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ABSTRACT: This paper offers a comprehensive account on the emerging concepts and practices in post-harvest management of 

horticultural crops. Post-harvest science and technology facilitates the industries to deliver safe, nutritious and fresh horticultural 

products to consumers at the end of the supply chain from farm to mouth. Substantial food wastages, which occur in the post-harvest 

period and such losses, could be reduced by improved post-harvest research, advancement, training and education. At present, many 

novel technologies and techniques are already being implemented to reduce the post-harvest losses which are witnessed at 

harvesting, during packing and transportation, in wholesale and retail markets, and during delays at various levels of handling. 

Improvements are also required to minimize the losses effectively and keep the process-cost low so that it could be applicable at 

commercial scale in a wide range of economic levels. By developing the practices utilized at post-harvest phase, the expenses 

accompanying for additional processing paces could also be reduced. Future studies should also be focused on incorporating various 

emerging technologies with post-harvest practices and appropriate improved practices should be adopted to an existing value chain 

and marketing system.   
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1. INTRODUCTION  

The State of Food and Agriculture (SOFA) (2019) reports that annually about 1.3 billion metric tons of edible food products in the 

world are discarded from human consumption due to waste. This loss of food, about one third of the global annual consumable food 

production accounts to 2.6 trillion USD [1]. This is in a world where about 690 million people are acutely undernourished according 

to the United Nations (UN) Department of Economic and Social Affairs. In Sri Lanka, food waste is not only a financial issue (loss 

of edible food), it is also a large-scale social and environmental issue as well [2]. As per several studies conducted in the recent past 

Sri Lanka generates approximately 7000 tonnes of solid municipality waste per day, out of which about 50%-70% is food waste. If 

we estimate, 25% of this waste is due to post-harvest food management issues, the loss comes to about 875 – 2450 tonnes per day 

[3, 4].  

As per the Sri Lanka Country Brief-2019 of the World Food Program and Global Hunger Index-2020, more than one fifth of the 

total population cannot afford sufficient foods, which leads to 7.6% of the population suffer from under nutrition. Thus, it is a prime 

need of the country to save at least a part of the food that goes into waste, rather than looking for converting waste to useful materials 

after letting the food products to be wasted. Post-harvest food management technologies play a vital role in this context. Post-harvest 

technology is an interdisciplinary "Science and Technique" used for the safety, preservation, refining, packaging, distribution, 

marketing and use of agricultural products after harvest in order to fulfil the food and nutritional demands of the community [5]. 

The significance of post-harvest technology focuses to satisfy the food requirements of the rising population through minimizing 

losses and producing more nutritious food items from raw commodities by proper processing [6,7].  

Losses of horticultural produce are a key issue in the post-harvest process [8, 9]. These losses are driven by wide range of variables, 

ranging from growing conditions to retail handling. Losses do not reflect only by food waste, but a similar waste of human energy, 

farm inputs, livelihoods and capital. Inefficiencies in the food processing chain and the resultant waste have a solid adverse effect 

on the food supply, environment and productivity. Thus, the avoidance and elimination of food losses is not just an objective linked 

to food security itself. This is particularly important in the case of emerging economies where the food processing and post-harvest 

technologies are still excessively energy intensive [10, 11]. Most often such energy intensive technologies become a burden to both 
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the economy of the country and the local and global environment. Thus, greening the food value chain should go in hands with 

green energy & power systems as well.  

The origination and systematic use of post-harvest technology involves in intersectional and multidimensional framework, including 

scientific ingenuity, technical innovation, commercial entrepreneurship, and interdisciplinary research [7]. Thus, in order to 

minimize post-harvest losses, new technologies should be implemented into post-harvest approaches and, at the same time, research 

and development should be promoted in the field of post-harvest technology to explore integrated approaches that have a better 

chance of acceptance and sustainability. Nevertheless, no proper compilation and comprehensive analysis of the recent research 

improvements and novel technologies in the field of post-harvest technologies. This study is an attempt to accomplish the research 

void, which will support future improvements and advancements to tackle the prevailing issues in the field of post-harvest 

technology. 

 

2. INFORMATION ANALYSIS  

2.1 Emerging technologies  

Emerging advanced post-harvest technologies will allow all the actors in the perishable supply chain to minimize the losses, assure 

the optimum quality and extend the shelf life of the fresh produce. The stability of packaging also plays a vital role in this context, 

where package industry is forced by the state regulations and the pressure from environmentalists to adopt bio-degradable materials 

[12, 13]. Extensive research and development as well as technological innovation in postharvest technologies attempt to 

conglomerate understanding of plant physiology and technology to maintain optimum quality after harvesting [14]. Optimal post-

harvest treatments for fresh produce aim to decelerate senescence and maturation processes, reduce/inhibit physiological disorders, 

and mitigate the risk of pathogen infection and contamination. Along with simple post-harvest temperature control technologies, a 

broad variety of other techniques have also been generated with the assistance of scientific advancements [15, 16].  

