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Abstract
Avocado has a fairly short shelf life and is included in climacteric fruits. The search for

biodegradable, safe, healthy and environmental friendly treatments for increasing storage period

of fruits has led to the use of edible, biodegradable films or coatings. This research evaluated the

use of Aloe Vera and corn starch as bio-preservative, which are an economical and

environmentalfriendly method. The study was conducted to check the efficacy of aloe Vera gel,

corn starch and composite of the two as an edible coating so as toenhance storability of

avocado. The treatment combinations were T0 = control, T1= corn starch (2.5%)T2= aloe Vera

and corn starch (2.5%, 2.5%)and T3=Aloe Vera gel (1%).The physio-chemical properties,

hardness and decay percentage ofthe fruits were observed up to 25th day of storage.Weight loss;

pH; color; firmness; vitamin C; TA and TSS were recorded in interval of 5 days for 25 days of

storage. Aloe Vera gel and combination of the aloe Vera with corn starch coated fruits showed

minimum physiological loss in weight, minimum shrinkagepercentage, good color retention,

lesser loss in titrable acid content as compared to uncoated ones.It was also found that aloe

Vera gel subsequently helped in reducing the ripening rate of fruitswhich was found from the

slower rate of total and reducing sugar development. Aloe Vera coatingwas very effective in

reducing vitamin C loss and also helped to reduce the decay percentage.The control fruits

started deteriorating before the 8th days and only few fruits survived up to the 11th days, whereas,

storability extended to 25 days for majority of aloe Vera gel alone and with that of combined

coating film coated fruits. At the end of the storage period, uncoated avocado fruits showed

21.02% loss in weight, whereas coated avocado fruits with corn starch (T1) showed 16.89%,

coated avocado with aloe Vera gel (T3) and combination the two (T2) were 9.56% and 9.48% by

weight loss, respectively.The study revealed that the coating of aloe Veragel with 1% and a

combination of both with (2.5%, 2.5%) was effective in retaining quality of avocado fruit over a

storage period of at least 22 and 25 days respectivelyThe effect of coating with Aloe Vera gel

and corn starch on microbial count of avocado has showed significant (p<0.05) changes. Aloe

Vera gel was effective against plant pathogenic fungi. Both the starch and aloe Vera gel edible

coating was found good enough to ensurehardness/firmness of the fruits during storage

consequently it can be concluded that aloe Vera and corn starch are a good barriers of avocado

storage.

Keywords: Aloe Vera, Avocado, corn starch, edible coating, storability, quality
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Chapter One

1. Introduction

1.1. Background

Avocado or butter fruit is a tropical ever green climacteric fruit scientifically known as Persea

mericana, which belongs to the family Lauraceae. Studies had shown that avocado is fruit rich

in monounsaturated fatty acids and phytochemicals. This property of the fruit enables the

population to use it as therapeutic as well as healthy fruit(Nair et al., 2017).

The pulp of mature avocado fruit has a sweet pleasant taste and is consumed as human food.

Persea americana, variously known as the avocado pear and alligator pear, is a highly nutritional

fruit, rich in proteins, fats and oils and low in sugar. Persea americana is a well-known plant in

West Africa and while the fruit is edible, the bark; leaves, stem and roots are used in local

medicine(Onivogui et al., 2014).

The fruit makes up 65% of the pulp, the seed is 20 % and the skin is 15 % (Ozolua et al., 2009).

Avocados have a high fat content of between 71 to 88% - about 20 times the average for other

fruits.From the point of nutritional composition avocado is a fruit with a high nutritive value and

an unusual composition. It contains monounsaturated fatty acids (MUFA) dietary fiber, essential

nutrients and phytochemicals(Fulgoni et al., 2013).

Avocado Fruit (Persea americana) is one of the most perishable commodities available in the

market. It is highly perishable as it contains 65–80% water by weight. It has a very high rate of

postharvest respiration, limited shelf life and has special unique characteristics of ripening. If it is

left without cuticle, the water quickly begins to evaporate, resulting in poor product shelf

life(Forero., 2007).

The external factors include atmospheric composition such as O2, CO2, ethylene ratios, water

respiration or weight loss, temperature and the stress factors while the internal factors include the

species, harvesting time and harvesting technology and its growth stage. In addition,

contamination of the fruit flesh can occur from the skin increasing the fruit spoilage leading to

biochemical deterioration such as browning, off flavor and texture break down, decreasing the

fruit quality and the risk to the consumers due to the presence of pathogenic microorganism. The

important quality factors of fresh produce contributing to the marketability are texture, color,
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appearance, flavor, nutritional value and microbial safety. These quality factors are measured by

plant variety, ripening stage, maturity stage pre-harvest and post-harvest conditions. The Post-

harvest loss of avocado is a serious problem because it rapidly deteriorates them during handling,

transport and storage(L.J. Harris et al., 2003).

Edible coatings are thin layers of edible material applied to the product surface in addition to or

as a replacement for natural protective waxy coatings and provide a barrier to moisture, oxygen

and solute movement for the food(Avena-bustillos et al., 1997). They are applied directly on the

food surface by dipping, spraying or brushing(Mchugh & Senesi, 2000). Edible coatings are used

to create a modified atmosphere and to reduce weight loss during transport and storage (Baldwin,

1995). In fact, the barrier characteristics of gas exchange for films and coatings are the subjects

of much recent interest(Bayindirli et al., 1995). Edible coatings may contribute to extend the

shelf life of fresh fruits by reducing moisture and solute migration, gas exchange, respiration,

and oxidative reaction rates as well as by reducing or even suppressing physiological disorders

(Baldwin, 1995).

Corn Starch as an edible coating exhibits several advantages, such asits ready availability, low

cost and good filmogenic capacity, forming colorless and tasteless films with high oxygen barrier

properties and mechanical resistance(Sapper & Chiralt, 2018).

Aloe Vera gel has been proven one of the best edible and biologically safe preservative coatings

for different types of foods because of its film-forming properties, antimicrobial actions, and bio-

degradability and biochemical properties. It is composed mainly of polysaccharides and acts as a

natural barrier to moisture and oxygen, which are the main agents of deterioration of fruits. It is a

tropical and subtropical plant. This gel is tasteless, colorless and odorless. Aloe Vera is a well-

known plant for its marvelous medicinal properties. This gel operates through a combination of

mechanics(Serrano et al., 2006),forming a protective layer against the oxygen and moisture of

the air. It has also antifungal and antibacterial property which provides a defensive barrier

against microbial contamination of fruits(Adetunji et al., 2012).

This research has focused on surface coating used to preserve avocado in postharvest conditions.

The different concentration used to determine or improve surface properties of coating materials

when applied on fruits, which greatly affect psychological properties and quality of the fruit,

have been analyzed.
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1.2. Statement of Problem

Food insecurity is a great problem worldwide and Ethiopia is one of the sub-Saharan countries

that are suffering from poverty and food insecurity and a large part of the population are living in

a state of undernourishment. To reduce these problems, a successful horticulture production can

be an important factor. Compared to other crops, fruit production in Ethiopia has not been a large

part of the agricultural sector. However, the demand on the domestic market is increasing as well

as the production for avocado (Humble & Reneby, 2014a).

Post-harvest loss causes Reduction in producers out puts, unavailability of food, effects of

economy of people and the country. The magnitude of loss is high in horticultural crops as

compared to other due to the nature of the crops. This gap is created due to poor handling of the

fruit as well as perishability of the fruit. In a country like Ethiopia where production and

productivity is low and post-harvest loss is quite high, much effort shall be made to generate

technologies that would boost production and minimizes loss(Ahmed, 2007).

Post-harvest loss and quality deterioration of horticultural crop is estimated to be 20-40%. its

aspect includes proper post-harvest handling practices, proper storage facilities and management

practices, appropriate packaging techniques and transportation systems. Avocado is a highly

perishable fruit. Avocados continue respiring even after harvest, commencing the ripening

process almost immediately due to its climacteric characteristic of high respiration rates.

Avocado can decay during pre-harvest and post-harvest stage where the later can be due to

physical, physiological, or pathological factors(Faris, 2016).

The nature of avocado is little differing from other fruit it will not be repined unless it is harvest

from the tree. During the season of harvesting a large amount of avocado is obtained from the

farm but not be used immediately due to the lack of transportation and market therefore high loss

will be caused at this time due the rapid perishability of this fruit.

Presently there is a great demand for avocado in Ethiopia. Its introduction and dissemination has

contributed a lot in income generation and employment creation to the farming society. It has

also become greater source of income for traders, private business institutions, governmental and

non-governmental organization. As a result, the production and area coverage of this fruit has

now moved from nearly nothing to significant level(Duarte et al., 2016; Faris, 2016).

Horticulture in Ethiopia has not made such a contribution in the past because of the various

constraints associated with it. Since the magnitude of loss is high in horticultural crops as
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compared to other due to the nature of the crops such constraints include the lack of integrated

post-harvest technology. Many scientific studies reported numerous causes and the extent of the

loss. Majority of the fruits and vegetables were challenged during harvest and post-harvest time.

This might be because of financial, managerial and technical limitations in harvesting

techniques, storage and cooling facilities in difficult climatic condition infrastructure, packaging

and marketing systems In order to help and to address the problem of this horticultural product

towards development into a modern production sector, strengthening the post-harvest sector or

system is essential(Faris, 2016).

Now a day’s edible film coating are the most widely use method due their advantage in cost and

environmental protection. Even though supply chain channel of horticultural crops are not well

documented in Ethiopia domestic distribution has been handled by fresh produces marketing film

(et-fruit) enterprise. Produce from private producers and small holders supplied to different parts

of the country through et-fruit enterprise(Humble & Reneby, 2014b).

Besides, exporters have been practicing in distribution of commodities to various countries.

However horticultural crops have great challenges from Postharvest loss both in terms of

quantity and quality between harvesting and final consumption. There is considerable amount of

change in the quantity or quality of horticultural product after harvest that alters its intended use

or decreases its value. Farmers growing horticultural crops are facing high economic loss

because of lack of appropriate methods to increase the shelf life of these crops. These are major

sources of food loss. Horticultural crops are more vulnerable to Post-harvest loss than other

crops such as cereals and legumes because of the perishability and bulky nature(Humble &

Reneby, 2014b).
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1.3. Objective

1.3.1. General objective

The general Objective of this research work is to improve the storage life and overall quality of

Avocado using Aloe Vera gel and corn starch blend as a Surface coating.

1.3.2. Specific objective

 To evaluate the proximate composition and physicochemical properties of coated

and uncoated avocado fruit.

 To study the storability of coated and uncoated fruit.

 Study the effect of microbial degradation in coated avocado

 Assess the effect of film thickness on stability of coated avocado.

 To evaluate the rate of water vapor respiration rate and water vapor permeability of

coating film.

1.4. Research question

The aim of thesis work to answer these research questions

 Does combination of corn starch and aloe Vera could enhance quality and storability of

avocado fruit?

 Which combination ratio is mostly affecting the storage time and physco-chemical

composition of the fruit?

1.5. Significance of the study

Post-harvest loss is the current issue of our country which should take great emphasis; since this

problem is highly reducing the food security of the country pulse the export quality of fruit and

vegetable produces. However such problems can be solved by using different mechanisms of

surface coating of the fruit and vegetables. As the fruit is preserved the quality and the storability

of the product as well the export market of the country will increases. Avocado can be an

excellent alternative for Industry, especially for pulp processing or oil extraction, considering its

composition and the benefits of its compounds. Furthermore, the great diversity of plant species

should be taken into consideration, since it provides the spread of cultivation and good

availability of fruit, regardless of the time of year. This crop can be used for exportation and oil
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extraction, application in processed products, or as raw material in the pharmaceutical and

cosmetic industries, generating high value added products. The pulp residue from oil extraction

may also be used for manufacture of food products. Several studies have demonstrated the health

Benefits of a balanced diet with avocado intake, especially in lowering cholesterol and

preventing cardiovascular diseases(Pliego-Alfaro et al., 2013).

With increasing research on the nutritional characteristics and avocado benefits. Therefore in

this thesis work the application of aloe Vera gel blend with corn starch to extend the shelf life of

avocado is going to be studied. The following points are the significance use of this thesis work:

 Keep avocado safe and fresh to eat throughout the year.

 Improved food security and availability of fruits in the country.

 Reduce chilling injuries of avocado fruit.

 Reduce post-harvest loss of fresh fruit and prolong the shelf life of perishable fruit.

 Increase value added product of fruit and increase export quality products.
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Chapter two

2. Literature Review

2.1. Over view of avocado fruit

Avocado (Persea americana) originates from Mexico and is cultivated worldwide in tropic and

subtropical areas(Siddh et al., 2017). Avocado is one of the most economically important fruits

in the world(Pliego-Alfaro et al., 2013). The avocado is divided into three subspecies;

Guatemalan, Mexican and West Indian, but the varieties cultivated today are hybrids between

these. Avocado fruit has a high nutritional value since it contains several important vitamins,

minerals and a great amount of oil(Shukla & Jharkharia, 2013). Avocado trees can be seeded or

grafted (pers. com.,(Humble & Reneby, 2014b).

The seeded trees produce fruit after approximately 8 years and grafted trees, being the most

common propagation method, produce fruit after only 2 years. Besides the longer juvenile period

the seeded trees also have a larger risk of losses in yield and quality. Based on pattern of changes

in respiration, fruits are classified into two types, namely climacteric fruits and non-climacteric

fruits. Climacteric fruit is a type of fruit that increases production of ethylene and CO2 during

maturation process, while non-climacteric fruit does not increase production of ethylene and CO2

during maturation process(Handayani, 2018). Depending on a fruits ethylene biosynthesis and

respiratory pattern during ripening fruits are divided in non-climacteric and climacteric group. A

climacteric fruit will reach maturity when it is attached to the tree but the ripening phase of the

fruit starts when the fruit is harvested. To delay the ripening process, it is of importance to lower

the temperature, eliminate mechanical damage and reduce ethylene production. The ripening

phase is essential for the eating quality but the post-harvest life of the fruit is shortened as soon

as the ripening starts. Ripening of climacteric fruits can be started artificially by several external

means(Gamage & Rehman, 1999).

Although relatively new in international commerce, this unique fruit has been appreciated and

utilized for at least 9000 years in and near its center of origin in Meso-America(smitii & Jr,

1966). Avocado is a relatively new crop in areas of the world outside its native range in the

American tropics. In 2013, world production of avocados was 4.7 million tons, with Mexico

alone accounting for 32% (1.47 million tons) of the total production. Other major producers



Done By Helen B. Page 8

include Dominican Republic, Colombia, Peru and Indonesia, together totaling 1.26 million tons

or 28% of world production (FAOSTAT of the United Nations 2013).Avocado is the only tree

that produces edible fruits among the members of laurel family(E. M. Yahia et al., 2011).

