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ABSTRACT 

 

Tomatoes come second to potato as one of the most cultivated crops worldwide. The tomato 

fruit is rich in vitamin C and lycopene and used in variety of food products. Globally, tomato 

production is estimated to nearly 170 million tonnes. In South Africa tomato production 

accounts for 6,000 hectares of cultivated land, with annual production estimated at 600,000 

tones, contributing 24% of the country’s vegetable production. Most of the tomatoes across the 

South African supply chain comes from the Limpopo region and are transported to the 

country’s main market. There are three main types of tomatoes grown in the country, namely; 

round tomatoes, roma tomatoes and the cherry type tomatoes. Most of the tomato production 

in the country are cultivated on open fields under irrigation. South Africa is viewed as the 

spearhead of the tomato production best practices. The industry is however, faced by many 

challenges; high input costs, insufficient of irrigation water, instable market prices, 

unreliability of power supply, post-harvest handling and losses, and transportation are all 

challenges that needs to be addressed. Post-harvest handling has been reported as the most 

contributing factor towards the constraints of tomato production in South Africa. The post-

harvest handling challenges are mainly from the limitation of packaging materials and storage 

facilities. The type and properties of the product and packaging material, temperature, and 

relative humidity have a significant effect on the quality attributes of tomatoes. The outcome 

of these conditions within a storage facility is very crucial in extending the shelf life of 

tomatoes. With regards to packaging, plastics are the most widely used material in the food 

industry, due to its various applications, the structure of the material its ability packaging to 

maintain product cleanliness, and keeps the fresh for a longer period. However, there is a 

serious concern on the expanse of waste accumulated and produced by these plastic packages. 

Biodegradable packaging films produced from biopolymers have been established as one of 

the lucrative solutions to the environmental crisis caused by the petroleum-based plastics. Even 

though the volumes at this stage are relatively low, consumer management of these packages 

requires a proactive consideration. Therefore, the research proposal aims to evaluate the effect 

of biodegradable packaging and storage treatments on the post-harvest quality of tomato fruits. 
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1. INTRODUCTION 

 

Tomato crop (Solanum lycopersicum) is one of the most important agricultural commodities in 

the world. It is consumed mainly for its high nutritional value to the human diet and health 

(Tigist et al., 2013; Azeez et al., 2019). Globally, tomato production approximately accounts 

for about 4.5 to 5 million hectares of the cultivated area of land with production estimated at 

170.8 million tonnes (Costa and Heuvelink, 2018; Gatahi, 2020). China is the leading producer 

accounting for nearly 31% (50 million tonnes) of the world tomato production followed by 

India with estimated production at 11% (17.5 million tonnes) (FAO, 2019b).   

 

Many studies have indicated that there is a correlation between tomato consumption and its 

protective effects against various types of cancer diseases and this may be one of the reasons 

for increased consumption of tomatoes (Stahl and Sies, 2005; Pinheiro et al., 2013). Tomato 

fruit is an important product in fresh markets (Fagundes et al., 2015). According to Ahmed and 

Tariq (2014)  tomatoes can be consumed in its fresh form as a fruit or as a salad. Tomato can 

be processed into soup, sauce and paste. The tomato fruit has a short shelf life of between 2 to 

3 weeks after harvest (Karam et al., 2016; Zewdie, 2017) due to factors such as biochemical, 

microbiological, and physiological properties. Therefore, there is a need to control these factors 

within the optimum range (Tigist et al., 2013; Zewdie, 2017). 

 

The loss in quality occurring after harvest is attributed to continuous respiration (Zewdie, 2017) 

and the production of ethylene, a ripening hormone. Hence, post-harvest management of 

tomatoes is centred on reducing the respiration rate and control of the ethylene production 

(Martínez-Romero et al., 2007; Fagundes et al., 2015; Zewdie, 2017). The post-harvest losses 

of tomato in the range of 20–50% were reported in Africa (Pila et al., 2010; Ahmed and Tariq, 

2014). The post-harvest losses are associated with poor handling techniques and failure to meet 

climatic requirements (Tigist et al., 2013). The use of packaging was reported to reduce 

postharvest losses in the supply chain of fresh produces (Zewdie, 2017). The controlled 

environment combined with packaging improved has the potential to extend the shelf life of 

fruits and vegetables (Marsh and Bugusu, 2007; Patanè et al., 2019).  

 

Fresh tomato fruits are climacteric nature with a shelf life of 2-3 weeks (Sibomana et al., 2015). 

This short life span requires careful handling to maintain quality and preserve marketable value 
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after harvest. The quality of tomatoes is measured or determined by its nutritional value, 

firmness, flavour, and appearance. These quality measures are influenced by many different 

factors such as agronomic practices, harvesting period, methods of harvest, postharvest 

handling, packaging materials, pest infestation storage facilities and conditions (Zewdie, 2017). 

Packaging protects and preserves the quality of fruits and vegetables. Different types of 

packaging materials which are used to pack food and beverage products include metal, plastic, 

paper, paper board, and glass. 

 

The usage of polymer packaging increased exponentially with the increased human population 

(Lv et al., 2018; Patanè et al., 2019). This is consistent with the South African statistics which 

showed that half of all plastic produced in the country is used for packaging (Vermaak, 2017). 

These packaging materials are predominantly plastic polymers produced from petroleum 

monomers and are non-biodegradable. The petrochemical-based packaging materials are 

considered as pollutants to the environment and human health.  These concerns led to the 

development of alternative use of renewable and biodegradable packaging materials (Zhou et 

al., 2019). However, there is limited information on the effects of biodegradable packaging 

material on the physiological, biochemical, and microbial quality of tomato fruits during 

storage. Packaging was reported to increase the shelf life and market value of the tomato fruits 

(Sammi and Masud, 2009; Zewdie, 2017). Packaging can prevent the contamination of the 

product resulting in an improved freshness and thus meeting consumer demand for quality. 

Some reports showed that tomatoes packaged in polyethylene bags had approximately 10% 

loss in weight, while approximately 32% weight loss to tomatoes were observed in in grease-

free papers packaged for 35 day period (Shahnawaz et al., 2012; Zewdie, 2017).  

 

Several integrated technologies have been studied in the past to evaluate the beneficial 

influences of post-harvest treatments to maintain fruit quality and prolong the shelf life of 

tomato fruit. Workneh et al. (2009) assessed the influence of modified atmospheric packaging 

(MAP), ComCat® treatments and evaporative cooling on marketability of the tomato fruit 

stored for 24 hours in an evaporative cooler. However, some of these new integrated 

technologies have not been tested under a commercial scale. Presently, the scale of tomato 

production has largely increased with a wide range of sensory and morphological studies in the 

tomato industry which determines the post-harvest life of tomato fruit. A few studies on the 

influence of packaging have been done, however they are not a representative of the whole 

African continent. A majority of the tomato and packaging studies resonates mostly in the 
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northern African region such as Egypt (Asem et al., 2016b) and Ethiopia (Mekonnen, 2017). 

The Southern Africa region does not have much studies on tomatoes and packaging, 

particularly under the sub-Saharan weather conditions and local tomato varieties.  The literature 

review of this study will be focused on the overview of tomato production in South Africa, 

physiological and biochemical characteristics of tomato, challenges affecting tomato 

production, importance of food packaging and methods of measuring tomato quality. This 

proposed work is focused on evaluating the effects of different packaging materials used across 

the South African supply chain on the quality attributes of tomatoes. 
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2. LITERATURE REVIEW 

 

In the Southern Africa region, South Africa is the dominant producer of tomatoes, Limpopo 

province being the major producer of total tomato produced in the country. The round and 

cherry are the common varieties of tomatoes produced. The industry is not, however, without 

its challenges; high post-harvest losses have been recorded throughout the country.  

 

2.1 History and Origin of Tomato Fruits 

 

According to D’Angelo et al. (2019) the tomatoes are indigenous to the Southern American 

Andes, particularly Peru and Ecuador region, where it was naturally growing as a wild crop.  It 

is believed to have evolved from Lycopersicon esculentum var. cerasiforme, the cherry form 

(Naika et al., 2005; Di Paola Naranjo et al., 2016). It was then taken and domesticated by 

European explorers, where it was planted as a decorative plant (Arah et al., 2015). Tomatoes 

were earlier deemed poisonous. However, in the 18th century, tomato was accepted as a food 

crop (Paran and Van Der Knaap, 2007; Tan et al., 2010).  

 

2.2 General Overview of Tomato Production in South Africa 

 

Tomato is among the most cultivated crop ranking second to potato in South Africa. Limpopo 

province is the largest producer of tomato with approximately 3.590 ha of a cultivated area.  

