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Abstract 

This study was conducted to determine the optimum maturity indices and storage life for selected 

avocado cultivars grown in Wendo-Genet: South Ethiopia. Maturity has a pronounced effect on 

the physical, nutritional and chemical compositions, and post-harvesting quality attributes of 

avocado fruit. Avocado fruit quality parameters such as, physico-chemical properties, dry matter 

and oil content of the mesocarp, and oil characteristics, of Hass and Fuerte avocado cultivars 

were conducted  to determine the optimum maturity indices and acceptable fruit quality. Besides 

of that the effect of storage temperature on the shelf life, weight loss, and chilling injury of Hass 

avocado cultivar harvested which stored at 2, 5, 8 and 20 oC for 7, 14, 21 and 28 days was 

investigated. Fuerte and Hass avocado cultivars were harvested at their early, middle and late 

harvesting period in 2017 from Wendo-Genet Agricultural Research Center (March to May at one-

month intervals). Statistically, significant differences between the avocado cultivars were observed 

in terms of fruit weight, percent of pulp to whole fruit weight ratio, pulp and seed weight during 

the harvesting season (March to May). Both dry matter and oil content of both cultivars increased 

significantly (p < 0:05) with harvesting time of the fruits. Dry matter of Hass and Fuerte avocado 

fruits gradually increased from 17.89 ± 2.36 to 29.11 ± 2.27% and 18.22 ± 1.811 to 28.73 ± 1.88%, 

respectively, from March to May. Similarly, oil content of Hass and Fuerte avocado fruits 

gradually increased from 6.66± 0.1 to 19.21±1.00 respectively. Avocado oil characteristics: oil 

content, acid value, peroxide value, and free fatty acid value of the two avocado cultivars at 

different harvesting time were examined. The oil characteristics result showed that both avocado 

cultivars harvested in March, April and May were within the range for acceptable condition for 

consumers as reported by different authors except for the free fatty acid which was slightly higher. 

Inter-cultivar differences of total soluble solids, and weight loss were found to be significantly 

different as the harvesting period goes from March to May while pH value showed insignificant 

difference among the cultivars. The storage experiment revealed that storage temperature affected 

the shelf life and quality of Hass avocados. Hass avocado fruit stored at 5 oC for 4 weeks had 

longer shelf life with medium chilling injury than the fruit stored at 2 oC which showed high chilling 

injury within 3 weeks storage time. The fruit stored at 8 oC and 20 oC had shorter shelf life, 

developed browning mesocarp, and rapidly ripened in short time. Storage at ambient temperature 

(20°C) resulted in high weight loss as compared to 2 and 5 °C storage temperatures due to 

increasing respiration rate and transportations of water from the fruit to the environment at higher 

temperature. As a result of this study; the optimum harvesting period of Hass and Fuerte cultivar 

were determined to be in April in terms of fruit dry matter 22.827%and 22.7.0 % and oil content 

11.43% and 14.53% respectively for the cultivars. The storage of Hass avocado at 5°C for 4 weeks 

was the optimum storage condition causing less chilling injury and weight loss and maintaining 

better fruit quality.  

Keywords: Avocado (persea americana Mill.), Maturity indices, fruit quality, oil characteristics, 

storage, harvesting period. 
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CHAPTER ONE 

1. Introduction 

1.1 Back ground  

Avocado (Persea americana Mill.) was originated in Mexico, Central or South America, and first 

cultivated in Mexico as early as 500 BC (Muhammad, 2015). After involving a lot of efforts 

cultivation of avocados for commercial purposes began in California and Florida and then in Israel, 

South Africa and Chile. Although a range of avocado cultivars are grown, Hass is one of the most 

world widely grown, imported and exported cultivar (Shepherd and Bender, 2002).  

Ethiopia has a good agro-ecologically diversity and has a total area of 1.13 million km2. According 

to Abduselam (2016) avocado was first introduced to Ethiopia in 1938 in Hirna and Wendo-genet 

and progressively spread throughout the country. The total area which is cultivated for avocado in 

Ethiopia is 8938.24 hectares and production of 256331.64 quintals; most avocados are found in 

the south-western part of Ethiopia and other parts of the country due to more favorable climatic 

and soil characteristics (Abduselam, 2016).  

From a nutritional point of view, avocado is a fruit with a high nutritive value and an unusual 

composition. It contain monounsaturated fatty acids (MUFA) dietary fiber, essential nutrients and 

phytochemicals (Fulgoni et al., 2013). The outstanding compositional feature is the high fat 

content, which varies significantly between different cultivars due to climatic and soil difference.  

The taste of avocado is neither sweet nor acidic. It has a bland nature with particularly high 

nutritional value containing 15-30% oil, vitamins (vitamin A, B6, B12, C, K, E, Folacin, and 

Niacin etc.), minerals, high caloric value 123-387 kcal/kg of edible avocado, and has low sugar 

content (Villa-Rodríguez et al., 2011). It also contain nine essential amino acid and beneficial anti-

oxidant phytochemical contents. In addition, according to Bergh (1992) consumption of avocado 

improves the human blood pressure (lipid profile) due to the high unsaturated fatty acid content.  

Moreover, avocado is unusual fruit having high oil content, which is comparable with olive oil 

(Bleinroth and Castro, 1992). Now avocado oil have a special place in the edible oil market, 

avocado and its oil are recognized mainly due to its unique features such as high nutritional 

qualities. In contrast to olive oil, avocado oil has a different applications in the cosmetic industry 
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as a base oil or as an active ingredient and in the pharmaceutics industry because of its good health 

properties (Tapia, 1999). 

For the development of a successful avocado fresh fruit industry one of the most important criteria 

is the assurance of quality to the consumer. To achieve good quality avocado it must be include 

the following factors: production of disease-free fruit, proper maturity at harvest and correct 

harvesting, proper storage and handling procedures. The processes associated with the full fruit 

size and development of the quality attributes of a mature fruit refers to maturation. Maturity means 

a phase of fruit development when the fruit has achieved all the necessary growth stages and is 

ready for commercial purpose. Whereas, ripening is a process of biochemical changes taking place 

in fruit that alter the fruit composition and make it ready for consumption (Muhammad, 2015).  

A good mature avocado is one that has reached a particular stage in development such that when 

harvested, it will ripen to an edible condition with acceptable flavor and texture identifiable with 

that particular cultivar. However, an immature fruit is that has not achieve this proper stage of 

development and it will soften and will not attain acceptable eating quality. Barmore (2003) stated 

that an immature avocado during ripening conditions would often shrivel and become rubbery and 

discolored. Maturity at harvest is the most important determinant of storage-life and final fruit 

quality. Fruit either harvested too early or late, are more susceptible to post-harvest physiological 

disorders than are fruit harvested at the proper stage of maturity (Gamble et al., 2010 and Osuna-

Garcia et al., 2010). 

The avocado does not ripen on the tree since it is climacteric fruit, so it must be harvested in the 

appropriate physiological maturity stage to obtain the edible characteristics of taste and firmness 

(Gamble et al., 2010). Identification of horticultural maturity is difficult for avocado, because 

maturation is not accompanied by changes in external appearance. Furthermore, mature avocado 

fruit do not ripen on the tree, but soften several days after being picked. Hence, it is difficult to 

judge in advance whether a fruit is mature enough to ripen satisfactorily. 

Several indicators may be used to determine avocado fruit maturity. Some of them are dry matter, 

total soluble solids, moisture content, oil content, firmness, color, texture, quality defects and 

others. During the maturation process, there is an increase in the oil content of the fruit, a moisture 

reduction and an increase in palatability (Osuna-García et al., 2010). A common method for 
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determining oil content in the avocado is the Soxhlet method (Lee, 1981). Though it is slow, 

expensive and difficult to perform; thus, people prefer to use the indirect method of using the 

percentage of dry matter or moisture content of fruit pulp as an indication of maturity. This method 

is based on the high correlation between a decrease in fruit moisture content or an increase in dry 

matter and an increase in the oil content of fruit (Woolf et al., 2004).  

In most countries, the use of the percentage of dry matter as a maturity indicator for avocado is 

widely accepted and minimum values have been established as a legal standard for each cultivar. 

The dry matter minimum requirement varies from 19 to 25%, depending on the cultivar (19.0% 

for Fuerte, 20.8% for Hass and 24.2% for Gwen) and the country (21% for Australia, 21.6-22.8% 

for USA and 23.0% for Mexico, South America and South Africa for 'Hass' avocado) (Kassim et 

al., 2013). According to Lee et al. (1983) dry matter analysis is as an index of maturity and it is 

the feasible of establish harvesting time.  

The avocado tree sometimes used as a ‘tree storage’ strategy to take advantage of marketing 

opportunities. Lipids continue accumulate in fruit well after physiological maturity (Wolstenholme 

and Wiley, 1995), this practice unquestionably will have some impact on the total carbon economy 

of the tree or leads for the alternative bearing for the next year  and  the avocado will have short 

shelf life. 

Optimum harvest maturity is one of the main significant factors that determines for the quality of 

avocado fruit (Magwaza and Tesfay, 2015). Maturity at harvest has a very important influence on 

subsequent storage life and eating quality. Determination of optimum maturity standards is an 

economically important decision for avocados with climacteric feature and fruits of some varieties 

remaining up to 6 months or longer times on the tree in some cultivars (Young and Lee, 1978). 

Avocado quality at its final destination is a major concern during exportation. Thus, the 

development of valuable postharvest technologies could improve the quality and consequently 

extend the shelf life of avocados locally and during export to distant markets. Avocados continue 

respiring after harvest, beginning the ripening process almost immediately due to their climacteric 

characteristic of high respiration rates (Wu et al., 2011). Ripeness time, the number of days 

required for a fruit to ripen after harvest, is between 4 and 10 days, with peaks between the days 6 
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and 9; in almost all cases the ripeness peak is displaced toward the last days (Go´mez-Lo´pez, 

1998). 

Storage temperature has a significant effect on fruit quality. Several studies shows that optimum 

storage temperature for avocado varies among cultivars. Some are cold intolerant, least tolerant 

and others are cold tolerant. Because of physiological and biological processes quality loss after 

harvest is occurs. In cold storage, the temperature is simply maintained at a predetermined low 

temperature. The period which passes from picking to softening is a function of the metabolic 

activity of the fruit, which in turn depends on various factors, one of the most influential is storage 

temperature. Accurate equipment and methods to assess firmness, chilling injury, weight loss, 

physical disorder, and color are key tools to support such understanding. For general regarding 

cold storage of unripe avocado ‘Hass’ recommend a storage temperature of 5 to 7 ºC for early 

season fruit and 4 to 5.5 ºC for late season fruit (Woolf et al., 2002). 

Shelf life of fruits is extended at low-temperature storage because metabolism is delayed by a 

reduction in respiration rate, ethylene production, colour changes, physical disorder, microbial 

growth and softening. Nevertheless, due to its susceptibility of chilling injury the use of low 

temperatures for avocado storage is limited. Saucedo, (1998) suggested mature avocados stored at 

5–8 oC could reach a 1–2 week shelf life and a shelf life of 2–3 weeks at 5 oC. 

Ensuring full physiological maturity at the time of harvesting plays important role in its eating 

quality and regulates how the fruit can be handled, stored, and transported. Therefore, in-depth 

knowledge of fruit maturity, its parameters and storage temperature is essential to deliver avocado 

fruit of excellent quality to the consumers. 

1.2 Statement of the Problem 

The harvest and postharvest phase covers up to 60% of all costs in the horticultural production and 

marketing system, and up to 50% of all fruit is not utilized (Kader, 2005). The main objectives of 

applying postharvest technologies are to maintain quality and reduce losses in the postharvest 

chain of fresh fruits and vegetables. One of the most common mistakes is to harvest fruit crops too 

early or too late. Properly matured avocado at harvesting time ripen to an edible condition with 

acceptable flavor and texture identifiable with that particular cultivar. Recently, because of its 

nutritional advantages and consumer’s awareness, the demand for avocado is increasing from time 
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to time as compared to other fruits available in the Ethiopian local markets. Despite its importance, 

almost nothing has been done to determine maturity indices and storage life of the avocado 

cultivars grown in Ethiopia.  

Ethiopia has a large agricultural sector. There is an increasing interest to expand small commercial 

farming owed by small holding farmers (Abduselam, 2016). Proper stage of maturity and knowing 

of storage life is important to achieve nutritional advantages, to extend shelf life, to achieve good 

quality and to promote the marketing of avocado locally and internationally. The postharvest losses 

of avocado is very high in Ethiopia due to improper maturity, handling, and storage conditions. 

Since the farmer , wholesalers and distributors don’t know the maturity indicator levels or they 

don’t have a knowledge about the immature and over matured of the avocado means of separates 

from the matured by standard measurement.  Therefore, knowledge of fruit maturity criteria, 

storage life and maturity indicator standards of the avocado varieties is commercially very 

important.  

Better knowledge of the variations in oil content, dry matter, TSS, pH and composition in the fruit 

is necessary for the determination of a maturity index for avocados growth in Ethiopia that could 

give support for local and international marketing efforts, with highest confidence. Therefore, it is 

important an instrument which is used to determine or measure the maturity of avocado easily and 

economically available. Besides of that long transportation and short shelf life represent a 

significant obstacle for avocado exporters. Thus, new logistical solutions must applied to 

overcome time constraints and a deeper understanding of the effect of cold chain conditions on the 

avocado quality is necessary.   

Additionally, limits on harvest maturity and storage life should be set in order to achieve 

standardization of fruit quality across an export-based industry. Therefore, a study is needed to 

determine a reliable and fast harvesting index and best storage life for the avocado cultivars grown 

in Ethiopia in order to fulfill the identified research gap. 
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1.3 Objectives 

1.3.1 General Objective 

The general objective of this research was to determine optimum maturity indices and storage life 

for selected avocado cultivars grown in Wendo-genet, Southern Ethiopia 

1.3.2 Specific Objectives 

The specific objectives of the research were to: 

 Investigate the fruit physical characteristics at the time of harvest.  

 Determine the dry mater content  

 Determine Chemical Composition, (TSS and pH) 

 Determine and characterization of the oil content 

 Investigate the relationship between maturity, shelf life and quality attributes of avocados 

 Evaluate the different storage temperature on the quality and shelf life of avocados 

1.4 Significance of the Research 

The aim of this study was to decrease post-harvest losses of avocado fruits. Because, in Ethiopia 

there is no standard methods to determine exact time for the matured or to predict the maturity 

time of the avocado. One of the most important criteria for the development of a successful 

avocado fresh fruit is the assurance of quality to the consumer. In addition to that, it would provide 

to set optimum storage life, optimum maturity standards and to prevent immature fruit or over 

matured fruit avocados from entering the market. Determining the optimum storage condition 

would help to obtain avocados with good quality and prolong shelf life avocados without loss of 

quality attributes.  