2.1.1 Emerging intelligent packaging technologies  

Intelligent packaging is also well-known as smart packaging. It has the capability to recognize the properties of the food it surrounds 

or the atmosphere in which it is stored. It is furthermore able to warn the producer, retailer or customer regarding the condition of 

these food properties [17]. The technology may improve many parameters of the commodity such as food sustainability, food 

security and safety, quality and reliability of product at user end and during the whole value chain [18]. Intelligent packaging, 

although uniquely varies from the idea of active packaging, can be utilized to verify the efficacy and integrity of active packaging 

designs as well [18-20]. A package is described by Yam et al. [21] as "intelligent" if it has the potential of monitoring the product, 

sensing the atmosphere outside or inside the package, and interacting with the consumer.  

Subsequently, the packaging includes sensors that indicate customers that the product is affected and can initiate to reverse the 

detrimental modifications that have taken place in the commodity [22, 23]. These packaging systems include tools that have the 

potential of detecting and giving data on the utilities and properties of packaged foods [24] and/or supplying an internal or external 

indicator for the background of the active product and the quality determination of the product [25]. The system becomes smarter 

with the integration of wireless communication, cloud data resources and data processing units and supportive electronics and 

components that include data carriers, indicators, and sensors [26, 27].  

It is possible to split these system types into three classes.  

1. External indicators which are inserted outside the box and which comprise indicators of the temperature, time and physical 

shock.  

2. Internal indicators inside the box - positioned in the package head space or mounted to the lid, such as microbial indicators, 

oxygen leak indicators, etc. [28].   

3. Indicators that improve the effectiveness of the drift of information and efficient contact between the user and the product, 

including certain unique bar codes that contain information about food items including use and expiry date of consumption. 

Traceability of the product, anti-counterfeiting, anti-theft and tamperproof devices are also considered in this section [29].  

While active packaging requires robust ways of managing oxidation, microbial growth and in-pack humidity, smart packaging 

models make it easier to monitor and optimize the essential parameters to maintain the quality of food [30]. Examples of modules 
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in smart packaging are Time temperature integrators (TTIs), Radio Frequency Identification tags (RFID), ripeness markers, chemical 

sensors and biosensors. There has been no widespread commercial implementation for most of these smart devices. 

2.1.2 Time temperature integrator (TTI) technology  

A time temperature integrator (TTI) can be viewed as an easy, affordable device that can exhibit a simply observable change that 

represents the complete or fractional temperature history of a food product to which it is mounted [31, 32]. A chemical, mechanical, 

microbiological or enzymatic irreversible transition, typically conveyed as a noticeable response in the method of mechanical 

deformation, colour formation or colour change, is the concept of TTI action [33]. It relies on the physical shift or chemical reaction 

towards temperature and time for chemical or physical responses like acid-base reaction, melting, polymerization, etc. whereas, it 

is focused on changes in biological function like microorganisms, spores or enzymes, in temperature or time for biological response 

[16,35, 36].  

 The rate of change depends on the temperature and rises at greater temperatures, similar to the degrading reactions responsible for 

deteriorating the consistency of the product. Therefore, the TTI's visible response correspondingly describes the time-temperature 

background of the commodity it goes along with [33]. TTIs should be easily triggered and then demonstrate a shift depending on 

the reproducible time temperature that is easily measured. This transition must be permanent and preferably imitated or effortlessly 

connected to the degradation scale and residual shelf-life of the food. Based on their response mechanism, TTIs can be categorized 

as either partial history or complete history markers [36]. TTIs can be divided into three types [37]:  

• Critical Temperature Indicators (CTI) display sensitivity to a reference temperature above (or below). Other important 

instances where a CTI would be beneficial are denaturation of an essential protein above the critical temperature or 

development of an infectious agent. 

• Critical Temperature/Time Integrators (CTTI) are beneficial in signalling distribution chain disruptions and for products in 

which quality or safety-relevant changes are triggered or arise at detectable levels above critical temperatures. Microbial 

growth or enzymatic functions that are restricted below the critical temperature are examples of such reactions.  

• Throughout the history of the object, time temperature integrators or indicators (TTI) provide a consistent, temperature-

dependent response [38].  