(DAFF, 2010; Beckles, 2012; DAFF, 2017). South Africa’s annual tomato production is 

estimated at 600 000 tonnes with estimated net value of USD 210 million (Sibomana et al., 

2016). According to Farmer's-Weekly (2017) depending on the climatic conditions and 

seasons, the annual yield ranges between 65 to 70 t/ha.  In 2018, tomato production accounted 

for 24% of the overall production of vegetables on South African market (DAFF, 2019). Given 

their relatively short shelf life, tomatoes are mainly grown for domestic use. Between 83% and 

87% of the annual crop is sold through the national and regional fresh produce markets, with a 

limited quantity delivered directly to supermarket chains (DAFF, 2019). A small percentage of 

South African tomatoes is bought by cross-border traders who sell produce in Lesotho, 

Swaziland, Mozambique, Botswana and Namibia (DAFF, 2017; van Lin et al., 2018). Africa 

produces about 18 million tons per year of tomato with Egypt ranking highest in the continent 

with 8.5 million tons, Southern Africa account for nearly 4% of the total tomato production 
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(FAOSTAT, 2017). In the Southern African Democratic Corporation (SADC) tomato 

production has demonstrated growth over the years (Malherbe and Marais, 2015). Despite 

ranking 35th globally South Africa is the dominant producer with 54% of the total tomato 

production grown on 11% of the total cropped area in the SADC region (Figure 2.1). According 

to Sibomana et al. (2016) post-harvest technology in the Southern Africa has improved 

compared to the other African regions, exception given to South Africa as the most improved 

country. South Africa produces more on the same piece of land compared to the African 

countries and the losses are lower in tomato than to the northern region due to the innovative 

technology structures employed in the country (Sheahan and Barrett, 2017).  

 

Figure 2.1 Tomato c production, productiona area and yield in the SADC region (FAO, 

2019b) 

 

The commercial production of tomato is private sector driven and the company called ZZ2 is 

the largest  producer of tomatoes in the southern hemisphere (Sibomana et al., 2017). Sibomana 

et al. (2016) reported that the value of tomato along the value chain has significantly increased 

compared to potatoes and citrus. In 2015, some monthly tomato valued at production and 

consumption was USD 263.30 and USD 1053 ton-1, respectively (Sibomana et al., 2016). This 

values were higher than potato valued at USD 157.96 and  USD 616.79 ton-1 at production and 

consumption, respectively, while citrus was reported to be valued at USD 278.91 and USD 

445.24 ton-1, at production and consumption, respectively (Directorate Marketing, 2015). 

South Africa is regarded as a leader in the use of tomato production best practices. The industry 

is not, however, without its challenges. High input costs, fluctuating market prices, a shortage 

of good quality irrigation water, unreliable electricity supply, poor post-harvest handling, 
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labour issues and poor road infrastructure are among the top list of challenges that need to be 

addressed. Several reports showed that post-harvest losses occurred between production and 

consumption (Aba et al., 2012; Cronjé et al., 2018). Nearly 50% tomato losses, occur in the 

post-harvest, while 25% through processing and packaging, 20% in supply and marketing and 

5% at consumer-level (DAFF, 2017; Farmer's-Weekly, 2017). Spearheaded by the tomato 

producer’s organisation, programmes are run to improve the local industry’s sustainability and 

competitiveness. 

 

The country grows three main types of tomatoes, namely round or fresh tomatoes, roma 

tomatoes destined for processing, and cherry tomatoes. Most tomatoes are grown in open fields 

under irrigation. These common varieties are cultivated primarily based on fruit quality, low 

vulnerability to pests and diseases, suitability to growth season and growing habit, and 

available market. In South Africa cherry production by commercial and small farmers is still 

rare. It is mainly grown in the Western Cape, Eastern Free State and KwaZulu-Natal. The 

cherry type is not so very popular. The Bamby, Giant Heidelfinger, Early Red and Bing, bred 

from PRUNUS avium and Josephine are the most widely grown cherry tomatoes for the South 

African fresh market, cultivated from spring to summer (DAFF, 2014). The germplasm of 

tomato is different all over Africa. This can be attributed to variation in growing conditions, 

geographic location, maturity stage and storage conditions. This makes it difficult to associate 

these varieties in South Africa to information gathered on literature because the analyses from 

the literature are mostly based on a country or regions popularity of the varieties and cultivars 

grown under subjective growing conditions different from that in the sub-Saharan African 

region. 

 

2.3 Physiological and Biochemical Characteristics of Tomato 

 

Tomato is an integral part of the human diet and an important industrial cash  crop (Arah et al., 

2015). Tomatoes are a nutrient-dense food, meaning they are rich with nutrients, but don't have 

a lot of calories. The major constituent is water, with moisture content in the range between 

91-95% for both cherries and round tomato respectively, which makes it highly perishable 

(Hedges and Lister, 2005; Hussein et al., 2016). Although they do have trace amounts of fat 

and protein, the primary macronutrient in tomatoes is carbohydrates. Tomato fruit is low in 

carbohydrates compared to other nutritious fruits and vegetables, it ranges between 3.67-8,00% 

for raw fresh tomato and 1-3% for the cherries, respectively (Hedges and Lister, 2005; Jafari 
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et al., 2017).  The cherry tomatoes are a good source of fibre, about 1.13-1.60% in an averaged-

sized tomato, whereas round tomato type ranges between 0.14-1.50%, respectively. Dietary 

fibres are associated with improved human digestive system and control of blood cholesterol 

levels (Hedges and Lister, 2005; Guil-Guerrero and Rebolloso-Fuentes, 2009). Fresh tomatoes 

fibres are insoluble, they are in a form of cellulose, lignin and hemicellulose (Claye et al., 

1996). Fresh tomato fruit contain very little fat, less than 0.2% for round tomatoes and 0.3% 

for the cherry variety (Guil-Guerrero and Rebolloso-Fuentes, 2009; Pinela et al., 2012). The 

compositional nutrients of the tomato fruit may vary because of factors such as cultivar, 

geographic growing conditions, maturity stage and storage conditions. For the tomato fruits, 

the moisture, crude protein, carbohydrates, fats, fibre and ash contents are shown in  Table 2.1.  

 

2.4 The Importance of Tomato Production  

 

Tomato is a major dietary source of lycopene, vitamin C, beta carotene, naringenin, potassium, 

vitamin K1 and folate (Arab and Steck, 2000; Bergougnoux, 2014; Campestrini et al., 2019). 

Vitamin C is an antioxidant and is reported to be linked to prevention of degenerative diseases 

(Frusciante et al., 2007; Pinela et al., 2012). Tomato fruits contain high levels of carotenoids 

as compared to other fruits (Weisburger, 1998; Mekonnen, 2017). Carotenoids are mainly 

produced in the ripening stages of the tomato and grouped into two. The first form of carotenoid 

is lycopene, the most abundant and represent more than 80% of the carotenoids in a fully 

matured tomato fruit. Then about 7-10% is represented by β-carotene, the second carotenoid 

form. Lycopene is the one of actual interest since it is relatively available in only a few foods, 

yet contemporarily available in reasonable quantities in tomatoes (Maria et al., 2015; 

Hernández et al., 2020). Several studies have provided evidence that tomatoes may reduce the 

risk of diseases such as cancer and other cardiovascular diseases (Freeman and Reimers, 2011; 

Arah, 2015). Lycopene, is the most abundant carotenoid in tomato. Its highest concentration is 

found in the skin (Viuda-Martos et al., 2014). Clinical evidence has linked the consumption of 

lycopene to the reduced incidence of generative cancer diseases; breast, cervical, bladder, oral, 

colorectal, stomach, lung and pancreatic cancer (Pohar et al., 2003; Fiedor and Burda, 2014; 

Linnewiel-Hermoni et al., 2015). The relation between consuming large quantities of tomato 

and the decrease of prostate cancer cell proliferation has been linked to lycopene present in 

tomatoes (Bommareddy et al., 2013; Arah, 2015). Naringenin, also found in the tomato skin 

has been proven to reduce skin inflammation (Bharti et al., 2014). Tomatoes also contain
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Table 2.1 Moisture, crude protein, lipids, fibre, ash, carbohydrate contents of tomato fruit varieties 

Variety  
Moisture 

(%) 

Crude protein  

(%) 

Carbohydrates 

(%) 

Fat 

 (%) 

Fiber 

 (%) 

Ash 

(%) 
Author 

Cherry pera  92-95 1.05 2.18 0.42 1.60 1.41 

Guil-Guerrero and 

Rebolloso-Fuentes 

(2009) 

Roma VF 92-95 1.0 4.7 0.2 1.5 - Arah et al., (2015) 

Comprido 93-95 0.4 5.14 0.17 - 0.59 Pinela et al. (2012) 

Batateiro 91-93 0.41 6.63 0.11 - 0.63 Pinela et al. (2012) 

Amarelo  90-92 0.61 7.99 0.03 - 0.72 Pinela et al. (2012) 

Coracao  92-94 0.42 6.14 0.13 - 0.54 Pinela et al. (2012) 

Mongal F1 95 0.25 - - - 0.25 
Oboulbiga et al. 