From this study many individuals and organizations expected to be benefited which may include: 

 Avocado producing farmers 

 Industry sector which focus on producing products from avocado 

 Ministry of agriculture and horticulture to reduce post- harvest loss of Avocado fruits  

 Research institute  

 Avocado exporters etc. 
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CHAPTER TWO 

2. Literature Review 

2.1 Overview of Avocado   

Avocado (Persea americana Mill.) is a relative of the laurel, cinnamon, bay and sassafras. The 

avocado originated in southern Mexico and was domesticated several thousand years ago in 

Central America. Before the arrival of Europeans, it was cultivated from the Rio Grande to central 

Peru (Smith et al., 1992). The largest avocado producing country is Mexico, accounting for 25% 

of the world production and followed by Chile with 8.5% (FAO, 2013). Almeida and Sampaio 

(2013) stated that due to advances in postharvest technologies, reduction in trade barriers, 

increased motivations, and strong health related claims makes increasing productivity of avocados.  

In 2010 world total production of avocado was increasing to 3.84 million metric tons (MMT), 

which represented about 92% increase as compared to 1990. Since 1990; 36% and 41% during 

1990–2000 and 2000–2009, respectively the avocado production has seen a consistent increase. 

The first producer country is Mexico with 1.10 MMT (about 29% of the world total), followed by 

Chile, the Dominican Republic, Indonesia, and Colombia. Mexico is also the top avocado exporter, 

whereas the United States is the leading importer of avocados (Dorantes-Alvarez et al., 2012). 

2.1.1 Botanical Overview of Avocado fruit 

The avocado fruit is botanically defined as a berry with fleshy mesocarp surrounding a single large 

seed and thick flesh.  Avocado fruits are globose, have a yellow-green to maroon or purple skin, 

which can be smooth and range in weight from 50 g to 1 kg (Schaffer and Andersen, 1994). 

Avocado fruit contains an exocarp, a fleshy mesocarp, a thin fleshy endocarp (collectively the flesh 

or pulp) and the seed. The edible flesh or mesocarp contributes to 50 to 80% of total fruit while 

the large seed of the avocado comprises 10 to 25% of the total fruit weight (Lewis, 1978).  

According to the areas of origin and distinctive features avocados are divided into three 

horticultural races: Guatemalan (Persea nubigena var. guatamalensis L. Wms.), Mexican (P. 

americana var. drymifolia Blake) and West Indian (P. americana Mill. var. americana). Other fruits 

are hybrid forms exist between all three types (Thompson, 2003). 
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The Mexican race originated from the highlands in Mexico characterized by growth at elevations 

up to 3,000 meters and are small black or green thin-skinned fruit. They mature relatively quickly 

within six to eight months and are the richest of all avocados with as much as 30% lipid content. 

Fruit from the Guatemalan race also originated from the highlands in Central America but at lower 

elevations than the Mexican race. Guatemalan avocados have thick woody skins and the latest 

maturing of the three horticultural races. Schaffer and Andersen (1994) stated that avocado takes 

a year or longer before they are ready for harvest. Guatemalan avocados are generally small size 

and typically have a lipid content around 8 to 15 percent (Smith et al., 1992). In contrast to the 

other races, West Indian race occurs in lowland forests of Central America and northwestern parts 

of South America.  

The West Indian avocados have a large leathery skin, reach maturity in 6 to 9 months, weigh up 

to 1.5 kilograms, and have the lowest lipid content (only 3 to 10 percent) (Smith et al., 1992). The 

most useful horticultural genes are Guatemalan cultivars which dominate the germ plasm of the 

world’s ‘subtropical’ avocado cultivars and which lead the world trade. Good fruit quality, small 

seeds, and late fruit maturity characterize these avocados. Good-quality pure Mexican cultivars 

are unusual, but they have contributed genes for early maturity and cold tolerance. West Indian 

types, or their hybrids with Guatemalan types, dominate the world’s tropical and semi-tropical 

industries, especially in developing countries based on seedling trees (Schaffer, 2013). 

Most West Indian avocados are characterized by cold sensitive and well adapted to high 

temperatures. Fruit of the Mexican race are the most cold tolerant, due to their origin in the cool 

highlands and because of this; they do not show normal development in high temperatures. 

However, avocados of the Guatemalan race fall in between the other two showing more sensitivity 

to high temperatures (Cutting and Bower, 1988). The main characteristics for the three races are 

shown in Table 2.1. Most avocado trees grown in commercial plantations are a mix of Guatemala 

and Mexican ancestors or have Guatemala and West Indian parents. Avocado cultivars found in 

the market are the result of selection among the three avocado races with advantages for 

commercialization and cross-breeding work done basically in California, US (CAC, 1999). 

For example, Pollok, Peterson, and Waldin cultivars have their origins in the West Indian avocado 

race, McArthur, Orotava, Nabal, Anaheim, Hass, Booth 7 and Booth 8 belong to the Guatemalan 

race and Puebla, Mayapan, Zutano, Topa-Topa, Bacon and Criollo originally belong to the 
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Mexican race. Fuerte, Ettinger, Rincon, Robusto and Lula are among the Mexican-Guatemalan 

hybrids whereas Gema and Choquette, are among the West Indian- Guatemalan hybrids. 

Systematic studies have classified more than 500 avocado cultivars (Smith et al., 1992). However 

only a few of them possess good characteristics for commercialization. 

Table 2.1: Comparison of three avocado races 

Trait  Mexican  Guatemalan  West Indian 

Tree 

Climatic  adaptation: “semitropical” Subtropical Tropical 

Cold tolerance:  Cold  Tolerance  Least 

Salt tolerance least  Intermediate Most 

Hairiness:  most  less  Less 

Leaf anise:  present  absent  Absent 

Leaf color:  medium  often redder  Paler 

Trait Fruit 

Months to mature:  6  12 or more  5 

Size:  small  variable  Variable 

Pedicel (stem) small  variable  Variable 

Skin thickness:  very thin  thick  Medium 

Skin surface waxy bloom rough  Shiny 

Seed size:  large  small  Variable 

Seed cavity:  loose  tight  Variable 

Seed surface:  smooth  smooth  Rough 

Oil content:  highest  high  Low 

Pulp flavor:  spicy  often nutty  Mild 

Some varieties: Topa, Mexicola, 

Duke, Mentone 

Reed, Nabal Waldin, Booth, 

Trapp 

                       Sources:  Bergh and Ellstrand, 1986 
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The leaves of West Indian cultivars are scentless, Guatemalan types are sometimes anise scented 

and have medicinal use. Whereas Mexican types have a pronounced anise scent when crushed. 

The leaves are high in oils and slow to compost and may collect in mounds beneath trees (CRFG, 

1998). 

2.1.2 The Avocado Tree 

Seedling trees of Guatemalan and West Indian race ecotypes, especially in their native rainforest 

environments, can reach heights above 30 m, whereas Mexican seedling trees are shorter (15 m). 

Depending on the rootstock vigour, graft compatibility and growing conditions, Grafted trees, are 

dwarfed to a varying extent. Orchard trees in the subtropics can reach more than 10–15 m in height 

but due to difficulty of pest management and fruit harvest, orchard trees are usually from 4–5 m. 

Avocado trees have a capacity of rapid growth in height and spread, with 1 m per year usually in 

young trees in the moist subtropics. The wood has a property of spongy due to the relatively thin-

walled fibers caused by a rapid increase in branch thickness. The branches bend easily under the 

weight of fruit, and for a given thickness, they are not as strong as those of citrus fruits 

(Chanderbali et al., 2013). 

An avocado tree produces above a million flowers in excess, but only a small number of them 

develop a fruit. Avocado flowers appear in terminal panicles of 200 - 300 small yellow-green 

blooms but from those only one to three fruits will produce. The flowers are perfect, but are either 

receptive to pollen in the morning (shed pollen the following afternoon (type A)), or are receptive 

to pollen in the afternoon, (shed pollen the following morning (type B)). Production is best with 

cross-pollination between types A and B. Avocado trees require bees or other large flying insects 

for pollination and usually need to be fertilised by a neighbouring tree (Wolstenholme, 1988).  
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Fig 2.1: California grown avocado varieties (source: CAC, 2010) 

2.1.3 Chemical Composition of the Avocado Fruit 

The avocado fruit has a “calorific value” three times that of banana and 50% time that of beefsteak, 

with abundant amounts of vitamin A, B and E and a mineral matter higher than other fruit (Tapia, 

1999). Avocado is an unusual fruit because its characteristic composition significantly varies with 

race, cultivar, time in the season and climatic growing conditions.  

 

Source: Magwaza and Tesfay (2015) 

Figurer 2.2: External and internal portions of avocado  
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Table 2.2: Composition of the Several Cultivars of Avocado Fruit 

Cultivar 

and 

Location 

 

Fruit 

weight (g) 

                          %Fruit Weight 

Edible 

Portion 

Moisture  Protein Fat Carbohydrat

e 

Ash 

Fuerte Altadena CA. 256 71.3 65.7 1.51 26.6 4.62 1.6 

Fuerte Yorba Linda. CA. 566 73.5 68.3 1.36 24.2 4.82 1.27 

Hass California 200 75.0 68.4 1.8 20 7.8 1.2 

Dickenson California 254 70 72 1.56 20.4 4.69 1.35 

Lula Florida 496 63.3 73.9 1.21 13.6 1.78 0.92 

Trapp Florid 422 72.2 83.5 0.9 6.3 1.56 0.64 

Taylor Florida 298 64.8 76.9 1.4 13 1.52 0.87 

                    Sources: Tapia (1999) 

2.1.3.1 Total soluble sugars 

Avocados has high carbohydrate which is an essential source of energy for growth, development 

and maintenance of the human being. Avocado has five major soluble sugars include seven carbon 

(C7) reducing sugar mannoheptulose, its reduced polyol form, perseitol, the common disaccharide 

sucrose, and its component hexoses, fructose and glucose. These constituted approximately 98% 

of the total soluble sugars (TSS) (Tesfay et al., 2012). Liu et al. (1999) stated that ripening of 

avocados at 20°C resulted in a considerable decreases in the TSS in the peel and flesh, particularly 

the C7 sugars, and that a decrease in the TSS was associated with an increase in the oil content. 

Decrease in the TSS was observed during storage at 1 and 5°C but at a slower rate. During avocado 

growth, carbohydrates are stored, however, once the fruit is harvested these carbohydrates are 

consumed for postharvest physiological processes such as respiration through enzymatic 

mechanisms that metabolize the C7 sugars (Liu et al., 1999). This shows that the C7 sugars play 

an important role in the respiration of the avocado during the ripening process. 

2.1.3.2 pH 

According to Maftoonazad and Ramaswamy (2008), the pH decreased with time during storage 

and avocados treated with pectin-based coatings illustrated a slower rate of decrease in pH values 

compared to untreated fruit and those exposed to higher temperatures. Exposure to low oxygen 

and/or high carbon dioxide for short periods has been used as a pretreatment to alleviate 
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physiological disorders and for improved storage atmospheres. These conditions can also lead to 

a decrease in the intracellular pH thereby changing the various physiological processes that are 

dependent upon pH (Ke et al., 1995).  

2.2 Overview of Avocado in Ethiopia    

The production involvement includes introduction of improved commercial cultivars that have 

been tested and now promoted by the national research center at Melkassa and Upper Awash Agro 

Industry. The introduced avocado varieties include “Ettinger”, “Fuerte”, “pinkarton”, “Hass” 

“Naba “and “Bacon” which are known for bearing uniform and good quality fruits (Ketema et al., 

2010). Wendo-genet Research Center is found in the Location of (Latitude/longitude): 7º19' N and 

38º38'E, temperature (min/max):11.5ºC and 26.2ºC, Rainfall: 1372mm and Distance from Addis 

Ababa (km): 270km. 

Absence  of  improved  varieties,  avocado  and  mango  production  is  exclusively based on 

distribution of mixed materials; consequently the local seed system has come out as  best-bet arena 

and is now a common route for seedling distribution. According to Garedew and Tsegaye (2010) 

even though avocado has economically and socially play a significant role its production is 

challenged by a number of constraints; this are Degeneration of fruits, Disease problem, improper 

harvesting, maturation and storing, and  absence of good agronomic practices.  

Expanding fruit and vegetable production and trading at the international level will improve 

farmers’ and traders’ income and will result in a more positive trade balance. Currently 

entrepreneurs lack information about possibilities of refrigerated container transport for export and 

cannot estimate whether it is practically possible and whether it is a valuable investment in 

Ethiopia.  

2.3 Preharvest Factors Influencing Postharvest Quality of Avocado 

Pre harvest factors can influence both the degree of fruit development and maturation (Ferguson 

et al., 1999). The pre harvest environment can also have a physical impact on fruit quality. Some 

examples of pre harvest factors involved in postharvest fruit quality includes climate/environment, 

pest management, irrigation etc. 
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2.3.1 Environment 

Avocados are grown as a commercially important agricultural fruit crop in many countries around 

the world with extremely differing environments. Environmental factors include climate 

(temperature, wind and rainfall), air and positional effects both within a planting and within the 

tree.  Demirkol (1995) stated that avocado is a subtropical fruit crop; low winter temperature is the 

most important limiting factor for avocado cultivation. Elements such as wind, heavy rainfall, and 

ice may result in direct loss of the fruit from the postharvest chain due to fruit damaging; increased 

occurrence of plant pathogens associated with high rainfall, particularly during flowering (i.e., 

anthracnose); and loss of fruit related to freeze damage (Arpaia, 2004). 

2.3.2 Pest Management 

Pest management practices may result in indirect losses from changes in fruit composition and in 

direct fruit loss from damaging. Thrips (insects) damaging, caused by second instar feeding of the 

avocado thrips on young, developing fruit, is a major concern for growers and is the number one 

pest controlled in avocados. The occurrence of thrips scarring on the fruit results in direct fruit loss 

because of reduction at the packinghouse. The occurrence of greenhouse thrips in avocado groves 

also influence not only fruit grade but may also influence the maturation or ripening behavior of 

fruit by retarding fruit ripening  (Arpaia, 2004). 

2.3.3 Irrigation 

Irrigation effects on postharvest fruit quality are difficult to quantify. However, Bower (1988) 

stated that pre-harvest water stress influenced polyphenol oxidase (PPO) levels in ripe avocado 

fruit after 30 days in storage at 5.5°C. PPO has been associated with mesocarp discoloration in 

avocados. He also found that pre-harvest water stress influences the fruit’s ability to withstand low 

O2 and high CO2. Fruit from stressed trees showed that more physiological disorders following 

storage and ripening than fruit from non-stressed trees. 

2.4 Harvesting of Avocado 

The meaning of mature comes from Latin word ‘Maturus’ which means ripen (Dhatt and Mahajan, 

2007). It is that stage of fruit development, which fulfill maximum edible quality at the completion 

of ripening process. Avocados unlike other fruit do not ripen on the tree, but only once after 

harvested (Gamble et al., 2010 and Osuna-Garcia et al., 2010). The time at which avocados are 
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harvested plays an important role in maturation and the expected shelf life. Harvesting too early 

in the season contributes to low pulp dry matter. This is associated with irregular ripening, watery 

texture, flavourless, shriveled, blackened fruit and a low oil concentration (Gamble et al., 2010 

and Osuna-Garcia et al., 2010).  