Avocado fruits stand out as the most nutritive among fruits and are regarded as the most

important therapeutic fruit in human diet. Avocado is a low sugar fruit with high protein, fiber

and vitamins A, B, C and E. It is an excellent source of potassium and phosphorus, and contains

mono-unsaturated fatty acids which effectively reduces the levels of low density lipoproteins, in

the blood helping in the prevention of coronary heart diseases. The avocado oil from flesh has a

digestibility coefficient of 93.8%, which is mainly used as salad oil(March, 2015).

The avocado originated in Central America and southern Mexico. Based on archaeological

evidence found in Tehuacan, Puebla (Mexico), it is believed to have appeared approximately

12,000 years ago(Yahia, 2011). It has been determined that the center of origin of this fruit is the

central part of Mexico, passing through Guatemala to Central America. Inthis region, the natural

gene stock can be found, which can be useful for the biotechnological improvement of the

species. As evidence for this theory, primitive avocado trees have been found in the 'Oriental

Sierra Madre' along from the State of Nuevo Leon (Mexico) to Costa Rica. From this region,

avocado dispersed to the south-eastern part of the USA, the West Indies, and then to a large part

of South America (Colombia, Venezuela, Brazil, Ecuador, Peru, Bolivia, Chile)(Yahia, 2011).

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 fertilized by a neighboring tree(March,

2015).
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Figure 2.1: Californian grown avocado varieties (source: CAC, 2010)

2.2. Production of avocado in global

Avocados are known internationally for their high vitamin content and versatility for use in

different dishes. Avocado consumption has seen high growth in different world markets, given

the trend to consume products with natural fat, increased knowledge of its properties and the

perception that it is a healthy food. The greatest demand in the world market is for the Hass and

Fuerte varieties. Demand for avocados is currently concentrated in developed countries. The

United States and European markets are the largest consumers of this fruit, with average per

capita consumption of 2.5 kg and 0.56 kg respectively. It is estimated that total consumption of

avocados in the United States reached 750,000 tons in 2013, with average annual growth

(CAGR) of 9.2%, while consumption in the European region totaled 290,000 tons in the June

2013-May 2014 season. Avocado consumption is on the rise, not only in the United States and

European markets, but also in countries with knowledge of this fruit’s flavor and benefits, such

as Asian countries. Malaysia, Japan and South Korea are among the most attractive markets for

this fruit, as are Serbia, the Czech Republic and Bosnia. These global opportunities are already

receiving special attention from exporting countries such as Mexico, Chile, South Africa, Peru

and the United States, which are interested in entering or increasing their shipments to these

markets. China is another very attractive market. Although Mexico is its largest supplier, this

Asian giant has shown willingness to open its market to more suppliers interested in entering it

because of the great opportunity this country represents as a consumer and importer. In just two

years, China’s imports increased from 32 tons in 2013 to 1,498 tons in 2014. CIF unit prices for

avocado imports by the largest consumers (United States and Europe) had annual growth rate
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CAGR of 1.30% and 2.73% during the 2009-2013 period respectively. On the supply side,

avocado production has followed an upward trend worldwide, reaching 4,717,000 tons in 2013.

Mexico is considered the largest avocado producer, consumer and exporter, with shipments of

563,492 tons in 2013. It is followed by Peru and Chile as the largest avocado suppliers, with

shipments of 114,515 and 96,937 respectively, in the same year. With regard to avocado

consumption, the main way this fruit is consumed is fresh. However, a few years ago, its

industrialization began with the processing of pulp and the extraction of oil. As it is a very

versatile fruit, avocado is used in a number of forms, such as avocado purée, packaged slices and

chunks, dehydrated or dried avocado, oil, and even cosmetics made with this fruit. Forecasts

remain positive for the world avocado market in terms of consumption, as well as

commercialization. It is expected that Europe will continue to be one of the main destination

markets for avocado, given that increasing growth in its consumption is expected in the coming

years. The same outlook applies to the United States, with Peru as an increasingly important

supplier. Avocado shipments from Peru to the U.S. are expected to reach 99,790 tons, which is a

53% increase. With an expected increase in demand for avocado from the major markets, as well

as newer markets such as China, growth of exports of this fruit is also forecasted, especially for

major suppliers such as Mexico and Peru. As a result of the foregoing, the avocado market is

very attractive, given the opportunities identified with regard to growth in demand; expansion

and diversification of markets, which are no longer concentrated in Europe and the United

States; vast knowledge about avocado production; and the highly competitive prices at which

this interesting fruit is commercialized(March, 2015).

2.3. Production of avocado in Africa and Ethiopia

2.3.1. Production of avocado in Africa

Due to the favorable prices, a lot of the exports from Peru and Mexico are going to the US

instead of to Europe. Currently, Peru, Mexico and South Africa are the countries in production.

Kenya: Avocado exports boosted by trade agreement with China. Kenya's avocado production

has been reduced by the weather. This has mainly had an impact on the Fuerte variety. It has

actually been the worst season ever for this variety. The prospect is that things will go better in

the next season. For a given trader, the export of avocados has fallen by 20%(Kader, 2013).
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2.3.1.1. Production of avocado in Kenya

The most important development on the export market of Kenyan avocados is the future trade

agreement with China. As soon as this agreement is fully active, 40% of the avocados are

expected to go to the Chinese market. Currently, Kenyan avocados are mainly intended for

Europe and the United States.In 2017, Kenya accounted for 38.9% of Africa's total avocado

exports and for 1.3% of the fruit's global trade(Fulgoni et al., 2013).

2.3.1.2. Production of avocado in South Africa

South Africa: A supplier for the European market South African avocado growers had to reduce

their production estimates down to 14.5 million 4 kilo boxes. That is a million less than

originally expected and 30% less than last year's record harvest. The prices are good; around €

14-15 / 4 kg for the Hass. The most important destination for South African avocados is Europe.

At the moment, some buyers want avocados flown in from South Africa, which is very unusual

for the time of the year. The prices are high due to the situation on the world market. The good

prices paid for South African avocados on the European market will likely remain stable until the

season kicks off in Chile, followed by Spain and Israel(Duarte et al., 2016).

Similar to other agriculture commodities in South Africa, the avocado industry has a well-

organized structure. The South African Avocado Growers’ Association (SAAGA) represents the

interests of the avocado growers through its efforts to gain access to new markets, technical

research, provision of technical and marketing information, and generic promotion to develop the

local market. The size of avocado farms in South Africa ranges from 10 hectares to 2,000

hectares. SAAGA is also part of the South African Subtropical Growers Association (Subtrop).

Subtrop provides management and administrative services to the South African Avocado

(SAAGA), Litchi (SALGA), and Mango (SAMGA). Subtrop’s main objectives include serving

as the liaison with government and relevant institutions on issues of importance to the member

associations; research coordination; generic market development; facilitation of market access

initiatives; and provision of market or technical information(March, 2015).

South African consumers generally prefer the Fuerte avocado variety which is “pear” shaped

with a smooth thin skin that stays green colored when ripe and sometimes has a long thinner

neck. However, other avocados varieties such as the Haas are easily available in the market

especially during the harvest seasons from February to August. The domestic consumption of
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avocados has risen steadily over the past years, which has resulted in the growth and necessity of

imports during South Africa’s off-season.

Figure 2.2: Domestic avocado market of South Africa

Sources: South African Subtropical Growers Association, & South African Avocado Growers

Association

Figure 2.2 shows that 80 percent of domestic consumption is fresh avocados and 20 percent are

processed to mainly oil and guacamole. The national fresh produce markets are the leading

channel through which fresh avocados are sold in South Africa accounting for 38 percent of the

total domestic sales, followed by sales in the informal markets (23 percent), deliveries to

processors (20 percent) and sales through retail supermarkets (18 percent)(Nnaji & Okereke,

2016 ).

2.3.2. Production of avocado in Ethiopia

The avocado trees could need irrigation during dry periods but not during rainy season. Root rot

is the most common failure in avocado production and too much irrigation is one of the causes of

this. In Ethiopia there are no recommendations for fertilizer application, but the tree can benefit

from application in late winter and early summer (Humble & Reneby, 2014b). The horticultural

sector in Ethiopia is growing strongly. Major part of this growth is created by floriculture

investments sector. Recently more and more interest from the Dutch private Sector is shown in

the Ethiopian fruit and vegetable sector. Export of fruit and vegetables has been limited but is

now growing strongly with new investors coming in. Both in Europe and the Middle East a

growing interest exists for products from Ethiopia. Presently, the main export products are fresh

beans, strawberries, grapes, tomatoes, peppers and fresh herbs. The Government of Ethiopia
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gives high priority to the development of the horticulture sector and in 2008 the Horticultural

Development Agency has been established with a specific focus to promote and support the

further development of the horticulture sector(Jager, 2009).

Ethiopia has a comparative advantage in a number of horticultural commodities due to its

favorable climate, proximity to European and Middle Eastern and cheap labor. 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(Faris, 2016).

Ethiopia’s avocado is one of the most promising fruit crops with the highest potential for

production expansion. Volume of production has quadrupled during the last five years. CSA

figures indicate about 17% of the total acreage of fruit crops is covered with avocados. Although

avocados grow well in different regions, the south western part of Ethiopia is the key production

belt. The main growing season is from May to October. Major avocado varieties grown include:

Hass, Pinkerton, Fuerte, Bacon, Ettinger, and Nabal(Faris, 2016). The different varieties of

avocados are available seasonally in the local market. Whereas, avocado covers the second

largest produced fruit production in the country.

Table 2.1: Major fruit crops production in Ethiopia (2013-2018)

Major fruit crops (000’ metric tons)

Fruits 2013/14 2014/15 2015/16 2016/17 2017/18

Banana 340 478 440 538 494

Avocado 18 54 54 65 81

Papaya 32 40 48 50 54

Guava 1 4 2 4 3

Source: CSA Survey (September 2019)

2.4. Composition and characterization of avocado

Avocado is considered a nutritious fruit and contains higher quantities of soluble and insoluble

fiber and protein than many other fleshy fruits. Avocado is also a rich source of potassium and
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the vitamins E and C, and β-carotene (pro-vitamin A). Furthermore, the monounsaturated fatty

acids in avocado effectively reduce blood levels of the undesirable low-density lipoprotein

(LDL, cholesterol) while increasing levels of the beneficial, high-density lipoprotein (HDL).

Unlike foods that are described as providing ‘empty calories,’ the avocado is a nutrition-rich

‘protective’ fruit. The energy content per 100-g serving has been estimated at 800 kJ, depending

on the cultivar and growing conditions(Siddh et al., 2017).

Avocado contains approximately 2.3% protein on a fresh-weight basis, which is between two

and 10 times that of most other fleshy fruits and vegetables analyzed. Although avocado contains

all of the essential amino acids (i.e., it is ‘complete’), it is not generally regarded as nutrient-

dense for protein, certainly not in comparison to meat or eggs, for example. A mixture of soluble

and insoluble fiber is ideal in the diet, and avocado contains appreciable quantities of both (2.1

and 2.7%, respectively). In avocado, the sum of percentage water plus percentage oil is constant

in the range 88–91%, and for each gram of water lost, there is a 1 g increase in oil, in fruit

containing between 8 and 22% oil(Cortes-Rojo et al., 2019).

Changes in oil content are also associated with changes in fiber and protein. Therefore, the

energy value of avocado is almost entirely due to its oil content, and any variation is due solely

to changes in the percentage oil. Another hypothesis relates to the type of oil, and avocado is rich

in the beneficial monounsaturated fatty acids. The fatty acid content and composition of avocado

have been iterated in most texts on the physiology and biochemistry of fruit growth and ripening.

Avocado lipids can be divided into the following fractions:

1. Neutral lipids (tri-, di-, and monoacylglycerols),

2. Phospholipids,

3. Glycolipids, and

4. Free fatty acids.

The neutral lipid fraction constitutes 96% of the total lipid content of avocado, and the majorities

are triglycerols. The major triglycerols identified in avocado are dioleyl palmitin, triolein,

dioleypalmitolein, linoleyl oleyl palmitin, and linoleyl diolein. Within each of these triglycerols,

18:1, 18:2, 16:0, and 16:1 are the major fatty acids present, and the relative concentration

(percentage of total lipid) of each is in the range 59–81% (18:1), 7–14% (18:2), 7–22% (16:0),

and 3–11% (16:1). These values are comparable with those for olive oil, making avocado which

is easily digested, an ideal substitute for olive oil in cooking, and in the preparation of salad
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dressings, although it is currently more expensive. Unsaturated fats are either mono- or

polyunsaturated, and the ratio of polyunsaturated fatty acids to saturated fatty acids (P/S), which

is used as an indicator of nutritional value by nutritionists, is about 0.74 for avocado. A diet high

in polyunsaturated fatty acids reduces the level of the undesirable LDL, whereas a high dietary

level of monounsaturated fatty acids also maintains levels of the desirable HDL. Thus, it should

not be surprising that results from trials in which the monounsaturated-rich avocado was used as

a dietary component revealed a significant decline in total cholesterol with preservation of the

HDL level. Likewise, substituting avocado for butter, margarine, and cheese significantly

reduced blood cholesterol levels, and increased HDL up to 16%. Accordingly, avocados have

gained acceptance by the Heart Foundations of several countries, and can even be prescribed for

convalescent heart patients(Cortes-Rojo et al., 2019).

2.4.1. Total soluble solid

Avocados have 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).The ripening of avocados at

20°C resulted in 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. This shows that the C7 sugars play an

important role in the respiration of the avocado during the ripening process(TesfayA et al.,

2012).

2.4.2. 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).

2.4.3. Bioactive compounds in avocado

In addition to the important major compounds, avocado contains substantial amounts of

bioactive compounds such as phyto-sterols, especially in the lipid fraction, and the main

representative is the β-sitosterol. Diets rich in phyto-sterols can lead to the reduction of the total

cholesterol and LDL cholesterol. Phyto-sterol is a substance of vegetable origin whose structure

is very similar to cholesterol. Its mechanism of action in the body involves the inhibition of

intestinal cholesterol absorption and decreased hepatic cholesterol synthesis(Duarte et al., 2016).

