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ABSTRACT 

 Mango (Mangifera indica L.) is a popular and economically important tropical fruit throughout the 

world due to its excellent visual and eating qualities and nutritional composition. But the fruit is highly 

perishable and utmost care is required in handling to reduce postharvest losses. Trade in mangoes has 

been limited because of its highly perishable nature and its susceptibility to low temperature injury, 

physical injury and post-harvest diseases. Approaches to extending fresh fruit shelf life have included 

reducing storage temperature, use of surface coatings, and modified and controlled atmospheres; yet no 

studies have demonstrated the use of aloe gel natural plant extract based on its antifungal properties on 

enhancement of shelf life and quality of mango fruits. This study was done to evaluate the effects of aloe 

leaf extract coating on quality and shelf life of mango fruits at two temperature levels. Two experiments 

were conducted at Egerton University laboratories. The objectives were: (1) to determine the effects of 

aloe leaf extract surface coatings on shelf life, quality and anthracnose disease incidents on mango fruit, 

(2) to determine the effect of varying storage temperature on shelf life, quality and anthracnose disease 

incidents on mango fruit and (3) to determine the interaction effects of aloe leaf extract surface coating 

and varying storage temperature on shelf life, quality and anthracnose disease incidents on mango fruit. 

The experimental design was a 5 by 2 factorial experiment embedded in complete randomized design 

with three replications. The fruits were randomly divided into 5 lots of twenty fruits each. The first lot 

constituted the positive control and was coated with chitosan. The second, third, fourth and fifth lots 

were coated with Aloe vera gel at concentrations 0%, 25%, 50% and 75% respectively and stored at 

room temperature and at 13ºC. The parameters which were assessed included: percentage weight loss, 

peel and flesh colour change, pH, titratable acidity, total soluble solids (TSS), firmness, Vitamin C 

content, and degree and anthracnose incidents. The data collected was subjected to Analysis of Variance 

(ANOVA) at P ≤ 0.05, using SAS (version 9, 2005) and means for significant treatments separated using 

the Tukey’s Honestly Significant Difference Test at P ≤ 0.05 and t- Test at P ≤ 0.0001.The results 

showed that at both temperatures 50 and 75% aloe concentrations significantly increased the shelf life 

evidenced by reduced percentage weight loss, reduced decrease in Titratable acidity and ascorbic acid. 

Fruit firmness, fruit colour and total soluble solids concentration and pH were also maintained for longer 

periods in these treatments. However, Aloe vera gel coating did not have effect on anthracnose disease. 

Thus A. vera gel at 50% can be used as a coating for improved by twelve days postharvest shelf life and 

maintaining quality of mango fruits hence reduced postharvest losses. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background Information 

Mango (Mangifera indica L.) is the most economically important fruit in the Anacardiaceae 

family (Tharanathan, 2006). It is one of the most important fruit crops in tropical and subtropical 

lowlands. Mango is native to India, Bangladesh, Myanmar and Malaysia, but can be found 

growing in more than 60 other countries throughout the world (Salim et al., 2002). Mango and 

mango products such as puree, nectar, pickles, canned slices and chutneys are popular worldwide 

(Schieber et al., 2003). In Kenya, two types of mango are grown, the local and the exotic or 

improved varieties and about 50 mango varieties have been documented (Kehlenbeck, et al., 

2010). Mango is one of the high potential fruits in Kenya, suitable for different agro-ecological 

zones ranging from sub-humid to semi-arid (Griesbach, 2003). In 2005, Kenya produced about 

250,000 metric tons of fresh mango fruit (HCDA, 2008). This amount almost doubled to about 

450,000 metric tons in 2008, due to expansion of mango area as well as increasing productivity. 

However, only 1,800 metric tons of the mango produced were exported in 2009 (HCDA, 2010).  

The world trade in mangoes has been increasing over the years, and both exports from 

Kenya and local consumption is growing. The world market continues to become more price-

competitive in spite of postharvest challenges e.g. losses caused by diseases (HCDA, 2011). 

Mango is one of the most popular fruits all over the world as it has attractive color, delicious 

taste and excellent nutritional properties. However, mangoes are climacteric and ripen rapidly 

after it is harvested, that limits its storage, handling and transport potential (Mitra and Baldwin, 

1997). It’s an easy access to infection during the storage, and an imbalance in its production and 

consumption during the harvesting season leads to considerable postharvest losses (Zeng et al., 

2006). Therefore, the current postharvest research focusing on mangoes aims at not only 

prolonging the shelf life of the fruit but also slowing down the ripening process while keeping 

quality and flavor up to the required level.  Coating of the fruit just after the harvesting process is 

becoming popular in this respect (Malik and Singh, 2005). However, the possible health risks 

associated with the residue of the coating material like fungicides are reducing the scope of 

coatings (Charles et al., 1994). To overcome such issues, edible coatings as an alternative option 

has been tried to extend the shelf life and improve appearance (Hoa et al., 2002; Martinez-
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Romero et al., 2006; Serrano et al., 2006; Dang et al., 2008). Anthracnose, caused by 

Colletotrichum gloeosporioides (Penz.) is the major postharvest disease of mango in all mango 

producing areas of the world (Dodd et al., 1997). The disease occurs as quiescent infections on 

immature fruit and the damage it incites is more important in the postharvest period (Dodd et al., 

1997). However, the use of fungicides is increasingly being restricted due to public concerns 

over toxic residues. Moreover, fungicides are unaffordable for many mango growers in 

developing countries (Dodd et al., 1989). Postharvest control of mango anthracnose could also 

be accomplished by hot water treatment of fruits, alone or in combination with chemicals (Dodd 

et al., 1997). Precise control of temperature and time is critical, as fruits can be easily be 

damaged by overexposure to heat (Arauz, 2000). 

Aloe vera is a tropical or subtropical plant characterized by lance-shaped leaves with jagged 

edges and sharp points. Aloe vera contains two major liquid sources, yellow latex (exudates) and 

clear gel (mucilage). Yellow latex is mainly composed of aloin, aloe-emodin and phenols. The 

mucilaginous jelly from the parenchymal cells of the plant is the aloe vera gel (Hamman, 2008). 

Aloe vera can provide many benefits to human health. The gel works better through a 

combination of mechanisms. Composed mostly of polysaccharides, the gel appears to act as a 

natural barrier to moisture and oxygen which can speed up food deterioration. The gel can also 

enhance food safety (Ergun and Satici, 2012). Aloe vera gel appears to contain various antibiotic 

and antifungal compounds that can potentially delay or inhibit microorganisms that are 

responsible for food borne illness in humans as well as food spoilage. Recently, the use of Aloe 

vera gel as an edible surface coating has been reported to prolong the shelf life and to delay the 

changes in the parameters related to deterioration of quality in sweet cherry and table grapes 

(Martinez- Romero et al., 2006; Serrano et al., 2006). In addition, gels derived from A. vera were 

shown to exhibit antifungal activity against four common postharvest pathogens: Penicillium 

expansum, Penicillium digitatum, Botrytis cinerea and Alternaria alternate (Saks and Barkai-

Golan, 1995). The yellow latex (exudate) and a clear gel (mucilage) which exudes from the large 

leaf parenchymatic cells of Aloe vera has been used for centuries for its medicinal and 

therapeutic properties (Eshun and He, 2004). 

Temperature, on the other hand, is an important component that affects quality of mango. 

Low temperature storage has been used in the enhancement of shelf life and quality maintenance 

in various fruits. The extension of storage life under cool temperature is due to the reduction in 
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respiration rate and lowering the production of ethylene. However, due to its tropical origin, 

mango is susceptible to chilling injury at lower temperatures. Storing mango at 13°C has been 

demonstrated to extend the post-harvest life of mangoes. However, temperature below 10°C 

causes chilling injury and above 15°C leads to shorter post-harvest storage life (Ezz and Awad, 

2011).  

1.2 Statement of the Problem 

International and domestic trade in mangoes has been limited because of its highly 

perishable nature and its susceptibility to low temperature injury, physical injury and post-

harvest diseases (Rajkumar et al. 2008). Under tropical conditions, green, physiologically mature 

mango fruits ripen within 6-7 days of harvest at 20-25°C and become overripe and spoiled within 

15 days after harvest. This short period seriously restricts long distance marketing of the fruit. 

Sensitivity to disease and low temperature, and perishability due to ripening followed by 

softening of the fruit, limit its potential in terms of storage, packaging and transport. Because of 

these reasons, its commercialization in distant markets is seriously limited. Mangoes are a 

climacteric fruit with a limited shelf life, the quality of the fruit rapidly decreases once fully ripe. 

The fruits being a seasonal commodity, they create a glut during in and become scarce during the 

off season. Methods to extend fresh fruit shelf life have included holding fruits at reduced 

storage temperature, use of surface coatings, and modified and controlled atmospheres, yet no 

studies have demonstrated the use of Aloe vera natural plant extract based on its antifungal 

properties on enhancement of shelf life and quality of mango fruits.  

1.3 Justification of the Study 

Mango is a popular and economically important tropical fruit throughout the world, due 

to its excellent visual (bright colour) eating (sweet taste and luscious flavour) and nutritional 

composition (vitamins, minerals, fibre, and other phytochemical compounds) qualities. But the 

fruit is highly perishable and utmost care is required in handling to reduce postharvest losses. 

Surface coatings are used to delay ripening and prolong the storage life of a produce. Edible 

coatings are a simple, environmentally friendly and relatively inexpensive technology that can 

delay ripening of climacteric fruits, delay color changes in nonclimacteric fruits, reduce water 

loss, reduce decay and improve appearance. Fruits treated with these surface coatings have been 

reported to have longer shelf life and a delayed onset of fungal infection. Due to the very high 
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nutritive value of mango fruit, it is necessary to deploy modern methods and environmentally 

friendly methods to extend the shelf life for better distribution for off-season use. The use of 

Aloe vera natural plant extract seems to be appropriate and environment friendly, and an easy 

option for prolonging the shelf life and reducing postharvest disease problems. 

1.4 Objectives 

1.4.1 General Objective 

To enhance shelf life and maintain quality of mango fruit by use of aloe leaf extract and 

temperature manipulation. 

1.4.2 Specific Objectives 

1. To determine the effects of aloe leaf extract surface coatings on shelf life, quality and 

anthracnose disease incidents on mango fruit. 

2. To determine the effect of varying storage temperature on shelf life, quality and 

anthracnose disease incidents on mango fruit. 

3. To assess the interaction effects of aloe leaf extract surface coating and varying storage 

temperature on shelf life, quality and anthracnose disease incidents on  mango fruit. 

1.5 Hypotheses 

1. Aloe leaf extract surface coatings have no effect on shelf life, quality and anthracnose 

disease incidents on mango fruit. 

2. Varying storage temperature has no effect on shelf life, quality and anthracnose disease 

incidents on mango fruit. 

3. There are no interactions between aloe leaf extract surface coating and varying storage 

temperature on shelf life, quality and anthracnose disease incidents on mango fruit. 
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CHAPTER TWO 

  LITERATURE REVIEW 

2.1 Overview of Postharvest Handling of Mango 

During the postharvest period, fruits deteriorate rapidly, the main causes being weight 

loss, colour changes and softening, which are accompanied by occurrence of decay mainly due to 

fungi in the species of genera Penicillium, Botrytis, Monilia among others (Valero and Serrano, 

2010). Fruit decay is the main postharvest problem, since fungal spoilage can cause great 

economic losses, although rot occurrence and severity depend on fruit type. 

To extend the shelf life of fresh mango fruit, several loss reduction techniques have been 

used. Low-temperature storage is the most common method for extending the storage life of 

fruits and vegetables; however, its full advantage cannot be realized for mango fruit because of 

its sensitivity to low chilling temperatures. Low temperatures prevent the normal metabolism of 

mango fruit tissue, and the complex biochemical reactions associated with respiration continue in 

alternative pathways (Snowdon, 1990). Different cultivars vary in susceptibility to chilling injury 

(Ezz and Awad, 2011) but, generally, the green fruit may be stored at 10–15ºC, while ripe fruits 

are able to tolerate lower temperatures (Medlicott et al., 1990).The optimum temperature for 

mango storage is between 12ºC and 13ºC (Sawant et al , 2009). 

Controlled-atmosphere (CA) storage can also be used to extend the shelf life of mangoes 

(Mitra, 1997). Controlled atmospheres reduce respiration rate by lowering O2 levels and 

elevating CO2 in the storage chamber, and consequently delays senescence. However, increased 

ethanol production and flavor problems that accrue because of anaerobic respiration under CA 

have been reported (Lakshminarayana and Subramanyam, 1970). Bender et al. (1994) reported 

that a 5% O2 in combination with higher levels of CO2 (10% and 25%) reduced ethylene 

production during 3 weeks of CA storage of mango at 12ºC. For long-term storage of mango, 

hypobaric (low pressure) storage has also been studied. Storage of Irwin, Tommy Atkins and 

Kent mangoes at a pressure of 76–152 mm Hg at 13ºC with 98–100% relative humidity (RH) for 

up to 3 weeks resulted in a higher percentage of acceptable fruit, which took longer to complete 

their ripening after removal to normal pressure than those stored at 760 mm Hg. (Spalding and 

Reeder, 1977). Post-harvest calcium treatment by vacuum infiltration has been shown to delay 

ripening in mango (Wills et al., 1988) by 12 and 8 days when pressure (115 kPa for 2 min) or 
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vacuum infiltration (32 kPa) with CaCl2 solution (2–8%) was applied. However, vacuum 

infiltration of Ca2+ caused peel injury in mango (Yuen et al., 1993). 

Some surface coatings have been used on mangoes and other tropical fruits like avocado, 

with varying degrees of success. Aqueous wax emulsions consisting of vegetable (sisal, sugar 

cane and carnauba) waxes and mineral petroleum with and without shellac and emulsifiers were 

reported to increase the storage life of mangoes (Dalal et al., 1971). Polysaccharide-based 

coatings have also shown some benefits for extending the shelf life of mangoes. When coated 

with 0.75–1% TAL Prolong and stored at 25ºC, mango fruits showed retarded ripening and 

increased storage life (Dhalla and Hanson, 1988). Baldwin (1994) also reported reduced weight 

loss in the coated fruit compared with uncoated controls and increased ethanol formation in fruit 

pulp after 13 days with 1% TAL Prolong. Nature Seal TAM, cellulose based coating, was also 

reported to delay ethylene production in coated mangoes stored at 21ºC (Mitra, 1997). 

2.2 Effects of Natural Extracts Coating on Shelf Life and Quality of Mango Fruit 

A number of studies have been conducted demonstrating that edible coatings can be used 

as a less costly modified atmosphere package to provide some control of ripening and 

enhancement of storage life in fruits. Aloe vera is mainly composed of polysaccharides (malic 

acid-acetylated carbohydrates (including 1, 4-g1ucomannans) (Esua and Rauwald, 2006) and has 

been recently explored as an edible surface coating owing to its antifungal activity. Dang et al. 