2.4.1 Harvesting Techniques and Tools 

Hofman et al. (2002) recommended that picking avocados when wet should be avoided as this 

increases the incidence of cold injury, pulp spot and lenticel damage. Fruit harvested in the 

morning or late afternoon tend to have less field heat. Color, size or oil content, generally serve as 

indications as to the most appropriate time for harvesting. Harvesting is mainly accomplished by 

manual techniques such as clipping and snapping. Eaks (1983) investigated the influence of these 

two methods on the postharvest development of avocados and found no significant difference in 

terms of weight loss and the rate of ripening. Yahia (2002) found that clipping helped reduce 

bruising and puncturing of adjacent fruit while in containers as well as reduce the onset of stem 

end rot. Hofshi and Witney (2002) stated that indicated snapped avocados ripened at a faster rate 

than those that were clipped. 

Clippers or knives should be kept well sharpened. Woody stems or spurs should be tidy as close 

as possible to avoid fruit from damaging neighboring fruits during transport. Pruning shears are 

often used for harvesting fruits, some vegetables, and cut flowers. A variety of styles are available 

as hand held or pole models, including shears that cut and hold onto the stem of the cut product. 

This feature allows the picker to harvest without a catching bag and without dropping fruits. Using 

a cutting tool attached to a long pole can aid picking of crops such as mangoes and avocados when 

the fruit is difficult to reach. Cutting edges should be kept sharpened and the catching bag should 

be relatively small. The angle of the cutting edge and the shape of the catching bag can affect the 

quality of the fruit harvested, so it is important to check performance carefully before using any 

new tools (Kitinoja and Kader, 2002). 

2.4.3 Maturity at Harvest in Relation to Quality 

Harvesting of immature avocado fruit can leads to economic losses due to poor fruit quality after 

the fruit has ripened. Pak et al. (2003) showed that poor quality resulting from harvesting immature 

avocado fruit has includes shriveling, rubbery texture, stringy vascular tissue, insipid flavour and 
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increased rots while over-mature fruit are oily and can turn rancid soon after harvest (Kader, 1999). 

A fruit harvested either premature or over-mature are more vulnerable to postharvest physiological 

disorders than fruits harvested at the proper maturity state (Kader, 1999). Accordingly, to 

determine the stage of development at which a fruit meets minimum acceptable quality, studies 

that will identify quicker, easier and more reliable techniques measuring maturity of individual 

avocado fruit is therefore crucial for the improvement of avocado industry. 

Determine when to harvest a crop is often one of the most difficult decisions that a grower has to 

make. Often, pickers who are not always aware with crop development make this decision. 

Maturity at harvest has a very important influence on subsequent storage life and eating quality 

(Wills et al., 2007). It is, therefore, important to allow avocado fruit to reach optimum maturity 

before harvesting and delivering to the market. 

The time of harvesting among other factors depends on the avocado cultivar. According to Whiley 

et al. (1996a) early harvesting at 21 and 24% dry matter lead to a higher cumulative and average 

yield on the early-maturing ‘Fuerte’. However, delaying harvesting until a value of 30% dry matter 

was attained, reduced yields by 26% and lead to another bearing. Similar studies by Whiley et al. 

(1996b) indicated that early harvesting of late-maturing ‘Hass’ at 25 to 30% dry matter resulted in 

high productivity whereas delayed harvesting at 35% dry matter reduced yields also leading to 

alternate bearing. Chen et al. (2009) observed that late season ‘Sharwil’ were smaller in size, had 

higher oil content and dry matter and demonstrated a shorter shelf life than early and mid-season 

fruit. The moment of harvest is the first step in the postharvest life of a product.  

The identification of maturity is particularly difficult because avocado fruit would not change in 

color or firmness once it reaches maturity on tree. Moreover, depending on the cultivar, no visible 

signs of ripening maturity could be noticed after harvest (except for Hass that progressively 

changes color as it ripens). This characteristic makes it difficult for the consumer to determine a 

good quality fruit for cultivars other than Hass thus creating uncertainty.  

In South Africa, the early-maturing fruit tended to have better quality and postharvest 

characteristics than those that matured later. Milne (1993) stated, in studies over two seasons, 

where early-picked fruit had an average of over 80% ‘clean fruit’ whereas late-picked fruit had an 

average of just over 50%. This quality effect may have an effect on storage to extend the season 
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of availability because the fruit that may be required for storage are usually those of the poorest 

quality.  

2.4.4 Maturity Indices for harvesting avocado 

Several indices may be used to determine avocado fruit maturity. Skin texture and appearance is 

an indicator of harvest maturity in most avocado cultivars. As fruit approach maturity, they 

develop a smoother skin surface. In addition, the glossiness or shine of the skin becomes duller as 

the fruit reaches maturity. Colour of the fruit is another indicator of harvest maturity. The fruit 

colour of many cultivars changes from green to light green with maturity.  Reddish streaks may 

also appear at the stem end of certain deep green-skinned cultivars when the fruit mature.  Werman 

and Neeman (1987) stated that fruit maturity and picking time are determined according to external 

markers (color and size), or by measuring dry matter and oil content in the flesh. Parameters such 

as flavour, aroma, colour and texture are not obvious in avocado fruit until ripening is complete 

(Young and Lee, 1978); therefore, judging the time of maturity of the fruit based on these 

parameters is difficult. 

According to Wilkinson (1970) in early-maturing cultivars, the latter portion of the growth curve 

is generally steep and fruit are still increasing in size at harvest. In the later-maturing cultivars, the 

growth curve is moderately steep and increases in size have slowed down long before commercial 

maturity is attained. The early stage of fruit growth, regardless of whether it is an early- or late 

maturing cultivar, is characterized by very rapid cell division. Differences in fruit size of cultivars 

maturing at approximately the same time result primarily from differences in the rate of cell 

division during the first 6 weeks of development (Wilkinson, 1970). The avocado fruit is unusual 

in that cell division of the mesocarp is not restricted to the initial period of growth but also goes 

on during cell enlargement and even in mature fruit still firmly attached to the tree.  

The oil content of the fruit is used to determine the harvest maturity of avocados. The Agricultural 

Code of California specifies and avocados, at the time of harvesting time and at all times thereafter, 

shall contain not less than 8% of oil by weight of the avocado excluding the skin and seed. 

According to Eaks (1990) the California found that during development on the tree the oil content 

in Fuerte increased to just under 20% then levelled off, and in Hass there was a progressive increase 
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throughout development to just over 15% before levelling off. During subsequent storage of the 

fruit at temperatures in the range 0–20°C the oil content remained constant. 

Blumenfeld (1993) also stated that there was a good correlation between taste and oil content and 

dry matter and oil content for avocados grown in Israel and recommended that rate of dry matter 

accumulation could be used to predict optimum harvest time. However, these methods of 

stipulating harvest maturity have little relevance to avocados grown in the tropics, for two reasons.  

First, it is based on a sampling technique where it is assumed that the sample of fruit on which the 

oil or dry matter analysis has been taken is representative of the whole field. In the subtropics, for 

example in California, South Africa and Israel, there are distinct seasons and flowering of 

avocados occurs after a cold season and the trees tend to flower and thus set fruit over a short 

period of time. Fruit of the same variety in one orchard will have fruit, which therefore mature at 

about the same time, and so a representative sample can be taken. In the tropics, the flowering 

period, even on the same tree, is a much more delayed and so there is a wide range of fruit 

maturities. It is rarely possible, therefore, to obtain a representative sample. There may even be 

fully mature fruit and flowers on the same tree at the same time (Thompson, 2003). Second, those 

grown in the subtropics tend to be of the Mexican or Guatemalan races or a cross between the two, 

whereas in the tropics the West Indian race of avocados is often more common and this race has 

fruit which have a much lower oil content even when fully mature. 

Physiological maturity in avocado is the stage of development when a plant or plant part will 

continue ontogeny even if separate. Continuation of ontogeny or development includes also the 

ripening of the fruit. Horticultural or ‘commercial’ maturity is that stage of development when a 

plant or plant part possess the prerequisites for utilisation by consumers for a particular purpose 

(Watada et al., 1984). Moreover, horticultural maturity is particularly subjective and difficult to 

determine because it mainly depends on consumer preferences. Horticulturally mature fruit could 

happen at any point and at more than one point of the fruit- growth and development time line 

depending on the final use of the fruit. It depends very much on fruit cultivar, rate of growth, 

cultural practices, environmental conditions and consumer preferences. 
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The harvest of mature, unripe avocado fruit improves a number of quality characteristics, such as 

extended shelf life and a slow decline in firmness and other ripening changes. On the other hand, 

less mature fruit generally do not develop typical full-flavour and fruit characteristics when ripe.  

Thus, estimations to judge maturity from season to season should include taste panels. However 

taste panels, apart from being very expensive to conduct, require the analysis of ripe fruit, and 

avocados soften several days after being harvested. Therefore, determination of maturity could 

take a number of days. For these reasons, the goal of much research has been to find one or more 

features of the fruit that relate closely to fruit development on the tree with least variability, in 

other words a maturity index. Thus, for the designing of a maturity index, physiological studies of 

the fruit are necessary for determination of those fruit features that best define the development of 

the fruit (Tapia, 1999). 

McCarthy et al. (1989), reported that Nuclear magnetic resonance has been shown to correlate 

well with oil content in avocados but the technology is expensive and no record could be found of 

its commercial use. Self et al. (1993) also stated that there is a relationship between ultrasonic 

velocity and the ripeness of avocados. Acoustic and vibration test equipment puts vibration energy 

in to a fruit, and measures its response to this input. Good correlations have been found using the 

second resonant frequency to determine avocado maturity. 

A sensor system for automatic non-destructive categorization of firm (tree-ripe) avocado fruits 

used vibrational excitement of one side of the fruit, while measuring the transmitted vibration 

energy on the other. Peleg et al. (1990) reported that special signal processing hardware and 

software were developed for computing several alternative firmness indexes, which were highly 

correlated with values obtained by the standard destructive piercing force test method. Optimal 

classification procedures were developed whereby fruit could be classified into two or three 

firmness grades. According to Kassim et al. (2013) harvesting methods and time of harvest 

contribute to the final quality as too early harvesting can lead to low dry matter and flavorless fruit. 

Generally, if the fruit are not harvested at the correct time the quality becomes compromised and 

the shelf life shortened (Wu et al., 2011). 
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2.5 Quality Characteristics of Avocado 

Quality comprises many attributes, both intrinsic and extrinsic (Jongen, 2000). These attributes 

will vary depending on the expectations and memory of the consumer. Intrinsic features of the 

product include key external attributes like colour, shape, size and free from defects. In addition, 

internal attributes such as texture, sweetness, acidity, aroma, flavour, shelf life and nutritional 

value. These are important components of the subjective approach used by the consumer in 

deciding what to purchase. Extrinsic factors represent to production and distribution systems. 

These factors include chemicals used during production, package types and their recycling 

capability, sustainability of production and distribution in relation to energy utilization. These 

extrinsic factors are probable to influence consumer’s decision to purchase rather than to reflect 

on the actual quality of a product (Hewett, 2006). 

The quality of horticultural are composed of sensory attributes, nutritive attributes, chemical 

constituents, mechanical properties, functional properties and defects. Like colour, texture, flavour 

and aroma have been found to be essential in determining the eating quality of avocados and are 

the key characteristics to which consumers refer to when purchasing (Forero, 2007). For avocado, 

the major quality criteria used during grading are size and skin color, as well as free from wounds, 

blemishes, insect damage, spray residues (most commonly copper), and other contaminants on the 

skin. When ripe, the key issues are absence of disease, physiological disorders, and physical 

damage. Many of these quality factors depend on the cultivar, and consumer preference for size, 

shape, and color can vary from region to region. 

Avocados are one of the few fruit that contain significant quantities of oil; sometimes more than 

30% of fresh weight, depending on cultivar and maturity. Oil content is a key part of the sensory 

quality. Oil quality is very similar to that of olive oil, with approximately 75% monounsaturated, 

15% saturated, and 10% polyunsaturated fatty acids (omega-6). However, there is variation with 

race, cultivar, growing region, and season. The high-monounsaturated, high-polyunsaturated and 

low-saturated fatty acid content makes this a “healthy” oil in terms of effect on heart disease 

(Hewett, 2006). 
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2.5.1 Physical Properties 

Physical properties are mainly related to the appearance and aesthetic appeal of avocados to which 

consumers are initially exposed influencing their decision to purchase. The physical quality 

parameters of avocados include skin colour, appearance, shape and texture (Kassim et al., 2013). 

2.5.1.1 Skin colour 

Color is derived from the natural pigments in fruits and vegetables, many of which change as the 

plant proceeds through maturation and ripening. The primary pigments imparting color quality are 

the fat-soluble chlorophylls (green) and carotenoids (yellow, orange, and red) and the water-

soluble anthocyanins (red, blue), flavonoids (yellow), and betalains (red). In addition, enzymatic 

and non-enzymatic browning reactions may result in the formation of water-soluble brown, gray, 

and black colored pigments (Barrett et al., 2010). Many fruits have a fairly definite color change 

at or just prior to maturing or ripening and it has been possible to develop reflectance or total light 

absorption procedures which can measure their maturity without injuring the fruit. 

Avocado skin colour is an important indication of the stage of ripening for industry and consumers 

(Cox et al., 2004 and Arzate-Vázquez et al., 2011). Skin colour is found to vary among different 

avocado cultivars. The ‘Hass’ variety is characteristic of a colour change from green to purple and 

eventually black (Cox et al., 2004; Forero, 2007). However, Chen et al. (2009) revealed that the 

skin colour of the ‘Sharwil’ variety does not darken with maturity; therefore, other methods must 

be utilized to distinguish the various stages of maturity.  

Cox et al. (2004) found that ‘Hass’ stored at 15°C did not exhibit a fully black coloration as 

compared to when stored at temperatures of 20 and 25°C despite the fruit being considered as ripe. 

This demonstrated the dependence of colour change on storage temperature. The change in colour 

influenced by the ripening process in ‘Hass’ was attributed to a decrease in chlorophyll, L, C and 

hue of the skin and an increase in cyanidin 3-O-glucoside. Ashton et al. (2006) found comparable 

results by observing a decline in the chlorophyll of the skin during ripening (Cox et al., 2004). 

Villa-Rodríguez et al. (2011) determined that hue decreased from ~ 122 to ~ 77 and chroma value 

decreased from ~ 22 to ~ 7 throughout ‘Hass’ avocado fruit ripening. The decrease in hue and 

chroma is underpinned by degradation of chlorophyll and synthesis of cyanidin-3-o-glucoside, 

which confers the dark colour (Cox et al., 2004). 
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The parameters relating to colour measurement are  

L = Lightness or brightness, 

a* = Redness or greenness and 

b* = Yellowness or blueness. 

From these parameters the chroma (C) and hue angle can be determined as follows (Maftoonazad 

and Ramaswamy, 2008): 

      𝑪 =  √𝒂𝟐 + 𝒃𝟐                                                                                                                            (2.1)                                    

 𝒉𝒖𝒆 𝒂𝒏𝒈𝒍𝒆 =  𝒕𝒂𝒏−𝟏( 𝒂
𝒃
)                                      (2.2)                                                                                                                                                             

where a and b are as described above.  

2.5.1.2 Texture 

Textural parameters of fruits and vegetables are perceived with in the sense of touch, either when 

the product is picked up by hand or placed in the mouth and chewed (Barrett et al., 2010).  