According to (Brufauet al., 2008), it acts on total plasma cholesterol and LDL cholesterol

without affecting HDL and blood triglycerides. The benefit of cholesterol reduction also comes

from replacing saturated by unsaturated fats, which promote a decrease in total cholesterol and

LDL and an increase in HDL levels. The β-sitosterol in avocados also has a special effect on

immunity, contributing to the treatment of diseases such as cancer and infections. In relation to

cancer, it works by suppressing carcinogenesis by strengthening the immune system. This

compound enhances lymphocytes proliferation and natural killer cell activity, which inactivates

invading microorganisms. The avocado oil variety Margarida contains a greater diversity of

sterols, and β-sitosterol represents 71.8% of the total sterols, besides lower cholesterol levels

(0.3%), which can achieve up to 2.3% in other varieties(Duarte et al., 2016).

2.5. Nutritional composition and health benefit of avocado

The avocados have diverse fats yet they are one of the best foods one can eat. They are full of

nutrients and heart healthy compounds. According to USDA report in 2004, each 100g (3.5oz) of

avocado pulp gives 670KJ (160Kcal) of energy; 75% of which is from its fat. It contains 2.13g

saturated fatty acid, 9.80g monounsaturated and 1.82g polyunsaturated fatty acids. 2g of that

amount was protein while water was 73.23g. The avocado also contains the following: thiamine

(Vitamin B1); riboflavin (vitaminB2); niacin (vitamin B3); pantothenic acid (vitamin B5);

vitamin B6,folate (vitamin B9); and vitamins C, E and K. the recorded mineral elements include

calcium 12mg; iron 0.55mg; magnesium 29mg; phosphorus 52mg; zinc 0.64mg and potassium
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485mg. avocado contain 35% more potassium than banana which has 358mg per 100g. 75% of

the high fiber content is insoluble while 25% is soluble(Naveh et al., 2002).The health benefits

of avocados are quite obvious, from their nutritional components and hence cannot be

overemphasized. A preliminary study showed that high intake of avocados lowers blood

cholesterol levels. This comes about due to high amount of High density lipoproteins (HDL),

helpful cholesterol(Naveh et al., 2002).

The study shows that after seven-day diet rich in avocado, mild hyper cholesterol mania patients

showed 17% decrease in total serum cholesterol level. These subjects also showed 22% decrease

in blood low density lipoprotein (LDL), a harmful cholesterol; and triglyceride levels. There was

11 % increase in HDL levels in the subjects. The avocados are a great source of liteine, a

carotenoid that works as an antioxidant and helps protect against eye disease. Avocado helps in

weight loss because the monounsaturated fats make one feel full and resist temptation to eat. It

contains good amount of fiber both soluble and insoluble. Fiber is needed by the digestive

system to run smoothly. Oleic acid is a fat that activates the part of the brain that makes one feel

full, and it is also present in avocado. Oleic acid in avocado has been shown to produce greater

level of satiety than less healthy saturated fats and Trans fats contained in processed food(Naveh

et al., 2002).

2.6. Magnitude of post-harvest loss in Ethiopia

Agriculture is the mainstay of the Ethiopian economy(Emana & Gebremedhin, 2007). The

country has highly diversified agro-ecological conditions for the production of different cereal,

legumes and horticultural crops (Bekele, 1989; Milaku, 2005). More than 85% of its population

is engaged in small scale agricultural production as a major means of livelihood(Emana &

Gebremedhin, 2007). It contributes for about 50% of the country’s gross domestic product

(GDP), over 90% of export earnings and 73% supplies of raw materials for agro-based domestic

industries(Emana & Gebremedhin, 2007).

(Ahmed, 2007) defined horticultural crops as crops, which are not staple cereals or major

industrial crops, but are mainly eaten for their contribution to the flavor and interest of food with

flexible consumption based on price, quality and supply. This includes fruits, vegetables,

flowers, spices, medicinal and aromatic plants and plantation crops (Choudhury, 2006).

Horticultural crop production is the major farming system in the eastern part of Ethiopia such as
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in Dire Dawa Administration, Fedis, Haramaya, Kombolcha, Kersa, Meta, Kurfa Chelle, Grawa,

Jarso and Gemechis. Particularly in the areas where water is available and farmers have access to

the market, horticultural production is used as a major source of cash income for households

(Milaku, 2005; Bezabih and Hadera, 2007). Although human and material resources are devoted

for planting, irrigation, fertilizer application, 50% of horticultural crops are lost due to post-

harvest loss (Saxena et al., 1990; Alazar, 2007; Olayemi et al., 2010).

Post-harvest losses and quality deterioration of horticultural crops are mostly caused by pests,

microbial infection, natural ripening processes and environmental conditions such as heat,

drought and improper post-harvest handling (Idah et al., 2007; Olayemi et al., 2010). It occurs

through all or at least one of post-harvest activities like harvesting, handling, storing, processing,

packaging, transporting and marketing (Mrema and Rolle, 2002). Even though only limited

studies conducted in Ethiopia, post-harvest loss and quality deterioration of horticultural crops is

estimated to be 25-40% (Yohannes, 1989). Particularly, in the eastern part of the country, limited

post-harvest improvement studies have been carried out for locally consumed fruits and

vegetables. However, fruits like banana, orange, lemon, pineapple and avocado which exported

to Arab countries, Europe and the Middle East are relatively graded and packaged

appropriately(Ahmed, 2007).

Reduction of post-harvest losses and quality deterioration are essential in increasing food

availability from the existing production. Minimizing this loss has a great significance for food

security, economic growth and welfare of the society. Therefore, this survey was conducted to

assess the principal causes of post-harvest loss and quality deterioration of horticultural crops in

Dire Dawa Administration and to suggest solution to the problems (Mrema and Rolle, 2002).

2.7. Postharvest Factors affecting quality of avocado

2.7.1. Humidity

Fresh fruits contain sizable amounts of water, for example, watermelons may contain water more

than 95% of its fresh weight. Since most of the water is free water, the produce will continue to

lose water to the surrounding atmosphere. The loss in water manifests into symptoms of

shriveling, wilting, and loss of crispness. The tissue may also become tough or mushy and

unacceptable to the consumer. The reduction of saleable weight and loss of sensory
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characteristics lower the marketing value. Weight loss by even 5% makes certain produces

unsalable(Jager, 2009).

The surface area/volume ratio, nature of surface, presence/absence of cuticle, number of stomata

(leaves) and lenticels (fruits), periderm (tubers and roots), and injury to the plant tissues affect

both the rate and the extent of water loss. This is the reason why leafy vegetables such as lettuce

lose water at higher rates than potatoes and apples. Water loss can be prevented by maintaining

high atmospheric relative humidity (RH), low temperature, reduced air movement, and increased

pressure; avoiding product injury; and using suitable packaging during storage and

transportation. Optimum RH is 85%–90% for most fruits and 90%–98% for most vegetables

except dry onions and pumpkins (70%–75%). Some roots may require almost 100% RH (Kader,

2013).Maintaining high RH, in certain situations, may induce decay, surface mold development,

and physiological disorders, including impaired fruit ripening; however, surface condensation of

moisture (sweating) over long periods is probably more of significance in enhancing decay than

high humidity(Gamage & Rehman, 1999).

2.7.2. Temperature

Temperature management is the most important tool in postharvest handling of plant produce to

control both physiological and pathological deteriorations. Provided exposures to temperatures

leading to chilling and freezing injuries are avoided, lowering temperature during handling,

transportation, and storage is the most effective means of extending the shelf life and reducing

the loss of quality by lowering the metabolic processes such as respiration and

transpiration(Gamage & Rehman, 1999).

2.7.3. Atmospheric gas composition

Atmospheric gas composition, such as oxygen, carbon dioxide, and ethylene, influences the

microbial decay and physiological processes such as respiration. Reduction of oxygen and

elevation of carbon dioxide through modified or controlled atmosphere storage complements the

effects of maintaining low temperature through the postharvest value chain. The beneficial or

harmful effects of varying gas composition, however, depend upon commodity, cultivar,

physiological age, oxygen and carbon dioxide levels used temperature, and duration of

storage(Kader, 2013).
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2.7.4. Light

Light may influence the quality of fruits and vegetables by controlling the synthesis/degradation

of pigments responsible for color (chlorophyll and carotenoids), flavor by catalyzing oxidation of

lipids, sprouting, reducing nutritive value by degrading vitamins such as ascorbic acid and

riboflavin, and production of toxins. The exposure of potatoes to light during storage may

produce green tissues that contain solanine, a toxin. Thus, light intensity should be minimized.

Adverse effects of light are prevented by storage in dark and using packaging materials that

prevent the transmission of light(Jager, 2009).

2.7.5. Mechanical injury

Mechanical injuries expose internal tissue to contamination, increase respiration rate, promote

chemical and enzymatic reactions (i.e., browning), allow the spread of decay microorganisms,

and induce an overall quality decline. The resistance to cracking in tomatoes is correlated with

flatness of the epidermal cells(Gamage & Rehman, 1999). The surface cracks, cuts, punctures,

which develop during growth or as a result of mechanical injuries, either remove or weaken the

protective outer layers causing water loss. At early stages of maturity, some commodities have

the ability to repair and seal off the damaged area. The capacity of wound healing diminishes in

most cases as the plant organs mature except some tuber and root crops. A bruise is a simple and

irreversible injury, but defining all the ways in which bruising is caused can become quite

complex. The factors affecting impact are drop height, velocity just before impact, mass of each

produce item, radius of curvature of the impacting surfaces at the point of contact, stiffness of

tissue beneath each surface, area of contact for each surface, and failure stress or strain level for

each tissueTechnologies of surface coating in food industry(Faqeerzada et al., 2018).

2.8. Technologies of surface coating in food industry

2.8.1. Edible film coating

Edible films and coatings are thin layers of edible materials applied on food products that play an

important role on their conservation, distribution and marketing. Some of their functions are to

protect the product from mechanical damage, physical, chemical and microbiological activities.

Their use in food applications and especially highly perishable products such as horticultural

ones, is based on some particular properties such as cost, availability, functional attributes,
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mechanical properties (flexibility, tension), optical properties (brightness and opacity), the

barrier effect against gases flow, structural resistance to water and microorganisms and sensory

acceptability(Quinterob et al., 2011).

Edible coatings can provide an additional protective coating to produce and can also give the

same effect as modified atmosphere storage in modifying internal gas composition. One major

advantage of using edible films and coatings is that several active ingredients can be

incorporated into the polymer matrix and consumed with the food, thus enhancing safety or even

nutritional and sensory attributes. Edible coatings serve many purposes in food systems((Dhall,

2013).

Generally, coatings are used to improve appearance or texture and reduce water loss. Use of

antioxidants and sulfites to preserve fresh appearance in minimally processed fruits and

vegetables or processed foods is well reviewed by different studies. Antioxidants are used to

reduce browning of cut apple and pear(ponting et al., 1972).potato(Giannuzzi et al., 1995),

mushrooms(Miller et al., 1994) and to preserve the color of fish(Wasson et al., 1991).

Fungicides are used to reduce decay of whole fruits(Eckert & Ogawa, 1985) and salts, such as

calcium, are reported to delay ripening, increase firmness, improve appearance, and enhance

disease resistance of fruits(Wang et al., 1993). Preservatives, acidulants, and to some extent

antioxidants and sulfites Reduce surface microbial populations on fresh-cut produce and

processed foods(Nair et al., 2017).

Figure 2.3: transfer that can be potentially controlled by edible barrier (Debeaufort & Voilley,
2009)



Done By Helen B. Page 22

Edible films are conformed by biopolymers such as polysaccharides, proteins, and

lipids(Vartiainen et al., 2014). Depending on the type of biopolymer used and the humidity

conditions of environment, edible films could contain hydration water that acts as plasticizer of

film by embedding itself between the polymers chains, spacing them, lowering the glass

transition temperature, and improving flexibility(Evine & Lade, 2017). Therefore, hydration

water affects the main structural and functional properties of the film such as mechanical and

barrier properties(Cuq et al., 1997). In this way, edible films can be divided into three categories:

hydrophilic, hydrophobic, and composites containing hydrophilic and hydrophobic components.

2.8.1.1. Hydrophilic film

Polysaccharides and proteins interact strongly with water; therefore, films made from these

biopolymers are hydrophilic films. Suitable polysaccharides include cellulose derivatives,

pectins, alginates, starches, chitosan and others(Bourtoom, 2008). Film-forming proteins include

gelatin, casein, soy protein, whey protein, wheat gluten, zein(Bourtoom, 2008). Hydrophilic

films also include films obtained from the integral cell biomass of microorganisms such as yeast,

containing both polysaccharides and proteins(Delgado et al., 2016). The charged state of

hydrophilic biopolymers can be convenient for film formation, i.e., alginates and pectins are

charged polysaccharides that require the addition of polyvalent ions such as calcium to facilitate

film formation(Nussinovitch, 2009). Therefore, the properties of charged polysaccharides and

protein-based films depend on the pH of the media, since the pH has a direct influence on the

polymer charges and on the polymer conformation, changing polymer chains interactions that

would affect the matrix properties(Nussinovitch, 2009).

The susceptibility of hydrophilic biopolymers to the pH is the main characteristic that makes

them interesting for functional food applications. Hydrophilic films interact strongly with water,

in general they show isotherms with a slight increase in the hydration water content for low

values of aw, and a significant increase for aw> 0.6(Delgado et al., 2016). This suggests a

hydration mainly in forms of multilayer, with a small monolayer of hydration. In this way, the

water hydration in hydrophilic film is mobile water that is not strongly bounded to the film. The

water content or sorption of water in the film affects directly the moisture barrier properties

increasing water vapour permeability (Bertuzzi et al., 2007);(Gontard et al., 1993). Moreover,
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the increasing in hydration causes an augment in elongation properties and a decrease in tensile

strength and elastic modulus(Cuq et al., 1997).

In this way hydrophilic films have poor control of water vapor migration but have good barrier

properties to oxygen, carbon dioxide, and lipids, and also have desirable mechanical

properties(Janjarasskul & Krochta, 2010). Regarding the barrier properties, they could act

efficiently as selective barriers to gases in order to generate modified atmospheres. In the

hydrophilic group, there are both soluble and insoluble biopolymers in water, such as cellulose

that is a highly hydroxylated polysaccharide, which is swellable but not soluble in water. This is

due to high levels of intermolecular bonding and less amount of intermolecular hydrogen

bonding between hydroxyl groups in and between glucopyranosyl rings within a polysaccharide

chain and between adjacent polysaccharide chains(Dhall, 2013).