(2017) 

Hausa  94  0.56 5.72 0.10 0.15 0.22 Garuba et al. (2018) 

Yoruba 94 0.79 5.23 0.13 0.14 0.17 Garuba et al. (2018) 

Tropimech  94.40  0.55 3.65 0.14 1.14 0.14 Garuba et al. (2018) 

Cherry 93-95 0.78 1.27 0.49 1.13 0.90 

Guil-Guerrero and 

Rebolloso-Fuentes 

(2009) 
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pro-vitamin A carotenoids and C, which are essential in improving eyesight and reducing rate 

of muscular degeneration (Arah et al., 2015; Hussein et al., 2016). The availability of 

potassium in a tomato enhances blood refinement and clean up the urinary tract contagions 

(D'Elia et al., 2011). Another important mineral, folate (vitamin B9), promotes tissue growth 

and enhance cell function. This compound is very important to pregnant women in particular 

(Fekete et al., 2012). Some have reported that consumption of tomatoes enhances fertility in 

men by enhancing the quality, production, and swimming speed of the male sperm (Arah, 2015; 

Yamamoto et al., 2017). Freeman and Reimers (2011) also reported that consuming large 

amounts of tomatoes can also be associated with the reduction of old-age diseases like 

Alzheimer’s, dementia, and osteoporosis. The antioxidants compounds present in tomato have 

arisen the interests of more research-based studies on tomatoes and its consumption as a raw 

crop with so many medicinal properties (Arah, 2015; Campestrini et al., 2019). These nutrients 

are susceptible to loss to post-harvest handling. Vitamin C, in particular, is sensitive to 

packaging and storage conditions. These conditions, also relate  to the stability of other 

nutrients (Sablani et al., 2006).  However, literature proves that the emphasis has been on 

processing to preserve the nutritional qualities, yet not much has been focused on post-harvest 

handling and retail packaging which seems to be the most important factor before the 

processing stage. 

 

2.5 Challenges Affecting Tomato Production in Southern Africa  

 

Post-harvest losses occur along the supply chain, from on-farm operations to the last consumer 

of the product. These losses originate from harvesting, handling, storage, processing, and 

supply, and contribute to the global challenge of food security by simply decreasing both local 

and global food availability. FAO (2019) reported that to reduce the severity of these 

postharvest losses, it is required to first identify where losses occur and where the most 

impactful interventions can be made. The delicate nature of a crop perceives the status at which 

the post-harvest technologies and practices that can be employed to reduce the loss of quality 

and extend its shelf life.    

 

2.5.1 On-farm post-harvest operations 

 

Poor agricultural practises are some of the challenges faced by smallholder farmers in sub-

Saharan Africa (Arah et al., 2015; Sibomana et al., 2017). For example, over application or 
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under application of pesticides to the crop, harvesting immature crops or delayed harvesting 

(Beckles, 2012; Arah, 2015) may result in quicker deterioration and higher susceptibility to 

mechanical damage and injuries (Watkins, 2006; Toivonen, 2007). Sibomana et al. (2016) 

reported that there is inadequate use of quality standards in the tomato supply chain which led 

to rejection of tomatoes in the South African market. Pre-harvest factors such as fertilization, 

irrigation and water quality, light intensity, time of harvesting, harvesting methods and 

conditions, pest and diseases are major influencers of on farm post-harvest quality 

deterioration. According to DAFF (2013) all tomatoes in South Africa are harvested manually 

by hands to minimized mechanical injuries. Most post-harvest losses are due to the methods 

used in harvesting.   

 

2.5.2 Transportation and storage facilities 

 

Transportation and storage facilities lack far behind in Africa as compared to the rest of the 

world, transportation infrastructure is scarce (Arah et al., 2015; FAO, 2019a). Smallholder 

farmers in remote areas are forced to harvest most of their crops at later stages than usual and 

sell at nearby markets at lower prices (Sibomana et al., 2017). Another factor is that the roads 

are poor, making transportation to markets difficult. The traditional modes of transport have 

too much vibration, resulting in impact that physically damage the fruit. This negatively 

influences its shelf-life (Idah et al., 2007; Arah, 2015; Arah et al., 2015). Storage facilities that 

can maintain temperature and humidity, particularly in transportation vehicles are limited. Few 

are used in some countries like South Africa, but still not at the best required standard to 

maintain the temperature variation in the country (Sibomana et al., 2016; Sibomana et al., 

2017).  

 

2.5.3 Handling Methods and Processing 

 

Handling methods and processing losses are a result of inefficient and lack of mechanical 

processing facilities, processing factories, and redundancy of the available ones (Arah et al., 

2015; FAO, 2019a). Most of the agricultural operations by smallholder farmers are done and 

completed manually by hands, they use sacks and traditional baskets for packaging (Sibomana 

et al., 2016). These materials have rough internal surfaces that causes bruising and chilling 

injuries  (Arah, 2015; Kitinoja, 2016). Even if the tomato reaches the market, sanitation in sub-

Saharan Africa is still a problem (Mashau et al., 2012; Sibomana et al., 2016). Sanitary 
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conditions are very poor. This is evident with the open-air market on the South African local 

markets on the streets. These influence the rejection of the fruit by human, the rejected for 

being not consumable (Asem et al., 2016a; FAO, 2019a). Training, desire to improve and task 

well is fundamental to improving production, marketing, and maintaining food production. 

Sibomana et al. (2016) reported that although the post-harvest loss of food in the tomato 

production in South Africa is less compared to the other African regions, it is still lacking far 

behind to other global developed countries like the America and the Europe. But a potential is 

there, with appropriate technology and facilities, hence the need to study more on post-harvest 

technology in this work. 

 

2.6 Overview of Food Packaging Materials  

 

Plastics are the most used material in the food industry.  However, serious concerns have been 

raised on the waste accumulated and produced by these plastic packages. Biodegradable 

packaging films produced from biopolymers have been established as one of the lucrative 

solutions to the reduce the environmental pollution crisis.  

 

Packaging food is the last process in ensuring that the product is protected and distributed safely 

to the customers. Packaging prolong the shelf life of food commodities including fresh and 

processed; fruit and vegetables (Mekonnen, 2017; Aduri et al., 2019). Packaging conserve 

aroma, colour, firmness, and flavour (Asem et al., 2016a). The extension of shelf life is in 

function of interaction between packaging material and properties of the fruit or product.  

Plastic bags are the more dominant materials in food packaging in South Africa (Dikgang et 

al., 2012; Rensburg et al., 2020). Plastic offer simple recyclability, require relatively less 

energy to manufacture than other packaging materials, hence the dominance (Hopewell et al., 

2009). Plastic bags require 40% less energy with a solid waste output of 80% less compared to 

paper and are relatively cheap which makes them attractive to even small retailers to access 

quality packaging. Plastic can endure harsh weather conditions and keep product contents 

intact. Shahnawaz et al. (2012) reported that packaging tomato slows down the loss of weight 

as compared to unpackaged tomatoes. Packaging fruits in polyethylene bags provides a 

modified atmosphere and consequently reduces fruit decay, softening, and loss of soluble solids 

during storage. Controlling respiration and loss of water through transpiration increases the 

shelf life and retain the fruit quality. In China,  polyethylene bags were reported to extend shelf 

life of tomatoes from 14 days life span to over 28 days (Zhu et al., 2018). Tomatoes wrapped 
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with grease-free paper and newspaper were reported to lasted up to 14 days than expected 

(Shahnawaz et al., 2012; Mekonnen, 2017). Gebeyehu (2018) reported that packaging tomatoes 

preserved the fruit quality by almost twice the shelf life of unpackaged tomato fruit. Other 

related studies on the effects of packaging treatments on tomatoes have reported that some 

treatments tend to maintain vitamin C content and the fruit firmness compared to the 

unpackaged tomatoes in both ambient and cold storage (Asem et al., 2016a). The packaging 

industry undergoes changes every now and then, hence there are different packaging materials 

across the supply chain and retail stores of fresh tomato. The effects of these different 

packaging materials need to be studied to administrate their suitability to the tomato fruit grown 

under the South African geographic conditions and varieties.   

