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ABSTRACT 

 

Smallholder farmers in developing countries, like South Africa, experience serious challenges 

in production of fresh produce due to lack of proper postharvest handling facilities that then 

translates to high postharvest losses. Within South Africa, the Limpopo Province was 

selected as the study area for this research, since it has the potential to produce high-value 

agricultural products. Such high-value products mainly include fruit and vegetables. The 

focus on smallholder farmers within this potential Province will contribute to strategies for 

the alleviation of food insecurity within the country. However, within the Province, 

smallholder farmers experience postharvest losses due to extremely high temperatures and 

the lack of proper postharvest handling facilities. These losses occur because fresh produce, 

such as fruit and vegetables, are perishable and sensitive in nature. The main causes of the 

postharvest losses are technical, microbial and environmental factors during postharvest 

handling of fresh produce. These factors lead to the physiological deterioration of fresh 

produce. To ensure that technical factors are isolated or minimized, appropriate methods of 

harvesting, handling and packaging should be applied. It is also critical that the time between 

harvesting and storage is limited. In order to minimise the rate at which physiological, 

chemical and enzymatic changes occur, the management of environmental factors should be 

applied. Major environmental conditions, which have a huge impact on quality of fresh 

produce, are extreme high temperatures, low relative humidity, high oxygen concentration, 

low carbon dioxide concentration and high ethylene concentration. High temperature and low 

relative humidity can be addressed through the introduction of cooling technologies, such as 

mechanical refrigeration, vacuum, hydro cooling and evaporative cooling. However, most of 

these cooling technologies, except evaporative cooling, are capital-intensive. Hence, 

smallholder farmers in sub-Saharan Africa might be limited to evaporative cooling. To 

enhance the efficacy of cooling technologies, packaging technologies, such as controlled 

atmosphere storage (CAS) and modified atmosphere package (MAP) within the cooling 

technologies, will help to control oxygen, carbon dioxide and ethylene concentrations. 

However, CAS is ideal for bulk storage and is financially feasible for large operations. Since 

MAP is technically and financially feasible for small operations, smallholder farmers are 

limited to this technology.  
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In order to, obtain a longer shelf-life under MAP, there is a need to introduce a pre-packaging 

treatment of fruit and vegetables, like edible coatings, ozone, 1-MCP, ultraviolet and 

blanching. Amongst these pre-packaging technologies, blanching is appropriate for the 

smallholder farmers because it is financially and technically viable. Hence, this research 

seeks to introduce integrated technologies that can be adopted by smallholder farmers to 

overcome postharvest losses. This will play a vital role in the extension of the shelf-life of 

fresh produce, thus increasing productivity. This research focuses on developing a blancher 

and modified atmosphere package treatment solutions which will be integrated with an 

evaporative cooled environment to further extend the shelf-life of fresh produce. A literature 

review and project proposal, with a clearly proposed objectives and methodology, are 

presented in this study. 
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1. INTRODUCTION 

 

Agriculture is a main source of livelihood for about 86% of rural people in sub-Saharan 

Africa (World Bank, 2007). However, a challenge faced by the rural people in this region, is 

that the horticultural industry suffers from postharvest losses which are in the range of 5 - 

50% (Prusky, 2011). Ignacio et al. (2011) reported that substantial quantities of fresh produce 

are lost before reaching the market as a result of failure to regulate temperature and relative 

humidity during temporary storage and transportation in the sub-Saharan Africa. In remote 

rural areas of, for example, Nigeria, large volumes of produce are lost due to lack of cold 

storage and inadequate transport facilities (Anyanwu, 2004). Zude (2009) mentioned that 

usually the cold chain from harvest to consumption is never completely maintained and this 

raises issues concerning produce quality. 

 

Besides the challenge of high postharvest losses faced by the agricultural sector, there is also 

a growing demand of agricultural products not only regionally, but globally (Livingston et al., 

2011). This demand is mainly for high-value food commodities such as fruit and vegetables 

(Birthal et al., 2007).  The demand for these high-value food commodities is opening up 

opportunities for farmers to diversify to horticultural produce, which has a significant 

potential for higher returns. The commercial farmers are already occupying this space in sub-

Saharan Africa, therefore, in order to increase production of fruit and vegetables, smallholder 

farmers have to play a part. It should be realised that most technologies available are suitable 

for commercial farmers (Kader, 1988) and that there is need to develop technologies which 

accommodate smallholder farmers because of the economies of scale. This can be realised 

through the introduction and adoption of postharvest technologies that are appropriate for 

smallholder farmers. The introduction of these technologies will facilitate migration of 

smallholder farmers to grow to medium scale. This will ensure that the smallholder farmers 

are also competitive and maintain a continuous supply of quality and marketable fresh 

produce.  

 

South Africa might appear to be food secure as a whole, but a large number of households 

within the country are food insecure (Faber et al., 2011; Abu, 2012; de Cock et al., 2013; 

Drimie and McLachlan, 2013). The households referred here, are located in the rural areas of 

the former homelands (Tscharntke et al., 2012).  
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Due to food insecurities, South African policy-makers are now involving smallholder farmers 

to act as third potential contributors to food security, as in developed countries like Japan and 

Europe, where the strategy has been successful (Altman et al., 2009; Faber et al., 2011). The 

involvement of these smallholder farmers seems to be a solution for food insecurities 

(Baiphethi and Jacobs, 2009). However, low production is experienced, mainly because most 

own about 1.5 ha of land for subsistence purposes (LDA, 2008) and have limited access to 

postharvest handling facilities (Anyanwu, 2004). These postharvest handling facilities play a 

vital role in productivity, as they assist to provide appropriate storage conditions that help in 

reduction of fresh produce deterioration. 

 

Smallholder farmers experience high postharvest losses, mainly due to environmental, 

microbiological and technical factors. However, the main factor contributing to spoilage after 

harvest is the increase in the respiration rate of fruit and vegetables due to poor management 

of the environmental condition (Sadhya, 2010). These losses can be controlled through the 

regulation of temperature, relative humidity and the management of gas composition (Prusky, 

2011). The introduction of postharvest handling facilities to this group of farmers can assist in 

controlling these factors, in order to maintain better quality and extend the shelf-life of the 

perishable fresh produce. Postharvest handling facilities for emerging/smallholder farmers 

have never been attended to in South Africa (Anonymous, 2008). An effort was made to 

address the problem by erecting a local market, but this was not successful (Anonymous, 

2008). This was because the unequipped erected structures had no cold storage facilities 

which could extend the shelf-life of fresh produce. Furthermore, the production of fruit and 

vegetables on its own is challenging, as they are highly perishable (Talukder et al., 2003). 

Therefore, investment in proper postharvest handling facilities is very crucial, in order to 

mitigate the challenges faced by the fresh produce farmers. 

 

The area of study for this research is in Limpopo Province. The Province has the potential to 

produce high-value agricultural products, including fruit and vegetables (Baloyi, 2010) and is 

a major producer of several vegetables and fruit. Smallholder farmers in this Province are 

located in rural areas very far from the processing and market centres and have no access to 

on-farm cold chain facilities for their fresh produce (Baloyi, 2010). Because of this, high 

postharvest losses are experienced while fresh produce are still at farm level. Facilities for 

postharvest handling are critical in this province as a result of the extreme high temperatures 

experienced.  
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Other factors that exacerbates quality losses are extended storage, physical injury, chilling 

injury (Kader, 1988), and the lack of proper packaging, storage facilities and transportation 

(Kebede, 1991). The quality losses of fresh produce lead to a loss in market value and a low 

income for growers. Hence, these affect the smallholder farmers, as they tend to be 

discouraged from producing and marketing their fresh produce (Azene et al., 2014). 

 

In order to reduce postharvest losses and maintain the allowable quality standards of fresh 

produce, proper postharvest management practices must be adopted (Kader, 1988). However, 

these postharvest technologies can only control changes of fresh produce within certain limits, 

since these commodities are living tissues and are subject to changes after harvest (Kader, 

1988). Furthermore, good postharvest practices can only extend postharvest life of fresh 

produce to the degree that their quality and condition at harvest permit (Prusky, 2011). 

 

The technologies currently used to slow down the deterioration rate of harvested produce are 

temperature and relative humidity management procedures, supplements to temperature and 

relative humidity management procedures (Kader, 1988). The quality of fresh produce can be 

maintained during storage and transportation, if low temperatures and high relative humidity 

are achieved throughout the cold chain (Getinet et al., 2008; Samira et al., 2013; Workneh, 

2004). Low handling and storage temperature is the most important physical method of 

postharvest management technology (Johnson et al., 1997). To reduce postharvest losses, the 

use of cold chain facilities immediately after harvest and throughout the supply chain is 

encouraged. Low temperatures and high relative humidity can be achieved by forced air 

cooling, hydro cooling, vacuum cooling, ice cooling and evaporative cooling (Kitinoja and 

Thompson, 2010; Thompson et al., 1998). Amongst these cooling technologies, evaporative 

cooling is suitable for smallholder farmers, because the initial capital and running costs are 

low, as compared to other cooling technologies (Workneh and Woldetsadik, 2004; Workneh, 

2010). 

 

Other methods which can further extend the shelf-life of fresh produce beyond temperature 

management are pre-packaging treatments, such as edible coatings, chlorine, ozone, 1-MCP, 

ultraviolet and blanching, and packaging treatments such as modified atmosphere packaging 

and controlled atmosphere storage. Workneh and Osthoff (2010) mentioned that pre-

packaging treatment prior to packaging plays a vital role on fresh produce, as it controls the 

development of spoilage micro-organisms during storage and prevents decay.  
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Kader (1988) reported that these pre-packaging treatments can be applied to the fresh produce 

while packaging treatments involve the manipulation of the micro-environment. Even though 

these pre-packaging and packaging treatments can extend the life-span of fresh produce 

further, they cannot substitute for the maintenance of optimum temperature and relative 

humidity alone or, as combination (Kader, 1988; Kitinoja and Kader, 2004).  

 

In order to ensure optimum postharvest quality, in most cases, an integration of several 

methods is adopted (Anonymous, 2008; Beckles, 2012). If all these technologies (pre-

packaging treatment, packaging treatment and cooling technologies) can be integrated, 

postharvest losses could be significantly reduced. Hence, this research focuses on the 

development of necessary postharvest handling technologies that can also be adopted by 

smallholder farmers. This will significantly improve productivity among smallholder farmers 

and also reduce food insecurity within the country. Therefore, this research focuses on the 

development of an appropriate combination of pre-packaging and packaging treatments, 

which can extend shelf-life of fresh produce and maintain quality during storage and 

transportation in a low-cost cool container for smallholder farmers. The integration of these 

technologies focuses on reducing quality losses of fresh produce immediately after harvest 

from farm level to consumer level. This integration is essential and will significantly reduce 

postharvest losses, as low temperature slows down the respiration and senescence, optimal 

relative humidity reduces water loss and optimal gaseous environment slows respiration and 

senescence (Awole et al., 2011; Tigist et al., 2011). The pre-packaging treatments, such as 

blanching, chlorine, edible coatings, ultraviolet, ozone and 1-MCP prevent decay due to 

spoilage microorganisms and insect disinfection (Kader, 2002). 
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2. LITERATURE REVIEW 

 

2.1  Overview of the Horticultural Sector  

 

Ntombela (2012) reported that fruit and vegetables are regarded as high-value crops in South 

Africa and are the most important commodities in the horticultural sector. The main fruit and 

vegetables produced in South Africa include grapes, oranges, lemons, apples, avocados, 

mangoes, potatoes, tomatoes, onions and cabbages (Anonymous, 2008; Ntombela, 2012). 