Conventional packages act only as food containers, while TTI-based smart packages can accomplish essential functions and also 

decrease food degradation and shelf-life issues for customers. It is stated that with the advancement of research and utilization of 

thermo-chromic materials such as nanomaterials, photonic crystals and other new materials, TTI can tackle safety, precision and 

expense problems and make sure that customers can get reliable and safe food [39, 40]. However, the costs of commercially 

applicable TTIs are now greater than anticipated and in future, it is important to build a low-cost TTI [26, 31].  

In addition to TTIs, many other features included in the intelligent packaging can also be advantageous in numerous ways. Using 

radio frequency identification (RFID) tags is a ubiquitous technique, which is progressively used in cold chain tracking, supply 

chain management, and retail [41]. RFID has a number of benefits over older systems such as barcodes and data loggers [42]. RFID 

saves time and money by reducing manual labour, lowering prices, and enhancing visibility and planning. It also provides access to 

accurate real-time data, fast product position, the ability to report losses, and the ability to strategically plan product locations [43].  

Freshness indicators incorporated into food packaging, such as microbial indicators, leak indicators, spoilage indicators,  and 

ripeness indicators, sense and inform regarding the quality level (exhibiting , ripeness, firmness or freshness level), which in turn 

reveals the food's safety as well [44]. They are indeed an on-package indicator or sensor that can detect the freshness of food in 

relation to the environment of the package and provide information about the food's safety and quality [35].  

2.1.3 Temperature controlling techniques  

One of the most significant phases in the post-harvest handling chain is considered to be cooling. Lowering the temperature of fresh 

produce after harvest significantly decreases the rate of respiration, increases the shelf life and preserves the quality of the produce, 

while reducing the loss of volume and weight by reducing the rate of water loss and decay [45].  

Room cooling: Room cooling is a technique that is comparatively cheap but very slow. Produce is literally placed into a cold space, 

and the cool air is dispersed around cartons, bags, or bins. This way of cooling is probably more suited to less perishable products 
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including apples, onions, sweet potatoes and citrus fruits, as highly perishable crops would deteriorate before cooling sufficiently. 

Room cooling may be well suited to chilling sensitive crops that are cooled from relatively cool early morning harvest temperatures 

to storage temperatures of 10–13ºC (50–55 ºF) [46].  

Forced-air cooling: It pushes or draws air through containers of produce, significantly accelerating the cooling rate of any form of 

product. It is possible to build several categories of forced-air coolers to transfer cold air past the products [47]. Forced-air cooling 

decreases the cooling time from one or two days in a room cooler to a few hours for a batch of packed produce [48]. If a cold room 

is available with sufficient cooling space, adding a portable forced-air cooling tunnel that is capable of cooling four pallets at a time 

would raise the power usage of the fan by only 800 to 1,500 W/h. A cold room with a cooling capacity of 17.6 kW (5 tons) will cool 

3 MT of horticultural produce in 6 to 8 hours from an initial temperature of 27°C to a intended temperature of 2°C [49]. Mobile 

forced air-cooling tunnels and crates are the most beneficial devices. These systems provide the industry with a shorter delivery 

period and reduce manufacturing costs on site [46].  

Hydro-cooling: For some commodities, hydro-cooling provides quick and uniform cooling. The product and its packaging materials 

must be wet-tolerant, chlorine-tolerant (used to sanitize hydrocooling water), and not prone to damage caused by water-beating [50]. 

In cooling, hydro-coolers do not loss of moisture and can rehydrate slightly wilted goods. In order to disperse decay species, hydro-

cooler water must be collected from a sanitary source and chlorinated to reduce the amounts of decay organisms in the water during 

cooling [51]. Hydro-coolers can be reasonably power effective and are among the minimum costly methods of cooling [46].  

Vacuum cooling: Inside a sealed chamber, vacuum cooling requires reducing pressure. Water transforms into vapour within the 

vegetables, extracting energy from fire. For commodities, those lose moisture rapidly like baby leaf crops and lettuce, vacuum 

cooling works best. To prevent moisture loss from the product, hydro-vacuum coolers include a misting device. Vacuum cooling is 

energy efficient and quick [52]. As water transitions from liquid to gas within the vegetables, it absorbs heat energy from the product, 

cooling it. Approximately 1% of the output weight needs to be converted into water vapour for every 5°C reduction in temperature. 

Modern hydro-vacuum coolers, however, solve this problem by spraying water during the vacuum process over the produce. This 

will minimize to marginal levels the loss of moisture [53].  

Package icing: Package icing is another basic cooling technique that is used to keep horticultural commodities cool during delivery 

through the conventional marketing method. Ice is used to lower the temperature of the fresh produce, and crushed ice is manually 

placed on top of the packaged goods. This approach is useful for short-distance transportation. Top icing and liquid icing are also 

often used. In top icing, crushed ice is manually or mechanically added to the produce, while ice and water mixtures are pumped 

into packages through vents or handholds in liquid icing [54].  

