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ABSTRACT 

Mango production in Kenya has been on the rise. In 2013 about 581,290 MT were produced 

of which 40% were lost due to lack of proper postharvest management practices. The greatest 

loss was through pest and microbial spoilage and chemical deterioration of nutrients. The 

study aimed at developing methods to preserve the nutritional quality and reduce post-harvest 

losses in the mango value chain. Using a structured questionnaire, randomly administered to 

40 mango farmers, post handling practices were assessed along the entire value chain. Whole 

mature mango fruits were sampled at farm, transport and market levels for nutrient 

deterioration assessment. A method that involved coating of whole mangoes with 0%, 10%, 

15% and 20% gum arabic was developed for nutrient preservation. Another method involving 

canning of mango chunks packed in different sugar syrup concentrations (0, 30, 40, 50 and 

60
o
Bx) for mango preservation and shelf life was developed to reduce post-harvest loss. The 

survey data collected was analysed using statistical package (SPSS. Version 20.0). 

Laboratory analysis for nutrient content was conducted at Egerton University, Kenya 

Agricultural and Livestock Research Organization (KALRO) laboratories and Njoro Canning 

Factory. Changes in weight, ascorbic acid, β-carotene, total soluble solids (TSS), titratable 

acidity (TA) and pH of the fruits were evaluated using standard methods. Data was arranged 

in a complete randomized design in a factorial arrangement and analyzed using SAS (Version 

9.3). Means were separated using Tukey’s HSD (P<0.05). From the survey, the main mango 

varieties grown were Apple (74.5%) followed by a combination of Apple and Ngowe 

(12.7%). Storage at farm level was by heaping of mangoes in ventilated stores. Draining 

mango latex after harvesting was practiced to reduce deterioration. Laboratory analysis 

revealed that gum arabic coating could extend the shelf life of mangoes up to 15 days by 

reducing percentage weight loss by 20% while maintaining the fruits’ nutritional 

composition. A coating concentration of 10% gum was the most efficient. Canning process 

extended the shelf life of canned mango chunks up to three months. Higher concentration of 

sugar syrup (60
o
Bx) was efficient in maintaining the nutritional composition of the canned 

chunks. There was significant (P<0.05) increase in TSS during storage, significant decrease 

(P<0.05) in weight, titratable acidity, vitamin C, β-carotene and pH in coated mangoes while 

canned mango chunks, showed no significant (P>0.05) difference on the pH during storage, 

TSS increased significantly (P<0.05), titratable acidity, β-carotene and vitamin C decreased 

significantly (P<0.05) during storage. The study concluded that mangoes could be extended 

by coating with edible gum arabic. Similarly, mango chunks could be canned in sugar syrup 

for extended storage.  
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CHAPTER ONE 

INTRODUCTION 

1.1 Background information 

Mango (Mangifera indica) is the third most important fruit produced in Kenya, after bananas 

and pineapples, due to its characteristic flavour, taste, pleasant aroma and nutritional value. 

Its production has experienced significant growth in recent years; an annual growth rate of 

26% since 2005. In 2011 and 2013, the volume produced increased from 452,944 MTs to 

581, 290 MTs (HCDA, 2013). Table 1.1 below shows the trend in Kenya’s mango production 

as from the years 2001-2008. The principal mango production zones in Kenya include 

Eastern and Coastal regions (responsible for 85% of national mango production) followed by 

Central region and other emerging areas such as Nyanza, Rift valley, North and Western 

region (HCDA, 2010). The two main mango varieties produced include apple (50% of 

produce from Eastern region) and Ngowe (49% of produce from Coast Region). 

Table 1.1 Kenya's mango production trend 

 2001 2002 2003 2004 2005 2006 2007 2008 

Hectares(Ha) 16,542 17,673 17,268 18,094 17,738 17,264 23,730 28,790 

Volume(MT) 179,64

8 

176,50

4 

183,48

6 

183,44

0 

168,66

3 

163,72

6 

396,46

1 

448,57

2 

Value(Millio

n KSh) 

1,345.7 1,078.8 1,208.4 1,360.4 1,046.4 1,157.1 5,867.5 6,398.4 

Source: Agricultural Business Development, (ABD, 2011) 

Mango production is mainly for fresh fruit consumption whereby,98% of the total mangoes 

produced are consumed locally while the remaining 2% goes to the export market (Faida, 

2006). Some growers sell their produce to local beverage industries and fruit industries for 

export. Some harvest ripe and semi-ripe fruits and deliver them to the market in urban 

centres. 

The relatively short ripening period and reduced post-harvest life are however, the limiting 

factors influencing the economic value and utilization of mangoes in these mango growing 

zones. Mangoes are climacteric fruits; therefore they cannot be preserved for long periods 

after harvesting at room temperature as they ripen within 2 to 10 days after harvest at ambient 

temperatures and two to three weeks in cold storage (13
o
C) depending on variety, storage and 
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transportation conditions (Narayana et al., 1996; Carrillo-Lopez et al., 2000).This is hence 

the reason as to why they are generally harvested at mature green stage, then left to ripen up 

during the marketing, storage and consumption process.  

During ripening, a series of metabolic activities occur which are controlled through 

genetically programmed events. It also involves actions of various enzymes/chemicals like 

ethylene, glycanases, glycosidases, beta-D-galactose and protein kinases. This result to 

chemical changes, increased respiration and ethylene production, change in structural 

polysaccharides leading to fruit softening, degradation of chlorophyll and carotenoids 

biosynthesis, starch hydrolysis to sugars hence ripening of fruits with softening of texture to 

acceptable quality (Lalel et al., 2003). The process of ripening is sensitive to temperature, 

humidity, exposure to sunlight and harvesting days among others (Ali et al., 1995), and 

hence, small changes in pre-harvest environment, harvesting techniques and storage and 

transportation conditions may affect the shelf life and the quality of the fruit. 

In Kenya, due to dry conditions in some of the mango growing areas like Makueni, there may 

occur excessive fruit drop resulting to low yield. Infestation of pests and diseases reduce the 

shelf life and the quality of mango fruits (Ishaq et al., 2004; Bally, 2006; Lechaudel and Joas, 

2007). Loss of mango fruits due to stem end rot and anthracnose limits the storage potential 

of the mango fruit (Narayana et al., 1996). Most of the orchards in Kenya are handled by 

untrained personnel who neither know the proper techniques of harvesting nor the impact of 

such over the quality and shelf life of the fruit. This leads to huge losses in terms of physical 

damage, bruising, sap burn injury and later spoilage of the mango fruit. A major impact of ill 

harvest technique during harvest time is the detachment of the pedicel. The ducts of the fruit 

that contains the sap are normally at high pressure and the sap can come out and get 

deposited at the surface of the fruit as soon as the pedicel abscission zone is broken at harvest 

(Joel, 1980; Loveys et al., 1992; Campbell, 1992; Lim and Kuppelweiser, 1993; Bosquez et 

al., 2000). The sap deteriorates the fruit’s quality through the following processes: It destroys 

the fruit’s appearance by blackening the skin; the flow of the latex causes the mangoes to lose 

water, thus reducing the fruit’s mass; due to the sticky nature of the sap, the soil particles as 

well as micro-organisms become attached/attracted to the fruit resulting to a decrease in shelf 

life; it browns, hardens and stains the fruit surface and it also provokes skin necrosis.  

Various techniques have been used to overcome the sap burn menace. Some of which 

include, mechanical de-sapping, chemical treatment application of Sodium carboximethyl 
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cellulose, sodium lauryl sulphate and calcium hydroxide and dabbing with waxes, powder 

and vegetable oil (Baker, 1991; Landrigan et al., 1991; Meurant, 1991)  

Fruit exposure to light impacts over its quality. For example, it influences the carotenoids 

resulting to the synthesis of yellow pigmentation on the skin and production of sugar. On the 

other hand, if the fruit is not sufficiently exposed to sunlight, the green skin colour is retained 

inside the canopy, affecting the fruit’s quality (Lechaudel and Joas, 2007; Saengnil et al., 

2011). 

One of the most important parameters for fruit quality is shelf life; and it is very sensitive to 

temperature and other post-harvest conditions (Simmons et al., 1998). In Kenya, preservation 

as an issue, affects the mango industry. Low temperature storage, drying and use of inorganic 

chemicals such as potassium metabisulphite, are some of the methods that have been made 

use of in the country (Gathambiri et al., 2006). Such methods have resulted to chilling 

injuries on the mango fruits and loss of volatile nutrients especially during drying. The 

inorganic chemicals cause adverse health conditions to consumers due to their residual 

effects. In fact, such methods are expensive to run and the small holder farmer may find 

challenges in adopting the same. High perishability of intact and minimally processed fruits 

make it necessary to develop methods aimed at preserving them for a longer duration for 

storage. Documenting harvesting and post-harvest handling practices is thus essential in order 

to design appropriate mango preservation methods.  

Application of edible coatings has been identified. Edible coatings are formed when a layer 

of an edible material is applied on the surface of an intact or minimally processed fruit, 

forming a protective barrier (Guilbert, 1986). This preserves the quality of such fruits by 

forming a film that acts as a partial barrier to gases (oxygen and carbon dioxide), water 

vapour and aroma compounds, creating a modified atmosphere around the fruit, decreasing 

the respiration rate, and water loss and preserving texture and flavor (Baldwin, 1994). 

Coatings are also used as carriers of additives such as antimicrobial and antioxidants (Olivas 

and Barbosa, 2005). Edible coatings can be consumed together with the fruits. 

Use of edible coatings like Gum arabic that has been embraced in the preservation of 

tomatoes and cucumbers in Malaysia and Saudi Arabia respectively, has not been attempted 

in mango preservation. Gum arabicis a dried, gummy exudate obtained from the stems and 

branches of Acacia species and it is the least viscous and most soluble hydrocolloids (Ali et 

al., 2010). Its extensive use in the industrial sector is because of its emulsification, film 
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forming and encapsulation properties (Motlagh et al., 2006). It consists of a complex mixture 

of macro-molecules of different size and composition; characterized by a high proportion of 

carbohydrates (~97%), predominantly composed of D-galactose and L-arabinose units, and, a 

low proportion of proteins (<3%) (Islam et al.,1997). Some physico-chemical properties such 

as moisture, total ash content volatile matter and internal energy are used as international 

Gum arabic quality parameter; and this may vary depending on the origin and age of trees, 

exudation time, the storage type and climate. The solubility of gum arabic carbohydrate 

hydrophilic and hydrophobic proteins is facilitated by moisture content. The total ash content 

determines the critical levels of foreign matter, insoluble matter in acid, calcium, potassium 

and magnesium (Mocak et al., 1998). Gum arabic has been found to delay the ripening 

process, by slowing down the rate of respiration and ethylene production during storage. It 

forms a film that acts as a partial barrier to gases (oxygen and carbon-dioxide), water vapour 

and aroma compounds, creating a modified atmosphere around the fruit, decreasing the 

respiration rate and water loss and preserving texture and flavor. 

Canning technology is also another method that has been applied in the preservation of fruits 

and vegetables. The goal of the canning process is to destroy microorganisms and prevent 

recontamination by the same. The technology makes use of heat as an agent used to destroy 

microorganisms. Removal of oxygen is used in conjunction with other methods to prevent the 

growth of aerobic microorganisms. A typical commercial canning process may employ the 

following general process: washing, sorting/grading, preparation, container filling, 

exhausting, container sealing, heat sterilization, cooling, labelling/casing and storage, ready 

for dispatch. In most cases, sugar syrup and brine solutions have been used during the 

canning process of fruits and vegetables. Mango processing factories in Kenya can improvise 

a canning line for such a noble task to contribute to value addition and minimize post-harvest 

losses hence benefit for the mango farmers and value chain actors. 