(2008) evaluated Semperfresh, and Aloe vera gel coatings on ‘Kensington Pride’ mangoes. They 

observed a few days ripening delay due to Semperfresh, and Aloe vera gel coatings; however 

these coatings also reduced the fruit aroma volatile development during ripening. Kittur et al. 

(2001) found that starch, cellulose, and chitosan-based coatings on ‘Alphonso’ mangoes were 

more effective in delaying ripening than Waxol.  

Edible coatings are mainly used for reducing gas exchange and therefore weight loss 

during transport or storage (Donhowe and Fennema, 1994). In a study by Mart´ınez-Romero et 

al., 2006, A. vera gel retarded moisture loss and reduced respiration rates in sweet cherry. They 

found out that, during cold storage, uncoated fruit showed increases in respiration rate, rapid 

weight loss and colour changes. In another study (Hoa et al., 2002), it was found that the coating 

TFC213 (carnauba-based) reduced weight loss and extended the storage time of mango fruits at 

ambient temperature, 12˚ C, 80% RH. Kittur et al. (2001) used different polysaccharide 

composite coatings (cellulose, starch and chitosan) on mango fruits and noticed that coated 



 

7 

 

mangoes showed the least weight loss. Slower rate of weight loss in coated mangoes can be 

attributed to the added barrier properties (Schreiner et al., 2003). According to Hoa et al. (2001), 

for all coated mangoes, there was a retardation of chemical changes including pH, TA and 

TSS/TA during storage compared with the uncoated controls, whereas changes in TSS were 

inconsistent. Baldwin et al. (1999) observed a delayed decrease in acidity for ’Tommy Atkins’ 

fruit coated with HPC, but not carnauba wax. With respect to firmness, A. vera treatment was 

also effective in maintaining sweet cherry firmness (Mart´ınez-Romero et al., 2006). Mangoes 

and bananas treated with polysaccharide-based coatings have been shown to have better firmness 

values than those treated with ‘Waxol’ (a commercial product) and untreated control fruit, with 

retardation of colour development (Kittur et al., 2001). Although the coating made by edible 

materials may not be risky for health, up to some extent, several other problems like change 

intaste, flavor, etc., have been noticed (Kittur et al., 2001; Hoa et al., 2002). 

Chitosan is a high molecular weight cationic polysaccharide, normally obtained by 

alkaline deacetylation of chitin found in the exoskeleton of crustaceans, in fungal cell walls and 

in other biological materials. Chitosan has been used as an ideal semipermeable coating on 

several fruits to extend storage life such as strawberry (El Ghaouth et al., 1991), litchi (Zhang 

and Quantick, 1997), peach (Li and Yu, 2001), table grape (Romanazzi et al., 2002), mango 

(Kittur et al., 2001; Srinivasa et al., 2004) and citrus (Chien et al., 2007). A number of other 

studies (e.g., Srinivasa et al., 2002 and 2004; Wang et al., 2007) have also observed that chitosan 

coatings can delay the ripening of mangoes by several days. Also Zhu et al., 2008) found out that 

weight loss in the mango fruits was reduced by coating with chitosan during storage. 

  

2.3 The Effect of the Natural Extracts Coating on Anthracnose Disease in Mango 

 The most serious disease problem for mango growers is anthracnose caused by 

Colletotrichum gloeosporioides (Penz.) because it can attack various parts of trees and can 

survive as latent infections on fruit. Synthetic fungicides are commonly used to control pre- and 

post-harvest anthracnose diseases. Hot benomyl (methyl [1-[(butylamino) carbonyl]-1H-

benzimidazol-2-yl] carbamate) dips effectively control postharvest anthracnose diseases, but a 

buildup of pathogen resistance may occur (Pitkethley and Conde, 2007).  Synthetic fungicides 

have been found unacceptable for consumers due to the presence of fungicide residues (Sanders 
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et al., 2000). As a result, the use of natural antifungal compounds from plants to control mango 

fruit anthracnose disease has been investigated (Kumpoun et al., 2005). 

The antimicrobial properties of plant extracts from various species have been proven to 

affect fungal development in vitro and in vivo (Montes-Belmont et al., 2000). Spore formation 

and germination, mycelia growth and infection can sometimes be stimulated or inhibited by plant 

extracts (Bautista-Ban˜ os et al., 2000). 

The application of A. vera gel has been proved to maintain quality and reduce decay 

symptoms in table grape and sweet cherry (Valverde et al., 2005b; Martínez-Romero et al., 

2006; Serrano et al., 2006), although the fungi responsible for decay were not determined. 

However, early reports have shown that Aloe vera extracts reduced spore survival by 15–20% for 

Penicillium, Botrytis and Alternaria (Saks and Barkai-Golan, 1995), and accordingly Aloe 

reduced by 22–38% the mycelium growth of other plant pathogenic fungi such as Rhizoctonia, 

Fusarium and Colleotrichum (Jasso de Rodríguez et al., 2005), showing a limitation in 

controlling possible fungal infections. Aloe vera gel was used to coat table grapes and it extended 

shelf life by 35 days at 1ºC. The gel worked as a barrier to O2 entry and CO2 exit, creating a MA, 

and acted as moisture barrier, and thus reduced weight loss, browning, softening, and growth of 

yeast and molds.  

Chitosan, a natural polysaccharide is an established coating material with antifungal 

activity and has shown direct antifungal activity against several fungi by inhibiting the mycelia 

growth and spore germination, and inducing morphological changes of the hyphae (Bautista-

Baños et al. 2006). Previous studies have indicated that chitosan coating inhibited infections of 

postharvest pathogens on strawberry (El Ghaouth et al.,1992), litchi (Zhang and Quantick, 

1997), table grape (Romanazzi et al.,2002) and citrus (Chien et al.,2007) during storage. The 

study by Zhu et al. (2008) also showed that the disease progress in the mango fruits inoculated 

with C. gloeosporioides was effectively inhibited by the treatment with chitosan coating. 

2.4 Effects of Storage Temperature on Postharvest of Mango 

 Mango ripens with good quality characteristics at 25ºC with 8 days and become overripe 

and spoiled within 15 days (Sousa, 2002). However, refrigeration is often used during storage 

and transportation of mature green mango fruits in an effort to extend shelf life and improve 

quality with some success. Cold temperature storage affects several quality characteristics of 
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mango fruits during storage and during subsequent ripening at normal temperatures. Low 

temperature storage effects carotenoid composition by inhibiting development of total 

carotenoids. In a study conducted by Thomas (1975), mangos stored at 7ºC for 16 days and then 

allowed to ripen at room temperature produced 22-53% less carotenoids than those mangos 

allowed to ripen normally. Low temperature storage has also been found to decrease aroma, 

flavor, and overall quality upon ripening (Medlicott et al., 1990). Low temperature storage is 

also associated with an increase in physiological disorders. Mango fruit stored at temperatures 

between 5ºC and 10ºC for extended periods of time exhibit chilling injury (Ezz and Awad, 

2011). 

 Chilling injury is characterized by surface and internal browning, pitting, water soaking, 

uneven ripening, failure to ripen, development of off-flavors and off-aroma, and increased 

incidence of surface mold and decay (Kader, 2002). Although chilling injury is the result of cold 

temperature storage, symptoms of this physiological disorder often do not appear until after the 

commodity has been returned to room temperature and normal ripening begins. The extent of 

chilling injury symptom development is influenced by temperature, length of storage, and 

maturity of the fruit (Lizada, 1991). Immature mango fruit have been found to exhibit a higher 

tolerance to cold temperature storage and chilling injury than mature fruit; however, chilled 

immature fruit fail to develop full ripeness characteristics such as color development and loss of 

firmness once transferred to normal ripening temperatures (Medlicott et al., 1990).Cold 

temperature storage may influence ripening characteristics through the ethylene controlled 

climacteric period. Lederman et al. (1997) found no direct connection between mango chilling 

injury and changes in ethylene production, but concluded that cold temperature stored mangos 

displayed an increased ability to converted added ACC, the biosynthesis precursor of ethylene, to 

ethylene. 

Storage of fruits at temperatures below the critical temperature may cause chilling injury 

to fruits. Storage of mango fruit below 10ºC usually causes chilling injury, such as pitting on the 

surface and darkening and softening of the tissues (Hulme, 1971). Dipping of mango in hot water 

controlled chilling injury during low temperature storage. The enhanced chilling was associated 

with higher fruit TSS content (Mukherjee and Srivastava, 1979). Chilling injury was also 

observed to cause leakage of metabolites such as amino acids, sugars and mineral salts from the 

cell structure (Wills et al., 1981). In a study done in Egypt using two mango cultivars stored at 8, 
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10 and 13ºC, it was found that keeping quality in was enhanced in low temperature and 

decreased with increasing temperature degree. Both cultivars had longer storage life under 13˚C 

(Ezz and Awad, 2011). 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Research Site 

The postharvest study was carried out in a laboratory at Egerton University Njoro in the 

Department of Crops, Horticulture and Soils, Kenya. The Egerton University lies at a latitude of 

0º 23’ South, longitude 35º35’ East, altitude of approximately 2,238 meters a.s.l in the Lower 

Highland 3 (LH3) agroecological zone (Jaetzold and Schmidt, 1983). The recorded annual means 

average maximum and minimum temperatures are 19ºC to 22ºC and 5ºC to 8ºC, respectively. 

3.2 Materials 

 Mango: The variety Ngowe was used. Ngowe is a polyembronic variety with long slender 

fruits. The skin colour is orange yellow when ripe and is a mid-season fruit. The fruit has little 

fibre and has excellent eating quality but it is susceptible to anthracnose. All the fruits that were 

used in this study were acquired from a grower in Masii in Machakos County, Kenya. The fruits 

were harvested at the mature green stage. The mature green fruits were without any visible 

blemish. The fruits were transported to the laboratory in open baskets within the same day. 

 Aloe vera: The leaves of A. vera were harvested from Lare in Nakuru County. Only the fully 

extended mature leaves were harvested. The leaves were then stored in plastic paper and 

transported to the laboratory within the same day. 

 Chitosan: Crushed chitosan powder industrial grade was purchased from Kobian Chemicals 

Nairobi. Chitosan is a low acetyl form of chitin mainly composed of glucosamine, 2-amino-2- 

deoxy-b-D-glucose. 
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Figure 1: Aloe vera plants growing in the field in Lare area, Nakuru County 

3.3 Preparation of coating solutions 

Aloe gel was obtained from fresh aloe leaves, the matrix was separated from the outer 

cortex of leaves and the colourless hydroparenchyma was homogenized in a blender. The 

resulting mixture was filtered using Watman filter paper number 100 to remove the fibres. The 

liquid constituted fresh aloe vera gel. The gel matrix was pasteurized at 70ºC for 45min. For 

stabilizing, the gel was cooled immediately to an ambient temperature and 4.5g ascorbic acid 

was added; 4.5g citric acid was then added to adjust the pH to 4.  

To prepare chitosan coating, 1% Chitosan (Kobian Chemical Co.) was dissolved in a 

0.5% glacial acetic acid and distilled water. The pH value of the Chitosan solution was then 

adjusted to 5.6 using 0.1M NaOH. 
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3.4 Application of Treatments and Experimental Design 

The coating solutions constituted Aloe vera gel dilutions, prepared with distilled water 

(aloe gel (0%) as a negative control, aloe gel (25%), aloe gel (50%), aloe gel (75%), and chitosan 

(1%) as a control). Aloe gel (50%) was found to be effective in maintenance of quality and 

enhancement shelf life in papaya fruits. The fresh fruits were dipped completely into the coatings 

solutions at room temperature for 25 min. The fruits were allowed to drain and then dried at 

room temperature to allow a thin film layer to be formed on the fruits. The fruits were then 

stored at room temperature (temperature varied between 15 and 22°C) and at 13ºC (optimum 

storage temperature for mangoes). Four hundred mature, green fruits, without any visible 

blemish, were brought to the lab and the pedicels were removed.  The fruits were then randomly 

divided into eight lots of twenty fruits each. The first lot constituted the positive control and was 

coated with chitosan. The second, third, fourth and fifth lots were coated with Aloe vera gel at 

concentrations 0%, 25%, 50% and 75% respectively and stored at room temperature or at 13ºC 

(Figure 2 and Figure 3). The experiment was laid out in a 5 by 2 factorial experiment embedded 

in a completely randomized design with three replications. Various parameters were evaluated at 

4 day intervals until the overall acceptability became unsatisfactory for each lot of samples (The 

fruit was considered as waste when it was infected by disease and/or its firmness value is less 

than 2). The parameters that were assessed included: percentage weight loss, peel and flesh 

colour change, pH, titratable acidity, total soluble solids (TSS), firmness, Vitamin C content, and 

degree of anthracnose incidents. Data was collected from three fruits for each parameter in each 

tray. 
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Figure 2: Mango fruits at room temperature (Room storage temperature varied 

between 15 and 22°C). 
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Figure 3: Mango fruits at 13oC temperature 
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Table 1: Description of Treatments and Treatment combinations 

Treatment Description 

A1T1 Mango coated with chitosan at room temperature ( Positive 

control) 

A1T2 Mango coated with chitosan at 13C 

A2T1 Mango coated with aloe gel (0%) at room temperature 

(Negative control) 

A2T2 Mango coated with aloe gel (0%) at 13C 

A3T1 Mango coated with aloe gel (25%) at room temperature 

A3T2 Mango coated with aloe gel (25%) at 13C 

A4T1 Mango coated with aloe gel (50%) at room temperature 

A4T2 

A5T1 

A5T2 

Mango coated with aloe gel (50%) at 13C 

Mango coated with aloe gel (75%) at room temperature 

 Mango coated with aloe gel (75%) at 13C 
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Figure 4: Experimental layout 
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3.5 Pathogen culture 

The fungal pathogen, C. gloeosporioides was isolated from infected mango fruit cv. 

‘Ngowe’ showing the typical symptoms of the disease. Infected materials were placed in 

humidity chambers and after 72 hours mycelia was collected to observe the typical structures of 

fungi following the manual for identification of fungal species published by Barnett and Hunter 

(1972, 241 p.). Fungal cultures were maintained in the common nutrient medium of potato 

dextrose agar (PDA) for 10 days at 25ºC. 

Pathogenicity test 

The isolated fungus C. gloeosporioides was investigated for its pathogenicity on healthy 

mature green mango fruits. Surface sterilized fruits were wounded at one of peel region with a 

sterilized (autoclaved) cork borer (5 mm diameter) into 1 to 2 mm depth. The wounded fruits 

were inoculated with a disc of mycelia and the control was not inoculated with disc of mycelia. 

The inoculated fruits were put in sterilized box at 25ºC. The diameter of lesions (mm) was 

measured for evaluation of anthracnose rot for 10 days. 