2.1.4 Antimicrobial active systems  

Antimicrobial active packaging systems can be classified in to four groups in relation to the mechanism of activity of the 

antimicrobial compound [55]:  

(i) The antimicrobial compound is delivered into the package headspace to communicate with the surface of the goods.  

(ii) The antimicrobial compound is introduced into the packaging material and released through a process of migration 

into the product.  

(iii) The antimicrobial agent is immobilised on the package surface.  

(iv) The substance in the box has intrinsic antimicrobial activity.  

Direct contact between the package and the product is required in groups (iii) and (IV) to achieve the required antimicrobial effect 

[56].  

 Headspace artefacts: Headspace artefacts were the first successful antimicrobial packaging to be sold on the market, in the style 

of sachets covered inside or linked to the container [57]. They can be split into two categories: antimicrobial activity, both indirect 

and direct. Oxygen and moisture scavengers and carbon dioxide emitters provide headspace artefacts with indirect antimicrobial 

operation. Since their primary activity is to minimize spoilage due to enzymatic deterioration processes and prevent the development 

of foggy film, they are called indirect antimicrobials because the change in the internal environment (decrease of oxygen and 
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moisture) prevents the development of aerobic bacteria. Antimicrobial volatile compounds like sulphur dioxide [58], ethanol [59], 

organic acids and essential oils provide headspace objects with direct antimicrobial activity [60].  

Antimicrobial compound incorporated in the package polymer: In order to communicate with the microorganism, another form 

of antimicrobial active packaging artefacts is in which the antimicrobial compound is incorporated in the bulk polymer and it has to 

spread to the surface. As carriers, various synthetic and natural polymers have been utilized [61].  

Antimicrobial immobilised packages: There are few examples of antimicrobial packages in which ionic or covalent bonds have 

immobilised the antimicrobial compound into the polymer [55]. The existence of functional groups in both the antimicrobial 

compound and the polymer is required for the attachment [62]. In order to give the antimicrobial compound more versatility and 

substantially improve its antimicrobial activity, the existence of a versatile linking group is also preferable [56]. However, available 

knowledge of the use of this form of packaging in fresh fruits and vegetables has not been published.  

Inherently antimicrobial packaging: Some edible biopolymers are intrinsically antimicrobial compounds like chitosan and poly-

L-lysine, because their positively charged amino groups associate with negative cell membrane charges that facilitate intracellular 

leaking and, ultimately, cell death [62]. For fresh produce, many biopolymers are being used as edible coating treatments. Chitosan 

has been used actively to avoid fungal degradation of fruits and vegetables as a coating agent. Owing to the presence of calcium 

chlorite, calcium alginate decreases the development of microorganisms. Their antimicrobial activity has been described, also taking 

that into account these polymers serve as barriers between the product and the microorganism. Synthetic and semisynthetic 

intrinsically antimicrobial polymers have been designed for use in various industries like packaging of food [61].  

It has been shown that most of the natural antimicrobial active packaging methods already used are effective and design of active 

packaging as natural antimicrobial delivery systems may be an alternative approach to maintain fresh produce quality and market 

demand for naturally preserved produce [49].  

2.1.5 Controlled and modified atmosphere  

To improve and strengthen cool storage, controlled atmosphere (CA) and modified atmosphere packaging (MAP) are used. These 

techniques modify the environment in the surrounding and within the produce, either actively or passively. This affects cellular 

metabolism, resulting in decrease in catabolism in climacteric fruits and vegetables and inhibition of enzymatic functions [63]. Each 

product has its own set of ideal CA and MAP conditions, which, in combination with storage time, relative humidity (RH), and 

ethylene concentration, can affect flavour-life and shelf-life. One of the most appealing features of these techniques is that it is non-

toxic and can be used on organic fruits and vegetables [64]. CA and MAP have also benefited from technical advancements. The 

use of respiratory quotient control has upgraded the managing of both traditional and newly established CA systems; gas scavengers 

have enhanced the effectiveness of MAP; and the use of natural additives has strengthened food safety throughout the supply chain 

[63].  