1.2 Statement of the problem 

Forty percent (40%) of mangoes in Kenya go to waste due to lack of appropriate post-harvest 

treatments and preservation technologies, leading to economic losses. Mangoes are 

climacteric fruits; they ripen fast after harvesting leading to spoilage within 2 to 10 days after 

harvest. Damage to mangoes during the harvesting season happens as a result of lack of 

knowledge of handling by the farmers. Currently, there is limited application of preservation 

and processing technologies of mangoes in Kenya. In most cases, fresh mangoes are 

subjected to hot water treatments followed by fungicide application to reduce surface 
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microbial loads to enable them keep longer. The use of fungicides is not encouraged with the 

current residual chemical and food safety concerns.  However, safer surface treatments such 

as the surface coating with gum Arabic have not been investigated. Mangoes are also 

processed into juices and pulps, with some being sliced and dried into chips. Whereas juices 

and pulp can find industrial use, dried mangoes are not as preferred to as fresh mangoes in the 

market. Drying of mangoes leads to loss of important volatile nutrients. Consumers prefer 

mangoes in their fresh state. Fresh mango canning has not been explored as a preservation 

method in Kenya even though other tropical fruits such as pineapples are canned and made 

commercially available to consumers. There is therefore need to investigate such methods of 

fresh mango preservation to overcome the seasonality challenge experienced with this 

popular fruit in Kenya and create value for farmers. 

1.3 Objectives of the study 

1.3.1 General objective 

To contribute to improved food and nutrition security of Kenya through development of 

methods to preserve nutritional quality and reduce post-harvest losses in the mango value 

chain. 

1.3.2 Specific objectives 

i. To document local mango preservation methods in Makueni County of Kenya.  

ii. To determine the effect of different concentrations of gum arabic surface treatment on 

preservation of whole mango fruits’ nutritional quality during storage. 

iii. To determine the effect of canning technology on nutritional composition of mango 

chunks during storage.  

1.4 Research question  

i. What are the local mango preservation methods in Makueni County of Kenya, and 

how are they carried out? 

1.5 Hypotheses 

ii. Gum arabic surface treatment has no effect on the preservation of whole mango fruits’ 

nutritional quality during storage. 

iii. Canning technology has no effect on the nutritional composition of mango chunks 

during storage. 
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1.6 Justification 

Documenting the local mango preservation methods in Makueni county of Kenya marks a 

good starting point to highlight the basic activities involved in the production, harvesting, 

utilization, preservation and processing of mangoes in the Eastern region. The losses 

encountered in the value chain will be captured and this will make it easy for such issues to 

be addressed hence contributing to the reduction of losses by suggesting the use of locally 

available materials such as gum arabic (an edible coating) found in those localities. Edible 

coatings have been proved to prolong the shelf-life of fruits through their antibacterial, 

antifungal and antioxidative properties. Gum arabic in particular, will help in prolonging the 

shelf life of the mangoes through its emulsification, encapsulation and film forming 

properties. The use of gum arabic will cut the cost that will have been incurred by the small 

holder farmers if they had opted to use low temperature storage through refrigeration, hot 

water treatment or even the use of fungicides. Such methods are expensive to run on small 

scale, require trained personnel and are dependent on electricity, which is expensive and 

unavailable in some mango producing zones. Gum Arabic is a cheaper and readily available 

material that will be used for preservation purposes. Canning technology employs the use of 

heat treatment in the preservation process and guarantees processors the extension of shelf 

life of canned products for a period of several months or even years. The canning line which 

can be improvised in the mango processing factory in Makueni County will make it possible 

for the processors to preserve fresh mango chunks for long periods hence making the product 

available out of season. This study therefore has addressed an urgent need to document the 

local production and post-harvest handling procedures in the mango growing counties in 

Kenya and encourage the reduction of post-harvest losses of the mango fruits by use of gum 

arabic for surface treatments of whole fruits and canning technology for the preservation of 

mango chunks. This will improve the income of farmers in the target regions.    
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Mango production in Kenya 

In Kenya, mango fruit has been the third most important fruit produced after bananas and 

pineapples for the last ten years in terms of area and total production (Okoth et al., 2013). 

The hectares under mango production, production output (ton) and the revenue earned, have 

continued increasing over years. Hectarage increased from 36,304Ha to 59,260Ha while 

production from 528,815 metric tonnes to 636,585 metric tons (HCDA, 2013). 

 Mango has been cultivated in the Kenya’s Coast Province for centuries. It was first 

introduced into the country by ivory and slave traders who brought seed during the 14
th

 

century. Since then it has spread to most parts of the country including Eastern, Central, 

North Eastern, Western and South Nyanza Provinces.  

In Kenya, two varieties of mangoes are grown commercially, the local varieties and the 

exotic or improved varieties. The local varieties include Ngowe, Dodo, Boribo and Batawi. 

The exotic varieties include the Apple, Kent, Keit, Tommy atkins, Van Dyke, Haden, 

Sensation, Sabre, Sabine, Pafin, Maya, Kensingtone and Gesine (Ndungu et al., 2008). The 

exotic varieties are usually grafted on local mangoes. They are of superior qualities; have 

higher juice yields and are often grown targeting the export market. Mango fruits from the 

various cultivars differ greatly in shape, size appearance and internal characteristics. The 

quality of the fruit is majorly based on the sweetness, low fibre and minimal turpentine taste. 

The flesh of the improved cultivars is peach-like and juicy, of a melting texture and more or 

less free from fibre (MOA, 2001). 

Mangoes in Kenya are consumed locally and some are exported or processed into various 

products such as pickles, chutneys and even pulps. Mango processing is considered to be 

among the initiatives that contribute to the extension of the shelf life of the fruit hence 

reducing the post-harvest losses. In Kenya, several companies are involved in mango 

processing and they include: Kevian Kenya Ltd in Nairobi and Thika, Sunny Processors Ltd 

in Maragua and Delmonte in Thika. Mangoes are a source of income to farmers, they 

contribute to the foreign exchange and they are good raw materials for food industries. 
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2.2 Fruit ripening phenomenon 

In fruits, ripeness is used to define the appropriate state for harvesting and for eating. It marks 

the completion of a fruit’s development and the commencement of senescence. Fruits 

complete their development and maturation only when they are attached to the plant. 

Ripening and senescence on the other hand, may proceed on or off the plant. After 

harvesting, the physiological changes in fruits occur immediately. Fruit ripening is a highly 

coordinated, genetically programmed and an irreversible phenomenon involving a series of 

physiological, biochemical and organoleptic changes that leads to the development of a soft 

edible ripe fruit with desirable quality attributes. Carbohydrates play a key role in the 

ripening process through depolymerization leading to decreased molecular size with 

concomitant increase in the levels of ethylene; the ripening inducing gas. Starch, pectins, 

cellulose and hemicelluloses are the major classes of cell wall polysaccharides that undergo 

modifications during ripening contributing to the texture and quality of the fruits, hence tissue 

softening. Other biochemical changes involved during fruit ripening include increased 

respiration, chlorophyll degradation, biosynthesis of carotenoids, anthocyanins, essential oils, 

flavour and aroma compounds, increased activity of cell-wall degrading enzymes and 

transient increase in ethylene production (Rose et al., 2003).    

2.3 Post-harvest losses 

About 40% of the total amounts of mangoes produced in Kenya go to waste during the peak 

season. This is due to poor post-harvest handling, inadequate infrastructure, infestation by 

pests and diseases, poor quality, wrong variety, poor handling techniques, mechanical 

damage as well as excess fruits in the market (Muchira et al., 2006; Shiferaw et al., 2006). 

Production is carried out mainly by small holder farmers who depend largely on brokers, 

export agents or local traders for market information. These kinds of outlets are unstable and 

offer them low and unpredictable prices. Figure 2.1 illustrates the mango value chain in 

Kenya. In this case, the farmers lack ways of ensuring year-round income for instance by 

employing appropriate up-to-date village-level preservation and processing technologies and 

minimizing post-harvest losses. Most of the mangoes produced are consumed within the 

same production area or sold cheaply in local urban markets causing high wastage due to 

surplus in the market and perishability of the mango fruits. 
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Figure 2.1 Mango value chain in Kenya 

Source: PSDA, 2010 
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2.4 Post-harvest factors 

Fruits undergo various physiological changes during post-harvest storage. Some of the 

changes include: tissue softening, increase in sugar level, decrease in organic acid levels, 

degradation of chlorophyll accompanied by synthesis of anthocyanins and carotenoids upon 

maturation, production and losses of volatile flavour compounds, decrease in phenolic and 

amino acids contents and breakdown of cell materials due to respiration (Sharma & Singh, 

2000).The extent of variability in maturation and physical injuries, are some of the factors 

that determine harvesting practices. Physical injuries for example, lead to accelerated loss of 

water and vitamin C and increases susceptibility to decay by pathogens or fungi for example 

Colletotrichum gloesporioides Penz., during storage (Sharma et al., 2000; Kader, 2002; 

Lamikanra, 2002;). Relative humidity (RH) and temperature directly affect postharvest 

respiration and transpiration of fruits. Increase in temperature will result to increase in 

respiration, resulting to increased production of ethylene and carbon dioxide and hence 

changing the flavour, taste colour, texture, appearance and nutrients of the produce (Kader, 

2002). It is of great importance to avoid exposure of fruits for example mangoes, to unwanted 

ethylene. This can be done by separating ethylene-producing commodities from ethylene 

sensitive commodities by using ethylene scrubbers or by inducing fresh air into storage 

rooms. Microorganisms play a big role in spoilage. Implementing appropriate post-harvest 

sanitation procedures during preparation, processing and maintenance of products in sanitized 

condition is essential for controlling microbial growth hence providing high quality and safe 

products. 

2.5 Mango harvesting and post-harvest handling practices in Kenya 

Depending on cultivars and environmental conditions, it takes 90 to 160 days after flowering 

for the mangoes in Kenya to reach maturity (Griesbach, 2003).  Fruits on one tree do not 

ripen at the same time, and in this case, those mangoes harvested too early have inferior 

quality after storage while those picked when they are too ripe, cannot be stored for long. 

Mangoes are generally picked when they begin to change colour from green-white to yellow 

or orange (Griesbach, 2003). In standard practice, ladders or long picking poles with a cutter 

blade attached with canvas bag, held open by a ring are used. The picked mangoes should be 

carefully placed into clean wooden or plastic containers and transferred to a store or packing 

shed to minimize sunburn, loss of moisture and accumulation of dust. After any sorting, 

grading, washing and fungicidal treatment, the fruits are ready for packing, preferably into 
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shallow single-layered trays of 4-5 kg each (Griesbach, 2003). This normally happens in 

large scale mango plantations. 

In small scale farming, harvesting is done by directly picking of the fruits from the tree tops. 

The fruits are then dropped down into a heap until all the mature fruits have been picked. The 

mangoes are then re-heaped under a shade that is made some distance from the farm, waiting 

for brokers to come and select the mangoes for distribution and sale. Some farmers however, 

are involved in activities that aim at preserving mangoes in small scale. This is normally done 

by solar drying where the farmers chop the fruits into thin sizes and keep them in the drier to 

dry throughout the day. Most of such driers are donated by international organisations and 

they use solar waves to dry the fruits which can then be stored for longer. This helps in 

managing fruit wastage during peak seasons. 