 

Consequently, there is a growing demand to eliminate the use of plastic packaging and 

transitioning from petrochemical-based products to sustainable ones (Youssef and El-Sayed, 

2018; Aduri et al., 2019). Biodegradable packaging material has been suggested to go for 

material as compared to plastic bags material (Zhong et al., 2020). The latter is used in food 

packaging, they degrade naturally into organic compounds once they come in contact with the 

natural environment. Recent interventions have looked at biopolymers e.g. 

polyhydroxybutyrate (PHB) (Puppi et al., 2019; McAdam et al., 2020), which is a 

biodegradable thermoplastic, semi-crystalline, and a hydrophobic polymer, starch and 

polylactic acid (PLA) (Lv et al., 2018; Zhou et al., 2019). According to Cyras et al. (2007) and 

McAdam et al. (2020), the low water permeability property of PHB makes it an interesting 

material with regards to food packaging use (see Table 2.2). However, they are brittle and 

considered quite expensive by some retailers. This has stunted its popularity (Lv et al., 2018). 

Industrial endeavours and research activities have been made to explore PHB for the variability 

of purposes. In any case, the high manufacturing cost of PHB has limited its wide application 

as biodegradable plastic (Zhao et al., 2019). Moreover, the PHB films are weak, which may 

restrict their applications in circumstances that require high elastic quality. Thusly, materials 

with better mechanical properties and less expense can be set up by aggravating the bioplastic 

with natural fibres or with different polymers (Zhou et al., 2019). Polylactic acid (PLA) 

containers have been reported to better preserve fruit quality in controlled temperatures 

between 10 and 23℃ (Almenar et al., 2008). Kantola and Helen (2001) reported that tomatoes 

remain in good quality when packaged in biodegradable packages over a period of weeks. 

Koide and Shi (2007) also reported no significant difference in physicochemical qualities of 

pepper between PLA and Low-density polyethylene (LDPE). However, PLA packages have 
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high water vapour transmission rate as compared to LDPE (Table 2.2), producing an ideal 

environment for bacterial growth.  

 

Paper and corrugated cardboard is the most commonly used biodegradable packaging material 

for horticultural products. They are simply made from cellulose, the most abundant renewable 

polymer on the planet (Cyras et al., 2007; Aduri et al., 2019).They protect the products against 

mechanical shock and damages along the supply chain, particularly during transportation 

(Fadiji et al., 2018). The mechanical properties of paper are excellent, but the vapor 

permeability is too high for some applications, hence the hydrophilic nature of the paper-based 

packaging materials is a significant issue of these materials when used as packaging for foods 

(Cyras et al., 2007). The water penetrability of polymers is a significant trademark when they 

are utilized for protecting and packaging of food and beverage materials. Information on the 

permeability, diffusion, and swelling of these polymers is still required for the choice of 

adequate packaging material and for foreseeing the fruit life in humid conditions (Raj, 2020). 

Notably, is that most of the comparable results are based on material strength and these recent 

studies resonates from the Asian countries. Africa still lacks far behind in terms of research 

input of such standards. Biodegradable packages are fast becoming a reality in South Africa, 

at the moment applications are mainly in food containers. Even though the volumes at this 

stage are relatively low, consumer management of these packages requires a proactive 

consideration. Hence evaluating the effect of biodegradable packaging deserves a study.
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Table 2.2 The barrier properties of flexible packaging materials polymers  

Biodegradable polymer Material 

thickness 

(mm) 

Young modulus of 

elasticity (kN.mm-2) 

Permeability Strength 

(N.mm-2) 

Light 

transmission 

(%) 

References 

O2 [cc/(mm.m-2.24h-

1.0.21atm O2)] 

H2O (g.m-2.24h-1 

at 100% RH) 

Oriented polylactic acid (OPLA) 20 1.9-2.5 56.33 3.48 60-65 90 Auras et al. (2005) 

Polylactic acid (PLA) 0.1 3.5-5 200 66 48-53         90 (Auras et al., 2005) 

Polylactic acid average molecular weight 

(PLA-M) 

0.25 - 84-99 210  90 Ivonkovic et al. (2017) 

Polyhydroxy butyrate (PHB)  1.0 3.5-4.5 183 1.16 25-40 - McAdam et al. (2020) 

Polyhydroxy butyrate and hydroxy valerate 

(PHBV) 

1.0 0.6-1.0 - 1.39 25-30 - Puppi et al. (2019) 

Polyethylene terephthalate (PET)  4.6 2.8-4.0 9.44 3.48 48-72 88 Ivonkovic et al. (2017) 

Oriented polystyrene (OPS) 18 1.6-2.0 532 5.18 60-65 - Auras et al. (2005) 

Low density polyethylene (LDPE) 0.025 0.2-0.5 7000-8000 14-18 1.5-5 65 Raj (2020) 

Polypropylene (PP)  0.25 0.3-0.5 2000-3000 7-9 30-40 80 Raj (2020) 
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2.7 Influence of Storage Conditions  

 

After harvest, tomatoes are subjected to storage. The storage conditions i.e. temperature and 

relative humidity have significant effects on the quality attributes of the tomatoes in storage 

(El-Ishaq and Obirinakem, 2015; Sualeh et al., 2016). The outcome of these conditions within 

a storage facility is very crucial in extending the shelf life of tomatoes.  

 

Temperature is an environmental factor that plays a vital role in the quality and shelf life of 

horticultural crops. It influences enzyme activity and increases the chances of spoilage (Lee 

and Kader, 2000; Wu, 2010; Mekonnen, 2017). It is the most sole factor that controls the 

metabolic processes that occur in a fruit; hence it is a major contributor to food deterioration 

(Mekonnen, 2017). Tomato has short life span of about 10 to 14 days stored at ambient 

temperature (Shezi, 2016; Haile and Safawo, 2018). Ambient temperatures activate the 

production of ethylene, which in case intensifies the respiration rate, consequently affecting 

the metabolic rate of the fruit (Asem et al., 2016a). González-Casado et al. (2018) stated that 

there is a direct correlation between the surrounding temperature and the rate at which the fruit 

ripens and decay. Wu (2010) reported that for a 10⁰C temperature increment, the respiration 

rate in the fruit is doubled. Kader (2008) also reported that the effect of temperature on the 

respiration rate may go as far as triple or in some cases even quadruple. Utmost fresh fruits are 

stored at relatively low temperatures to satisfy customer requirements of a high quality product. 

Žnidarčič and Požrl (2006) observed that the development of colour in stored tomatoes is 

related to the surrounding temperature. As reported in their study at low temperature, the 

enzymatic activity is decreased, hence changes in colour.  Mekonnen (2017) reported that given 

the exception of tomatoes to chilling injury, fresh tomatoes should be kept at temperatures as 

low as possible just from off-field until consumption. Other studies have reported a temperature 

of around 12℃ as the best storage temperature for tomatoes (Žnidarčič and Požrl, 2006; 

González-Casado et al., 2018). However, the approximate temperature to store fresh harvested 

tomato fruits will vary with the geographic region, cultivar, the packaging type and pre-

treatments before packaging. 

 

Most horticultural crops required to be stored in facilities that maintain a high relative humidity 

inside the storage. If the relative humidity is high, the deficit of vapour pressure decreases, and 

less water is lost into the atmosphere (Workneh and Osthoff, 2010; Getinet et al., 2011). A 

negative variance in the vapour pressure between the stored commodity and the storage 
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environment results in the movement of the water molecules from the fresh product into the 

surrounding and causes a loss in weight (Workneh and Osthoff, 2010; Shezi, 2016). In general, 

relative humidity should always be above 90% for the surrounding environment of horticultural 

crops. This reduces the transpiration rate of the fresh product, hence, minimises the weight loss 

and wilting (Kola et al., 2015). For tomatoes, relative humidity of 85% is optimum, too much 

relative humidity in the atmosphere can result in fungal development as a result of water that 

has condensed on the surface of the tomato (Pinheiro et al., 2013). The importance of packaging 

goes in-hand with storage conditions, hence the interests to evaluate the attributes of the tomato 

quality affected by different packaging materials and storage.  

 

2.8 The Quality Measurements of the Tomato Fruit 

 

Quality indices of fruits and vegetables are very important as they influence consumer 

preference. Many factors influence the quality attribute of tomato whether it is good or bad. 

However, this project will focus on the colour, firmness, total soluble solids (TSS), titratable 

acidity (TTA), pH, vitamin C, lycopene, and total sugars.  

 

2.8.1 Colour change 

 

Colour is the major quality attribute that consumers use for selecting tomatoes in the market. 

