes 3DP, UAV, and autonomous vehicles. These technologies were found in different phases of the food supply chain and improved the efficiency of supplying perishable foods.



Different characteristics of perishable food supply chains and a block diagram showing Interrelations between the technologies and the characteristics of the perishable food supply chain are identified in this review, as a major typology gained through reviewing the technological implementation for improving perishable food features. Evidently, the use of technologies in the food supply chain can contribute to the improvement of perishable food in the predefined conditions by customers. Technologies are mainly applied to improve perishable food traceability and procedural transparency and ensure food quality and safety. The use of technology will also reduce the full dependency on labor, which will assist in reducing human error and costs, as well as ensuring the cost-effective delivery of food to most people, especially those with limited incomes. This, in turn, leads, to increases in a firm’s efficiency and competitiveness in the food supply chain sector, particularly with perishable foods.
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Figure 1. Processes involved in the perishable food supply chain after Bosona and Gebresenbet [15]. 
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Figure 2. Process diagram for the perishable food supply chain. Adapted from L.A. Pfaltzgraff and J.H. Clark [32]. 
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Figure 3. Review methodology. 






Figure 3. Review methodology.



[image: Logistics 04 00033 g003]







[image: Logistics 04 00033 g004 550] 





Figure 4. Distribution of research articles in the literature. 
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Figure 5. The number of publications related to the technologies used in different phases of the perishable food supply chain. 
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Figure 6. Characteristics of integrating technologies to improve the perishable food supply chain. 
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Figure 7. Interrelations between technologies and characteristics of perishable food supply chain. 
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Table 1. Literature review classification method.
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	Grouping
	Content
	Rational





	1. Identification of the factors of the perishable food supply chain through literature review
	This attempted to identify certain patterns in the chosen articles in this study. Both similarities and dissimilarities in opinions were included in the conceptual framework of this study.
	Such attempts allowed the identification of the most commonly mentioned features related to the food to improve the perishable food supply chain in general.



	2. Identification of technologies used to improve the perishable food supply chain
	Identification of the different technologies implemented in various stages of the supply chain to specifically improve perishable food.
	The technological features can be linked to the general characteristics and factors of a food supply chain and, therefore, can explain the implicative opinions of the authors regarding the connection between the two and define the requirements and expectations from such implementations.



	3. Features of the articles chosen
	The articles chosen in this review cover topics including the importance of food supply chains, technological implementations, different approaches, and effects of environment controlling factors on perishable foods.
	These articles were chosen to include more versatility in the literature review.



	4. Review and analysis procedure
	This was a structured and textual analysis comparison among the articles chosen in the literature review based on keywords.
	This was a determination of the different theories and concepts previously existing related to the perishable food supply chain.
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Table 2. Widely used technologies and their implementation in phases of the food supply chain.
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Phases

	

	
RFID

	
IoT

	
Blockchain




	

	
Technology






	
Agriculture

	
Ruiz-Garcia [19]; Costa et al. [37]; Gautam et al. [80]

	
Ray [22]

	
Kamilaris et al. [34]




	
Transformation and Processing

	
Gaukler and Seifert [82]; Brody et al. [25]; Costa et al. [37]

	
Li et al. [28]

	




	
Packaging

	
Gaukler and Seifert [82]; Brody et al. [25]

	
Li et al. [28]

	




	
Shipping

	
Angeles [31]; Gaukler & Seifert [82]; Costa et al. [37]

	

	
Jeppsson & Olsson [30]; Petersen et al. [50]




	
Selling

	
Angeles [37]; Gaukler & Seifert [81]; Sarac et al. [68]; Toyoda et al. [69]

	

	
Toyoda et al. [69]
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Table 3. Emerging technologies and their implementation in phases of the food supply chain.
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Phases

	

	
3DP

	
AV

	
UAV




	

	
Technology






	
Agriculture

	

	
Walter et al. [23]

	
Zhang and Kovacs [20]; Beloev [65]; Walter et al. [23]; Carrio et al. [90]




	
Transformation and Processing

	
Sun et al. [24]; Hu et al. [87]; Godoi et al. [46]; Li et al. [28]; Chan et al. [91]

	

	




	
Packaging

	
Lu and Wang [62]

	

	




	
Shipping

	
Chan et al. [91]

	
Forrest and Konca [63]; Davidson and Spinoulas [88]; Yu and Yu [29]; Bagloee et al. [89]

	
Beloev [65]; Carrio et al. [90]; Hassanalian and Abdelkefi [64]




	
Selling

	
Chan et al. [91]
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