2.6 Post-harvest value addition 

This refers to a process which includes primary, secondary and tertiary processing operations 

of farm produce with the aim of increasing the shelf life and its value, hence 

maintaining/improving the quality and enhance form, space and time utility of the produce to 

reduce problems experienced in fresh produce markets such as lack of information and 

market integration, reliance on spot markets, transport constrains and wastage(Abe et al., 

1997). 

Mangoes have a shelf life of 2 to 4 weeks at 10
o
C to 15

o
C, limiting their availability in fresh 

markets (Yahia, 1998). Pests and insects, chilling temperatures and fungal rot can threaten the 

shelf stability, physical and the chemical qualities of mangoes, as these conditions may 

induce abiotic and biotic stress to the fruit (Cisneros‐Zevallos, 2003). Processing of mangoes 

will therefore extend their shelf life and enable producers to diversify their products. This 

will in turn help producers have alternative and additional means of marketing their produce 

and increase their income. Some of the products that result from mango processing will 

include juices, pickles, pulps and chutneys for example. 

2.7 Preservation of Mangoes 

Fruit preservation is the process of treating and handling fruits in order to stop or slow down 

fruit spoilage, loss of quality, nutrition value, edibility and allow for longer storage. Mango 

preservation is a very crucial process since the fruits are perishable. Various methods have 

previously been employed to effect the preservation process. Some of these methods are 

highlighted below: 
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2.7.1 Blanching 

This is a hot-water treatment method. This operation is done to inactivate enzymes, eliminate 

air inside the fruit tissues, remove off-flavours and aromas, fix fruit colour and soften the 

tissues and reduce surface microorganisms (Holzwarth et al., 2013; Korbel et al., 2013). Two 

methods are currently used to effect blanching: dipping in boiling water or direct steam 

injection. The thermal treatment is applied such that internal fruit temperature reaches 75°C. 

This usually requires 10 minutes in boiling water, or 6 minutes with steam. The mango fruit 

is blanched unpeeled. The effectiveness of the blanching treatment is usually determined by 

measuring the residual activity of the peroxidase enzyme. This is usually conducted on the 

mango kernels where there is polyphenol oxidase activities taking place. Peroxidase is an 

enzyme that catalyses the oxidation of phenol, hence classified as phenolase. This oxidation 

is responsible for browning reaction of most fruits such as mangoes (Jimènez-Atiènzar et al., 

2007). The residual amounts of peroxidase enzyme will hence determine the effectiveness of 

the blanching process in mangoes, as a preservation strategy (Vasquez-Caicedo et al., 2007). 

2.7.2 Sulphiting 

This is a process which involves dipping the mango fruits in a solution of metabisulphite 

(200ppm). It is aimed at preventing undesirable colour changes of the mangoes. A solution of 

sodium sulphite, sodium metabisulphite or potassium metabisulphite (1g/L solution) is often 

prepared and the fruits are dipped into it for 5-10 minutes. It also helps in preventing 

additional microbial and enzyme activity and retains a residual concentration of 100 ppm in 

the final product.It is mostly applied during the processing of mango pulps in order to 

maintain the natural colour of mango fruits. Sulphur dioxide protects the natural colour of 

fruits like bananas and pineapples (Fellows, 2009) 

2.7.3 Freezing 

This is a process aimed at subjecting mangoes to cold storage conditions using freezers. 

When mangoes are purposed to be stored for a year, freezing of the fresh and ripened 

mangoes is the best method. Mangoes of the same ripening stage are obtained; their skins 

peeled off then depitted. They are then cut into small pieces. The cut slices are then placed in 

zip lock freezer bags, which are then zipped and wrapped in aluminum foil. After this, they 

can be stored in the freezer for a period of up to one year (Gathambiri et al., 2006). 
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2.7.4 Drying 

This is one of the oldest methods of food preservation, which reduces water activity 

sufficiently to delay or prevent bacterial growth. Drying of fruits allows their better 

preservation by reduction of water content. This inhibits microbial growth and enzymatic 

modification. Loss of moisture content due to drying, leads to increased concentration of 

nutrients in the remaining fruit mass. Control of bacterial contaminants in dried foods 

requires high-quality raw materials having low contamination, adequate sanitation in the 

processing plant, pasteurization before drying and good storage conditions. In Kenya, 

mangoes are often dried using solar driers. The fruits are often chopped into thin sizes and 

kept in the drier early in the morning to dry throughout the day. One of the advantages of 

drying fruits is the reduction in size and weight, which facilitates transportation, reduces 

storage space and avoids the need of using expensive cooling systems among other 

preservation procedures (Sagar and Sugesh, 2010). The factors determining the end of the 

drying process are the high concentration of sugar, low moisture content and the energetic 

optimization of the process. The choice of the final moisture content should consider not only 

the stability of the fruit, but also the final physical and chemical properties that characterize 

its quality (Guinè et al., 2002).  

2.7.5 Modified atmosphere (controlled atmosphere) 

Controlled atmosphere (CA) storage usually involves regulating the concentration of oxygen 

(O2) and carbon dioxide (CO2) using nitrogen, storage temperature, as well as relative 

humidity in the storage environment. The concentrations of carbon dioxide are elevated and 

those of oxygen and ethylene reduced. This helps in reducing respiration, ethylene production 

and sensitivity to ethylene; retard softening and compositional changes; alleviate certain 

physiological disorders and reduce decay. The replacement of the air of packaging headspace 

with an atmospheric gas whose proportion is different from that of air, is the basic idea of 

using modified atmosphere in packaging. Controlled atmosphere in combination with an 

optimum storage temperature has been reported to prolong the storage life and maintain fruit 

quality including aroma volatiles in mango fruit depending on the cultivar. Temperature 

control is therefore very important for modified atmosphere system to work effectively 

(Ščetar et al., 2010).  
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2.7.6 Canning 

This is a method of preserving food in which the food contents are processed and sealed in an 

airtight container. Canning provides a shelf life typically ranging from one to five years, 

although under specific circumstances it can be much longer. In this process, heat sufficient 

to destroy all vegetative microorganisms is applied to mango slices packed into sealed or 

"airtight" containers. The slices are then heated under steam pressure at temperatures of 116-

121°C. In most cases, the amount of time needed for processing is different for various fruits, 

depending on the food's acidity, density and ability to transfer heat. Some workers have 

however suggested the replacement of sugar syrup with corn syrup in canning of fruits. Apple 

juice has been used for canning stone-free peaches. Addition of 15% mango pulp and 20-30% 

of the apple juice concentrate of 35
o
Brix in covering syrup has successfully been used in the 

canning of mango and apple rings respectively. Citric acid has been used in the canning of 

fruits including mangoes (Hoa et al., 2010). In most cases, heat alone will not destroy 

Clostridium botulinum spores that cause the deadly botulism poisoning, hence the need of 

adding some recommended acids like the citric acid. In mango canning, the acid is also used 

to bring the pH level of the canned fruits to below 4.6; a point that the Clostridium botulinum 

spores are destroyed (Hoa et al., 2010).  

2.7.7 Surface coating (Waxing) 

This is considered as one of the several treatments developed to reduce post-harvest losses 

and to prolong the shelf- life of fruits. It reduces water evaporation from the fruits hence 

reducing weight loss by up to 50% depending on the coating type and concentration. This 

ultimately extends the shelf life of fruits. Examples of some of the edible coatings that have 

been used include gum arabic and chitosan (Khaliq et al., 2016). The need for high quality 

products and the demand for minimal food processing and storage technologies has 

emphasized the concept of using edible coatings to extend the shelf life of fresh and 

minimally processed produce and protect them from harmful environmental effects. The 

application of the coating can be realized by dipping or spraying methods followed by film 

formation process like removing the solvent (normally water), coagulation of proteins, 

solidification of gel structures or chemical reactions. Film formation relevant factors are the 

chemical composition of the coating material (hydrophilic or hydrophobic), the concentration 

and viscosity, which influence the homogenous distribution, flexibility and the barrier 

properties (gas exchange) of the layer as well as the release of the functional component by 

diffusion. Selection of edible coatings depends on the requirements on barrier properties 
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(water vapour, oxygen, and carbon dioxide), mechanical strength, gloss and durability. 

Examples of functional components could be antimicrobials (e.g. organic acids, fatty acid 

esters, polypeptides, essential oils), antioxidants (e.g. oxalic acid, ascorbic acid, cysteine), 

texture improvers (e.g. calcium salts), and aroma or nutraceutical compounds such as 

vitamins (García et al., 1996; Fransen et al., 2003; Rojas-Graü et al., 2009). 

2.8 Gum arabic and the food industry 

Gum arabic is an edible, dried, gummy exudate obtained from the stems and branches of 

Acacia species (Azeez, 2005; Ali et al., 2009; Hadi et al., 2010). It is certainly the most 

ancient and the most well-known of all the gum types. It is a solid of a pale to orange brown 

colour which when ruptured, secretes a vitreous substance. It dissolves very well in hot or 

cold water forming a solution of up to 55% acacia gum. It has a small amount of protein 

which is important to its properties in foods (Imeson, 2010). Gum arabic is known to have the 

following properties that have enabled its widespread application in the food industry: 

emulsification, encapsulation and film forming properties (Motlagh et al., 2006) 

2.8.1 Application of Gum arabic in the food industry 

Gum arabic has been applied as an edible coating for fruits and vegetables e.g. tomatoes and 

cucumbers. It prevents dehydration, inhibits ethylene production and triggers the 

accumulation of total phenolic compounds and other compounds with antioxidant properties. 

This has greatly contributed to the preservation of the same hence extending the shelf lives of 

the fruits and the vegetables. Apple fruits coated with Gum arabic resulted in a significant 

delay in the change in weight loss, titratable acidity, firmness, total soluble solids, decay and 

colour during cold storage when compared to the uncoated control (El-Anany et al., 2009). 

Its use has been incorporated in the wine gums as it produces a clarity that is higher than can 

be obtained by other hydrocolloids. It prevents sucrose from crystallizing. It provides a 

controlled flavor release and slows down melting in the mouth making the wine gum long 

lasting (Vivas, 2001). 

Gum arabic has also been used as an emulsifier in the manufacture of soft drinks. Its stability 

in acidic conditions and its high solubility makes it well suited for use in citrus and cola 

flavor oil emulsions. It prevents flocculation and calescence of oil droplets and can also form 

a stable cloud in the drink, imitating the effect of added fruit pulps and juices. It is used as a 

source of soluble fiber in low calorie and dietetic beverages. It is usually added to produce 
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the same opacity, appearance, mouth feel and palatability as natural fruit juices especially in 

powdered beverage mixtures (Imeson, 2010). 

In low calorie candies, it is used to compensate for the loss of texture, mouth feel and body, 

resulting from the replacement of sugars by artificial sweeteners. It is used as a coating agent 

in chewing gums and also as a pigment stabilizer. It acts as a whipping and stabilizing agent 

in marshmallows, nougats and meringues. In toffees and caramel, it is used as an emulsifier 

to maintain a uniform distribution of the fat across the product. It is used to provide a fibrous, 

fruit-like texture (Elmanan et al., 2008). 

Gum arabic is therefore unique among the natural hydrocolloids due to its high solubility in 

water, yielding a solution of up to 50% concentration. This hence makes it responsible for the 

excellent stabilizing and emulsifying properties of the product. 