Avocados undergo drastic changes in texture (Li et al., 2010). Chen et al. (2009) stated that the oil 

content is a key component in the texture of avocados and which Hofman et al. (2002a) identified 

as contributing to the ‘smoothness’. Despite the relation between texture and oil content, Chen et 

al. (2009) discovered that an increase in the oil content over the harvest period did not manifest 

into any change in the texture. Storage temperature, oxygen and carbon dioxide concentrations and 

wounding directly affect the texture (Maftoonazad and Ramaswamy, 2008). The relationship 

between texture and firmness can be extended to the strength of avocados and the ability of the 

fruit to withstand loading during storage (Landahl et al., 2009). 

2.5.1.3 Firmness 

 Fruit firmness is a basic parameter to determine the stage of avocado fruit ripening (White et al., 

1997). Firmness indices are based on strength properties of individual cells in the fruit tissue. 

During ripening, the decreasing firmness of fruit happen together with increasing respiration rate, 

ethylene production, and activities of polygalacturonase, pectin methylesterase, and cellulose 

(Goulao and Oliveira, 2008). Fruit tissue resists the external stress, recovers the strain, or suffers 

from plastic deformation based on its strength properties.  
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Hand firmness determination (White et al., 2009) is a subjective method in contrast to instrumental 

and other methods of objective determination of avocado fruit firmness. Destructive methods 

typically involve penetration with probes of different profile into the fruit and measurement of 

mesocarp resistance to penetration. Mesocarp displacement against known force applied on the 

fruit tissue is employed in the Anderson electronic firmometer and analogue CSIRO tomato 

firmness meter (Macnish et al., 1997).  

Firmness readings of avocado fruit change gradually as the avocado fruit matures or ripens and 

therefore are indicative of both its maturity and postharvest ripening. Firmness as a maturity 

parameter declines slowly as the fruit matures. When used as a measure of postharvest ripening 

stage, firmness initially declines at a moderate rate; then, the rate of decline increases and falls 

close to zero at full ripening (Magwaza and Tesfay, 2015). 

The firmness of avocados is a vital determinant in assessing the degree of ripening. Firmness can 

be described as the resistance to penetration determined by employing invasive, such as hand 

tactile methods, destructive methods such as the Magness-Taylor puncture test (M-T), or non-

destructive methods such as impulse response and ultrasonic methods. Destructive techniques do 

not allow for continuity in monitoring on a commercial basis but is, rather, well suited for 

laboratory analysis. Mizrach et al. (2000) employed ultrasonic techniques to evaluate the firmness 

in a non-destructive manner, which rendered comparable results to that of destructive methods. 

Gomez et al. (2005) found that impulse response techniques were more sensitive to firmness 

changes in pear fruit as compared to the M-T tests and has the potential to replace destructive 

testing methods in determining fruit firmness and shelf life. A stiffness coefficient to determine 

the firmness of spherical fruit can be calculated using Equation (2.3) (Gomez et al., 2005). 

            𝑺 = 𝒇
𝟐

  𝒎𝟐/𝟑
                                                                                                                                                 (2.3) 

Where, S = stiffness coefficient (kg2/3 s−2); f = dominant frequency where response magnitude is 

the greatest (Hz), and m = fruit mass (g).  

Previous studies by Mizrach et al. (2000), demonstrated a strong correlation between fruit 

firmness, maturity stage and expected storage time. Storage temperature is fundamental in the 

diminution of firmness as avocados subjected to low temperatures exhibited reduced rates of 
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softening. Villa-Rodriguez et al. (2011) discovered that at storage day 0, 4, 8 and 12 the firmness 

diminished from approximately 130.51 N to 54.62 N, 19.92 N and 7.37 N, respectively, when 

stored at 15°C. He also observed a reduction in the firmness from 75.43 to 2.63 N over a period of 

12 days at 20°C and 75% relative humidity. 

2.5.3 Physiological Disorders 

Every biological system operates optimally within specific limits. If these limits are significantly 

reduced or increased, physiological disorders are likely to ensue. Storage at low temperature is 

commonly used to extend the shelf life of fresh commodities, however, these results in chilling 

injury of avocados (Adams and Brown, 2007). Softening, change of colour, wilting, chilling injury 

and sunburn are all physiological changes that are directly influenced by the produce environment, 

e.g. temperature, vapor pressure deficit, gas composition and light (Holt, 1983). The most common 

physiological parameters for determining avocado ripening are ethylene evolution and respiration 

rate. 

The main symptoms associated with chilling injury are black spots on the peel or gray or dark-

brown discoloration of the mesocarp (Hershkovitz et al., 2005). Hofman et al. (2003) found that 

employing hot water treatments prior to storage were effective in reducing the effects of chilling 

injury. Exposing avocados to low temperature storage conditions just above those at which chilling 

injury is likely to occur prior to storage have been proven to alleviate the effects of chilling injury 

(Woolf et al., 2003).  

The optimum low temperature was found to be 6 or 8°C for three to five days. However, Woolf et 

al. (2003) found the minimum temperature to be 4°C. Hopkirk et al. (1994) experimented on the 

‘Hass’ variety to demonstrate that postharvest disorders increase with the increase in storage time 

and temperature. Other disorders include sunburn leading to development of symptoms that 

emerge as yellowing or bleaching or a roughened skin (Woolf and Ferguson, 2000). On the other 

hand, controlled or modified atmospheres that expose avocados to very low oxygen or too high 

carbon dioxide concentrations can lead to disorders. Application of exogenous ethylene was also 

found to contribute to mesocarp discolouration. 
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2.5.2 Flavour 

One of the main sensory properties of avocados is flavour that encompasses both aroma, taste, and 

texture forms an important component of the eating quality of the fruit (Abbott, 1999). Premature 

harvesting can lead to an undesirable taste (Wu et al., 2011) or lack of flavour thereof (Gamble et 

al., 2010; Osuna-Garcia et al., 2010). The off flavour can be ascribed to increased levels of ethanol 

and acetaldehyde. Treatment with 0.25% oxygen and 80% carbon dioxide causes an increase in 

ethanol and acetaldehyde (Ke et al., 1995). 

Burdon et al. (2007) observed that exposure of ‘Hass’ to oxygen and carbon dioxide concentrations 

of less than 0.5% and up to 20%, respectively, resulted in increased levels of acetaldehyde and 

ethanol which is in accordance with that found by Ke et al. (1995). As with texture, the oil content 

also forms a key component of flavour (Chen et al., 2009) and, hence, it can be deduced that a 

positive correlation exists between texture and taste.  

2.6 Dry Matter and Moisture Contents 

Dry matter (DM) or moisture content is the easiest and relatively accurate maturity test for avocado 

fruit maturity. Dry matter increases during fruit development, mainly due to the increase in oil. 

The dry matter content in the mesocarp of fresh avocado fruit is quite variable, ranging from low 

(<20 %) for poor-tasting fruit that should be removed from commercial sale to high (>35 %) in 

fruit that are potentially suitable for processing (Clark et al., 2007). According to Gamble et al. 

(2010), avocados with a range of DM levels from 20 to 40 % are considered minimally mature 

(Table 2.3) and very mature, respectively. Currently, no suitable method exists for segregating 

these categories in harvested lines. Most avocado-producing countries set minimum maturity 

standards to prevent immature fruit from entering the market. Many of these countries adopt the 

Californian minimum dry matter standard of 20.8 % for ‘Hass’. In an attempt to reduce 

physiological disorders on fruit to be stored for extended period, some countries adopted a higher 

minimum DM standard of 25 % (Pak et al., 2003).  

Minimum percent dry matter content (%) that various avocado varieties must reach before they 

can be commercially harvested and sold to the public (Avocado certification program, 2014). 
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Table 2.3: Minimum percent dry matter content of various avocado varieties 

Varieties  Dry matter (%) 

naheim, Benik, Bonita, Carlsbad, Dickinson, 

Edranol, Elsie, Itzamna, MacArthur, Nabal, 

Ryan, Queen, Thille 

20.8 

Bacon  17.7 

Clifton, Covacado, Duke, Henry, Jalna, Leucadia, Santana, Select,  

 and Teague 

18.7 

Fuerte  19.0 

Gwen  24.2 

Hass  20.8 

Jim  19.3 

Pinkerton  21.6 

Reed  18.7 

Rincon  20.4 

Susan  18.4 

Zutano  18.7 

                 Source Avocado certification program (2014) 

Arpaia et al. (2002) evaluated a relationship between dry matter, as a measure of fruit maturity, 

and consumer acceptability of ‘Hass’ avocado fruit. Their results showed that as dry matter 

increases, so does the acceptability of the fruit. Similar results were obtained by Gamble et al. 

(2010), where consumers showed a progressive increase in liking and intent to buy avocados as 

the DM increased from 20 to 38 %. An average of 26 % mesocarp DM content was required to 

achieve 70–89 % intention to purchase. However, a study by Chen et al. (2009) showed that late 

season fruit had higher dry matter and oil contents and had a shorter shelf life than early and 

midseason fruit, but fruit flavor and texture did not change throughout the season. 

In order to have a maturity index to determine when a fruit should be harvested some measurable 

parameter must change during fruit development. An example of this is the rapid increase in 

soluble solids concentration in fruit as the starch in the fruit is degraded. For avocados, dry matter 

content (or its related measures, oil or water content) is the accepted worldwide standard on which 

timing of harvest is based. Dry matter is measured by taking a known weight of avocado flesh 
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tissue, and drying it to a point where no further weight loss occurs. Oil content is highly correlated 

with dry matter but measuring oil content was found to be slow and expensive when compared to 

dry matter analysis (Lee et al., 1983), and therefore has fallen out of favor.  

The use of the percent dry matter as a maturity indicator for avocado is widely accepted. It is easy 

and safe to use and allows for an estimated 60% reduction in sample preparation time half the crop 

at a fruit flesh DM of 21 to 24%, permits regular annual bearing in well-managed orchards. 

However, a harvest delay until 30% flesh DM (an additional 2 months tree storage under the 

conditions of the study) reduced average yield significantly and initiated an alternate bearing cycle. 

Basic points include harvesting fruit from representative positions on the tree, harvesting early in 

the day (when fruit are most likely to be fully hydrated), and holding fruit in plastic bags for dry 

matter analysis to be carried out as soon as possible. Kassim et al.  (2013) reported that the moisture 

content (%) of Fuerte,  Hass,  Pinkerton,  Ryan,  Lamb Hass,  Maluma Hass, and  Nature‟s Hass 

are 80 %,  77 %, 80 %, 80 %, 73 %, 78 %, and 77 % respectively.  

2.7 Oil Content of Avocado  

The nutritional value of avocado fruit is uniquely characterized by the high oil content mainly 

represented by unsaturated fatty acids. Depending on the variety and growth conditions, the oil 

content of fresh mesocarp tissue of the avocado fruit ranges from a minimum of 8 to 30 % and 

does not change with time after harvest (Quiñones-Islas et al., 2013). 

The avocado fruit possesses a remarkable ability to synthesize oils and accumulate levels as high 

as 30% of fruit weight. It has long been recognized that as the avocado fruit matures, there is an 

associated increase in oil content. This relationship is best exemplified in cultivars which have a 

high oil content at maximum maturity. Unfortunately, not all avocado cultivars have comparable 

oil content, nor are they all reasonably high in oil at maturity (15-30%). Oil content for the various 

cultivars of commercial importance range from a low of 3% to a high of 30% or greater. The 

cultivars grown in Florida often are low in oil content; whereas, California cultivars are 

characteristically high in oil content. The differences in oil content between the two locations are 

primarily the results of different racial origin of cultivars which are grown (Barmore, 2003). 

Studies by Kikuta and Erickson (1968) have shown that in the 'Fuerte' and 'Hass' cultivars, 

maximum oil accumulation did not occur until growth had almost stopped. The predominant fatty 
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acid synthesized by the fruit is oleic and is deposited as a triglyceride in the idioblast cells. 

Associated with increase in oil content, there is a significant decrease in water content in the 

mesocarp (Pearson, 1975). Interestingly, the sum of the percentages of water and oil remain fairly 

constant during this time. However, this relationship has only been studied with fruit having a high 

oil content. 

Many countries which are avocado-producing, oil content is used as an index of fruit maturity. 

Woolf et al. (2004) reported Cultivar-cultivar variation in mesocarp oil content have been range 

from 5 to >30 %. Therefore, minimum or optimum maturity standards for one cultivar are not 

applicable to other cultivars. For instance, HDOA (1986) suggested that in Hawaii, the minimum 

oil content standard for ‘Hawaii Fancy cultivars is 12 %. However, ‘Sharwil’ fruit may contain an 

oil content significantly higher than 12 %, and fruit harvested at this level may be immature, with 

a watery taste and rubbery texture. 

2.8 Storage of Avocado and Temperature Management  

Low temperature storage is one of the most commonly used method of extending storage life in 

the avocado. The extent to which the avocado can be chilled depends on the cultivar, temperature 

of storage, and period of storage (Ahmed and Barmore, 1980). Cold storage extends the 

postharvest life of avocados by maintaining the overall quality parameters such as texture, taste, 

color and nutritional composition during the supply chain.  

The respiration rate is direct affect by the temperature, which is an indication of the rate of 

perishability. As the temperature increase by 10 °C the respiration rate would be approximately 

doubles and the primary metabolic substrates (sugars and organic acids) are reduced at an 

increasingly faster rate. Storage life varies inversely with respiration rate; therefore, the shelf life 

of avocados is shortened at higher temperatures. Low temperature storage slows the climacteric 

increase in CO2 and C2H4 production that occurs with ripening. Multiple enzymes that are involved 

in the synthesis of C2H4, carbohydrates, organic acids and volatile compounds are inhibited at 

lower temperatures, and consequently, ripening-related changes in color, flavor, texture and aroma 

are delayed. Various temperatures are recommended to extend the shelf life of avocados varying 

from about 5 to 13 °C (Thompson, 2010). 

Temperature recommendations for cold storage vary with race, cultivar, maturity or ripeness and 

harvest season but generally include 5 to 10°C and 90% RH for 2 to 4 weeks (Anonymous, 1967). 
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Therefore, avocados should be stored at 8°C to extend their shelf life. Alternatively avocados can 

be stored at 8 to 12 °C and 85 to 90% RH for 2 to 4 weeks for unripe fruit and 5 to 8 °C and 85 to 

90% RH for 1 to 2 weeks for ripe fruit (Kader, 1985).   

Table 2.4: Recommended storage conditions for specific avocado cultivars 

Cultivar    Ripe or unripe  Temperature (oC) Relative humidity (%)  Duration  

Booth 1 (Guatemalan x West 

Indian hybrid) 

Unripe  4.5 85 to 90 2 to 4 weeks 

Booth 1 Unripe  4 90 to 95 4 to 8 weeks 

Fuchs (west Indian) Unripe  12.8 85 to 90 2 weeks 

Fuchs  Unripe  10 to 13 85 to 90 2 weeks 

Fuerte (Mexican x 

Guatemalan hybrid) 

Unripe  5.5 to 8 85 to 90 3 to 4 weeks 

Fuerte  Ripe  2 to 5 85 to 90 1 to 2 weeks 

Fuerte  Ripe   3 to 7 85 to 90 2to 4 weeks 

Hass (Guatemalan x 

Mexican hybrid) 

Unripe  5.5 to 8 85 to 90 3to 4 weeks 

Hass  Ripe  2 to 5 85 to 90 1 to 2 weeks 

Hass  Ripe  3 to 7 85 to 90 2 to 4 weeks 

Source: Kader (1985) 

Certain avocado cultivars were reported to be susceptible to chilling injury when stored below 13 

°C. Fruit stored below 8 °C may develop chilling injury and Hass stored at 5 °C for 4 weeks had 

uneven ripening, distorted respiratory patterns and reduced ethylene peaks during subsequent 

ripening at 20 °C (Eaks, 1983). 