CA technology is one of the most innovative postharvest technologies established in the twentieth century [65]. With the 

advancement of more precise control systems, the CA technique has developed into a dynamic controlled atmosphere (DCA 

storage). Another non-destructive tool for assessing primary photosynthesis procedures in photosystem II is DCA-CF (Dynamic 

controlled atmosphere-chlorophyll fluorescence). The fluorescence interactive response monitor (FIRM) sensors, which are capable 

of detecting fluoresced light, are the most widely used device for DCA-CF [63]. Recently, a novel automated DCA control system 

based on online real-time Respiratory Quotient (RQ) measurements was established and incorporated into the control unit of CA 

facility. This allows the CA system to change gas concentrations in real time based on RQ readings, avoiding the noise described 

earlier because the leakage is factored into the predictive model [66].  

MAP is a promising technology that modifies the environment inside the package based on the interaction between the rate of 

product respiration and the gas transfer through the package [67]. When packaging technology is adjusted to the rate of respiration 

of the product, an equilibrium modified atmosphere (EMA) can be created in the container, resulting in a reduction in the rate of 

respiration and metabolic processes, as well as an improvement in product shelf life [68]. Respiration and temperature have a big 

impact on MAP. BreatheWay® membranes, for example, have thermos sensitive crystalline polymers that enable high gas 
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transmission rates at high temperatures [69]. Research and development should be encouraged to overcome these shortcomings in 

order to utilize efficient CA and MAP [70].  

2.1.6 Ethylene Controlling Technologies  

In almost every step of plant growth, ethylene is included. Quality parameters linked to taste and aromas have been shown to be 

controlled by ethylene in fruits. While ethylene is important for the optimal taste and quality of fresh commodities, it can have 

adverse impacts on the post-harvest life of climatic fruits. As such, it is commonly accepted that high levels of ethylene are associated 

with rapid softening and decreased storage life of climate-specific fruits due to ripening process. Using technologies that are capable 

of restricting, or eliminating ethylene will minimize the production of ethylene in the fruit environment, thus helping to preserve 

the quality of climate-changing fruits [71].  

Need for the discovery of substitute techniques which have the potential of extracting ethylene has resulted in the production of a 

novel material, e+® active Ethylene Remover, which has a considerable adsorption ability of ethylene gas. This technique has also 

shown significant impacts on varieties of non-climacteric fruits such as strawberries. Further research on the technology for fruits, 

flowers and vegetables is also being carried out globally [72].  

The Smart Fresh Quality System is a brand focused on 1-methylcyclopropene (1-MCP). 1methylcyclopropene (1-MCP), a synthetic 

gaseous compound, has become commercially useful in extending the storability of many plant products [73, 74], and also providing 

an important tool in research programs attempting to understand and provide new insight into ethylene action and responses [75].1-

MCP is suspected to bind to ethylene receptors, stopping ethylene from binding and acting. Since 1-MCP has a tenfold higher 

affinity for receptors than ethylene, it is active at much lower concentrations as compared to ethylene [76]. There are also many 

other commercial products which can be used as potential chemical alternatives to 1 MCP Silver ions (e.g. silver thiosulfate or silver 

nitrate) blocks ethylene perception. CoCl2, aminoethoxyvinylglycine (AVG), aminoisobutyric acid (AIB) and aminooxyacetic acid 

(AOA) are the most widely used ethylene biosynthesis inhibitors [77, 78].  

 There are a slew of other signals that control ethylene development and perception in plant organs. The involvement of the Nitric 

Oxide (NO) signal, among the various signalling molecules, is of particular interest because it has now been shown to interact with 

ethylene effects to directly and considerably affect fruit ripening. NO is a bioactive molecule that can control ethylene production 

by at least two mechanisms: 1.Direct stoichiometric inhibition 2.Subduing the ethylene biosynthetic enzymes [79]. NO treatment 

has the capability of extending the shelf life of horticultural commodities and enhancing their preferable characteristics as well [80, 

81]. Understanding how NO affects ethylene signalling would provide novel and economically valuable knowledge that could lead 

to the enhancement of the fruit quality characteristics in future [79].  

2.1.7 Biosensors for pathogen identification  

To make sure safety and quality in the food processing sector in a quick, accurate and simple way, biosensors have been improved 

as essential alternatives to conventional methods [82]. In several applications like quality control of food components and the 

identification of microbial and/or chemical ingredients for food protection, biosensors created for the food sector have been utilized 

[83].  

It is important to show fast response to real-time tracking of the target analyte in order to function effectively for a bio sensor. The 

features of a potential biosensor are that it should be repeatable, reliable and linear. It should not offer false-negative results, and 

there should be limited false positive outcomes. Perfect biosensors are usually automated systems which should need minimal 

interaction by the user, have a simple interface, and be low-priced, convenient to use, compact, and portable [83]. Main and sub 

types of biosensors which are utilized for the detection of foodborne pathogen and their characteristics are summarized in Table 1.  
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 Table 1: Classification of biosensors and their characteristics  

Types of bio sensors Sub types of bio sensors Characteristics References 

Immunosensors Enzyme-based 

biosensors 

Enzyme immobilization is utilized as a foundation 

for developing biosensor components with 

characteristics like high reproducibility, storage, 

sensitivity, stability, quick response and high 

selectivity. The pathogens can be identified by 

labelling the antibody with enzymes. 