Majority of past studies have assessed the impact of edible coatings like gum arabic in 

extending the shelf life and preserving nutritional composition of tomatoes and cucumbers 

(Ali et al., 2010). However, none of these studies have analysed the effect of gum arabic in 

preserving the nutritional qualities and extending the shelf life of whole mangoes. Also, 

canning technology has been applied to other tropical fruits like pineapples, to extend their 

shelf life. But it has not been explored as a preservation method for mangoes in Kenya. The 

mangoes have however been subjected to drying leading to loss of volatile nutrients (Guinè et 

al., 2002). The fresh state of mangoes is more preferred to consumers than the dried form. 

There is therefore need to analyze the effectiveness of such methods of fresh mango 

preservation. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study area 

Mango samples for use in this study, were collected from Makueni County of Kenya, shown 

in Figure 3.1. Makueni is located between 1
o
 48' 0" S, 37

o
 37' 0" E and is 1155 m above sea 

level. It extends to an approximated area of 8,034.7 Km
2
 with a population of about 900,000 

people. Out of this, 51% are female and 49% are male. The county has six subcounties: 

Mbooni, Kaiti, Kilome, Makueni, Kibwezi East and Kibwezi West. The Makueni sub-county 

hosts the county’s administrative unit (Gor et al., 2012).  

 

Figure 3.1  Makueni County (Amwata, 2009) 

The county lies in the arid and semi-arid zones of the country and it receives two rainy 

seasons. Long rains are experienced in March and April while short rains are experienced 

between November and December. A number of agricultural activities including horticulture 

and livestock farming are carried out in this area (Amwata, 2009). The major agricultural 

products are mangoes, maize, cow peas, watermelons, pigeon peas, milk and meat. Eastern 



18 

Kenya accounts for over 54% of total mango production in Kenya (Gor et al., 2012), with 

Makueni County leading in mango production with an annual value of Kshs. 1.3 billion. It 

produces mangoes from approximately 1, 172,636 trees (ABD, 2011) 

3.2 Survey data collection procedure 

The data for the study was collected using semi-structured questionnaires (Appendix I) which 

were used to collect the information from the respondents about the variables in question. 

Face to face interviews with different households, in Makueni County was done, where both 

qualitative and quantitative data was collected to answer the different questions. Purposive 

sampling was used to select Makueni County based on the requirements of the project. Forty 

respondents were randomly selected for this study using the Central Limit Theorem, which 

states that: as the number of occurrences (n) increases, the expected results move closer to the 

actual results and hence, any sample size that is greater than 30, is justified to infer 

population characteristics from the sample selected. 

3.3 Laboratory experiment I: Effect of different gum arabic surface treatment on the 

physico-chemical properties of whole mango fruits during ripening 

3.3.1 Collection of Mangoes  

Apple mango variety fruits (200), of uniform size and at the mature green stage were 

obtained from a local farm in Makueni County. The fruits were handpicked directly from the 

trees and de-sapped placing on top of leaves that were spread on the ground, with the pedicel 

abscission zone, facing down. They were allowed to drain the sap for one hour after which 

they were kept in cool boxes and transported to the laboratory at Egerton University. They 

were temporarily stored in a cold room (4
o
C) before evaluation. 

3.3.2 Formulation of gum arabic solutions and application of the coating treatments 

Finely ground gum arabic powder from Acacia Senegal var. kerensis collected from Isiolo 

County, Kenya, was made into solutions at concentrations of 0, 10, 15 and 20% (w/v) in 

distilled water with low heat (40
o
C) for around 15 minutes. The solutions were then left to 

cool to approximately 20
o
C. 

A total of one hundred and twenty (120) mango fruits were used in the experiment. Thirty 

fruits were randomly allocated to the four different treatments and each treatment was 

replicated three times (10 fruits/replicate) and the layout is as presented in Table 3.1 below. 

Each replicate group of the fruits was dipped in the respective concentrations of gum arabic 
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solution for around one hour, ensuring that the coating solution uniformly covered the surface 

of the fruit (Plate 1.1 B, C and D). The control fruits (30) in Plate 1.1 A were dipped in 

distilled water only. The fruits were then air-dried on trays, packaged in cardboard boxes and 

stored in a clean room under the normal room conditions in terms of temperature (23±2
o
C) 

and relative humidity (45-60%). Photos showing the coated mango samples are as below:  

A B 

 
 

 

Plate 1.1Photos of mangoes coated with 0% (A), 10% (B), 15% (C) and 20% (D) gum arabic 

solutions. 

 

C D 
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Table 3.1 Layout of laboratory experiment one 

Gum arabic 

treatments % (w/v) 

Replicates/ No. of  fruit samples per replicate 

A B C 

0 10 10 10 

10 10 10 10 

15 10 10 10 

20 10 10 10 

3.3.3 Determination of weight change 

Three fruits from each replicate were marked and individually weighed using a well 

calibrated weighing balance before storage commenced. Those fruits were subsequently 

weighed at five-day intervals, for the entire experiment, until the mangoes got spoilt. Weight 

measurements were taken and their averages determined in order to compute the overall 

weight changes. Percentage weight change/loss was calculated using equation 1 below: 

%   = *
       

  
+ x 100%………………………………………………………… Equation 1. 

Where    was the weight loss (%),    (g) and    (g) were the initial and final weights 

respectively. 

3.3.4 Preparation of mango crude extract 

Three pieces of mangoes from each replicate subjected to the various gum arabic treatments 

were randomly picked, peeled and blended into homogeneous paste using an electric blender. 

The blended solutions were then taken for analysis of physico-chemical parameters including 

ß-carotene, ascorbic acid, total soluble solids, titratable acidity and pH changes, as affected 

by the various treatments. Initial determinations were done on day zero (0) and thereafter at 

five-day intervals until the mangoes got spoilt. 

3.3.5 Physico-chemical analysis 

Protocols for analyses were as described below:  

Determination of ß-carotene 

Two millilitres of the various sample solutions were measured using a 10ml measuring 

cylinder and transferred into a mortar.  Colour extraction was done by adding small portions 

of acetone and crushing the solution with a pestle until the residue was colourless. The 

extracts were combined into a 50ml volumetric flask by draining through a funnel staffed 
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with cotton wool. The extract (25 ml) was taken into a round bottom flask and evaporated to 

dryness in a water bath at 60
o
C. To the evaporated sample, 1ml of petroleum ether was added 

to dissolve the ß-carotene. This was then eluted in a column chromatography (Rangana, 

1979). 

Column preparation 

Twenty (20) grams of silica gel was weighed and activated by dissolving it in 1ml of absolute 

ethanol. A slurry was made with petroleum ether to have a column of 10-15cm. At the top of 

the column, 1g of anhydrous sodium sulphate was packed. Up to 50 ml of the sample was 

allowed to drain through the column. The elute was received in a 25ml volumetric flask until 

the beta-carotene in the column was not visible. It was then shaken well, covered with an 

aluminium foil and stored in a dark place. Absorbance was then read at 450nm using UV-Vis 

spectrophotometer. Readings were taken two more times on all the samples. The β-carotene 

content was then calculated using equation 2 below (Rangana, 1979): 

              
   

    
(           

           

              
)                …..Equation 2. 

Determination of ascorbic acid 

Preparation of reagents 

Preparation of 0.07M sodium thiosulphate (Na2S2O3) involved dissolving 17.4g of 

Na2S2O3.5H2O in 500ml of freshly prepared distilled water containing 0.1g Na2CO3. The 

solution was then stored in a tightly capped amber bottle. Potassium iodate (KIO3) was 

thereafter prepared by accurately weighing 2g and dissolving in a 1000ml volumetric flask. 

Starch indicator was prepared by making a paste of 1g of soluble starch and 1g of H2I2 in 

100ml of boiling water which was then boiled until it was clear (Dioha et al., 2011).  

Analysis of the sample 

Sample solution (50 ml) was pipettted in a 250ml volumetric flask. Solid potassium iodide (2 

g) was added. Ten (10) millilitres of both 0.5M H2SO4 and potassium iodate solutions were 

added into the flask simultaneously. The solution was immediately titrated with 0.07M 

thiosulphate until it lost almost its entire colour. Two (2) millilitres of starch indicator was 

added and the titration process completed (Dioha et al., 2011). The procedure was replicated 

twice on each sample. The titre values were obtained and their means computed. 
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Determination of total soluble solids (
o
Brix) 

This was determined by use of a digital bench refractometer. Homogeneous sample solutions 

prepared by blending the flesh of three mango samples subjected to the various 

concentrations of gum arabic were obtained and used for analysis. A drop of the specific 

solution was placed on the prism-plate of the refractometer (Mazumdar and Majumder, 

2003). The reading obtained after adjusting the refractometer to the mark was directly 

recorded as total soluble solids (
o
Brix)(Majid et al., 2011).This was done on three replicated 

samples solutions and the refractometer was calibrated afresh using distilled water prior to 

the use for the next sample.  

Determination of titratable acidity 

Ten (10) millilitres of the various mango sample solutions were transferred into a 250 ml 

conical flask. An equal amount of distilled water was added into the flask. Phenolphthalein 

indicator (3-4 drops) was then added and the solution stirred. The contents were rapidly 

titrated with 0.1N NaOH solution and end point determined when there was a definite colour 

change (Majid et al., 2011). The final burette reading was then noted and the titratable acidity 

computed using equation 3 below (Rangana, 1979): 

       
                                               

             
……………. Equation 3.  

Determination of pH 

The pH of the sample solutions was measured using an electric pH meter as explained by 

Rangana, (1979). Twenty (20) millilitres of freshly prepared sample was placed in a beaker. 

The electrode end of the pH meter was used to agitate the solution until a stable reading was 

obtained. This was done on the three replicated samples respectively. Between readings the 

electrode was rinsed with distilled water to eliminate cross-contamination.  

3.4 Laboratory experiment II: Evaluation of canning technology for mango chunks 

3.4.1 Preparation and canning of mango chunks in different concentrations of cane 

sugar syrup 

Uniformly mature hard ripe mangoes of the Kent variety were obtained from a local market 

in Nakuru town and transported to Njoro canning factory for experimentation. The fruits were 

washed with chlorine treated water, peeled by hand using sharp stainless steel knives, sliced 

uniformly and cut into chunks of approximately 1.5 cm
3
(Plate 1.2). The chunks were then 



23 

blanched in aluminum cooking pots for 2 min at 90
o
C (Plate 1.3 A), weighed and equal 

weights of 250g (of the chunks) placed in clean glass jars previously washed with hot water 

(Plate 1.3B). Hot sugar syrup of varying concentrations, namely 0
o
Bx, 30

o
Bx, 40

o
Bx, 

50
o
Bxand 60

o
Bxwere prepared using the blanching water and added into the jars respectively, 

ensuring a preset fill weight of 250g (of the syrup) was attained and sealed immediately. The 

samples were then labelled to differentiate them based on the varying sugar levels of the 

filling solutions (Plate 1.4). They were differentiated as Sample S0 for the one with 0
o
Bxsugar 

solution (control), S1 with 30
o
Bxsugar, S2 with 40

o
Bxsugar, S3 with 50

o
Bxsugar and S4 with 

60
o
Bxsugar solution. The control (0

o
Bx) was prepared by adding blanch water (without any 

sugar) into glass jars containing mango chunks. Samples composed of each of the five 

treatments were placed in eight glass jars. All the jars were then subjected to pasteurization 

using a retort (Plate 1.5), which was set at a constant temperature-time range of110
o
C for 10 

min. The jars were immediately cooled by allowing the hot water from the retort’s jacket to 

drain off, while a valve was turned open to allow chilled water to cool them. After cooling, 

two glass jars from each of the treatments were set aside for incubation, such that one glass 

from each of the selected batch was incubated at 35
o
C and the other at 55

o
C for the 

accelerated shelf life studies. The other remaining jars were packed in clean plastic crates 

(Plate 1.6) and stored in a clean room for three months where samples were taken for 

analyses on a monthly basis. 