3.6 Inoculation and incubation 

The mango fruits were surface-sterilized in 1% sodium hypochlorite solution for 15 min, 

washed, dried and prepared for inoculation by inflicting one 1-mm-deep wound in the middle of 

each fruit with a sterile cork borer. Each wound was then inoculated with the pathogen C. 

gloeosporioides by inoculating a disc of mycelia. The inoculated fruit was incubated in a sterile 

box overnight at 22ºC before dipping in (0%) as a negative control, aloe gel (25%), aloe gel 

(50%), aloe gel (75%), and chitosan (1%) treatments. Then, the treated fruits were incubated in a 

moist plastic box at 22ºC for 5 days and disease developments were assessed by measuring the 

diameter of the anthracnose lesion on mango fruits. Each treatment was tested in three replicates. 

3.7 Data collection 

3.7.1 Weight loss: Three fruits in each replication for each treatment were marked before 

storage, and weighed using a digital balance (EK-600H, Japan). The same fruits were weighed at 

the beginning of the experiment and at the end of each storage period. The results were 

expressed as the percentage loss of initial fruit weight 
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3.7.2 Degree and rate of anthracnose incidents: Anthracnose severity was assessed by 

measuring the diameter of  anthracnose lesions on mango fruits and ranked by use of scale 1–5 

where 1=0% of fruit surface rotten, 2=1–25%, 3=26–50%, 4=51–75% and 5=76–100%) . 

3.7.3 Total soluble solid (TSS): Total soluble solids was determined using hand held 

refractometer (0-30 ºBrix) (RHW refractometer, Optoelectronic Technology Company Ltd. UK). 

3.7.4 Firmness: A mango fruit from each treatment was used to determine fruit firmness using a 

hand held penetrometer (model 62/DR, UK) with 8 mm diameter probe. The results were 

reported in Kg Force. 

3.7.5 pH: This was measured with a standard calibrated pH meter (Adwa Company.).This 

measurement was made on juice expressed from flesh of the whole fruit filtered through filter 

papers 

3.7.6 Titrable acidity: Was determined by titrating 100 mL of juice against sodium hydroxide 

having concentration of 0.1 N (AOAC 2000). TA expressed as the percentage of citric acid per 

100 g fresh mass  

 

 

NB: Acid factor of mango is 0.064 

  

3.7.7 Vitamin C content: This was determined by titrating 10 g of mixed pulp sample against 

the standard 2, 6 dichlorophenol dyes following the procedure outlined in AOAC (2000).  

 

 

 

3.7.8 Colour: Peel color was measured at the equator on opposite cheeks of the fruit. Flesh color 

was measured in the center of one cut cheek. Both peel and flesh colours were measured using 

portable whiteness colourimeter (WSD-3 TYPE). Measurements were recorded using standard 

Hunter L a b chromatic system and were expressed as lightness (L), greenness (-a), redness (+a) 

yellowness (+b), blueness (-b) colour space coordinates. The instrument was calibrated with a 
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standard white ceramic tile and black tile and set up for D65 as illuminate and a 10º observer 

angle. 

3.8 Data Analysis 

In this study all shelf life and quality variables were considered dependent while the 

coatings and temperature were considered independent. The data collected was subjected to 

Analysis of Variance (ANOVA) at P ≤ 0.05, using PROC GLM code of SAS (version 9, 2005) 

and means for significant treatments separated using the Tukey’s Honestly Significant Different  

Test at P ≤ 0.05 and t- Test at P ≤ 0.0001. The model for analysis was; 

 

Yijk= μ+ πi+ βj + (πβ)ij + εijk   i=1, 2, 3, 4, 5 

      j=1, 2 

      k=1, 2, 3 

Where μ is the overall mean 

 Yijk is the mango response 

πi   is the effect of the ithrate of aloe gel 

 βj  is the effect of the jth rate of temperature 

πβij is the interactive effect due to the ithrate of aloe gel and the jth rate of temperature 

εijk  is the random error component 
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CHAPTER FOUR 

RESULTS 

4.1 Weight Loss 

4.1.1. The Effects of Aloe vera Gel Coatings on Weight Loss 

Fruits in all the treatments lost weight throughout the entire storage period (Fig. 5) 

irrespective of the coatings. At day four, there was significant difference (P < 0.05) between the 

negative control (0% Aloe vera gel) and the other treatments but there was no significant 

difference among 25, 50 and 75% Aloe vera gel concentrations and those coated with 1% 

chitosan (the positive control). Mango fruits coated with 0% Aloe vera gel lost 5.2% weight 

while other treatments 25, 50, 75% and chitosan lost 3.1, 2.6, 1.9 and 3.2% respectively. 

At day eight, 75% Aloe vera gel was the most effective in reducing weight loss followed 

by 50% while the 0% aloe had the highest weight loss. Mango fruits coated with 0% Aloe vera 

gel lost 10.1% weight while other treatments 25, 50, 75% and chitosan lost 7.1, 5.9, 4.4 and 6.9% 

respectively. At day twelve, there was significant difference between the control and 50 and 75% 

Aloe vera gel treatments.  Seventy five percent Aloe vera gel had the lowest weight loss. Mango 

fruits coated with 0% Aloe vera gel lost 13.0% weight while other treatments 25, 50, 75% and 

chitosan lost 10.8, 8.3, 7.4 and 11.6% respectively. 

At day sixteen, there were significant effects between the control and 25, 50 and 75% 

Aloe vera gel treatments. The negative control had the highest weight loss though it was not 

significantly different from Chitosan. Mango fruits coated with 0% Aloe vera gel lost 60.6% 

weight while other treatments 25, 50, 75% and chitosan lost 49.3, 47.3, 41.9 and 52.5% 

respectively. At day twenty, 0% Aloe vera gel had the highest weight loss while 75% Aloe vera 

gel had the lowest weight loss among the other treatments. Mango fruits coated with 0% Aloe 

vera gel lost 70.6% weight while other treatments 25, 50, 75% and chitosan lost 50.8, 49.3, 45.3 

and 55.7% respectively. 

Generally weight loss was lowest in day four, eight and twelve with a sharp increase 

between day twelve and sixteen. After day sixteen, weight loss was highest only in the 0% Aloe 

vera treatments. 
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Figure 5: Effect of different Aloe vera gel concentrations on weight loss of mango fruits var. 

‘Ngowe’. 

4.1.2 Effect of Storage Temperature on Weight Loss 

The results indicated that weight loss of fruits was significantly lower (P≤0.0001) for 

fruits stored at 13°C, as compared with those at room temperature (Table 2). At day four, fruits 

stored at room temperature had the highest weight loss (4.1%) while fruits stored at 13°C had the 

lowest (2.3%) and there was significant difference between the two storage temperatures. On day 

eight, the fruits stored at 13°C had the lowest weight loss (5.4%) while those at room 

temperature had the highest weight loss (8.4%). 

 Similar observations were made for day twelve and day sixteen, fruits under room 

temperature were terminated because the overall acceptability was unsatisfactory. At day twenty 

the percentage weight loss was 54.3% and the fruits were terminated. 

Generally, increase in storage temperature significantly increased weight loss in both 

trials. The lowest weight loss was storage temperature at 13°C.There were significant effects 

between room temperature and13°C throughout the storage period. 
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Table 2: Effect of storage temperature on weight loss 

Storage 

temperature 
  

Weight loss   

(%) 
  

                                                    Storage time (Days) 

 
4  8  12 16  20 

 

Room 

temperature 
4.1a* 8.4a 13.1a 52.3a 

 

13°C 2.3b 5.4b 7.3b 48.4b 54.3 

*Means followed by the same letter between temperature treatments in a given day are not 

significantly different according to t- test (P≤0.0001). 

*Room storage temperature varied between 15 and 22°C. 

4.1.3 Interactive Effects of Aloe vera Gel Coatings and Storage Temperature on 

Weight Loss 

Aloe vera gel concentrations at 50 and 75% at 13°C significantly (P≤0.05) reduced 

percentage weight loss (Table 3). At day four, mango fruits coated with 0% Aloe vera gel and 

stored at room temperature (A2T1) had the highest weight loss (5.5%) while those coated with 

75% Aloe vera gel and stored at 13°C (A5T2) had the lowest weight loss values (1.5%). 

However there was no significant difference between A5T2 and those coated with 50% Aloe 

vera gel and stored at 13°C (A4T2). At day eight, fruits coated with 0% Aloe vera gel and stored  

at room temperature (A2T1) had the highest weight loss (10.6%) while those coated with 75% 

Aloe vera gel and stored at 13°C (A5T2) had the lowest weight loss value (3.1%) and at day 

twelve similar observations were made. 

At day sixteen, the percentage weight loss was high in all treatments but mango fruits 

coated with 75% Aloe vera gel and stored at 13°C (A5T2) had the lowest weight loss (39.9%) 

followed by those coated with 75% Aloe vera gel at room temperature with 43.8% weight loss.  

Fruits under room temperature were discarded considering the overall acceptability. Generally at 

13°C all fruits coated with Aloe vera treatments, had the lowest weight loss throughout the entire 

storage period. The highest weight loss suppression was achieved with the interaction of the 75% 

Aloe vera gel coating and storage temperature of 13°C.  
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Table 3: Interactive effects of Aloe vera gel concentrations and storage temperature on 

weight loss 

Storage time (Days) 

Treatment 4 8 12 16 

 

A1T1 4.3abc* 8.9ab 14.3ab 54.3abc 

A1T2 2.0de 4.9cd 8.9cd 50.8abcd 

A2T1 5.5a 10.6a 16.6a 61.6a 

A2T2 4.9ab 9.7a 9.3bcd 59.6ab 

A3T1 4.3abc 9.1a 13.5abc 52.0abcd 

A3T2 1.9de 5.2cd 8.2cd 46.7bcd 

A4T1 3.6bcd 7.7abc 11.3bc 49.8abcd 

A4T2 1.6e 4.0d 5.3d 44.9cd 

A5T1 2.5cde 5.7bcd 9.8bcd 43.8cd 

A5T2 1.3e 3.1d 4.9d 39.9d 

*Means followed by the same letter between treatments in a given day are not significantly 

different according to Tukey’s HSD test (P≤0.05) where A1= Chitosan, A2= 0% Aloe vera, 

A3=25% Aloe vera, A4=50% Aloe vera, A5=75% Aloe vera, T1=Room temperature and 

T2=13°C 

*Room storage temperature varied between 15 and 22°C. 

4.2 Total Soluble Solids 

4.2.1The Effects of Aloe vera Gel Coatings on Total Soluble Solids 

 In both trials total soluble solids increased during storage in all treatments but the rate of 

increase in the coated mango fruits was comparatively slower compared to the negative control 

(Figure 6). In trial 1, at day zero there was no significant difference (P≤0.05) between the 

treatments. On day four, fruits coated with 25%, 50%, 75%, Aloe vera gel and those coated with 

chitosan had a significantly lower total soluble solids (TSS) compared with those treated with 

0% Aloe vera gel (Fig. 6). However there were no significant differences among fruits coated 

with 25%, 50%, 75% Aloe vera treatments and chitosan. Mango fruits coated with 0% Aloe vera 
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gel had TSS of 14.9 °brix while other treatments 25, 50, 75% and chitosan had 12.6, 12.6, 11.7 

and 12.0°brix respectively. In day eight, similar observations were as those of day four. 

  At day twelve, the highest total soluble solids (TSS) was observed on fruits coated with 

0% Aloe vera gel and the lowest readings were recorded for fruits coated with 75% .Aloe vera. 

At day sixteen of the storage period, the highest TSS was observed on fruits coated with 0% Aloe 

vera gel and the lowest readings were recorded for fruits coated with75% Aloe vera gel. Mango 

fruits coated with 0% Aloe vera gel had TSS of 21.2 °brix while other treatments 25, 50, 75% 

and chitosan had 18.0, 17.9, 17.5 and 19.1°brix respectively. 

  At the end of storage period (twenty days), fruits coated with 50% and 75% Aloe vera 

gel had the lowest TSS while the control had the highest TSS (20.8). Similar results were 

observed in the 2ndtrial. Mango fruits coated with 0% Aloe vera gel had TSS of 20.83°brix while 

other treatments 25, 50, 75% and chitosan had 18.2, 17.6, 17.3 and 20.4°brix respectively. 

Generally the lowest total soluble solids were recorded in day four, with a reduced increase in 

TSS observed for the rest of the storage period for coated fruits while there was a gradual 

increase in TSS for the negative control treatment in the same period.  

 

 

 

Figure 6: Total Soluble Solids of Mango fruits var. ‘Ngowe’ as affected by Aloe vera gel 

coatings 
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4.2.2 Effect of Storage Temperature on Total Soluble Solids 

The results indicated that the TSS of fruits was significantly lower (P≤0.0001) in fruits 

stored at 13°C, as compared with those stored at room temperature (Table 4). Initially no 

significant difference was observed but at day four, fruits stored at room temperature had the 

highest (13.2°brix) while fruits stored at 13°C had the lowest TSS (12.3°brix) and was 

significant difference in TSS between fruits stored at the two storage temperatures in day four. 

Similar observations were made for day four; twelve and sixteen, fruits under room 

temperature were discarded at day sixteen because their overall acceptability was unsatisfactory. 

At day twenty the TSS was 18.9°brix and the fruits were also discarded. There were significant 

effects between room temperature and 13°C throughout the storage period. Increase in storage 

temperature significantly increased TSS. The lowest TSS was observed for fruits stored at 13°C 

while those stored at room temperature had the highest TSS.  

 

Table 4: Effect of storage temperature on total soluble solids 

Storage time (Days) 

Storage Temperature 0 4 8 12 16 20 

 

Room Temperature 12.8a* 13.2a 16.4a 17.5a 19.8a  

13◦C 12.8a 12.3b 15.5b 16.7a 17.6b 18.9a 

*Means followed by the same letter between temperature treatments in a given day are not 

significantly different according to t- test (P≤0.0001). 

*Room storage temperature varied between 15 and 22°C. 

4.2.3 Interactive Effects of Aloe vera Gel Coatings and Storage Temperature on 

Total Soluble Solids 

Aloe gel concentrations at 50% and 75% at 13°C significantly (P≤0.05) maintained total 

soluble solids (Table 5). At day zero, there was no significant difference between the treatments, 

at day four fruits coated with chitosan as a positive control at 13°C (A1T2) had the lowest TSS 

(11.6°brix) followed by interaction of Aloe vera at 50% at 13°C (A4T2) which had 11.7°brix 

while the lowest TSS value (11.6°brix) was recorded in the interaction between 0% Aloe vera 

and room temperature (15.6°brix). At day eight, mango fruits coated with 0% Aloe vera gel and 
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stored at room temperature (A2T1) had the highest TSS while 50% Aloe vera gel aloe at 13°C 

had the lowest TSS value.  

At day twelve, the interaction between 75% Aloe vera gel and 13°C had the lowest TSS 

value. Day sixteen, TSS was lowest (16.2°brix) for A4T2 treatment while 0% Aloe vera gel aloe 

at room temperature had the highest value (22.2°brix). Fruits under room temperature were 

terminated considering the overall visual quality was unacceptable. Generally at 13°C of all aloe 

treatments had the most reduced increase in TSS and highest TSS was observed in 0% aloe at 

room temperature. 