[84] 

Optical biosensors Fluorescence resonance 

energy transfer based 

biosensors 

Fluorescence resonance energy transfer (FRET) 

technology can be used to quantitatively analyze the 

protein-protein interactions and bio-molecular 

dynamics between DNA and protein, as well as 

conformational changes in proteins. 

[85] 

 Surface plasmon 

resonance biosensors 

As light is reflected on the inner surface of a material 

with varying refractive indices, surface plasmon 

resonance (SPR) occurs and SPR reduces matrix 

turbidity by calculating the refractive index on the 

reverse side of the metal film in which the biological 

selective element is immobilized. 

[86-88] 

 Colorimetric biosensors The colorimetric process, which is an appealing 

optical method, enables the pathogens in the sample 

to be easily recognized by changing colour. 

[89, 90] 

Electrochemical 

biosensors 

Amperometric 

biosensors 

A universal method of electrochemical detection that 

is well used for pathogen detection is utilized here 

and these bio sensors are utilized to analyse 

electrochemical reactions while continuously 

monitoring the current shift. 

[85] 

 Potentiometric 

biosensors 

The use of ion-selective electrodes to transform the 

biological reaction of pathogens into an electrical 

signal is utilized in potentiometric biosensors. 

[87] 

 Impedimetric biosensors Via the microbial metabolism of electrically charged 

ionic compounds and inert substrates of acidic 

products like amino acids, lactic acids and acetic 

acid, impedance biosensors detect pathogens based 

on variations in environmental conductivity. 

[91,92] 

Mass-sensitive 

biosensors 

Piezoelectric biosensors The piezoelectric sensor's surface is coated with a 

selective binding agent (e.g. antibodies) in which the 

solution having bacteria is mounted. As the crystal 

mass increases, bacteria bind to antibodies that 

decrease the oscillation frequency. 

[85,93] 

 Magnetoelastic 

biosensors 

The added mass induces a change in the resonance 

frequency when a target is in contact with the 

pathogen alloy sensor surface and can be identified 

remotely by the coil of the signal collector. 

[94] 
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More sensitive, quicker, compact, equivalent, sensitive and economical biosensors can be built with technological advancements. 

Additional research work is therefore desired to improve biosensors that can better sense foodborne pathogens and their toxins.   

2.1.8 Nano-technological applications  

Nanotechnology is currently becoming one of the most imperative instruments in the post-harvest production field of modern 

agriculture. Various biological agents have emerged as economical and efficient candidates for the synthesis of nanoparticles 

through green synthesis methods, such as microbes (Bacillus spp. Pseudomonas spp. Fusarium spp. Chlorella spp. etc.) and 

plants/plant extracts (Neem, garlic, aloe, tea etc.). Due to the higher solubility, durability and eco-friendly biodegradability of 

nanoparticles, they are used in several applications in the food chain of sustainable agro-horticulture [95]. In certain important areas, 

nanoparticle science will assist us with post-harvest management and shelf life extension of horticultural crops and their products. 

Nanomaterials can also communicate with food and/or its surrounding area when integrated into polymer matrices, thereby 

providing the packaging systems with active properties and enhancing food protection and stability [96]. By means of 

nanotechnology, biodegradable and entirely compostable bioplastic packaging has already been made from organic corn flour [97].  

Nano technological advancements allow nano sensors to be used in food packaging to monitor their consistency across the different 

stages of the logistics process and to ensure the quality of the product to the final customer [98]. Intelligent packaging 

nanotechnology can assist in providing product features for authentication, monitoring, and location to avoid falsification, 

adulteration, and avoidance of the variety of goods intended for a particular market. There would be great advantages for the food 

industry with the intelligent packaging using nano sensors [99].   

These nano machines, in the method of small chips undetectable to naked eye, are inserted in food or containers for the use as 

electronic bar codes that enable food to be tracked at all phases of the process (production, processing, distribution, and 

consumption) [100]. There is no documentation of any research that expands this monitoring phase until the last stage. Recently 

modified sensors using nanotechnology and electro catalysis denote a novel and favourable technology for the inexpensive finding 

of fruit ethylene development that will facilitate future studies in parts where ethylene could not be measured before, due to a 

shortage of sensitive, compact and near real-time measurement equipment [99]. Furthermore, nanotechnology can also be utilized 

in antimicrobial packaging systems, comprising an antimicrobial nanoparticle sachet, which diffuses bioactive agents in the 

packaging or coats bioactive agents on the surface of the packaging content [101].  