Yahia (2001) also suggested that recommended storage conditions may vary according to the 

avocado variety. Physiological disorders decrease when temperatures are kept at 7.5<°C at the 

beginning of storage, and then are lowered to 3.5°C, instead of maintaining 5.5°C the whole time. 
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2.8.1 Refrigeration  

When intended for export, avocado fruit may be harvested relatively immature transported at a 

suitably low temperature (which retards but does not entirely arrest maturation processes) and 

subsequently ripened at a higher temperature. During cold storage of avocado fruits even at 

relatively low temperatures, maturation processes slowly continue so that fruits ultimately become 

ripe and finally over-ripe, avocados may ripen fairly quickly even at a storage temperature of 10°C. 

Temperature management is the most important tool for extending shelf life and quality of 

agricultural commodities (Olorunda, 2000).   

2.8.1.1 Chilling Injury 

Chilling injury is defined as “the permanent or irreversible physiological damage to plant tissues, 

cells or organs, which results from the exposure of plants to temperatures below some critical 

threshold for the species or tissue” and chilling temperature as “any temperature below the critical 

threshold temperature, but above freezing, that causes injury. The nature and severity of chilling 

injury is dependent on species, cultivar, organ, maturity, severity and duration of exposure to 

chilling temperatures, the ambient environment before and after chilling and other stresses which 

may be experienced by the plant tissue (Kader, 2002). The symptoms of external chilling injury in 

avocados are skin pitting and shriveling and is described as ‘discrete patches’ in the International 

Avocado Quality Manual (White et al., 2004).  

For most avocado cultivars, there is a significant decrease in the shelf life with increased storage 

temperatures. Respiration is greatly suppressed in avocado stored at low temperatures. The 

optimum temperature for storage of avocados has been shown to vary according to cultivar and 

the storage technique employed (Esguerra et al., 1992). Precise knowledge of the storage 

temperatures best suited to different varieties is essential to avoid chilling injury. 

Low storage temperatures causing chilling damage, resulting in areas of black skin greater than 1 

mm diameter, with a well-defined, discrete margin (Hofman et al., 2013). Chilling injury in 

avocados also cause symptoms such as pitting, browning of pulp near to the seed or in the tissue 

midway between the seed and the skin, failure to soften when transferred to a higher temperature, 

off-flavour, vascular strands and development of brownish appearance. Table 2.4 shows the 

approximate storage temperatures at which chilling injury can occur.  
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The shelf life at 25°C after storage at these temperatures was shorter than for fruits without 

previous cold storage exposure. ‘Nabal’ and ‘Hass’ were more resistant to chilling injury than 

‘Fuerte’ fruits. This data refers to fruits that were placed in storage the day after picking, which 

started the process of ripening and softening but responded differently. 

Chilling injury occurred in ‘West Indian’ seedling avocado fruits when they were stored at less 

than 13°C (Thompson et al., 1971). Chilling in avocados is a complicated phenomenon in which 

various factors are involved. Among others, the temperature and duration of storage are important; 

some varieties ripen normally after 20 days at 7.2°C on removal to a higher temperature, whereas 

some if held at 7.2°for additional 10 days chill effects develop. The maturity of the fruit at the time 

of storage is also of critical importance. Fruits stored immature only show chill effects after long 

exposure to the low temperature; whereas fruits of the same variety stored when they are more 

mature may show chill effects in a relatively short time. In general, fruits are mostly subjected to 

chilling during the initiation of ripening.  

Table 2.5: Effects of storage temperature on time from harvest to softening and chilling 

injury symptoms of seedling avocados. 

Storage temperature (ºC)               Mean days to softening                               Chilling injury  

                                                                                                                            % affected fruit 

7                                                      16                                                                      23 

10                                                    13                                                                      16                                                                   

13                                                    16                                                                      27 

18                                                      9                                                                       0 

27                                                      8                                                                       0 

Source: Thompson et al. (1971) 
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2.9 Concluding Remarks 

Now a day’s avocado fruit is one of the most important horticultural crops produced in in Ethiopia. 

The fruit does not give clear indication of maturity as it does not ripen as long as it remains attached 

to a tree except Hass (Lee et al., 1983). Harvesting avocado fruit at full physiological maturity, a 

stage at which it will continue normal development, plays a dynamic role in the postharvest 

physiological processes and the successful postharvest management of the fruit. Common maturity 

parameters used in various avocado fruit industries include mesocarp oil content, moisture content 

(MC), color, firmness and dry matter (DM). Several authors have recommended the use of oil 

content as a parameter for determining maturity of avocado fruit (Hofman et al., 2002); however, 

due to the tedious, time consuming, and expensive nature of determining oil content other 

parameters, such as mesocarp moisture content (MC) or its reciprocal, dry matter (DM), are 

currently used (Blakey, 2011). Optimal harvest maturity are very important to ensure that avocado 

fruit of good quality and to maximize profits.   

Avocados are subtropical to tropical and have a high respiration rate and are hence susceptible to 

weight loss and chilling injury. Those are challenging for postharvest management, especially if 

long transit times are required to reach export markets. A review of the literature indicates that 

there are many postharvest factors that can contribute to the development of mesocarp 

discolouration and external chilling injury in fruit. The avocado fruits has different storage 

condition it depends on the geographical area, age, agricultural practice etc. 
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CHAPTER THREE 

3. Material and Methods 

3.1 Material, Chemicals and Equipment 

The plant material used for this research were two cultivars avocados pears (Hass and Fuerte) and 

the equipment’s or material’s that was used are Knife, Electronic balance, Glass container, Micro 

oven, Food processor with chopping blade, Soxhlet extractor, Data sheet, Fridge, pH meter, 

Refractometer, Evaporator Petri dishes and the chemicals was used Petroleum ether.          

3.2 Sample Collection, Transportation and Preparation 

The two avocado varieties, Fuerte and Hass (Persea americana Mill.) were selected for this 

experiment. The avocados sample were collected from the orchard of the Wendo Genet 

Agriculture Research Center, Ethiopia which were hand harvested from five different varieties of 

avocado trees. The first harvesting time was conducted at four month (March, 2017) after the 

flowering of the avocado tree shown.  The next harvesting was conducted after every a month’s 

starting from the first harvesting of March, April, and May. Sufficient fruits hand-pick from the 

same side of visually similar trees, which is treated by the same agricultural practices. Fruits from 

each variety were placed in perforated carton boxes and transported to the laboratory of Food 

Engineering Lab in Addis Ababa University within a few hours. The fruits were graded for free 

from damage and randomized for analyses.  

The ripening stage for all the avocados were determined by subjective judgment when the fruit 

becomes softer and gentle pressure between the thumb and the forefinger deforms the fruit skin 

inwards.  Cold storage was conducted at 2, 5, 8, and 20°C for four weeks to determine maximum 

cold-storage life of Hass. Then, chilling injury, weight loss and physiological disorder was 

determined weekly during cold storage.  

3.3 Dry Matter Determination (%) 

A sample was taken from each 5 fruit per size and an official tests were conducted. The method of 

sampling was taking opposing eighth wedges from the fruit. In this method, individual fruit was 

cut into half longitudinally. Two opposing one eighths sample was sliced from the fruit halves. 

The seed coat and peel were removed from the fruit. The individual fruit was ground until a 
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uniformly crumbly mixture with particles no larger than 1/8 inch (3.2 mm). Once ground; about 

60 g subsample was taken and placed in oven drying at 65 oC and dried until it reached constant 

weight (Lee, et al., 1983).The dry matter content was calculated as: 

 𝐷𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 % = (𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡)/(𝑓𝑟𝑒𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡) 𝑥 100.                                                         (3.1)      

3.4 Determination of Oil Content (%) 

The Soxhlet extraction method was used in the crude fat determination. About a mass of 5.00 g of 

dry avocado pulp was transferred into a cellulose thimble. A ball of glass wool was placed in the 

thimble. Anti- bumping granules were added to a previously dried 250 ml round bottom flask and 

weighed. A volume of 150 ml of petroleum spirit was added and apparatus assembled. A quick fit 

condenser was connected to the Soxhlet extractor and refluxed for 4 h on high heat on the heating 

mantle using petroleum ether (40-60 oC boiling point) as solvent according to (AOAC, 2000) 

official method SOPNO.CHL-3.1.2. The flask was then removed and evaporated on a steam bath. 

The flask with the fat was heated for 30 min in an oven (Gallenkamp, model OV 880, England) at 

103 oC, cooled in a desiccator and weighed. The oil percentage of the avocado pulp was calculated 

with the following equation and expressed as (w/w). 

𝑂𝑖𝑙 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (
𝑤

𝑤
) = 𝐷𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 (%

𝑤

𝑤
) ∗  𝑜𝑖𝑙

𝑤𝑒𝑖𝑔ℎ𝑡(𝑔)

𝑑𝑟𝑦𝑝𝑢𝑙𝑝𝑤𝑒𝑖𝑔ℎ𝑡(𝑔)
                                                                    (3.2) 

3.5 Avocado Oil characterization  

A, Acid value:  A weighed avocado fixed oil of about 5 g was dissolved in 150 ml of 1+1 mixture 

of ethanol and diethyl ether previously neutralized. The solution was titrated with 0.1N ethanolic 

KOH solution in presence of phenolphthalein indicator. The volume of 0.1 N KOH (V) for the 

sample titration was noted. The total acidity (acid number) in mg KOH/ g was calculated using 

Eq. (3.3).  

Acid value =   
V∗N∗56.1

𝑀
                                                                                                (3.3) 

Where:- 

V - Volume expressed in mili liter of 0.1N solution of ethanolic KOH 

M - Mass in gram of oil portion 

N - Concentration of ethanolic KOH Neutral alcohol was added to avocado fixed oil sample and 

titrated against KOH solution according to AOAC (2000) official method 940.28.               
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B, Free fatty acids: Free fatty acid percentage (as oleic) was determined by titrating avocado fixed 

oil in neutralized ethanol (95%) against NaOH solution according to AOAC (2000) official method 

940.28.  

Free fatty acid values was calculated using Eq. (3.3) where free fatty acid was expressed as oleic. 

𝐹𝑟𝑒𝑒 𝑓𝑎𝑡𝑡𝑦 𝑎𝑐𝑖𝑑 (%) =       𝐴𝑐𝑖𝑑 𝑣𝑎𝑙𝑢𝑒

1.99
                                                                    (3.4) 

C, Peroxide value: About 5 g oil was weighed into 250 ml glass stoppered Erlenmeyer and added 

30 ml Acetic acid – chloroform solution (CH3COOH-CHCl3) and swirl to dissolve. About 0.5 ml 

saturated KI solution was added let stand with occasional shaking 1 min, and add 30 ml H2O. 

Slowly titrate with 0.1 M Na2S2O3 with vigorous shaking until yellow is almost gone. Add about 

0.5 ml 1% starch solution, and continue titration, shaking vigorously to release all iodine from 

CHCl3 layer, until blue just disappears. Conduct blank determination daily (0.1 M Na2S2O3).  

Peroxide value (mEq/kg) was calculated using  

               𝒑𝒆𝒓𝒐𝒙𝒊𝒅𝒆 𝒗𝒂𝒍𝒖𝒆 = 𝑽∗𝑻∗𝟏𝟎𝟎
𝑾

                                                                          (3.5) 

Where V is volume of standardized sodium thiosulfate (Na2S2O3 ml); T is exact normality of the 

sodium thiosulfate solution used; and W is weight (g) of the oil portion. 

3.6 Weight Loss (%) of the Fruits  

Weight loss was determined weekly on 5 fruits of Hass at each temperature of storage four week. 

An analytical balance was used a model of CP324S. The initial weight of the fruit were taken 

before storing. Then the weights of the fruits were recorded after storing at 7 day interval. Hence, 

the sum of the weight loss were taken as the 7 days interval gives total weight loss, which is 

converted to percentage weight loss using the following formula:  

 𝑊𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 (%) =  
𝐼𝑛𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑣𝑜𝑐𝑎𝑑𝑜 (𝑔)−𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙 (𝑔)

𝑖𝑛𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑣𝑜𝑐𝑎𝑑𝑜 (𝑔)
∗ 100       (3.6) 
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3.7 Determination of Total Soluble Solids 

Sample was taken along the equatorial region of each fruit and analyzed for TSS, measured by 

squeezing juice out of the mesocarp and determined its °Brix using a digital refractometer (Dhatt 

and Mahajan, 2007). 

3.8 Determination of pH 

Sample was taken along the equatorial region of each fruit and analyzed for pH, measured by 

squeezing juice out of the mesocarp and determining its pH using pH meter model of 3505 pH 

Meter in each harvesting time.   

3.9 Chilling Injury 

A full assessment of chilling injury was carried out on the April 2017 harvesting period. The level 

of external chilling injury was assessed after 1, 2, 3 and 4 weeks of storage at 2, 5, and 8 oC. The 

external chilling injury was calculated on an ascending 5 point scale: When no injury = 0, low 

injury (1.5 = ≤ 10% of the fruit injured), medium damage (3 = >10 ≤ 20%), relatively high injury 

(4.5 = > 20 ≤ 30% of the fruit injured), and high injury level (6 = ≥ 50% or more of the peel 

injured). The recorded values were expressed as a percentage of the total of the fruit. 
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3.10 Experimental Frame Work of the study 

 

 

 

 

                                                

 

 

 

 

 

 

 

 

  

 

                                                                  

 

 

   

 

 

 

 

 

Figurer 3.1: Frame work of experimental research works. 
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-  TSS                

                                               

Oil quality characterization  

 Free fatty acids  

 Peroxide value  

 Acid value 

 

Physical characteristics of avocado 

Fruit Weight (g) 

Pulp Weight (g 

Pulp portion (%) 

Seed Weight (g) 

Seed coat Weight (g 

7 days  
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3.11 Experimental Design and Statistical Data Analysis 

A Completely Randomized Design (CRD) was used, with five avocado fruit replication from each 

cultivars (Hass and Fuerte). The data analysis was performed using general factorial design 

method. For avocado pulp, we have two factors, time of harvesting and cultivars of avocado. The 

response variables for this pulp were dry matter, oil content, and weight loss of the fruit.  For the 

cold storage, we had two factors, storage temperature and time and the response variables were 

percent of weight loss and chilling injury. The five fruit was stored under four different 

temperatures 1, 5, 8, 20°C and evaluated at four different storage periods of 7, 14, 21, and 28 days. 

Table 3.1: Experimental design of the study 

 

No. 