Fruit and vegetables constitute a significant percentage of South African agricultural exports. 

The horticultural sector is very important in the generation of agricultural GDP, employment 

and exports (Barrientos and Visser, 2012). The leading vegetables in the Limpopo Province 

are tomatoes, sweet potatoes, pumpkins, green beans, cabbage, spinach (ARC, 2013). Other 

vegetables are potatoes, onions, peppers, cucumber, beetroot and carrots. Fruit include citrus 

and subtropical e.g., avocado, banana, mango, pawpaw and pineapple (Anonymous, 2008).  

 

The most common produce grown by smallholder and large-scale farmers in the Limpopo 

Province are tomatoes (ARC, 2013; Tshiala and Olwoch, 2010). The Province produces about 

66% of the total annual production of tomatoes in South Africa (NDA, 2009). Tomatoes are 

one of the main vegetables for hawking by small-scale entrepreneurs in informal sectors in the 

Limpopo Province (Anonymous, 2010; ARC, 2013; Tshiala and Olwoch, 2010). This produce 

is therefore regarded as a high cash crop (Baloyi, 2010). Tomatoes are not only popular 

regionally, but are also known to be the most popular vegetable world-wide (de Jesus Davilla-

Avina et al., 2011, Sood et al., 2011). This produce can be eaten as fresh fruit in salads and 

sandwiches or can be processed and consumed as dried, pastes, preserves, sauces, soups and 

juices (Anonymous, 2010; Beckles, 2012).   

 

The major challenge facing the production of fresh produce is the high postharvest losses that 

are experienced as a result of poor postharvest handling. According to a study done by 

Mashua (2012), postharvest losses resulting from fruit production at the Tshakhuma fruit 

market in the Limpopo Province are 50%. These losses were caused by the over-ripening of 

fruit as a result of the lack of proper and appropriate postharvest handling facilities, such as 

cooling, packaging and pre-packaging technologies (Mashua, 2012).   
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Postharvest losses may also be experienced due to low levels of technology, poor marketing 

systems and low investment in food production systems (Prusky, 2011; Talukder et al. 2003).  

The losses may occur in the field, during transportation, storage and processing (Masarirambi 

et al., 2010). In order to minimize the losses, postharvest handling technologies should be 

adopted by farmers. The technologies that play a major role in controlling postharvest decay 

during storage and transportation are known as postharvest treatments (Adaskaveg et al., 

2005). Such technologies are crucial in the horticultural industry, as they prolong shelf-life of 

fresh produce and control physiological, microbiological, chemical and biochemical changes. 

Hence, they assist in the maintenance of the quality of fresh produce. Even though the use of 

these postharvest treatments can reduce decay, the quality of fresh produce cannot be 

improved after harvest, but can only be maintained (Tigist et al., 2013). The postharvest 

technologies that are currently in use in the Limpopo Province in commercial scale, for 

example in the Zebediela Citrus Estate, are chemicals, hot air, brushing, waxing and wrapping 

(Anonymous, 2008). For smallholder farmers, no postharvest handling technologies are 

adopted (Anonymous, 2008) and this result in huge postharvest losses. 

 

Because of, the socio-economic importance of tomatoes for smallholder farmers in South 

Africa, it is prudent that any research focusing on alleviating challenges in the postharvest 

handling of fruit and vegetables should also include tomatoes. After harvest, the ripening of 

tomatoes continues and this makes the produce very susceptible to damage, due to softening 

and over-ripening during storage and distribution (Batu, 2004). The perishable nature of 

tomatoes limits their postharvest life (de Jesus Davilla-Avina et al. 2011). Quality 

deterioration of tomatoes is mainly as a result of environmental factors, such as high storage 

temperature and low relative humidity (Workneh et al., 2009). However, the management of 

environmental factors alone will not suffice in extending the postharvest life of fresh produce. 

Hence, the study focuses on developing a blancher and modified atmosphere packaging to 

supplement appropriate storage conditions in order to further extend the shelf-life of 

tomatoes. As a result, the appropriate integration of postharvest handling technologies for the 

smallholder farmers for tomatoes as well as other fresh produce, with characteristics similar to 

tomatoes, will be achieved. In order to develop the appropriate integration of postharvest 

technologies, it is very crucial that the factors affecting the shelf-life of fresh produce are 

known. 
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2.2 Factors Affecting Shelf-life of Fruit and Vegetables 

 

The postharvest life of fresh fruit and vegetables is subject to continual changes after harvest, 

due to the presence of living tissue (Brosnan and Sun, 2001; Kader, 1988; Lee and Kader, 

2000). These changes cannot be stopped, but can be controlled within certain limits (Lee and 

Kader, 2000). Therefore, it is critical to harvest fresh produce at the proper stage and size and 

at peak quality (Prusky, 2011; Workneh et al., 2003). The quality deterioration of produce 

after harvest is mainly due to microbiological growth, physiological deterioration and 

biochemical changes, which lead to undesired colour changes, off-flavour and firmness loss 

(Workneh and Woldetsadik, 2004). The physical and biological changes can be caused by 

high temperature, low relative humidity and physical injury (Fadeyibi and Osunde, 2011; 

Prusky, 2011). Environmental factors, such as temperature, relative humidity and gas 

composition, control biological and physiological changes of fresh produce (Kader, 2005; 

Workneh et al., 2009). In this section, the factors affecting the postharvest life of fresh 

produce, such as environmental, microbiological and technical factors are discussed in details. 

 

2.2.1 Environmental factors 

 

Two environmental factors required by fresh produce during storage and transportation are 

temperature and relative humidity (Getinet et al., 2008; Samira et al., 2013). In order to 

maintain quality and minimize postharvest losses of fruit and vegetables, it is critical that 

optimum ranges of temperature and relative humidity are maintained (Kader, 2002). The 

composition of gases in the atmosphere, such as the concentrations of oxygen, carbon dioxide 

and ethylene also plays a critical role in the activation of the biological processes of fresh 

produce (Kader, 2005). If these environmental factors are not properly managed, they lead to 

physiological and biological deterioration (Sparks, 2013). The deterioration of produce tissue 

and cells leads to excessive water loss from produce, which, in turn, then results in chemical 

and physical changes of the produce (Brosnan and Sun , 2001).  

 

This section describes, in detail, the environmental factors that affect postharvest life of fresh 

produce, such as temperature, relative humidity and gas composition. The required 

environmental conditions (temperature, relative humidity and gas composition) for fresh 

produce that are commonly grown in South Africa, are shown in Error! Reference source 

not found.. 
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Table 2.1 Storage temperature, relative humidity and gas composition for fresh produce that 

are commonly grown in South Africa 

Produce Temperature Relative 

Humidity 

Gas 

Composition 

Shelf- 

Life 

Reference 

 °C % % O2 % CO2 days  

Vegetables       

Cabbage 0 98-100   90-180 Ashby, 1995 

Green beans 4-7 95    Ashby, 1995 

Onions 0 – 7 65-70 1-2 0 30-180 Ashby, 1995; Boyhan 

et al., 2009 

Pumpkin 10-13 50-70    Ashby, 1995 

Spinach 0 95-100   10-14 Ashby, 1995; 

Boyhan et al., 2009  

Mature green 

Tomatoes 

13-21 90-95 3-5 0 21 - 28 Ashby, 1995 

Fruits       

Avocado 4-13 85-90 2-5 3-10 21 - 28 Ashby, 1995 

Banana 13-14 90-95 2-5 2-5 

3-5 

14 - 21 Ashby, 1995 

Anonymous, 2008 

Mango 13 85-90 3-7 5-8 14 - 25 Ashby, 1995 

 

Temperature 

 

Temperature is a critical environmental factor that determines fresh produce deterioration rate 

(Brosnan and Sun, 2001; Irtwange, 2006). Sandhya (2010) mentioned that respiration and 

ripening rates are sensitive to temperature. High temperatures increase the rate of respiration 

and the ethylene production and affect the metabolic activities of fresh produce (Workneh and 

Osthoff, 2010). As the temperature increases, the rate at which fresh produce respires also 

increases and can double, triple or even quadruple (Sandhya, 2010; Zagory and Kader, 1988). 

Ilyas (2010) elaborates that for every 10°C increase in temperature, the biological reaction 

rates increase by a factor of 2 or 3. This shows that temperature management plays a critical 

role in the postharvest life of fresh produce.  

 

According to Ial Basediya et al. (2013), if the surrounding air temperature is reduced to 

produce storage optimum levels within four hours, produce respiration rate, water loss and 

ethylene production are reduced. Furthermore, a low storage temperature significantly reduces 

the development of microbial activity (Ngure et al., 2009). As such, the reduction of storage 
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temperature plays a vital role in extending the shelf-life and maintaining the quality of fresh 

produce after harvest (Lee and Kader, 2000; Ngure et al., 2009; Tano et al., 2007).  

The control of temperature is usually achieved in cold storage rooms, where the actions of 

ripening, undesirable metabolic changes and respiratory heat production, moisture loss, 

spoilage and undesirable growth in perishable crops are retarded (Zagory and Kader, 1988). 

However, with the temperature management method, chilling injuries should be avoided. 

Produce, such as tropical, subtropical and some temperate fruit, are chilling-sensitive and may 

develop chilling symptoms if stored below 10°C (Nunes et al., 2009). Tomatoes harvested at 

the mature-green stage are stored at relatively high temperatures of 10
°
C, to avoid chilling 

injuries (Guillen et al., 2006). To delay the deterioration of fresh produce, it is critical that the 

temperature in cold-storage rooms is constant and stable at all times and that air circulation is 

allowed to prevent temperature variations (Prusky, 2011). According to Workneh (2010), the 

optimum temperature range for most produce is between 5°C to 12°C.  

 

A challenge in sub-Saharan countries is that smallholder farmers have no access to 

technologies which can be used to achieve low temperatures, due to financial constraints and 

high costs associated with the technologies. Workneh (2010) mentioned that low cost 

technologies, such as evaporative coolers have a payback period of less than 1.2 years, which 

is feasible for smallholder farmers. It is therefore critical that research is undertaken to 

develop technologies that can accommodate small-scale operations as well. The adoption of 

these low temperature technologies alone cannot achieve allowable good quality standards of 

fresh produce, hence the need for preventative or supplement technologies. Therefore, this 

research integrates the cold chain, together with pre-packaging and packaging treatments, to 

achieve a better shelf-life of fresh produce. Furthermore, low temperature slow down the 

respiration rate of fresh produce, it reduces oxygen and increases carbon dioxide levels 

(Ngure et al., 2009) and thus assists in achieving appropriate gas composition in a package 

treatment. Temperature control is therefore crucial, as it determines the reliability of the 

atmosphere package (Tano et al., 2007). 