2.8.1.2. Hydrophobic Films

Hydrophobic films are formed from a variety of lipids including fats and natural waxes

(Bourtoom, 2008). Due to the low polarity of lipids, these films have a poor interaction with

water and consequently their present good barrier properties to water vapor but poor barrier to

oxygen and carbon dioxide(Janjarasskul & Krochta, 2010). Since lipids are polymers of short

chains, the structure of the film matrix is not suitably intercalated. Furthermore, hydrophobic

films are basically dehydrated in all conditions of environments; therefore, they are not

intrinsically plasticized such as hydrophilic films(Nussinovitch, 2009).

2.8.1.3. Composite film

Composite coatings are mainly blends of polysaccharides, proteins and lipids. The goal of these

types of coatings is to combine the desirable properties of the different materials to

improve barrier properties, integrity, adhesively, flexibility and general performance of

formulations(Guilbertt et al., 1995). Coatings with lipids maintain better the turgor and weight of

fresh fruit and vegetables which are mainly attributed to water losses(Avena-bustillos et al.,

1997). Solving this problem is important to reduce quality and economical losses during

commercialization. Coatings of proteins or polysaccharides are claimed to have low

permeability’s to CO2 and O2 which are related to delaying senescence and extending storage life

of treated fruits(Avena-bustillos et al., 1997).A composite coating is the edible coatings of the

future. This type of coatings works to combine the beneficial properties of coating ingredients to
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create a superior film. This coating may be heterogeneous in nature, consisting of a blend of

polysaccharides, protein, and/or lipids. This approach enables one to utilize the distinct

functional characteristics of each class of film used(Han, 2014).

The combination between polymers to form films could be from proteins and carbohydrates,

proteins and lipids, carbohydrates and lipids, or synthetic polymers and natural polymers. The

main objective of producing composite films is to improve the permeability or mechanical

properties as per the need of specific application. These heterogeneous films are applied either in

the form of an emulsion, suspension, or dispersion of the non-miscible constituents, or in

successive layers (multilayer coating or films), or in the form of a solution in a common solvent.

The method of application affects the barrier properties of the films obtained(Guilbertt et al.,

1995). Composite films of the future may consist of hydrophilic particles within a hydrophilic

matrix. Such a configuration could give a water-soluble coating with good water vapor barrier

properties(A.Baldwin et al., 1995). Recently, many researchers have extensively explored the

development of composite films using lipid and hydroxypropyl methyl cellulose(D.Hagenmaier

& Shaw, 1990) methyl cellulose (MC) and lipid(Greener & fennema, 1989) MC and fatty

acid(Sapru et al., 1994); corn zein, MC, and fatty acid; casein and lipids (Park et al., 1996).

Highly perishable fruits like avocado and tropical fruits are adequate products to protect with

coatings. Avocado as a typical soft fruit has a high physiological post-harvest activity. As a

consequence, they have short ripening and senescence periods. This makes trading high quality

fruit a challenge(Park et al., 1996).

2.8.2. Application of edible coating on fresh fruits and vegetables

Edible coating technology is a promising method to preserve the quality of fresh fruits and

vegetables. Research and development efforts are leading to an improvement of the functional

characteristics of the coatings, which depends on the properties of the fruit to be preserved or

enhanced. These can be achieved by developing several edible coatings, measuring gas

permeation properties of selected coatings, measuring diffusion properties of skin and flesh of

selected fruits, predicting internal gas compositions for the fruits coated with edible films, and

observing coating effects on the quality changes of fruits. The use of edible coating and their

application rates are governed by legislations in the country where the coating is being applied or

in the country where the fruits and vegetables are to be exported(Watada et al., 1996).
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2.8.2.1. Potential active ingredients to be carried by edible coatings

One of the distinctive functions of edible coatings is their ability of incorporating active

ingredients into the matrix to enhance its functionality. As a result, quality, shelf life, stability,

and safety of fresh fruits can be improved significantly with the incorporation of antioxidants,

antimicrobials, or functional ingredients.

 Antimicrobial Agents

The use of edible coatings as carriers of antimicrobial compounds is another potential alternative

to enhance the safety of produce. The physical and chemical barrier provided by the epidermis,

which prevents the development of microbes on the fruit surface, is removed during postharvest

handling(Gamage & Rehman, 1999). Dipping of aqueous solutions containing antimicrobials is

the most practical way to extend the microbial stability of fruits and vegetables. However,

application of antimicrobial agents directly on the food surface may have limited benefits

because the active substances are rapidly neutralized or diffused from the surface into the food

product, thus limiting the effect of the antimicrobial compound(Min & Krochta, 2005). In this

sense, antimicrobial edible films and coatings may provide increased inhibitory effects against

spoilage and pathogenic bacteria by maintaining effective concentrations of the active

compounds on the food surfaces(Gennadios et al., 1997).

There are several categories of antimicrobials that can be potentially incorporated into edible

films and coatings, including organic acids (acetic, benzoic, lactic, propionic, sorbic), fatty acid

esters (glyceryl monolaurate), polypeptides (lysozyme, peroxidase, lactoferrin, nisin), plant

essential oils (EOs) (cinnamon, oregano, lemongrass), nitrites and sulfites, among

others(Franssen et al., 2003). While their actual mechanisms of action are not well understood,

the antibacterial effectiveness of organic acids is thought to appear from the fact that protonated

acids are membrane soluble, and can enter the cytoplasm by simple diffusion(Ricke, 2003).

 Essential oils

Essential oils are an alternative to chemical preservatives and their use in food meets the

demands of consumers for natural products(Burt, 2004). The activity of EOs and their active

constituents have been widely studied against many microorganisms, including several

pathogens(Karatzas et al., 2000).although their mechanism of action has not been studied in
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great detail (Lambert et al., 2001). The application of EOs on foods is yet limited due to their

impact on organoleptic food properties and their variable activity in foods due to interactions

with food components. Nevertheless, the use of EOs to control microbial growth in foods has

been proposed for several fruits and vegetables(Gutierrez et al., 2008).

Many factors must be considered in developing an antimicrobial edible coating, which includes

the properties of the food and coating and the effectiveness of the antimicrobial agents

incorporated into the coating. Because of this, basic preliminary studies must be carried out to

evaluate the antimicrobial effect of a compound incorporated into an edible film matrix before it

is applied on the surface of a real food system. Despite the good results achieved so far with the

incorporation of EOs into edible coatings, the major drawback is their strong flavor, which could

change the original taste of foods (Lambert et al., 2001).

2.8.3. Starch base coating for preservation of fruit

Starch is the most common polysaccharide which is obtained from cereal grains such as wheat;

maize, rice etc., and cereal grains are belong to Poaceae family. Potato and other tubers, legumes

are also good source of starch. Starches are composed of anhydro-glucose units. Starch is a

homopolymer composed of polysaccharides components- one is water soluble amylose and

second is water insoluble amylo-pectin. On the other hand the amylose are a linear or

unbranched chain of D-glucose (1-4 linkage) and the amylopectin is a branched chain of glucose

(1-6 linkage). Amylose are good starch derivatives for film and coating material coatings and

films of high amylose corn starch or potato starch are contained high stability during long period

preservation. These chains are held by the help of glucosidic linkage. Starch derivatives are

breakdown by the help of amylase and the final product is dextrin. Starch amylose for example

corn starch is excellent source for coating and film production. Corn starch based films and

coatings demonstrated of physical characteristics resemble to plastic films and coatings, they are

tasteless, odorless and colorless and non-toxic. It is biologically absorbent, semi-permeable to

oxygen and carbon-di-oxide (Sapper & Chiralt, 2018).
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Starch is a promising polysaccharide for food coating/packaging purposes. When taking into

account its filmogenic capacity, ready availability and low cost. The starch world market can

mainly be divided into four raw materials: corn, potato, sweet potato and cassava, although the

predominant source used to obtain biodegradable plastics has been corn starch. This may be due

to corn being the main source of starch produced worldwide (approximately 65%), followed by

sweet potato (13%) and cassava (11%). Starch-based coatings are colorless and have an oil-free

appearance, and can be used to increase the shelf life of fruits, vegetables and other products,

although due to their hydrophilic nature, they are highly water sensitive and exhibit low water

vapor barrier capacity. Other components, such as plasticizers and emulsifiers (or surfactants),

may be added to the polymer matrix to improve the flexibility, extensibility and/or the stability

of the polymer matrix structure. Blending (with other hydrophobic compounds to limit the

hygroscopicity of starch-based materials has become an economical and versatile way to obtain

new materials with better properties (Luchese, et al 2017).

2.8.4. Aloe Vera as a preservation of fruit

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

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

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

mucilaginous jelly from the parenchymal cells of the plant is the aloe Vera gel. Aloe Vera can

provide many benefits to human health. The gel works better through a combination of

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

moisture and oxygen which can speed up food deterioration. It can also enhance food safety.

Aloe Vera gel appears to contain various anti-biotic and antifungal compounds that can

potentially delay or inhibit microorganisms that are responsible for food borne illness in humans

as well as food spoilage. Recently, there has been increased interest in using Aloe Vera gel as a

functional ingredient in drinks, beverages, and ice cream and as an edible coating material for

fruits and vegetables driven by its antifungal activity. Aloe Vera gel based edible coatings have

been shown to prevent loss of moisture and firmness, control respiratory rate and maturation

development, delay oxidative browning, and reduce microorganism proliferation on fruits like

avocado(Castilloa et al., 2010).
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Protecting fruits and vegetables from fungal infection and growth is a crucial concern for the

purposes of promoting the extension of their shelf life and ensuring product quality and safety

(Vermeiren et al., 1999).Fungal attack causes heavy losses in plant products while also

compromising the health of consumers because of the production of mycotoxins. Fruit decay

caused by fungal spoilage is the main postharvest problem, leading to serious economic losses,

especially in the case of more sensitive plant products. Treatments with synthetic fungicides are

being restricted, due to their potential toxicological effects on consumers, and non-toxic, natural

treatments need to be developed. In this sense, some plant extracts exhibit antifungal properties

and their use in the preservation of fruits and vegetables could be an interesting

alternative(Mart´ınez-Romero et al., 2006; valverde et al., 2005). Aloe vera gel (the colourless

mucilaginous fraction obtained from the parenchymatous cells of the fresh leaves of Aloe spp.) is

a complex matrix with bioactive properties(choi & chung, 2003) ;(Udoamaka et al., 2014).

It is rich in anthraquinones (aloe-emodin, aloetic acid, aloin, anthranol, barbaloin, isobarbaloin,

emodin and ester of cinnamic acid), saccharides (cellulose, glucose, mannose, aldopentose,

acetylated mannan, glucomannan, acetylated glucomannan, galactogalacturan,

glucogalactomannan, galactoglucoarabino-mannan),vitamins (B1, B2, B6, C, b-carotene,

choline, folic acid and a-tocopherol), enzymes (amylase, carboxypeptidase, catalase,

cyclooxydase, lipase and oxidase) and other low-molecular-weight substances (Choi & Chung,

2003).

Several components, such as glycoprotein, barbaloin, emodin, mannose-6-phosphate,

acemannan, aloesin, b-sitosterol or diethylhexylphthalate, have pharmacological activity.

Likewise, their antimicrobial activity against several bacteria has been demonstrated. Aloe vera

gel was effective against Streptococcus pyogenes and Streptococcus faecalis(Sitara et al.,

2011)and the Aloe vera exudate had positive antibacterial effects against S. agalactiae,

Citrobacter sp., Serratia marcescens, Enterobacter aerogenes, Enterobacter sp., Bacillus subtilis,

Staphylococcus aureus H, Escherichia coli, Mycobacterium tuberculosis, Corynebacterium

xerose, Salmonella paratyphi, Pseudomonas aeruginosa and Proteus vulgaris(Gottshall et al.,

1949);(Levin et al., 1988).

Ethanol extract inhibited the growth of Klebsiella pneumoniae and Klebsiella sp.(Reynolds &

Dweck, 1999).Previous studies also showed that Aloe Vera was effective against different plant

pathogenic fungi. It reduced the spore survival of Penicillium, Botrytis and Alternaria by 20%
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(Sitara et al., 2011), and inhibited the mycelium growth of Rhizoctonia, Fusarium and

Colleotrichum. (Castilloa et al., 2010) also reported an inhibition effect of Aloe Vera gel on the

mycelium growth of Penicillium digitatum and Botrytis cinerea. The availability, non-toxic

nature and potential bioactivity of the Aloe Vera products make them an interesting alternative

for the purposes of controlling fungal diseases in fruits and vegetables under both pre and

postharvest conditions.

The application of active compounds included in biopolymer matrices (active coatings) has

different advantages, such as the dosage adjustment, cost reduction and greater product

adherence on the plant surface. Therefore, the coating forming ability of biopolymer matrices

contributes to an enhancement in product quality, since coating reduces the respiration and

transpiration rates of the plant products, thus retarding their senescence and extending their shelf

life. Antifungal biopolymer coatings would protect fruits and vegetables from the rapid

deterioration associated with the weight loss, color changes and softening that occur under post-

harvest conditions; these are accompanied by the occurrence of fungal decay mainly due to

species of different fungi of the genera Penicillium, Botrytis, Monilia, among others (Mart´ınez-

Romero et al., 2006).

2.8.5. Advantages of edible coatings

Advantages of edible coatings (Park et al., 1994),(Sothornvit & Krochta, 2000) include:

 Improves external appearance by giving additional shine to the fruit surface.

 Reduces weight loss and keep the fruit firm, so that its fresh look can be

maintained.

 Reduces rate of respiration and ethylene production, thus delaying senescence.

 Prevents fruits and vegetables against chilling injuries and storage disorders.

 Act as barrier to free gas exchange.

 Provides a carrier for postharvest chemical treatments.

 Encapsulates aroma compounds, antioxidants, pigments, ions that stop browning

reactions and nutritional substances such as vitamins.

 Reduces the use of synthetic packaging material.

 In some countries, taxes levied on the shipment of packaging material can be

saved by use of edible coatings and films.
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Generally, the potential benefits of edible coatings for minimally processed produce are to

stabilize the product and thereby extend product shelf life(A.Baldwin et al., 1995). More

specifically, coatings have the potential to reduce moisture loss(A.Baldwin et al., 1995),(Avena-

bustillos et al., 1997)And firmness loss, provide moisture and oxygen barrier properties(Li &

Barth, 1998) retard respiration rates, hinder solute movement(Li & Barth, 1998) retard loss of

chlorophyll (Banks, 1984) retard ethylene production(A.Baldwin et al., 1995) reduce metabolism

and oxidation rates(Li & Barth, 1998), seal in flavor volatiles, carry additives that could reduce

discoloration and microbial growth(A.Baldwin et al., 1995) and improve the appearance(Davis

& Hofmann, 1973).Edible coatings would be very helpful in attaining relative humidity close to

100%(Watada et al., 1996).The major benefit of edible coatings is that they can be consumed

along with food, can provide additional nutrients, may enhance sensory characteristics and may

include qualityenhancing antimicrobials(Guilbert et al., 1996).