Table 5: Interactive effects of Aloe vera gel concentrations and storage temperature on total 

soluble solids. 

Storage time (Days) 

Treatment 0 4 8 12 16 

 

A1T1 12.8a* 12.4bc 16.3abc 17.6ab 19.3abc 

A1T2 12.8a 11.6c 15.9abc 17.4ab 18.8abc 

A2T1 12.8a 15.6a 18.2a 19.2ab 22.2 a 

A2T2 12.8a 14.3ab 17.8ab 19.5 a 20.2ab 

A3T1 12.8a 12.8bc 16.5abc 17.9ab 19.5abc 

A3T2 12.8a 12.3b 14.5c 15.8ab 16.5 c 

A4T1 12.8a 13.5abc 15.4abc 16.8ab 19.5abc 

A4T2 12.8a 11.7c 14.2c 15.5b 16.2c 

A5T1 12.8a 11.7c 15.4abc 16.0ab 18.5bc 

A5T2 12.8a 11.8c 15.0bc 15.4ab 16.5c 

*Means followed by the same letter between treatments in a given day are not significantly 

different according to Tukey’s HSD test (P≤0.05) where A1= Chitosan, A2= 0% Aloe vera, 

A3=25% Aloe vera, A4=50% Aloe vera, A5=75% Aloe vera, T1=Room temperature and 

T2=13°C 

*Room storage temperature varied between 15 and 22°C. 
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4.3 Fruit Firmness 

4.3.1. The Effects of Aloe vera gel Coating on fruit firmness 

 There was a decreasing trend in firmness in both coated and uncoated mango fruits 

during the course of storage (Fig.7). Initially there was no significant difference (P≤0.05) 

between the treatments. At day four of the storage period, 50% and 75% Aloe vera gel coated 

fruits had the highest firmness value (13.0 Kg force) while the lowest values were observed in 

fruits coated with 0% Aloe vera gel. Mango fruits coated with 0% Aloe vera gel had average fruit 

firmness of 8.8 Kg Force while other treatments 25, 50, 75% and chitosan had averages of 11.8, 

13.0, 13.0 and 12.8 Kg Force respectively. At day eight, fruits treated with 0% Aloe vera gel had 

the lowest value of firmness (4.8 Kg Force) while 75% Aloe vera gel had the highest value of 

firmness(11.8 Kg Force). 

  At day twelve, there were significant differences among the treatments, 0% Aloe vera gel 

had the lowest fruit firmness value while 75% Aloe vera gel had the highest value. At day 

sixteen, similar observations as to day twelve were made and at the end of the storage period 

(twenty days), 0% Aloe vera gel had the lowest fruit firmness value while those coated with  

75% Aloe vera gel had the highest value. At the end of storage period, mango fruits coated with 

0% Aloe vera gel had firmness of 2 Kg Force while other treatments 25, 50, 75% and chitosan 

had average of 2.8, 3.3, 7.0 and 2.5 Kg Force respectively 

 Generally the results indicated that mango fruits coated with Aloe vera coatings had 

significantly higher firmness compared to those coated with 0% Aloe vera gel concentration in 

both trials. The 75% Aloe vera gel coatings had the highest fruit firmness as compared to others. 

The highest loss in fruit firmness was observed between day four and day twelve of the storage 

period with the negative control having the highest decrease in fruit firmness. 

 



 

29 

 

 

Figure 7: Fruit firmness of mango var.’Ngowe’ as affected by Aloe vera gel coatings 

4.3.2 Effect of storage temperature on fruit firmness 

The results indicated that fruit firmness was significantly higher (P≤0.0001) for fruits 

stored at 13°C, as compared with those at room temperature (Table 6). Initially no significant 

difference was observed but at day four, fruits stored at room temperature had the lowest 

firmness value (11.6 Kg Force) while fruits stored at 13°C had the highest firmness (12.2 Kg 

Force) and there was significant difference between the two storage temperatures. In day eight, 

the same observations to day four were made. 

Similar observations were made for day twelve and day sixteen, fruits under room 

temperature were discarded in day sixteen because their overall acceptability was unsatisfactory. 

At day twenty was 3.5 Kg Force and the fruits were terminated. There were significant effects 

between room temperature and 13°C throughout the storage period. Increase in storage 

temperature significantly reduced fruit firmness. The lowest fruit firmness was observed for 

fruits stored at room temperature and the highest fruit firmness for fruits stored at 13°C.  
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Table 6: Effect of storage temperature on fruit firmness 

 

                                                 Storage time (Days) 

Storage temperature 0 4 8 12 16 20 

Room temperature 13a* 11.6b 7.9b 5.4b 3.1a  

13°C  13a 12.2a 10.2a 7.3a 5.1b 3.5a 

*Means followed by the same letter between temperature treatments in a given day are not 

significantly different according to t- test (P≤0.0001). 

*Room storage temperature varied between 15 and 22°C. 

4.3.3 Interactive Effects of Aloe vera Gel Coatings and Storage Temperature on 

Fruit Firmness 

Aloe vera gel coatings concentrations of 50% and 75% and storage temperature of 13°C 

significantly (P≤0.05) reduced loss of fruit firmness (Table 7). At day zero, there was no 

significant difference between the treatments, at day four Aloe vera coated fruits at 13°C  were 

the firmest (13.0 Kg Force) while the least  in firmness (8.5 Kg Force) was recorded for fruits 

coated with 0% Aloe vera  gel and stored at room temperature (A2T1). 

 At day eight, 0% Aloe vera gel coated mango fruits and stored at room temperature 

(A2T1) had the lowest firmness while those coated with 50% Aloe vera gel and stored at 13°C 

had the highest fruit firmness. At day twelve fruits coated with 75% Aloe vera gel and stored at 

13°C (A5T2) were the firmest. Day sixteen, firmest fruits were those coated with 75% Aloe vera 

gel and stored at 13°C, 0% Aloe vera gel at room temperature had the least firmness (1.5 Kg 

Force). Fruits under room temperature were discarded at day sixteen considering their overall 

acceptability.  

Generally at 13°C all Aloe vera gel coated fruits had the most reduced loss of fruit 

firmness and highest loss in firmness was observed in the interaction between 0% Aloe vera gel 

coatings and room temperature.  
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Table 7: Interactive effects of Aloe vera gel concentrations and storage temperature on fruit 

firmness 

Storage time (Days) 

Treatment 0 4 8 12 16 

A1T1 13.0a* 12.7ab 7.5abcd 4.5cde 2.5c 

A1T2 13.0a 13.0a 10.0abc 7.0bc 3.7bc 

A2T1 13.0a 8.5c 4.3d 3.0e 1.5c 

A2T2 13.0a 9.2c 5.3cd 3.3e 2.8bc 

A3T1 13.0a 10.7bc 6.3bcd 4.0de 2.7c 

A3T2 13.0a 13.0a 11.0ab 5.8cde 4.3bc 

A4T1 13.0a 13.0a 10.5abc 6.7bcd 4.3bc 

A4T2 13.0a 13.0a 12.0a 9.3ab 6.2ab 

A5T1 13.0a 13.0a 11.0ab 9.0ab 4.5bc 

A5T2 13.0a 13.0a 12.5a 11.0a 8.7a 

*Means followed by the same letter between treatments in a given day are not significantly 

different according to Tukey’s HSD test (P≤0.05) where A1= Chitosan, A2= 0% Aloe vera, 

A3=25% Aloe vera, A4=50% Aloe vera, A5=75% Aloe vera, T1=Room temperature and 

T2=13°C 

*Room storage temperature varied between 15 and 22°C. 

4.4 Fruit Juice pH 

4.4.1 Effect of Different Concentrations of Aloe vera Gel on Fruit pH of Mango Fruits 

The pH of the mango juice was found to be gradually increasing during the storage 

period (Fig. 8). Initially there was no significant difference (P≤0.05) but at day four, there was 

significant difference between the treatments. Fruits coated with 50%, 75% Aloe vera  and 

chitosan had the lowest juice pH readings while 0% Aloe vera gel had the highest juice pH 

readings. Mango fruits coated with 0% Aloe vera gel had an average pH of 4.9 while other 

coated treatments i.e 25, 50, 75% and chitosan had averages in pH readings of 3.7, 3.4, 3.4 and 

3.4 respectively. At day eight, fruits treated with 75% Aloe vera gel had the lowest pH value 

(3.6) and 0% Aloe vera gel had the highest pH reading (5.3). 

   At day twelve, fruits coated with 50 and 75% Aloe vera gel had the lowest pH reading 

(4.4) while the control (0% Aloe vera gel) had the highest juice pH value (5.8). For day sixteen, 
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fruits coated with 50% Aloe vera gel had the lowest pH value (4.9) and 0% Aloe vera gel coated 

fruits had the highest pH value (6.1). However in day sixteen there was no significant difference 

between chitosan coated fruits and 50% Aloe vera gel. At day twenty, it was found that 0% Aloe 

vera gel had the highest pH value while those coated with 50% Aloe vera gel had the lowest pH 

value. At the end of storage period mango fruits coated with 0% Aloe vera gel had an average 

juice pH of 6.1 while other treatments 25, 50, 75% and chitosan had averages of 5.5, 5.2, 5.3 and 

5.4 respectively. 

Generally, there was an increasing trend in pH from mild acidic to neutral in all the 

treatments but the rate of increase in coated fruits was slow compared to the negative control. 

 

 

Figure 8: Juice pH of mango fruits var. ‘Ngowe’ as affected by Aloe vera gel coatings 

4.4.2 Effect of Storage Temperature on Fruit Juice pH 

 The results indicated that fruit juice pH was significantly lower (P≤0.0001) for fruits 

stored at 13°C, as compared with those stored at room temperature (Table 8). Initially no 

significant difference was observed but at day four, fruits stored at room temperature had the 

highest juice pH value (3.9) while the lowest pH was recorded for fruits stored at 13°C (3.7). 

However there was significant difference between the two storage temperatures.   

 Similar observations were made for day eight; twelve and sixteen, fruits under room 

temperature were terminated because the overall acceptability was unsatisfactory. At day twenty 

was 5.5 and the fruits were terminated. There were significant effects between room temperature 
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and 13°C throughout the storage period. Increase in storage temperature significantly increased 

the juice pH.  Room temperature storage resulted in the highest pH as compared to fruits stored 

at 13°C. 

Table 8: Effect of storage temperature on fruit juice pH 

                                                                                         Storage time (Days) 

Storage Temperature 0 4 8 12 16 20 

Room Temperature 3.3a* 3.9a 4.2a 5.6a 5.6a  

13◦C 3.3a 3.7b 3.9b 4.8b 4.8b 5.5 

*Means followed by the same letter between temperature treatments in a given day are not 

significantly different according to t- test (P≤0.0001). 

*Room storage temperature varied between 15 and 22°C. 

4.4.3 Interactive Effects of Aloe vera Gel Coatings and Storage Temperature on 

Fruit Juice pH 

 Aloe vera gel concentrations of 50% and 75% interacted with storage temperature of 

13°C resulting in a significantly reduced increase in fruit juice pH (Table 9). At day zero, there 

was no significant difference (P≤0.05) between the fruit coatings; at day four fruits coated with 

Aloe vera at 50%, 75% concentration and chitosan and stored at 13°C had the lowest juice pH 

(3.4) while the highest pH value (5.2) was recorded in the interaction between 0% Aloe vera 

coating and room temperature (A2T1). At day eight, the interaction between 0% Aloe vera gel 

and room temperature storage had the highest juice pH (5.6) while the interaction between 

chitosan and 13°C resulted in the lowest pH value (3.4). 

  At day twelve, fruits coated with 75% Aloe vera gel and at 13°C (A5T2) had the lowest 

pH value (4.2) while the highest pH (6.0) was recorded for A2T1. Day sixteen, pH was lowest 

(4.5) for A4T2 and A1T2 treatments while A2T1 had the highest pH value (6.2). Fruits under 

room temperature were discarded considering their overall acceptability. Generally at 13°C all 

aloe treatments had the most reduced increase in pH while the highest increase was observed in 

mango fruits coated with 0% Aloe vera gel at room temperature.  
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Table 9: Interactive effects of aloe gel concentrations and storage temperature on fruit 

juice pH. 

Storage time (Days) 

Treatment 0 4 8 12 16 

A1T1 3.3a* 3.5e 3.9cd 5.2c 5.3d 

A1T2 3.3a 3.4e 3.4f 4.3de 4.5h 

A2T1 3.3a 5.2a 5.6a 6.0a 6.2a 

A2T2 3.3a 4.7b 5.1b 5.6b 6.0b 

A3T1 3.3a 3.7c 4.1c 5.3c 5.8c 

A3T2 3.3a 3.6d 3.9cd 4.4de 4.7f 

A4T1 3.3a 3.4e 3.7de 4.4de 5.2e 

A4T2 3.3a 3.4e 3.6def 4.3de 4.5h 

A5T1 3.3a 3.5e 3.8d 4.4d 5.3de 

A5T2 3.3a 3.4e 3.5ef 4.2e 4.6g 

*Means followed by the same letter between treatments in a given day are not significantly 

different according to Tukey’s HSD test (P≤0.05) where A1= Chitosan, A2= 0% Aloe vera, 

A3=25% Aloe vera, A4=50% Aloe vera, A5=75% Aloe vera, T1=Room temperature and 

T2=13°C 

*Room storage temperature varied between 15 and 22°C. 

4.5 Titratable Acidity 

4.5.1 The Effects of Aloe vera Gel Coatings on Titratable Acidity 

Mango fruits with coating presented a statistically higher titratable acidity (TA) during 

storage in spite of the slight decrease observed (Fig. 9). TA decreased during storage in all 

treatments but the rate of decrease in treated fruits was comparatively slower compared to the 

control. At day zero there was no significant difference (P≤0.05) between the treatments. The 

initial TA was 1.04% citric acid.  In day four,   fruits coated with 50% and 75% Aloe vera gel 

concentration had a significantly higher TA value compared with those coated with 0% Aloe 

vera gel. Mango fruits coated with 0% Aloe vera gel had TA of 0.81% citric acid while other 

treatments 25, 50, 75% and chitosan had 0.90, 1.02, 1.02 and 0.97% citric acid respectively 

In day eight, fruits coated with 50% Aloe vera gel had a significantly lower value 

compared with those coated with other fruit coating treatments. Mango fruits coated with 0% 
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Aloe vera gel had TA of 0.59% citric acid while other treatments i.e.  25, 50, 75% and chitosan 

had 0.77, 0.95, 0.94 and 0.82% citric acid respectively. For day twelve, the highest TA was 

observed on fruits coated with 75% Aloe vera gel and the lowest readings were recorded for 

fruits coated with 0%Aloe vera gel. Mango fruits coated with 0% Aloe vera gel had an average 

TA of 0.40% citric acid while other treatments 25, 50, 75% and chitosan had 0.64, 0.85, 0.86 and 

0.78% citric acid respectively.  At day sixteen of the storage period, the highest TA was 

observed on fruits coated with 50% Aloe vera gel and the lowest readings were recorded for 

fruits coated with 0% Aloe vera gel. Mango fruits coated with 0% Aloe vera gel had a TA of 

0.30% citric acid while other treatments 25, 50, 75% and chitosan had 0.44, 0.64, 0.63 and 

0.53% citric acid respectively.  At the end of storage period (twenty days), fruits coated with 

50% Aloe vera gel had the highest TA while the control had the lowest TA value. Mango fruits 

coated with 0% Aloe vera gel had TA of 0.0.20% citric acid while other fruit coating treatments 

i.e. 25, 50, 75% and chitosan had 0.54, 0.62, 0.59 and 0.55% citric acid respectively. 