 

Relative humidity 

 

Relative humidity is also a critical factor for extending the shelf-life and maintaining the 

quality of fresh produce. High relative humidity increases the vapour pressure of the air by 

decreasing physiological weight of fresh produce (Getinet et al., 2008; Workneh and Osthoff, 
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2010). Vapour pressure difference between the produce and surrounding air drives the 

moisture from the wet product to the air, thus causing water loss from the produce (Workneh 

and Osthoff, 2010). To avoid excessive moisture loss during the storage life of perishable 

produce, a relative humidity of 90 – 95% is needed (Cantwell, 2002; Irtwange, 2006). Most 

fruit require the relative humidity of 85 – 95%, most vegetables require 90 – 98%, dry onions 

and pumpkins require 70 – 75% and some root vegetables, like carrots, parsnip, and radish, 

can be held at 95 – 100% (Ilyas, 2010). Ripe and green tomatoes require the relative humidity 

of 85 – 90%. The high relative humidity of 80 – 95% retains better quality for most fruit and 

vegetables, but there is a high chance of disease development in such conditions (Ilyas, 2010; 

Prusky, 2011). 

 

On the other hand, the low relative humidity increases transpiration rates, which lead to 

produce deterioration as a result of desiccation and high respiration rates (Sandhya, 2010). 

This then results in an unfit product for the market. Therefore, it is important to maintain 

optimal relative humidity throughout the cold chain, in order to avoid postharvest decay. The 

lack of technologies for obtaining optimal relative humidity, prevents smallholder farmers 

from producing commodities of good and allowable quality standards.  

 

Gas composition 

 

The shelf-life of fresh produce after harvest is increased by reducing the respiration rate, 

which can be achieved indirectly through decreasing the concentration of Oxygen (O2), 

increasing the concentrations of carbon dioxide (CO2) (Kasmire et al., 1974) and decreasing 

storage temperatures (Kader et al., 1985). Respiration is a physiological factor and an increase 

in its rate accelerates senescence, reduces food value for end-users, increases the loss of 

flavour and saleable dry weight (Workneh and Osthoff, 2010). Low O2 and high CO2 

concentrations decrease ethylene (C2H4) production (Sandhya, 2010) and thus decreasing the 

physiological loss in weight.  

 

The environment of low O2 and high CO2 concentrations can be achieved through the use of 

controlled or modified atmosphere technologies. However, these technologies have not been 

developed for small-scale fruit and vegetable postharvest management operations. The 

management of optimum ranges of O2, CO2 and C2H4 concentrations around the commodity, 

extends the shelf-life during storage by about 50 – 100% relative to air control (Kader, 2000). 
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C2H4 is a natural plant enzyme, which initializes the ripening of produce. These enzymes are 

physiologically active in trace amounts of 0.1 ppm and can be halved at low concentrations of 

2.5% (Sandhya, 2010). The optimum atmosphere retains ascorbic acid and other vitamins and 

therefore results in better nutritional quality (Kader, 1988). 

 

The proper control of optimal gas composition is very crucial in the modified atmospheric 

environment, since very low O2 levels can stimulate anaerobiosis, which leads to produce 

deterioration (Watkins, 2000). The very high percentage of CO2 increases acidity in plant 

tissues and the acidification leads to enzyme activation (Workneh and Osthoff, 2010). These 

enzymes then activate pathogens that cause microbial decay and biochemical changes in the 

fresh produce. In order to modify the atmospheric environment of fresh produce, a polymeric 

film with the specific permeability to O2, CO2 and water vapour is needed to seal the produce 

in the package (Workneh, 2011). This technique also requires low storage temperature to 

reduce the respiration rate of fresh produce and thus avoiding anaerobic conditions. This 

shows the importance of the integration of packaging treatment with low storage cooling 

technology.  

 

The information presented in Table 2.1 shows the recommended values that are needed of 

temperature, relative humidity and gas composition for the safe storage of fresh produce. Low 

temperature and high relative humidity slows down the respiration rate and ethylene 

production of fresh produce. Hence, ripening and ageing will be delayed, thus increasing the 

produce shelf-life. Since the low temperature slows down the respiration rate of fresh 

produce, it also assists in reducing oxygen and increasing carbon dioxide concentrations 

(Ngure et al., 2009). The low temperature also assists in achieving the gas composition in the 

packaging treatment, more specifically for MAP. It is clearly evident that it is important to 

integrate packaging treatment with low storage cooling technology. However, due to the lack 

of technologies that are economically and technically viable for small operations that can be 

used to obtain low temperatures, optimal relative humidity and optimal gas compositions, 

smallholder farmers produce the commodities of poor quality standards.  

 

2.2.2 Microbiological factors 

 

Fruit and vegetables are prone to microbial contamination during growth, harvest and 

postharvest operations (Madeen, 1992). Microbial decay is mainly influenced by 
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environmental factors such as temperature, moisture content of crops, relative humidity of air 

and storage gas compositions. Microbial decay accounts for about 15% of the postharvest 

decay of fruit and vegetables (Workneh and Osthoff, 2010). Microbiological effect should be 

minimised to avoid consumer risks, as fresh produce can be eaten uncooked or minimally 

processed (Sagoo et al., 2003).  

 

The three main groups of microorganisms that affect the quality of fresh produce during 

storage are bacteria, yeast and moulds (Alexandre et al., 2011; Obetta et al., 2011). These 

microorganisms could result from environmental air, soil and poor sanitation during 

postharvest unit operations. Workneh and Osthoff (2010) further explained that most 

microorganisms cannot grow under acidic conditions of pH values below 4.5. Fruit have pH 

values of below 4.5, which creates unfavourable conditions for most microorganisms (Barth 

et al., 2009). However, vegetables create favourable conditions for various types of 

microorganisms, since they have pH values of above 4.5. 

 

To overcome microbial decay, proper postharvest handling methods and technologies should 

be adopted by producers. Technologies to control microbial decay include heat and chemical 

treatments, biological control agents, MAP and cooling technologies. These technologies or 

treatments do exist for large operations, but are not feasible for small operations because of 

economies of scale. Therefore, research is needed to develop treatments or technologies 

which can also be applicable for small-/medium-scale producers of fresh produce, in order to 

overcome microbiological spoilage. Such technologies should be affordable, efficient and less 

technical, taking into consideration that they are being developed for the disadvantaged group 

of farmers.  

 

2.2.3 Technical factors 

 

Technical factors such as bruising and other mechanical damage, like surface abrasions and 

cuts, reduce the quality of fresh produce and income to producers (Kader and Rolle, 2004; 

Opara and Pathare, 2014). Fresh produce are very perishable and when they are stored should 

be free from skin breaks, bruises, spots, rot, decay and other imperfections, since bruises and 

other physical damage facilitate the entrance of decay organisms (Barth et al., 2009; Ilyas, 

2010; Prusky, 2011). Furthermore, the damage or injury results in the loss of water and 
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Vitamin C from the produce (Kader and Rolle, 2004; Fadeyibi and Osunde, 2011) and this 

leads to quality deterioration (Opara and Pathare, 2014). 

 

Some of the technical factors, such as bruising and mechanical damage to fruit and 

vegetables, are caused by: 

 poor harvesting practices (Kader, 1986; Kader and Rolle, 2004; van Zeebroeck et al., 

2007),  

 poor handling, such as the dropping, throwing or dumping of produce during grading 

(Tijskens, 2007; Idah et al., 2007; Opara and Pathare, 2014), and 

 improper packaging or containers (Miller, 1992; Workneh et al., 2009). 

 

In order to avoid decay as a result of technical factors, appropriate postharvest handling 

practices and technologies should be adopted by producers.  

 

2.3 Some Solutions to Reduce Postharvest Losses  

 

The perishability nature of fresh produce, such as tomatoes, requires proper management after 

harvest throughout the cold chain, in order to avoid losses (Talukder et al., 2003). The high 

postharvest losses experienced in the developing countries are due to the lack of information 

on appropriate handling technologies, such as postharvest treatments, packaging and 

environmental storage condition management (Nasrin et al., 2008; Sood et al., 2011). Another 

challenge is that smallholder farmers have limited finances to invest in such technologies. 

This research investigates possible solution(s) which also can be developed and adopted by 

smallholder farmers.  

 

Postharvest handling technologies reduce moisture loss, slow down respiration rate and 

inhibit the development of decay caused by pathogens, which result in the reduction of 

postharvest losses (Irtwange, 2006). Hence, these technologies play a crucial role in the 

postharvest life of fresh produce, including tomatoes, as they maintain quality and prolong 

shelf-life. It was evident from literature that the integration of these technologies has an 

excellent way to prolong shelf-life of fresh produce even further. The technologies that 

already exist and currently operate on a large-scale are: 

 pre-packaging treatments (heat, ultraviolet irradiation, ozone, chemicals such as 

chlorine), 



14 

 

 packaging treatments (modified atmosphere package and controlled atmosphere 

storage), and  

 cooling technologies (mechanical, vacuum, hydro- and evaporative).  

Even though there are already existing postharvest technologies available in the market, they 

are not designed for application in small-scale operations. Hence, the research focuses on 

developing technologies that can be integrated to extend the postharvest life of fresh produce 

further for small-scale operations. By doing so, the disadvantaged farmers will benefit, as 

produce of good quality will be achieved. Therefore, less postharvest losses and hence better 

production quantity will be experienced. This implies that the livelihood will also be 

improved. The approach to be used to develop the postharvest technologies suitable for small-

scale operations will be based on affordability, efficiency, easiness to operate and durability. 

 

2.4 Cooling Technology  

 

The cooling of horticultural commodities is essential and assists in maintaining the quality of 

commodities in the state in which they were harvested (Hera et al., 2007b). Cooling reduces 

the temperature of fresh produce immediately after harvest, thereby reducing respiration rate, 

extending shelf-life, decreasing water loss and decay and protecting produce quality (Kitinoja 

and Thompson, 2010). This method of preserving produce involves heat transfer from the 

product to a medium, such as cold water, ice or cold air. There are several systems which can 

be used to cool fresh produce, which are discussed below. 

 

2.4.1 Mechanical refrigeration 

 

In mechanical refrigeration, heat is absorbed at one point and dispensed at another point 

(Ashby, 1995). This is achieved by circulating refrigerant between these two points. 

Mechanical refrigeration involves the use of a compressor and fan (Ial Basediya et al., 2013). 