2.9. Water vapor transmission rate of edible coating

Edible coatings are developed for fresh commodities to control migration of moisture, exchange

of gases such as O2, CO2 and C2 H4, which influence the quality and shelf life of commodities.

The most studied property of coated fruit is its weight loss during storage(S. K. Chauhan et al.,

2005).Coatings have also been studied in relation to spoilage, especially chilling injury and

browning. Prevention of spoilage was sometimes attributed to adjuncts, such as fungicides or bio

regulators, but more often to the diffusion barrier formed by the coating. The barrier hinders O2

and CO2 diffusion, thus reducing the respiration rate (Banks, 1984);(Erbil & Muftugilz, 1986).

2.9.1. Water vapor permeability

The ability of packaging materials to refrain or minimize moisture transfer between the food and

the surrounding environment is a crucial property for effective food packaging. Water vapor

permeability should therefore be as low as possible in order to optimize the food package

environment and potentially increase the shelf life of the food product(Malia et al., 2004).The

water vapor permeability is a very important indicator about the ability of edible films to affect

the storage life of the goods. The reduced level of permeation of water vapor through the edible

film can prolong the shelf life of the food it is applied to. Other factors which affect water vapor

permeability of the edible films are: temperature; relative humidity; food type; water activity;

characteristics of the products (composition, concentration of hard parts, viscosity, chemical
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structure, type of the polymers, morphology, and degree of cross linking, solvents and

plasticizers (E.Anastasia et al., 2015).
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Chapter three

3. Material and Methods

3.1. Raw material collection, transportation and Preparation

3.1.1. Raw material collection and transportation

Fresh and well matured avocado fruit variety of Hass were collected from Shewarobitefarm

Amhara region based on their shape size maturity stage in which the uniformity is useful in

random selection of the sample. Maximum care was taken to handle the fruit during

transportation to reduce weight loss and mechanical injuries. Other raw materials used for

coating were corn and Aloe Vera. The Aloe Vera gel was collected from Tuludimtu Mountain.

And corn (Taddese1 variety) was collected from Awash Melikasa Research Center. The

Collected raw materials were transported to Addis Ababa University, AAiT Food Engineering

Laboratory.

3.1.2. Raw material selection and preparation

Avocado was selected based on size, shape and maturity stage. Avocado should not be

mechanically damaged and chilling injuries should not appear. As much as possible the fruit

selected was rated as first grade since coating cannot be successful if there is damage on the

surface of the fruit. Fruits selected for the experiment were washed with tap water, and rinsed

with distilled water and left it to dry at ambient air condition.

Matured leaves of Aloe Vera plant were harvested and washed with a mild (25%) chlorine

solution. And Corn was sorted and washed with tap water and rinsed with distilled water; it was

ready to the next process

3.1.3. Chemical and equipment

The equipment used were plastic and carton Bags; commercial juice blender; beaker, graduated

cylinder, conical flask, digital balance; beakers; oven and furnace;aseptic hood, CIE scale;

penetrometer, pH meter; refractometer; petri dish, desiccator, incubator, oven, water bath shaker,

spoons, thermometer, magnetic stirrer, aluminum foil and polyethylene bag,Thimbles, grinder:

chemicals glycerol, citric acid, sodium hydroxide, silica gel, anhydrous calcium chloride,
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petroleum ether, potassium sulfate ,sulpheric acid and other laboratory grade chemicals and

distilled water.

3.2. Frame work of the thesis

Figure 3.1:  Frame work of the study
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3.3. Experimental location

Experiments on coating process and physicochemical analysis were performed at Addis Ababa

University Institute of Technology, Food Engineering Laboratory and the microbial analysis was

performed at the Biochemical laboratory; while color and firmness were conducted at Food

engineering laboratory. Other proximate analysis and antibacterial activities was conducted at

Addis Abeba University College of Natural and computational Science, center for Food and

Nutrition Laboratory.

3.4. Processing method of coating material

3.4.1. Preparation of Coating material from aloe Vera

Aloe Vera gel preparation was undertaken according to(Ramachandra & Rao, 2008);Who

advised that Aloe Vera leaves must be processed within 2 h of harvesting to prevent oxidation of

the gel due to exposure to air. Whole leaves were washed with water and the base and tips of the

leaves along with its spikes were removed. Next, the skin was carefully separated from

parenchyma to obtain Aloe Vera flesh. After separating aloe Vera gel from the outer cortex, the

colorless gel like substance which is hydro parenchyma was blended with juice maker. This

mixture was filtered to remove unwanted fibers. Then it was pasteurized at a temperature of

70OC for 45 minutes and cooled to ambient temperature. Then Citric acid (4.6g/l) was added to

this gel to maintain the pH. The viscosity of the stabilized Aloe Vera gel obtained was improved

by using 1% of a commercial gelling agent (glycerol) to improve coating efficiency. Then

constituted fresh aloe Vera gel was obtained. Then a solution was prepared in different

concentrations 1% and 2.5% by dissolving the aloe Vera gel with distilled water(He et al., 2005).

3.4.2. Preparation of coating material from corn starch

Corn seed was soaked in 50oC for two hours; to make removal of zein easier. Then it was dried

for three days. And the corn seed was milled and corn starch was obtained then it was ready for

the next process(Anderson & Lamsal, 2011). According to (Ghosh et al., 2015) Corn starch

coating solution was prepared by dissolving 1% and 2.5% (w/v) starch in distilled water with

agitation for 10 min at 900C respectively. The pH value was adjusted to 5.6 with 50% (w/v) citric

acid (Merck) solution and the solutions were equilibrated for 10 min. Glycerol (Merck) 87% was

added as a plasticizer at a concentration of 2mL litter-1 solution.
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3.4.3. Preparation of coating material from aloe Vera and corn starch

Edible coatings may be composed of polysaccharides, proteins, lipids, and composites(Donhowe

& Fennema, 1993);(Guilbert et al., 1996).In order to get best result different concentration of

mixing ratio was used. Optimization procedures were applied to determine the optimum level of

the coating film. The optimization procedures were carried out using Design Expert Software

(RSM method).the combination ratio can be summarized in this table.

Table 3.1: Combination ratio of coating film

Corn starch Aloe Vera

0% 1% 2.5%

0% T0 T1 T2

1% T3 T4 T5

2.5% T6 T7 T8

Where T0=control, T1=1% aloe Vera, T2=2.5% aloe Vera, T3= 1% corn starch, T4=1% corn

starch and 1% aloe Vera, T5=1% corn starch and 2.5% aloe Vera, T6=2.5% corn starch

T7=2.5% corn starch and 1% aloe Vera and T8= 2.5% corn starch and 2.5% aloe Vera

3.5. Method of avocado coating process

After finding well dispersed solutions of coating material from corn starch and aloe Vera,

avocado was dipped into each and mixed solution for 5 minutes then put it into a tray at ambient

temperature to dry before storage. Then coated avocado was stored in cartoon bag at temperature

of 25oC.

3.6. Method of coating film analysis

3.6.1. Preparation of coating film

An amount of 5 g of sample from each of corn starch, mixture of corn starch and aloe Vera, Aloe

Vera was mixed with 100 mL of distilled water followed by the addition of 2 mL of plasticizer,

specifically glycerol, and 1 g of anti-browning agent, specifically ascorbic acid. The solution
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mixture was then transferred to a water bath shaker where the temperature of the mixture

solution was maintained at 90 °C and shaken at 60 rpm speed for 30 minutes(Othmansiti et al.,

2017). Then, the mixture solution was cooled at room temperature. The cooled mixture solution

was poured into circular tray having inner diameter of 13 cm2 and then, the circular tray was

placed into an oven at 50 °C for 26 hours to dry the sample film. Finally, the edible film formed

was peeled off from the circular tray. The thickness of the film was measured using a hand

micrometer,

3.6.2. Determination of water vapor transmission rate and water vapor

permeability

Measurements were based on the standard method described in ASTM (2001) E96–80 (standard

test method procedure for water vapor permeability). According to this method, water vapor

permeability was determined gravimetrically and generally, the test film was sealed to petri dish

which contains distilled water, and then the petri dish was placed in the desiccators maintained at

specific relative humidity and temperature (300C, 22% RH) with silica gel. Permeation cells was

continuously weighed and recorded for 60 hours at an interval of 12 hour, and the water vapor that

was transferred through the film and absorbed by the desiccant are determined by measuring the

weight gain. Changes in weight of the cell were plotted as a function of time when the relationship

between weight gain (dw) and time (dt) is linear, the slope of the plot is used to calculate the water

vapor transmission rate (WVTR).= ∆∆ ∗ ………………………………………………………………Equation 3.1.= ( ∆ )…………………………………………………… Equation 3.2.

Where Δm/Δt is the moisture gain weight per time (g/s), A is the exposed surface area of

the film (m2), L is the thickness of the film (mm), and Δp is the difference of partial

pressure (pa).
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3.7. Method of physiological analysis

3.7.1. Physiological weight loss (%)

This was done as per the standard method of AOAC.Fruits were weighed from both the coated

and uncoated groups every 5 days for avocado to determine water loss/weight loss during

storage. Water loss was calculated by the following equation:(%) = i fi ∗ 100%............................................................................Equation 3.3.

Where, PLW Physiological weight loss

Wi is the initial weight of fruits (0 days) g,

Wf is the final weight of fruitsg,

3.7.2. Fruit firmness

Firmness was determined by the required pressure to penetrate the avocado fruit through the peel

using penetrometer (model FT 327(3-27 Lbs)). The force required for the plunger to press into

the fruit was recorded directly from the equipment reading and expressed in kg force.

3.7.3. Fruit color

Peel color was measured using a minolte Chroma meter, model CR-300b (Minolta inc.,

canda).color measurement were noted using L*, a*and b* scale. L* coordinate is a measurement

for clarity (white-black and varies from 0-100). The a* scale varies from negative values for blue

to positive value yellow(McGuire, 1992).Before each set of measurements, the Chroma meter

was calibrated using the manufacturers standard calibration plate with Y, X and Z values set at

94.57, 0.31and 0.32 respectively. Triplicate measurements were taken of four different positions

on each avocado.

3.7.4. Determination of total soluble solid (TSS)

TSS content of avocado fruit pulp was determined using digital refractometer (Model RFM 960,

USA)the percentage of TSS was obtained from direct reading of the refractometer in °Brix.

Duplicate measurements were taken.
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3.7.5. Determination of pH and titrableacidity (TA)

The pH of the avocado fruit was determined as per the method of AOAC (1994).The fruits was

crushed and made into pulp juice, and used to determine the pH using calibrated digital pH

meter. TA will be determined by titration. From the juice 5 mL was taken and 10 mL of water

was added to make the fruit color light to facilitate clear end point detection. To determine the

total TA of the pulp, fresh 0.1 N NaOH was used.

3.7.6. Determination of vitamin C

2, 6-Dichloroindophenol titrimetric method (A.O.A.C., 1995) was used to determine vitamin C

content of fruit juice. The results were expressed in milligrams ascorbic acid per 100 mL of fruit

juice.

3.8. Determination of respiration rate

According to(Valero et al., 2006) the respiration rates of O2 consumption and CO2 evolution

were obtained from reading of CO2 and O2from gas analyzer (model type-checkmate 3 o2 (zr)

co2-100%).

= − [ ] + .
……………………………..Equation 3.4.

= [ ] + [ ]
……………………………….………… Equation 3.5.

where rO2 and rCO2 are the respiratory rates for O2 consumption and CO2 formation, respectively,

both expressed as mL kg–1 h–1; [O2] and [CO2] are the concentrations of O2 and CO2 ,

respectively, expressed as %; L is the thickness of the film in m; S is the area of the bag (m2 );

PO2 and PCO2 are the permeability of the film for O2 and CO2 , respectively (mL m–2 h–1 atm–1);

t is the time in hr; V is the free volume in the bag (mL); and m is the mass of product in the bag

(kg)
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3.9. Method of proximate analysis

3.9.1. Moisture content

The moisture content of raw avocado fruit pulp sample and coated avocado fruit were estimated

according to AOAC (2000) using the official method 925.09, by weighing about 5 g of the

samples in the dry and pre-weighed crucibles. The crucibles were then placed in the oven

maintained at 105°C for four hours and were cooled in the desiccator and weighed. The

experiment was done with three replication to estimate the average moisture result of the

samples. Then moisture content will estimate by the formula:-%moisture(Wt/wt) = ( )( )( ) ………………………..Equation 3.6.

Where, W1−weight of the dried empty crucible (in g)

W2−weight of the crucible and fresh sample before drying (in g)

W3−weight of crucible and sample after drying (in g)

3.9.2. Ash content

The ash analysis was carried out by AOAC (2000) using the official method 923.03 and was

accomplished with dry ashing method in which heating was carried out in stages, first to remove

the water, then to char the product thoroughly and finally to ash in the muffle furnace. First, the

ashing dishes (made of porcelain) were placed into a muffle furnace for 30 min at 5500C. The

dishes then removed from the furnace and cooled in desiccators (with granular silica gel) for

about 30 min at room temperature; each dish was weighed. Then 5g (in triplicate) sample was

added to each dish. The dishes were placed on a hot plate under a fume-hood and the temperature

was slowly increased until smoking ceases and the samples become thoroughly charred. The

dishes were placed inside the muffle furnace at 5500C for 6 h, and removed from the furnace and

then placed in desiccators for 1h to cool. The ash was clean and white in appearance. After

cooled to room temperature, each dish + ash was reweighed. The weight of total ash was

calculated by difference and expressed as a percentage of the fresh sample:ℎ (%) = ……………………………..Equation 3.7.
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Where W3 = Weight of crucible with sample after washing (in g)

W2= Weight of empty crucible (in g)

W1 = Weight sample for the test (in g)

3.9.3. Crude fiber

The crude fiber of the sample were determined by (AOAC 2000) method using official method

962.09, which consists digestion, filtration, washing, drying and combustion steps. In the

digestion step, about 1.5g (recorded as W3) of the sample were placed into a 500mL beaker and

200ml of1.25% H2SO4 was added by boiling gently for 30 minutes. During boiling, hot water

was added to keep the level of the sample solution remains unchanged. After boiling, 20mL of

28% KOH was added and gently boiled again for 30 min, with occasional stirring. Then the

bottom of a sintered glass crucible was shielded with 10mm sand layer and wetted with a little-

distilled water. The solution was poured from the beaker into sintered glass crucible and then the

vacuum pump was turned on. The wall of the beaker was rinsed with hot distilled water several

times; washing was transferred to the crucible, and filtered.