Generally TA was maintained for those fruits coated with 50% and 75% Aloe vera gel in 

both trials. TA decreased gradually in all treatments but the rate was slower in treated fruits 

compared to negative control. 

 

 

 

Figure 9: Titratable acidity of mango fruits var. ‘Ngowe’ as affected by Aloe vera gel 

coatings 
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4.5.2 Effect of Storage Temperature on Fruit Titratable Acidity 

 The results indicated that TA of fruits was significantly higher (P≤0.0001) for fruits 

stored at 13°C, as compared with those stored at room temperature (Table 10). Initially no 

significant difference was observed but at day four, fruits stored at room temperature had the 

lowest TA value (0.92% citric) while the highest TA(0.97% citric acid) was observed at 13°C 

with significant effects of the two storage temperatures. Similar observations were made for day 

eight; twelve and day sixteen.  Fruits under room temperature were discarded at day sixteen 

because the overall acceptability was unsatisfactory.  

At day twenty, TA values of 0.43 and the fruits were discarded. There were significant 

effects between room temperature and 13°C throughout the storage period. Increase in storage 

temperature significantly reduced TA. The lowest TA was observed for fruits stored at room 

temperature and the highest TA observed in fruits stored at 13°C. 

Table 10: Effect of storage temperature on fruit TA (% citric acid) 

*Means followed by the same letter between temperature treatments in a given day within a trial 

are not significantly different according to t- test (P≤0.0001). 

*Room storage temperature varied between 15 and 22°C. 

 

4.5.3 Interactive Effects of Aloe vera Gel Coatings and Storage Temperature on Fruit 

Titratable Acidity 

 

The interaction between Aloe vera gel concentrations at 50% and 75% and storage 

temperature of 13°C significantly maintained TA (Table 11). At day zero, there was no 

significant difference between the treatments. At day four there was significant  interaction 

between fruits coated with Aloe vera at 50% and storage temperature at 13°C (A4T2) having the 

Storage time (Days) 

Storage 

Temperature 

0 4 8 12 16 20 

Room Temperature 1.04a* 0.92b 0.74b 0.75b 0.60b  

13◦C 1.04a 0.97a 0.88a 0.81a 0.58a 0.43 
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highest value of TA (1.04% citric acid) while the lowest value(0.78% citric acid) was recorded 

for fruits coated with  0% Aloe vera at room temperature (A2T1). At day eight, the interaction 

between 0% Aloe vera gel and room temperature (A2T1) had the lowest value (0.46% citric acid) 

and 50% Aloe vera gel aloe at 13°C had the highest TA value (1.00% citric acid) and at day 

twelve, the interaction between 50% Aloe vera gel aloe and 13°C (A4T2) had the highest TA 

value (1.00% citric acid)  

At day sixteen, TA was highest (0.75% citric acid) in the interaction between 75% Aloe 

vera gel aloe and 13°C storage temperature while interaction between 0% Aloe vera gel and 

room temperature had the lowest TA (0.19% citric acid). Fruits under room temperature were 

discarded considering the overall acceptability. Generally at 13°C all Aloe vera treatments had 

the most maintained of TA while the highest reduction in TA was observed in the 0% Aloe vera 

gel and room temperature.  
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Table 11: Interactive effects of Aloe vera gel coatings and storage temperature on fruit 

Titratable acidity 

                                                                              Storage time (Days) 

Treatment 0 4 8 12 16 

A1T1 1.00a* 0.95c 0.77f 0.68g 0.46cd 

A1T2 1.00a 1.00b 0.87d 0.85c 0.58b 

A2T1 1.00a 0.78e 0.46i 0.26j 0.19f 

A2T2 1.00a 0.85d 0.72g 0.55h 0.40e 

A3T1 1.00a 0.85d 0.68h 0.54i 0.42de 

A3T2 1.00a 0.94c 0.85e 0.75e 0.46cde 

A4T1 1.00a 1.01ab 0.90c 0.69f 0.58b 

A4T2 1.00a 1.03ab 1.00a 1.00a 0.71a 

A5T1 1.00a 0.99b 0.90c 0.82d 0.48c 

A5T2 1.00a 1.04a 0.97b 0.91b 0.75a 

*Means followed by the same letter between treatments in a given day are not significantly 

different according to Tukey’s HSD test (P≤0.05) where A1= Chitosan, A2= 0% Aloe vera, 

A3=25% Aloe vera, A4=50% Aloe vera, A5=75% Aloe vera, T1=Room temperature and 

T2=13°C 

*Room storage temperature varied between 15 and 22°C. 

4.6 Fruit Colour 

4.6.1 Peel Colour 

4.6.1.1 The Effects of Aloe vera Gel Coatings Fruit Peel Colour 

The coatings were effective on peel colour change of the mangoes stored under room 

temperature conditions and 13oC (colour change during ripening for this variety of mango is 

from green to yellow). Color changes in peel are presented as L*, a*, b* and were expressed as 

lightness (L*), greenness (-a*), yellowness (+b*), colour space coordinates. Fruits from each 

treatment for both trials registered some changes in chromatic L*, a* and b* colour values during 

the storage period (Figures 10, 11 and 12 respectively).  

 Lightness (L*) increased significantly (P≤0.05) during storage, changes in L* value for 

control (L* values increased from 68.1 to 75.5) which was higher than what was recorded in the 

coated fruits (Fig 10). L* values increased over time irrespective of the coatings from 68.1 to 
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75.5 for negative control, from 68.1 to 74.8 for fruits coated with 25% Aloe vera gel, from 68.1 

to 74.0 for 50% Aloe vera gel coated fruits, from 68.1 to 74.1 for 75% Aloe vera gel coated fruits 

and from 68.1 to 74.0 for chitosan coated fruits while no significant difference (P≤0.05) were 

recorded for chitosan and 50% Aloe vera gel coated treatments at the end of the storage period.  

Chromatic a* value from mango fruits also increased over time irrespective of the 

treatments. There was a gradual significant increase (P≤0.05) in peel a* value beginning on day 

eight (Fig 11). Before the storage, the a* value  was -17.7, and after the storage the value reached 

to -2.9 for negative control fruits, to -8.3 for 25 % Aloe vera gel coated fruits, to -11.2 for 50% 

Aloe vera gel coated fruits,-11.2 for 75% Aloe vera gel coated fruits  and to -10.3 for chitosan 

coated fruits. The increase in a* value was however slower for fruit coated with 50 and 75% Aloe 

vera compared to control or 25% Aloe vera gel treatments.  

 Chromatic b* value similar to L* and a* value for fruits slightly increased over time 

regardless of the coatings, and it was significantly higher (P≤0.05) on day eight for the negative 

control (Fig 12). Initial b* value was 39.6 , afterwards the value gradually increased, reaching to 

46.9 for negative control fruit, to 43.5 for 25 % Aloe vera gel coated fruits, to 42.9 for 50% Aloe 

vera gel coated fruits, 43.1 for 75% Aloe vera gel coated fruits  and to 43.1 for chitosan coated 

fruits. The increase in b* value was however slower in fruits coated with 50, 75% Aloe vera gel 

and chitosan compared to negative control. 

Generally the peel color of the mango fruits coated with 50% and75% Aloe vera gel was 

significantly less developed than those coated with other treatments. 

 



 

40 

 

 

Figure 10: Effect of different Aloe vera gel concentrations on L* value of the peel colour of 

mango fruits var. ‘Ngowe’. 

 

 

 

Figure 11: Effect of different Aloe vera gel concentrations on Chromatic a* of the peel color 

of mango fruits var. ‘Ngowe’ 

 

 

 

 

 



 

41 

 

 

 

Figure 12: Effect of different Aloe vera gel concentrations on Chromatic b* of the peel color 

of mango fruits var. ‘Ngowe’ 

4.6.1.2 Effect of Storage Temperature on Fruit Peel Color 

The results indicated that the L* value of the peel colour of fruits was significantly lower 

(P≤0.05) for fruits stored at 13°C, as compared with those at room temperature (Table 12). 

Initially no significant difference was observed but by day four, fruits stored at room temperature 

had the highest L* value (68.8) while and fruits stored at 13°C had a value of 68.6. Similar 

observations were made for day eight; twelve and day sixteen, fruits stored under room 

temperature were discarded because the overall acceptability was unsatisfactory. At day twenty 

L* value was 74.5 and the fruits were discarded. There were significant effects between room 

temperature and 13oC throughout the storage period. Increase in storage temperature 

significantly increased the L* value. The lowest L* value was recorded for fruits stored at 13°C 

and the highest L* value was recorded at room temperature. 

For chromatic a* value, the results indicated that chromatic a* values of the peel colour 

of mango fruits was significantly lower for fruits stored at 13°C, as compared with those at room 

temperature (Table 13). Initially no significant difference was observed but at day four, fruits 

stored at room temperature had the highest chromatic a* value (-15.8) while and fruits stored at 

13°C had chromatic a* value of -16.5.  There was significant difference between chromatic a* 

value of the peel colour in the two storage temperatures.   
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Similar observations were made for day eight; twelve and day sixteen, fruits under room 

temperature were discarded because the overall acceptability was unsatisfactory. At day twenty 

Chromatic a* value was -8.8 and the fruits stored under 13oC were discarded. There were 

significant effects between room temperature and 13◦C throughout the storage period. Increase in 

storage temperature significantly increased a* value. The lowest a value was recorded for fruits 

stored at 13°C and the highest Chromatic a* value was recorded at room temperature in both 

trials. 

For Chromatic b* value, the results indicated that b* value of the peel colour of fruits was 

significantly lower for fruits stored at 13°C, as compared with those at room temperature (Table 

14). Initially no significant difference was observed but at day four, fruits stored at room 

temperature had the highest Chromatic b* value (40.3) while and fruits stored at 13°C had b* 

value of 40.2. At day four there was significant difference between the two storage temperatures.   

Similar observations were made for day eight; twelve and day sixteen, fruits stored under 

room temperature experiment were discarded because the overall acceptability was 

unsatisfactory. At day twenty, Chromatic b* value was 43.9 and the fruits stored under 13oC 

were discarded. There were significant effects between room temperature and 13°C throughout 

the storage period. Increase in storage temperature significantly increased Chromatic b* value. 

The lowest b* value was recorded for fruits stored at 13°C and the highest Chromatic b* value 

was recorded at room temperature. 

Table 12: Effect of storage temperature on fruit peel color (L* value) 

Storage time (Days) 

Storage Temperature 0 4 8 12 16 20 

 

Room Temperature 68.1a* 68.8a 70.8a 71.8a 74.4a  

13◦C 68.1a 68.6a 69.9b 71.1b 74.0a 74.5 

*Means followed by the same letter between temperature treatments in a given day are not 

significantly different according to t- test (P≤0.0001). 

*Room storage temperature varied between 15 and 22°C. 
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Table 13: Effect of storage temperature on fruit peel color (chromatic a* value) 

Storage time (Days) 

Storage Temperature 0 4 8 12 16 20 

Room Temperature -17.7a* -15.8a -12.9a -11.2a -8.6a  

13°C -17.7a -16.5b -15.1b -13.5b -10.8b -8.8 

*Means followed by the same letter between temperature treatments in a given day are not 

significantly different according to t- test (P≤0.0001). 

*Room storage temperature varied between 15 and 22°C. 

Table 14: Effect of storage temperature on fruit peel color (chromatic b* value) 

Storage time (Days) 

Storage Temperature 0 4 8 12 16 20 

Room Temperature 39.6a* 40.3a 42.4a 42.9a 44.4a  

13°C 39.6a 40.2b 41.6b 41.3b 43.0b 43.9 

*Means followed by the same letter between temperature treatments in a given day are not 

significantly different according to t- test (P≤0.0001). 

*Room storage temperature varied between 15 and 22°C. 

4.6.1.3 Interactive Effects of Aloe vera Gel Coatings and Storage Temperature on 

Fruit Peel Color 

 Aloe vera gel coating concentrations of 50% and 75% interacted with storage temperature 

of 13°C and reduced increase in chromatic L*, a*, b* of peel colour significantly (P≤0.05)   

(Table 15).  L* value at day zero was not significant. At day four fruits coated with Aloe vera at 

50% and 75% at 13°C had the lowest L* value of 68.3 while the highest L* value (69.8) was 

recorded for fruits coated with 0% Aloe vera  and stored at room temperature (A2T1). At day 

eight, 0% Aloe vera gel at room temperature (A2T1) had the highest L* value (74.9) while 

interaction between 50% and 75% Aloe vera gel aloe and 13°C had the lowest L* value (69.6). 

  At day twelve, the interaction between 50% Aloe vera gel coatings and chitosan with 

13°C storage temperature had the lowest L* value (70.1) while highest L* value (75.3) was 

recorded for A2T1. Day sixteen, L* value was highest (75.6) for interaction A2T1 while the 

interaction between 50% Aloe vera gel coatings and 13°C storage temperature had the lowest 

value (73.0),however there was no significant difference between all treatments. The room 



 

44 

 

temperature experiment was terminated considering the overall acceptability of the fruits. 

Generally at 13°C all Aloe vera gel treatments had the most reduced increase of L* value and 

highest in L* value was observed with interaction between 0% Aloe vera gel and room 

temperature.  

At day zero, there was no significant difference in chromatic a* value (P≤0.05) between 

the treatments (Table 16).  At day four fruits coated with Aloe vera at 75% at 13°C had the 

lowest a* value of -17.5 while the highest a* value (-12.1) was recorded for fruits treated with 

0% Aloe vera at room temperature (A2T1). At day eight, 0% Aloe vera gel at room temperature 

(A2T1) had the highest a* value (-8.3) and 75% Aloe vera gel aloe at 13◦C had the lowest a value 

(-16.4). 

  At day twelve, the interaction between 50% Aloe vera gel and 13oC storage temperature 

had the lowest a* value (-15.2) while highest a* value (-6.1) was recorded for A2T1. Day 

sixteen, a* value was highest (-2.5) for A2T1 treatment; A4T2 had the lowest value (-13.4). 

Fruits under room temperature were discarded considering the overall acceptability. Generally 

the interaction between storage temperature of 13°C and all aloe treatments resulted in the most 

reduced increase of a* values while highest a* values were observed in the interaction between  

0% Aloe vera gel and room temperature.  