The pigments responsible for colour include chlorophyll for green, carotenoids for yellow, 

orange and red, belatins for red, and flavonoids for yellow (Barrett et al., 2010). The quantity 

ratio of chlorophyll to carotenoids determines the colour of tomato. The degradation of 

chlorophyll during ripening is superseded by synthesis of carotenoids. The two key carotenoids 

in tomatoes include β-carotene and lycopene (van Roy et al., 2017), and are strongly associated 

with orange and red colour, respectively. Colour changes in tomato is a result of the skin 

pigments which varies with level of maturity and ripening (Maftoonazad and Ramaswamy, 

2008; Kassim, 2013; Takahashi et al., 2013). The colour is a significant sign of maturity of the 

tomato to a farmer (Kerkhofs et al., 2005; Tilahun et al., 2017). Colour has been used as 

determinant of ripeness, firmness and nutritional status (Sharma et al., 2020). Colour influences 

consumers in the market and is perceived as measure of quality  (Asem et al., 2016b; 

Mekonnen, 2017). Colour change can be qualitatively monitored using visual colour rating 

charts or sensing platforms (Kola et al., 2015; Kasampalis et al., 2020). Nevertheless, the 

colorimeter and chromameter are commonly used to measure color of tomato (Tilahun et al., 
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2017). Mekonnen (2017) reported that lightness (L*) and hue angle (H) values were influenced 

by storage period and temperature. Gebeyehu (2018) reported that storage period and 

packaging materials effected colour change. According to Kasampalis et al. (2020) the 

parameters connected to colour change estimation are; L* = brightness or Lightness, a* = 

greenness or redness, and b* = blueness or yellowness.  

 

Table 2.3 Ripening stages of a tomato fruit (Mekonnen, 2017) 

Ripening stage  Class Description 

1 Mature 

green  

Appear completely light to dark-green, but mature  

2 Breaker Pink, red or greenish-yellow starts to appear; less than 10%, 

3 Turning  More than 10% of greenish-yellow colour, red less than 

30%, orange-yellow or pink  

4 Pink  Between 30-60% of external surface appears pink or red 

colour 

5 Light-red  Between 60-90% of the external surface appears pinkish-

red or red  

6 Red  More than 90% of the surface is red; complete ripeness and 

aggregate red  

 

2.8.2 Tomato firmness 

 

The firmness is textural property that relates to the solidness of tomato and is a significant 

quality characteristic used by consumers when selecting tomato fruits  (Aked, 2002; Batu, 

2004; Chaïb et al., 2007). In addition, the firmness is a surface quality and can be associated 

with storage life, and deformation (Yurtlu and Erdoğan, 2005; Brashlyanova et al., 2014). The 

softness of tomato tissue is associated with  respiratory rate and subsequent loss of turgor 

pressure and degradation of polysaccharides (Brashlyanova et al., 2014). The changes in pH 

during softening were in function of storage and temperature (Spagna et al., 2005). 

Temperature is the major factor influencing texture of tomato (Chiesa et al., 1998; Lee et al., 
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2008), and higher storage temperature yielded decreased firmness (Brackmann et al., 2007; 

Lee et al., 2008; Brashlyanova et al., 2014). There is limited information on the effect of the 

interaction between storage temperature and packaging materials on the firmness of tomato. 

 

2.8.2.1 Puncture test  

 

The puncture test is among the most significant procedures in determining the quality of 

tomato. It is a destructive method and regarded as the most precise method to evaluate the 

firmness and quality of the tomato fruit (Kassim, 2013; Zewdie, 2017). It is a force evaluating 

technique that involves mass, length, and time (Barrett et al., 2010; Li et al., 2015). The 

puncture test measures the force and the deformation that is required to punch or penetrate a 

probe into the fruit to a displacement that causes irreversible failure. Horticulturists have used 

many forms of measurement varying from a hand-held puncture in the fields and laboratory 

based texture analyzers (Aguilar‐Méndez et al., 2008). The Universal Instron is widely used to 

measure the firmness of fruits and vegetables (Ali, 1998; Li et al., 2015). Texturometer is 

another common tool applied to measure firmness on whole fruit or uniformly sliced materials 

(Aurand et al., 2012). The Texturometer uses a cylindrical pressure probe with sizes ranging 

from 2-6 mm in diameter. The cylindrical probe is placed perpendicular to the axis of the 

tomato fruit and allowed 6 to 8 mm displacement on the fruit (Zewdie, 2017). The resulting 

force or displacement which are necessary to punch the cuticle and epidermis layer of the fruit 

are directly linked to the elasticity, stiffness, and firmness (Aurand et al., 2012). During a 

puncture test, the peak force of the material or fruit is considered as the representative of the 

material or the fruit hardness. This was applied to apple fruit studies by Harker et al. (2002) 

and tomato by Biswas et al. (2014). 

 

2.8.2.2 Flat plate compression test 

 

The compression test  measures the force at break, deformation, energy at break, degree of 

elasticity and modulus of elasticity  that is needed to compress a fruit or vegetable amongst two 

separate steel sheets up until its initial diameter has decreased by 3% (Aurand et al., 2012). 

These textural properties are a response to the whole fruit.  There are many applications of the 

flat plate compression for fruits and vegetables. Li et al. (2012) applied the flat plate 

compression to test the mechanical properties of tomato exocarp, mesocarp and locular gel 

tissues to accurately predict the distribution of internal stress of tomato fruit subjected to 



 

19 

external forces. Sirisomboon et al. (2012) also evaluated the textural mechanical properties of 

tomato fruits using the flat plate compression test to detect the firmness and rigidity of the 

whole tomato fruit. The flat-plate compression can be conducted using a texture analyzer or a 

universal testing machine. The peak force, deformation, and elasticity are used to determine 

the pattern of textural class, relate to maturity and storage period.  

 

2.8.2.3 Kramer shear or shear press (pulp firmness test) 

 

Kramer shear is texture evaluating technique used mostly for fruits and vegetables (Kassim, 

2013). It simulated biting small food pieces. The Kramer shear test uses a shear-compression 

cell and the shear occurs on the measured fruit. The sample weight is measured and loaded to 

a test cell that has horizontal plates at the bottom. A set of five blades (3 mm) which are equally 

spaced passes through the test cell, pressing and shearing the sample material. As the blades of 

the Kramer cell move down the food specimen is compressed. As deformation continues the 

food is extruded upwards between the blades and down through slots in the bottom of the cell. 

As the blades reach the bottom slots the specimen is sheared. The force required to move the 

blades relates to texture. The force at various stages of the test (compression, extrusion, shear) 

provide additional information about texture properties. The result obtained is a force time 

curve, which shows how the specimen reacts to chewing motions. Kramer shear can be applied 

to a range of raw, canned and cooked fruits and vegetables. Barret et al. (1998) reported that 

Kramer shear is also an effective tool for measuring force for tomato products.  

 

2.8.3 Physiological weight loss 

 

Tomato has high content of moisture making water the major component by weight in the 

tomato fruits (Pinheiro et al., 2013). Weight loss is a process related to post-harvest loss of 

moisture resulting in softening of tissues and turgor loss (Mekonnen, 2017). Weight loss is as 

a percentage of the sample initial weight. Misra et al. (2014) reported that around 3 to 5% of 

the postharvest losses of fruits are attributed to the loss of carbon dioxide escaping from the 

fruit cells. Water vapor loss and the circulation of gases on the surface of fruit occurs through 

the gaseous pores and causes loss in weight (Haile and Safawo, 2018). The water loss causes 

shrinkage, softening, and drying appearance, and are significantly influenced by the storage 

conditions such as relative humidity and temperature (Gebeyehu 2018). Workneh et al. (2009) 

explained that storing tomatoes under high-temperature conditions and low relative humidity 



 

20 

increases the rate of respiration in the fruit, thus, enhancing the loss of water through 

transpiration resulting in loss of weight in the fruit. In the work it was found that weight loss is 

result of post and pre-harvest treatments such as packaging and storage conditions.  

 

2.8.4 Total titratable acidity and pH 

 

Total titratable acidity (TTA) is described as the volume of a base required to neutralize the 

acidity of a fruit sample juice and brings the pH to its neutral point (pH=7) or a considerably 

alkaline value below pH 8, as quantified by International Standard Organisation (ISO) (Anthon 

et al., 2011; Kassim, 2013). The acidity of the fruit is associated with fruit acid and yields the 

perception of sweetness and sourness (Tilahun et al., 2017). Titratable acidity is the most 

commonly used method to determine sweetness and sourness. Sodium hydroxide (0.1 N of 

NaOH) is used as a chemical reagent base which is added to the fruit juice in controlled  

increment amounts (Kola et al., 2015). During addition of the base, hydrogen ions are 

exchanged with cations leading to increased pH. Anthon et al. (2011) reported titratable acidity 

and maturity stage were highly correlated. Titratable acidity decreased with increased maturity 

stage of tomato. The fully ripe tomato yielded increased pH. Dhall and Singh (2013) also 

investigated the effects of ethephon and ethylene on tomatoes and they reported that the acidity 

in tomatoes decreased with increased ripening. This was attributed to utilization of organic 

acids during pyruvate decarboxylation reaction occurring during the ripening stage of the 

tomato (Pool et al., 1972; Dhall et al., 2009; Dhall and Singh, 2013). Tomatoes pH differs with 

the type, variety and cultivar, but not by much. The pH is measured by a pH scale ranging from 

0 to 14, 7 regarded as a neutral pH state (Dufera et al., 2021). Tomato pH varies between 3.5 

and 4.9 at most, hence not much difference in them.  