The refrigerant picks up the heat through a coil (evaporator) inside the space and dispenses it 

through another coil, called the condenser, on the outside (Ashby, 1995). This refrigerant is 

circulated by a gasoline, diesel or electrical motor compressor. The control mode of the 

mechanical refrigeration system can either be continuous or automatic. In a continuous mode, 

the compressor and fan operate continuously without stopping, while in automatic, only the 

fan operate continuously. This cooling technology is considered to be energy-intensive, 
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capital-intensive, requires readily available energy and is not easy and quicker to install (Ial 

Basediya et al., 2013). This makes is unfeasible to be operated by smallholder farmers. 

 

2.4.2 Hydro-cooling 

 

Produce is dumped into cold water or water is run over the produce to remove heat (Prusky, 

2011). Hydro-cooling reduces water loss and controls the wilting of fresh produce (Ilyas, 

2010). This technology provides fast and uniform cooling for some produce (Kitinoja and 

Kader, 2004). It is a very effective cooling method, but is not suitable for small operations 

due to high capital costs (Boyette et al., 1994). Hydro-cooling requires water tank, pumps and 

the water discharge chamber and refrigeration unit (Gast and Flores, 1991). The limitation of 

this method is that it can only be used with commodities that are wetting tolerant (Ilyas, 

2010). Hydro-cooling technology involves the use of large quantities of clean water, the 

disposal of waste water and a high capital cost (Heyes and Bycroft, 2002). Furthermore, the 

method is not applicable to all the packaging materials, for instance cartons. Since hydro-

cooling technology is not suitable for small-scale operations, is capital-intensive and requires 

a huge amount of water for operations, it is not feasible for small operations. 

 

2.4.3 Vacuum cooling 

 

This method encloses produce in a chamber where a vacuum is created (Prusky, 2011). The 

difference in pressure between the water in the product and the surroundings will cause water 

evaporation, which then leads to the formation of vapour escaping into the surroundings (Sun 

and Zheng, 2006). This vapour must be evacuated continuously to avoid accumulation in the 

vessel, which can result in reducing the cooling rate (Zhang et al., 2009). Vacuum cooling has 

a fast cooling rate, compared to other conventional cooling methods (Wang and Sun, 2001). 

However, a drawback with this method is that the vacuum chamber system is costly (Gast and 

Flores, 1991) and is hardly suited for use by small-scale operations (Kitinoja and Thompson, 

2010). This cooling system is suitable for vegetables that have a high surface-to-mass ratio, 

like head lettuce (Ilyas, 2010) and is not suitable for tomatoes, apples and pepper because of 

their thick wax cuticle (Longmore, 1973). Since this system is not suitable for smallholder 

farmers and is only suited for surface-to-mass ratio vegetables, it is therefore not selected as a 

possible cooling solution for this research.  
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2.4.4 Evaporative cooling 

 

Evaporative cooling involves the cooling of air by forcing hot dry air over a wetted pad (Ial 

Basediya et al., 2011; Workneh and Woldetsadik, 2004). The water from the pad evaporates 

and thus removes heat from the air, while adding water. This technique reduces the 

temperature and increases the relative humidity of air that passes through the air conditioning 

psychometric unit. Its efficiency is determined by the dry-bulb and relative humidity of the 

surrounding air. For the system to be effective, the incoming air should be relative humidity 

of 65% or less (Gast and Flores, 1991). Anyanwu (2004) reported that the challenge with this 

method is that evaporative cooling relies on weather, which is not predictable, and also uses a 

large amount of water (Gast and Flores, 1991). However, according to, Odesola and 

Onyebuchi (2009) the evaporative cooling system is an efficient and economical system for 

lowering produce temperature and for increasing air relative humidity (Figures 2.1 and 2.2). 

Furthermore, from the graphs it can be depicted that the evaporative cooler is able to 

minimize the extreme ambient conditions and hence few fluctuations are observed in the 

cooler during storage time (Getinet et al., 2008). Workneh and Woldetsadik (2004) also stated 

that this method of cooling is less expensive and is suitable for smallholder farmers, retailers 

and wholesalers.  

 

This technology can be applied to fruit and vegetables (Anyanwu, 2004). Regardless of its 

disadvantages and considering its advantages, evaporative cooling is more suitable for use in 

this research, since it is low-cost and is more applicable to smallholder farmers in sub-

Saharan Africa, which is the target group. 
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Figure 2.1 (a) Dry bulb average environmental and evaporative cooler temperature (

°
C) and 

(b) average environmental and evaporative cooler relative humidity (%) during 

storage of tomato. (Black bar represents cooler and white bar represents ambient) 

(Source: Getinet et al., 2008) 

 
Figure 2.2 Evaporative cooling on relative humidity and temperature. (Source: Getinet et al., 

2008) 
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2.5 Selection of a Possible Cooling Method 

 

The high costs associated with cold storage are a challenge in several developing countries, 

more especially for smallholder farmers (Ial Basediya et al., 2013). Therefore, there is a need 

for attention in research and development for technologies which can be adopted by this 

group of farmers. The cooling technology to be utilised in this research should be affordable, 

require low energy and be easily applied to most common fresh produce. In the literature 

review, it was found that technologies, such as vacuum and hydro-cooling, are selected, based 

on the type of produce to be used. Technologies like vacuum, hydro-cooling and mechanical 

refrigeration are not suitable for small-scale farming, as they are capital-intensive. 

Evaporative cooling was found to be more applicable to smallholder farmers, as it is less 

expensive, requires less energy and can be used for most fresh produce. Even though low 

temperatures can be attained with the evaporative cooling method, there is the chance of the 

development of microbial decay (Tefera et al., 2007). This decay may result from high 

humidity due to low temperatures. The microbial load can be prevented or reduced by the 

application of proper pre-packaging and packaging treatments. This shows the importance of 

integrating the cooling technology with blanching and MAP, to assist in preventing decay and 

to maintain quality and prolong the shelf-life of fresh produce further. 

 

2.6 Pre-Packaging Treatments 

 

Pre-packaging treatments are used to control postharvest diseases. If, poor pre-packaging and 

handling methods are adopted, high postharvest losses will be experienced (Talukder et al., 

2004). According to Workneh and Osthoff (2010), the technologies that are available and 

have been used to minimize postharvest losses, are physical and chemical methods. In this 

section, the pre-packaging treatments used for postharvest disease control will be discussed. 

 

2.6.1 Chemical treatment  

 

The use of chlorinated water is widely used in the fruit and vegetable production industry. 

Chlorine can be used as sodium hypochlorite, calcium hypochlorite or chlorine gas. In order 

to achieve maximum sanitization using chlorine, the water should be maintained at the pH of 

6.5 – 7 (Barth et al., 2009). Hassenberg et al. (2008) mentioned that chlorine can induce off-

flavours, resulting in untrue tastes of the produce. 
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Chlorine dioxide is unstable and very explosive as a concentrated gas, hence it should be 

generated on site (Tomas-Callejas et al., 2012). The use of chlorine, in combination with non-

chemical methods, is effective in minimizing postharvest disease losses, more especially the 

microbial load (Workneh and Osthoff, 2010). Furthermore, this method is financially and 

technically feasible for small-scale operations. However, the use of chlorine involves the 

formation of by-products (Kader and Rolle, 2004). This can be minimized and monitored by 

using and applying chlorine correctly.  

 

Ozone consists of triatomic oxygen molecules which are generated by the reaction of free 

radical oxygen with diatomic oxygen (Tiwari et al., 2010). This method can be applied to 

fresh produce as a gas or in a dissolved form in water to inactivate the microorganisms 

responsible for microbial decay (Habibi Najafi and Haddad Khodaparast, 2009). Ozone also 

has the potential to kill pests and degrade mycotoxins (Tiwari et al., 2010). Beckles (2012) 

explained that ozone can delay senescence by reducing ethylene production. An advantage of 

ozone is that it does not leave residues in food, as it decomposes rapidly to produce oxygen 

(Tiwari et al., 2010). Tiwari et al. (2010) mentioned that the methods used to initiate the free 

radical oxygen formation are utraviolet (UV) radiation and corona discharge. A disadvantage 

of this method is that it involves higher costs than chlorine and therefore, it is not feasible for 

smallholder farmers (Kader and Rolle, 2004). 

 

The application of chemical sanitation treatments like chlorine and methyl bromide runs the 

risk of by-product formation (Kader and Rolle, 2004). Due to the potential effects of pesticide 

residues on fresh produce, consumers demand more non-chemical approaches to food 

production and processing (Neven, 2003). When using chemical sanitizers, it is highly 

recommended that assessments on treatment effectiveness are undertaken on a routine basis 

(Barth et al., 2009). This will assist in monitoring the efficiency of the sanitizer concentration.  

However, these procedures can be cumbersome for smallholder farmers and could result in 

the poor management and application of the chemical. Boag et al. (1990) reported that 

physical methods, like hot water treatment and irradiation, have been used successfully. The 

non-chemical methods, which have been used and are efficient in controlling the postharvest 

diseases, include bio-control agents, heat, ultra-violet light and ionising radiation treatments 

(Workneh and Osthoff, 2010). 
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2.6.2 1-Mythylcyclopropene (1-MCP) 

  

1-MCP is a gaseous and non-toxic product which is used to delay the softening of fresh 

produce and to improve postharvest life (Blankenship and Dole, 2003). This treatment inhabit 

the action of ethylene (Islas-Osuna et al., 2010) by blocking its access to ethylene-binding 

receptors (Beckles, 2012; Islas-Osuna et al., 2010). However, the effectiveness of this method 

is valid in the initial period, as the continuous formation of the ethylene receptors triggers 

ripening (Patel, 2013). The application of 1-MCP tends to preserve fruit quality when produce 

is in the advanced ripening stage, and application in the green stage may cause non-uniform 

ripening, externally and internally (Mostofi et al., 2003). Therefore, its applicability on 

tomatoes might not be efficient, as tomatoes are harvested in their green mature stage.  

 

2.6.3 Blanching 

 

Blanching is regarded as a pre-treatment process done prior to packaging, freezing, frying, 

drying or canning fresh produce (Rawson et al., 2011). This treatment is used in postharvest 

management to inactivate enzymes which are responsible for deterioration (Dorantes-Alvarez 

et al., 2011; Rawson et al., 2011). However, it is critical that, prior to blanching, fresh 

produce is cleaned. Heat treatment (blanching) controls the deterioration of fresh produce, 

either alone, or when combined with other methods (Wu, 2010). This method is considered to 

be environmentally friendly (Wu, 2010). Blanching offers a pesticide-free technique to 

control postharvest diseases (Barkai-Golan and Phillips, 1991).  

 

Blanching is influenced by temperature, time and media (Sheetal et al., 2008). Neven (2003) 

mentioned that the efficiency of the heating treatment is also affected by the rate of heating, 

the location of insects in the commodity and the condition of the surrounding insects. The 

duration and temperature of blanching inactivate particular enzymes (Negi and Roy, 2000). 