Table 3. 2 Layout out of laboratory experiment two. 

Sugar syrup (
o
Bx) Months/ No. of glass jars per batch to be analysed 

within the three months 

Month 1 Month 2 Month 3 

0 (S0) 2 2 2 

30(S1) 2 2 2 

40(S2) 2 2 2 

50(S3) 2 2 2 

60(S4) 2 2 2 

S0 Control; no sugar syrup added; S1, S2, S3 and S4 mango chunks with 30, 40, 50 and 60 
o
Bx 

syrup added, respectively. 
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Mango canning process at Njoro Canning Factory is as depicted in the plates below: 

  

Plate 1. 2 Preparation and chopping (A) of washed mangoes into chunks (B) for processing. 

A B 

 

 
Plate 1. 3 Blanching (A) and hot packing (B) of weighed blanched chunks 

 
Plate 1. 4 Sealing and labeling glass jars 

A B 
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Plate 1. 5 Sterilization of the chunks in a retort 

 

Plate 1. 6 Sterilized mango chunks ready for storage 

Chemical analysis 

Two glass jars from each of the sample treatments were picked and the fill solution (sugar 

solutions) obtained from them and set aside for the analysis of pH, titratable acidity, total 

soluble solids and ascorbic acid content. The mango chunks were used during the analysis of 

β-carotene content. Initial determinations were done on day zero (initial readings) and 

thereafter at one-month interval for three months. 

The protocol for the analyses are as described in the first laboratory experiment above 

(section 3.3.5) with the difference being that the sample used for the analysis of pH, titratable 

acidity, total soluble solids and ascorbic acid content was the sugar solution (fill solution), 

while the mango chunks themselves, were used in the analysis of β-carotene. 
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3.5 Statistical analysis 

Data collected from the field using questionnaires, was sorted and coded after which it was 

analyzed using SPSS software version 20.0 of year 2009. The analyzed data was presented in 

percentages as distribution tables, graphs and figures while the qualitative aspects were 

discussed in the study. 

The experimentation employed a two factor factorial experiment in a completely randomized 

design. The two factors in the first laboratory experiment were the percent (%) level of gum 

arabic used for coating purposes (0%, 10%, 15% and 20%) and the storage period in terms of 

days. In the second laboratory experiments, the two factors were the levels of the sugar syrup 

(0
o
Bx, 30

o
Bx, 40

o
Bx, 50

o
Bx and 60

o
Bx) used as a fill solution in the canning process and the 

storage period in terms of weeks. The interaction of the above factors was also determined. 

Statistical model:Yijk= µ + αi + βj+ αβij + eijk.........................................................Equation 4 

where in the first laboratory experiment: Yijk is the response from i
th

 level of gum arabic, and 

j
th

 level of storage period, µ is the overall mean responses, αi is the effect of i
th

 level of gum 

arabic, βj is the effect due to the j
th

 level of storage period and αβij is the interaction between 

the i
th

 level of gum arabic and j
th

 level of storage, while eijk is the random error component. In 

the second laboratory experiment: Yijk is the response from i
th

 level of sugar syrup, and j
th

 

level of storage period, µ is the overall mean responses, αi is the effect of i
th

 level of sugar 

syrup, βj is the effect due to the j
th

 level of storage period and αβij is the interaction between 

the i
th

 level of sugar syrup and j
th

 level of storage period, while eijk is the random error 

component. 

The data obtained from the experiments above were put to statistical analysis using statistical 

package SAS (Version 9.3). The two factor experiments above had three replications on all 

the experiments apart from that involving analysis of ascorbic acid which had two replicates. 

The data were analyzed for analysis of variance (ANOVA) using Tukey’s HSD (P<0.05) for 

significance difference test. The results were expressed as mean ± standard deviation. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Socio-economic characteristics of the mango farmers, storage and preservation of 

the mangoes in Makueni County 

Most (72.7%)of the respondents interviewed were mango farmers (Table 4.1), majority of 

whom were women (Figure 4.1), who were aged between 36 and 60 years (56.4%) 

(Figure4.2). Most of them (43.6%) had attained secondary school as their highest education 

level (Table 4.2). This clearly indicated that majority of the female farmers were encouraged 

to indulge in mango farming. Very few youths engaged in agricultural activities. The 

constitution of Kenya defines a youth as a person between 15 years and 34 years of age 

(GoK, 2010); hence the findings above clearly showed that those involved in farming were 

those that had passed the youthful stage. The Institute of Economic affairs (IEA, 2010), 

clearly reports that up to eighty percent of Kenyans are below 34 years of age and there are 

various reasons as to why agriculture is not attractive to the youths. In this current study, it 

could be due to lack of requisite resources especially land, to carry out mango farming. 

Most of the decision making with regards to the management of the farm, were made by the 

males who were the head of the family. In contrast, as reported by KNBS (2009), less than 

half of the households in Makueni County were headed by females. The males were also 

actively involved with on-farm activities like ploughing of the farm using ox-ploughs in 

collaboration with other male friends who would come to assist out of will. However, in 

some instances, some farmers opted to use hired labour on their farm. The women played a 

very critical role especially in situations where they were the head of the family as a result of 

being divorced or single parenthood. In such instances, they were involved in all the decision 

making process. Only in some few instances where the women involved in tasks like ox-

ploughing. The oxen may be owned by the farmers and sometimes they were hired for such 

purposes. 
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Table 4.1 Respondents' occupation (n=40) 

Respondents’ occupation Percentage (%) 

Farming (Mango farmers) 72.7 

Self employed off- farm/trader (of mangoes) 16.4 

Farming/trader (of mangoes) 10.9 

Total 100 

 

 

Figure 4. 1 Gender of respondents (n=40) 

 

Figure 4. 2 Age category of respondents (n=40) 
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Table 4.2 Education Level of respondents (n=40) 

Education level Percent (%) 

No formal education 3.6 

Primary level 40.0 

Secondary level 43.6 

Post-secondary level 5.5 

University level 7.3 

 

Mango farming and post-harvest handling practices  

Mango farming is one of the key agricultural practices carried out in Makueni County. In this 

County some farmers have small mango plantations while a few have large plantations of 

mango trees. Apple variety of mangoes was the dominating variety planted, giving the 

highest percentage of 74.5% (Table 4.3). Some farmers planted a combination of Apple and 

Ngowe varieties giving a total percentage of 12.7%. Apple variety planted together with Kent 

occupied a percentage of 1.8% while the same percentage was experienced by those who 

planted apple together with dodo (indigenous) and apple together with Tommy Atkins. A 

combination of apple, Ngowe, Kent and Tommy Atkins occupied a percentage of 7.3% of the 

farms of interviewed farmers as in Table 4.3 below. 

Table 4.3 Mango varieties grown in Makueni County 

Mango varieties Percentage (%) 

Apple 74.5 

Apple and Ngowe 12.7 

Apple and Kent 1.8 

Apple and Dodo 1.8 

Apple and Tommy Atkins 1.8 

Apple, Ngowe, Kent and Tommy Atkins 7.3 

Post-harvest handling of mangoes is one of the critical measures to consider within the 

mango value chain. This is because, mangoes are very delicate as they are perishable, hence 

cannot be stored for long once harvested. Most farmers in Makueni County used well 

ventilated stores (50.9%), as shown in Table 4.4below; to temporarily store their mangoes 

before selling them to brokers or before transporting them to the market for sale. However, 

40% of the farmers did not exercise storage since the mangoes were harvested on demand. In 
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this case, the buyer came with his/her workers who would do the harvesting after which 

payment would be made directly through cash or through mobile money transfer services. 

Market stores (9.1%) (Table 4.4) were only used by the traders who hired stores and heaped 

the remaining mangoes there overnight, awaiting sale the following day. Such stores were 

fitted with air vents that allowed air circulation hence regulating the temperatures to some 

extent. In most cases, those farmers having well ventilated stores always made use of them 

just incase they harvested mangoes in plenty and they were all not taken by the buyers. They 

also however harvested the mangoes on demand. 

Table 4.4 Mode of storage of mangoes in Makueni County 

Mode of storage Percent (100%) 

No storage 40 

Well ventilated stores 50.9 

Market stores 9.1 

Total 100 

 

During storage, 50.9% (Table 4.4) of the farmers used no material for storage purposes. This 

was because; majority of them only harvested the mangoes and sold them on demand, hence 

there was no need for storage. A combination of crates and gunny bags and bulk package on 

trucks were applied by 1.8% (Table 4.5) of the farmers which was the least representation. 

Gunny bags were used by 25.5% while cartons and crates were used by 12.7% and 7.3% of 

the farmers respectively. These materials were used especially during the transportation of 

the mangoes from the market places to the stores, and the mangoes were left in them during 

the short storage period. The need for using such materials during storage was firstly, to act 

as barriers in preventing attack of the fruits by storage pests. Secondly, and this applied to 

most of the traders within the same County and who conducted their activities within the 

market places; they had a common store for temporarily storing their mangoes before selling. 

So these storage materials became handy in clearly differentiating people’s packages. 

There was a tally in the percentage (40%) of those who stored the mangoes for two days and 

those who did not store them at all; and this was the highest percentage (Table 4.5). Only 

1.8% of the population stored them in three days and they represented the minority. Table 4.5 

gives an illustration of the storage period of the mangoes. 
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Table 4.5 Storage period of mangoes 

Days Percent (%) 

None 40.0 

1 Day 1.8 

2 Days 40.0 

3 Days 9.1 

5 Days 5.5 

7 Days 3.6 

Majority of the farmers (50.9%) did not use any preservation technique for the mangoes. This 

was because they only harvested the mangoes upon demand. Only 5.5% of the population 

preserved their mangoes during the ripening and storage period (Table 4.6). From the 

interviewees, only 1.8% (Table 4.7) of them used charcoal coolers as a mode of preservation. 

The charcoal coolers brought about a cooling effect to the mango fruits and this regulated 

their ripening process by slowing it down, hence extending the shelf life of the mangoes. 

Charcoal coolers were readily available and affordable to some of the farmers compared to 

the electric refrigerators which were very expensive. The same percentage (1.8%) of the 

population processed the mangoes into juice as a way of preserving them. The sugar added to 

the juices helped in preserving the mangoes further by preventing or slowing down the 

growth of bacteria, moulds and yeast. Only 21.8% spread them on the floor so that the cool 

temperatures of the floor would extend their shelf lives. Only 9.1% kept the fruits in well 

ventilated rooms as a way of preserving them. The well ventilated rooms enhanced air 

circulation within the stores and this in the long run regulated the temperatures within the 

stores. 

Table 4.6 Stage of preservation 

Stage of preservation Percent (%) 

No Preservation 50.9 

At harvesting 18.2 

Before ripening stage 9.1 

At ripening stage 5.5 

During storage 5.5 

At selling 10.9 
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Table 4.7 Preservation method 

Preservation method Percent (%) 

Not applicable 50.9 

Draining the latex 14.5 

Spreading on the floor 21.8 

keeping in well ventilated rooms 9.1 

Use of charcoal coolers 1.8 

Processing into juice 1.8 

 

With the preservation methods applied, only 10.9% of the mangoes could keep for either five 

or seven days. A small percentage of the mangoes (1.8%) could keep for only one day while 

5.5% could stay for up to 4 days as seen in Table 4.8below. 