 

2.8.5 Total soluble solids  

 

Total soluble solids (TSS) is a significant parameter in evaluating the maturity of a fruit (Li et 

al., 2016; Shezi, 2016). TSS measures the sum of sugar content (hexoses and sucrose; 65%), 

acids (malate and citrate; 13%) and other trace elements of flavour  (Salunkhe et al., 2002; 

Kola et al., 2015; Liu et al., 2020). TSS of between 4.8 to 8.4°Brix characterizes a high-quality 

tomato fruits (Nasrin et al., 2008). There are many ways to measure TSS, but the most common 

is using the digital refractometer which gives a reading in degree Brix (°Brix) (Kader, 2008; 

Beckles, 2012; Floren et al., 2016). The °Brix is an indicator of the percentage TSS, it expresses 
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the amount of total soluble solids to water in the fruit juice. Salunkhe et al. (2002) explained 

that the sugar content increases uniformly from green small tomatoes to large, red-ripened 

tomato fruits, hence TSS is expected to increase with ripening stage. Coyago-Cruz et al. (2019) 

reported that amongst a variety of cherry tomatoes, the TSS ranges from 3.3 to 3.7°Brix. 

However, these values are lower than TSS values recorded in round tomatoes that ranged from 

5.2 to 8.8°Brix (Figàs et al., 2015; Flores et al., 2017a) (Table 2.4). For pera varieties, a TSS 

range of 5.5 to 7.4°Brix has been defined in other studies (Figàs et al., 2015; Flores et al., 

2017a; Coyago-Cruz et al., 2019). Recently, studies have focused more on non-destructive 

methods of TSS measurement varying from hyperspectral imaging (HSI), nuclear magnetic 

resonance (NMR), X-rays, and sonic radiation and vibrations (Teerachaichayut and Ho, 2017; 

Cakmak, 2019). These methods are less time consuming and considered more accurate that the 

traditional digital refractometer. Since the contents of TSS in tomato fruits is subjective to post-

harvest handling, the effects of packaging and storage conditions on TSS needs to be evaluated 

to identify trends in post-harvest handling processes.   

 

2.8.6 Phenolic Compounds 

 

Phenols have been widely reported as bioactive, cytotoxic activities in vitro and antimutagenic 

in fresh tomatoes. Its chemical composition varies amongst tomato tissues, type of tomato, 

cultivar, geometric region as well as vastly affected by handling and storage methods (Barros 

et al., 2012; Perea-Domínguez et al., 2018). In fruits, they may exist in free, conjugated soluble 

and insoluble-bounds forms. Phenols have become a subject of matter amongst food scientist, 

analysis and evaluation of phenolic compounds allows a more complete characterization of 

bioactivity (Barros et al., 2012; Ambigaipalan et al., 2016; Ayoub et al., 2016). Perea-

Domínguez et al. (2018) mentioned that although the interest of phenols has grown, there is 

still no detailed information on conjugated, soluble and bound phenolic compounds. Therefore, 

it intensifies the need to comprehensively analyze these bioactive as affected by packaging and 

storage methods.   

 

2.9 Microbial assessment (bacterial and fungal growth count) 

 

Higher water content (~95%) in tomato makes them progressively susceptible to decay due to 

activity of different microorganisms (Ghosh, 2009). Microbial infestation occurs during 

harvesting, post-harvest handling, storage facilities, transportation, and processing. These 
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infestations are mostly recorded in developing countries (Chinakwe et al., 2019). Exposing 

tomatoes on open baskets and benches in the markets is a major contributing factor to bacterial 

contamination in most African countries (Bello et al., 2016). The infested and damaged tomato 

fruits can be harmful to human health (Baiyewu et al., 2007; Bello et al., 2016; Obeng et al., 

2018). Identifying the micro-organisms on the surface of the tomato requires that the micro-

organism be isolated from its host surface and be allowed to grow under a certain controlled 

condition such as agar or fungal media (Ghosh, 2009; Agbabiaka, 2015; Ogwu, 2019). These 

isolation media are then prepared and plated using the serial dilution method of 100 up to 10-6 

depending on the sensitivity of solution. The plates are then incubated at ambient temperature 

to allow the microorganisms to grow. Ghosh (2009) reported that for bacterial growth, the 

media should be stored for 48 hours, while for fungal growth to 5 days. Bacterial and fungal 

count can be determined using the standard pour plate technique method, counts for the 

colonies can be made after 24 hours for bacteria and after 72 hours for fungal growth 

(Agbabiaka, 2015; Ogwu, 2019).  
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Table 2.4 Titratable acidity, pH, TSS, total sugars, lycopene and vitamin C in tomatoes 

Variety  
Acidity 

(mg/100g) 
pH 

TSS  

(°Brix) 
 

Total sugars 

(g/FW) 

Lycopene 

(mg/100g) 

Vitamin C 

(mg/100g) 

 

Authors 

Cherry pera 0.22 - 5.5-7.4 - 2.8-35 0.90 Flores et al. (2017b) 

Cher ami 0.41 - 5.35 - 6.64 - Dobrin et al. (2019) 

Roma VF 0.74-0.76 4.0-4.6 4.2-4.48 2.7 0.9-18.1 11.6 
(Akanbi and Oludemi, 2004; 

Frusciante et al., 2007) 

Sakura 0.5 - 6.58 12.6 5.4-42.2 - Duma et al. (2016) 

Sunstresm 0.49 - 5.26 14.1 16.7 - Duma et al. (2016) 

Amarelo  - - - 6.62 5.02 16.03 Pinela et al. (2012) 

Batateiro - - - 5.83 9.49 10.86 Pinela et al. (2012) 

Comprido - - - 3.91 8.10 16.5 Pinela et al. (2012) 

Coracao  - - - 4.95 9.22 18.56 Pinela et al. (2012) 

Mongal F1 0.55 3.71 5.51 4..7 - - Oboulbiga et al. (2017) 

Topacio 0.5 3.71 5.02 4.8 - -  

Heinz 1350 0.84 4.25 4.5 5.4 - 13.9 Tigist et al. (2013) 

Bishola  0.84 4.36 5.0 5.8 - 14.3 Tigist et al. (2013) 
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3. DISCUSSION AND SUMMARY 

 

Tomatoes are highly perishable and are subjected to rapid quality loss after harvest due to post-

harvest physical, physiological and chemical changes transpiring during storage. The high-

water content in tomato makes it susceptible to degradative reactions of biochemical, microbial 

and enzymatic nature. As a result, tomato fruit has shorter shelf life. The continuous supplies 

of fresh tomato to meet the high demand can be achieved using postharvest preservation 

strategies along the supply chain. The strategies include cold chain distribution and storage, 

and packaging treatments. Plastic materials derived from non-biodegradable materials are 

degradative to the environment posing safety and health concerns. Biodegradable packaging 

materials can be decomposed in soil by microorganism and can be physically degraded by 

radiation from the sun. Thus, the use of biodegradable stirred great interest in the food industry 

(Rensburg et al., 2020).  The quality and shelf life of tomatoes can be described as the function 

of variable factors such as packaging treatments, storage temperature and storage time. The 

quality parameters commonly used to characterize tomato include colour, firmness, 

physiological weight loss, total soluble solids, vitamin C, lycopene and total sugars.  

 

As proven by a few findings, temperature and relative humidity greatly affect the quality 

attributes of a tomato and can shorten the life span. Packaging influences colour, firmness, 

weight loss, pH and TSS. Generally, fresh products are reportedly stored in low temperature 

environments to preserve quality. Given the possibility of chilling injuries, the relative 

temperature remains a mystery to many researchers. Some have reported 10 and 11℃, while 

some have reported 12.7℃ as the ideal storage temperature. However, the temperature will 

vary with treatments and ripeness. Lycopene and vitamin C are the two most important 

antioxidants found in a tomato. Lycopene represents 80% of the total carotenoids found in a 

tomato. The quantity of lycopene in a fresh fruit tomato ranges between 0.9-42mg.100g-1 of 

fresh weight (Duma et al., 2016). Vitamin C participates in important metabolic function of a 

human body. It is very susceptible to the tomato surrounding and most often used as a measure 

of other chemical compounds (Sablani et al., 2006). Reported quantities lies in the range 0.9-

19 mg.100g-1 fresh weight of a tomato (Frusciante et al., 2007). The accumulation of nutrients 

in a tomato fruit depends on a number of factors such as harvesting time, cultivar, post-harvest 

handling processes like packaging and storage conditions, geographic growing conditions and 

genetic reasons. However, post-harvest handling such as packaging and storage seems to be 
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the focal point. Therefore, controlling post-harvest handling processes is vital in a quest of 

providing fresh market produce to consumers.  