The effectiveness of a blancher is based on the inactivation of the two heat resistant enzymes, 

which are peroxidase (Barret and Theerakulkait, 1995; Maharaj and Sankat, 1996) and 

polyphenoloxidase (Gokmen et al., 2005). These enzymes are the most heat-resistant and 

widely-distributed in plant tissue. Once these two enzymes are inactive, it can be assumed that 

the other significant ones are also inactive. 
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If blanching is improperly done, it can affect quality by softening the texture, browning the 

colour and decreasing the nutrient content, for example, the reduction of the ascorbic acid 

content (Howard et al., 1994; Saldivar et al., 2010). When blanching is overdone, the process 

will also result in an excessive use of energy and water disposal (Negi and Roy, 2000; 

Alexandre et al., 2011). However, Alexandre et al. (2011) reported that thermal processes are 

energy-consuming. Caminiti et al. (2011) mentioned that thermal processing is the most 

common method of produce preservation, but it can affect quality of produce adversely. In 

order to prevent or minimize quality losses, the blanching treatment should be kept at a level 

that will sufficiently cause the inactivation of deleterious enzymes (Castro et al., 2008).  

 

The medium of heat transfer during blanching can either be by air or water (Barkai-Golan and 

Phillips, 1991). Barkai-Golan and Phillips (1991) mentioned that effective water treatments 

usually range between 46 – 60°C with exposure times from 30 seconds to 10 minutes and for 

air treatments it ranges from 43 – 54°C for 10 – 60 minutes. Blanching can be achieved in 

different systems like steam, hot water and microwave (Lurei, 1998; Sheetal et al., 2008). 

 

Vapour heat treatment is also regarded as high humidity heating (Jacobi et al., 2001). It 

involves the heating of air that is almost saturated with moisture and passing the air stream 

across the produce (Jacobi et al., 2001). The heat transfer to the centre of produce is achieved 

by conductive energy transfer. This method is specifically developed for insect control (Le et 

al., 2010; Lurei, 1998). 

 

Hot water immersion treatment involves heat transfer from the water to the skin of the 

produce, then from the skin, through the flesh, to the centre (Jacobi et al., 2001). However, 

the heat transfer from the skin to the centre is slower than from the water to the skin. This 

method is developed for fungal control and also extended for insect disinfection (Lurei, 

1998). Hot water treatment does not only improve the quality of fresh produce, but also 

induces resistance to insect and pathogen attack (Elmasry et al., 2006). Hence, the quality of 

produce will be maintained during prolonged storage and marketing. Hot water treatment is 

advantageous, as its medium is water, which is more efficient in transferring heat than air, and 

it also has a very short operating time (Barkai-Golan and Phillips, 1991; Fallik, 2004). 

 

Jacobi et al. (2001) reported that, with forced hot-air heating treatment, produce is heated by 

passing air held at specified temperature through a bed. The movement of air to the fruit is 
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achieved by conduction through the skin. With this method, heat transfer from the air to the 

skin is slow, but is faster toward the centre of the produce (Jordan, 1993). Forced hot-air 

heating treatment is specifically developed for both fungal and insect control (Le et al., 2010; 

Lurei, 1998). 

 

When comparing the vapour heat, hot water and hot-air treatment, it was found that hot water 

immersion has the following relative advantages: (a) ease of use by horticultural industries, 

(b) it has a short treatment time, (c) the reliable and accurate monitoring of fruit and water 

temperatures, (d) it kills surface decay organisms, and (e) it cleans the produce surface of 

plant exudates (Sharp, 1994). Lastly, is 10% cheaper than the vapour heat treatment for 

commercial system (Jordan, 1993). Hot water immersion amongst the other heat treatments 

was found to be more feasible as a pre-packaging treatment application in small operations. 

However, the main challenge with blanching with hot air or water is the slow rate of heat 

transfer, resulting in long hours of treatment period, more especially for large produce (Wang 

et al., 2001). Lu et al. (2009) highlighted that studies are still required on the optimization of 

heating temperatures and exposure durations.  

 

2.6.4 Edible coatings 

 

This technique involves the application of the thin layer of edible material, which is applied 

on the surface of product (Gonzalez-Aguilar et al., 2010; Vargas et al., 2008). Edible coatings 

can be made of different polymers, like pectin, proteins and oils (Hernandez-Brenes, 2002). 

The coating generates a semi-permeable barrier to gases, water vapour and volatile 

compounds (Gonzalez-Aguilar et al., 2010; Olivas and Barbosa-Canovas, 2009). Hernandez-

Brenes (2002) also agreed that this method retards moisture loss, thus maintaining turgor and 

plumpness of the produce Atanda et al. (2011). The edible coating reduces the respiration rate 

of fresh produce by decreasing oxygen transmission rate, thus reducing the internal oxygen 

concentration (Oliveas and Barbosa-Canovas, 2008; Rong-yu and Yao-wen, 2003). These 

coatings also improve the appearance of fruit and vegetables (Hernandez-Brenes, 2002). It 

also protects the aroma, texture and colour of the fresh produce throughout storage (Gonzalez-

Aguilar et al., 2010).  

 

The effectiveness of the edible coating depends on its composition and thickness, product 

type, variety and maturity, produce surface coverage and storage conditions (Gonzalez-
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Aguilar et al., 2010). According to, Hernandez-Yepez et al. (2013), waxing is the most 

effective way of extending the shelf-life of produce. The challenge with edible coatings is the 

high cost involved and that its application is restricted to high value products only. 

Hernandez-Brenes (2002) reported that the effectiveness of edible coatings in controlling 

microbial growth still needs to be investigated. 

 

2.7 Selection of Possible Pre-packaging Treatments  

 

The use of chemicals is not promoted, due to the formation of by-products. Furthermore, the 

application of chemical treatments may be too tedious for smallholder farmers. The 

continuous application of 1-MCP may result in triggering the ripening of fresh produce. 

Hence, the proper monitoring of the application of 1-MCP is required and this can be too 

much for small-scale farmers. The use of edible coatings is financially not viable for 

smallholder farmers. It was observed that blanching with water is a potential tool to be used 

by smallholder farmers, since it is low-cost, energy-efficient and technically viable for small-

scale operations.  

 

2.8 Packaging Technologies 

 

Packaging protects fresh commodities so that they can reach end-users in good quality 

condition (Fadeyibi and Osunde, 2011). It prevents product deterioration and prolongs shelf-

life (Conte et al., 2013). Conte et al. (2013) reported that packaging acts as the barrier to 

oxygen, moisture, volatile chemical compounds and microorganisms that are harmful to 

produce. In this research the packaging systems to be investigated should be able to be 

combined with cooling technology for temporary storage at the farm and during 

transportation. The two types of packaging systems that can be adopted for fresh produce are 

modified atmosphere packaging (MAP) and controlled atmosphere storage (CAS). Both 

methods manipulate the gaseous environment composition to achieve an optimum storage 

shelf-life of fresh produce (Beckles, 2012). Beckles (2012) further highlighted that MAP and 

CAS assist in reducing ethylene-related deterioration. 
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2.8.1 Modified atmosphere packaging (MAP) 

 

MAP is one of the most successful methods used for retarding respiration and biochemical 

activities during storage (Kader et al., 1989; Zagor and Kader, 1998). Sandhya (2010) 

mentioned that this method is largely used for extension of the shelf-life of fresh produce. The 

MAP method is defined as the packaging of perishable products in an atmosphere which has 

been modified, so that its composition is other than that of air (Hintlian and Hotchkiss, 1986; 

Sandhya, 2010) and that air composition changes continuously (Beckles, 2012). MAP 

involves the use of plastic films to package fruit and vegetables during storage and 

transportation (Azene et al., 2014). The MAP environment is achieved through the natural 

interplay between the respiration rate of the product and the transfer of gases through the 

packaging (Fonseca et al., 2002; Mahajan et al., 2007). In this way, an atmosphere richer in 

CO2 and poorer in O2 is created. The shelf-life of the produce increases when an equilibrium 

modified atmosphere is established in the package and this can be achieved when the 

permeability (for O2 and CO2) of the package film is adapted to the respiration rate of the 

product (Sandhya, 2010). In order to create a specific modified-atmosphere, the package film 

should be selected in response to the commodity respiration rate as a function of temperature, 

target O2 and CO2 partial pressures and limits for fermentation.  

 

Sandhya (2010) highlighted that the movement of gases (O2, CO2 and C2H4) in the produce 

tissues is achieved by the diffusion of gas molecules under a concentration gradient. The 

packaging films used in MAP are polymeric, which allows free diffusion of gases in or out of 

the package (Beaudry, 2000). These polymeric films allow equilibrium between external 

atmosphere gas composition and the inside package, due to tissue respiration (Phillips, 1996). 

It was reported by Petracek et al. (2002) that the packaging film’s permeability depends on 

the: thickness, size, temperature-dependent permeability of the barrier film(s) and the gas 

pressure gradient. The packaging films currently available for MAP are polybutylene, low-

density polyethylene (LDPE), high-density polyethylene (HDPE), polypropylene (PP), 

polyvinylchloride (PVC), polystyrene (PS), ethylene vinyl acetate (VA), ionomer, rubber 

hydrochloride (pliofilm), polyvinylidine chloride (PVDC) (Schlimme and Rooney, 1994). 

Cameron et al. (1995) and Scetar et al. (2010) mentioned that most of the polymeric films 

utilized in MAP have lower vapour transmission than the transpiration rate of the produce. 

And this results in high relative humidity in the package, which then causes moisture 

condensation, microbial growth and decay (Workneh and Osthoff, 2010). Hence, the control 
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of relative humidity is also very essential in MAP and should be considered in the design 

(Tano et al., 2007). This in-package humidity is also affected by temperature fluctuations 

(Scetar et al., 2010). Pesis et al. (2000) highlighted that the packaging film that has recently 

been developed is Xtend film (XF), which has a higher water vapour transmission rate than 

polyethylene film and hence, it has more potential to reduce condensation in a package. 

Gonzalez-Buesa et al. (2009) also reported that, due to the limitations of conventional 

polymeric films, research is now being done on the adoption of perforated films as alternative 

solutions.  

 

The perforated films with small holes or micro-perforations use the perforations as the 

primary route of gaseous exchange (Scetar et al., 2010). The sizes of perforation normally 

utilized in MAP are between 40 and 200µm, but smaller sizes of perforation are appropriate 

(Scetar et al., 2010). However, a challenge with MAP is the excessive use of plastic films for 

packaging, which results in a large amount of wastage. In order to minimize this, it is 

important to perform computer simulation for food packaging design optimization (Makino 

and Hirata, 1997). Other materials for MAP, which are available and can assist in minimizing 

wastage in the environment, are biodegradable plastics (Makino and Hirata, 1997; Conte et 

al., 2013).  