2.1.9 Information technologies in post-harvest management  

Through tracking and tracing machineries that encourage food safety and eventually optimize food value chains, smart and improved 

information technology systems can have a beneficial impact worldwide; via increasing farm multifactor productivity, through 

developed water logistics and implementation, developed farm operations/processes and optimized machine/fleet maintenance 

[102]. A framework execution for the monitoring and tracing of agricultural batch products in the food value chain was suggested 

by Ruiz-Garcia et al. [103] in the agro-food value chain. The suggested model recommends the utilization of web-based data 

collection, transfer and storage systems that allow networking, accessibility of information in order to achieve maximum traceability 

[103].  

The barcode is one of the most widely distributed tools used for traceability. GS1 is a non-profit organization assigned to the creation 

and development of global barcode standards to increase the quality and visibility of supply chains by defining products and services. 

To allow traceability, these GS1 norms can be applied across the food supply chain. In 108 nations, there are GS1 member 

organisations. Retailers and suppliers of packaged products have used their recognised global trade item numbers (GTINs), such as 

the SSCC (Serial Shipping Container Code), the EAN (European/International Article Number) and UPC (Universal Commodity 

Code), for decades. The adoption of GS1 standards differs by country and industry, but has risen exponentially every year, and 

exertions are being made to improve their adoption by upstream supply chain companies. The GS1 product identification standards 

form the basis of a foremost initiative commenced by the manufacturing sector to enable traceability back to the farm. The project 

is known as the "Produce Traceability Initiative" (PTI) and seeks to attain electronic traceability across the supply chain for any 

product event [102]. In developing countries, , the introduction of greener supply chains, both in terms of logistics and the utilization 

of eco-friendly technology, will significantly help the growth of sustainable agriculture.   
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2.1.10 Application of modelling techniques  

Techniques that consist of collecting data from one or more sources and constructing a systematic representation of the data in a 

model are generally known as modelling techniques. Various modelling techniques are being used in this post-harvest industry to 

describe numerous processes and to predict various parameters and conditions [104]. Among these, as a consequence of the 

complexity and efficiency of computers and the accessibility and affordability of modelling techniques, mathematical modelling 

techniques are currently becoming incredibly widespread as a substitution for costly and complicated experiments of cold chain 

maintenance in postharvest sector [105]. These various modelling techniques have been created to simulate mass and heat transition, 

fluid dynamics, and quality variations in and around fresh commodity, based on the complexity [106]. In order to predict the ultimate 

quality of fresh produce and associated properties, several kinetic, stochastic, deterministic and computer intelligence models have 

also been developed [107]. Some modelling applications which are currently being used in post-harvest industry are listed below in 

Table 2 

 

Table 2: Recent modelling applications and their reported uses in post-harvest industry  

Modelling  applications                 Reported uses   References   

Migration modelling   Quantifying migration in food packaging systems.  Understanding of 

migrants from board paper into commodities.   

[108, 109]   

Heat  and  mass  

transfer modelling   

  

 Stochastic modelling   

 

Prediction of CO2, O2, N2, and H2O concentration and diffusion in 

perforation-mediated polymeric packages.   

  

Quantifying the effect of ventilation vent on temperature dispersal of 

the commodity.   

 [110]   

  Evaluation of the quality of perishable food and estimating the 

environmental level.   

Estimation of the heat production and the cooling effectiveness during 

storage and transport.   

Development of an Agro-Chain Greenhouse gas emissions calculator 

to evaluate the percentage of food losses per chain stage.   

[111, 112]   

Kinetic modelling   Examination of the influence of relative humidity (RH) conditions on 

the shelf life of commodities including nutritional and sensory qualities.   

Studying the kinetics of chemical and sensory alterations taking place 

in the period of storage via relating kinetic models.   

[107]   

Membrane  

Separation 

modelling  

gas  Studying the impact of external turbulence on the rate of gas 

exchange.  

Developing a mathematical model for the prediction of the effect of tube 

dimension. 