Chromatic b* value at day zero, there was no significant difference (P≤0.05) between the 

treatments (Table 17). At day four fruits coated with Aloe vera at 75% at 13°C had the lowest b* 

value of 40.0 while the highest b* value (40.7) was recorded for fruits treated with 0% Aloe vera 

at room temperature (A2T1). At day eight, 0% Aloe vera gel at room temperature (A2T1) had the 

highest b* value (48.1) and 75% Aloe vera gel at 13°C had the lowest b* value (40.7). 

  At day twelve, the interaction between 50% Aloe vera gel and 13°C storage temperature 

resulted in the lowest b* value (40.7) while highest b* value (48.7) was recorded for 0% Aloe 

vera gel at room temperature. At day sixteen, b* value was highest (46.0) for 0% Aloe vera gel at 

room temperature treatment;  Aloe vera at 50% at 13°C had the lowest value (42.2). The room 

temperature experiment was terminated considering the overall acceptability of the fruits. 

Generally at 13°C all aloe treatments had the most reduced increase of b* values and highest in 

b* values were observed with 0% Aloe vera gel at room temperature.  
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Table 15: Interactive effects of Aloe vera gel coatings and storage temperature on fruit peel 

color (L* value) 

                                                             Storage time (Days) 

Treatment 0 4 8 12 16 

A1T1 68.1a* 68.6b 69.8d 70.7e 74.2a 

A1T2 68.1a 68.4b 69.7e 70.1f 73.5a 

A2T1 68.1a 69.8a 74.9a 75.3a 75.6a 

A2T2 68.1a 69.6a 70.7b 74.1b 74.2a 

A3T1 68.1a 68.7b 69.8c 71.3c 74.9a 

A3T2 68.1a 68.6b 69.7d 71.2d 73.8a 

A4T1 68.1a 68.4b 69.7d 70.7e 74.2a 

A4T2 68.1a 68.3b 69.6f 70.1f 73.0a 

A5T1 68.1a 68.4b 69.6f 70.8e 74.6a 

A5T2 68.1a 68.3b 69.6f 70.2f 73.5a 

*Means followed by the same letter between treatments in a given day are not significantly 

different according to Tukey’s HSD test (P≤0.05) where A1= Chitosan, A2= 0% Aloe vera, 

A3=25% Aloe vera, A4=50% Aloe vera, A5=75% Aloe vera, T1=Room temperature and 

T2=13°C 

*Room storage temperature varied between 15 and 22°C. 
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Table 16: Interactive effects of Aloe vera gel coatings and storage temperature on fruit peel 

color (a* value) 

Storage time (Days) 

Treatment 0 4 8 12 16 

A1T1 -17.7a* -16.8d -13.9cd -12.3d -10.2d 

A1T2 -17.7a -17.3de -16.1f -14.7g -12.6e 

A2T1 -17.7a -12.1a -8.3a -6.1a -2.5a 

A2T2 -17.7a -13.5b -11.7b -8.4b -4.4b 

A3T1 -17.7a -16.1c -13.7c -11.6c -7.0c 

A3T2 -17.7a -16.8d -14.9e -13.8f -10.5d 

A4T1 -17.7a -17.0de -14.1cd -13.0e -11.7e 

A4T2 -17.7a -17.4e -16.4f -15.2h -13.3f 

A5T1 -17.7a -17.1de -14.4de -13.0e -11.6e 

A5T2 -17.7a -17.5e -16.4f -15.1gh -13.4f 

*Means followed by the same letter between treatments in a given day are not significantly 

different according to Tukey’s HSD test (P≤0.05) where A1= Chitosan, A2= 0% Aloe vera, 

A3=25% Aloe vera, A4=50% Aloe vera, A5=75% Aloe vera, T1=Room temperature and 

T2=13°C 

*Room storage temperature varied between 15 and 22°C. 
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Table 17: Interactive effects of Aloe vera gel coatings and storage temperature on fruit peel 

color (b* value) 

Storage time (Days) 

Treatment 0 4 8 12 16 

A1T1 39.6a* 40.3b 41.0d 41.3d 43.9d 

A1T2 39.6a 40.1c 40.9f 40.7f 42.2g 

A2T1 39.6a 40.7a 48.1a 48.7a 46.0a 

A2T2 39.6a 40.3b 44.6b 43.4b 45.7b 

A3T1 39.6a 40.3b 41.0c 41.8c 45.2c 

A3T2 39.6a 40.3b 40.9d 41.1e 42.8f 

A4T1 39.6a 40.1c 40.9e 41.4d 43.4e 

A4T2 39.6a 40.1c 40.8g 40.7f 42.2g 

A5T1 39.6a 40.1c 40.9f 41.3d 43.5e 

A5T2 39.6a 40.0d 40.7h 40.7f 42.3g 

*Means followed by the same letter between treatments in a given day are not significantly 

different according to Tukey’s HSD test (P≤0.05) where A1= Chitosan, A2= 0% Aloe vera, 

A3=25% Aloe vera, A4=50% Aloe vera, A5=75% Aloe vera, T1=Room temperature and 

T2=13°C 

*Room storage temperature varied between 15 and 22°C. 

4.6.2 Flesh Color 

4.6.2.1 The Effects of Aloe vera Gel Coatings Fruit Flesh Color 

The coatings were effective on flesh colour change of the mangoes under room 

temperature conditions and 13oC (colour change during ripening for this variety ‘Ngowe’ is from 

green to yellow). Color changes in peel are presented as L*, a*, b* and were expressed as 

lightness (L), greenness (-a), blueness (+a), yellowness (+b), colour space coordinates. Fruits 

from each treatment for both trials registered some changes in chromatic L*, a* and b* colour 

values during the storage period (Figures 13, 14 and 15 respectively).  

The L* (lightness) decreased during storage, L* values for control decreased from 88.1 to 

72.5) which was lower than the coated fruits (Fig 13). L* values decreased over time irrespective 

of the treatments from 88.1 to 75.8 for 25% Aloe vera gel coated fruit, 76.0 for 50% Aloe vera 

gel coated fruits, 76.6 for 75% Aloe vera gel coated fruits and  76.0 for chitosan coated fruits. 

There was no significant difference (P≤0.05) between fruits coated with chitosan and 50% Aloe 

vera gel coated treatments at the end of the storage period.  
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Chromatic a* value from mango fruits increased over time irrespective of the treatments. 

There was a gradual increase in flesh a* value beginning on day eight (Fig 14). Before storage, 

a* value was -7.2, and after the storage the value increased to 7.1 for negative control fruits. It 

also increased to 1.7 for fruits coated with 25 % Aloe vera gel,  -1.2 for fruits coated with 50% 

Aloe vera gel, -1.2 for 75% Aloe vera gel coated fruits  and to -0.3 for chitosan coated fruit. The 

increase in a* value was however slower for fruit coated with 50 and 75% Aloe vera compared to 

negative control or 25% Aloe vera gel treatments. There was a significant difference (P≤0.05) 

among the treatments at the end of the storage period. 

  Chromatic b* value gradually increased over time regardless of the treatments, and it was 

significantly higher (P≤0.05) on day eight for fruits coated with 0% Aloe vera gel (Fig 15). Initial 

b* value was 34.4 and it gradually increased, reaching to 57.0 for fruits coated with  0% Aloe 

vera gel, to 53.6 for 25 %, to 53.0 for 50% , 53.2 for 75% Aloe vera gel and to 53.2 for chitosan 

coated fruits. The increase in b* value was however slower for fruit coated with 50, 75% Aloe 

vera and chitosan compared to 0% Aloe vera gel. There was a significant difference (P≤0.05) 

among the treatments at the end of the storage period   

Generally the flesh color of the mango fruits coated with 50% and75% Aloe vera 

treatments was significantly less developed than flesh colours in the other treatments. 

 

 

 

Figure 13: Effect of different Aloe vera gel concentrations on Chromatic L* value of the 

flesh color of mango fruits var. ‘Ngowe’ 
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Figure 14: Effect of different Aloe vera gel concentrations on Chromatic a* of the flesh 

color of mango fruits 

 

 

Figure 15: Effect of different Aloe vera gel concentrations on Chromatic b* of the flesh 

color of mango fruits var. ‘Ngowe’ 

. 
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4.6.2.2 Effect of Storage Temperature on Fruit Flesh Color 

The results indicated that L* value of the flesh colour of fruits was significantly higher 

for fruits stored at 13°C, as compared with those stored at room temperature (Table 18). Initially 

no significant difference was observed but at day four, fruits stored at room temperature had 

significantly (P≤0.05) the lowest L* value (85.3) while and fruits stored at 13°C had a value of 

86.6 and there was significant difference between the two storage temperatures.   

Similar observations were made for day eight; twelve and day sixteen. By day sixteen 

fruits stored under room temperature were discarded and the experiment terminated because the 

overall acceptability was unsatisfactory. At day twenty, had an L* value of 75.4 while the 

experiment was terminated. There were significant effects between room temperature and 13°C 

throughout the storage period. Increase in storage temperature significantly decreased L* value 

in both trials. The highest L* value was recorded for fruits stored at 13°C and the lowest L* 

value was recorded at room temperature. 

For chromatic a* value, the results indicated that Chromatic a* value of the flesh colour 

of fruits was significantly lower for fruits stored at 13°C, as compared with those at room 

temperature (Table 19). Initially no significant difference was observed but at day four, there was 

significant difference between fruits stored at room temperature and they had the highest 

chromatic a* value (-4.3) while and fruits stored at 13°C had chromatic a* value of -5.0.   

Similar observations were made for day eight; twelve and day sixteen. Fruits under room 

temperature were discarded because the overall acceptability was unsatisfactory. At day twenty, 

trial 1 had Chromatic a* value of 1.2 and the experiment was terminated. There were significant 

effects between room temperature and 13°C throughout the storage period. Increase in storage 

temperature significantly increased a* value in both trials. The lowest a* value was recorded for 

fruits stored at 13◦C and the highest Chromatic a* value was recorded at room temperature. 

For Chromatic b* value, the results indicated that the b* value for the flesh of fruits was 

significantly lower for fruits stored at 13°C, as compared with those stored at room temperature 

(Table 20). Initially no significant difference was observed but at day four, fruits stored at room 

temperature had the highest Chromatic b* value (45.8) while and fruits stored at 13°C had a 

value of 45.7 and there was significant difference between the two storage temperatures.   

Similar observations were made for day eight; twelve and day sixteen. Fruits under room 

temperature were terminated because the overall acceptability was unsatisfactory by day sixteen. 
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At day twenty, trial 1 had Chromatic b* value of 54.0 and 54.2 for trial 2 and the fruits were 

terminated. There were significant effects between room temperature and 13°C throughout the 

storage period. Increase in storage temperature significantly increased Chromatic b* value in 

both trials. The lowest b* value was recorded for fruits stored at 13°C and the highest Chromatic 

b* value was recorded at room temperature in both trials. 

Table 18: Effects storage temperature on fruit flesh color (L* value) 

 

Storage time (Days) 

Storage Temperature 0 4 8 12 16 20 

Room Temperature 88.1a* 85.3b 81.9b 77.5b 77.1b  

13°C 88.1a 86.0a 83.8a 80.0a 78.5a 75.4 

*Means followed by the same letter between temperature treatments in a given day are not 

significantly different according to t- test (P≤0.0001). 

*Room storage temperature varied between 15 and 22°C. 

 

Table 19: Effect of storage temperature on fruit flesh color (chromatic a* value) 

Storage time (Days) 

Storage Temperature 0 4 8 12 16 20 

Room Temperature -7.2a* -4.3a -1.9a -1.2a 0.4a  

13◦C -7.2a -5.0b -4.1b -3.4b -1.8b 1.2 

*Means followed by the same letter between temperature treatments in a given day are not 

significantly different according to t- test (P≤0.0001). 

*Room storage temperature varied between 15 and 22°C. 
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Table 20: Effect of storage temperature on fruit flesh color (chromatic b* value) 

Storage time (Days) 

Storage Temperature 0 4 8 12 16 20 

Room Temperature 34.4a* 45.8a 49.9a 53.1a 54.4a  

13°C 34.4a 45.7b 49.1b 51.6b 53.0b 54.0 

*Means followed by the same letter between temperature treatments in a given day within a trial 

are not significantly different according to t- test (P≤0.0001). 

*Room storage temperature varied between 15 and 22°C. 

4.6.2.3 Interactive Effects of Aloe vera Gel Coatings and Storage Temperature on 

Fruit Flesh Color 

 The interaction between Aloe vera gel concentrations of 50% and 75% and storage 

temperature of 13°C significantly reduced decrease in chromatic L*, and increase in chromatic 

a*, b* of flesh colour. L* value at day zero, there was no significant difference (P≤0.05) between 

the treatments (Table 21), at day four the interaction between fruits coated with Aloe vera at 50% 

and 75% and storage temperature of 13◦C had the highest L* value of 87.3 while the lowest L* 

value (82.8) was recorded for fruits treated with 0% Aloe vera at room temperature. At day eight, 

the interaction between fruits coated with 0% Aloe vera gel and room temperature (A2T1) had 

the lowest L* value (76.8) and chitosan at 13°C had the highest L* value (85.4). 

  At day twelve, the interaction between fruits coated with chitosan and 13°C storage 

temperature had the highest L* value (82.4) while lowest L* value (73.8) was recorded for 

A2T1. Day sixteen, L* value was lowest (72.4) for A2T1 treatment while the interaction 

between fruits coated with chitosan and 13°C storage temperature had the highest value (79.8). 

Fruits under room temperature were discarded considering the overall acceptability. Generally at 

13°C chitosan and all Aloe vera treatments had the most reduced decrease of L* value and lowest 

in L* value was observed on the interaction between fruits coated with 0% Aloe vera gel and 

room temperature.  

  Chromatic a* value at day zero, there was no significant difference (P≤0.05) between the 

treatments (Table 22). At day four interaction between fruits coated with Aloe vera at 75% and 

13°C had the lowest a* value of -6.0 while the highest a* value (-0.6) was recorded on the 

interaction between fruits treated with 0% Aloe vera and room temperature (A2T1). At day eight, 
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0% Aloe vera gel and room temperature interaction had the highest a* value (2.7) and 75% Aloe 

vera gel aloe and 13°C had the lowest a* value (-5.4). 

  At day twelve, the interaction between 50% Aloe vera gel and 13°C had the lowest a* 

value (-5.2) while highest a* value (3.9) was recorded for A2T1. Day sixteen, a* value was 

highest (6.5) for A2T1 interaction; A4T2 had the lowest value (-4.4). Fruits under room 

temperature were discarded considering their overall acceptability. Generally the interaction 

between storage temperature of 13°C and all Aloe vera treatments had the most reduced increase 

of a* value and highest in a* value was observed with interaction between 0% Aloe vera gel and 

room temperature.  

Chromatic b* value at day zero, there was no significant difference (P≤0.05) between the 

treatments (Table 23). At day four, the interaction between fruits coated with Aloe vera at 75% 

and storage temperature of 13°C had the lowest b* value of 45.5 while the highest b* value 

(46.2) was recorded for interaction between fruits coated with 0% Aloe vera and room 

temperature (A2T1). At day eight, the interaction between 0% Aloe vera gel coating and room 

temperature had the highest a* value (48.1) and 75% Aloe vera gel and 13°C had the lowest b* 

value (40.7). 