 

When selecting proper MAP for fruit and vegetables, the lowest limit of O2 which is tolerable 

should be considered (Butler et al., 1990). The MAP technique is very complex and requires 

an understanding of the dynamics between the product, the atmosphere generated within the 

package and the package itself (Gonzalez-Buesa et al., 2009). Since fruit and vegetables still 

respire after harvest, their interaction with the packaging material is essential and the mixture 

of gases in the package depends on the type of product, packaging material and storage 

temperature (Sandhya, 2010; Workneh and Oshoff, 2010). If the MAP system is not properly 

designed, the product may experience alterations, which then result in a shortened life-span. If 

possible, even anaerobic conditions can be induced, which lead to the possible growth of 

pathogens and concomitant (Mahajan et al., 2007).  

 

Other factors which contribute to the effectiveness of the method depend on the produce 

variety, fruit maturity and initial quality, storage temperature and the composition and 

duration of exposure to the modified atmosphere (Beckles, 2012). The temperature control in 
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the MAP system is very crucial, as it influences film gas permeability and the respiration rate 

of the produce (Scetar et al., 2010). 

 

Within MAP, the following variables should be integrated, in order to achieve the optimum 

environment:  

  respiration rate of the product as a function of the temperature, the optimum gas 

composition and tolerance limits, and  

 gas transport through the package, depending on the temperature, gas exchange area, 

free volume and product weight (Gonzalez-Buesa et al., 2009).  

 

The modified atmosphere environment can be passively or actively altered to reduce 

respiration, reduce moisture loss and decay and extend shelf-life (Sakaldas and Kaynas, 

2010). This can be achieved by the followings techniques: 

 Direct injection of gases (often CO2 or nitrogen) into a package: The gas 

concentrations are initially introduced to meet specific product criteria and are not 

replenished to maintain initial levels (Ashby, 1995).  

 Vacuum packaging (evacuating air from the package): This technique involves the 

use of a low oxygen permeability pack, where air is evacuated and the produce is 

sealed in the package (Irtwange, 2006).  

Air is withdrawn from the package by means of suction. In this way, the development 

of enzymatic reactions and bacterial spoilage is retarded (Acedo and Weinberger, 

2007).  The disadvantage with this method is the need of equipment and proper 

packaging materials (Conte et al., 2013). 

 Interaction between package contents and the air in the package atmosphere to 

modify over time: The package atmosphere is affected by the transmission rates of 

the packaging material and changes in storage temperatures. The natural respiration of 

produce causes O2 levels to drop and CO2 levels to rise. The limitation of this method 

is the number of pack volumes of bags are that required (Conte et al., 2013). 

 

Nath et al. (2012) highlighted that the use of the MAP method for the retention of overall 

quality is low-cost and easy to implement at commercial scale, compared to the other 

methods. Gorris and Peppelenbos (1992) mentioned that MAP is a flexible and small-scale 

means of extending the shelf-life of fresh produce. Of the three ways in which the MAP 
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environment can be achieved, the most appropriate method, which can be used by smallholder 

farmers, is the interaction of package contents and air in the package atmosphere. This 

method is affordable and does not require additional equipment, but only the packages. 

 

2.8.2 Controlled atmosphere storage (CAS) 

 

Controlled atmosphere storage is used to reduce the physiological and chemical changes of 

fruit and vegetables during storage (Lee and Kader, 2000). In controlled atmosphere storage, 

fresh produce is stored in a gas atmosphere that is different from the normal composition of 

air (Irtwange, 2006; Workneh, 2010). Normally, this method is used for the long-term storage 

of fresh produce in warehouses, bulk storage and transportation (Irtwange, 2006; Workneh, 

2010). In this method, CO2 is increased and O2 is decreased and the gas constituents are more 

precise and stable (Beckles, 2012; Irtwange, 2006). Gas concentrations are constantly 

replaced, to maintain the predetermined levels (Ashby, 1995). The controlled atmosphere 

slows down the enzymes involved in softening (cell wall degrading) and lignification, leading 

to the toughness of vegetables (Kader, 1988). The response of produce to the controlled 

atmosphere depends on the cultivar, maturity and degree of ripeness, storage temperature and 

duration, in some cases, ethylene concentrations (Kader, 1988).  

 

According to, Sandhya (2010) and Workneh (2010), the method requires equipment for 

constantly mixing and controlling the gas composition of air during storage to maintain 

optimal concentrations needed by specific produce. Workneh and Osthoof (2010) stated that 

this method is not appropriate for the storage of some commodities, like carrots, and in such 

cases, MAP was recommended. A controlled atmosphere is effective for apples, pears and 

other climacteric fruit and vegetables with a high respiration rate (Lawson, 2011). The 

controlled atmosphere can be maintained by some external apparatus or internal chemical 

reactions, namely:  

 External apparatus: the gas levels are adjusted mechanically to maintain a 

predetermined mixture of CO2, O2 and N2.  

 Chemical reactions: With this method, an oxygen absorbing sachet is placed inside 

the barrier package.  

 

 The CAS method is capital-intensive and is not feasible to operate for short-term storage 

(Kader et al., 1989). Therefore, this method is not appropriate for use by smallholder farmers 
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due to its technical complexity and high initial capital costs, as it requires control gas 

compositions throughout the distribution cycle (Gorris and Peppelenbos, 1992). 

 

2.9  Selection of Possible Packaging Technology 

 

Workneh (2010) mentioned that MAP requires a low degree of control of gas concentrations 

compared to CAS. Since CAS is not applicable to all produce and is capital-intensive, it is not 

the appropriate technology for use in small operations. Hence, MAP will be adopted for use. 

However, the effectiveness of MAP relies on temperature control (Tano et al., 2007). 

Therefore, this technology will be integrated with cooling technology, for extending the life 

of fresh produce. Workneh and Osthoff (2010) alluded to the fact that MAP alone is not 

enough, hence pre-packaging treatments also need to be adopted to reduce the initial 

microbial load and limit their growth during storage. 

 

2.10 Quality Parameters of Tomato after Harvest  

 

The quality parameters of tomatoes are classified into physical, chemical, biochemical and 

sensory properties of tomatoes.  

 

2.10.1. Physical properties 

 

Firmness 

 

Firmness is related to tissue softening as a result of weight loss, turgor loss or enzymatic 

activity (Pinheiro et al., 2013). Batu (2004) mentioned that tomatoes overripe rapidly 

immediately after harvest and the flesh firmness influences its textural quality. Baltazar et al.  

(2008) mentioned that firmness loss of fresh produce is mainly affected by temperature, 

maturity stage, atmosphere, storage time and genetic background. Workneh et al. (2009) 

elaborated that the increase in temperature may lead to the loss of firmness due to the 

activation of enzymes responsible for cell wall degradation. Hence, the control of temperature 

during storage of fresh produce is very important. The acceptable firmness value for 

tomatoes, which can be used for salads and market, is greater than 1.28 N/mm (Batu, 2004). 

A firmness value of greater than 1.46 N/mm indicates that tomatoes are very firm and fit for 

supermarket shelves (Batu, 2004). 
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Skin colour 

 

The colour of the tomato is regarded as the first external characteristic that determines 

consumer acceptance (Batu, 2004). It determines the ripeness and postharvest life of tomatoes 

(Hahn, 2002; Lopez Camelo et al., 2004). The skin colour of produce during postharvest life 

is mainly affected by the following factors, namely temperature, maturity stage, atmosphere 

and storage time (Baltazar et al., 2008). These factors influence the colour development for 

tomatoes, since the produce still respires after harvest. The determination of skin colour of 

produce will also assist in determining the maturity stage of produce immediately after 

harvest.  

 

The description of different colour stages of tomatoes is illustrated in Table 2.2. Pinheiro et 

al. (2013) mentioned that tomatoes have three colour changes at various stages of 

development, namely a green colour (chlorophyll), an orange colour (β-carotene) and a red 

colour (lycopene). During the ripening stages, tomatoes changes from green to white through 

chlorophyll degradation, then white to red by carotenoid biosynthesis (Hahn, 2002). The 

USDA rating scales and colour charts are available for classifying the stage of produce 

ripeness (USDA, 1976). The USDA colour classification is used widely on tomatoes and it 

establishes six stages of ripening classes, which reflects the human ability to differentiate 

ripeness (Lopez Camelo et al., 2004) (see Table 2.2 below). 

 

Table 2.2 USDA ripening classes of tomatoes (USDA, 1976) 

Colour stages Class Description
 

1 Mature green Entirely light –to dark-green, but mature, 100% 

2 Breaker First appearance of external pink, red or greenish-

yellow colour; not more than 10% 

3 Turning Over 10% but not more than 30% red, pink or orange-

yellow 

4 Pink Over 30% but not more than 60% pinkish or red 

5 Light-red Over 60% but not more than 90% red 

6 Red Over 90% red; desirable table ripeness 

   

  

However, when a precise description of colour is required, colorimeters are utilized (Lopez 

Camelo et al., 2004). Colorimeters are measured, using a Minolta Chroma Meter (Konica 

Minolta, New Jersey), which gives the colour readings of tomatoes and hence the maturity 

stage of tomato can be determined (Arias et al., 2000).  
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Moisture content (physiological weight loss) 

 

The size of tomatoes is influenced by the water available, which constitutes 90% of the fresh 

weight (Babitha and Kiranmayi, 2010; Shahnawaz et al., 2012). The perishable nature of 

tomatoes is a result of this large amount of water (Shahnawaz et al., 2012). The physiological 

moisture loss varies and is dependent on the magnitude of temperature and surrounding 

relative humidity (Workneh and Osthoff, 2010). High temperature and low relative humidity 

causes the high respiration rate of fresh produce, which leads to a high loss in physiological 

weight (Workneh et al., 2009). Hence, the use of cooling technologies reduces the 

temperature and increases the relative humidity. The use of packaging treatment retards the 

respiration and biochemical activities during storage. 

 

2.10.2. Chemical properties 

 

Total soluble solids 

 

Total soluble solids are used as a measure for tomato quality, and are determined by using a 

refractometer (SR-2, ISSCO, Australia) and are expressed as °Brix (Abd_Allah et al., 2011; 

Anthon et al., 2011; Beckles, 2012). °Brix is defined as the sugar content of an aqueous 

solution. Total soluble solids are largely constituted of soluble sugars like glucose and 

fructose (Anthon et al., 2011). Bumgarner and Kleinhenz (2012) explained that soluble solids 

determine the sweetness of tomatoes, but it should be noted that there are other compounds 

responsible for flavour characteristics, such as acids and volatiles. When tomatoes mature, the 

sugar levels increase, due to the metabolism of stored carbohydrates, lipids and proteins 

(Garcia and Barrett, 2006). At a later stage, these sugars are then used for maintenance during 

growth, thus resulting in senescence (Beckles, 2012). Total soluble solids are a good index for 

the quality control of tomatoes. It is therefore very critical that the postharvest technologies, 

such as pre-packaging treatment, packaging treatment and storage technologies, are adopted 

to slow down respiration and ethylene production and to thus retard ripening and senescence 

(Beckles, 2012). 
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Citric acid and pH 

 

Citric acid is the main organic acid in tomatoes (Anthon et al., 2011; Babitha and Kiranmayi, 

2010; Shahnawaz et al., 2012). Garcia and Barrett (2006) highlighted that, as tomatoes 

mature, the acidity levels drop. Therefore, pH values also drop. Tomatoes are regarded as 

high-acid food (Anthon et al., 2011). The pH value for tomatoes is in the range of 4.0 – 4.5 

(Babitha and Kiranmayi, 2010; Shahnawaz et al., 2012).  