[113]  

 

2.2 Recommendations for Future Concerns   

Many studies have shown that approximately 30% to 40% of vegetables and fruits are lost before hitting the ultimate customer, and 

these losses are seen at several post-harvest stages in developing countries [114]. Owing to inadequate temperature control, use of 

poor quality packets, pathogen contamination, etc., quantity and quality losses occur mainly. Over the past 20 years, less than 5% 

of the funding for horticultural study and expansion has been assigned to post-harvest concerns [14].  
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When considering Sri Lanka, there are numerous factors and inabilities that contribute to the high rate of post-harvest losses. Due 

to the generally warm and humid climate of Sri Lanka which is a tropical island, horticultural fresh commodities begin to deteriorate 

promptly shortly after harvesting. Poverty among farmers and shortage of investment to obtain advanced technology are major 

roadblocks to reduce post-harvest losses in the local context. Despite the fact that the government has developed many wholesale 

marketing centres across the country assigned to the effective handling of fresh commodities, most of them are not well equipped 

to handle fruits and vegetables in the post-harvest phases. The improvement of marketing networks in Sri Lanka has been hampered 

by a lack of qualified manpower in this field and shortcomings in the agricultural extension service [114].  

At the same time, many advanced technologies and practices are being utilized in developed countries in the area of post-harvest 

management of horticultural commodities such as high power cooling systems, Ultraviolet C (UV-C) light treatment and cold plasma 

technology. Germicidal and non-ionising artificial ultraviolet C (UV-C) light treatment is used to monitor microbial growth. Some 

studies show that when this technique is used bioactive compounds are also enhanced. After UV-C treatment, there are no residues 

left in the commodities, which is a benefit in meeting new market demands [115]. Cold plasma technology is another promising 

strategy for improving food safety. It is made by passing an electric current through ordinary air or a flame, resulting in reactive 

gaseous species with antimicrobial properties. It doesn't use any additives, so there aren't any leftovers [116]. Furthermore, food 

systems of developed nations are often well-organized and developed.  

In order to minimize post-harvest losses and ensure the quality of the commodities at the production end, developing countries 

where higher amount of losses take place at the processing end should also concentrate on research and development in this sector. 

Capacity-building initiatives undertaken in developing countries in the field of post-harvest technology need to be more widespread 

and provide technical information on managing research abilities and practices, and also considering consequences of such activities 

in the natural environment. Governments, Banks and international organisations dedicated to food security should not hesitate to 

invest in reducing postharvest losses and encouraging research and thus, would be a great upgrade and a step towards raising 

technology adoption rates and strategies to reducing post-harvest losses. Training and outreach systems for food loss reduction must 

be introduced worldwide [9].  

  

Therefore, research and advancement in the field of post-harvest technology should be encouraged and the novel researches should 

focus on the areas including:   

• Non-destructive high-speed segregation systems  

• New methods of packaging, storage and transport  

• Management of pests and diseases for market access  

• Regulation of senescence  

• Optimisation of supply chain  

• Introducing cold chain system    

  

Also, upcoming researches should also concentrate on future success ideas of Post-harvest technology like:  

• Awareness of the molecular and genetic basis of quality characteristics like resistance to mechanical stress, resistance 

to post-harvest diseases and pests  

• Integration of accessible techniques (bio-data and nanotechnology) via systems biological approach to resolve food 

safety and quality issues in the post-harvest stage.  

• The enhancement of unique health components in fresh and refined goods.   

• Using artificial intelligence and robotics for both personal and mass harvesting, packaging and handling of bulk 

products.  

• Controlling distribution and supply chains effectively.   

• Usage of bio-stimulants and/or bio-regulators to monitor efficiency and quality; and to recognize and exploit the 

underlying metabolic processes that control biochemical and physiological systems that control the degradation of 

products.  
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• Integration of renewable energy sources into the energy-intensive post-harvest management operations  

• Use of eco-friendly technologies for controlling post-harvest pests and diseases In Sri Lanka, some noteworthy work 

has been done in reducing the post-harvest losses and improving the storage and shelf-life of agricultural materials in 

the past decade [117-125]. The National Institute of Post-Harvest Management is pioneering the research in this regard 

whereas state attention has also been drawn on improving post-harvest product management through the development 

and implementation of policies and guidelines. However, it is recommended that the scientific approaches should be 

more focussed on the international technology frontiers, especially in smart and intelligent systems, rather than having 

a continued attention on improving conventional techniques.  

  

3. CONCLUSIONS  

In addressing post-harvest losses in the entire concept of greening food value chains, there is a clear need for a more systematic and 

coherent approach. As mentioned above, post-harvest developments, together with the greening of food value chains, can have a 

significant effect on food loss avoidance, decline and future recovery of value. It is therefore apparent that policy makers and 

decision-makers need to take such methodologies into account, particularly as they give massive contribution to improved food 

security, climate change mitigation and increased employment opportunities.  

Developing countries such as Sri Lanka will be the prime beneficiaries in moving towards the frontier technologies and methods of 

post-harvest management, as a significant fraction of the population in these countries encounter under nutrition and hunger issues.  
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