  At day twelve, the interaction between 50% Aloe vera gel and 13°C had the lowest b* 

value (48.2) while highest b* value (55.6) was recorded for interaction between 0% Aloe vera 

gel coating and room temperature . Day sixteen, b* value was highest (56.0) for the interaction 

between 0% Aloe vera gel coating and room temperature treatment; 50% Aloe vera gel and 

chitosan at13°C and had the lowest value (52.2). Fruits under room temperature were discarded 

considering the overall acceptability. Generally the interaction between storage temperature of 

13°C and all Aloe vera treatments had the most reduced increase of b* value and highest in b* 

value was observed with the interaction between 0% Aloe vera gel and room temperature. 
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Table 21: Interactive effects of Aloe vera gel coatings and storage temperature on fruit flesh 

color (L*value) 

Storage time (Days) 

Treatment 0 4 8 12 16 

A1T1 88.1a* 85.6bc 83.6b 79.6c 78.3def 

A1T2 88.1a 86.4ab 85.4a 82.4a 79.8a 

A2T1 88.1a 82.8d 76.8e 73.8g 72.4h 

A2T2 88.1a 83.6d 79.6d 75.4f 75.3g 

A3T1 88.1a 84.7c 81.7c 76.7e 77.9f 

A3T2 88.1a 85.6bc 83.6b 79.6c 78.8cd 

A4T1 88.1a 86.4ab 83.4b 78.4d 78.1ef 

A4T2 88.1a 87.3a 85.3a 81.3b 79.1bc 

A5T1 88.1a 86.9a 83.9b 78.9cd 78.6cde 

A5T2 88.1a 87.3a 85.3a 81.3b 79.6ab 

*Means followed by the same letter between treatments in a given day are not significantly 

different according to Tukey’s HSD test (P≤0.05) where A1= Chitosan, A2= 0% Aloe vera, 

A3=25% Aloe vera, A4=50% Aloe vera, A5=75% Aloe vera, T1=Room temperature and 

T2=13°C 

*Room storage temperature varied between 15 and 22°C. 
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Table 22: Interactive effects of Aloe vera gel coatings and storage temperature on fruit flesh 

color (a* value) 

                                                                    Storage time (Days) 

Treatment 0 4 8 12 16 

A1T1 -7.2a* -5.3d -2.8cd -2.3d -1.2d 

A1T2 -7.2a -5.8de -5.1f -4.7g -3.6f 

A2T1 -7.2a -0.6a 2.7a 3.9a 6.5a 

A2T2 -7.2a -2.0b -0.8b 1.6b 4.6b 

A3T1 -7.2a -4.6c -2.7c -1.6c 2.0c 

A3T2 -7.2a -5.3d -4.0e -3.8f -1.5d 

A4T1 -7.2a -5.5de -3.1cd -3.0e -2.7e 

A4T2 -7.2a -5.9e -5.3f -5.2h -4.3f 

A5T1 -7.2a -5.6de -3.4de -3.0e -2.6e 

A5T2 -7.2a -6.0e -5.4f -5.1gh -4.4f 

*Means followed by the same letter between treatments in a given day are not significantly 

different according to Tukey’s HSD test (P≤0.05) where A1= Chitosan, A2= 0% Aloe vera, 

A3=25% Aloe vera, A4=50% Aloe vera, A5=75% Aloe vera, T1=Room temperature and 

T2=13°C 

*Room storage temperature varied between 15 and 22°C. 
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Table 23: Interactive effects of Aloe vera gel coatings and storage temperature on fruit flesh 

color (b* value) 

                                                                    Storage time (Days) 

Treatment 0 4 8 12 16 

A1T1 34.4a* 45.8b 48.5d 51.6d 53.9d 

A1T2 34.4a 45.6c 48.4f 51.0f 52.2g 

A2T1 34.4a 46.2a 55.6a 59.0a 56.0a 

A2T2 34.4a 45.8b 52.1b 53.7b 55.7b 

A3T1 34.4a 45.8b 48.5c 52.0c 55.2c 

A3T2 34.4a 45.8b 48.4e 51.4e 52.8f 

A4T1 34.4a 45.6c 48.4e 51.6d 53.4e 

A4T2 34.4a 45.6c 48.3g 51.0f 52.2g 

A5T1 34.4a 45.6c 48.4f 51.6d 53.5e 

A5T2 34.4a 45.5d 48.2h 51.0f 52.3g 

*Means followed by the same letter between treatments in a given day are not significantly 

different according to Tukey’s HSD test (P≤0.05) where A1= Chitosan, A2= 0% Aloe vera, 

A3=25% Aloe vera, A4=50% Aloe vera, A5=75% Aloe vera, T1=Room temperature and 

T2=13°C 

*Room storage temperature varied between 15 and 22°C. 

 

4.7 Ascorbic acid 

4.7.1 The effects of aloe vera gel coatings on ascorbic acid 

 Ascorbic acid content in the mango fruits decreased significantly during the ripening 

storage period (Fig.16). In both trials, a significant decrease (P < 0.05) in ascorbic acid contents 

was observed in all the treatments. Initially, the ascorbic acid was 26.6mg/100g.At day four, 

there was significant difference (P < 0.05) between the negative control (0% Aloe vera gel) and 

the other treatments but there was no significant difference among 50 and 75% Aloe vera gel 

concentrations and those coated with 1% chitosan (the positive control). Mango fruits coated 

with 0% Aloe vera gel had 23 mg/100g ascorbic acid while other treatments 25, 50, 75% and 

chitosan lost 24.4, 25.0, 24.7 and 24.9 mg/100g ascorbic acid respectively. 

At day eight, 50% Aloe vera gel was the most effective in reducing decrease in ascorbic 

acid followed by chitosan while the 0% aloe had the least ascorbic acid. Mango fruits coated 
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with 0% Aloe vera gel had 21.8 mg/100g ascorbic acid while other treatments 25, 50, 75% and 

chitosan lost 23.2, 23.9, 23.5 and 23.6 mg/100g ascorbic acid respectively. At day twelve, there 

was significant difference between the control and the rest of the treatments, 75% Aloe vera gel 

had the highest ascorbic acid. Mango fruits coated with 0% Aloe vera gel had 20.8 mg/100g 

ascorbic acid while other treatments 25, 50, 75% and chitosan had 22.2, 22.8, 22.9 and 22.6 

mg/100g ascorbic acid respectively. 

At day sixteen, there were significant effects between the control and the other treatments 

25, 50 and 75% Aloe vera gel and chitosan treatments. The negative control had the lowest 

ascorbic acid while75% Aloe vera gel had the highest ascorbic acid value.  Mango fruits coated 

with 0% Aloe vera gel had 18.8 mg/100g ascorbic acid while other treatments 25, 50, 75% and 

chitosan had 20.2, 20.8, 20.9 and 20.6 mg/100g ascorbic acid respectively. At day twenty, 0% 

Aloe vera gel had the lowest ascorbic acid while 75% Aloe vera gel had the highest ascorbic acid 

among the other treatments. Mango fruits coated with 0% Aloe vera gel had 17.6 mg/100g 

ascorbic acid while other treatments 25, 50, 75% and chitosan lost 18.8, 20.0, 20.1 and 19.8 

mg/100g ascorbic acid respectively. 

Generally, all treatments had a decrease in ascorbic acid from the initial value. There was 

a gradual decrease in all days although the decrease was reduced by Aloe vera treatments.  

 

Figure 16: Ascorbic acid of mango fruits var. ‘Ngowe’ as affected by Aloe vera gel coatings 
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4.7.2 Effect of storage temperature on ascorbic acid 

The results indicated that ascorbic acid of fruits was significantly higher (P≤0.0001) for 

fruits stored at 13°C, as compared with those at room temperature (Table 24). Initially no 

significant difference was observed but at day four, fruits stored at room temperature had the 

lowest ascorbic acid value and there was significant difference between the two storage 

temperatures. In day eight, the fruits stored at 13°C had the highest ascorbic acid (23. mg/100g 

ascorbic acid while fruits at room temperature had the least ascorbic acid (22.8 mg/100g ascorbic 

acid).  

Similar observations were made for day twelve and day sixteen, fruits under room 

temperature were terminated because the overall acceptability was unsatisfactory. At day twenty, 

had a value of 19.3 mg/100g ascorbic acid and the fruits were terminated. There were significant 

effects between room temperature and 13°C throughout the storage period. Increase in storage 

temperature significantly reduced ascorbic acid. The least ascorbic acid was recorded for fruits 

stored at room temperature and the highest ascorbic acid was recorded at 13°C. 

Table 24: Effect of storage temperature on fruit ascorbic acid 

                                                                                          Storage time (Days) 

Storage temperature 0 4 8 12 16 20 

Room temperature 26.6a* 24.0b 22.8b 22.7b 19.8b  

13°C  26.6a 24.8a 23.6a 21.8a 20.7a 19.3 

*Means followed by the same letter between temperature treatments in a given day are not 

significantly different according to t- test (P≤0.0001). 

*Room storage temperature varied between 15 and 22°C. 

4.7.3 Interactive Effects of Aloe vera Gel Coatings and Storage Temperature on 

Ascorbic Acid 

 The interaction between 50%, 75% Aloe vera gel and storage temperature of 13°C 

significantly reduced loss of ascorbic acid (Table 25). At day zero, there was no significant 

difference (P≤0.05) between the treatments, at day four fruits coated with Aloe vera at 50% at 

13°C (A4T2) had the highest value of ascorbic acid (25.7 mg/100g ascorbic acid while the 

lowest value (22.7 mg/100g ascorbic acid) was recorded for fruits treated with 0% Aloe vera at 

room temperature (A2T1). At day eight, 0% Aloe vera gel at room temperature (A2T1) had the 
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lowest ascorbic acid (21.5 mg/100g ascorbic acid  and 50% Aloe vera gel aloe at 13◦C had the 

highest ascorbic acid value (24.5 mg/100g ascorbic acid). 

  At day twelve, the interaction between 75% Aloe vera gel and 13°C (A5T2) had the 

highest ascorbic acid value (23.7 mg/100g ascorbic acid) while least ascorbic acid (20.5 mg/100g 

ascorbic acid) was recorded for 0% Aloe vera gel and room temperature. Day sixteen, ascorbic 

acid was highest (21.7 mg/100g ascorbic acid) for A5T2 treatment, A2T1 had the lowest value 

(18.5 mg/100g ascorbic acid). Fruits under room temperature were discarded considering the 

overall acceptability. Generally the interaction between storage temperature of 13°C and all Aloe 

vera treatments had the most reduced loss of ascorbic acid and highest loss in ascorbic acid was 

observed in 0% Aloe vera gel at room temperature.  

Table 25: Interactive effects of Aloe vera gel coatings and storage temperature on ascorbic 

acid 

                                                                           Storage time (Days) 

Treatment 0 4 8 12 16 

A1T1 26.6a* 24.5bcd 23.3bc 22.3cd 20.3cd 

A1T2 26.6a 25.2abc 24.0ab 23.0bc 21.0bc 

A2T1 26.6a 22.7e 21.5d 20.5e 18.5e 

A2T2 26.6a 23.2e 22.0d 21.0e 19.0e 

A3T1 26.6a 24.4cd 23.2bc 22.2cd 20.2cd 

A3T2 26.6a 24.4cd 23.2bc 22.2cd 20.2cd 

A4T1 26.6a 24.3d 23.1c 22.1d 20.1d 

A4T2 26.6a 25.7a 24.5a 23.5ab 21.5ab 

A5T1 26.6a 24.1d 22.9c 22.1d 20.1d 

A5T2 26.6a 25.3ab 24.1a 23.7a 21.7a 

*Means followed by the same letter between treatments in a given day are not significantly 

different according to Tukey’s HSD test (P≤0.05) where A1= Chitosan, A2= 0% Aloe vera, 

A3=25% Aloe vera, A4=50% Aloe vera, A5=75% Aloe vera, T1=Room temperature and 

T2=13°C 

*Room storage temperature varied between 15 and 22°C 
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4.8 The Effects of Aloe vera Gel Coatings on Anthracnose Disease Incidents on Mango 

Fruit 

None of the Aloe vera gel concentration tested inhibited the growth of Colletotrichum 

gloeosporioides as compared to the control, and grew almost similarly with all treatments 

through the 7-day incubation period. Mango fruits treated with 1% chitosan had the lowest 

disease severity index. The highest fungicidal effect was observed in those mangoes coated with 

1% chitosan (incidence of 45%) and disease severity index of 12.5. 

Table 26: Effect of Aloe vera gel on Anthracnose severity and anthracnose disease incidents 

*Means followed by the same letter between treatments in a given day are not significantly 

different according to Tukey’s HSD test (P≤0.05) 

4.9 The effects of aloe vera gel coatings on Shelf life of mango fruits 

Mango fruits with Aloe vera and chitosan coatings presented a statistically higher shelf 

life compared to those of 0% Aloe vera coating during storage (Fig. 17). The results indicate that 

under room temperature the coated fruits can be stored for sixteen days while the control had a 

shelf life of around 8 days while Aloe vera gel and chitosan coatings prolonged storage life of 

mango up to 20 days at 13oC. 

 

          Severity index  

TREATMENT % skin area scores Anthracnose incidence (%) 

chitosan 12.5a* 2            45 

 

0% Aloe 63.6a 4              93 

 

25% Aloe 57.1a 4 80 

 

50% Aloe 50.0a 3 73 

 

75% Aloe 45.6a 3 60 
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Figure 17: Effects of Aloe vera coatings on shelf life of mango fruits 
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CHAPTER FIVE 

5.0 DISCUSSION 

5.1 Effects of Aloe Vera Coatings on Shelf Life, Quality and Anthracnose Disease Incidents 

Results on study on shelf life indicated that mango fruits coated with Aloe vera gel and 

chitosan coatings had longer shelf life compared to uncoated mangoes. It was found that under 

room temperature the coated fruits can be stored for sixteen days while the control had a shelf 

life of around 8 days at ambient conditions while Aloe vera gel and chitosan coatings prolonged 

storage life of mango up to 20 days at 13oC. The shelf life is extended by reducing the respiration 

rate and moisture loss from the fruits. Application of physical barrier such as wax coating 

regulates permeability of water vapour and other gases and retards ripening thus extending shelf 

life (Rajkumar et al. 2008). These results were similar with the studies of Wongmetha and Ke 

(2012) who reported that Chitosan coating and 1-MCP combine with chitosan treatment 

prolonged storage life of mango up to 29 days after storage at 10oC that was significantly longer 

than, 1-MCP and control (28 and 27 days after storage, respectively). 

Weight loss is an important index of postharvest total storage life in the fresh produce. 