 

The aforementioned study has discussed the importance of tomato fruits to human health and 

the overview of tomato production in South Africa. The most crucial points discussed are the 

post-harvest handling technologies the industry is employing to preserve the quality and shelf-

life of the tomato fruits. However, of these innovative technologies in the fruit industry, there 

are still knowledge gaps on the impact they have on the quality attributes of the tomato fruit, 

particularly under South African geographic conditions. There is insufficient knowledge of the 

physical properties, physiological properties, physicochemical properties, and microbial 

development brought by different packaging materials employed across the South African 

supply chain on the tomato fruits. Therefore, this study aims to evaluate the effects of the 

different packaging materials and storage conditions on the quality attributes of tomato fruits.  
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4. RESEARCH PROPOSAL  

 

4.1 Proposal  

 

The proposed research work is about the investigation of the effects of different packaging 

materials and storage treatments on the quality attributes of tomatoes. The approach will 

include different packaging materials including the newly developed biodegradable packaging, 

cold and ambient storage. The performance of the packages will be compared, particularly the 

percentage difference between the newly-developed biodegradable packages and old 

petroleum-based polymer plastics. The analysis will include physical changes, physiological 

changes, physicochemical changes and microbial development assessment.  

 

4.2 Problem Statement 

 

The urban landscape of South Africa is almost characterized by the shredded and torn plastic 

from shopping bags, blocking gutters and clinging to building walls and fences (Law, 2017; 

van Hille et al., 2020). Biodegradable packaging materials have become a focal point of 

research-based studies, highlighting the positive impacts of increased global consumerism. 

However, at the moment there is very little of legislative laws that governs specifically the use 

of biodegradable materials in South Africa, except for SANS 1728:2019 that administers the 

characterisation and production of biodegradable plastic packages (van Hille et al., 2020).  The 

local use of biodegradable package is still small to validate any significant investment (DST, 

2013). Perhaps, this is due to the lack of information available across the supply chain on the 

quality use of these materials. The probable growth of the biodegradable production use and 

lessening of petroleum-based plastics can be enhanced by more research studies and 

continually be considered as a share of bio-economy of South Africa.  

 

The increasing demand for sustainability, including food packaging materials, that must 

comply with environmental legislation standards and safety has brought about the initiative to 

investigate the effects of the packaging materials in use locally in South Africa. The principal 

importance of packaging in a food product is to secure the nature of the product (mechanical, 

chemical, and microbiological development), and preserve the product freshness and keeps all 

its dietary benefits (Sawicka, 2019). Reducing the losses occurring at the post-harvest stage, 



 

27 

particularly in developing countries such as South Africa, can be a manageable solution to 

sustain food availability, reduce the pressure on exploiting natural resources, reduce hunger, 

improve farmer marketing space and food security. Just as valuable packaging is, the effects of 

the packaging materials and storage conditions in the South African local market deserves to 

be studied.  

 

4.3 Rationale  

 

Packaging materials are a reality in South Africa, largely driven by alternative improved 

environmental legislator and consumerism demand in the food markets. There are many 

positive and negative characteristics reported on literature about packages such as strength and 

some being degradable and environmentally friendly. The extent of biodegradable packaging 

is still a topic of discussion with some of the negatives reported as expensive at a moment and 

its toward barrier properties limitations, particularly toward water vapor transmission. With the 

aforementioned positives and negatives lies different opinions on biodegradable packaging. 

The results of this research output will feed back into the packaging industry on optimization 

of packaging and biodegradable materials, selection of packages and strengthen public view 

on the use of bio-packaging. The tomato industry can use the information to draw up suitable 

combination of packaging treatments, influence governments policy and regulations on the use 

of bio-packaging.  

 

4.4 Research Questions  

 

(a) What are the effects of packaging treatments used in the South African supply chain on the 

quality attributes of tomato fruits? 

(b) What are the effects of the storage period on the quality attributes of tomato fruits?  

(c) What are the effects of ambient and cold storage on quality attributes of tomato fruits in 

South Africa?  

(d) What is the interaction effect of packaging treatments and storage conditions on the quality 

attributes of tomatoes in South Africa? 

 

4.5 Aims and Objectives  
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The aim of the study is to integrate post-harvest innovation of packaging materials to sustain 

the quality attributes and extend the shelf life of tomato fruits in South Africa. 

 

The objectives are to; 

(a) Evaluate and analyse the physical properties of the tomato fruit as affected by different 

packaging materials and storage conditions, 

(b) Evaluate and analyse the biochemical properties of the tomato fruit as affected by the 

different packaging and storage conditions, 

(c) Assess the microbial development within the tomato fruit as affected by the different 

packaging and storage conditions,  

(d) Compare the performance differences of the packages on each of the experiments, 

particularly non-biodegradable vs biodegradable materials, and 

(e)  Identify and select based on the performance from each experiment the most suitable 

biodegradable packaging for potential new sustainable packaging development to be 

applied across the South African supply chain. 

   

4.6 Materials and Methods   

 

 This section discusses the project experimental design, the experiments outline, the materials 

and methods required, and how the experiments will be conducted. 

 

4.6.1 Description of the tomato location and experimental site 

 

The tomato types (round and cherry) will be sourced from ZZ2, Moeketsi area, Limpopo. The 

region receives less than 600mm average rainfall annually. The rainfall peaks are between 

January to February. The summers in Limpopo are warm, with daily mean temperatures 

between 18-22℃ and winters are relatively mild with daily mean temperatures between 5-10 

℃. The analysis will occur at the Bioresources Engineering Laboratory in the University of 

KwaZulu-Natal; Pietermaritzburg Campus, Pietermaritzburg, KwaZulu-Natal, South Africa.  

 

4.6.2 Experimental design  

 

The evaluation of the study will be based on two tomato types commonly available on the 

South African market. The tomato will be harvested in Limpopo, Moeketsi area, transported to 
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a warehouse where they will be washed and packed, then transported to a laboratory in the 

University of Kwazulu-Natal, South Africa. Boxes will be marked with storage and packaging 

codes. The tomato samples to be stored under ambient temperature will be transported using a 

truck with no cooling system whilst for the cold storage treatment will be transported using a 

cold refrigerated truck to Pietermaritzburg.  

 

i) Experiment 1 

 

This is a factorial experiment of the round tomato variety ready for market (Pinkish-yellow). 

The experiment consists of six different packaging treatments, two storage treatments (ambient 

and cold). The experiment will have 5 data collection points starting from 1st day of arrival (0th 

day) and repeated at 7 days interval. A completely generalized block design to be used.  

Packaging, storage treatments and storage period will be the main factors. Each treatment will 

have three replications to be organized and arranged in a factorial design. The total number of 

packaged tomato samples required equals 180 runs or data points (Round tomato variety x 6 

different packaging x 2 storage environment x 5 sampling intervals x 3 replications = 180 

samples). The layout of the experimental design is as shown in Figure 4.1.  

 

 

Figure 4.1 Schematic representation of the round tomato experimental design 

Where: PVC = Polyvinyl Chloride 

             EPS = Expandable Polystyrene  

             PP = Polypropylene  

 

 PVC and Flow are the type of covers used in 

the Round tomato packaging 
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ii) Experiment 2 

 

This will be a factorial experiment consisting of the cherry tomato type ready for the market 

(Pinkish-yellow). The experiment will consist of six packaging treatments, two storage 

treatments (ambient and cold). The experiment will have 5 data collection points starting from 

the 1st day (0th day) and repeated every after 7 days interval. A completely generalized block 

design to be used. Packaging, storage treatments and storage period will be the main factors.  

Each treatment will have three replications to be organized and arranged in a factorial design. 

The total number of packaged tomato samples required equals 180 (Cherry tomato variety x 6 

packaging treatments x 2 storage treatments x 5 data collection points x 3 replications = 180 

samples). The experimental design is as shown in Figure 4.2. 

 

Figure 4.2 Schematic representation of the cherry tomato experimental design 

 

4.6.3 Sample analysis  

 

Samples will be obtained from ZZ2 Limpopo, Moeketsi warehouse and transported to 

Pietermaritzburg, UKZN. Upon arrival, samples will be analyzed for 1st day storage and 

distributed to storage treatments, respectively. The data collection will be carried accordingly 

as described in the quality parameters below.  