 

Factors for 

Maturation  

Levels  

1 Cultivars type 2 Hass Fuerte    

2 Harvesting time 

(month) 

3 March (early 

harvest) 

April 

(middle 

harvest) 

May (late 

harvest) 

            - 

 

 

Factors for Storage       

3 Storage 

Temperature  

4 2 o C 5 o C 8 o C 20 o C 

4 Storage time (day) 4 7 14 21 28 

 

The Pearson’s correlation coefficient was calculated to determine the relationship between dry 

matter and oil content of Hass and Fuerte using Minitab 17 Software. The influence of independent 

variables (harvesting time, temperature, time of storage and cultivar type) was analyzed using 

design expert stat-Ease software version 7.0. The data were subjected to statistical analysis one-

way ANOVA using SPSS (version 20.0, Microsoft Inc. USA) and comparison of means by Tukey 

test was performed. All experiments were performed at least twice with similar results. All data of 

analysis were expressed as mean ± standard deviation. The level of significance for all hypothesis 

tests (p< 0.05).  
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CHAPTER FOUR 

4. Result and Discussion  

Determinations of maturity indicators for Hass and Fuerte cultivars were conducted, like dry 

matter, oil content, weight loss and their physical characteristics. Besides, of those determinations 

of optimum conditions for long storage of Hass avocado was studied by calculating the percent of 

chilling injury and weight loss. The results of samples analyzed in this thesis are presented in 

tabular and graphical form generated from different statistical software. 

4.1 Physical Characteristics of Hass and Fuerte avocados 

Maturity index standards based on physical and chemical parameters must be required to assure 

that only high quality fruits are harvested (Lebrun et al., 2008). According to Dick et al., (2009) 

physical indicators of maturity such as weight, size, shape, specific gravity, number of days from 

bloom to harvest, external color and fruit pressure are used as standards for harvesting different 

fruits. The average weight of avocado Hass cultivar portions: fruit weight, pulp weight, Percent of 

Pulp weight to fruit weight ratio, seed weight and seed coat weight were from 156.30 ±18.12 -

180.46 ± 22.44, from 103.2 ± 19.85 - 97.03 ± 3.89, from 57.56 ±11.36 to 61.18 ±5.02 %, from 

22.10 ± 5.13 - 26.62 ±4.94, from 1.00 ± 0.25-2.60 ± 1.91 respectively, from March to May, 2017 

period consecutively. Similarly, the average weight of Fuerte cultivar portions: fruit weight, pulp 

weight, percent of pulp weight to fruit weight ratio, seed weight and seed coat weight were from 

324.165 ± 48.65 - 335.97 ± 49.97, from 89.60 ±19.49 - 190.05 ± 25.49, from 53.14 ± 3.78% - 

56.77 ± 3.38, from 27.05 ± 8.53 - 61.89 ± 16.99 and from1.83 ± 1.05-5.39 ± 0.77 respectively in 

March, April and May, 2017 period consecutively.  

As shown in Table 4.1 physical characteristics of Hass cultivar fruits was not statistically 

significant affected by harvesting time (from March to May) and Fuerte cultivar fruits were slightly 

affected by harvesting time. However, statistically significant differences between cultivars were 

observed. It is important to take note of the interaction between these physical characteristics as 

these indicate that the difference in fruit weight, fruit seed, fruit pulp, fruit seed coat and percent 

of weight fruit to pulp weight ratio were highly dependent on cultivar type and in almost all, the 

increase in physical characteristics of the cultivars were observed.  
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According to the result mentioned in Table 4.1 seed coat weight was not consistent within the 

harvesting time in Hass but in Fuerte cultivar, increasing was shown throughout the harvesting 

time. Similar results were obtained (fruit weights changed from 106.73 g to 196.50 g in 2010-11 

and from 98.45 g to 157.81 g in 2012-13 harvest periods) in the studies conducted on the cultivar 

Hass by Bayram and Aşkın, (2006) and on the other cultivars (Ozdemir et al., 2009). Fruit weight 

values of the cultivar Hass increased slightly from the first harvest (March) until the last harvest 

(May) and compared with the other studies, related results was obtained from this study.  

According to the study; fruit weight, pulp weight, percent of pulp weight to fruit weight ratio, and 

seed weight of the cultivar Hass and Fuerte usually increased until the last harvest from the first 

harvest in three periods, which were compatibly with the works of Olaeta et al. (2007) in Chile.  

The seed coat of Hass and Fuerte were white, fleshy, thick, and not easy to remove the seed coat 

from the pulp when the fruit was harvest during early matured. Middle and later in the harvesting 

time, the seed coat began to shrivel, turn brown to reveal vascular tissue and it was easily 

removable the seed coat from the pulp. The brown in fleshiness and shrive of the seed coat was 

considered to be an indication of fruit maturity. The seed part has been related to the maturity stage 

of many fruits. Oberholster, (2008) reported that apple and grape has phenotypic (seed colour) and 

genotypic (polyphenol content and composition) changes of the seed have been used to determine 

the maturity stage of the fruit respectively.  
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Table 4.1: Physical characteristics of Hass and Fuerte cultivars of avocado fruits during 

different harvesting time (March – May 2017). 

Characterist

ics of 

avocado 

Weight (g) 

                                                                            

                          Hass                                                                    Fuerte 

 March April  May   March April May 

Fruit          

Weight(g) 
156.30±18.12 a 172.24±23.39 a 180.46±22.44 a 

 

167.58±27.99 b 

 

324.16±48.66 a 

 

335.97±49.97 a 

Pulp (g) 94.93±4.08 a 97.03±3.89 a 103.20±19.85 a 

 

89.60±19.49 b 

 

181.97±26.21 a 

 

190.05±25.49 a 

Pulp to fruit  

Ratio (%) 
61.18±5.02 a 57.58±11.36 a   58.12±14.16 a 

 

53.14±3.79 a 

 

56.28±3.30 a 

 

56.77±3.38 a 

Seed (g) 22.10±5.13 a 27.26±14.53 a   26.62±4.94 a 27.05±8.53
 b

 61.49±17.12 a 61.89±16.99 a 

Seed coat(g)   1.00±0.25 a       2.60±1.91 a    1.84±0.63 a 1.83±1.05 b 5.17±1.91 a 5.39±0.77 a 

a- c All values are means of 5 fruit ± Standard deviation  

*Means in each row followed by different superscript letters are significantly different (P < 0.05) 

in each of the Hass and Fuerte according to the Tukey test.  

Fruit weight (weight of pulp, seed, seed coat and peel); was different one cultivars from the other 

cultivars and between inter cultivars. It must be considered that there are some factors affecting 

these characteristics; the main one might be related to the chronological age of the fruit, 

agricultural practice, soil, and harvesting time because, the latter is the harvesting time in the 

season; the higher are the fruit weight.   

The percent of pulp weight to fruit weight ratio of Hass was ranged from 57.56 ±11.36 to 61.18 

±5.02 % and the percent of pulp weight to fruit weight ratio of Fuerte was from 53.14 ± 3.79 to 

56.77 ± 3.38 %. This result shows that the Hass yield of pulp ratio was not consistent increasing 

with respect to harvesting time and it had slightly more pulp than the Fuerte cultivars. Tango et al. 

(2004) reported that the pulp content in several varieties is between 52.9 and 81.3%, relative to 

fruit weight. The fruit weight difference of one cultivar from the other cultivars may be due to 
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seed, seed coat, and peel difference. From Table 4.1 Fuerte had large amount of seed and seed coat 

therefore, the pulp ratio of Fuerte was low amount than Hass. In the Fuerte cultivar the edible 

portion (pulp ratio) was slightly increase from the first harvesting time (March) to last harvest time 

(May 2017). This increasing of pulp may be due to the development of cell of the fruit throughout 

the last harvesting time. Variation in weight and size of the cultivar can exist in fruits of the same 

cultivar due to cultural practices, yield and water relations. Therefore, Hass varieties had the 

highest pulp ratio. This characteristic is desirable because it allows a better economic yield for 

buyers or industries as amounts of pulp purchased per unit of money paid. According to Gómez-

López (2002) different avocado varieties have different fruit weight, pulp, seed and peel which are 

vary from 108.84 to 463.00%, from 61.94 to 77.93%, from 11.80 to 31.77 % and from 6.14 to 

13.63% respectively. 

4.2 Crude Oil Quality of Hass and Fuerte avocados 

Percent of oil content, acid value, peroxide value and free fatty acid of avocado oils at different 

harvest times are record in Table (4.2). The oil content of Hass were 6.66±0.1, 11.43±1.02 and 

19.21±1.00% in March, April and May respectively and the oil content of Fuerte were 6.860.1±, 

14.53±1.1 and 20.19±0.99% in March, April and May respectively. This shows that the oil content 

at harvest time was significantly increased from March to May continuously in both cultivars. 

Topuz et al. (2004) reported that the oil content of ‘Hass’ avocado respectively increased from 

14.36 to 17.77 % while that of Fuerte increased from 11.02 to 19.57 % from November to January.  

Landahl et al. (2009) stated that the oil fraction can be about 70 % of the mesocarp dry matter, and 

he reported that variations in oil content and composition due to growing regions, cultivar, harvest 

time, and size within the fruit. In many avocado-producing countries, oil content is used as an 

indicator of quality parameters and, thus, commonly defines the optimum harvest period. Cultivar-

cultivar variation in mesocarp oil content have been reported to range from 5 to >30 % (Woolf et 

al., 2004). It is therefore, important to keep in mind that optimum maturity standards for one 

cultivar are not valid to other cultivars. According to HDOA (1986) in Hawaii, the minimum oil 

content standard for ‘Hawaii Fancy’ and ‘Hawaii cultivars is 12 %. Still, ‘Sharwil’ fruit may 

contain an oil content significantly higher than 12 %, and fruit harvested at this level may be 

immature, with a watery taste and rubbery texture.  
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Table 4.2: Some properties of oil quality parameters of avocado at different harvest time 

 

Harvesting 

time(Treat

ments) 

 

Oil characterization 

Hass Fuerte 

                                                                     

CF 

                       

PV 

       

AV 

         

FFV 

                                                 

CF 

            

PV 

            

AV 

          

FFV 

March  6.66± 0.1
c        0.48± 0.28

b
    2.90±0.28

b
   1.46 ± 0.04

b
     6.86± 0.1

c
      2.66± 0.8

a
       1.77 ± 0.01

b
   0.89±0.04

b
 

April  11.43±1.02
b

     1.9±0.28
a
     1.88±0.11

b
      1.02 ± 0.14

c
      14.53±1.1

b
       0.3±0.4

b
          2.12± 0.01

a
   0.48±0.028

b
 

May  19.21 ±1
a    0.36± 0.01

b
     4.99±0.1

a
        3.74 ± 0.05

a
         20.18±  0.99

a
     0.36 ± 0.1

b
      2.9±0.42

a
    4.22±0.1

a
 

a- c All values of dry matter and oil content are means of 5 fruit ± Standard deviation  

*Means in each columns followed by different superscript letters are significantly different (p < 

0.05) in each of the Hass and Fuerte according to the Tukey test.  

CF = Crude fat (w/w)  

PV = Peroxide value (meq/kg) 

FFV = Free fatty acid value % (g/100) 

 AV = Acid value mgKOH/g        

The Free fatty acid (FFA) was determined to be 1.46%, 1.02% and 3.74% for Hass and for Fuerte 

0.89%, 1.46 % and 1.422% in March, April and May 2017 respectively for each cultivars. This is 

an important parameter in considering the quality of oil because the lower the FFA, the better the 

quality of the oil. According to Ikhuoria and Maliki (2007) value of 0.37% for avocado oil and 

added that the lower the FFA, the more its edibility. Therefore, the low value (1.021% for Hass 

and 0.48% for Fuerte) in April obtained in this study was makes the oil suitable as an edible oil.  

The free fatty acid of Hass was somewhat large than the other researchers this increasing may due 

to the characterization of oil what we were used for crude oil rather than refined oil. In April, 2017 

had lower free fatty acid value than May and March, it indicated that the quality of April 2017 

harvested Hass and Fuerte had may be good oil quality. The acid value was determined to be 2.90, 

1.88 and 4.99 mgKOH/g for Hass and for Fuerte 1.77, 2.12 and 2.9 mgKOH/g in March, April and 

May 2017 respectively for each cultivars. Since Hass and Fuerte has lower acid value, it indicated 
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that the quality of Hass and Fuerte had good quality. Acid value indicated the free fatty acids 

present in the fats and oils. High degree acid value can be related with degree of oxidation during 

preparation or storage. The good quality of oil generally has low acid value. According to Moreno 

et al. (2003) the acid value of avocado oil has been reported to be 0.65 to 1.23 mg/KOH/g oil.  

Although the oil from Fuerte and Hass cultivar showed the highest acidity level, 2.9 and 4.99 mg 

KOH/g, this value is almost in agreement with international regulations to crude, cold pressed oil, 

whose threshold is 4 mg KOH/g (Codex, 2009).  

The extent of oxidative activity in oil can be estimated by Peroxide Value (PV). Peroxides are the 

main products of primary degradation of autoxidation process (Indriyani et al., 2016). The avocado 

pulp oil had peroxide values ranging from 0.36 to 1.9 meqO2/kg oil for Hass and from 0.3 to 2.66 

meqO2/kg for Fuerte from April to May, 2017 (Table 4.2). This result was lower than the report 

by Pathirana et al. (2013) that crude avocado oil had an initial peroxide value content of 1.66 to 

7.33 meq O2/kg. These initial peroxide level variations can be attributed to many factors including 

cultivar, age, agronomic practices, and the action of lipolytic enzymes released from the fruit cells 

during processing. The oil from the Hass cultivar studied by Aguiló-Aguayo (2014) presented 

peroxide value slightly lower than the one evaluated in this study, 2.27 meq O2/kg, the type of 

planting, soil fertilization and crop can cause this difference.  

According to Kirk and Sawyer (1991) a rancid taste was noticeable when the peroxide value was 

between 20 and 40 meq O2/kg oil in oily products. However, our study showed that the peroxide 

value was below this number. The peroxide values of Hass and Fuerte were definitely low, 

indicating that the samples are stable against oxidation. 

Shahidi and Wanasundara (2008) reported that the number of peroxides present in vegetable oils 

imitate its oxidative level and thus tend to become rancid. The oxidation products generate 

hidroperoxide as primary oxidation product that was quantified with PV. Moigradean et al. (2012) 

reported that a product with peroxide value above 10 meq/ kg is classified at high oxidation state. 

This result may be due to the presence of low chlorophylls as photo-sensitizers which have not 

been removed in crude avocado oil samples. Codex, (2009) reported that with the international 

standard for crude, cold-pressed oils, is 15.0 meq O2 active/kg oil. The present data showed that 
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there were not consistent to determine the fruit quality for Hass and Fuerte avocados due to 

different harvested times that showed increasing and decreasing with respect to harvesting time. 

4.3 Effects of harvesting time and cultivar on the dry matter and oil Content 

The dry matter increase during development harvesting time was due to oil increasing. Fruit 

harvested from April to May 2017 reach adequate dry matter content and consequently ripen 

properly and had an excellent shelf life but the fruit harvested in March had not properly ripe, 

shrivel and becomes watery.  