In the Washing step, the residue in the crucible was washed with hot distilled water and filtered

(twice) and the residue was washed with 1% H2SO4 and filtered. At that moment it was washed

again with hot distilled water, 1% NaOH and water- free acetone respectively filtered. Finally, in

Drying and combustion step, The crucible with its content was dried for 2 h in an electric drying

oven at 1300C and allowed to cool for 30 min in the desiccators (with granular silica gel) and

then weighed (recorded as W1). Then the crucible was placed at a muffle furnace and incinerated

for 30 min at 5500C and was finally cooled in the desiccators and weighed (recorded as W2).

Then the crude fiber of the sample was calculated as a residue after subtraction of the ash.Crude fiber(%) = ( 1− 2)3 ∗ 100……………………………………..Equation 3.8.

Where W1 = weight of (Crucible + sample) after drying (in g)

The W2= weight of (Crucible + sample) after ashing (in g)

The W3= weight of the fresh sample (in g)
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3.9.4. Crude fat

The crude fat of samples were determined by using AOAC (2000) official method of 920.39.

About 5gm of the sample was weighed and transferred into a thimble and covered by fat-free

cotton layer. The thimble with the sample content was placed into soxhlet extraction chamber

and allowed solvent in boiling flask continuously flows over the sample. After four hours

extraction period the heater temperature was lowered and let the sample cooled. Finally, the

extraction beaker was removed, oven dried for an hour, cooled to room temperature in the

desiccators for about 30min and re-weighed.. Crude fat content was estimated by weight loss of

the sample (Nieisen, 1998) and calculated as(%) = ( ) ∗ 100%................................................................Equation 3.9.

Where, W1 = weight of extraction flask before extraction (wt. of flask);

W2 = weight of extraction flask after extraction (wt. of flask and fat);

W = weight of the fresh sample

3.9.5. Crude protien

The protein content of the raw fruit and coated fruit were determined according to AOAC (2000)

using the official method 979.09 which contain consequence steps of digestion, distillation, and

titration accomplished by the Kjeldahl instrument. First about 1gm of the sample was weighed

and digested with about 40 mL of concentrated sulphuric acid in the presence of 0.7 gm. of

Mercuric oxide and 15 gm. of Potassium Sulphate and Missouri catalyst tablets known as

Kjeldahl tablets. The digestion flasks were placed in an inclined position on the stand in the

digestion chamber with safety hood and heated gently at low flame until the initial frothing

terminates and the mixture boils steadily at a moderate rate. Heating was continued for about two

hours until the color of the digest is pale blue. Then the flasks were transferred to Kjeldahl

apparatus and distillation and titration were accomplished by the instrument automatically. A

blank titration was carried out similarly and the triplicate test was used.

3.9.6. Carbohydrate

Total percentage carbohydrate was determined by the difference according to the method as

recommended by the AOAC (2000). This method involves adding the total values of crude
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protein, crude fat, crude fiber, moisture and ash constituents of the sample and subtracting it

from hundred (100). The value obtained is the percentage carbohydrate constituent of the

sample.

3.10. Microbial analysis

The microbiological analysis was determined using aerobic plate counts and yeast and mould

counts following the methods described in(Djioua et al., 2010).A 10mL of plate count agar was

poured aseptically to 0.1mL of the dilution kept in sterile petri dish plates. The content was

mixed and plates were cooled. The plate then were inverted and incubated in an incubator

maintained at 37oC for 24 h and number of colony forming units was calculated.
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3.11. Experimental design and analysis

A Completely Randomized Design (CRD) was used, with 10 avocado fruit replication from each

concentration. The data analysis was performed using general factorial design method. For

avocado fruit, we have two factors, storage time and concentrations of coating material. The

response variables for this fruit were color, fruit firmness, and pH, TSS, TA and weight loss of

the fruit. Coated fruit was stored in cartoon at room temperature then evaluated at five different

storage periods of 0, 5, 10, 15, 20 and 25days.

Table 3.2: Experimental design of the study

No Factor level

1 Concentration

 Corn starch 3 0% 1% 2.5%

 Aleo vera 3 0% 1% 2.5%

 combined 4 2.5 %

corn

starch

1% aloe

vera

2.5%

corn

starch

2.5%

aloe

vera

1% corn

starch 1%

aloe vera

1% corn

starch

2.5%

aloe vera

2 Storage time 6 0 5 10 15 20 25

All experiment runs were carried out in a randomized order to reduce the effect of unexpected

variability in the observed response due to extraneous factors. Optimization was then carried out

using face center composite design of response surface methodology. The significance of the

mean of each treatment was also analyzed by SPSS v.20 software.
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Chapter four

4. Results and Discussion

The aim of this project was to extend the storage life of avocado; by applying edible coating

developed from corn starch, aloe vera and the mixture of the two; corn starch with aloe vera and

to analyze the effect of coating process (concentration of the film and storage time) on some

quality parameters of avocado (Persea mericana) after determining physicochemical properties

of the fruit.

In line with the optimization result, the minimum and maximum values of respective responses

were selected for a complete analysis of proximate and mineral composition of the coated fruit.

The proximate, mineral analysis of raw or coated avocado was also conducted sideways. After

that, the other physicochemical characteristics like pH, weight loss, firmness, TSS, TA and color

were analyzed and presented here under. Finally, microbiological analysis (total plate count,

yeast and mold count) results of coated fruit samples are and presented at the end of this

discussion part.



Done By Helen B. Page 45

4.1. Physicochemical properties of raw avocado

The physicochemical analysis of raw avocado is used as a control. The result of the raw avocado

is presented as follows in table 4.1

Table 4.1: Physicochemical characteristic of raw avocado (Perse americana)

Parameter Mean ± std

Average fruit weight/g 180.44±44.98

No of seed 1.00±0.00

pH 6.84±0.03

TSS/ o Brix 8.30±0.18

TA/% 11.17±2.31

Density of the pulp(g/cm3) 1.10±0.30

Vitamin c mg/100mg 15.39±0.02

Moisture content % 76.15±0.63

All values are duplicate means ± Std

The weight of single avocado fruit highly varied from 126 to 230 and the large the weight of the

fruit can be taken as an advantage to get more fruit pulp. The mean value of pH for the fresh

avocado pulp was 6.84±0.03 which tells approximately the neutral nature of the fruit pulp and its

accompanied taste.

4.1.1. Composition of avocado pulp

Variation in composition of avocado at different days after storage was effected by different

concentration of coating material. On first day, the avocado pulp contained 87.2% moisture,

1.6% ash, 1.62% protein, 2.3% fiber, 35.2% fat, 15.19 mg/100g vitamin C, pH 6.84, 8.1%

acidity, TSS 8.4 Brixo, respectively. According to(Nnaji & Okereke, 2016 ) , avocado  pulp

contains 69.35 % moisture,1% ash,4% fiber, 18.77% fat, 2.38% protein, respectively. The
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differences observed in these compositions may be due to varietal differences, seasonal and

reasonably effects, agro-ecological condition, fertilizer use, methods of analysis etc.

4.1.2. Color

During the storage period, the color of avocado changed from green to purplish black. (p<0.05)

during storage, changes in L* value for control (L* value decrease from 27.92 to 15.04) which

was higher than what was recorded in coated fruits figure 4.1. Color retention of coated avocados

was due to delay in ripening of coated avocado. Aloe Vera gel coating material retarded the

ethylene production rate, therefore, delaying ripening, chlorophyll degradation, anthocyanin

accumulation and carotenoid synthesis thus ultimately delaying color change of avocado(carrillo-

lope et al., 2000). The use of corn starch has also carried out active compounds such as

antimicrobials; on the other hand it has also modify the internal gas composition by creating a

modified atmosphere through the regulation of the gas exchange (oxygen, carbon dioxide,

volatiles) which has kept the physical change pattern of the avocado.(castricini et al., 2012)

observed that papaya coated with cassava starch and carboxy methyl starch helped to maintain

the color during storage. Generally, the yellowness increased with storage time due to ripening of

fruits. The composite of the aloe Vera gel and corn starch gives the best result in the color

retention of the fruit which may be due to the composition of the two coating materials.
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Table 4.2 : Effect of coating material on peel color of avocado fruit

treatment Color

Day 0 Day 5 Day 10 Day 15 Day 20 Day 25

T0 L*27.92±0.01Cb

a*2.01±0.01Ac

b*0.78±0.04Ba

L*22.72±0.02Bc

a*3.21±0.01Ba

b* 2.44±0.01Cb

L*20.54±0.02Ba

a*3.94±0.02Ba

b*5.62±0.09Da

L*19.54±0.02Ab

a*4.84±0.05Ca

b*8.92±002Da

L*17.83±0.01Ab

a*3.56±0.02Ba

b*6.04±0.05Ds

L*15.4±0.02Ad

a*2.23±0.03Aa

b*0.35±0.02Ac

T1 L*26.04±0.05Da

a*3.16±0.05Ec

b*1.37±0.09Dc

L*24.84±0.06Cd

a*2.95±0.09Db

b*1.22±0.01Cc

L*24.54±0.02Cd

a*2.49±0.06Cd

b*1.1±0.07Ac

L*23.5±0.02Bd

a*1.61±0.01Ad

b*1.05±0.05Ac

L*22.83±0.01Ae

a*1.64±0.01Bd

b*1.17±0.21Bc

L*22.0±0.03Ad

a*1.66±0.03Bb

b*1.12±0.11Ab

T2 L*27.94±0.02Ea

a*3.75±0.07Db

b*2.50±0.07Cb

L*27.57±0.02Ea

a*3.05±0.07Cab

b*4.13±0.02Da

L*25.34±0.04Db

a*1.72±0.04Be

b*1.23±0.05Cc

24.51±0.13Cc

a*0.59±0.01Ae

b*0.23±0.04Bd

L*24.06±0.09Bb

a*0.52±0.02Ae

b*0.02±0.06Ad

L*23.9±0.02Ab

a*0.52±0.09Ad

b*0.16±0.01Ad

T3 L*27.34±0.02Da

a*2.54±0.02Db

b*0.50±0.07Bb

L*27.07±0.09Db

a*2.01±0.01Dc

b*0.22±0.01Cd

L*24.81±0.06Cc

a*1.24±0.04Ce

b*0.33±0.04Dd

L*23.53±0.11Bd

a*0.88±0.04Ae

b*0.38±0.04Dd

L*23.28±0.04Bd

a*1.15±0.06Be

b*0.05±0.03Ad

L*20.2±0.06Ac

a*0.36±0.04Ad

b*0.1±0.02Bcd

*Note: All values are mean ± standard deviation of duplicates ia-e Values followed by the same

superscript letters within the column are significantly different from each other (p<0.05); upper

case letters: comparison of each treatment during storage time.
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Where T0 - control

T1 - 2.5% corn starch

T2 - 2.5% aloe Vera and 2.5% corn starch

T3 -1% aloe Vera

As shown in table 4.2.Color change in coated avocado tends to be stable in color. In contrast to

avocado samples without edible undergo significant color changes. This suggests that avocado

fruit with edible coatings can retain color of fruit surface. The higher L value, the brighter fruit

color that indicates avocado is getting mature. Rapid color changes takes place in avocado

without edible coating due to degradation of chlorophyll pigments so that its color changes from

green to yellowish.

As shown in table 4.2. b* value of avocado sample has a positive value (+). It indicates that

sample has a yellowish degree(Nofrida et al., 2013). Value of b on avocado coated edible has

relatively a stable value. However, avocado control sample (without edible coating) has an

increase in value b*. It shows that application of edible coating on avocado has an effect on

inhibition of avocado color surface. Whereas, b* value of control avocado increased. The higher

b* value, the more yellowish color on avocado. Color change from green to yellow on avocado

control sample is due to degradation of chlorophyll pigment. It indicates that application of

edible coating on avocado could inhibit pigment degradation.

4.1.3. Weight loss of avocado

Weight loss is one phenomenon that occurs in avocado fruits; Shrinkage of edible parts can be

caused by fungal, bacterial as well as impact of persistence of respiration process. Associated

with characteristics and phenomena that occur, weight loss of avocado fruit continues process of

respiration after harvest. Application of edible coating on avocado aims at decreasing weight

loss.

The greater the weight loss of avocado the shorter shelf life of avocado will be. Measurement of

weight loss on avocado in this study was conducted to identify the best edible coating treatment

to reduce weight loss of avocado. Weight loss of avocado is presented in figure4.4.

All samples demonstrated a gradual loss of weight during storage. Weight loss mainly occurs

due to water loss by transpiration and loss of carbon dioxide reserves due to respiration. The rate
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at which water is lost depends on the water pressure gradient between the fruit tissue and the

surrounding atmosphere. Aloe Vera gel based edible coating composed with corn starch act as

barrier, thereby restricting water transfer and protecting fruit from mechanical injuries.

Generally, coating significantly (p<0.05) prevent weight loss. At the end of the 25th day,

uncoated avocado stored at room temperature showed 21.02% loss, whereas the weight loss of

coated avocado with 1% Aloe Vera gel was 9.56%; while avocado coated with 2.5% corn starch

was 16.89 % and avocado coated with the composite of 2.5% aloe Vera and 2.5% corn starch

fruit samples showed 9.48 %. This positive effect in terms of reduction of moisture loss may be

due to the hygroscopic properties of Aloe gel that allow the formation of water barrier between

the fruit and the surrounding environment. Additionally, Aloe Vera gel mostly composed of

polysaccharide is highly effective as a barrier against moisture loss without incorporation of

lipid.  In fact, coatings containing Aloe Vera gel were reported to increase the shelf-life of

different fruits, such as Carica papaya (Marpudi & Abirami, 2011), Ananas(Comosus) (Adetunji

et al., 2012) or tomato(Chauhan et al., 2013)Similar reductions in weight loss have been reported

in Aloe Vera coated sweet cherry and table grapes(Mart´ınez-Romero et al., 2006). The results

indicate that the moisture content was gradually decreased during the storage period. The

decrease in moisture content during storage was also reported by(Sharmin et al., 2015).The

decrease of moisture content was probably due to transpiration and evaporation loss and also due

to starch hydrolysis.

In the case of corn starch the reduction in weight loss was probably due to the effects of

this coating as a semi permeable barrier against oxygen, carbon dioxide, moisture and solute

movement, thereby reducing respiration, water loss and oxidation reaction rate (Baldwin et al.,

1999),(Oluwaseun et al., 2013) observed that corn starch coated cucumber showed a significant

delay in weight loss compared to uncoated one.