 

Sensory properties 

 

The sensory properties of tomatoes include flavour and marketability. In general, 

consumption of produce is mainly influenced by flavour as it plays a major role in consumer 

satisfaction (Pelayo et al., 2003). Flavour results from the interaction of taste and aroma 

(Kader and Rolle, 2004; Beckles, 2012). The flavour of tomatoes is mainly influenced by the 

balance of sugar content and acidity (Garcia and Barrett, 2006). Sugar accumulations, 

together with acids, determine the aroma intensity (Causse et al., 2002). Since tomatoes are 

climacteric fruit and perishable in nature, they have a short life- span of 2 – 3 weeks 

(Shahnawaz et al., 2012). 
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3. DISCUSSIONS AND CONCLUSION 

 

The growing demand for fresh produce globally is calling for large production volumes. This 

shows that there is a need for participation from small-scale farmers as well. However, a 

challenge for smallholder farmers is that they own very small pieces of land and produce 

crops for their own consumption or to sell to the local community. Furthermore, these farmers 

also experience significant postharvest losses due to the unavailability of postharvest 

technologies that fit their operations. At the same time the smallholder farmers have limited 

access to finance, in order to invest in the appropriate technologies. In Provinces like 

Limpopo in South Africa, where tomatoes are grown by many smallholder farmers, 

challenges are experienced, mainly as a result of the lack of postharvest technologies (ARC, 

2013). Other factors that trigger these losses are severe environmental factors, such as 

extreme hot air temperatures and low air relative humidity within the province (ARC, 2013). 

All these challenges raise the issue of food security  

 

In order to address the food security issues, appropriate postharvest technologies, such as pre-

packaging, packaging and cooling treatments, should also be adopted by the smallholder 

farmers (Anonymous, 2012). By so doing, postharvest losses will be minimized and 

production volumes will be increased. To achieve good and allowable quality standards of 

tomatoes, it is crucial that optimal temperature, relative humidity and oxygen and carbon 

dioxide concentrations are maintained throughout the postharvest life. The poor management 

of these factors lead to high respiration and transpiration rates, which then lead to desiccation, 

texture loss, flavour loss and eventually postharvest decay (Obetta et al., 2011; Wu, 2010). 

Furthermore, the poor management of these environmental factors also results in microbial 

decay. Poor environmental storage conditions lead to the inactivation of enzymes, which are 

responsible for postharvest decay (Obetta et al., 2011). These enzymes activate the 

biochemical degradation of the tissue and cell wall, which lead to the easy penetration of both 

spoilage and pathogenic microorganisms. These microorganisms cause microbial decay and 

biochemical changes in the fresh produce, including tomatoes, which results in loss of fresh 

produce quality and hence less quantity of production will be achieved. Technical factors, 

such as the poor handling of produce, lead to bruises, which cause moisture loss and the 

inhibition of development of decay caused by spoilage and pathogenic microorganisms. 
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In order to overcome all the postharvest decay, proper and sustainable postharvest 

technologies should be adopted by smallholder farmers. The adoption of postharvest handling 

technologies by smallholder farmers will make a huge impact on the production volumes and 

hence, food security. These challenges show the need to develop appropriate, low-cost 

technologies, which can also be adapted and applied by smallholder farmers. This will ensure 

that their produce is stored immediately after harvest and during transportation, in order to 

extend the shelf-life and maintain allowable quality standards and improve quantity 

production volumes. There are technologies that already exist to achieve the required storage 

environmental conditions of fresh produce, but they are not fit for small-scale operation and 

some technologies are not known by these small-scale farmers. The literature has shown that 

environmental conditions, such as low temperature, reduces the respiration rate of fresh 

produce, high relative humidity reduces fresh produce transpiration rates, low oxygen and 

high carbon dioxide concentrations in the storage environment reduce respiration rates and 

hence, slow down senescence (Tigist et al., 2011). Other technologies that assist in reducing 

microbial load and prolonging the shelf-life of produce are pre-packaging treatments (Wu, 

2010). These treatments assist in supplementing the environmental storage conditions to 

extend the shelf-life of fresh produce. 

 

The cooling technologies that already exist are hydro-cooling, mechanical refrigeration and 

vacuum cooling (Kitinoja and Thompson, 2010). However, these technologies are energy-

intensive, capital-intensive and some are selective to crops. It was observed from the literature 

that evaporative cooling is more feasible for small-scale operations (Workneh and 

Woldetsadik, 2004). However, the challenge with evaporative cooling may be weather 

reliability. This can be resolved by integrating other sources of energy in the system as back-

ups, such as wind or biomass energy, as well as generator to run the refrigeration or cooling 

on the unit. 

 

The pre-packaging treatments that exist are 1-MCP, edible coatings, ultraviolet, blanching 

(Kader, 2002). It was reviewed that blanching is the most appropriate technology, since it is 

affordable and technically sound for small-scale operations. However, this technology might 

not be efficient on cloudy days, as it relies on solar to heat up the water. Other renewable 

energy sources, such as biomass energy or the generator, can be integrated in the system to 

assist as back-up. 
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Packaging treatments which exist for application on fresh produce are modified atmosphere 

packaging (MAP) and controlled atmosphere storage (CAS) (Workneh and Osthoff, 2010). 

However, it was found that CAS is capital-intensive and technically complex and involves 

high operational costs for small-scale operations. Hence, the MAP was found to be feasible 

for use by small-scale farmers, as it is affordable and not technically complicated. 

 

From the literature review, different technologies were reviewed and investigated as 

alternative options. It was observed that, in order to prolong the shelf-life of produce, it is 

critical to integrate the postharvest technologies, as they all play different roles in the shelf-

life of tomatoes. The integration of a blancher and modified atmosphere package treatments 

with the evaporative cooling storage environment are very essential, as this prolongs the 

shelf-life of tomatoes even further. Since low temperatures reduce the respiration rates of 

fresh produce, they reduces oxygen and increases carbon dioxide levels in the storage 

environment. Hence, an environment of appropriate gas composition is achieved in a package 

treatment to prolong the shelf-life of produce. However, the gas movement does not only 

depend on temperature, but also on the type of packaging material selected for a certain crop. 

Furthermore, the use of the pre-packaging (blanching) treatment reduces the microbial load on 

the fresh produce. Therefore, it is significant that the integration of these postharvest 

technologies is done, in order to prolong the shelf-life of tomatoes further. Integration is 

highly recommended, in order to reduce postharvest losses, more especially in hot regions 

like the Limpopo Province (Azene et al., 2014). 
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4. PROJECT PROPOSAL 

 

In this chapter, the project proposal will be presented of a blancher, combined with modified 

atmosphere packaging treatments, which will be developed for integration in a low-cost 

evaporative cooling unit for the storage of tomatoes for smallholder farmers. The proposal 

includes the problem statement, project objectives, methodology, evaluation plan, time frame 

and budget. The problem faced by the horticultural sector and the country as a whole, will be 

detailed. The project objectives will be set out to investigate and resolve the problem. The 

procedures, which will be followed in addressing the problem, will be detailed under the 

methodology. The solution developed to resolve the problem must be evaluated to assess its 

performance. Hence, an evaluation plan to assess the performance of the blancher and 

modified atmosphere package treatments will be presented in this chapter. Lastly, the 

necessary resources and equipment required, in order to complete this research, will also be 

presented. 

 

4.1 Problem Statement 

 

The growing demand for fresh produce is of major concern in the sub-Saharan African 

countries, including South Africa. Besides the growing demand, within the horticultural sector 

itself there are challenges of high postharvest losses experienced by producers. These 

challenges call for research, to develop solutions to address the situation. To narrow it down 

to South Africa, the country is faced with food insecurities. The government is currently 

looking at a strategy of involving the smallholder farmers to assist in food production and 

proper postharvest handling. Agriculture within the developing countries, including South 

Africa, is dominated by smallholder farmers and this group of farmers have low production 

volumes. These farmers produce for their own consumption and also for selling locally. 

Smallholder farmers are disadvantaged, due to limited access to finance with which to acquire 

the required postharvest handling technologies, as well as lack of information on the various 

technologies. Hence, this results in zero or minimal investments in value-adding agro-

processing, as well as postharvest technologies. It was evident from the survey undertaken in 

the Limpopo Province that the small-scale farmers producing tomatoes experience losses, 

mainly due to lack of investment on postharvest technologies (ARC, 2013).  
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Findings from the preliminary study conducted, using the formal survey questionnaire on the 

production of fruit and vegetables by small-scale farmers in the Limpopo Province, showed 

that: 

 farmers harvest their produce only when there is an immediate demand from a 

customer or when prepared to transport their produce to the local market. Otherwise, if 

a market is unavailable, most of their produce deteriorates in the field and is 

eventually lost, 

 market fluctuations, 

 fresh produce losing value while at the retail market, since produce is subject to 

abused temperature and field heat is not immediately removed, and 

 competition with commercial farmers who have advanced modern postharvest 

technologies that assist in maintaining the freshness of their fresh produce. 

 

Due to these challenges, the product quantities and qualities of fresh produce, including 

tomatoes, are negatively and significantly affected, more especially for smallholder farmers.  

 

4.2 Rationale 

 

A variety of postharvest technologies currently exist, but are not adaptable for small-scale 

fruit and vegetables postharvest operations. Therefore, it is evident that there is a great need to 

develop technologies that can be adapted by small-scale operations as well. The availability 

and adoption of such technologies for small-scale operations will also assist in reducing 

postharvest losses and thus, indirectly increasing production volumes and reducing food 

security issues. This research focuses on developing appropriate and sustainable postharvest 

technologies, which can meet the economy scales of the small-scale farmers and which can be 

scaled up or down to any level of production capacity. The development of such technologies 

will not only resolve food security issues, but will also assist the small-scale farmers to be 

competitive and provide consumers with fresh produce of good quality. It was evident from 

the literature that a blancher and modified atmosphere package treatments are appropriate 

solutions to be developed and adopted by the small-scale farmers to solve the postharvest 

losses (Fallik, 2004; Gorris and Peppelenbos, 1992; Workneh and Osthoff, 2010).  
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However, the adoption of these treatments alone cannot prolong the shelf-life of fresh produce 

but will be integrated with the low-cost evaporative mobile cool container to improve the 

shelf-life of tomatoes further. 

 

4.3  Aim and Objectives 

 

The aim of this project is to develop a blancher and modified atmosphere package treatment 

which will be integrated with low-cost mobile cooler container, to reduce postharvest losses 

of tomatoes while still at the farm after harvest.  