Table 4.3 shows that the dry matter and the oil content of both the Fuerte and Hass varieties of 

fruits increased from March to May 2017. The increase in the dry matter contents was significantly 

(p < 0.05) important during all of the months for both varieties. The dry matter and oil content 

accumulation was higher in the Fuerte and Hass cultivar when the fruit remained on the tree longer, 

i.e., from March to the May, 2017 harvest periods. Chen et al. (2009) observed a close correlation 

between the percentage oil content and percentage dry matter.  The same to this study our result 

shows that the percentage of oil content and dry matter had close correlation. The maturity index 

could then be calculated by either the oil content or dry matter.   

The importance of each change and the rate at which it occurs may differ between cultivars, depend 

on maturity and temperature or vary according to climate and soil conditions in which fruits are 

grown. According to the Lee et al. (1983) lower fruit dry matter is associated with irregular 

ripening and become watery, rubbery, flavorless, shriveled and blackened. 
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Table 4.3: The percentage of dry matter and oil content of avocado cultivars during different 

harvesting time. 

                             Dry Matter (%)                                               Oil contents of flesh (%)                         

 

                                Hass                       Fuerte                   Hass                                           Fuerte                                                                                                    

Harvesting time 

March                17.90 ± 2.36
c
         18.22 ±1.81

c
            6.66 ±0.1

c
                             6.86±0.1

c
 

April                 22.89 ± 2.27
b
       22.70 ± 2.34

b
             11.43 ±1.02 b                           14.53±1.1

b
 

May                  29.11 ± 2.27
a
         28.73 ±1.88

a              19.21 ±1.00
a
                         20.19±0.99 a                       

a- c All values are means of 5 fruit ± Standard deviation  

*Means in each columns followed by different superscript letters are significantly different (p < 

0.05) in each of the Hass and Fuerte according to the Tukey test. 

Oil content of Hass fruits increased from 6.66±0.1% to 19.21±1.00% and Fuerte from 6.86±0.1% 

to 20.19±0.99% and dry matter of Hass fruits increased from 17.90 ± 2.36 % to 29.11± 2.27 % and 

Fuerte from 18.22±1.81% to 28.73 ±1.88 depending on the harvest period from March to May as 

describing Table 4.1 and 4.2, 2017 respectively. Dry matter and oil content of avocado fruit varied 

according to the cultivar, age, and harvesting time (Hofman et al., 2002) and increased throughout 

the fruit development. The differences between the harvest times with regard to dry matter (%) 

and oil content (%) values of the Hass and Fuerte cultivar were found statistically significant in 

harvest periods of March to May, 2017. According to Bayram et al.(2016) dry matter of fruits 

increased from 19.60% to 36.45% and from 19.23% to 38.28% and oil content increased from 

6.43% to 22.06% and from 6.47% to 24.86 % depending on the harvest period in 2010 - 11 and 

2012 – 13 respectively.  

According to Barmore (1976) the fruit maturity of avocado has been known to occur as a natural 

moment of increase in its oil content for a long time and this relationship was shown to have high 

oil content when fruit reaches a maximum maturity. As the avocado harvest time delayed the oil 
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content would be increase consisted of further. Knight (2002) stated that oil contents of the 

cultivars like Hass and Fuerte could increase about 25-30% until the start of next season's bloom.  

 

 

                       Figure 4.1.The effects of harvesting time on oil content and dry matter in Hass 

Each data’s are the mean of 5 fruit avocados that were individually measured 

Increases of oil content and dry matter throughout harvest time of this study and statistical 

significant differences between these values were reliable with other studies reported above. Dry 

matter increases during fruit development, mainly due to the increase oil. The dry matter content 

in the mesocarp of fresh avocado fruit is quite variable, ranging from low (<20 %) for poor-tasting 

to high (>35 %) in fruit that are potentially suitable for processing. According to Gamble et al. 

(2010) avocados with a range of DM levels from 20 to 40 % are considered minimally mature and 

very mature respectively.  

However, Whiley et al. (1996b) stated that delaying harvesting until a value of 30% dry matter 

was reached, reduced yields by 26% and lead to another bearing and the over-mature fruit are oily 
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and can turn rancid soon after harvest. Therefore, considering of the meaning and measurement of 

proper matured fruit is critical to reduce postharvest technology.  

 

     Figure 4.2. The effects of harvesting time on oil content and dry matter in Fuerte 

Each data’s are the mean of 5 fruit avocados that were individually measured 

When percent dry matter was plotted against percent oil during harvesting time, the close 

relationship became clear. A high correlation of Hass r = 0.997 indicated the close relationship 

between dry matter and oil content and for Fuerte r = 0.985 (Fig.4.3 and 4.4). The close relationship 

between the increase in dry matter and the increase in oil content was due to non-oil dry matter 

remain constant during the harvesting stages that we investigated. The results showed a close 

positive correlation between the dry matter and oil percentages of the fruit pulp for all the studied 

cultivars (Hass and Fuerte) during the three harvesting time (March, April and May) of evaluation. 

Villa-Rodríguez et al. (2011) have reported an increased lipid concentration in fruit because of 

increasing of dry matter (reduced percentage of water). Lee et al. (1983) stated that high correlation 

coefficient (r = 0.96) indicated the close relationship between dry matter and oil content of avocado 
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pulp. Similarly, Bayram et al. (2016) found that high positive relationships, between dry matter 

and oil content (r=0.98) of avocado pulp. 

 

Figure 4.3 Correlation between percent of oil content and dry matter Hass  

 

Figure 4.4. Correlation of between percent of oil content and dry matter Fuerte cultivar   

Correlation between percent of oil and dry mater contents of Hass 

Correlation between percent of oil and dry mater contents of Fuerte 
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These correlation values are similar results to those reported by other authors for avocado fruits 

(Chen et al., 2009). The degree of correlation obtained between the oil content and dry matter of 

avocado fruit pulp (Hass and Fuerte) was important because the direct estimation of oil percentage 

of avocado fruits is difficult, time consuming and expensive. The dry matter percentage is often 

used as a maturity index in most avocado producing areas in the world. Franciosi (2003) reported 

that the valleys of the central coast of Peru Hass avocado is usually harvested with a minimum oil 

content of 8-9% and with a 20-21% dry matter content. According to Waissbluth and Valenzuela 

(2007) the Hass avocado Committee of Chile authorizes the commercial harvest of ‘Hass’ fruit 

with a minimal dry matter content of 23%. 

A simple linear relation was observed for cultivars to determine oil content in relation to dry matter 

percentage with a very high correlation coefficient. This is a very useful tool for Hass and Fuerte 

avocado producers. Many authors report that different optimum oil content and dry matter 

standards. According to Carvalho et al. (2014) the minimal oil standard of 11.2% as a reference, 

the minimal dry matter index for harvesting ‘Hass’ avocado in Colombia was 23.5%. According 

to Morton (1987 fruit reaches a good taste when the fruit has a minimum oil content of 8% and 

dry matter of 21%. In addition to that Olaeta et al. (1986) stated that the minimal oil content for 

‘Hass’ avocado in Chile as 10%. California (USA) started using optimum oil percentages and 

discerning between cultivars; for example: 10.0% for Fuerte and 11.2% for Hass (Lee et al., 1983).  

From this, the dry matter and oil content can vary, from one cultivar to other cultivar and from one 

place to other place due to variations in harvesting season or time, age, regions and environmental 

conditions. In addition, these differences could come from soil and climatic conditions that could 

cause a lower oil synthesis in comparison with the ones grown in other countries (Lee et al., 1983). 

With a microwave oven, the analysis of dry matter is easier and quicker than oil content 

determination. This method is so simple that farmers can determine the percent dry matter at home. 

Therefore, a dry matter Hass (22.89±2.27% in April) optimum maturity standard is recommended 

as a replacement for the present oil 11.43±1.02 requirement and for dry matter of Fuerte 

(22.70±2.34% in April) optimum maturity standard is recommended as a replacement for the 

present oil 14.53±1.1% requirement. This method would be convenient for both farmers, 

distrusters and processers.  
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4.4 Physico-Chemical Quality Attributes of Hass and Fuerte  

4.5.1Weight Loss (%) 

Maximum average percentage of weight loss was observed for fruits stored at ambient temperature 

(20 oC) after two weeks storage (Table 4.4). The weight loss of Hass and Fuerte in March 

2017(early harvest) had high weight loss 18.93 ±4.15, and 21.78± 5.56 respectively after 12 days, 

which shows that improper ripening, shriveling, watery, rubbery, flavorless, shriveled, blackened, 

and physical damage and it takes long ripening time even though the ripened one was not normal. 

On the other hand, weight loss of Hass and Fuerte harvested in April, had normal weight loss of 

11.42 ± 2.74 and 10.63 ± 2.68, respectively after 7 days. This shows that harvesting in April 

brought proper ripening, no shriveling, and no physical damage and in May the weight loss of 

Hass and Fuerte were 12.20±2.32 and 14.06 ±1.67 respectively after 4 days, which indicates that 

the ripening time was very short and at the same time the shelf life of the fruits were short. Since, 

during April the content of dry matter increase and the moisture (water) content reversibly 

decrease.  

The number of days required for Hass and Fuerte fruit ripening, under laboratory conditions (20 

oC), decreased as the harvesting time progressed (Tables 4.4). Fruits of Hass and Fuerte were 

required 12, 7 and 4 days to ripen at room temperature in March, April and May 2017 respectively. 

Hofman and Jobin-Décor, (1999) stated that avocado fruit harvested immature will shrivel, exhibit 

poor storage or eating quality, and take longer time to soften. Significant negative correlations 

were recorded between the number of days required for ripening and the harvest time of the two 

cultivars for weight loss (Tables 4.4). 

 Similar to this result, Osuna-García et al. (2010) reported that weight loss decreased (from 7.1 to 

3.9 %) significantly (P <0.05) with harvest time but increased parallel with ripening. Our study 

showed that similarly results from March to May but, contradictory increase in May (12.20+ 

2.3210) than April (10.63 +2.68) for Hass and for Fuerte May (14.06+1.67) and April (14.56 + 

1.78) were observed.  This response could be the result of fruit having low dry matter content or 

high moisture content early in the season. And also the variation may be due to the time what we 

were measured after 4 days for the harvested avocado (May) and for the April after 7 days 

measured i.e. not measure the weight loss at the same ripening  time because, the time required for 
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ripening of these fruits are not the same. As shown in Table 4.4 weight loss of both cultivar fruits 

were significantly affected by harvesting time (from March to May 2017) in individual cultivars 

and between cultivars to cultivar. 

4.5.2 Total Soluble Solids (°Brix) 

Due to the influence on thermo-physical, chemical and biological properties among the various 

components of fruit, the total soluble solids (i.e., the percentage of solids that are dissolved in the 

matrix of the food) in °Brix, have a primary role in their quality of the avocado fruit. Liu et al. 

(1999) reported that as the avocado fruit grew in size, the flesh tissue accumulated proportionally 

higher levels of total soluble solids corresponding with the increase in dry matter.  

In Fuerte avocados, TSS content was 9.24 ± 1.47 on the March and increased to 10.08 ± 4.71 in 

April and this decrease to 9.81 ±2.70 on the May. The increase in TSS might be due to alteration 

in cell wall structure and break down of complex carbohydrates into simple sugars.  Özdemir et 

al. (2009) reported that in Fuerte avocados, TSS content was 8.00% on the 80th day after full bloom 

and it increased to 10.07% on the 155th day after full bloom. Then, it decreased and became 7.20% 

on the 245th day after full bloom. Then, it became 7.67% on the 275th day after full bloom. This 

showed that the increasing of TSS from one harvest time to other harvesting time had not 

consistent.  From this our study showed that some difference present between the same cultivars 

at the late harvest time, this difference may come from the variations of environment, soil and age 

but early and middle harvest had close to the other authors stated above. 

In Hass avocados, TSS content was 3.81 ± 0.63 on the March and increase to 4.44 ± 0.34 in April 

and it increased to 5.55 ± 0.04 on the May. According to this result, the increasing of the TSS was 

very slight it had low TSS may due to low sugar content of the cultivar. Özdemir et al. (2009) 

reported that in Hass avocados, TSS content was 8.00% on the 80th day after full bloom and it 

increased to 10.07% on the 155th day after full bloom. Then, it decreased and became 7.20% on 

the 245th day after full bloom. Then, it became 7.67% on the 275th day after full bloom.  This shows 

that in May our result was almost close to this article but the Hass which harvested in March and 

April had not related. Some difference may present between cultivars to cultivars, variations of 

environment, soil and age. In both of the cultivars, the TSS was increase with the harvesting time. 

It is also a parameter that tends to increase with the progress of physiological change may due to 
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the biosynthesis of the plant and degradation of polysaccharides or starches as the harvesting time 

extended. This physico-chemical parameter represents one of the best ways to evaluate the degree 

of sweetness of the fruit, and the fruit pulp is the only edible part of the avocado, the total soluble 

solids are higher in the pulp.  

Table 4.4 shows that the TSS of Hass in March is very low (3.81 ± 0.76) according to American 

standard. Arias et al. (2012) reported for ‘Hass’ avocados of American origin (5.1± 0.1°Brix) can 

be considered low favoring for consumption of the Algarvian avocado. Therefore, standing from 

this and from our observation or results Hass harvested in March is not meet for quality 

characteristics of avocado but the Hass cultivar which harvested in April and May were all most 

similar to the standard. Fuerte was meet the above standards that was mentioned (5.1± 0.1°Brix) 

in all three harvesting period.   

The TSS content of a fruit is simple and easily accessible determinant of internal quality of many 

fruit, which represents soluble sugar and acids or solids in a given fruit.  It is suggested that these 

results may explain the inherent quality characteristics of the cultivars tested, and that analysis of 

these sugars may be used as a predictor of quality. It is further suggested that fruit quality may be 

improved if the levels of the sugars can be manipulated before harvest. Determination of total 

soluble solids (TSS) is a quicker and less expensive maturity parameter to measure compared to 

oil content and DM but it has high variations between cultivar to cultivar even in each cultivars. 

Therefore, it is not recommended to use the TSS even it is simple and inexpensive. TSS of Fuerte 

cultivar fruits were not statistically significant affected by harvesting time (from March to May) 

in individual cultivars. However, statistically significant differences in Hass and between cultivars 

to cultivar were recorded. The results obtained for TSS during the harvesting time fluctuated and 

did not follow a particular pattern, indicating that TSS cannot be used as an indicator of avocado 

fruit maturity. 
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Table 4.4: Quality attributes of avocado fruits (Hass and Fuerte) after ripening which were 

harvested at different times and ripened at 20 oC.  

Harvest 

time 

(2017) 

Time to ripen 

 (days) 

 

Weight loss (%) 

 

     

   TSS (°Brix)                                                                  

           

        pH     

 Hass Fuerte Hass Fuerte Hass Fuerte Hass Fuerte 

March  12 12 18.93 

±4.15
 b

 

21.76   

±5.55
 b

 

3.81  

±0.76 b 

9.24 

±1.47 a 

 

6.43  

±0.06 b 

  

6.60  

±0.02
 b

 
 

April  7 7 10.63 

±2.68 b 

14.56  

±1.78 b 

4.44 

±0.34 b 

 10.08 

  ±4.15
 a

 

6.56  

±0.01
b
 

 

6.60  

±0.85
b
 

 

May  4 4 12.20  

±2.32 a 

14.06 

±1.67 a    

5.55 

±0.06 a 
 

9.81 

±2.70 a 
 

6.84  

±0.15 a 

  

 6.79 

±0.01 a                                      

a- c All values are means of 5 fruit ± Standard deviation  

*Means in each columns followed by different superscript letters are significantly different (p < 

0.05) in each of the Hass and Fuerte according to the Tukey test.  