Table 4.8 Duration of storage 

Duration of storage Percentage (%) 

1 day 1.8 

2 days 7.3 

3 days 9.1 

4 days 5.5 

5 days 10.9 

7 days 10.9 

14 to 15 days 3.6 

 

In the event of the preservation process, there were some losses which were encountered. 

30.9% of the interviewees agreed that they encountered some losses while 14.5% of the same 

experienced no losses. Since some did not apply any preservation technique, a percentage of 

54.5% therefore had no experience on that. 

High temperatures contributed to the losses and this was as reported by 10.9% (Table 4.9) of 

the interviewees. Other challenges encountered during storage were as reported by 1.8% of 

the same who reported that labour and electricity (in the case of blending the fruits into 

juice), rodents in the stores and wasting away of charcoal used in charcoal coolers, 

contributed a lot to the lack of efficiency during storage as in Table 4.9 below. 
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Table 4.9 Challenges encountered during the preservation period 

Challenges Percent (%) 

Not applicable 50.9 

None 27.3 

Rodents 1.8 

High temperatures 10.9 

High temperatures and rodents 1.8 

Labour and electricity 1.8 

Tiring 1.8 

Rodents and rent 1.8 

Wasting away of charcoal 1.8 

 

4.2 Laboratory experiment one: Effect of gum arabic levels on the physico-chemical 

properties of coated mangoes 

4.2.1 Effect of gum arabic surface coating and storage period on weight loss of mangoes 

Gum arabic coating treatments and storage period significantly (P<0.05) affected weight loss 

of the mango fruits (Figure 4.3). Weight loss increased significantly (P<0.05) with the 

progression of storage period and reached its maximum on the 10
th

 day for the control and the 

15
th

 day for the treatments, after which the mangoes went bad, respectively. All the coating 

treatments exhibited less fruit loss than the control fruits. However; there were no significant 

(P ≥ 0.05) effects on the weight loss of the coated mangoes with increasing levels of gum 

arabic concentration (Figure 4.3). 
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Figure 4. 3 Effect of different coating treatments on the weight loss of mango during storage 

at room temperature. 

4.2.2 Total Soluble Solids (TSS), Titratable Acidity (TA) and pH 

Total soluble solids (TSS) of mangoes was significantly (p<0.05) affected by gum arabic 

coating treatments, storage period, and their interactions. The control mangoes showed 

significant (p<0.05) increase in TSS that peaked on day 5 at 18.00%. However, gum arabic 

coating treatments significantly (p<0.05) delayed increase in TSS of mangoes during the 

storage period. Among the gum arabic treatments, 10% gum arabic surface coating treatment 

showed insignificant (P ≥ 0.05) change in TSS, while 15% and 20% treatments showed a 

drop in TSS in the first 10 days but increased thereafter till the 15th day when all the 

mangoes decayed (Figure 4.4). Similarly, TA of mangoes was significantly (P<0.05) affected 

by gum arabic coating and the storage period. There was a decrease in TA with increased 

storage period for the control but for the treatments, TA increased for the first 5 days, after 

which it started decreasing with storage time except for 10% gum arabic treatment, until the 

mangoes decayed. In all treatments, TA was higher in the treatments compared to the control 

during storage (Figure 4.5). With little TSS increments and low TA decreases in all the gum 

arabic treatments, there was an indication that ripening was slower with the gum arabic 

treatment. 
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Figure 4. 4 Effect of different coating treatments on the TSS of mangoes during storage at 

room temperature. 

 

Figure 4. 5 Effect of different gum arabic coating treatments on titratable acidity of mangoes 

during storage at room temperature. 

4.2.3 β-Carotene and Ascorbic Acid Contents and pH 

The ß-carotene concentration in the mangoes was significantly (p<0.05) affected by gum 

Arabic coating treatments and the storage period (Figure 4.6). The control mangoes and the 

treatments with 10% and 15% gum arabic treatments showed little change in the first 5 days. 

However, thereafter, the ß-carotene concentration in the control samples increased 

significantly (p<0.05) and by day 10, the concentration was more than two-fold than that in 

the treatments. After day 10, control mangoes went bad but the ß-carotene concentration in 
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10% and 15% gum Arabic treatments slightly dropped but the concentration at 20% gum 

arabic treatment, the ß-carotene concentration increased significantly (p<0.05) and at day 15, 

it was marching the levels of the control mangoes at day 10. 

 

Figure 4. 6Effect of different gum Arabic coating treatments on beta β-carotene content of 

mangoes during storage at room temperature. 

The vitamin C concentration in the mangoes was significantly (p<0.05) affected by gum 

arabic coating treatments and the storage period (Figure 4.7). The control mangoes and the 

treatments with 10% gum arabic treatments exhibited little change in the first 5 days 

compared to 15% and 20% gum arabic treatments. However, the 10% gum arabic treatment 

had vitamin C concentration increasing to 0.94 and approached those in 15% and 20% 

treatments (0.86–1.02) after which their concentration decreased steadily towards day 15 

when the mangoes started rotting. However, in most cases, the vitamin C concentrations were 

significantly (p<0.05) higher in the treatments than in the control in most parts of the storage 

period. 
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Figure 4. 7 Effect of different gum arabic coating treatments on vitamin C content of 

mangoes during storage at room temperature. 

The effect of gum arabic treatments on pH was significant (P<0.05) (Figure 4.8). The control 

samples had pH increasing with respect to the storage period and the pH readings of the 

control were significantly higher than the treatment pH. The treatments had insignificant 

(P>0.05) changes in the pH up to the 15
th

 day. 

 

Figure 4. 8 Effect of different gum arabic coating treatments on pH of mangoes during 

storage at room temperature. 
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4.3 Laboratory experiment two: Effect of canning technology on the chemical properties 

of mango chunks during storage 

Mango chunks packaged in glass jars were stored at ambient temperatures (30-35
o
C) after 

which chemical analyses weredone on the samples at an interval of one month for three 

months. The following results (Table 4.10) were obtained: 

Table 4.10 Chemical Characteristics of pasteurized mango chunks in a three month period 

Time  Sugar 

solution 

(⁰Bx) 

 

pH  Total 

Soluble 

Solids(⁰ Bx) 

Titratable 

Acidity (%) 

Β 

Carotene(mg/100g) 

0 Day 0 (S0) 3.52±0.00
a 

14.37±0.03
e 

0.64±0.00
a 

1.83±0.05
a 

4 Weeks 0 (S0) 3.47±0.00
a 

5.97±0.03
f 

0.51±0.00
b 

1.72±0.06
a 

 30 (S1) 3.46±0.01
a 

22.23±0.07
d 

0.45±0.00
c 

1.86±0.03
a 

 40 (S2) 3.48±0.00
a 

26.53±0.07
bc 

0.45±0.00
c 

1.25±0.05
b 

 50 (S3) 3.46±0.00
a 

30.20±0.12
b 

0.49±0.02
c 

0.75±0.10
c 

 60 (S4) 3.35±0.00
a 

38.97±0.07
a 

0.64±0.00
a 

0.69±0.07
c 

8 Weeks 0 (S0) 3.40±0.00
a 

5.23±0.09
f 

0.70±0.04
a 

1.31±0.07
b 

 30 (S1) 3.45±0.00
a 

20.47±0.12
d 

0.64±0.00
a 

1.69±0.03
a 

 40 (S2) 3.42±0.00
a 

26.10±0.12
c 

0.64±0.00
a 

1.17±0.00
b 

 50 (S3) 3.45±0.00
a 

30.03±0.22
b 

0.62±0.02
ab 

0.83±0.05
c 

 60 (S4) 3.43±0.00
a 

41.87±0.44
a 

0.66±0.02
a 

0.64±0.03
c 

12 Weeks 0 (S0) 3.39±0.00
a 

5.67±0.15
f 

0.58±0.04
b 

1.00±0.05
bc 

 30 (S1) 3.43±0.00
a 

25.50±0.10
c 

0.51±0.00
b 

1.47±0.11
b 

 40 (S2) 3.37±0.00
a 

26.43±0.07
c 

0.55±0.02
b 

0.94±0.03
c 

 50 (S3) 3.35±0.00
a 

30.23±0.34
b 

0.64±0.00
a 

0.61±0.06
c 

 60 (S4) 3.34±0.00
a 

41.50±0.00
a 

0.70±0.00
a 

0.36±0.06
d 

Values presented as mean± Standard deviation. a – f means within a column with the same 

superscript letters are not significantly different (P>0.05). S0, S1, S2, S3 andS4 represent the 

different concentrations of the sugar syrup. 
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4.3.1 Effect of syrup concentration and storage period on pH 

The initial amount of pH in all the samples was 3.52. There was however, no significant 

(P>0.05) difference on the pH readings among the treated samples throughout the storage 

period (Table 4.10). The readings though reduced during storage, with the highest reading 

being the initial amount recorded (3.52), while the lowest being 3.34. The lowest reading was 

obtained from the sample (S4) which was stored for 12 weeks and whose sugar solution was 

the highest (60
o
Bx). Interactively, storage period and sugar levels in the syrup did not affect 

the pH of the samples. 

4.3.2 Effect of syrup concentration and storage period on the total soluble solids 

At the start of the experiment, the initial reading of TSS recorded was 14.37
o
Bx (Table 4.10). 

With increased storage time, there was significant (P<0.05) increase in the total soluble solids 

(TSS) content in the canned mango chunks. However, with the control sample, the TSS 

dropped from the initial 14.37±0.03
o
Bx to below 6.0

o
Bx from week 4 and remained within a 

similar range throughout the entire storage period. For the treatments with varying 

concentrations of the syrup, the TSS increased significantly (P<0.05) with increase in syrup 

concentration, but the storage period did not significantly (P<0.05) affect the TSS values 

within a given treatment except treatment S1 that had a significant increase in TSS between 

week 4 and week 8 compared to week 12. 

4.3.3 Effect of syrup concentration and storage period on titratable acidity of canned 

mango chunks 

The initial reading of the titratable acidity of the sample was 0.64%. During storage, there 

were some significant (P<0.05) changes in the titratable acidity content. Sample S1 and S2 

showed some uniform decrease in the titratable acidity content to 0.45% towards the fourth 

week of storage and later on an increase to 0.64% of the same towards the eighth week of 

storage (Table 4.10). There was however a significant (P<0.05) decrease to 0.51% and 

0.55%, respectively, of the content towards the twelfth week of storage. Continuous increase 

was experienced in sample S4where the highest acidity reading was 0.70% which was 

obtained during the twelfth week of storage. Sample S3consisting of mango chunks packed in 

sugar solution whose concentration was at 50
o
Bx showed a decrease to 0.49% of the titratable 

acidity content at the fourth week of storage, and later on, a progressive increase of the same 

towards the eighth and the twelfth week of storage. The control sample (S0) showed a 

decrease (0.51%) in the acidity content towards the fourth week of storage, later on an 
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increase (0.80%) in the eighth week of storage and a further decrease (0.58%) in the twelfth 

week of storage. 

4.3.4 Effect of syrup concentration and storage period on the beta carotene content on 

mango chunks 

With increased storage period, there was a significant (P<0.05) decrease in the levels of beta 

carotene in all the samples (Table 4.10). The initial reading of the beta carotene content was 

1.83mg/100ml. Addition of sugar syrup to 30
o
Bx seemed effective in β-carotene retention. 

However, additional sugar, affected the β-carotene content negatively over time and the rate 

of β-carotene decrease, increased with increase in sugar concentration over the storage time.  