Consequently the best result was obtained as a result of the composite coating material

this may be due to the optimization of internal modified atmosphere of the avocado fruit with the

activity of both aloe Vera gel and corn starch in combined effect.
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Figure 4.1 Effect of coating on weight loss of avocado

4.1.4. Determination of pH

pH increase significantly (p<0.05) during storage, there was an increment of the pH values

throughout the storage time (Table 4.4.). pH value of the control at the time of storage on the

25th day was 7.23, whereas 2.5% aloe Vera and 2.5% corn starch coated was 7.03. While pH

value of 2.5 % corn starch coated fruit was 7.15 and of the 1% aloe coated fruit was increased to

7.15.The increase in pH value may be due to break-up of acids with respiration during storage.

Coating reduces respiratory and metabolic rates, and thereby the lesser utilization of organic

acids, reported by(Baraiya et al., 2012).
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Table 4.3: Effect coating on pH value of avocado fruit

pH

Treatment Day 0 Day 5 Day 10 Day 15 Day 20 Day 25

T0 6.8±0.02Db 6.87±0.01Db 6.90±0.01Ca 7.03±0.01Bc 7.16±0.03Ad 7.23±0.01Ad

T1 6.6±0.07Da 6.88±0.01Cc 6.9±0.03Ba 7.05±0.02Bd 7.1±0.01Ac 7.15±0.01Ac

T2 6.8±0.02Cb 6.85±0.01Da 6.9±0.01Da 6.94±0.01Ba 6.99±0.02Ba 7.03±0.01Aa

T3 6.8±0.05Db 6.88±0.01Dc 6.94±0.01Cb 6.96±0.01Cb 7.04±0.01Bb 7.14±0.01Ab

*Note: All values are mean ± standard deviation of duplicates ia-e Values followed by the same

superscript letters within the column are significantly different from each other (p<0.05); upper

case letters: comparison of each treatment during storage time.

Where T0 - control

T1 - 2.5% corn starch

T2 - 2.5% aloe Vera and 2.5% corn starch

T3 -1% aloe Vera

4.1.5. Titrable acidity of avocado

Table 4.5. Shows the titrable acidity of the fruits gradually falling during the storage. The fall in

titrable acidity is the highest in case of control which is 11.89 at 0 day to 2.82 at 25th day of

storage. However the reduction in acid content was lowest in the case of coated fruit samples.

Aloe vera gel treated (T3) showed minimum fall in the titrable acidity (11.12 to 6.02) followed

by T2 (11.41 to 4.60).
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Table 4.4: Effect of titrable acidity of avocado

Treatment TA(%)

Day 0 Day 5 Day 10 Day 15 Day 20 Day 25

T0 11.89±0.03Dc 8.47±0.03Cb 6.5±0.16Bb 4.84±0.08Aa 3.11±0.15Aa 2.82±0.09Aa

T1 11.4±0.04Db 8.23±0.01Ca 6.38±0.08Ba 5.76±0.02Bb 4.9±0.06Ab 3.27±0.2Ab

T2 11.4±0.07Db 9.64±0.01Cc 8.4±0.03Cc 6.84±0.05Bc 5.22±0.14Ac 4.60±0.08Ac

T3 11.2±0.17Da 10.6±0.01Dd 9.3±0.04Cd 8.09±0.02Bd 7.4±0.11Ad 6.02±0.3Ad

*Note: All values are mean ± standard deviation of duplicates ia-e Values followed by the same

superscript letters within the column are significantly different from each other (p<0.05); upper

case letters: comparison of each treatment during storage time.

Where T0 - control

T1 - 2.5% corn starch

T2 - 2.5% aloe Vera and 2.5% corn starch

T3 -1% aloe Vera

A gradual decrease in titrable acidity occurred in avocado fruit throughout the storage period.

The probable reason for the decline in the acidity may be the utilization of organic acids in the

respiration and metabolic processes of the fruit(Srinivasa et al., 2002), also suggested that the

decrease in acidity has been attributed towards the conversion of organic acids into sugars and

their further utilization in the metabolic process of the fruit. According to (Vyas et al., 2014), the

titrable acidity values in both coated and uncoated fruit had decreased with the passage of

storage time. Similarly, the results of the present study showed that the acidity values in the

control fruits were significantly (P<0.05) lower as compared to that of starch and aloe Vera gel

coated fruits. The results from this study are in agreement with those (Debeaufort et al.,

1998)who used edible coating to preserve strawberry and found that the edible coating could
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reduce the transpiration rate due to declining of availability of organic acids for enzymatic

reaction of respiration. It is also considered that coatings reduce the rate of respiration and may

therefore delay the utilization of organic acids(Yaman & Irl, 2002).

4.1.6. Firmness of avocado

Surface coatings were found to cause higher retention of tissue firmness and the positive effect

was attributed to the restriction in metabolic activities associated with cell wall degrading

enzymes. The aloe Vera coating with or without corn starch showed significant retention in

firmness of avocado fruits as compared to the uncoated ones. (Chauhan et al., 2013) described

the preventive effect of aloe Vera based coatings on the texture retention of tomato during

marketing at room temperature and attributed it to permeability properties of the coatings.

However, the texture retention profile did not vary significantly (p>0.05) between the composite

of aloe Vera and corn starch and aloe Vera alone coatings. The fruits coated with aloe Vera alone

showed more loss of firmness during storage which may be attributed to less preventive effect of

aloe Vera alone on ripening of avocado fruits as compared to other coating(Table 4.6).

Table 4.5: Effect of coating on the firmness of avocado

Firmness(kgforce)

Treatment Day 0 Day 5 Day 10 Day 15 Day 20 Day 25

T0 10.85±0.02Ed 6.74±0.01Db 3.75±0.03Ca 2.75±0.01Cb 1.96±0.04Aa 1.1±0.14Ba

T1 10.69±0.07Ec 7.98±0.01Dd 6.04±0.01Cc 5.72±0.01Bd 4.89±0.01Ac 3.74±0.03Ac

T2 10.59±0.04Eb 7.79±0.03Dc 7.5±0.01Dd 6.59±0.01Ce 5.86±0.03Bd 4.42±0.02Ad

T3 9.75±0.02Ea 6.62±0.08Da 4.6±0.16Cb 3.08±0.06Bc 2.6±0.03Ab 1.99±0.02Ab

*Note: All values are mean ± standard deviation of duplicates ia-e Values followed by the same

superscript letters within the column are significantly different from each other (p<0.05); upper

case letters: comparison of each treatment during storage time.
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Where T0 - control

T1 - 2.5% corn starch

T2 - 2.5% aloe Vera and 2.5% corn starch

T3 -1% aloe Vera

4.1.7. Effect of coating on total soluble solids

As shown in table 4.7. Significant (p<0.05) decrease in TSS content was observed in uncoated

avocado than coated avocado during storage. Loss of TSS could be due to utilization of sugar in

respiration and other metabolic activities. The uncoated avocado showed rapid loss in TSS which

could be due to higher respiratory and metabolic activity of the fruit naturally, whereas minimum

TSS was observed in uncoated avocado. In coated sample, maximum TSS was detected in

T2(2.5% aloe Vera 2.5% aloe Vera).  Coated avocado retain higher TSS due to the composite of

aloe Vera and corn starch which could have provided effective gas barrier. This can be due to the

fact the uncoated fruits were having a higher rate of respiration and thus a much higher

utilization of sugar. The fall in TSS is mainly due to the fact that climacteric fruit like avocado

also uses the sugar formed as well. Corn starch shows lesser decline in TSS as compared to that

of the aloe Vera. Maximum TSS in aloe Vera coated compared to uncoated could be attributed to

higher concentration of aloe Vera forming a thin layer on the fruit surface which retards

deterioration as observed by (Mani et al., 2017).

Table 4.6: Effect of coating of TSS of avocado fruit

Treatment TSS(obrix)

Day 0 Day 5 Day 10 Day 15 Day 20 Day 25

T0 8.24±0.02Eb 5.86±0.07Da 5.58±0.09Da 4.74±0.02Ca 3.74±0.03Ba 1.47±0.04Aa

T1 8.24±0.01Eb 6.92±0.03Dd 5.58±0.09Ca 4.74±0.01Ba 3.74±0.02Aa 3.6±0.09Ac

T2 8.18±0.01Ea 6.79±0.32Dc 6.02±0.08Db 4.93±0.01Bb 4.42±0.02Cc 4.06±0.04Ad
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T3 8.17±0.01Ea 6.69±0.02Db 6.35±0.01Dc 5.45±0.01Cc 4.21±0.02Bb 1.48±0.04Ab

*Note: All values are mean ± standard deviation of duplicates ia-e Values followed by the same

superscript letters within the column are significantly different from each other (p<0.05); upper

case letters: comparison of each treatment during storage time.

Where T0 - control

T1 - 2.5% corn starch

T2 - 2.5% aloe Vera and 2.5% corn starch

T3 -1% aloe Vera

Aloe Vera gel treated fruits showed a lower increase in TSS (Total Soluble Solid), which

indicated that control fruits presented a more pronounced maturation development than coated

avocado during storage periods. The increase in TSS of control avocado was mainly due to the

progressive boost in free sugars of avocado during storage periods. In case of Aloe Vera with

corn starch coated fruits, decrease TSS content of fruits during storage periods. Corn starch

coated mango retarded TSS development because aloe gel decreases the respiration and

eventually metabolism of sugars. This may be due to the effect of aloe Vera gel coating on the

reduction of α-galactosidase, polygalacturonase and pectinmethyl esterase activities.

4.1.8. Effect of coating on the vitamin C

Table 4.8. Showed the content of vitamin C of coated and uncoated fruit. It was observed that

there was a slow decline in the vitamin C content of both the coated and the uncoated fruits.

However, the decline in vitamin C content of the fruits were more in case of T0 (control) as

compared to T1 (corn starch), T2 (corn starch and aloe Vera) and T3 (aloe Vera gel). T0 showed a

decline in vitamin C content from 15.35 at 0 day to 1.99 at 25th day of storage. Similar decline

was observed in T1, T2 and T3 which showed a decline of 15.58 to 3.89, 14.92 to 4.31 and 16.07

to 4.99, respectively. The lesser decline in rate of vitamin C content in coated samples as

compared to uncoated ones can be due to the fact that oxygen could not penetrate deep inside the

fruit tissue so as to bring oxidative breakdown of organic acids like ascorbic acid(Grul & Arslan,

2004)Stated that the coatings serve as a protective layer and control the permeability of O2 and

CO2, thus decreasing the autoxidation potential of the fruit.(Mani et al., 2017) reported a similar
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finding that the use of edible coatings of different types of polysaccharides significantly reduced

the loss of vitamin C in ber fruit. Vitamin C is lost at later stage due to the activities of phenol

oxidase and ascorbic acid oxidase enzymes during storage(Salunkhe, 1991).

Table 4.7: Effect of coating on vitamin C

Vitamin C(mg/100g)

Treatment Day 0 Day 5 Day 10 Day 15 Day 20 Day 25

T0 15.4±0.02Da 12.5±0.02Cb 8.62±0.02Ba 3.27±0.05Aa 2.58±0.02Aa 1.99±0.03Aa

T1 15.6±0.05Eab 12.9±0.01Dc 9.6±0.06Cb 6.43±0.03Bb 5.52±0.01Ab 3.89±0.02Ab

T2 14.9±0.09Ea 12.1±0.02Ea 9.89±0.01Dc 7.22±0.01Cc 6.73±0.03Bc 4.31±0.03Ac

T3 16.0±0.09Ec 13.5±0.08Dd 11.6±0.06Cd 9.41±0.09Bd 7.11±0.01Bd 4.99±0.02Ad

*Note: All values are mean ± standard deviation of duplicates ia-e Values followed by the same

superscript letters within the column are significantly different from each other (p<0.05); upper

case letters: comparison of each treatment during storage time.

Where T0 -control

T1 - 2.5% corn starch

T2 - 2.5% aloe Vera and 2.5% corn starch

T3 -1% aloe Vera

4.1.9. Effect of coating on Respiration rate of avocado

Respiration that occured decrease, then at some time the peak of respiration increases and ends

with a decrease in the rate of respiration continuously. This indicates fruit has begun to end

process of respiration and fruit maturity. Generally with that pattern of respiration rate, avocado

has a fairly short shelf life. To extend avocado shelf life, then respiration rate should be inhibited

The Figure show the data of the respiration rate obtained by the avocado coated with aloe Vera,

corn starch, composite of the two and control. The respiration rate was calculated from the

experimental result of O2 and CO2 concentration data using Equations 3 and 4 from chapter
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three. The respiration rate showed significant differences (p < 0.05) during the storage period

among control and coated avocados. Application of edible coating in this study has modified

respiration rate. It intends to hold respiration process which means to hold maturation process so

that shelf life becomes longer. However from figure showed abnormal respiration rate of

avocado coated with aloe Vera and corn starch, the respiration rate increase and decreases

repeatedly. This may happened because of less permeability of the coating films, avocado has

anaerobic respiration. Respiration in avocado requires oxygen, but with application of these

edible coatings, oxygen was blocked so avocado undergoes anaerobic respiration. On the other

hand avocado coated with composite of aloe Vera and corn starch showed good appearance on

the color, firmness and weight loss this may be due to the semi-permeability of the edible film

developed from the composite of the two coating materials forming of modified atmosphere in

the fruit. Coating fruits with semi-permeable film has generally been shown to retard ripening by

modifying the levels of endogenous CO2, O2 and ethylene(Banks, 1984).

Figure 4.2 Respiration rate avocado

4.2. Optimization of coating film ratio

As described in the result and discussion, storage time (day) and thickness of the film (mm) were

used as potential responses. Optimization of coating film was conducted with the goal of

decreasing thickness which is related to improving internal modified atmosphere in the avocado
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fruit and increase storage days. The response surface method/ face center composite design was

used.

Since any customer needs fresh fruit product, the storage time as a response variable was needed

to be maximized in the storage condition of the fruit. Therefore, based on the established criteria,

the optimum combination ratio of coating film and overall acceptability was obtained using

numerical solution of RSM/FCCD as follows

Table 4.8 Optimization of coating film formulation ratio

Response Goal Lower Target Upper Weight importance

storage time maximum 25 1 1

thickness minimum 0.32 1 1

4.2.1. Determination of optimum coating film ratio

Accordingly, the above numerical solutions, four best treatments were achieved that minimize

thickness of the film and maximize storage time of the response variables. Treatment was revised

as follows;

Table 4.9: Response optimized treatments

Coating

film

Concentration

of aloe Vera

(%)

Concentration

of corn starch

(%)

Storage

temperature

Storage

time

Thickness(mm) Composite

desirability

C1
2.5 0 25 18.89 0.17 0.59

C2
1.0 0 25 17.31 0.14 0.55

C3
2.5 2.5 25 19.39 0.24 0.49
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C4
0 2.5 25 11.72 0.14 0.39

4.3. Determination of water vapor transmission rate of coating films

The results show the suitability of the use of these edible films as barriers for water evaporation

of the fruit.