4.5.3 pH 

It was observed that the pH of Hass was first increase from 6.43 ± 0.06 (March) to 6.56 ± 0.01 

(April) then increase to 6.84 ± 0.15 (May). The pH of Fuerte was continuously increasing from 

6.60 ± 0.02 (March) to 6.60 ± 0.85 (April) and to 6.79 ± 0.01 (May). This result showed similar to 

that of Soliva-Fortuny et al. (2004) lies in the range of 6 to 6.5. Increase in pH values were 

observed in Hass and Fuerte cultivars as the harvest time continually increases (Tables 4.3). The 

pH of both cultivar fruits were slightly statistically significant affected by harvesting time (from 

March to May) in individual cultivars and statistically significant differences between cultivars to 

cultivar were showed but between March and April showed that not statically significant different 

observed. Therefore, this maturity indicator parameter is not consistent to use for standard 

measurement because there was not more significant variations was observed in the individual 

fruit during the harvesting periods. 
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4.5 Effects of Storage Temperature and Time on Hass avocado quality 

Fruit were obtained from a single harvest middle harvest time (in April 2017). The effects of 

storage temperature on percent of the chilling injury and weight loss were conducted at the 

temperature of 2, 5, 8, and 20 oC and 7, 14, 21, and 28 days for each temperature as the following.  

4.5.1 Effects of Storage Temperature and Time on Chilling Injury 

The occurrence of chilling injury of fruit depends on the duration where the fruit is exposed to the 

cold treatment, temperature, cultivars of single species and the environment in which the plants 

were grown (Hordijk, 2013). The main cause of chilling injury (CI) is supposed to be the damage 

of cell membrane that initiates a flow of secondary reaction. The degree of chilling injury appears 

to be closely related to the period of ripening under cold storage (Table 4.5). This shows that the 

formation of CI is a time and temperature problem. Avocado Hass fruits were exposed to chilling 

injury when stored about 2°C more after three week. At 5°C the fruit became softer slightly after 

three weeks of storage, while the fruit stored at 2°C remained firm for 4 weeks. However, after 2 

weeks at 2°C medium chilling-injury symptoms were observed and after three weeks becomes 

high CI while low chilling injury after three weeks developed at 5°C.   

Storage at 2°C was study to investigate whether a further extension in storage life beyond three 

weeks was possible until four weeks or not. Our study shows that after three weeks the Hass 

avocado fruit was affected significantly by chilling injury. Initial results at 5°C indicate that fruit 

remained hard and green at three weeks and ripened normally upon removal to 20°C (Table 4.5), 

whereas those stored at higher temperatures (8oC) became brown and discolored due to possibly 

associated with polyphenol oxidase activity. In this study cold storage of fruit at 5°C resulted in a 

significant extension of storage life to at least four weeks, and possibly five weeks with low 

chilling injury and low weight loss. Even though according to Jessup (1991) found no evidence of 

chilling injury in fruit stored for 30 days at 1°C. 

The fruit of avocados stored at 8 oC started turning brown at 10 days, shelf life was determined as 

14 days, and after 21 days the pulp was completely brown and the fruit started to develop 

symptoms related to senescence. This indicates that maximum storage life at 8°C is between two 

and three weeks maximum.  
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According to Zauberman and Jobin-Deccor (1995) complete ripening of avocados during the 

second and third weeks of storage at 8 oC, while at 5 oC this was extended to more than three 

weeks. Reducing the temperature to 5°C prolonged storage life and at the end of  weeks storage 

fruit were hard green with normal ripening after four weeks even it can be prolong up to five 

weeks. During the cold storage at 5°C for two week and three week was no significant difference 

chilling injury and no discolouration of the mesocarp was observed during cold storage but at 2°C 

there was observing significant difference chilling injury between two week and three weeks. 

According to Blakey (2011) a cultivars of Fuerte and Hass can be stored for 28 days at 5-6°C 

before physiological disorders start to increase severely. By lowering the storage temperature can 

be reduced mesocarp discolouration and prolong the maximum storage period (Dixon et al., 2004) 

but may start increase external chilling injury. Rooyen and Bower, (2006) reported that reduced 

storage temperature (2°C for green skin cultivars) has repeatedly proven to be an effective method 

of reducing flesh. Rooyen, (2009) reported that Browning disorders such as mesocarp 

discolouration and semi-commercial trials yielded very positive results for ‘Hass’ fruit stored at 

1°C. 

Some researcher showed that after 2 weeks ‘Hass’ stored at 0°C were not significantly different 

from fruit stored at 5°C and after 4 weeks at 0°C chilling injury was moderate. But in our study 

the temperature of 5°C and 2°C were not the same especially after 4 weeks, at 2°C (≤ 50% = high 

chilling injury level ) more chilling injury was observed than at temperature 5°C (≤ 20% = medium 

chilling damage). This may come from variations of climate, soil, age and agronomical practice of 

the cultivars. Based on our results, the best optimum storage temperature for Hass avocado was at 

5 oC which had long shelf life at the same time the chilling injury was very medium at four week 

when we compared with a temperature stored at 2 oC. In addition, at temperature above 5 oC like 

8 oC and 20 oC (fig 4.5) they had short shelf life, develop browning mesocarp, and rapidly ripe in 

short time. Related to this PPECB, (2008) reported that South African avocados are stored for up 

30 days at 4-6°C, depending on fruit maturity.  

According to Malick et al. (2015) the storage temperature for most avocado cultivars that enter 

international trade are 5 to 7 °C  and  can be avoid the development of physiological disorders 

especially chilling injury. From this, we observe that lowering the storage temperature below 2 oC 
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may increase the incidence of external chilling injury and increasing above 8 oC cause the 

physiological disorders and high weight loss. 

4.2.2 Effects of Storage Temperature and Time on Weight Loss 

The shelf life of avocado was 7 days at 20 oC, and the peel of the fruits was becomes completely 

black. Physical damage was shown at the 20 oC storage time due to weight loss but not chilling 

injury develop and it ripened properly. However, following ripening at 20°C minor mesocarp 

discoloration and vascular browning was observed at fruit full ripeness. The reduction in weight 

is attributed to the physiological loss in weight due to respiration, transpiration of water through 

peel tissue to the environment and other biological changes taking place in the fruit of the avocado. 

Weight loss Hass fruit maximum average was observed stored at different temperature after four 

weeks storage at 8 oC (16.40 ±4.15) and after two weeks storage at 20 oC (20.98±3.42%). As 

temperature of storage increased the average weight loss also increased (Table 4.5).  

Water loss during storage was significantly decreased especially for fruit stored at 2°C and 5 oC. 

The fruit stored at 2 °C showed a low weight loss at one week (3.79± 0.74%) and high at the last 

fourth week which was 12.32 ± 3.23%. This shows that as time of storage increase the weight loss 

directly increase because respiration and other metabolic activities of fruits were developed.   The 

storage of fruit at 2°C reduced important physiological changes or weight loss during storage 

without negatively affecting the external and internal quality in two consecutive weeks. Although 

fruit stored at 2°C had a reduced rate of respiration rate and weight loss compared to fruit stored 

at 8 and 20°C, which was expected because of the reduced metabolic activity during this storage 

but, external chilling injury was developed after three weeks.  
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Table 4.5 Effects of storage temperature on the percent of weight loss and chilling injury of 

Hass fruit harvest in April 2017 (middle harvest). 

a- c All values are means of 5 fruit ± Standard deviation  

*Means in each columns followed by different superscript letters are significantly different (p < 

0.05) in each of the Hass and Fuerte according to the Tukey test.   

*When no injury = 0, low injury (1.5 = ≤10% of the fruit injured), medium damage (3 = >10 ≤ 

20%), relatively high injury (4.5 = > 20 ≤ 30% of the fruit injured), and high injury level (6 = ≥ 

50% or more of the peel injured). 

Where, NA = Performed 

The weight loss of Hass cultivar at 8°C with respect to one, two, three and four weeks were 5.54 

± 2.36%, 9.78 ± 3.60%, 13.35± 4.80% and 16.40 ± 4.15% respectively (Table 4.5).  From these 

results, we have noticed that at 8°C the weight loss increase until the four week. This high 

increasing of weight loss than the stored at 2°C storage temperature is due to high respiration rate 

at 8 °C. The weight loss at 20°C of the cultivar was very high and we measured only at the first 

week and second week because the avocado was ripe after one week (10.63±2.68%) and over ripe 

after two week (20.98±3.42%). This storage of ambient temperature (20°C) was high weight loss 

when we compare with a temperature of 2 5, and 8 °C storage temperature. Because in the ambient 

Storage  

Tempera

ture 

Chilling injury (%) Weight loss (%) 

 

after1 

week 

after 2 

week 

after3 

week 

after 4 

week 
after 1 

week 

 

After 2 

week  

 

 

after 3 week  

 

 

after 4  

week 

 

2 
o
C 0 3±1.06

a 
4.8 ± 0.67

 a
 6 ±00 a 3.79±0.74

 b
 7.58±1.89 b 10.14   ±2.78 a 12.32  ±3.23 a 

 

5
o
c 

 

0 

 

0 b 

 

0.9 ± 0.82
 b

 2.1 ±0.82
 b

 3.96
 
±0.34

  b
 7.20 ±0.79

b
 9.66   ±1.39

 a 12.68   ±1.60
 a 

 

8 oC 

 

0 

 

0 b 

 

0.3 ±0.67
 b

 

 

1.2 ± 0.67
 b

 5.54
 
±2.36

 b 9.78±3.60
 b 13.35 ±4.80

 a
 16.40

 
±4.15

 a  

20 
o
C 0 NP NP NP 10.63±2.68

 a
 20.98±3.4

a                                                                  NP            NP                                               
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temperature there was high respiration rate and transportations of water from the fruit to the 

environment. Due to this, there is high water loss or weight loss at 20 oC ambient temperature.  

 

                                    

After three week at 2 oC                After three week at 5 oC               After three week at 8 oC                  

Figure 4.7. Categories of Hass avocado fruit stored at different storage temperature according to 

the degree of external chilling injury. 
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CHAPTER FIVE 

5. Conclusions and Recommendations  

5.1 Conclusions 

This study was carried out in Wendo-Genet, Southern Ethiopia, aiming at  investigating some fruit 

quality attributes for Hass and Fuerte avocado cultivars, which are the most important commercial 

avocado cultivars grown in Ethiopia besides of that the storage life of Hass cultivar was conducted. 

Maturity at harvest directly affect the final eating quality and shelf life of the fruit and allows 

producers to take advantage of the early market. However, farmers tend to harvest fruit before the 

commodity reaches a palatability that satisfies the consumer. Based on estimate, destructive 

methods were used to determine maturity of all the fruit in a batch. Analyses of dry matter and oil 

content of Hass and Fuerte avocado cultivars were carried out throughout the harvesting season, 

March to May 2017. Oil contents and dry matter of avocado pulp increases from 6.66±0.1 to 

19.21±1.00%, and 17.90 ±2.36 to 29.11 ± 2.27 %, and 6.86±0.1 to 20.19±0.99 and 18.22±1.81 to 

28.73±1.88, respectively, for Hass and Fuerte during the harvest periods (March to May). Percent 

dry matter also increases during fruit development mainly due to the increase in oil content and 

decrease in the moisture content.  

In addition, there was high correlation between the oil and dry matter content. Therefore, the dry 

matter content can be used as an alternative to oil content in order to determine maturity level. As 

result of this study; the optimal harvesting period of Hass and Fuerte cultivar were determined to 

be from April to May in terms of fruit dry matter and oil content for Wendo-genet area conditions. 

In order to extend the shelf life, the storage temperature of avocado could be set as low as 5oC for 

optimum storage. The extent to which products can be exposed to low temperature storage is 

usually limited due to external chilling injury. Regarding the temperature, the study showed that 

Hass avocado should be stored at 5oC for 3 weeks to maintain quality, prevent chilling injury and 

low weight loss. 

Therefore, the optimum conditions for better quality, lower chilling injury and weight loss, and 

prolong storage duration of Hass are harvesting at a dry matter content of about 22 % in April and 

storage at 5oC for 3 weeks.  
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Generally, this study unveil and contribute important information to the scientific world about the 

oil, dry matter, physical characteristics, physico-chemical qualities, storage shelf life of Ethiopian 

avocado fruit. 

5.2 Recommendations 

As Ethiopia is a country with a very high climate variability over short distances, optimum oil and 

dry matter percentage for each producing region should be developed for ‘Hass, Fuerte’ and other 

cultivar avocados. With a microwave oven, the analysis of dry matter is easier and quicker than 

oil analysis and other parameters. This method is so simple that growers can determine the percent 

dry matter at home. 

In addition to that, Hass avocado is climacteric tropical fruits which has a limited shelf life due to 

its high metabolic activity. Decreasing the rate of ripening sufficiently to allow for shipping and 

marketing at a low cost requires understanding of the fruit’s physiology and behavior to different 

available treatments, storage methods and conditions. Study on storage conditions and 

temperatures using various storage mechanisms are necessary. Further study is needed on the 

optimization of controlled atmosphere storage conditions, modified atmosphere packaging and 

storage temperatures using various storage mechanisms are necessary.  
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Appendices 

Appendix I: Effects of storage temperature and storage time on avocado fruit                                           

 

A, Effects of storage temperature on the chilling injury 

  

B, Effects of storage time on the chilling injury 

Each data’s are the mean of 5 fruit avocados that were individually measured 

When no injury = 0, low injury (1.5 = ≤ 10% of the fruit injured), medium damage (3 = >10 ≤ 

20%), relatively high injury (4.5 = > 20 ≤ 30% of the fruit injured), and high injury level (6 = ≥ 

50% or more of the peel injured). 
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C, Effects of storage temperature on the weight loss 

 

D, Effects of storage time on the weight loss 

Each data’s are the mean of 5 fruit avocados that were individually measured 

When no injury = 0, low injury (1.5 = < 10% of the fruit injured), medium damage (3 = >10 

<20%), relatively high injury (4.5 = > 20 < 30% of the fruit injured), and high injury level (6 = 

>50% or more of the peel injured). 
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E, The interaction of effects of storage temperature and storage time on the chilling injury and 

weight loss 
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Appendix II: Photos of raw materials, laboratory Equipment’s and products 

 

 

A) Harvesting of Fuerte and Hass respectively in Wendo-Genet Agriculture Research Center 

 

B) Preparation of samples for oil content and oil characterization 
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C) Balance and Soxhlet Extraction  

       

D) Improper ripening at 20 oC of Hass and Fuerte respectively in March, 2017 



 
78 

  

         

E) Proper ripening at 20 oC of Hass and Fuerte respectively in April, 2017 

 

         

                                                                             

F) Categories of Hass avocado fruit stored at 2 and 5oC storage temperature according to the degree 

of internal chilling injury. 