4.3.5 Effect of syrup concentration and storage period on Ascorbic acid (Vitamin C) 

concentration in mango chunks 

With increasing storage time, there was a significant (P<0.05) decrease in the ascorbic acid 

content in all the samples to the fourth week of storage (Figure 4.8). At the eighth and twelfth 

week of storage, there was a progressive increase of the content of the same. The initial 

content was 1.70g/l for all the samples. The control sample (S0) had similar amount of 

ascorbic acid on the twelfth week of storage                                                                                       

with the highest amount obtained from sample S3 (50
o
Bx sugar solution) during the same 

period of storage. 

 

Figure 4.9 Effect of syrup concentration and storage period on vitamin C content in mango 

chunks 
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4.4 Discussion on laboratory experiment one and two 

4.4.1 Effect of gum arabic levels on the physico-chemical properties of coated mangoes 

There was a significant effect of the gum arabic coating on weight loss and hence the shelf 

life of the treated mangoes in contrast to the control. This may be as a result of gum arabic 

forming a semi-permeable barrier that blocks the stem end scar and the lenticels in the coated 

fruit against losing water vapours and gases consequently reducing transpiration (Ketsa and 

Prabhasavat, 1992). Baldwin et al. (1999) had also observed that carnauba wax coated 

mangoes had less weight loss because of decreased moisture loss. The control fruits (0% gum 

arabic coating) showed the highest percentage weight loss due to higher moisture loss and 

increased respiration through uninterrupted atmospheric column and lower relative humidity 

compared to the coated ones. The weight loss in control samples with time was similar to the 

results reported by Kramchote et al. (2008) and Mandal et al. (2018) for mangoes. Water 

content of fruits is a major factor in maintaining their quality. Therefore, low weight loss is 

important in maintaining the quality of fruits over a longer duration. This delayed senescence 

helps to extend the shelf life of fruits as demonstrated here that with gum arabic coatings, the 

fruits could be stored for 15 days compared to the control mangoes that spoilt within 10 days. 

The effect of concentration of gum arabic on weight loss was not clear, indicating that the 

lowest concentration used was effective in reducing the respiration rate. 

The TSS of the control mangoes increased with the storage duration of the mangoes 

compared to the treatments that had TSS barely changing with duration. The TSS increment 

for the control was steep in the first 5 days after which it showed a drop afterwards. The 

sharp increase in TSS of the control mangoes happened possibly due to loss of water from the 

fruits and the ripening condition that results in the breakdown of complex carbohydrates into 

simple sugars hence increased TSS (Jain and Mukherjee, 2011), while for the treatments, the 

gum arabic film formed on the surface of mangoes slowed ethylene synthesis thus delaying 

ripening and ultimately TSS accumulation (Fan et al., 1999). TSS accumulation has been 

associated with ripening and the highest levels (18.00
o
Bx) recorded here were similar to 

(18.65
o
Bx) those reported by for the same variety of mangoes. After the starch had been 

completely hydrolysed, there was no further increase in sugar occurring in the control 

samples. Moreover, the sugars were primary substrates for respiration, along with other 

organic acids hence the reduced TSS after the 5
th

 day (Wills et al., 1980). 
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There was a fluctuation of the pH values of the surface coated and the control fruits during 

the storage period. The pH for the control samples increased steadily and this corresponded to 

reduced titratable acidity over the storage period. Organic acids such as citric and malic acids 

are primary substrates for respiration, hence, a decrease of acidity is expected in highly 

respiring fruits as seen in the control samples (El-Anany et al., 2009). On the other hand, for 

the treatments, pH increment was little which also corresponded with slight changes in 

titratable acidity. Gum coating modified the atmosphere around the fruit by forming a semi-

permeable film that prevented the migration of moisture and/or gases across the coat. This 

prevented the development of the acids more effectively resulting to mangoes with lower pH 

values (higher titratable acidity) unlike the control samples (Yaman and Bayoindirli, 2002). 

As observed, the ascorbic acid increased initially then decreased afterwards. The mangoes 

used were mature green hence unripe and had the lowest ascorbic acid. The increase in 

ascorbic acid up to day 5 indicated the ripening process and after they fully ripened, ascorbic 

acid concentration decreased; a show of senescence towards day 10 for the control and day 

15 for the treatments (Sammi and Masud, 2007). These results were in agreement with the 

results obtained by Muhammad et al. (2014), who showed that the concentration of ascorbic 

acid is highest in the half ripe mango, followed by ripe mangoes then unripe mangoes have 

the least ascorbic acid concentration. The treatments caused ascorbic acid retention in 

mangoes during storage, which is in agreement with the results reported by Baldwin (1994). 

This retention could be due to the retardation of the oxidation process and also, the slow rate 

of conversion of L-ascorbic by ascorbic acid oxidase (Jain and Mukherjee, 2011). This shows 

that gum Arabic treatment is appropriate for ascorbic acid retention. 

The change in ß-carotene concentration in the control mangoes for the first five days was 

minimal but the concentration increased significantly thereafter due to fruit ripening that is 

accompanied by colour change and ß-carotene synthesis. On the other hand, treatment with 

gum arabic inhibited ß-carotene synthesis in the fruits that retained the green color, similar to 

results reported by Fonseca et al. (2004). For the sample with 20% gum arabic treatment, the 

increased ß-carotene could be attributed to decaying that led to ß-carotene synthesis similar to 

ripening. 
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4.4.2 Effect of canning technology on the chemical properties of mango chunks during 

storage 

Mango canning process involved washing of the mature green mangoes that was done to 

remove any surface contaminants. Peeling, pitting and cutting the mangoes into chunks 

followed after which the chunks were blanched at 90
o
C for 2 min. Blanching was done prior 

to canning to minimize degradation of the sensory and nutritional quality of the fruit caused 

by enzymes such as ascorbic acid oxidase (AAO), polyphenol oxidase (PPO) and peroxidase 

(POD), naturally present in plant foods and which affect colour and produce off-flavours 

(Holzwarth et al., 2013). The enzymes are also associated with reduction of the nutritive 

value of the fruit (Holzwarth et al., 2013; Korbel et al., 2013). During blanching, the 

inactivation of enzymes depends on both the time and temperature of the process. Under-

blanching may enhance the activity of enzymes leading to deleterious situations than no 

blanching at all. Over-blanching on the other hand causes loss of vitamins, minerals, flavour 

and colour (Fellows, 2009). Hot packing of the chunks was then done and the sugar solutions 

of different concentrations prepared and drained into the glass jars before they were well 

sealed and taken to the retort for pasteurization. Pasteurization processes are designed to 

occur at specific conditions, usually either at high temperature and short time (HTST) or at 

low temperature and long time (LTLT). In this case, it was done at a temperature of 121
o
C 

for 10 min (HTST) to inhibit microbial growth (Vasquez-Caicedo et al., 2007; Munyaka et 

al., 2010; Lemmens et al., 2013). Cooling followed soon after, and then the glass jars were 

stored in a clean room. 

After the mango chunks had been pasteurized, cooled and stored at room temperature, there is 

expected mass transfer of the solutes and the solvents i.e.  (a) Flow of water from the product 

to the solution, (b) transfer of solute from the solution to the product and (c) transfer of the 

product’s own solutes (sugars) to the concentrated solution (Raoult-Wack, 1994). This 

qualified the syrup for analysis after the one-month interval for three months since the results 

obtained would be similar if the chunks were to be blended and the juice obtained and 

analyzed.  

The equilibrium that was established within the twelve weeks of storage, according to the 

principle of osmosis between the sugar concentration in the sugar syrup and that of the 

chunks themselves, explained the sudden increase in the total soluble solids level during the 

storage period. Also, increase in TSS during storage might be due to acid hydrolysis of 

polysaccharides (pectin) (Luh and Wodroof, 1975).   
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Storage intervals and the different sugar levels in the pack solution (treatments) had 

significant effect on the titratable acidity of the mango chunks during storage, which also 

affected the pH of the same. The increase in percentage of the titratable acidity of the chunks 

stored in the glass jars may be due to the high storage temperatures experienced during 

storage period. It may also be due to the formation of acidic compounds by degradation or 

oxidation of reducing sugars. Break down of pectic bodies into acids such as D-galactouronic 

acid could also be attributed to this (Riaz et al., 1989; Iqbal et al., 2001; Hussan et al., 2008). 

This also had an effect in pH hence the changes in the readings (decreasing trend). Change in 

pH is directly related to changes in acidity. 

Mango fruits are considered rich source of carotenoids. Most studies have proved that beta-

carotene is both the principal provitamin A carotenoid and the main pigment in mango 

(Wilberg and Rodriguez Amaya, 1995; Chen et al., 2007; Masibo and He, 2009). 

Investigations have been done on the pigment and reports show that processing of fruits, 

which includes activities such as preparation, treatments and storage, may affect it, resulting 

to variations in the content and composition (Godoy and Rodriguez-Amaya, 1987; Cano and 

De Ancos, 1994; Mercadante and Rodriguez-Amaya, 1998; Pott et al., 2003; Chen et al., 

2007; Vesquez-Caicedo et al., 2007; Lemmens et al., 2013). This is because; the beta 

carotene is degraded mainly by isomerization and oxidation reactions, where oxidation plays 

a key role in loss of beta carotenes (Rodriguez-Amaya, 1999). 

The decrease in the beta carotene content in this study was therefore first initiated during the 

peeling and the cutting of the mangoes into chunks. Cutting induced both oxidation and 

isomerization of the beta carotene of the mango fruits by the presence of endogenous 

oxidative enzymes, light, metals, low pH and co-oxidation with lipid hydroperoxides due to 

the increased exposure of the chunks to oxygen (Rodriguez-Amaya, 1999). Auto-oxidation of 

beta carotene with oxygen could lead to the formation of epoxycarotenoids and 

apoxycarotenoids through a free radical mechanism, also, the oxidation process, leading to 

the geometric isomerization of both cis and trans isomers (E- and Z- Isomers), as reported by 

Rodriguez and Rodriguez-Amaya (2007). During blanching and sterilization, thermal 

degradation of the beta carotene occurred and was induced by the reversible trans and cis 

isomerization whose degree is related to the intensity and duration of the heat treatment 

conditions (Rock, 1997; Cheng and Huang, 1998). 

Vitamin C [L-ascorbic (L-AA)] is a six-carbon lactone, synthesized from glucose by animals. 

It is a micronutrient for human nutrition (FAO, 2004). Humans are unable to synthesize L-



45 

AA and this is due to the fact that they are deficient in L-gulonolactone oxidase, an enzyme 

which catalyzes the last step in L-AA formation (Nishikimi et al., 1994). They must therefore 

meet the required vitamin C amount for normal body’s metabolic functioning through a diet 

consisting of mainly fruits and vegetables as they are good sources of vitamin C. L-ascorbic 

acid is the principal biological active form of vitamin C in plant foods and is oxidized to 

dehydroascorbic acid (DHAA) (Figure 4.10) which also has vitamin C activity. They are 

defined together making up the total vitamin C in food (Santos and Silva, 2008; 

Wechtersbach and Cigic, 2007) 

During processing and storage, L-AA is known to be a very labile vitamin and is easily 

oxidized to DHAA, with subsequent irreversible hydrolysis to 2,3-diketoglutonic acid 

(DKGA). This leads to loss of vitamin C activity (Santo and Silva, 2008; Barros et al., 2010; 

Lima et al., 2010). Vitamin C is water soluble and hence, it is easily leached. Its stability 

varies as a function of temperature and presence of metal ions, oxygen and enzyme (AAO) 

activity and light (Davey et al., 2000; Wechtersbach and Cigic, 2007; Santos and Silva, 

2008). It is therefore as a result of its heat sensitive nature that led to the degradation of 

Vitamin C in the mango chunks during the canning process as it was exposed to high 

temperatures (Figure 4.9). This hence led to its decrease in content after canning. At the same 

time, leaching of the vitamin C occurred into the canning media (in this case, sugar solution). 