 

 

Where: PET = Polyethylene terephthalate 

            Pp= Polypropylene 

           

 Flow wrap and Zibo PET Lid are the main 

covers used in cherry packaging 
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4.6.3.1 Physical properties  

 

i) Determination of colour  

 

The colour change will be measured from each sample which will be taken from its replication. 

The colour will be measured from each individual, measured from the surface of the fruit at 

different points across the equatorial surface as described Dominguez et al. (2012). The 

measurements of colour L*, a*, and b* will be measured using Minolta chromameter. Then 

after the L*, a* and b* will be used to calculate the hue angle (h°) based on the individual 

model formula.  

 

ii) Determination of puncture  

 

The puncture test will be measured as described by Sirisomboon et al. (2012), using a  Texture 

Analyzer. The texture analyzer will be fitted with a 2 mm probe and set at speed 3 mm.sec-1 

and 7.5 mm insertion depth for round tomatoes and 1.5 mm.sec-1 and 6 mm insertion depth for 

cherry tomatoes. The machine will be set with a puncture 10 kg (100 N) load cell to transfer 

data from Easy-Match-QC software. The maximum force at yiled will be recorded for both the 

round and cherry tomato experiments.   

  

iii) Determination of Kramer or shear press 

 

The Kramer shear will be determined using a method adopted by Harker et al. (1997). Kramer 

shear will be measured using Texture Analyzer. However, the load cell will be changed from 

that of puncture probe fitting to shear press-fitting (300 N). The tomatoes will be cut into 10 

mm disk slices for each sample using a Vanier caliper and a knife. The disks will be weighed 

and then positioned in a sample chamber where the shear press plate will press the disk at 10 

mm.min-1 speed. The maximum force applied will be recorded and divided by the weight of 

the tomato sample disk to accommodate for the difference in the area of the tissue cut by plates.   

 

iv) Determination of compression 

 

The compression test will be measured as described Sirisomboon et al. (2012), using an Instron 

Universal Testing Machine, with capacity of 5 KN at speed setting 10 mm.min-1. The fruit will 
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be subjected to a 55mm diameter plate compression. Each tomato fruit will be aligned 

horizontally from the stem end to the top apex on a smooth surface.  The recorded parameters 

will be stress at peak point. The measurements will be recorded using a Bluehill Instron data 

acquisition software.  

 

v) Determination of physiological weight loss 

 

Tomato samples will be weighed on first day storage and every after seven days of its storage 

interval. The total weight loss will be taken as the difference between the initial and final weight 

during each storage interval. The percentage of weight loss will be obtained on the initial 

weight by a method applied by AOAC (1984). The formula to calculate the percentage weight 

loss is presented in equation 4.1 

 

%𝑊𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 =
𝑊0−𝑊𝑓

𝑊𝑜
× 100                                                                                              (4.1) 

where 

𝑊𝑜 = the average weight of the tomato sample at day 0 

𝑊𝑓 =  the average weight tomato of the tomato sample on the final day 

  

4.6.3.2 Biochemical properties 

 

i) Determination of total soluble solids  

 

The total soluble solids (TSS) will be measured using a method from Jafari et al. (2017). Three 

replicates of each treatment will be blended and liquified in a blender. The tomato juice will be 

extracted and filtered using a muslin cloth. A hand-held digital refractometer will be used to 

determine TSS by placing 2 to 3 drops of extracted clear juice on the refractometer prism. 

Between each sampling, the refractometer prism will be washed with distilled water and dried 

with a tissue before being used. The digital refractometer will be standardized with distilled 

water containing 0% TSS and adjusted to room temperature.  
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ii) Determination of total titratable acidity and pH 

 

The total titratable acidity will be determined as described in Domínguez et al. (2012). An 

aliquot of juice extracted after blending and filtering will be transferred to a sterilized conical 

flask.  Total titratable acidity will be determined by titrating 25mL of the tomato sample juice 

with about 0.1 mol. L-1 of sodium hydroxide (NaOH). For the pH, an aliquot of juice sample 

will be transferred into a sterile beaker, where the glass electrode attached to pH meter will be 

inserted into the liquid. The pH values of all the tomato samples will be obtained using a glass 

electrode pH meter, which will be calibrated with standard pH buffer solution of 4.0, 7.0 and 

9.0 before use. The readings on the pH meter will then be recorded. 

 

iii) Determination of Free Sugars  

 

Free sugars will be determined using a method by Pinela et al. (2012) with slight modifications. 

A tomato fruit sample will be blended for 2 minutes. A 5mL of juice will extracted into 

centrifuge tubes. Then added will be 2mL of deionised water and then centrifuge at 10,000 rpm 

for 15 minutes at 4℃. All solutions of the samples will be filtered through a 0.45µm nylon 

syringe filters and inject 2mL into HPLC vials. The HPLC column set at 85℃, with ultra-pure 

water as the mobile phase flowing at 0.6 ml.min-1. The compounds will be identified by 

chromatographic comparisons with authentic standards of glucose and fructose. Quantification 

will be performed using the internal standard method and sugar contents to be further expressed 

in g per 100 g of fresh weight.  

iv) Determination of total phenolic Content  

 

Total phenolic content in tomato fruits will be determined using a method Dufera et al. (2021) 

through the Folin-Ciocaltean (FC) reagent. A 0.1 mL of the fruit sample juice from each of the 

replications will be extracted and mixed with 0.5 mL of FC reagent along with 1.5 mL of 7% 

sodium carbonate solution. Distilled water to be added to make a final solution volume of 10 

mL. The mixture to be incubated at 90℃ for 2 hours. The absorbance to be measured using 

UV-Vis spectrophotometer at 750 nm against blank. 
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4.6.3.3 Determination microbial development  

 

The microbial development will be determined using a method by Shezi (2016). From each 

treatment a randomly selected tomato (single) sample will be taken for sampling. To the 

selected sample 30mL of sterile peptone water (0.85% NaCl and 0.1% peptone, pH 7) will be 

added as an initial solution in a sterile plastic bag containing the sampled tomato. The tomato 

will be gently massaged for 5 minutes to rinse off and collect the microorganisms from the 

surface of the tomato. Determination and enumeration of aerobic mesophilic microorganisms 

present on the tomato surfaces will be done by extracting 0.1mL of appropriate serial dilutions 

and spread plated onto ready to use plate count agar plates followed by incubation at 28°C for 

48 hours. Counts will be given as colony forming units per tomato (whole surface area).  

Determination and enumeration the fungal flora (yeast and mould) present on the tomato 

surface will be done by extracting 0.1mL of the appropriate decimal solutions and spread 

plating onto ready to use Rose-Bengal-chloramphenicol agar plates (RBC-agar), followed by 

incubation at 25°C for up to 7 days. Colonies will be confirmed via a microscopy for 

differentiation between fungal and bacterial colonies. 

 

4.6.3.4 Data analysis  

 

The collected data will be analyzed using GenStat®
 version 18. The analysis of variance 

(ANOVA) will be used as a statistically tool to determine the significant difference between the 

treatments with a GenStat® 18th Edition, which has a significant level of less than 5%. The multiple 

range test will be from Duncan’s multiple.  
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4.6.4 Resources and cost  

 

Table 4.1 Equipment and resources mandatory for completing this research 

Equipment’s and resources  Availability Application Cost  

Tomato samples  ZZ2 (supplier) Testing samples  Donated  

Packaging materials  ZZ2 (supplier) Packaging samples Donated  

Cold and ambient storage 

facilities  

Available at UKZN Storage treatments R4 000 

Firmness tests (Texture 

Analyser) 

Available at UKZN Puncture and Kramer 

test  

R4 000 

Instron Universal Testing 

Machine  

Available at UKZN Compression test - 

pH meter  Available at UKZN pH measurement - 

Colorimeter (colour 

analyser) 

Available at UKZN Colour analysis R1 000 

Weighing scale  Available at UKZN Physiological weight R500 

Digital refractometer  Available at UKZN TSS measurement - 

Reagents  Procurement  Phenols and Sugars 

analysis 

R15 000 

Filter cloth Procurement  Juice  - 

Total    R29 000 

 

4.7 Project Work Plan 

 

The schedule time of the project is shown in Table 4.2. 
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Table 4.2 Schedule time of activities  

Year Activity  Time (months) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2020 Mini-proposal               

 

Laboratory Preparation               

Sample collection               

Data Collection                

Data analysis                 

Literature review                  

Project Proposal                  

Procurement                

Laboratory Preparation               

Chemical Analysis               

Data Collection               

Data analysis                
Literature review                 

2021 Thesis Write Up (CH 1)                

 

Chemical Analysis 

(Continues)               

Chemical Analysis 

(Continues)               

Thesis Write Up (CH 1)               

Thesis Write Up (CH 2)      60% complete      

Submission First Draft      40% Complete     

Submission Second Draft              

Final Submission               
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