4.3.1. Determination of water vapor permeability

It has been established that edible film used in coating avocado fruit, WVP depends to a large

extent on the film composition, mainly on the ratio of hydrophilic and non-hydrophilic groups in

the film, given that this ratio defines the film’s interaction with water (Chen et al., 2010). Water

vapor permeability should therefore be as low as possible in order to create modified atmosphere

for the fruit. Table 4.11 shows the WVP of the corn starch aloe Vera gel films at different

concentrations. As shown in Table 4.11, the addition of aloe Vera gel decreases the WVP values

of the edible films as the testing shows that the WVP of the corn starch film was 0.0000516

g/m.day.pa; the WVP of the corn starch film added aloe Vera was also 0.000039 g/m.day.pa, and

the WVP of the aloe Vera film is 0.000025 g/m.day.pa; While there was significant (p<0.05)

difference among the results. ; those results were explained as the possible interaction between

the aloe Vera gel components and corn starch molecules, which reduces the availability of the

hydrophilic groups, reducing the WVP of the films. As previously explained, it is likely that the

presence of Aloe Vera gel disrupts the starch by a cross linking effect with the starch molecules,

reducing the availability of the hydrophilic groups in starch and reducing the films’ WVP.

Usually, edible films with low WVP tend to have a low Water Solubility. Nevertheless, it is

necessary to note that most of the components of the Aloe Vera gel (sugars, organic acids, and

amino acids) have a high Water Solubility, so they could be easily solubilized from the edible

films, increasing their Water Solubility (Pinzon et al., 2018)has also reported that addition of

aloe Vera gel creates a cross linking effect between the phenolic compounds in aloe Vera gel and

starch molecules; Which affect the physicochemical and mechanical properties of the edible

films formed by banana starch-chitosan- aloe Vera gel edible solutions.
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Table 4.10: Effect of coating on water vapor permeability of avocado fruit

Coating film Thickness(mm) WVTR(g/m2 day) WVP(g/m.day.pa)

C1 0.31±0.01c 266.05±0.06d 5.16*10-5

C2 0.21±0.01a 198.03±0.75b 2.5*10-5

C3 0.25±0.01b 248.6±0.54c 3.9*10-5

C4 0.26±0.01c 153.89±0.28a 2.4*10-5

*Note: All values are mean ± standard deviation of duplicates ia-e Values followed by the same

superscript letters within the column are significantly different from each other (p<0.05)

Where C1 - 2.5% corn starch

C2 - 1% aloe Vera

C3 - 2.5% aloe Vera and 2.5% corn starch

C4 - 2.5% aloe Vera and 1% corn starch

At the end of storage (25th day), all of the avocados in the control treatment were affected by

softening or fungus infection; however, of the fruits with preventive and edible coatings,

exhibited a good appearance. Therefore, these coatings composed from aloe Vera gel and corn

starch; improved the preservation of avocado by modifying water permeability of the film

developed from the two coating materials, reducing fungal incidence and represent a promising

solution for the purposes of preserving similar fruits.

4.4. The proximate compostion of coated and uncoated avocado

The proximate analysis of coated and uncoated fruit at the final day of storage was summarized

in table 4.12. The results are based on wet weight basis. There was no significant difference (P >
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0.05) between coated uncoated fruits. This may be due to the coating material has no effect on

the chemical composition. Since coating film reveals physical properties of the fruit.

Table 4.11: Proximate composition of avocado fruit

Treatment Proximate analysis

Moisture

content (%)

Protein% Fat% Fiber a% Ash% Carbohydrate%

T0 47.96±2.45a 1.91±0.09a 12.79±1.27a 0.62±0.01a 0.24±0.17a 38.31±1.24d

T1 74.12±0.16c 3.88±0.53c 17.4±1.56c 1.69±0.39d 0.92±0.01b 1.99±1.46b

T2 76.33±0.97d 4.58±0.12d 15.41±0.22b 1.62±0.12c 0.95±0.04c 1.12±1.46a

T3 67.76±0.43b 3.05±0.12b 19.34±0.89d 1.41±0.06b 0.92±0.09b 7.51±0.79c

*Note: All values are mean ± standard deviation of duplicates ia-e Values followed by the same

superscript letters within the column are significantly different from each other (p<0.05)

Where T0 -control

T1 - 2.5% corn starch

T2 - 2.5% aloe Vera and 2.5% corn starch

T3 -1% aloe Vera
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4.4.1. The composition of Mineral

The mineral composition of avocado fruit in the final day of storage (25th) was analyzed as

follows:

Table 4.12: Mineral composition

Treatment Mineral(mg/100mg)

Na Mg Ca Fe Zn

T0 3.60±0.03d 19.43±0.02d 10.00±0.01d 1.64±0.03c 1.24±0.00d

T1 2.94±0.01c 16.89±0.07a 8.56±0.02a 1.33±0.02a 1.06±0.03b

T2 2.88±0.03a 17.11±0.03b 9.68±0.01c 1.49±0.01b 1.23±0.01c

T3 2.90±0.07b 18.91±0.01c 9.55±0.03b 1.86±0.07d 0.98±0.02a

*Note: All values are mean ± standard deviation of duplicates ia-e Values followed by the same

superscript letters within the column are significantly different from each other (p<0.05)

Where T0 -control

T1 - 2.5% corn starch

T2 - 2.5% aloe Vera and 2.5% corn starch

T3 -1% aloe Vera

4.5. Microbial analysis

The effect of coating with Aloe Vera gel and corn starch on the aerobic plate count and yeast

and mold count of avocado was analyzed and showed significant (p<0.05) changes. The aerobic

microbial counts for all coated fruit increased rapidly starting from day 5, while for the uncoated

fruits, the microbial count started to increase even from day 3. By day 10, uncoated avocado had

reached a microbial count of 7 log colony forming units (cfu).g-1, which is the safety limit for

aerobic bacteria in fresh-cut fruits(Jeddi et al., 2014). At day 15, the highest microbial count was

found in the uncoated avocado followed by avocado coated only with corn starch, while the
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lowest microbial count was observed in avocado coated with composite of Aloe Vera and corn

starch, which had not reached the safety limit until day 20. The Aloe Vera -coated avocado fruit

had lower microbial counts compared to the uncoated avocado fruits due to the antimicrobial

properties of the Aloe Vera gel that helped to delay microbial proliferation(Oms-Oliu et al.,

2010.). Aloe Vera gel was reported to effectively kill or greatly reduce or eliminate the growth of

microorganisms such as Staphylococcus aureus, Klebsiella pneumoniae, Streptococcus

pyogenes, Pseudomonas aeruginosa, Escherichia coli, Propionibacterium acne, Helicobacter

pylori and Salmonella typhi, due its content of pyrocatechol, cinnamic acid and p-coumaric

acid(Lawrence et al., 2009).

Table 4.13 effect of coating on the growth of total plate count

Microorganism (log cfu/g)

Treatment Day 0 Day 5 Day 10 Day 15 Day 20 Day 25

T0 2.0±0.02Aa 5.0±0.02Ad 8.0±0.02Bd 10.0±0.05Cd 11.5±0.02Cd 13.0±0.03Dd

T1 2.0±0.05Aa 3.14.0±0.01Ab 5.0±0.06Bbc 6.4±0.03Cb 7.1.±0.01Dc 8.8±0.02Ec

T2 2.0±0.09Aa 3.0±0.02Ba 4.5±0.01Ba 5.1±0.01Ba 6.73±0.03Cb 6.97±0.03Da

T3 2.0±0.09Aa 3.5±0.08Bc 5.6±0.06Ac 6.4±0.09Cb 6.7±0.01Da 7.0±0.02Eb

*Note: All values are mean ± standard deviation of duplicates ia-e Values followed by the same

superscript letters within the column are significantly different from each other (p<0.05); upper

case letters: comparison of each treatment during storage time.

Where T0 -control

T1 - 2.5% corn starch

T2 - 2.5% aloe Vera and 2.5% corn starch

T3 -1% aloe Vera

The yeast and mold count of the uncoated avocado fruits increased rapidly from day 3, and on

day 5, it had already exceeded the safety limit for yeast and mold count of log 5 cfu.g-1(Barth et
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al., 2009). According to (Saks & Barkai-Golan, 1995), Aloe Vera gel is effective against plant

pathogenic fungi such as Penicillium digitatum, Botrytis cinerea and Alternaria alternata. The

antifungal activity of Aloe Vera gel is based on its ability to suppress germination and inhibit

mycelial growth due to the presence of more than one active compound with antifungal activity

(valverde et al., 2005). A yeast count exceeding log 5 cfu.g-1 can cause an off odor in cut fruits

due to the fermentation of sugars resulting in ethanol, organic acid and volatile esters(Rojas-Grau

et al., 2007). For all coated fruits, the yeast and mold counts remained relatively low until day 5,

and then from day 5 onward, the count started to increase, especially in the avocado coated with

corn starch.

By the end of day 25th, the lowest yeast and mold count was found in avocado coated with Aloe

Vera, which had finally reached the end of its storage life.

Table 4.14 effect of coating on the growth of yeast and mold

Microorganism (log cfu/g)

Treatment Day 0 Day 5 Day 10 Day 15 Day 20 Day 25

T0 2.0±0.02Aa 5.0±0.02Bd 6.0±0.02Cd 7.8±0.05Dd 9.5±0.02Dd 12.0±0.03Ec

T1 2.0±0.05Aa 3.4±0.01Bb 4.0±0.06Ca 4.7±0.03Ca 4.9±0.01Da 5.1±0.02Eb

T2 2.0±0.09Aa 3.0±0.02Ba 4.5±0.01Cb 4.8±0.01Dc 4.97±0.03Dc 5.0±0.03Ea

T3 2.0±0.09Aa 3.5±0.08Bc 4.6±0.06Cc 4.74±0.09Cc 4.91±0.01Db 5.0±0.02Ea

*Note: All values are mean ± standard deviation of duplicates ia-e Values followed by the same

superscript letters within the column are significantly different from each other (p<0.05); upper

case letters: comparison of each treatment during storage time.

Where T0 -control

T1 - 2.5% corn starch

T2 - 2.5% aloe Vera and 2.5% corn starch

T3 -1% aloe Vera
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Chapter five

5. Conclusion and  Recommandations

5.1. Conclusion

This thesis work was conducted to improve the storability of avocado using edible coating

specifically Aloe Vera, corn starch and composite of corn starch and aloe Vera. The storage time

and the thickness of the film applied to the surface of the fruit were criteria to select the optimum

point of the formulation ratio of the coating material.

From the result Avocado with edible coating had lower weight loss than avocado without edible

coating; these treatments were effective as a physical barrier and thus reduced the weight loss

during postharvest storage. In addition, Aloe Vera gel delayed softening, total soluble solid, and

maintained the quality of avocado fruit and stand the fruit to 22 days. Corn starch have also

created internal modified atmosphere of the fruit as well fruit starts to deteriorate at the end of 19

day.Composite of aloe Vera gel and cornstarch was superior during storage maintaining avocado

fruit in higher quality levels relative to other coating keeping the fruit for 25 days. Overall,

storage time was extended by coating treatments due to delayed ripening of the fruit. As compare

to the control it has only survived to 11 days which much lower than the coated fruits.

Film developed from 2.5% of corn starch showed 0.0000516 g/m.day.pa; whereas film

developed from aloe Vera gel showed 0.000025 g/m.day.pa and film developed from the

composite of the two showed 0.000039 g/m.day.pa and 0.000024 g/m.day.pa respectively. From

this we can conclude that edible film with the presence of aloe Vera has reduced the value of

water vapor permeability significantly (p<0.05) which is suitable condition in reducing the

respiration rate of the fruit. And from the microbial study Aloe Vera gel was effective at

controlling the growth of several fungi, exhibiting the greatest efficacy against bacteria. These

coatings were effective at controlling yeast and mold decay and weight loss in avocado, and so

can be a natural, non-toxic alternative to synthetic fungicides in the preservation of fruits.
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5.2. Recommandation

The study was conducted to analyze the application  of edible coating for further presevation of

avocado. in which tangible result was obsereved in terms of increasing storage time and keeping

quality. the technology is promising in reducingin post havest losses caused in horticultural fruit

including avocado. As a result:

 The quality maintenance and the storage time extension of avocado reveal that composite

of aloe Vera gel and corn starch coating can be recommended for commercial application

during storage of the fruit.

 In this study avocado was the raw material however other fruit and vegetables can be

coated within the coating materials.

 It is recommended that further research need to be conducted on the application of edible

film coating on other food stuffs. Further studies would be interesting to carry out

experiment on postharvest quality management of horticultural produce through eco-

friendly treatments which is an emerging field. One of such promising and emerging

postharvest treatment extending the market life of lively respiring horticultural produce is

‘Edible coating’, the coating film positively affects physical (moisture retention,

glossiness, appearance, firmness), physiological (respiration rate, ethylene evolution

rate), and biochemical attributes (cell wall degrading enzymes) of horticultural

commodities.

 It is also suggested that using this technology is better on the direction of the cost and

availability of both aloe Vera and corn. As well it is much lower than loss of harvested

horticultural produces.
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Appendices

Appendix A: Analysis of variance for moisture content

i. General Linear Model: storage time versus concentration of coating film, thickness

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

conc of aloe Vera Fixed 3 0.0 1.0 2.5

conc of corn starch Fixed 3 0.0 1.0  2.5

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value

conc of aloe Vera 2 441.25 220.625 588.33 0.000

conc of corn starch 1 25.00 25.00 66.67 0.001

Error 4 1.50 0.375

Total 7 463.875
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Model Summary

S R-sq R-sq(adj) R-sq(pred)

0.612372 99.68% 99.43% 98.71%

Regression Equation

Storage time = 18.833 - 9.833 conc of av_0.0 + 6.667 conc of av_1.0 + 3.167 conc of av_2.5

- 2.500 conc of cs_0.0 + 2.500 conc of cs_2.5
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Appendix B: optimization plot of coating film ratio

Appendix c: picture of experiment
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a. Harvesting of avocado from shewarobit farm

b. preparation of fruit and coating film

c. coated versus uncoated avocado at 25th day
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d. development of film and analysis