 

The specific objectives of the project are: 

 to determine optimum blanching treatment for control of enzyme activity and decay of 

tomatoes and prolong shelf-life, 

 to determine optimum modified atmosphere package for control of postharvest decay, 

and 

 to investigate the combined effect of blanching treatment and modified atmosphere 

package for storage of tomatoes in evaporative cooler container on physical, chemical 

and sensory qualities. 

 

4.4  Methodology 

 

4.4.1 Experimental site 

 

The experimental site where the blancher treatment unit and MAP will be developed is at the 

workshop of the Agricultural Research Council’s Institute of Agricultural Engineering (ARC-

IAE) in Silverton, Pretoria. The geographical position for the Institute is S 25
°
43

ʹ 
45.2

ʺ
, E 

25
°
43

ʹ 
45.2

ʺ
, Elevation = 1337 m. The testing of the blancher unit and MAP will be performed 

at ARC-IAE and also at field trials in the Nwanedi area, with GPS coordinates S 22˚ 25
ʹ 
53.6

 ʺ
, 

E 030˚ 32
ʹ 
42.2

ʺ
 Elevation = 414 m and in the Dzindi area, with GPS coordinates S 23˚ 01

ʹ 

35.0
ʺ
, E 030˚ 25

ʹ 
56.2

ʺ
 Elevation = 567 m in the Limpopo Province. 
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4.4.2 Design process 

 

A simple and low-cost blancher and MAP will be developed for the blanching and packaging 

of sample fruits. The blanching temperature will be varied between 46°C – 60°C. The 

blanching time will be set at 30 seconds – 10 minutes, depending on the tomato maturity 

stage. 

 

4.4.3 Treatments and experimental design 

 

Experimental design will be arranged in a Randomised Complete Split Plot with three blanch 

temperatures (46°C, 55°C, 60°C and control)  and three modified atmospheres ( non-

perforated low-density polyethylene, micro-perforated polyethylene, polypropylene and 

without packaging), two storage condition (evaporative cooling and ambient conditions) 

treatments with three replications. The number of samples to be used in the experiment will 

be 96 (4 blanching temperature x 4 packaging x 2 storage environment x 3 replications) see 

Figure 4.1. 

 

 

Figure 4.1 Experiment layout. Blanching temperature (BT), packaging (PACK), evaporative 

cooling (EC), ambient environment (AT) and replication (REP) 
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4.4.4 Materials and methods 

 

Development of a blancher 

 

The experimental blancher will be evaluated in terms of the required designed parameters. 

The blancher should be able to heat the water from 46°C to 60°C for a period of 30 seconds to 

10 minutes. Once the system is operational, then treatments will be carried out at the ARC-

IAE campus and also on-field in the Limpopo Province. The blancher temperature, MAP 

conditions and evaporative cooling storage conditions will be monitored continuously during 

the storage of tomatoes.  

 

Sample preparation and evaluation 

 

Tomatoes will be harvested manually while they are still firm and thus at the green-mature 

stage. Tomatoes of uniform colour and size will be harvested. The produce will be handled 

carefully by avoiding mechanical or physiological damage or any signs of infection until 

laboratory tests/analysis are performed on the produce. If, there are any visible damage on the 

produce, such as bruises, the produce will be discarded. The sampled tomatoes will then be 

gently washed under running tap water, divided, weighed, surface dried thoroughly, using 

tissue paper, and treated as per the experimental design.  

 

Data Collection 

 

The quality of sample tomatoes will be assessed, as shown in Table 4.1. 
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Table 4.1 Produce quality attributes to be analysed 

Quality attributes Reference 

Physical properties 

Firmness Kassim et al., 2013 

Colour Batu, 2004; Kassim et al., 2013   

Moisture content ( physiological weight 

loss) 

Workneh et al., 2009; Kassim et 

al., 2013 

Chemical 

properties 

Total soluble solids Beckles, 2012 

Citric acid and pH Anthon, 2011 

Total aerobic bacteria, moulds and yeast Alexandra et al., 2011 

Enzyme activity Polyphenoloxidase (PPO) Barret and Theerakulkait, 1995; 

Maharaj and Sankat, 1996 

Sensory qualities Flavour Organised sensory test panel 

 

Firmness 

 

The firmness of tomatoes is determined by using a force/deformation test (Batu, 2004). Garg 

and Cheema (2011) reported that deformation is the inverse of firmness of the produce and 

that implies that the lower the value, the firmer is the produce. 

 

Colour  

 

Colour will be assessed on the surface and around the equatorial region of the produce (Arias 

et al. 2000). The colour of the tomatoes will be assessed using the Chroma meter. The 

readings from the Minolta Chroma meter are recorded in the L* (white to black), a* (green to 

red) and b* (blue to yellow) system (Lopez Camelo et al., 2004; van Zeebroeck et al., 2007) 

(see Figure 4.2). a* and b* values will be determined, the Minolta colour ratio a*/b* can be 

estimated (Baltazar et al., 2008). The a*/b* ratio, together with USDA colour stages (refer to 

Figure 4.3), will be used to determine the maturity class of tomatoes (Batu, 2004).  Hence, the 

influence of blanching and MAP will be measured by using the skin colour as an indicator on 

the produce quality. 
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Figure 4.2 The CIELAB color space system (Lopez Camelo et al., 2004) 

 
Figure 4.3 Mean of Minolta colour (a*/b*) values of tomatoes at USDA stages (vertical lines 

represent maximum and minimum values) (Batu, 2004) 

 

Percentage weight loss 

 

The weight loss of produce will be determined by taking the initial weight and the final 

weight after each treatment. By applying the formula below, the weight loss can then be 

determined. Moisture loss is expressed as the normalised percentage weight loss (Abd_Allah 

et al., 2011; van Dijk et al., 2006): 
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%Weight loss = [(Weight(t = 0) – Weight(t = t)) / Weight(t = 0))] x 100% 

 

Where Weight(t = 0) = average weight of batch of produce at the start of experiment 

Weight(t = t) = average weight of the same batch of produce at t = t 

 

Total soluble solids 

 

Total soluble solids are used as a measure for tomato quality and are expressed as °Brix 

(Abd_Allah et al., 2011; Anthon et al., 2011; Beckles, 2012). To determine the total soluble 

solids, the tomato is squeezed in order to extract the juice and then the refractometer (SR-2, 

ISSCO, Australia) is used for the readings (Wills and Ku, 2002).  

 

Citric acid and pH 

 

The pH of the tomato is determined by extracting the tomato juice (Wills and Ku, 2002) and 

measured by a pH meter (Microph 2000, Crison, Spain) (Plaza et al., 2003). Citric acidic is 

measured by performing titration of the tomato juice (Plaza et al., 2003). 

 

Flavour 

 

A panel that will taste the treated tomatoes will be organised to assess the flavour quality 

(Azodanlou et al., 2003). Normally a panel consisting of 10 – 15 semi-trained personnel is 

used (Azodanlou et al., 2003). The panel will quantify flavour qualities on the following 

parameters: taste (sweetness and sourness) and aroma (overall aroma intensity) (Causse et al., 

2002). The different parameters will be rated on a 1 – 9 scale (e.g 1 = very weak aroma 

intensity and 9 – very strong aroma intensity) (Azodanlou et al., 2003). The results from these 

assessments determine a minimum level of produce acceptability (Kader and Rolle, 2004). 

 

4.5 Data analysis 

 

The data collected will be analysed, using ANOVA to test for any significant differences in 

and comparisons of treatments will be done to evaluate the performance of the integration of 

blanching and MAP, together with evaporative cooling on the effects of tomato quality and 

shelf-life extension. If there are variations greater than 40%, in order to achieve a binomial 
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distribution, the data will be angularly transformed by the arcsine of the square root of the 

actual ratios (Little and Hills, 1978). 

 

4.6 Resources  

 

The resources and equipment required for the project are presented in  

Table 4.2. 

 

Table 4.2 The resources and equipment required for the project 

Item Resources and Equipment Application Availability 

1 Tomato samples Experiment samples Available from 

smallholder farmers  

2 Materials for blancher (pipes, tank, 

solar water panels and fittings) 

Experiment pre-

packaging treatment 

Available commercially 

3 Materials for modified atmosphere 

packaging: perforated low density 

polyethylene films, non-perforated 

polyethylene films 

Experiment 

packaging treatment 

Available commercially 

4 Temperature sensors for blancher System performance 

analysis 

Available commercially 

 Colour analyser Quality analysis Available at UKZN and 

commercially 

6 Firmness analyser Quality analysis Available at UKZN and 

commercially 

7 Total soluble solids Quality analysis Available commercially  

8 Citric acid Quality analysis Available commercially 

9 pH analyser Quality analysis Available at UKZN and 

commercially 

10 Moisture content Hot air oven method Available at UKZN and 

commercially 

11 Total bacteria, moulds and yeast Quality analysis Available commercially  

12 Enzyme activity Quality analysis Available commercially 

 

4.7 Intellectual Considerations 

 

An official document from the University of KwaZulu-Natal, covering the Intellectual 

Property, was signed and submitted to the School before registration took place. 

 

4.8  Project Impact Assessment 

 

 Societal considerations: The society will benefit from the research as the technology 

is introduced and also developed to suit the disadvantaged farmers. 
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 Environmental considerations: The output of this research will assist in reducing 

food wastage, as the produce will be sold while still in good quality condition. 

Furthermore, renewable energy, which is freely available, will be used as the main 

source of energy to heat the blanching water. This implies that the use of the grid will 

be minimized and therefore greenhouse gas emissions will be reduced. 

 Economic considerations: The results from the research will reduce postharvest 

losses. Therefore, better production quantity and quality will be attained and hence 

high income will be generated by the smallholder farmers. 

 Health and safety considerations: The solution developed will be designed and 

constructed so that it can be safely be used by human beings and can also be used for 

food for human consumption. The output of this research will provide a solution that 

will extend the shelf-life of fresh produce beyond cooling. 

 In this way, postharvest losses will be minimized, which implies that zero or minimal 

produce spoilage will be achieved. Hence better quality and shelf-life of produce will 

be achieved. 
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4.9 Project Plan 

 

A proposed project plan with activities and milestones to be achieved within scheduled timeframes is presented in Figure 4.4 

 

Task No Activities and Deliverables

J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J

1 Literature and Proposal Development

1.1 Literature and proposal write-up

1.2 Submission of 1st draft

1.3 Corrections of 1st draft

1.4 Submission of 2nd draft

1.5 Corrections of 2nd draft

1.6 Submission of final draft

1.7 Presentation of literature and proposal

2 Design of Blancher and MAP

2.1 Theoretical design

2.2 Design drawings and compilation of BOQ

3 Construction

3.1 Acquisition of material and construction of blancher

4 Laboratory Experiments

4.1 Testing at ARC

4.2 Field tests

5 Data Analysis

6 Thesis Development

6.1 Thesis write-up

6.2 Submission of 1st draft

6.3 Corrections of 1st draft

6.4 Submission of final draft 

2012 2013 2014 2015

Period

 

Figure 4.4 Proposed Project Plan 
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