Howard et al. (1999) also reported the same observation. 

 

Figure 4.10 Structure of vitamin C and its conversion to diketoglutonic acid (DKGA) 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

i) Preservation methods used by mango farmers in Makueni County do not guarantee 

extension of shelf life. 

ii) Gum arabic coating might be an effective local post-harvest treatment to extend shelf life 

while maintaining the nutritional qualities of mangoes during storage at room 

temperature. The mangoes coated can stay up to 15 days.  

iii) Canning process is efficient in extending the shelf life of mangoes as it will make the 

fruits available throughout the year regardless of the season and it will also make it 

possible to store processed mangoes on shelves for several months without the need for 

refrigeration. 

5.2 Recommendations 

i) From this study, it is evident documenting research work will help provide reference for 

future researches 

ii) Coating of whole mangoes by gum arabic needs to be adopted at the farm level as this 

would lead to their preservation. Further research can be done to determine the 

applicability of gum arabic on other tropical fruits. 

iii) Canning technology is efficient in the preservation of mango chunks. It can be simplified 

in rural areas and can also be scaled up at the small and medium canning factories. 

iv) More research should be done on the microbial and sensory qualities of mangoes coated 

with gum arabic and stored over a period of time and also, canned mango chunks stored 

for up to one year or more. 
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APPENDICES 

Appendix 1: Mango value chain Baseline survey 

The aim of this study is to identify social and governance issues that inhibit improvement of 

the performance of the mango value chain in order to develop a framework that can guide the 

commercial operators and policy makers to create environment for decent work and ensure 

socioeconomic development and sustainability   

Section 1:  General information 

1. General information  

Name of the enumerator  

Date of interview  

County  

Sub-County  

Location  

Sub-Location  

Village  

GPS coordinates of farmer’s residence  

Household Serial Number  

Name of the Team Leader  

 

Section 2:  General household information 

2.1. Name of respondent   

2.2. Respondent gender 1= Male [   ],  2 =  Female [   ] 

2.3. Is respondent head of household 1=  Yes [   ], 2 = No   [  ]  

2.4. If no, relationship to household head 1= Spouse [ ], 2 = Son/daughter [   ],   3 = Parent [  ], 

4 = Son/daughter in-law [  ], 5 = Sibling [  ], 6=Other 

relative [   ] 

2.5. Educational level  1= Respondent   [   ]      2=   Household head[   ] 

2.6. Age (years) 1= Respondent     [    ]     2=   Household head[    ] 

2.7. Marital status 1= Respondent [      ]         2=   Household head[   ] 

2.8. Household size 1= No. of females[   ]          2=   No. of males [   ]      

3= No. below 15 [     ]     4= No. above 65years [    ] 

2.9.  Main occupation 1=Respondent  [   ]      2=  Household head[        ] 
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Codes  

2.4 Relation to 

household: 

1= Spouse [ ], 2 = 

Son/daughter [   ],   

3 = Parent [  ], 4 = 

Son/daughter in-law 

[  ], 5 = Sibling [  ], 

6=Other relative [   ] 

2..7 Marital status: 

1=Married living with 

spouse,  

2=Married but spouse 

away, 

3=Divorced/separated,  

4=Widow/widower,  

5=Not married,  

6=Other 

(specify)……….. 

 

2.5 Education level: 

1=No formal 

education, 

2=Primary), 

3=Secondary, 4= 

Post-Secondary  

5=University level)  

6= Other(indicate) 

 

2.9 Occupation: 

1=None,  

2=Farming,  

3=Salaried 

employment,  

4=Self-employed 

off-farm,  

5 =Farm worker,  

6= Off-farm worker, 

7=Casual,  

8=Housekeeping,  

9=Other 

(Specify)_______ 

 

 

Section 3: Decision making in the household 

3.1 Who takes decisions in allocating land for mango production?  1= HHD Head, 2=Spouse, 

3=Children, 4.All HHD members, 5= Others (Specify)…. 

3.2 Who takes decisions in processing of Mangoes? 1= HHD Head, 2=Spouse   3=Children, 

4.All HHD members, 5= Others (Specify)…. 

3.3 Who takes decisions in marketing Mangoes? 1= HHD Head, 2=Spouse, 3=Children, 4.All 

HHD members, 5= Others (Specify)…. 

3.4 Who takes decisions in using proceeds from mango sales? 1= HHD Head, 2=Spouse, 

3=Children, 4.All HHD members, 5= Others (Specify)…. 
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Section 4: Mango Crop production  

4.1 List in order of importance 3 major varieties that you grew last year (Jan-Dec 2017) 

 . 

Crop  Season one Season 2 

Acreage Yield 

(kgs/bags/acre) 

Purpose Acreage Yield 

(kgs/bags 

/acre) 

Purpose 

       

       

       

       

       

Input use in mango production (Jan-Dec 2017) 

4.2 Area under mango trees ( acres)  

4.3 Main cropping system ( 1 = Monocrop ,  2 = Intercrop
*  

 

3= Mixed cropping ) 

 

4.4 Land preparation (consider an acre)  

4.4.1 Method  of land preparation (1= Using oxen, 2 = 

Using tractors,  3 = Using manual labor  

 

4.4.2. If using oxen (1 = Own,  2 = Hired)  

4.4.3 Total cost of preparation  in Shs per acre in 2016  

4.4.4 If manual labor,type (1 = Family, 2 = Hired, 3=both )  

4.4.5 Gender predominantly involved (1 = Male, 2 = 

Female, 3=Children, 4= Both male and female, , 5 = 

all members )) 

 

4.4.6  Number of males (hired____,  family______)  

4.4.7  Number of females (hired_____, family_____)  

4.4.8 Average man days spent per acre  

4.4.9 Average payment per man day  

4.5. Yield (kgs)  

4.5.1.Quantity produced in  kgs/acre  

4.5.2. Proportion  consumed at home in kgs  
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4.5.4. Proportion  given out in kgs  

4.5.5. Proportion lost   

4.5.6. Proportion  sold   

4.5.7. Price per unit kg (in Shs)  

  

*State the proportions 

Section 5: Mango production constraints  

5.1. Constraint  5.2. Rank of constraint 

(1=Mild, 2=Severe, 3=Very 

severe, 4= Not a problem) 

5.3. Major 

coping 

mechanism 

1=Low soil fertility   

2=Pests    

3=Diseases   

4=Weeds   

5=Vermins   

6=Lack of improved crop 

varieties 

  

7=Lack of access to inputs   

8=High cost of inputs   

9=High climate variability   

10=Small land holding   

11=Lack of labor   

12=Lack of markets   

13=Lack of information    

14=Others (specify)_____   
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Section 6:  Value addition along the mango value chain 

Question Indicate methods/tools used Indicate tools used 

Do you undertake any mango value addition   

Cleaning   

Sorting   

Transporting   

Ripening   

Storage   

Other specify   

   

6.1. What problems do you face during storage of mango? 1.  Pests 2. 

Molds 3. Thieves 4. Bad weather 5. Others (specify),  

 

6.2. If pests , name the storage pests in order of importance  

  

6.3. Proportion lost during harvesting    

6.4. Do you package your mango fruits? 1=Yes      2=No 

6.5. If yes, how are the products packaged (packaging materials)? 

1= bags  , 2= Plastic bags 3=plastic containers , 4=Metallic containers, 

5=other specify_)  

  

6.6. How is the spoilt mango fruit used?  Manure, 2= Animal feeds  3 

=other specify_) 
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Section 7 A.  Sales of Mango fruits during the last 1 year (Jan-Dec 2017) 

7.1 Where do you normally sell your fresh Mango? 

Farm gate (01) _ _ _ Rural market (02) _ _ _ Urban market (03) _ _ _ Both 01 and 02 (04) _ 

_ _ _ Both 01 and 03 (05) _ _ _ _ Both 02 and 03 (06) _ _ _ _ 

7.2 Who buys your fresh mango fruits? 1=Institutions, 2=Wholesalers, 3=Retailers,   

4=Consumers,   5=Processors,  6=Others(specify) 

7.3 How do you determine the price at which you sell your mangoes? 1 negotiation [   ] 2 

buyer determines [   ] 3 broker determines [   ] 4 Other, specify [----------------------------------] 

7.4 How are you paid for the mangoes you sell 1 Cash on spot[   ],2  Cash Mpesa[   ] 3 

Credit[    ] 4 Cheque[   ]  

7.5 Where do you normally sell your processed products? 

Farm gate (01) _ _ _ Rural market (02) _ _ _  Urban market (03) _ _ _  Both 01 and 02 (04) 

_ _ _ _ Both 01 and 03 (05) _ _ _ _ Both 02 and 03 (06) _ _ _ _ 

7.6 If you sold your mango fruits away from the farm, how did you transport them to the 

market?  

Codes: 1=Vehicle, 2= Bicycle, 3= Motorcycle, 4= Animal draught power, 5= Human (on the 

head/back), 6= Boat, 7= Wheel burrow/carts, 8=other (specify) 

7.7 How far is the nearest market where you sell your mango from your home? _ _ _ _ _ _ _ 

_km 

7.8 How much time do you take to get to the nearest market? _ _ _ _ _ _ 

7.9 How is marketing done? 1 = Individual, 2 = Group marketing, 

7.10 Who markets the mangoes? 1= HHD Head, 2=Spouse, 3=Children, 4.All HHD 

members, 5= others (Specify)…. 

7.11 Who sets the product prices? 1= HHD Head, 2=Spouse, 3=Children, 4.All HHD 

members, 5= others (Specify)…. 

7.12 Do you have contract arrangements with the buyers? 1 = Yes [   ], 2 = No [   ] 
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7.13 If yes, what type of contracts? 1 = Signed contract 2 = Informal/word of mouth 3 = other 

(specify) 

7.14 who negotiated for the supply contracts? 

   

7.15 Do you experience challenges in marketing your mango fruits? Yes (01) _ _ _ _ No 

(2) _ _ _ _ 

7.16 If yes, what challenges do you encounter? 

7.17 .1 Constraint  7.18.2. Rank of constraint 

(1=Mild, 2=Severe, 3=Very 

severe) 

7.19.3. Coping 

mechanism 

1=Poor  roads    

2= high transport costs   

3=low prices   

4=low demand    

5= Poor  storage facilities    

6=Lack of markets    

7=high rate of spoilage of cassava    

8=High processing costs    

9=Lack of market information   

10=High local taxes (road taxes 

and market dues) 

  

11=Unorganized farmers   

12=Thieves   

13=Others 

(specify)____________ 

  

 

Section 8: Preservation 

8.1 At what point do you preserve the mangoes?       
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8.2 How do you preserve them?         

            

            

           

 

8.3 How long do the preserved mangoes stay?       

 

8.3(b) Does the preservation method add value to the mangoes?    

             

 

8.4 What are the costs incurred during the preservation?      

 

8.5 What are the challenges encountered with the preservation method (s) used?  

            

            

             

8.6 Where did they learn the preservation method (s) from?     

            

             

 

8.7 How is the environment contributing to the mode of preservation method (s) used? 

            

            

            

 

8.8 Do you encounter losses in the process?       

 

8.8 (b) If yes, what are the quantities lost?       

 

8.8 (c) What could be the causes for the losses?       
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