Fruit weight loss occurs as a result of dehydration and loss of water from fruit surface. Aloe vera 

gel and chitosan coatings reduced weight loss of mango fruits as compared to control. Weight 

loss of fruit occurs as a result of the gradient of water vapour pressure between the fruit and the 

surrounding air, which is usually reduced by both epidermal cell layer and cuticle. However, 

edible coating (Aloe vera gel and chitosan) acted as an extra layer which also coated the stomata 

leads to a decrease in transpiration and in turn, to a reduction in weight loss, this being the 

primary beneficial effect of edible coatings (Neeta et al. 2013). 

 Aloe vera gel and chitosan must have created a semi-permeable barrier to gases and 

water vapor and therefore reduced water loss and hence reduced weight loss. Similar to the 

present  results, Aloe vera gel reduced  weight loss in ‘Arctic Snow’ nectarines (treated with 

2.50%, stored at 20°C (Ahmed et al.(2009), ‘StarKing’ cherries (treated with 33%, stored at 1°C; 

Martinez-Romero et al., 2006) and ‘Autumn Royal’ table grapes (treated with 33%, stored at 

2°C; Castillo et al., 2010). The obtained results are also in agreement with the findings of (Singh 

et al. 2011) for strawberries coated Aloe vera coatings and those of Martinez et al. 2006 who 

reported that reduction in weight loss for strawberries coated with Aloe vera. 
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The results on total soluble solids (TSS) revealed that fruits coated with of Aloe vera gel 

and chitosan reduced the increase in TSS. Aloe vera gel and chitosan coatings must have 

modified the fruits internal atmosphere resulting in high CO2 concentration. Carbon dioxide 

retards conversion of starch to sugars as well as moisture loss thus reducing the rate of ripening 

and maintaining TSS (Ahmed et al. 2009).which retards conversion of starch to sugars and less 

moisture loss thus reducing ripening and maintaining the TSS. It was also observed that TSS 

increased with storage time. This behavior of TSS was likely due to losses in water through 

respiration and evaporation and hydrolysis of starch during storage and hence increases in TSS 

(Eman et al. 2013). Ahmed et al. (2009) observed the formation of soluble pectinic acid from 

insoluble protopectin during senscence of fruit; and they attributed such increase in TSS to the 

conversion of starch into sugar. Similar results were obtained using Aloe vera gel treatment 

(2.5%) which suppressed the increase in TSS for ‘Artic Snow’ nectarines during ripening at 

20°C (Ahmed et al., 2009). 

Fruit Firmness of mango fruits treated with the Aloe vera gel and chitosan coatings was 

higher. It was therefore apparent that the increased firmness was due to the effect of the coating 

which delayed the softening while minimum values in negative control fruits could be due 

loosening of cell wall, reduction of pectic enzymes which reduced the firmness of mango fruits 

(Jitareerat et al., 2007). A. vera gel and chitosan must have modified the internal gas composition 

(coating excludes O2) of mangoes causing reduction of cell wall degrading-enzymes responsible 

for mango softening (Aguiar et al., 2011). 

 It has been postulated that softening and texture changes during mango fruit ripening 

determine fruit storability and shelf life, as well as reduced incidences on decay and less 

susceptibility to mechanical damage. These results on firmness demonstrated beneficial effects 

of the Aloe vera coating on enhancement of the mango shelf life. The present study demonstrates 

observations similar to those of  Arowora et al.( 2013) who worked on oranges coated with Aloe 

vera gel. It was, also, observed that fruit firmness significantly decreased with increasing storage 

period. Loss in fruit firmness with the progress of storage period is due mainly to decomposition, 

enzymatic degradation of insoluble protopectins to simpler soluble pectins, solubilization of cell 

and cell wall contents as a result of the increase in pectin esterase activity and subsequent 

development of juiciness and the loss in peel and pulp firmness.  
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The pH of Aloe vera coated mangoes and those fruits coated with chitosan had lower 

values this was due to the semi-permeability created by Aloe vera and chitosan coatings on the 

surface of the fruit, which modified the internal atmosphere i.e. endogenous O2 and CO2 

concentrations in the fruit, thus retarding ripening. Baldwin et al. (1999) reported similar results 

using Nature Seal (NS) and Tropical Fruit Coating 213 (TFC) coatings on mango ripening during 

storage. 

There was a lower decrease in the TA for Aloe vera and chitosan coated mangoes. Aloe 

vera gel and chitosan coating must have modified internal atmosphere thus reducing ripening 

and maintenance of the TA (Nabigol and Asghari, 2013). Reduction in TA for uncoated fruits is 

due to conversion of acids into sugars and their further utilization in the metabolic processes of 

the fruit. Doreyappa and Huddar (2001) reported the similar pattern in different varieties of 

mango fruits stored at 18-34°C. They observed a series of physico-chemical changes during 

ripening and the major changes were decrease in acidity. The acidity of the fruit is an important 

character to determine its quality and acceptability. Very high or very low values of the acidity 

are not recommended for good fruit. 

Color is related to the presence of various pigments. Changes in colour are mainly due to 

chlorophyll transformation into other pigments and to the synthesis of new pigments e.g.  

carotenoids and anthocyanins. Chlorophyll retention was higher in the fruits coated with Aloe 

vera gel and chitosan coatings and least of it was seen in the uncoated fruit. Aloe vera gel 

treatment and chitosan delayed the green colour loss on the fruit skin, synthesis of new pigments 

e.g. carotenoids require O2. Coatings applied to fruit act as a barrier, altering permeability to 

gases. This results in increased internal CO2 contents, slowing down the external and internal 

colour change of the fruit in return delaying chlorophyll degradation and carotenoid synthesis 

(Ergun and Satici, 2012). Similar results of colour retention in coated fruit had been reported in 

carambola fruits (Neeta et al. 2013). 

Ascorbic acid is one of the most abundant antioxidants present in fruits. Results suggest 

that Aloe vera gel and chitosan coating caused lower losses of antioxidant capacity by the end of 

storage, when coated fruits were compared to the negative control. Application of Aloe vera gel 

and chitosan modified internal atmosphere, more concentration of CO2 resulting to lower 

concentration of O2 hence the oxidation process was retarded which caused reduction in 
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conversion of ascorbic acid to dehydro ascorbic acid. Lal et al. (2007) reported similar results on 

mango using various chemicals under different storage period.  

The result on anthracnose disease demonstrated that Aloe vera does not inhibit C. 

gloeosporioides growth. The findings of this study are in disagreement with previous reports on 

the antifungal activity of plant extracts such as Echinops sp., Ruta chalepensis, Thymus 

serrulatus and Artemisia genus (Ademe et al, 2014). Other studies on A. vera gel on table grape 

and sweet cherry (Martínez-Romero et al., 2006; Serrano et al., 2006) maintained quality and 

reduced decay symptoms although the fungi responsible for decay were not determined. 

However, early reports have shown that Aloe reduced spore survival by 15–20% for Penicillium, 

Botrytis and Alternaria (Saks and Barkai-Golan, 1995), and Aloe vera reduced  22–38% the 

mycelium growth of other plant pathogenic fungi such as Rhizoctonia, Fusarium and 

Colleotrichum (Jasso de Rodríguez et al., 2005), showing a limitation in controlling possible 

fungal infections. 

5.2 Effects of Storage Temperature on Shelf Life and Quality of Mango Fruits 

Results on study on shelf life indicated that mango fruits stored at room temperature had 

shorter shelf life than those stored at low temperature. It was found that under room temperature 

the coated fruits can be stored for sixteen days while the control had a shelf life of around 8 days 

at ambient conditions while Aloe vera gel and chitosan coatings prolonged storage life of mango 

up to 20 days at 13oC. Reducing storage temperature improves the shelf life of perishable 

commodities mainly due to its effect on biochemical and physiological activity leading to 

retarded senescence of fruit in storage (Pinto et al., 2004). Similar results were reported by Ezz 

and Awad (2011) who reported the effect of different treatment; potassium permanganate, hot 

water treatment under 5oC for 30 min. and shrink film addition to control on storage life of 

mango cultivars Hindi Be- Besennara (early ripe) and Alphonse (mid-season) under three low 

temperature 8, 10 and 13oC and R.H. (80-85%) for 30 days. 

The results indicated that weight loss of fruits was lower for fruits stored at 13°C, as 

compared with those at room temperature. This could be due to the fact that low temperature 

retards ripening through reduced respiration rate and other undesirable metabolic changes. High 

temperature is known to increase enzymatic catalysis and leads to a chemical and biochemical 

breakdown in fruits and vegetables (Ezz and Awad, 2011).  
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The present results indicated that increasing storage temperatures significantly decreased 

the firmness of mango fruits. It was, also, found that fruit firmness significantly decreased with 

increasing storage period. Loss in fruit firmness with the progress of storage period is due mainly 

to decomposition, enzymatic degradation of insoluble protopectins to more simple soluble 

pectins, solubilization of cell and cell wall contents as a result of the increasing in pectin esterase 

activity and subsequent development of juiciness and the loss in peel and pulp hardness (Ezz and 

Awad, 2011). 

The present results showed that in fruit titratable acidity was higher in low temperature 

and decreased with increasing temperature. The relatively higher storage temperature led to 

higher rate of reduction in the TA during ripening and storage of mangoes. This could be 

associated with rapid ripening and senescence process of mangoes when stored at higher 

temperature. The changes in TA is based on changes in citric acid, the concentration of this acid 

is known to diminish during ripening (Medlicott et al., 1986). Citric acid is a respiratory 

substrate and its consumption in respiration increased with the progress of storage period, as it 

could be used as an organic substrate in the respiration process (Ezz and Awad, 2011).  

Concerning the effect of storage temperature on fruit ascorbic acid content, the results 

showed that its values significantly decreased with increasing storage temperature. This could be 

due to the fact that low temperature retards ripening through reduced respiration rate and other 

undesirable metabolic changes. High temperature is known to increase enzymatic catalysis and 

leads to a chemical and biochemical breakdown in fruits and vegetables (Ezz and Awad, 2011).  

5.3 Interactive Effects of Aloe vera Gel Coatings and Storage Temperature 

Aloe vera gel coatings and chitosan coating and low storage temperature greatly reduced 

weight loss in mango fruits. Aloe vera gel-coating significantly reduced weight loss during fruit 

ripening and during low temperature storage compared to uncoated fruit. Fruit weight loss occurs 

as a result of dehydration and loss of water from fruit surface. Earlier reports on mango showed 

higher weight loss with increased fruit ripening and storage periods (Abbasi et al. 2011). Aloe 

vera gel coating reduced weight loss in coated fruit because of hygroscopic properties that enable 

the formation of a barrier to water diffusion between fruit and environment (Martinez-Romero et 

al., 2006). Similar reductions in weight loss have been reported in Aloe vera coated sweet cherry 

and table grapes (Valverde et al., 2005; Martinez-Romero et al., 2006). 
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The lower total soluble solids in Aloe vera gel coated and chitosan coated fruits stored at 

low temperature might be due to delayed fruit ripening. Similarly a delayed and a smaller 

increase in TSS has been reported in Aloe vera gel coated sweet cherry and table grapes 

(Valverde et al., 2005; Martinez-Romero et al., 2006), and in starch-coated strawberry fruit 

(Mali and Grossman, 2003) 

Aloe vera gel and chitosan coatings and low temperature resulted in a significant 

retention of fruit firmness during ripening compared to the uncoated fruit. This was possibly due 

to reduced ethylene production consequently delaying the fruit ripening process in mango fruits 

with Aloe vera gel coating. Generally, fruit softening involves structural as well as compositional 

changes in the various components of the cell wall carbohydrates partly as a result of action of 

fruit softening enzymes (Abbasi et al. 2011). Fruit softening has been reported to be a result of 

cell wall digestion by pectinesterase, polygalacturonase and other enzymes, and this process is 

increased by the increase in storage temperature (Ahmed et al., 2009). Similar results have been 

reported in Aloe vera gel coated sweet cherry and table grapes (Valverde et al., 2005; Martinez-

Romero et al., 2006). 

It was found that Aloe vera gel and chitosan coated mangoes under low temperature had 

lower value of pH at the end of storage period; this was due to the semi-permeability created by 

Aloe vera coatings on the surface of the fruit, which might have modified the internal atmosphere 

i.e. endogenous O2 and CO2 concentrations in the fruit, thus retarding ripening (Arowora et al 

(2013). 

Reduced increase in Titratable Aacidity in Aloe vera gel and chitosan coated fruits under 

low temperature due loss due to the low oxygen permeability and lowered respiration rate and 

consequent prevention of acid oxidation. Reduced TA in negative control fruit is due to a higher 

respiration rate that resulted in degradation of organic acid. This confirms the earlier reports that 

organic acids act as substrates for the enzymatic reactions of respiration that result in reduction 

in the fruit acidity (Yaman & Bayoindirli, 2002). Similar results have been reported in Aloe vera 

gel coated nectarines kept in ambient and cold storage. 

Aloe vera gel and chitosan coatings and low temperature resulted in a reduction in loss of 

ascorbic acid during storage compared to the uncoated fruit. This is due to retarded oxidation 

process and hence the rate of conversion of ascorbic acid into dehydro-ascorbic acid was slowed 

down during storage. The results are comparable with Abbasi et al. (2011) who examined a 
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slower decrease in ascorbic acid in mangoes coated with different coatings and packaging at low 

temperature. 

There was little change in peel and flesh colour in fruits coated with  Aloe vera gel 

coating and low temperature during storage compared to the uncoated fruit. The colour in plants 

is contributed by different pigments, which are classified into four categories based on their 

chemistry; chlorophylls, carotenoids, flavonoids and betalains. The increase in a* nd b* values is 

due to chlorophyll degradation indicating transition of color from green to yellow. The yellow 

colour is associated with the yellow pigment carotenoids (Abbasi et al. 2011). These carotenoids 

are stable compounds which are synthesized during developmental stages but musked by 

presence of chlorophyll. These results are in agreement with those of Abbasi et al. (2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

69 

 

CHAPTER SIX 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

Based on the results and the observations of this study, the following conclusions can be 

drawn: 

1) Aloe vera gel applied as agri based coating in fruits is beneficial for  

maintaining quality and extending shelf life of mango fruits but does not control 

the anthracnose disease 

2)  Storage temperature of 13oC maintains fruit quality extends shelf life and 

reduces disease incidences. 

3) Aloe vera gel coatings and storage temperature of 13oC maintains fruit quality 

extends shelf life and does not control disease incidences. 

6.2 Recommendations 

 Mango fruits should be coated with 50% Aloe vera gel for longer (twenty days) 

postharvest shelf life  

 Mango fruits should be stored  at 13oC for longer shelf life and quality maintenance 

 Mango fruits should be coated with Aloe vera gel coatings and stored at storage 

temperature of 13oC to maintain fruit quality and extend shelf life and reduce disease 

incidences. 

6.3 Further research 

 Research should be conducted using Aloe vera gel coatings on other fruits such as 

bananas and avocado to observe its effect on quality maintenance, safety and commercial 

application on large scale. 

 Essential oils which are effective on anthracnose control should be combined with Aloe 

vera gel coatings to investigate its effects on disease during postharvest. 
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